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Foreword 

The First J\sian Fisheries Forum was the first major 
project of the Asian Fisheries Society, which was founded 
in 1984. The need for a regular Forum for fisheries 
scientists. in Asia had long been apparent and all 800 
respondents to a questionnaire distributed by a Foundation 
Council for the Society in 1983 affrrmed this need. 

The theme of this First Forum, "Traditional Practices 
and New Frontiers in Asian Fisheries" was chosen to 
highlight the dramatic developments that have occurred in 
the industry in the last 40 years. 

The Forum was hosted by the University of the 
Philippines in the Visayas (UPV) and the Philippine 
Bureau of Fisheries and Aquatic Resources. Both 
organizations contributed a great deal of money and staff 

· time to ensure success of the Forum. 
Attendance _at the Forum included 289 full 

participants from 27 countries, 51 students and 68 
observers. Their names are given in an Annex to these 
Proceedings. 

Preparations for the Forum began in earnest in 
November 1984, when a professional congress organizing 
company, Business Resource Center, Inc. (BRC) was 
contracted to manage the Forum activities and provide its 
Secretariat. 

A Local Organizing Committee (LOC), headed by 
UPV Vice-Chancellor Rogelio 0. Juliano, was formed to 
handle the overall management of Forum preparations and 
activities. Policymaking committees formed under the 
LOC were the Finance Committee, headed by Chancellor 
Dionisia Rola; Scientific Program Committee, headed by 
Dr. Edgardo D. Gomez, and Proceedings Committee, 
headed by Mr. Jay L. Maclean, who was also Secretary 
General of the Forum. 

An Executive Committee, composed of Prof. Juliano, 
Dr. Gomez and Mr. Maclean along with BRC, was also 
formed to take charge of logistics and day-to-day Forum 
matters. 

Fund raising also began in 1984. Efforts of the 
executive committee which explored overseas sources 
resulted in the following financial support which is hereby 
gratefully acknowledged: 
• Asian Development Bank, which supported one 

participant 
• Australian Development Assistance Bureau 

International Seminars Support Scheme (ISSS), 
which provided A$11,000 for partial support for 17 
participants. 

• The British Council, which funded one participant. 

v 

• International Development Research Centre (IDRC) of 
Canada, which supported 41 participants; as well as 
CAN$10,000 for Forum preparation and another 
CAN$10,000 for purchase of Proceedings copies. 

• International Foundation for Science (IFS), which 
supported six participants. 

• .Royal Norwegian Embassy (India), which funded one 
participant 

• Swedish Agency for Research Cooperation with 
Developing Countries (SAREC), ·which provided 
SEK60,000 (uS$9,148.49) for . support for six 
participants. 

• United States Agency for International Development 
(USAID), which funded six·participants. 
The local finance committee, composed of 

Chanc~llor Rola and the late Dr. Elvira Tan, secured the 
support of University of the Philippines President Edgardo 
J. Angara, who solicited help amongst government 
agencies and the industry. Dean Benjamin Catane of the 
UPV College of Fisheries also wrote to colleagues for 
donations for the Forum. Dr. Efren Flores made a special 
trip to Japan to solicit help from colleagues there. As a 
result of these solicitations, donations by the following 
organizations and individuals are acknowledged with 
thanks: 

Dakila Trading Ltd. 
Reijiro Hirano 
Overseas Agro Fisheries Consultants Co., Ltd. 
Philippine Commercial International Bank 
Philippine Council for Agriculture and Resources 

Research and Development 
Philippine National Bank 
Dr. H. R. Rabanal 
San Miguel Corporation 
Sanritsu Corporation 
Southeast Asian Fisheries Development Center 

(SEAFDEC) Aquaculture Department 
Tokyo Sangyo Co. Ltd. 
Universal Robina Corp. 
West Japan Fluid Engineering 

Members of the Scientific Program Committee were: 
Edgardo Gomez (Chairman) and members were: Virginia 
Aprieto, Arsenio Camacho, Efren Flores, Jose Llobrera, 
Alicia Lustre, Inocencio Ronquillo, Alumanda de la Rosa 
and Leonor Santos. 
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Local Organizing Committee members were: 
Rogelio Juliano (Chairman), Arsenio Camacho, Efren 
Flores, Romeo Fortes, Edgardo Gomez, Jose Llobrera, Jay 
Maclean, Jose Ordonez, Aurora Reyes, Inocencio 
Ronquillo and Elvira Tan. 

The Forum sessions ran like clockwork thanks to the 
diligence of all the session chairpersons:'Teodoro Abalos, 
Angel Alcala, Virginia Aprieto; Richard Arthur, Lita 
Benitez; Arsenio Camacho, Lai Hoi Chaw, Kenji Chiba, 
Yvonne Chiu, Brian Davy, Sena De Silva, Muhammad 
Eidman, Pepito Fernandez, Efren Flores, Sonia 
Fonnacion, Romeo Fortes, Gloria Guevarra, Reijiro 
Hirano, Tom Lam, Liao I-Chiti, Aida Librero, Alicia 
Lustre, John McManus, Jay Maclean, Arnulfo Marasigan, 
Meng Qing Wen, T.J. Pandian, Twesukdi Piyakamchana, 
Roger Pullin, Inocencio Ronquillo, Kenneth Ruddle, 
Jurgen Saeger, Leonor Santos, Elvira Tan and Carmen 
Velasquez. 

Without · the help of all these people and 
organizations the First Asian Fisheries Forum would not 
have been the momentous event that indeed took place. 
There were many other persons, not named here, who lent 

'l 

their time to ensure the smooth operation of the Forum. I 
am sure that all members of the Society will join with me 
in thanking all these persons for their efforts. 

Finally, those ultimately responsible for the Forum, 
the First Councillors of the Asian Fisheries Society, are 
justifiably proud of the fruits of their efforts to begin these 
triannual conferences, the planning of which began at the 
birth of the Society almost exactly two years before the 
First Forum. They were: Chua Thia-Eng (President), 
William Dall, Brian Davy, Sena De Silva, H.Muhammad 
Eidman, Edgardo Gomez, Reijiro Hirano (Vice-President), 
Rogelio Juliano, T.J. Lam, Liao I-Chiu, J. L. Maclean 
(Secretary from April 1985), Meng Qing Wen, Brian 
Morton, Richard A. Neal (Secretary 1984 - March 1985), 
Twesukdi Piyakamchana, U. Raj, Dionisia Rola 
(Treasurer) and E.G. Silas. 

CHUA THIA-ENG 
President 
Asian Fisheries Society 
December 1986 
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Preface 

The First Asian Fisheries Forum was held in Manila, Philippines, 26-31 
May 1986. At the Forum itself, 230 papers were presented. Of these, some were 
withdrawn for technical reasons or because the authors were publishing them 
elsewhere, and a more or less equal number was rejected as a result of the review 
process. The other 167 papers are contained in this book. 

To produce these Proceedings in seven months, including 
correspondence with authors for missing references, original figures, etc., and 
later the final (computerized) drafts; the review and editing processes; the 
redrawing of many illustrations, the restyling of most references; production of 
typeset copy and layout and indexing has been possible only with assistance far 
beyond the duty of all concerned. 

Acknowledgement and sincere appreciation of the efforts of the 
following are hereby recorded: Eloisa Espiritu and Priscilla Calalang and other 
staff of the International Center for Living Aquatic Resources Management 
(ICLARM) who spent many hot weekends (we could not afford the 
airconditioning) entering and formatting the manuscripts; Julie Dimapilis, who 
patiently checked and restructured nearly all the references; Mark Anthony Go-
Oco, who diligently redrew or modified a good percentage of the figures; the 
Councilors of the Asian Fisheries Society, especially Dr. Sena De Silva; and the 
many reviewers who responded in a timely and constructive manner. Special 
thanks are due to Dr. Ian Smith, Director General of ICLARM, where the Asian 
Fisheries Society secretariat is located, for allowing and even encouraging staff 
participation in preparation of the Proceedings. 

On the mechanical side, the text of the Proceedings was entered into a 
microcomputer and typeset through a laser printer. To simplify and speed the 
layout process, the tables, which were produced separately, and the figures were 
placed at the end of each paper. We hope authors and readers will appreciate the 
sacrifice of elegance for speed. 

vii 

J .L. Maclean 
L.B. Dizon 
L. V. Hosillos 
December 1986 
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Abstract 

While fisheries constitute a small part of the gross national 
product (GNP) in most nations in Asia, their role in national development 
is of considerable significance in terms of job employment, foreign 
exchange earnings, food supply and more importantly socioeconomic 
stability of the rural areas where the majority of Asian populations live. 
Reviews of current status of the fisheries industries show that Asia still 
remains a center of fishery and aquaculture activities, contributing 45% 
of world fish production. Most nearshore fisheries resources in most 
nations have been fully or overexploited leaving future expansion of the 
fishing industry to distant and deep water fishing. The fishing industry is 
currently undergoing structural adjustment in resource allocation and 
management as a consequence of the imposition of Exclusive Economic 
Zones. The changes are expected to affect both traditional and offshore 
or distant-water fisheries in income distribution and socioeconomic status 
of the fishing communities. The emergence of the aquaculture industry 
during the last few decades has given new hope for fishery development 
and new options for depressed nearshore fishermen. Fishery research and 
extension has not keep pace with the development of the industry, which 
also suffers from serious lack of qualified and experienced technical 
personnel to plan, develop and manage the industries. A review of the 
current fisheries education system in Asia is necessary to ensure 
development of appropriate manpower for the industry. Fisheries 
research is essential and must progress towards developing new 
dimensions for the industry. 

Introduction 

Fishing and aquaculture industries play a significant 
role in contributing fish protein to a large Asian population 
many of whom suffer from chronic malnutrition 
(Ravenholt 1982); in providing direct employment· to 
fishermen and indirect employment in fishery-related 
industries; in assisting in the· socioeconomic stability of 
the rural areas and in recent years in assisting developing 
countries earn foreign exchange through increasing export 
of high-priced fish commodities. Unlike cereal ·protein, 
fish contains essential amino acids such as lysine and thus 
serves as an efficient supplement to the low-protein, high-
carbohydrate diets of developing nations in Asia. Fish 

contribute a relatively large share of the animal protein 
intake and account for 33% of the meager animal protein 
consumed by the average Asian people (RAPA 1985a). In 
Southeast Asia, the share could be ev~n higher than 50% 
as the amount of meat protein consumed is relatively low 
(Kazuo 1984; Florentino et al. 1985). 

More than 15 million fishermen and fish farmers 
working full time and perhaps twice as many .working part 
time rely on nearby waters for their livelihood. A large 
bulk of the fishing communities are from three major 
developing nations: India (6.5 million), China (3.1 
million) and Indonesia (2.2 million) and most of these are 
small-scale fishermen and fish farmers (Table 1). 

Fishing is an important source of income. It provides 
for the establishment of other industries like fish 
processing, refrigeration, cold storage, boat building and 
net manufacturing as well as other support services. 
Fishing can also be a generator of economic development 
(Robinson 1984). Direct employment for fishermen is vital 
to rural development which generally offers very little 
alternative employment opportunity compared with that of 
urban areas. Because of the large number of fishermen and 
fish farmers in the rural areas, their economic and social 
conditions are vital to rural stability (George 1981; Ismail 
et al. 1982; Iwakiri and Neaz 1982). 

Asia is a center of fishing and aquaculture activities. 
Four out of 10 top fish producing countries fa the world 
are from Asia: Japan, China, India and South Korea. They 
contribute about 80% of total Asian landings. Seven out of 
10 top shrimp producing countries are also from this 
region: India, Indonesia, China, Thailand, Malaysia, 
Vietnam and Japan (Fig. 1). 

The fishing industry has undergone a period of 
changes in the past 40 years. It was predominantly a 
traditional fishing industry before World War II. Postwar 
expansion of the industry was in response to greater 
demand for fish protein as a result of rapid economic 
growth especially in the 1960s and 1970s. More and more 
fishing vessels were mechanized, offshore and distant-
water fishing vessels were constructed. Some nations such 
as Japan, South Korea, Taiwan and Thailand were able to 
expand their fishing activities from nearshore to offshore 
and eventually organized distant-water fishing. The catch 
increased at an accelerated rate but soon levelled off in the 
1970s leaving behind problems of overfishing, displaced 
fishermen and a depressed fishing industry. The 
declaration of Exclusive Economic Zones (EEZ) in 1983 
has caused changes to the fishing industry and certainly 
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Fig. 1. Top shrimp and fish producing countries in the world. 

created considerable impact on the future management of 
the fisheries resources and the future development of the 
industry. 

Despite the long history of aquaculture in Asia, the 
industry was relatively underdeveloped. Its potential was 
realized only in recent years in response to economic and 
political pressure from many countries looking for 
alternative measures to increase fish production and 
employment opportunities for their displaced fishermen. 
Since the late 1960s, aquaculture has received national and 
international financial inputs and has expanded into an 
agro-based industry in many developing nations in Asia. 

The current objectives of the fishery sector in the 
Inda-Pacific region are to increase food supply for 
domestic consumption and to develop export products for 
foreign exchange earnings (SEAFDEC/FAO 1985). 

Supply and Demand Situation 

Asia produced about 45% (35 x 106 t) of world fish 
landings in 1983 and 65% of the inland fisheries landing. 
Most of the landings came from East, South and Southeas~ 
Asia and less than 1 x 1o6 t came from west Asia (Near 
East). Aquaculture contributed 5.24 x 106 tin 1983 (Chua 
1986) or approximately 15% of total fish production in 
Asia. 

Vietnam~ 

Top shrimp producing countries in the world 

Top fish producing countries in the world 

About 55-60% (ca. 50 x 106 t) of world production 
are consumed annually. The rest are processed and a 
substantial amount converted into fish meal as livestock 
feed. The catches by most developing nations in Asia are 
mainly used for domestic consumption; only high-priced 
commodities are exported. In the Philippines, even traSh 
fish are eaten. However, per capita consumption of fish 
varies from country to country depending on availability, 
price and sociocultural beliefs. While per capita 
consumption in Japan (83 kg), Hong Kong (37 kg), 
Philippines (41 kg), Malaysia (43 kg) and Taiwan (35 kg) 
are amongst the highest in the world, a number of South 
Asian nations consume relatively less fish than some of 
their neighboring countries. Per capita consumption varies 
from a low of less than. 1 kg in Nepal to a high of 7.3 kg in 
Bangladesh (Table 1). The mean per capita consumption 
of the region was only 8 kg in 1980 compared to 20 kg in 
developed nations. . 

The contribution of fish to direct human 
consumption .could be underestimated as the amounts of 
fish taken by subsistence fishennen and small-scale fi$h 
farmers are not usually reflected in government statistics. 

. By the year 2000, population growth is expected to 
be higher in South and Southeast Asia than in develop~ 
nations. Another 5 x 106 twill be needed for this region,if 
consumption is to be maintained at the 1980 level 
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(Robinson 1984). Estimates on the world demand of fish 
by the turn of the century range from 82 to 104 x 106 t 
(Robinson 1982; Kazoo 1984; Whittle 1985). With the 
greatest population growth centered in South and 
Southeast Asia, the pressure for increased fish supply will 
probably be highest in Asia. 

The Fishing Industry 

Increasing demand for fish and the lucrative fishing 
business prior to the 1970s, when most of the offshore 
fishing grounds were relatively underexploited, have 
encouraged public and private investment with the 
development of capital-intensive offshore and distant-
water fishing. In order to benefit from the economies of 
scale, the processing and distribution functions are 
vertically integrated and the governments usually provide 
the necessary support facilities in terms of ports, water, 
electricity, ice factory, cold storage, most of which are part 
of the fishing port complex usually located in urban areas. 
In some big compani(ls, factory ships are at sea to process 
the harvest from distant fishing vessels. 

Japan was ahead of the rest of Asia after World War 
II, spearheading offshore and distant-water fishing, taking 
advantage of the technical skill of the Japanese fishermen 
and vast fishery information collected over the past years. 
With new innovations in equipment and fishing gears, 
annual fish landing from Japanese vessels quickly reached 
10 x 106 t in 1972. South Korea and Taiwan, like Japan, 
ventured into large-scale fishing in offshore and distant 
waters all over the world. Deep-sea fishing in South Korea 
has grown fast with exports valued at US$754,000 in 1978 
rising to peak at $456.6 million in 1983 (Chen 1984). 
Some Southeast Asian nations also ventured into offshore 
fishing but varied in scale of operation. Since the 
introduction of trawlers in the 1960s, many Southeast 
Asian nations have rapidly adopted the new fishing 
technology which initially boosted fish production 
considerably. The introduction of mechanical seining 
improved the fishing efficiency of the pelagic fisheries in 
offshore waters. 

The period between the 1950s and 1970s saw the 
blooming of the fishing industry. Towards the beginning 
of the 1970s, however, the industry began to encounter 
serious problems of resource depletion, rising fuel costs 
and increasing competition among the fishing nations as 
well as the imposition of the Exclusive Economic Zones 
(EEZs). 

Serious competition between Japanese and South 
Korean fishing fleets has intensified as both compete 
heavily for the limited fishery resources in the common 
offshore waters. Similarly, Taiwanese fishing vessels are 
increasingly being caught encroaching on PhiliP.pine 
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territorial waters while an increasing number of Thai 
commercial fishermen are being arrested by Burmese and 
Vietnamese authorities. 

Many commercial fishery enterprises in Japan have 
incurred serious debt through long-term borrowing in 
order to sustain their current operations. Chen (1984) 
reports that since the sudden increase in fuel costs in 1979, 
most fishing enterprises in Japan were forced to take up 
loans to cover operational expenses and needed capital 
investment. The industry has since come to rely on loans. 
Debt-servicing was estimated to be about 240 billion yen 
in 1983 and outstanding loans more than 4 trillion yen. 

The prospect of deep-sea fishing in South Korea is 
no better than in Japan. The number of fisltlng vessels has 
dropped considerably from 878 in 1979 to 646 in 1983. 
The small companies were soon liquidated while many 
larger companies are at the brink of bankruptcy. 

In general, the commercial fisheries sector of the 
fishing industry in Asia is facing a murky future. The 
ability to revive this sector of the industry depends on the 
ability to enter into more favorable terms in joint ventures 
with coastal nations which may need infrastructure and 
technical skill to exploit the offshore renewable resources. 

In Asia, small-scale or traditional fisheries still play a 
dominant role. 'Traditional fishermen form the bulk of the 
fishing population, providing 75% of the domestic demand 
in India, Bangladesh, Burma, Indonesia, Sri Lanka and 
many other developing nations in Asia. Traditional 
fisheries are an integral part of rural economy of many 
coastal nations providing direct employment to millions. 

After decades of development, the traditional 
fishermen in Asia remain in poverty and are among the 
poorest sector (Devadas 1981; Graham 1982). Even in 
Malaysia where per capita income is among the highest in 
Southeast Asia, more than 50% of the traditional 
fishermen live below the official poverty line, as do 75% 
of the Philippine population, which includes the 
fishermen, and a large number in Indonesia, Bangladesh 
and India. Their fishing boats remain non-powered and 
very few can afford mechanical gears. 

Modem fishing technology has accelerated growth of 
the fishing industry in terms of production and national 
revenue but has also caused serious detrimental impact on 
the fishery resources in many coastal waters. The rapid 
increase of varying sizes of trawlers indiscriminately 
reaping valuable fishery resources has resulted in 
overfishing in most traditional fishing grounds. The Gulf 
of Thailand, Malacca Straits and coastal waters of the 
Philippines and Indonesia have been fished to the extent 
that trawling was banned by the Indonesian government 
and restricted by many others to reduce fishing intensity 
and to protect the livelihood of the inshore, traditional 
fishermen. However, these measures came rather late 
when most damage had been done. 



4 

Overfishing has caused serious reduction in the work 
force resulting in thousands of traditional fishermen being 
displaced. About 1/3 of the artisanal fishermen were 
displaced in Thailand in recent years and those in 
Malaysia were given alternatives to be resettled in land-
based rural agro-industry. The fishermen in Singapore are 
no better than their counterparts in neighboring countries, 
being faced with limited marine resources which are 
already heavily fished. The fishermen are 13% older and 
earn 20% less on average than the other in the urban state 
(Chen 1984). There is limited entry of fishermen to the 
dwindling fishing industry in most Southeast Asian and 
East Asian nations. Japan faced a similar situation decades 
back when the younger generation preferred land-based 
occupations than work at sea. 

An exception can be made for the traditional 
fishermen of the newly independent Brunei Darussalam. 
Because of the rich oil resources, fisheries resources in the 
inner Bay of Brunei and the coastal waters on the 
northwest coast are underexploited and provide livelihood 
for about 500 fishermen and four times that number of 
part-time fishermen. Strict immigration control and rigid 
regulation on entry have enabled the government to keep 
the fishermen in a manageable number. The estimated 
annual income (US$3,000) of Brunei fishermen is the 
highest among fellow inshore fishermen in Asia. 

Traditional fishermen are scattered along the coasts, 
estuaries, rivers, lakes and reservoirs. They are mostly 
disorganized and many are illiterate. Several attempts to 
organize them into cooperatives have not met with success 
in Malaysia and Thailand. On the other hand, fishery 
cooperatives in Burma and China are active and effective 
with state support. Many traditional fishermen in Asia 
depend heavily on financiers or middlemen and most of 
them are unable to repay their debts. 

Aquaculture Industry 

Aquaculture in Asia has a history of at least 3,500 
years but the industry is still in its infant stage in many 
Asian countries. The long gestation period in aquaculture 
development is in part due to the lack of economic 
pressure and insufficient technical and financial inputs to 
demonstrate its commercial viability. Aquaculture on a 
commercial scale has developed into an important food 
industry in China, Japan, the Philippines and Thailand. It 
is, however, a relatively new commercial venture in many 
South Asian nations like Pakistan, Sri Lanka ·and 
Bangladesh. Increasing demand for fish supply as a result 
of population growth, the escalation of oil prices in the 
1970s, the growing opportunities in aquaculture industry 
with respect to employment generation, foreign exchange 

earning and development of rural economy have created 
sufficient incentives to develop the industry. 

Fish production through aquaculture of 5.24 x 1061t 
from Asian countries in 1983 (Chua 1986) was lower than 
the estimates of FAQ (RAP A 1985a) of 8.631 x 106 t and 
Csavas (1985) of 6.206 x 106 t for the same year. China 
and Japan produced 60% of the Asian total. The 
developing nations produced 4.1 x 106 t or close to 80% 
of aquaculture production in Asia. Aquaculture contributes 
significantly to fish supply in countries such as Nepal 
(64%) China (36% for mainland, 26% for Taiwan), South 
Korea (21 %) and the Philippines (21 %). While 
aquaculture has helped to raise fish production in Sri 
Lanka (16%), Malaysia (9%) and Thailand (7%), its 
contribution to total fish supply in Burma, Pakistan, Hong 
Kong and India is less than 5% (Chua 1986). 

In terms of commodities, Asia leads the world 
production of seaweeds, finfish, crustaceans and molluscs. 

Despite the increase in aquaculture production, most 
of the fish produced are not within reach of the poorer 
section of the communities. High-priced commodities 
such as grouper, eel, yellowtail, seabass, shrimps, are 
generally limited to the upper class and high production 
cost for most of these species has greatly limited the 
expansion of their domestic market. Culture of food fishes 
low in the food chain entails comparatively less 
operational cost than raising carnivorous species; however, 
the production costs of these species are still high and the 
retail price faces stiff competition with fish of similar 
quality from capture fisheries. 

The market prospects of shrimps are Japan, USA and 
Western Europe (FAQ 1984b) which consume half of the 
world catch of tropical shrimps. Consumption of shrimp in 
Japan and USA is not expected to rise significantly for the 
next few years primarily because of the impact of world 
economic recession. The European countries may import 
more than the present quantity and the annual growth is 
estimated to be 5% (Rackowe 1983). A total of 55,000 t of 
shrimp (product weight) or 84,000 t (live weight) has been 
projected as additional imports for Japan, USA and 
Western Europe by 1990. 

The level of aquaculture investment is comparatively 
lower than that of capture fisheries or other sectors in the 
agriculture industry. Past investments were confined to the 
development of small-scale fish farms with very small 
capital investment, mostly from the fish farmers' own 
financial resources with little or no public financial 
support. Investments by the private sector have increased 
considerably in recent years not only in terms of numbers 
of new farms established but also in terms of financial 
magnitude and technological sophistication. In the last few 
years, many large .. scale multimillion aquaculture farms 
have been developed especially in Japan, China and 
Southeast Asia adopting vertical integration and central 
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management. However, almost all these fish farms 
cultivate high-priced commodities with domestic or export 
potentials such as shrimps, freshwater prawns or crayfish. 

Public sector investment has also been increasing 
due to increased reliance by many countries on 
aquaculture for their additional fish supply and national 
policy in rural development. However, public investments 
either through government inputs or through external aid 
seem to focus on small-scale aquaculture especially 
integrated with livestock or crops. 

The magnitude of investment in aquaculture is 
difficult to quantify. Information on investment by private 
and government sectors is lacking. The level of external 
aid may reflect present international effort in developing 
this potential food industry j_n Asia. Of the total $478.6 
million external aid given to fisheries projects in Asia 
from 1978 to 1982, the proportion allocated for aquacuture 
was 8.6% in 1978, 11 % in 1979 and ranged between 
12.2% and 12.8% between 1980 and 1982. Total external 
aid for aquaculture projects was $88.9 million (1978-
1982) of which about 90% were for Asia (Josupeit 1984). 

Most of the aid came from the Japanese, the Asian 
Development Bank (ADB), World Bank, European 
Economic Community, United Nations agencies and from 
Western European countries. The World Bank and ADB 
have been increasing their bank loans for aquaculture 
development (Loayza 1984). 

Despite worldwide interest in the aquafarming 
industry, large-scale investments in aquaculture projects 
are still relatively limited. Investors are hesitant in large-
scale aquaculture ventures mainly because relatively few 
aquaculture projects have proven to be a real long-term 
financial success. Some of the major constraints in 
enticing private venture in aquaculture, especially in 
countries where there are no traditional aquaculture 
practices, are technicians and scientific personnel with 
hands-on experience in fish farming and farm 
management; lack of relevant technical and economic 
information on pilot farms and supply and distribution 
services such as seeds, feeds and fertilizers (Pillay 1981). 
The general failure to obtain insurance for aquaculture 
farms also reflects the instability of' the industry. 

Management of the Fishing 
and Aquaculture Industries 

The different problems encountered by the fishing 
and aquaculture industries demand separate management 
approaches. The depressed situation faced by both 
traditional and commercial fisheries in most countries in 
Asia is caused partly by the neglect in management 
resulting in competitive usage and improper allocation of 
aquatic fishery resources and partly by the imposition of 
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the territorial fishing rights of most coastal nations. The 
aquaculture industry, on the other hand, faces problems of 
economic viability in some countries. 

Current issues confronting world fisheries 
management and development were adequately addressed 
during the 1984 World Conference of Nations on Fisheries 
Management (FAO 1984a) during which detailed 
strategies and action plans for fisheries management and 
development were adopted. 

The main problems faced by unmanaged inshore 
fisheries in many coastal nations especially Southeast Asia 
are similar to the constraints outlined by Troadec (1983): 

o Limited yield of fishery resources and their 
frequently high level of exploitation in inshore waters. The 
situation is aggravated by dynamiting, poisoning and coral 
reef destruction in many Southeast Asian waters; 

o The encroachment on the resource base available to 
traditional fishermen by large-scale fishing fleets, notably 
trawlers favored in past national programs; 

o The tendency towards overcrowding, notably in 
countries affected by unemployment, as long as access to 
local fisheries is not regulated. 

Increasing degradation of the coastal environment 
and inland waters caused by unregulated or insufficient 
control of the industrial and agricultural activities are 
additional stress to the already depleted living resources. 

Corrective measures depend on government policy 
and management capability of the coastal nations. 
Reduction of external pressure on the traditional fisheries 
through regulation of new entry and prevention of 
encroachment of offshore fishing vessels are desirable. 
However, detailed information on the fish stocks and the 
fishermen is essential to develop guidelines for 
management policies for traditional fisheries. It is 
important to stress that fisheries management is not 
limited to the management of fish stocks but more 
importantly the people or fishermen that are exploiting 
them. 

Management of commercial fisheries in developing 
nations is more difficult because of the intrajurisdictional 
problems which are also faced by Western nations (Regier 
and Grima 1985). While theoretically it could be regulated 
through allocation of individual quantitative rights, it faces 
enforcement difficulties. Management measures 
recommended include a licensing system to control fishing 
power of vessels or the quota system by regulating the 
quantity of catch. The inability of coastal states to exercise 
effective control and supervision of foreign vessels often 
results in fishing at will and more often than not, the catch 
being sent home instead of landing in pre-agreed 
destinations. 

Many public and private aquaculture investments 
have caused large-scale indiscriminate destruction of 
valuable mangrove resources for brackishwater pond 
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construction in some Southeast Asian countries. The lack 
of adequate planning in aquaculture development and 
absence of management measures to regulate entry often 
lead to serious social conflicts in resource utilization. 
These are open management concerns requiring adequate 
planning and regulation of activities. 

Aquaculture is sensitive to aquatic environmental 
degradation. Inadequate control to prevent pollution can 
cause serious damage to the industry as experienced in 
Thailand and Indonesia where disease outbreaks almost 
wiped out the freshwater aquaculture sector of the 
aquafarming industry. 

Fisheries Research and Extension 

Past fisheries research did not keep pace with 
development of the industry. In most cases, the industry 
was left on its own and developed through painful 
experience of failures. Fisheries scientists have not been 
able to respond adequately to the immediate needs of the 
industry to provide the necessary information on resource 
base, appropriate technology, the economics of fishing and 
aquaculture, and the socioeconomic conditions of 
fishermen and fish farmers. 

With the expansion of territorial fishing jurisdiction 
to 200 nautical miles from the coast, coastal nations are 
entrusted with greater responsibility to provide the needed 
information on fish stocks and measures in managing 
them. 

Over the last 70 years, advances in aquaculture 
through research have led to significant improvement of 
fish farming techniques especially in areas of seed 
production, feeds and yield. The application of Human 
Chorionic Gonadotropin (HCG) and pituitary extracts to 
induce maturation and spawning of many species of carp, 
catfish, yellowtail, seabass and siganids, as well a') 
eyestalk ablation of shrimps, have led to the establishment 
of hatcheries for mass production of fish seed. High-
protein pellet feeds with efficient food conversion have 
improved yields and promoted automation in fish farming 
operations. Improvement of engineering design of culture 
facilities and techniques in grow-out operation have 
increased yields and production. The increasing use of 
hatchery-bred fry for stocking is an indication of 
confidence of fish farmers in the quality of seeds supplied 
through artificial propagation. Almost 90% of Chinese 
carps cultured in China are produced from hatcheries 
while the farming of the freshwater prawn 
(Macrobrachium) is completely dependent on hatchery-
bred juveniles. 

The advancement from extensive to semi-intensive 
and then to intensive farming operations using artificial 
feeds and employing scientific management skill to 

increase yield in many developing countries reflects the 
increasing application of scientific research results fn 
aquaculture. 

The trend of aquaculture research has changed in 
recent years to a interdisciplinary oriented approach in 
order to develop the appropriate technology for the 
industry. In spite of recent advances in aquacultw;e 
research, there are certain problems that need concerted 
scientific effort for solutions. The industry is still seriously 
lacking easily available cheap but effective formulated 
feeds for finfish and especially for shrimp. High-priced 
artificial feeds may increase production cost and reduce 
profitability. Adaptive research should also be conducted 
in the production of artificial feeds using local ingredients 
and increasing use of plant protein instead of total reliance 
on animal protein. Research work on various grow-out 
operations needs to be intensified to improve existing 
knowledge of optimal carrying capacity of culture 
facilities and water management. Research effort on 
selective breeding is also important to maintain constant 
supply of quality seeds in the future. 

Extensive biological research contributed 
significantly to successful ranching of a number of 
commercially important species, including red seabream, 
penaeid shrimp and abalone; mass cultivation of seaweeds; 
large-scale seeding of inland water bodies (lakes, 
reservoirs and canals) with hatchery-bred fry or 
fingerlings; and enhancement of natural habitats through 
artificial reefs (Alevizon et al. 1985; Bohnsack and 
Sutherland 1985; Burchmore et al. 1985; Nakamura 1985; 
Spanier et al. 1985). 

Biotechnical research has been the recent trend in 
developed nations and many such research findings have 
significance to aquaculture development in Asia. New 
genetic hybrids (Refstie and Gjedrem 1975; Wilkins 1981; 
Kinghorn 1983) and success in the technique of cloning 
will one day enable fish farmers to produce the desirable 
commodity at will (Sylvester and Waaland 1983). 
Application of operations research and system design in 
aquaculture (Orth 1980) has proven of increasing necessity 
in profit-oriented enterprises. 

Another area that requires immediate attention is the 
extension services to support public fisheries development 
through creation of public awareness, transfer of 
appropriate technologies, provision of technical advice and 
development of support services such as port facilities, ice 
factories, hatcheries, processing plants, credit and loans. 

The major problems encountered by the industry are 
the serious lack of adequate qualified extension workers 
and the financial means to develop the necessary support 
facilities needed for the development and expansion of the 
fishing and aquaculture industries. 
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Manpower, Infrastructure 
and Financing 

Most developing nations in Asia face a shortage of 
qualified manpower to plan, develop and manage the 
fishing industry which is adjusting to the changes imposed 
on it as a consequence of EEZs. In the aquaculture 
industry, trained technical personnel are greatly needed to 
implement public and private aquaculture development 
programs. Both aquaculture managers and technicians 
with practical experience are in great demand and existing 
training institutions have not been able to supply the 
needed products. 

The number of fishery research scientists working in 
Asia has yet to be determined. Initial estimates show that 
about 15,000-20,000 fisheries scientific and technical 
personnel are working in various developing nations in 
Asia (Chua, unpublished data) and most of them are 
biologists. Many do not have formal fishery or aquaculture 
training. Highly qualified technical personnel with 
doctorate and masteral degrees are limited in most 
countries except in most Indian research institutions. 

Fishery educational institutions are limited in the 
region except in the Philippines, where there are 
exceedingly large numbers (138) of fishery high schools 
and colleges (Bicol University 1982), much more than the 
17 fisheries colleges and 52 fisheries high schools in 
Japan. In most developing nations, fisheries are 
incorporated as part of applied science. In many countries, 
college students take up fisheries as a last choice. This is 
certainly not a healthy situation in the development of 
fishery manpower in the region. 

While there are adequate funds available in the 
private sector for fishing and aquaculture investment in 
some countries, there is serious lack of public funding for 
planning inputs and infrastructure development. Inputs 
from governments and through external aid are needed. 

Conclusion 

The Asian fishing industry is currently undergoing 
structural adjustment in resource allocation and 
management as a consequence of the imposition of the 
EEZs. The changes affect both traditional and offshore or 
distant-water fisheries in income distribution and 
socioeconomic status of the fishing communities. 

While the fishing industry continues to face an 
unpredictable future, the emergence of aquaculture poses 
new hope for fishery development and new options for the 
depressed fishermen. Fisheries science must progress: the 
positive impact of scientific research must be felt if fishery 
scientists are to play an active role in directing research 
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efforts toward the achievement of the common objectives 
of the fishing and aquaculture industries. 
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Table 1. Relative importance of fisheries in Asian nations. 

Population Employment Per capita 
(million) (fishermen and consumption DGP/GNP 

Country (1984) fish farmers) (kg/person/yr) (%) 

Bangladesh 99.6 7.3 6.2 (GNP) 
Burma 38.9 80,000 17 .8 
Brunei 0.22 528 35.5 0.12 (DGP) 
China (excluding Taiwan) 1,034.5 3,000,000 4.5 
China (Taiwan) 19.2 313,000 36 
Hong Kong 5.4 28,000 37 
Indonesia 162.2 2,232,000 13.1 1.7 (DGP) 
India 746.4 6,500,000 3.ob 
Japan 119.9 460,000 83.0b 
Korea (south) 42 738,000 38.4b 1.5 (GNP) 
Malaysia 15.3 115,000 43 
Nepal 16.6 0.3 
Pakistan 97.3 205,000 ub 0.3 (DGP) 
Philippines 54.5 827 ,000 41a 4.5 (GNP) 
Singapore 2.5 2,800 31.8 ng 
Sri Lanka 16.1 70,000 14 3 (DGP) 
Thailand 51.7 500,000 18.8b 1.6 (GNP) 

a Florentino et al. 1985. 
bRAPA 1985b. 
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Abstract 

More than 300 species of fish have been cultured in various 
countries as an animal protein source. In aquaculture, although research 
on fish feeds is important to increase the productivity of fish, detailed 
information of fish feeds and nutrition is limited in some species. 
Recently, there have been new developments in fish nutrition that have 
helped to establish the mass production of finfish and shellfish. This 
paper pres~ts four of these new developments in fish nutrition. 

Microparticulate Diets for 
Larval Fish 

In the seed production of aquatic animals for 
aquaculture, live foods such as the rotifer, Brachionus 
plicatilis and Artemia salina have been widely used 
throughout the world. However, they require much 
equipment, maintenance expense and labor to produce a 
desired amount of live food safely and constantly. 
Therefore, it is necessary to develop artificial diets as a 
substitute for live foods to further increase ¢.e production 
of seed for fish culture. We have attempted to rear larval 
fish with microparticulate diets for several years. 

Various types of microparticulate diets have been 
prepared (Adron et al. 1974; Gatesoupe and Luquet 1977; 
Gatesoupe et al. 1977; Metailler et al. 1979; Teshima et al. 
1982; Kanazawa et al. 1982; Kanazawa and Teshima 
1983; Dabrowski et al. 1983; Bromley and Howell 1983; 
Dabrowski 1984; Charlon and Bergot 1984; Fuze et al. 
1985; Kanazawa 1985a, 1985b; Kanazawa et al. 1985a). 

The microparticulate diets reported are categorized 
into three groups as shown below. Microencapsulated 
diets (MED) are defined as microparticulate diets made by 
encapsulating a solution, colloid or suspension of diet 
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ingredients with a membrane. Microbound diets (MBD) 
are powdered diets with a binder. Microcoated diets 
(MCD) are prepared by coating MBD with some materials 
such as zein and cholesterol-lecithin. 

Microencapsulated diets (MED) 
•Nylon-protein MED 
•Gelatin-gum acacia MED 
e Egg albumin MED 
• Glycopeptide MED 
• Chitosan MED 
Microbound diets (MED) 
• Carrageenan MBD 
eAgarMBD 
eZein MBD 
• Alginic acid MBD 
• Gelatin MBD 
Microcoated diets (MCD) 
eZeinMCD 
• Cholesterol-lecithin MCD 
•Nylon-protein MCD 
The microencapsulation of diet ingredients with a 

nylon-protein membrane was fundamentally based on the 
interfacial polymerization procedures of Chang et al. 
(1966) and Jones et al. (1979). Fig. 1 shows the outline of 
preparation of nylon-protein MED. 

The details of the procedures for preparation of other 
microparticulate diets are described elsewhere (Teshima et 
al. 1982; Kanazawa and Teshima 1983; Kanazawa 1985). 

Mass production of ayu and carp seed with 
microparticulate diets has been accomplished. For ayu 
(Plecoglossus altivelis), 200,000 larvae were placed in 50-
t tank. Feeding trials were carried out for 90 days at 14.5-
20.30C. The larvae received the MBD 10 times daily. The 
composition of the MBD is shown in Table 1. The dietary 
values of diets were evaluated in terms of total length, 
body weight gain, and survival rate. Furthermore, the 
incidence of malformation was checked 90 days after 
hatching. Two groups of larval ayu were fed the diets as 
shown in Fig. 2. One group was mainly live food such as 
rotifer and artemia, and another group was mainly MBD 
containing 50% rotifer. 

The results of growth and survival of larval ayu 
reared for 90 days are shown in Fig. 3. The survival of the 
MBD group at the end of the feeding trial was 88.5%. The 
total length and body weight of MBD group and live food 
group were similar. These results indicate· that the 
microparticulate diet has a nutritive value corresponding to 
the live food in terms of growth and survival rates. Also, 
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the incidence of nutritional deficiency such as scoliosis 
was rarely found when the ayu larvae were reared with 
:MBD containing lecithin (Kanazawa et al. 1984). 

Recently, production of carp seed, Gnathopogon 
elongatus caerulescens, was carried out with 
microparticulate diet alone. The results gave high growth 
and survival rates as shown in Fig. 4 (Awano et al. 1986). 

Generally, dietary proteins having an essential amino 
acid (EAA) pattern similar to that of whole body or egg 
proteins are likely to have a high nutritive value for fish. 
Therefore, we analyzed the amino acid composition of 
whole body proteins of ayu, and then made test diets using 
various protein sources to simulate the amino acid patterns 
of the body protein of larval ayu. Six micropartlculate 
diets were formulated with white fish meal, brown fish 
meal, bonito powder, short-necked clam extract powder, 
feather meal, yeast powder, soybean meal, gluten meal, 
and/or krill meal (Tables 2 and 3). Their nutritive values 
were compared with a live food control by a feeding trial 
for 63 days from 11 days after hatching. 

Table 4 shows the results of the 63-day feeding trial. 
The test diet groups gave 35.3-91.6% survival and 39.53-
45.25 mm total length, whereas the live food control 
receiving the rotifer and artemia afforded 82.8% survival 
and 45.22 mm total length (Kanazawa et al. 1985b). 

Broodstock Diets for 
Fish Production 

It is likely that the nutritional quality of broodstock 
diets may affect the ovarian maturation, spawning, and 
egg quality. Little information is available on this field. 
Watanabe et al. (1984a, 1984b) reported the effects of 
proteins, lipids, minerals, vitamins and pigments in diets 
on the quantity and quality of eggs. 

For proteins, Watanabe et al. (1984a) examined the 
effects of feeding broodstock of red sea bream, 
Chrysophrys major, on egg quality, and revealed that the 
group fed a low protein (crude protein, 36%) diet gave few 
floating eggs and normal larvae (4% of hatched larvae) as 
compared with the group fed the control diet (51 % 
protein); in the latter group 62% of the hatched larvae 
were normal in appearance. 

In the case of lipids, Watanabe et al. (1984b) studied 
the effects of diets on spawning by rearing female rainbow 
trout Salmo gairdneri, (2 years old) with an EPA-deficient 
diet for three months. As a result, the group fed the EFA-
deficient diet afforded low values for the number of eggs 
produced, the rate of eyed eggs, and hatching rate; these 
values were improved by the addition of linoleic acid 
(18:2w 6): Watanabe et al. (1984a) also revealed by a 6-
month feeding trial of the parent red sea bream that the 
EPA-deficient diets gave ·few buoyant eggs and more 

demersal eggs (about 75% or more). The feeding of cotn 
oil as a substitute of squid liver oil in a basal diet resulted 
in a marked deterioration of egg qualities and gave few 
normal fish (1.2% for com oil diet; 53% for the basal diet). 

Recently, Hara (pers. comm.) has shown that the 
tropical fish Siganus guttatus laid eggs for more than five 
months when receiving a diet with pollack liver oil (PLQ) 
but only for two months when receiving diets without 
PLO. The data suggest that the inclusion of highly 
unsaturated fatty acids in diets is necessary for normal 
reproduction of S. guttatus. 

Generally, fish eggs contain a large amount of 
phospholipids. Kanazawa et al. (1981, 1983a, 1983b) 
demonstrated by feeding trials that the larval ayu, red sea 
bream, and Oplegnathus fasciatus (knife jaw) requite 
dietary sources of phospholipids for their growth and 
survival. Some information also suggests that dietary 
sources of phospholipids have certain effects not only on 
larvae but also on parent fish. Watanabe et al. (1984a) 
have shown that the phospholipid and astaxanthin 
fractions of krill meal were effective in improving the 
quality of eggs. 

Watanabe et al. (1984b) have shown that the pare~t 
ayu fed the phosphorus-deficient diet had a poor growth 
and produced fewer eggs. Long-term feeding trials of 
rainbow trout revealed that the elimination of trace meta,Is 
resulted in unusual spawning and inferior egg quality 
besides poor growth and low feed conversion efficiency. 
In the case of the red sea bream (Watanabe et al. 1984a), 
the production rate of buoyant eggs was lowered when 
broodstock received the phosphorus-deficient diet. 

Vitamin E is the most important among the essential 
nutrients in relation to the development of reproductive 
organs, and it plays a role in spawning and egg qualities as 
also observed in higher animals. Takeuchi et al. (1981) 
reared parent ayu with diets containing varying levels of 
vitamin E for three months before spawning and estimated 
that the fish require 3.4 mg of vitamin E in 100 g of diet in 
terms of hatching rate and the survival of hatched larvae. 
As for the carp, Cyprinus carpio, 17-month feeding trials 
have shown that vitamin-E deficiency in diets resulted in 
the retardation of ovarian development (Watanabe arid 
Takashima 1977). 

Good quality eggs of the red sea bream have been 
obtained when the parent fish were fed diets containin:g 
/3-Carotene + canthaxanthin, krill oil, or frozen krill 
supplements for two months before spawning (Watanabe 
et al. 1984d) (Table 5). Recently, Watanabe et al. (1985) 
demonstrated that feeding red sea bream broodstock with 
frozen raw krill after they had previously been fed on a 
diet fortified with vitamin E for 26 days also resulted ih 
elevation of the percentage of buoyant eggs. 
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Biochemical Techniques for 
Evaluating Nutritional 

Status of Fish 

The vitamin requirements of fry and fingerlings are 
well known. However, adult fish will not show deficiency 
signs as quickly as fry or fingerlings. Detection of vitamin 
deficiency in adult fish requires sensitive analytical 
techniques. Two types of biochemical technique are used 
in evaluating vitamin nutritional status. One technique is 
the measurement of vitamin-dependent enzyme activity in 
the tissue. The other is the measurement of vitamin level 
in tissue. 

We have suggested to compare the estimation of 
thiamine or pyridoxine status by direct measurement of 
vitamins in tissue using high-performance lipid 
chromatography (HPLC) and by measuring the vitamin-
dependent enzyme activity from tissue of rainbow trout 
fed a thiamine-deficient diet, pyridoxone-deficient diet, or 
complete diet (Hardy et al. 1986; Matsumoto et al. 1986) 
(Table 6). Rainbow trout fed the pyridoxine-deficient diet 
exhibited signs of pyridoxine deficiency between 11 and 
14 weeks of feeding. However, the degree of pyridoxal 
phosphate stimulation (% stimulation of aspartate 
aminotransferase activity) of plasma became significantly 
different between the pyridoxine-de:ficient diet and 
complete diet after four weeks of feeding (Fig. 5). Also, 
the average body weights of rainbow trout were 
significantly different between the thiamine-deficient diet 
and complete diet at 30 weeks of feeding. However, at 16 
weeks and thereafter, the thiamine pyrophosphate level of 
liver was significantly lower in fish fed the thiamine-
deficient diet compared to those fed the complete diet 
(Fig. 6). 

From these results, measurement of vitamin 
coenzyme form is a more important indicator of vitamin 
status than measurement of vitamin "parent" form. This 
sensitive clinical test for fish, particularly adult fish, can 
be used to judge whether the supplemental level of vitamin 
is suitable or not. 

Production of Salmon Growth 
Hormone by Gene (DNA) 

Recombination Technology 

Goodman and co-workers at the University of 
California first succeeded in producing growth hormones 
by a gene recombination technology. By using a 
genetically engineered Escherichia coli, they produced a 
human-growth hormone in 1979 (Martial et al. 1979). The 
biotechnological approach to a fish-growth hormone is 
also interesting in the field of aquaculture. 
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In Japan, Kawauchi at Kitasato University has 
isolated and identified a growth hormone from a chum 
salmon, Oncorhynchus keta, (Kawauchi et al. 1983). From 
1983 he and the members of Kyowa-Hakko Kogyo 
Company in collaboration have succeeded in the large-
scale production of the chum salmon growth hormone 
(sGH) by the gene recombination technique using E. coli, 
after the isolation of the gene concerned with the growth-
hormone production (Sekime et al. 1985). Now it is 
possible to produce the sGH which corresponds to 15-40% 
of whole cell protein of E. coli at a rate of 20-30 g/l of 
incubation media. 

The partially purified sGH sample from E. coli was 
used in growth-promoting experiments of rainbow trout 
(Fig. 7). The results clearly indicate that sGH synthesized 
in E. coli is equipotent to the natural sGH in promoting 
increases in weight and length of rainbow trout. Fig. 7 
shows the results of one injection of 1 µg of growth 
hormone into the abdominal cavity to the rainbow trout 
(10 gin body weight, 7 cm in body length). The growth 
hormone has been shown also to exert the same effect by a 
dipping method. Further investigtion is going on for 
practical application to aquaculture. 
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Table 1. Composition of microparticulate diet for fish larvae. 

Ingredient 

Chicken egg yolk 
Short-necked clam powder 
Bonito extract powder 
Milk casein 
Egg albumin 
Soluble yeast powder 
Amino acid mixture 
Vitamin mixture 
Mineral mixture 
Bonito egg lecithin 
Squid liver oil 
Soybean oil 

Total 

Teble 2. Composition of mlcrppartlculate diet for oyu, 

Ingredient 

Fe•ther meal 
Bonito powder 
Krlllmeal 
White fish meal 
Yeast powder 
Gluten meal 
Short-necked cl1m 

extract powder 
Brown fish meal 
Soybean meal 
L·Methionlne 
Cellulose 

Squid liver oil 
Soybeen lecithin 
Vlt1mln mixture 
Mlner1I mixture 

Total 

No, 1 No, 2 

9.6 
9.6 19,3 

41.6 31.0 
19.2 

28.9 

o.o 0.8 

6.0 6.0 
3.0 3.0 
6.0 6.0 
5.0 5.0 

100.0 100.0 

g/100 g dry diet 

Diet 
No.3 No.4 
(g/100 g dry diet) 

9.6 9.6 
31.0 10.4 

48.1 
19.1 
20.3 

10.4 

0.0 1.6 

6.0 6.0 
3,0 3.0 
6.0 6.0 
6.0 6.0 

100.0 100.0 

24.0 
8.0 
5.0 

10.0 
15.0 
10.0 

5.0 
8.0 
6.0 
3.0 
4.0 
2.0 

100.0 

No.6 

39.4 

20.3 

20.0 

0.26 
0.06 

6.0 
3.0 
6.0 
5.0 

100.0 

No.6 

9.6 
31.0 

19.1 

12.6 

1.8 

6.o 
3.o 
6.o 
5.0 

100.0 
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T•bll!l 3, R1tlo of essentll!ll emfno acids (EAA) rel1tlvl!I to m1thlonlne In eyu ind diet. 

Diet 
EAA Ayu No.1 No.2 No. 3 No.4 No.5 No.6 

Met 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Thr 1.18 1.19 1.24 1.27 1.16 1.15 1.08 
Vol 1.46 1.46 1.66 1.64 1.52 1.43 1.55 
ii• 1.34 1.46 1.47 1.65 1.46 1.26 1.62 
Leu 2.39 2.21 2.30 2.39 2.65 2.30 2.73 
Phe 1.36 1.73 1.66 2.11 1.94 1.39 1.79 
His 0.71 0.72 0.71 ·0.82 0.78 0.90 0.88 
Lys 1.36 1.86 1.98 2.19 1.95 2.10 1.64 
Trp 0.89 0.99 0.97 1.23 0.84 1.15 1.18 
Arg 2.08 1.93 2D1 2.10 1.88 2.03 1.95 

Tab/1 4. EHect of different dietary protein on growth end survival of ayu l1rv1e. 

lniti1! Fin1I 
Total Total Body Survival 

No.of length length weight rite 
Diet r1sh (mm) (mm) (mg) (%) 

M1cropartlcul1te diet: 
No, 1 2,600 9.19 ± 0.52 44.85 ±2,65 0.27 89.0 
No.2 2,500 9.19 ± 0.52 4525 ± 3.42 0,28 84.8 
No.3 2,500 9.19 ±0.52 41.22 ± 3.33 0.19 91.6 
No, 4 2,500 9.19 ±0,52 44.14 ± 3.05 0.22 82.0 
No.5 2,500 9.19 ±0.62 39.53 ±3.82 0.16 35.3 
No.6 2,500 9.19 ± 0.52 41.28 ±3.71 0,21 88.4 

Control: 
Livo rood 2,600 9.19 ± 0.52 45.22 ±4.12 0.31 82.B 

T1bl16. Direct end Indirect methods for m11surlng thiamine end vitemln 86 . 

s, 86 

Thfemine Pyridoxlne 
Pyrldox1I 
Pyrldoxemlnt 

Co enzyme Thiamine pyrophosphate Phrldoxal phosphate 
Pyrldoxemlne phosphate 

Direct method Thiamine pyrophosphate Pyr1doxlne 
Pyrldoxal 

Indirect mothod Transk11tol1s11 Aspart1te liilmlnotr1nsf11rase 
!GOT) 

Cyclohexane (2Sml) + Span 85 (O.Sml) 

Diaminohexane soln. (O.Sml) + 
Diet ingredient soln. (2.Sml) 

Emulsified for 3 min. by homogenizer 

Cyclohexane (1 Oml) 
+ Sebacoyl chloride (0.2ml) 

Cyclohexane (30ml) 

Precipitate (Microencapsulated diet) 

Washed with cyclohexane (100ml) 
2-3 times by homogenizer 

Precipitate 

Sucrose monolaurate (7ml) 

Stirred for 24 hr 
Washed for 24 hr in water (2 liters) 
Filtered with cloth sack of 77].DTI mesh 
Washed with running water 

Nylon-protein microencapsulated diet 

Fig. 1. Preparation of nylon-protein MED. 

Diet (g, dry weight) Hiitchfng 10 20 30 40 5f se 1e I I I I I 

Control: 
Rotifer 299 980 690 677 19621 137 203 

Artemla 3 I 112 168 325 I 277 173 

l!ofled egg yolk 198 356 o~ 52! I 574 72 

f 

12 

Coornerc11l diet I 1,020 I 2,270 2,500 I 3,410 I 41940 5 1000 I 5!000' 

Uysid minced 

Hlcropntfculate: 

Rotifer 190 

Hl!O 350 

I 320 I 350 I 342 

I 1,870 I 4,050 14,500 

Rotifer (S) 1.5 11g 
Artcmia (N) 11.0 11g 

12150'1 

507 I 374 HZ I ZSJ 
5,440 I f\ 1360 6,910 I 6,260 

13 

O•y~p 

21500 I 

5,613 J 

Fig. 2. Diets and feeding amount used in each experimental group of 
200,000 larval ayu. 

500 

4DD 

~ 
- 3DO 

100 

3D 60 9D 30 6D 9D 
Day after hatching Day after hatching 

Fig. 3. Growth of larval ayu fed on micropartic1,1late diets. o Con-
trol,• Microbound diet (MBD). 



14 

....... 
O'l 
E 

+> .s::: 
O'l .,... 
QJ :=: 
~ 
0 co 

....... 
~ .......... 

.s::: +> 
O'l c: 
QJ ,.... 

,.... 
!ti +> 
0 
I-

10 

5 

Wim 
Feeding amoun 

MPD 13 g 

~ 
"O -1.0 O'l 

+> c: 
::I 
0 
fa 

0.5 gi .,... 
"O 
QJ 
QJ 

LL. 

100 

....... 
~ ...... 
,.... 

50 ~ 

0 

.,... 
i'.: 
::I 
(/) 

Fig, 4. Effect of microparticulate diet on growth, survival and 
feeding amount of carp. 

QJ 
.µ 

"' ..C:lr<! c. 
"'c 00 

..C:•.-
c,.µ 

"' .......... "'::s >< E 
O•.-
-o.µ 

1 ·.-"' s... 
~ 

180 

120 

60 

Complete 

oL-__:=-~4"--~~~~8~~~-,~2~-=~--'16 

Weeks 
'Fig. 5. Pyridoxal phosphate stimulation in plasma of rainbow 
trout fed complete or deficient diets. 

QJ...-. ...,,.... 
!ti,.... 

.s::: QJ c.u en 
O"O .s::: 0 c.o o.-s... ..c 
~"O 

QJ 
QJ ix: 
c: .,...,.... 
EE 
!ti-.,... O'l 

.s::: ::::i.. 
1--

1.6 

0.8 

0.4 

4 8 12 16 
Weeks 

Complete 

20 24 

Fig. 6. Thiamine pyrophosphate content of red blood cell of 
rainbow trout fed complete or deficient diets. 

3 
-~ .. 
.c 
"' ·o; 
"' 

100 

50 

234567 
Time (weeks) 

20 

3 .. :a .. 
~ 

j 
10 

2 3 4 5 6 
Time (weeks) 

Fig. 7. sGH produced in E.coli (0, n = 8 fish per group) atld 
natural sGH (O, n = 10). Both stimulate growth in weight {A) 
and length {B) of rainbow trout less than 1 year old. 0, control 
(saline-injected) fish (n = 10). Vertical lines represent ± SEM. 



f 
I ,__ 

f 
L.. 

i -

' ; 
L... 

i 
'--

Concepts that Work: Some Adva.nces in Tropical 
Fisheries Research* 

DANIEL PAULY 
International Center for Living Aquatic 

Resources Management 
MC P.O. Box 1501 

Makati, Metro Manila 
Philippines 

PAULY, D. 1986. Concepts that work: some advances in tropical 
fisheries research, p. 15-18. In J.L. Maclean, L.B. Dizon and L.V. 
Hosillos (eds.) The First Asian Fisheries Forum. Asian Fisheries 
Society, Manila, Philippines. 

Abstract 

Fisheries research is an applied discipline based in part on 
population and marine biology, with selected inputs from the social 
sciences. Fisheries research is successful when it provides concepts 
capable of helping fisheries management to make rational, explicit and 
enforceable resource allocation decisions. Successful concepts and 
models need not be as complex as the reality from which they are 
derived, and to which they are applied. Rather, successful concepts and 
models must capture and help express essential, and preferably 
quantifiable features of the reality that is modelled. 

This contribution reviews a number of concepts, models and 
methods - some of them derived from approaches developed for high-
latitude, single-species fisheries - which have proven useful in the 
context of the multispecies, multigear fisheries of tropical Asia. It is 
suggested that, overall, fisheries biologists working on tropical stocks do 
have the tools they need to do their job; the point now is to use them. 

Introduction 

Fisheries science investigates processes ta1dng place 
within fish populations and within "populations" of fishing 
gears, but concentrates especially on the interface and 
interactions between fish and gears. Fisheries research is 
closely related historically and in various methods, models 
and assumptions, to marine biology and/or biological 
oceanography, but unlike them fishe~es research is highly 
applied. While the success of fisheries research in a given 
country, for obvious reasons, cannot be assessed via the 
status of that country's fisheries, it remains true that 
success in our field can and must be measured by its 
relevance (potential or actual) to real fisheries. 

It is my contention, which I will attempt to support in 
this contribution, that our discipline has matured to the 
extent that fishery scientists, including those working in 
tropical Asia, now have at their disposal an array of 
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concepts and methods that "work", i.e., which can be used 
to answer most of the key questions explicitly asked by 
fishery managers and administrators, or implied by their 
general request for advice. 

RussePs axiom as a 
research program 

In 1931, when Russel published his landmark paper 
on overfishing, he effectively defined the field of fisheries 
biology as one concerned primarily with defining unit 
stocks and fisheries and their sizes, studying fish growth in 
and recruitment to these stocks, as well as investigating 
the natural mortality in and catches from investigated 
stocks (Fig. 1). 

This research thrust, by putting emphasis on factors 
which, although often difficult to estimate precisely, at 
least can be approximated with sufficient accuracy, 
provided the conceptual basis upon which other authors, 
such as Beverton and Holt (1957) and Schaefer (1954, 
1957) could build their models. 

With regard to these models, two schools of thought 
can presently be defined. One advocates departure from 
the "classical population dynamics" approach it has 
spawned (Sharp and Csirke 1983; Bradbury and Reichelt 
1981), suggesting instead that environmental factors or 
emergent system properties (i.e., holistic approaches) 
respectively, should receive greater emphasis. The other 
school, to which this author belongs, believes in refining, 
expanding and adapting the classical models. The basic 
reasons for the conservative stance are that 
environmentally driven ecosystem models of which 
exploited fish populations represent only a component 
of~n lack generality (i.e., applicability outside of the area 
for which they were developed) and that "holism" is 
prooobly more a general research mode than a concrete 
program of investigation around which, for example, 
student theses or postdoctoral studies can be structured. 

Thus, when confronted with the need to translate 
Russel's axiom (in Fig. 1) to the multispecies situation 
prevailing, say, in Southeast Asian demersal fisheries, two 
approaches can be taken. The holistic approach would 
require here, I presume, treating each single species stock 
individually (but how does one get the data?) defining all 
interactions between species (how?), then developing a 
model that predicts the emergent properties of the system 
(presently an impossible task). 
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The other, "tinkering approach" would involve 
treating the whole species assemblage as if it were a single 
species (Gulland 1971), then fitting some production 
model to it (FAO 1978), or separating out subcommunities 
(Pauly 1979; Ralston and Polovina 1982; McManus, this 
vol.), and then applying standard models to them. 

The second approach, as experience shows, besides 
providing neat theoretical insights, has the crucial 
advantage that the job gets done, and that management 
measures based on the results can be readily fonnulated. I 
believe that gross errors are less likely to occur in this 
"reduced" mode than if a large-scale (simulation) model is 
built from first principles (see also Larkin and Gazey 
1982). 

Growth studies: no real problems, 
just plain work 

Growth is an· important aspect of the dynamics of 
fish stocks. It is the only process which replenishes the 
biomass taken from a stock by fisheries or by predators, 
diseases and parasites. Growth rate estimates also provide 
the "chronological backbone" far mortality estimates. 
Quantifying growth, e.g., in the fonn of parameters of the 
van Bertalanffy growth equation is not anymore a 
scientifically daunting task. The main job for fishery 
scientists, especially in tropical Asia, is to acquaint 
themselves with current methods for assessing the growth 
rate of fish and exploited invertebrates, rather than to 
repeat the mistakes of often ill-infonned experts from 
colder climates, many of whom still assert that tropical 
fish cannot be aged because they lack the scale or otolith 
annuli of herring and cod fame. 

Among the methods ideally suited for the study of 
fast-growing small tropical fisheries (or various molluscs, 
including squids) are: (i) the analysis of daily otolith rings, 
discovered by Panella (197J) and confinned by numerous 
scientists for all fish and squids so far examined, but still 
not used much in Asia (note the absence of papers on this 
topic among the 230 papers presented at this Forum); and 
(ii) detailed analysis of length-frequency data using 
computer-based methods, which are superior to the, 
"Petersen method" documented about 90 (!) years ago 
(Petersen 1892), but which is sti11 discussed by some 
co11eagues in a fashion suggesting that it has never been 
improved upon. : 

Fig. 2 shows the application of one of these newer' 
methods, the ELEFAN I program, to length-frequency 
data. As might be seen, the occurrence of a protracted 
spawning/recruitment season with two peaks per year has. 
not prevented the program from identifying a single 
optimum growth curve for this data set Note also that this. 
method can correct for bias due to gear selection using 

infonnation embedded in the original length-frequency 
data themselves, and also pick up seasonal growth 
oscillations which, incidentally do occur in tropical wate:rls 
(Pauly 1982). 

Growth studies using daily rings are very tedious and 
error-prone. Similarly, application of ELEFAN I to bad 
data can produce misleading results. This, however, is true 
for any method. The point here is that powerful methods 
(which can also be used concurrently) are available to 
estimate the growth of virtually any tropical fish. One 
should learn about and refine them by applying them. 

Estimating mortalities: 
how good is good enough? 

Fisheries biologists elaborating on Russel's axiom 
have, with regard to mortalities, the job of either 
estimating natural (M) and fishing mortalities (F) or, as is 
more usually done, estimating total mortality (Z) then 
subtracting either F (the older approach) or M (the newer 
approach) from Z to estimate the remaining parameter. 
One way fisheries biologists working in tropical Asia can 
go about this job is to estimate Z based on the size 
distribution of fish in representative catch samples, using 
either the mean length above a certain critical size (L1) 
(Beverton and Holt 1956) or a length-converted catch 
curve (Pauly 1984; see Fig. 2). Then they can subtract 
from the estimate of Z the value of M obtained from an 
empirical fonnula (Beverton and Holt 1959; Pauly 1980) 
to obtainF. 

Some are hesitant to use this approach, and I suspect 
that it might have to do with the feeling that the whole 
thing may be too simple to be correct. Let us not forget 
however, that in the North Atlantic, numerous stocks, e.g., 
of gadoids and herring, have been managed (or 
mismanaged, as the case might be) for decades based on 
values of "M = 0.2" and "M = 0.1", respectively, these 
values being passed from one stock to the other, from one 
paper to the other like a sacred incantation, and with no 
paper of which I am aware explicitly criticizing the 
practice. 

It thus seems odd that Gulland (1984) should 
suddenly request scientists working in developing 
countries to use only values of M that have confidence 
intervals around them, and suggest that people should be 
particularly wary of M values obtained via the empirical 
equation in Pauly (1980). 

Be as it may, fishery scientists, given appropriate 
samples can now straightforwardly split Z into its two 
components and then assess the relative impact of fishing 
and natural losses as causes of death in a given stock. 
Thus, we have here another concept that works. 
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Recruitment studies: dealing with 
concepts that do not (yet) work 

Compared with growth and mortalities studies, 
recruitment studies on commmercial fish stocks in tropical 
Asia are extremely difficult and in a sense, one could 
argue that the recruitment-related concepts used in 
fisheries biology actually do not work, either in tropical 
Asia or in other parts of the world (see contributions in 
Sharp and Csirke 1983). The realization of this state of 
affairs has led, however, to a set of focused research 
activities, notably th~ International Recruitment Progi:am 
(IREP) coordinated by UNESCO and FAO in the frame of 
their Ocean and Living Resources (OSLR) Program 
(Bakun et al. 1982). OSLR contributions on recruitment 
that are of relevance to the multispecies demersal and 
pelagic fisheries of tropical Asia are included in Yaliez-
Arancibia and Pauly (in press). 

Although we do have basic problems predicting 
recruitment fluctuations, there are some concepts that 
work where our goal is to describe data sets. One of these 
simpler concepts is that of a "recruitment pattern", used to 
describe the seasonal oscillation of recruitment of fish into 
a stock, and which can be derived quite straightforwardly 
from length-frequency data (Fig. 2). 

Catch, effort and cost data: the 
fishery biologist's workhorse 

concepts . 

Studying the growth, mortality and recruitment of the 
fish in a given stock allows one to use the yield-per-recruit 
model of Beverton and Holt (1957) or one of its 
derivatives to investigate the status of fishery. Pauly and 
Soriano (this vol.) provide examples of how such models 
can still be improved upon and made more relevant to 
specific sitilations, e.g., that of a demersal fishery 
exploiting small fish or shrimp. Yet, despite the 
adaptability of yield-per-recruit and other analytical 
models, it is on the surplus production model of Schaefer 
(1954, 1957) and its various derivatives (e.g., FAO 1978; 
Csirke and Caddy 1983) that most management advice in 
tropical Asia and other low latitude areas of the world will 
continue to be based. 

This is simply due to the fact that surplus production 
models capture the essential aspects of any fishery, i.e.: 

i) no catch (=.surplus production) if you do not fish; 
ii) a relatively large sustainable catch if you fish just 

right; 
iii) a (much) reduced catch if you fish too much (Fig. 

3). 
A flood of literature exists which discusses the fine 

points of (ii) and (iii) [(i) is difficult to argue with], but 
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this literature should not prevent us from realizing that we 
are, with items (i) to (iii) on extremely safe ground, and 
that any scientific advice based on these three points is 
bound to be better than the dangerously naive yet 
widespread assumption that more boats and more 
subsidies always mean that more fish will be caught. 

The inexorability of this becomes even more 
apparent when one includes fishing costs into these 
considerations. In such cases, even skeptics can be 
convinced that subsidizing overfishing is, at least in the 
long run, a policy likely to lead to serious social problems 
(Smith 1981). 

And yet it is here, with their best-founded, most self-
evident concept that fisheries biologists and. economists 
have least success. Indeed, translations of insights such as 
expressed in Fig. 3 (for which numerous well-documented 
examples exist in Asia) into a coherent policy aimed at 
reducin_g fishing effort are extremely rare, if not totally 
absent. 

Possibly, estimating the siZe of actual or potential 
losses due to mismanagement for the fisheries of one 
country could help fisheries biologists, working in tandem 
with fisheries economists, to get their message across. 

Unless these, and related "public relations activities" 
happen, it is difficult to conceive how, in the face of 
growing fish demand and growing need for export 
production, the fish resources of the world, and especially 
thos~ of tropical Asia, will continue to feed us. 
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Fig. 1. Main factors investigated in stock-assessment :recruitment, 
growth (positive factors), capture and natural mortality (negative 
factors) and stock size. (N refer& to numbers, W to weight). 
Feeding and reproduction, although also contributing to stock 
dynamics, are generally not considered in single-species stock 
assessment (adapted from Russel 1931 ). 
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Fig. 2. Application example of the ELEFAN I and II programs 
to length-frequency data, sampled in 1981, on Indian driftfish 
from Ragay Gulf, Philippines. The following parameter estimates 
were obtained: L

00 
= 21 cm, K = 1.1 (per year), M = 2.1, F = 3-4-

mean length at first capture "" 13 cm (from Corpuz et al. 1985, 
with small modifications). 
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Fig. 3. An openraccess fishery will tend to equilibrium (E) where 
total revenues become equal to fixed, variable and opportunity 
costs and no resource rent is earned. Note that beyond the level 
of fishing effort corresponding to MSY (fmsyl• subsidies will 
have the effect of decreasing catches and total revenues from a 
fishery; note also that MEY (i.e., maximum rent) is reached ~t 
a level of effort &mailer than needed for MSY (adapted from 
Smith 1981). 
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Abstract 

Evaluation of the growth performance of selected Oreochromis 
niloticus progenies was conducted in six 0.05-ha ponds at the Freshwater 
Aquaculture Center, Central Luzon State University, Munoz, Nueva 
Ecija, Philippines. Two growth lines from the selection for'growth at the 
center, high line (I-IL) and low line (LL) were stocked at 200 fingerlings 
per pond with an initial average weight of 0.33 g and 0.29 g, respectively. 
Growth performance, survival and sex ratio were monitored during the 
90-day culture period.Experimental fish were subjected to a management 
scheme with just organic and inorganic fertilization using chicken 
manure and ammonium phosphate at the rate of 1,000 kg/ha and 50 
kg/ha, respectively.At the end of the 90-day culture period, the high line 
group gave a higher mean weight of 119.33 g than the low line group 
with 100.37 g. Survival and sex ratio were comparable in both growth 
lines. - -

Introduction 

Oreochromis niloticus is the most popular tilapia 
species cultured in the Philippines. Its fast growth, 
tolerance to poor environmental conditions and favorable 
breeding characteristics are only some of the traits which 
make 0. niloticus a favorite fish for culture (Guerrero 
1981) and an excellent candidate for a truly domesticated 
fish or "an aquatic chicken" (Maclean 1984). However, 
domestication of this fish is proceeding slowly with little 
effort to control genetic changes in economic traits or even 
the recognition that management procedures will lead to 
changes in the gene pool of the domesticated stocks. The 
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unconscious husbandry practice of fish farmers have 
resulted in a deteriorating quality of tilapia fingerlings for 
culture and this is one of the factors that has hampered the 
expansion of the tilapia industry. One possible approach to 
this problem is to develop genetically-improved tilapia to 
optimize production. 

A growing interest is now seen in fish genetics. This 
is triggered by both biological and econo.mic reasons 
(Hedgecock et al. 1976). Efforts to improve the existing 
tilapia stocks in the country started with studies on the 
growth performance of various tilapia species/strains 
(Bautista unpublished data; Basiao unpublished data 
Guerrero et al. 1980; Kuo and Abella 1981). 

This paper presents the results of an evaluation study 
on selected lines for growth of 0. niloticus in earthen 
ponds. 

Materials and Methods 

Broodstocks from different sources were used as 
foundation stock for the selection program. The strains 
were Singapore from the Philippine Bureau of Fisheries 
and Aquatic Resources (BFAR) at Central Luzon State 
University (CLSU), Israel from BFAR at CLSU, Taiwan 
(imported by the International Center for Living Aquatic 
Resources Management in 1984 to BFAR at CLSU) and 
the Freshwater Aquaculture Center (F AC) strain. Females 
from each strain were crossed with a single male. 
Intrastrain crossing was done in plastic pools. 
· Offspring were collected from the breeding pools by 

seining at intervals of 10-14 days. Females were seined 
individually and their mouths inspected for eggs or fry 
which were removed for incubation or holding in the 
aquaria. 

All spawns that had more than 100 fry surviving to 
free swimming stage, i.e., complete yolk-sac absorption, 
were stocked into 1-m3 hapas installed in a single pond to 
mm1m1ze environmental differences. Each hapa 
represented one family with 100 fry. Sampling for weight 
and survival was done biweekly. In the first series of 
hapas, feeding was done by percent body weight of the 
fish in each hapa and adjusted after each sampling. The 
feeding rates were 100%, 50%, 30%, 20%, 15% and 10%. 
Feeding schedules in the second series of hapas were 
based on a growth curve of the five heaviest hapas in the 
first experiment. Every hapa was fed the same amount at a 
given age. These amounts were 100% (week 1), 70% 
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(week 2), SO% (week 3), 3S% (week 4), 2S% (week S), 
20% (week 6), 12% (week 8) and 10% (week 9 and afrer) 
of the growth curve estimated from the first experiment. 
Eight-week old fingerlings were transferred to 1-m3 cages. 
Feeding fingerlings here was set at 10% of the body 
weight. 

All families were subjected to selection for high 
and/or low growth lines at the 14-week sampling. Up to 20 
males and 20 females were weighed for the.selection. The 
two largest and/or smallest females were select~d for the 
broodstock ponds. Fifty-eight families reached this 
selection stage. 

The ponds for the growth phase study were prepared 
by following the PAC standard pond preparation. Ponds 
were fertilized with organic (chicken manure) and 
inorganic fertilizer (16-20-0) at the rate of 1,000 kg/ha and 
SO kg/ha, respectively. Organic fertilizer was applied on a 
weekly basis while inorganic fertilizer was bi-weekly. 

Two sets of stocking were made due to low 
production of fry of the selected broodstocks for the first 
few weeks. Ponds SF and SG were stocked .on 13 
September 198S while ponds SD, SE, 4F and 4G were 
stocked on 28 October 198S. 

Sampling was done monthly to monitor growth and 
survival. The same number of seine tows were made to 
collect samples. 

Data were analyzed using completely randomized 
design. 

Results and Discussion 

After the 90-day culture period, the high line (HL) 
and low line (LL) groups gave an average final weight of 
119.67 g and 101.36 g, respectively (Table 1). From this 
result it can be gleaned that the HL group was 18.31 % 
heavier than the LL group. The daily gain in weight for 
HL was 1.33 g and 1.12 g for LL, although the HL showed 
a better performance than the LL. The difference in the 
average weight of the two lines was not significantly 
different (P O.OS) but the genetic improvement on this 
two-way selection cannot be discounted. A significant 
result on bidirectional selection for body weight of blue 
tilapia was reported by Bondari et al. (1983) while Moav 
and Wohlfarth (1976) produced an asymmetrical response 
on the selection for growth rate in common carp using the 
two-way selection. 

Mean survival rate for HL and LL .was 88.17% and 
92.2S%, respectively (Table 1). No significant difference 
was found in the survival rate between HL .and LL. 

Higher percentages of males were observed in HL 
(63.14) than LL (41.24); however, there was no significant 
difference in the percentages of males and females 
between the two lines. 

Recommen~ations 

Further evaluation of the selected lines, particularly 
the succeeding generation, should be conducted to find out 
the genetic gain from the selection process. Variations in 
ponds (e.g., primary production, physicochemical 
parameters) must be considered to minimize the effect of 
enviromental changes to the fish being evaluated. One way 
to do this is to grow the selected lines and the control in 
one pond, thus exposing the fish to the same conditions. 
This will require an efficient tagging method to mark the 
selected and control fishes. 
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Tebit 1. Evtluatlon of selected growth lines of Or10chromls 
nllotlcus progenies. 

initl1I Ftntl Sex ratio 
wt. wt. Survival Male Female 

Trettment Pond (g) (g) (%) (%) (%) 

High l\ne 5F 0.31 120.83 81.60 69.10 30.89 
60 0.37 107.46 94.00 59.45 40,64 
4G 0.29 130.73 89.00 60.87 39.13 

M .. n 0.32 119.67 88.17 63.14 36.86 

Low line 5G 0.22 114.92 87.00 37.31 62.69 
4F' 
SE 0.36 87BO 97.50 45.16 54.84 

Me1n 0.29 101.36 92.26 41.24 58.77 

Table 2. Average body weight of selected line of 0. nllot/cus. 

Culture period (weeks) 
Line Pond Stocking 2 4 6 8 

High line 5F 0.31 16.15 73.83 101.04 120.83 
50 0.37 17.78 57.01 80.44 107.46 
4G 0.29 16.20 76.12 89.73 130.73 

Mean 0.32 16.38 68.99 90.40 119.67 

Low line 6E 0.36 19.27 62.13 75.40 87.80 
5G 0.22 16.67 63.59 92B7 114.90 
4F" 

M .. n 0.29 17.97 62.86 84.14 101.36 

•Data from pond 4F were not used due to mixing of fish 
populetions. 
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Abstract 

Successful high iniensive shrimp grow-out schemes typically use 
deep ponds (1-2 m) together with aeration/circulation. Little is known, 
however, why deep ponds are more productive than shallow ponds. It is 
important to understand the water quality and production dynamics of 
ponds of different depths to develop appropriate shrimp culture methods. 
The effects of water depth and circulation on the production of the giant 
tiger shrimp, Penaeus monodon, in 0.1-ha earthen ponds were tested in a 
3 x 2 factorial experiment, with three depth treatments (0.5, 1.0 and 1.5 
m) and two circulation regimes (daytime circulation and uncirculated). 
Stocking density was 4 postlarvae/m2. Production and survival were 
determined after five- and four-month culture periods during the dry and 
wet seasons, respectively, in 1985. Water circulation positively 
influenced primary productivity, decreased the surface temperature, and 
reduced stratification of temperature and dissolved oxygen. Water depth 
significantly affected almost all water quality parameters, the deeper 
ponds producing shrimp of significantly larger size. However, there were 
no treatment effects on shrimp production due to an inverse relation of 
survival and average size. It can be said that water depth and circulation 
profoundly affect the water quality of brackishwater shrimp ponds, but 
that the effects on shrimp production are not apparent at the stocking 
density used in this experiment. Further tests at higher stocking densities 
are necessary to establish the causal relationships of water depth, survival 
and average size of shrimp. 

Introduction 

One factor that contributes largely to the success of 
semi-intensive and intensive penaeid grow-out schemes is 
effective water management. There are several water 
management techniques for penaeid pond culture, all 
involving varying water depths and circulation/aeration 
methods (Kungvankij 1985). Average pond water depth 
and .water movement are two important factors that can 
affect numerous aspects of pond environments. These 
include effects on the heat budget, therinal and chemical 
stratification, mmunum oxygen concentrations and 
ultimately the growth and survival of the shrimp. 

The Taiwanese are well known for their outstanding 
achievements in the development of penaeid pond grow-
out systems (Liao 1985). These schemes depend heavily 
on deep water and substantial circulation/aeration and yet 
there appears to be a lack of basic information regarding 
the environmental dynamics of these systems. It is 
important to understand these pond dynamics in designing 
appropriate grow-out strategies for' shrimp in countries 
with economic situations different from those of Taiwan. 
For example, energy intensive systems are not as 
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prohibitive in Taiwan because of low energy costs, 
whereas energy costs in the Philippines often make 
intensive culture systems uneconomical. Furthermore, 
Taiwanese shrimp ponds are usually deep, as much as 1.8 
m, (Fast et al., unpublished data) while the majority of 
brackishwater fishponds in many Southeast Asian 
countries are as shallow as 0.5 m. It maybe improbable, 
therefore, for the shallow ponds in the Philippines to be 
used for intensive shrimp grow-out using Taiwanese 
techniques. The purpose of this study was to evaluate the 
effects of different water depths and water circulation 
regimes on water quality as well as growth and survival of 
the giant tiger shrimp, Penaeus monodon, in earthen 
ponds. 

Materials and Methods 

A 3 x 2 factorial design was used to test the effects of 
depth and circulation on water quality and shrimp 
production in earthen ponds. Eighteen 0.1-ha earthen 
ponds were used, with depth treatments of 1.5, 1.0 and 0.5 
m. Three ponds in each depth treatment were subjected to 
artifical circulation during the daytime (6 a.m to 5 p.m.), 
while the other three were not. Circulation was done by a 
device consisting of a 1/8-hp electric motor, driving a 
submerged 46-cm fan-type impellor at 86 rpm similar to 
those described by Fast et al. (1983). 

The experiment was conducted twice, with a 150-day 
grow-out during the dry season (December 1984-April 
1985) and a 120-day grow-out during the wet season 
(August-December 1985). The ponds were prepared by 
draining, drying, applying agricultural lime and chicken 
manure at 2 t/ha to each, and then gradually flooding to 
grow benthic algae (lab/ab). In each trial, P. monodon 
postlarvae were stocked at 4/m2. The average weight of 
initially-stocked postlarvae during the dry season was 4. 1 
mg and during the wet season 2.1 mg. Feeding rate was at 
10% average body weight during the second month of 
grow-out, 8% during the third month and 4% during th!:'. 
final month. Formulated feeds were not applied during the 
first month. Water exchange was twice a month, 
depending on the occurrence of spring tides, at a rate of 
50% of total water volume each time. Additional water 
exchange through pumping was sometimes necessary 
during the later stages of grow-out because of low 
dissolved oxygen levels. Emergency aeration with a l/2T 
hp paddle wheel aerator was also used occasionally. . 
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Salinity was measured daily with a refractometer. 
Dissolved oxygen and temperature at varying depths at 
different times of the day were measured three times ~ 
week with a YSI oxygen meter. Visibility with a secchi 
disk and pH with a Corning pH meter were also measured 
three times a week. Chlorophyll a concentrations, un-

ionized . ammonia, nitrates, nitrites, dissolved 
orthophosphate and plankton levels were monitored twice 
a month .. Chlorophyll a concentrations were determined 
according to Lind (1974). Concentrations of un-ionized 
ammonia, nitrates, nitrites and dissolved orthophosphate 
were determined with the methods of Strickland and 
Parsons (1976). Un-ionized ammonia and dissolved 
orthophosphate were analyzed by the phenol hypochloride 
and ascorbic acid methods, respectively. Phytoplankton 
were counted with a hemocytometer, zooplankton with a 
Sedgewick rafter. Prawn growth was monitored once a 
month by weighing a subsample of shrimp from each 
pond. 

The SYSTAT package (Wilkinson 1984) was used 
for all statistical analysis. Water quality data were 
averaged monthly corresponding to intervals between the 
shrimp sampling dates. A two-way ANOV A factorial 
analysis with replication per sampling was done on the 
water quality parameters. A stepwise multiple regression 
analysis was done to determine which of the variables best 
predicted the average size of shrimp per sampling (i.e., the 
growth of shrimp). All the water quality variables listed in 
Table 1 were initially entered in the model (both alpha to 
enter and alpha to remove levels were p = .15). 

The analyses of growth and harvest data for the dry 
season are not presented here because the large number of 
finfish intruders in the ponds made it difficult to assess 
treatment effects on P. monodon alone. During the wet 
season, ponds were treated with an ichthyocide (teaseed 
cake) controlling intruders to negligible levels (Minsalan 
and Chiu, this vol.). A two-way factorial ANOV A was 
done on the wet season harvest data. 

Results and Discussion 

Most water quality values changed significantly 
during the grow-out period, with the exception of un-
ionized ammonia concentrations (Table 1), which were 
also unaffected by any of the depth or circulation 
treatments. It is possible that ammonia nitrogen i3 readily 
metabolized in brackishwater ponds and rarely attains high 
concentrations. Seasonal weather changes are most 
probably the reason for changes in pond temperature and 
salinity during the grow-out period. Changes in 
productivity and nutrient concentrations with time were 
perhaps due to an increased feed loading during the grow-
out. These changes were exemplified by increases in 
secchi disk depth, dissolved oxygen, chlorophyl 
concentration, phytoplankton, zooplankton, nitrates, 
nitrites and reactive phosphorus. 

Most of the water quality parameters were 
significantly affected by the depth treatments (Table 1). 
Those variables related to productivity (secchi disk depth, 
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morning and afternoon oxygen concentrations, 
Chlorophyll a, phytoplankton and zooplankton) and 
nutrient concentrations (nitrites, nitrates and reactive 
phosphorous) were significantly higher in the shallower 
pond. This is undoubtedly due to lesser volumes of water 
in the shallow ponds, since all ponds received equal feed 
applications. Cole and Boyd (1986) have shown that 
average concentrations of such water quality parameters as , 
Cholorphyll a, nitrite nitrogen and chemical oxygen · 
demand increase with increasing feeding rates. A similar 
relationship is expected with equal feed applications to 
ponds with decreasing water volumes. The shallow ponds 
also proved to be less stable environments with regard to 
diurnal temperature fluctuations. These ponds had 
significantly higher afternoon and significantly lower 
morning temperatures (Table 1). 

There were few significant treatment effects due to 
circulation. Daytime circulation did, however, appear to 
lower the surface temperature of the pond. There was 
significantly lower afternoon temperatures during the dry 
season and significantly lower morning temperatures 
during the wet season in circulated ponds. Daytime 
circulation also appeared to increase primary productivity 
as Chlorophyll a concentrations were higher in circulated 
ponds during the wet season. This increase in primary 
productivity due to circulation is also evidenced by higher 
dissolved oxygen concentrations in the afternoons. 
Daytime circulation also substantially decreased thermal 
and oxygen stratification in the pond throughout the 
diurnal cycle. 

In both trials, the average shrimp size per sampling 
was significantly higher in the deeper ponds (Table 1). 
The faster growth of shrimp in the 1.5-m and 1.0-m deep 
ponds than in the 0.5-m deep ponds during the wet season 
trial is illustrated in Fig. 1. During the wet season, shrimps 
were larger in circulated pond water and significantly 
larger in circulated water in deeper ponds (Table 1). 
Growth, therefore, appears affected by both water depth 
and circulation. 

Depth was retained by the stepwise regression 
procedure as a significant indicator of shrimp growth 
during the wet season (Table 2). Salinity was also retained 
in the model in view of its importance to the growth of P. 
monodon. Various other water quality parameters were 
also retained in the model which reflect the productivity 
(morning and evening dissolved oxygen and 
phytoplankton densities) and feeding rate (ammonia and 
nitrates) influences on shrimp growth. 

There were significant effects of water depth on both 
size and survival of P. monodon (Table 3). These 
dependent variables were, however, inversely related. Size 
was larger but survival was lower in deep ponds. A 
regression of size versus survival was significant (y = 
125.3-1.Sx, probability regression F ratio = .002). This 
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inverse relationship explains the lack of significant 
treatment effects on total production (i.e., the deeper ponds 
had larger but fewer shrimp while the shallower ponds had 
smaller but more numerous shrimp). An analysis of 
covariance of size of shrimp versus the depth treatments 
with survival as covariate showed no significant (p = 
0.4 77) depth effects on size of shrimp. 

It is difficult to evaluate the effects of water depth on 
the growth of P. monodon in view of the inverse relation 
of size and survival during the wet season grow-out 
period. It is possible that survival is dependent on water 
depth and that shallow ponds would be expected to have 
higher survival, given approximately equal feeding rates in 
all ponds. If this is so, and if size is inversely and causally 
related to survival, then it may not be necessary to use 
deep ponds to obtain a particular yield level. It is also 
possible, however, that the survival patterns observed 
during the wet season trial are due to some factors 
unrelated directly to the depth treatments. 

If water depth, average size and survival are causally 
related as the results from the wet season trial indicate, this 
scheme may be useful only at the stocking density used in 
this study (4/m2). It is clear that depth and circulation 
affect many aspects of the pond environment. It may be 
that at stocking densities for more intensive penaeid 
culture, these water quality ditrerences could substantially 
influence overall production. It would therefore be useful 
to test these treatment effects at high stocking densities. 
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T;bi11. W1tu quality p11r1m11ters end growth of Pl'lwn. 

Ory st1Son Wet suson 
Depth 

Time Depth C1rc 
Depth 
xC1rc Time Depth Circ xCirc 

S1cchl depth 
Temp. A.M. 
Temp. P.M. 
0.0. A.M. 
0.0. P.M. 
Sallnity 
l\,mmoni1 
Nitrates 
N1trit1S 
Phospho1ous 
Chlorophyll a 
Phytoplankton 
Zoopl1nkton 

Ave ... ge size 

-·· 

-·· 

-·· 

.. Significant et P < .001; •significant et P < .05: Blank-not sigmficent. 
-Higher values in sholiower ponds or higher values in ponds without clrcui1t1on. 

Table 2. Indicator variables for prawn growth during the wet 
season. 

Coefficient 

2.663 
0.610 
0.012 

-0.229 
0.052 

-0.109 
2.504 
0.398 
0.000 

Dependent = log {average weight) 

Variable 

Constant 
Time 
Depth 
D.O. A.M. 
D.0. P.M. 
Salinity 
Ammonia 
Nitrates 
Phytoplankton 

*2 tail tests. 

Probability* 

.000 

.000 

.000 

.000 

.015 

.000 

.005 

.000 

.111 

Table 3. Av1r1g11 weight, surv1v1i and total production per tre.tment, wet season trial. 

Treatment 
Depth 

(ml 

1.6 
1.S 
1.0 
1.0 
o.s 
0.5 

Treatments 

Depth 
Circulation 
Depth x C1rc. 

• =significant. 

35 

30 

25 

-CJ' 20 -
+-.c. 
CJ' 
Q) 15 :;: 

10 

5 

Average Total 
weight % production 

Circulation lg) Survival (kg/ho) : 

Yes 33.2 65.9 873.3 
No 33:9 57.3 777.6 
Yes '35.7 68.B 829.B 

1 
No 28.2 77.0 875.9 
Yes 28.4 78.3 887.9 
No 26.3 80.5 861.1 

Two-way factorial ANOVA: 
Probabilities associated with the F·ratio 

Average weight Survival Total productlo~ 

I 
'I 

ma• 
.o76 
.125 

.009' 

.336 

.047* 

l .· 
I 

/ .· 
I 

I 

I 
I 

I 
I 

I:' 
/ ... 

I • I . , .. 
I• 

I • 1: 
I• 

.775 

.658 

.597 

.. 

l: 
I• -1.5 m 

I.' 1: / ---I.Om 
/ ······o.5m 

/ 

o--~~~---~~~--~~___. 

30 60 90 120 
Culture days 

Fig. 1. Growth of prawn per depth treatment for wet season, 
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Abstract 

Grass shrimp (Penaeus monodon) culture is a rapidly growing, 
profitable industry in Taiwan. The total annual production of grass 
shrimp increased from less than 1,000 t in 1976 to more than 30,000 t in 
1985. The economic importance of shrimp culture in Southeast Asian 
countries has also been widely recognized. Continued development and 
expansion of the industry might eventually lead to competition for 
markets. 

The culture methods for extensive, semi-intensive and intensive 
culture systems in Taiwan are described and their economics analyzed. 
Speculations are made on strategies to ensure the continued success of 
the industry in Taiwan. 

Introduction 

The grass shrimp, Penaeus monodon, is universally 
recognized as one of the most important cultured species, 
particularly in tropical Southeast Asian countries. It is a 
fast growing, euryhaline, omnivorous and hardy species 
well known for its delicious taste and profitable 
marketability. The technique for the artificial propagation 
of the grass shrimp was first developed in Taiwan in 1968 
(Liao et al. 1968). Formulated shrimp feed was 
successfully developed ten years later. These major 
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technological breakthroughs have contributed to the rapid 
growth of the shrimp culture industry, which has played an 
important role in the economic development of Taiwan. 
The total annual production of grass shrimp has increased 
from 61 tin 1968 to 110 t in 1977 and 30,000 t in 1985. 
The number of shrimp hatcheries has also increased from 
one in 1968 to more than 1,500 in 1985. 

In Taiwan, shrimp were cultured extens~vely with 
milkfish for many years. Before the first of several 
different shrimp species successfully underwent artificial 
propagation in 1968, seed stock was collected exclusively 
from the wild. The annual production of postlarvae 
increased from 1.2 million in 1968 to about 3 billion in 
1985. In the past two decades, as the seed stock became 
widely available in sufficient quantities and the culture 
technology steadily developed, shrimp culture has 
progressed from polyculture to monoculture and from 
extensive to highly intensive culture. The scale of culture 
operations has expanded greatly, from small family-run 
farms to large-scale corporate-run businesses, although the 
former are still common. 

This paper highlights the status of the shrimp culture 
industry in Taiwan and the major factors responsible for 
its production costs and suggests a strategy for its future 
development. 

Shrimp Culture Systems 

Three types of culture systems currently used reflect 
the evolution of shrimp culture over the last two decades. 
They are extensive polyculture (Type A), semi-intensive 
monoculture (Type B), and intensive monoculture (Type 
C). These culture systems are described in Table 1. Most 
farms are on the southwestern coast of Taiwan. 

The primary culture commodity in Type A has been , 
milkfish with grass shrimp being of secondary importance 
and stocked at very low densities, below 10 postlarvae 
(PL)/m2. 

The Type B system consists of culture ponds 
converted from shallow milkfish ponds with minor 
modifications such as the installation of a water-supply 
system and aerators. In most cases, stocking density 
ranges from 10 to 30 PL/m2. 

Most Type C systems were originally eel-culture 
ponds upgraded and equipped with better water supply and 
drainage and aeration through paddle wheels. Eel culture 
declined due to scarcity of elvers and the fall in eel prices. 
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The significant difference among the three types of 
culture systems is their varying degree of manageability. A 
more manageable system helps achieve a higher survival 
rate (Fig. 1). Given the same stocking density, the survival 
rate is determined primarily by environmental conditions. 
The Type C culture system was expected to produce 
higher yields because of the higher survival rate. From a 
1984 survey the capacity of each system appeared limited; 
the survival rate declined sharply with excessive stocking 
densities, currently ranging from about 10 to 100 PL/m2. 
Recent progress in culture technology has proven, 
however, that a survival rate higher than 80% can be 
attained as a matter of routine, provided the culture 
environment is properly managed to prevent disease and 
other unfavorable conditions. 

Infrastructure 

Hatchery operators can be classified into: (a) nauplii 
producer, whose main activities include broodstock 
husbandary, controlled maturation through eyest{llk 
ablation and production of nauplii; (b) postlarvae producer 
primarily concerned with raising the nauplii through the 
postlarvae stage (PLll/13); and (c) nursery operator who 
raises postlarvae (PL 11/13-PL 20/22) to insure higher 
survival during the initial phase of stocking in grow-out 
environments. 

In addition to Skeletonema and artemia nauplii, more 
than 20 types of artificial diets are presently used. The 
culture of larval food, particularly Skeletonema, is time 
consuming; thus the supply of Skeletonema and other 
algae has recently become a specialized business and a 
profession by itself. 

All the necessary logistical support for shrimp 
culture is readily available in the local market. There are 
more than forty shrimp feed companies and this figure is 
expected to increase to almost 100 in the near future. Iii 
many cases, the products can be delivered directly to the 
shrimp farm. 

Through the continued refinement of broodstock 
husbandry techniques, noteworthy progress has been made 
in the controlled maturation and efficient use of gravid 
female shrimp. To meet the increasing demand fcir 
broodstock, gravid females have been imported from 
various sources throughout Southeast Asia. Stock release 
projects have also been implemented for several years. 

Production Economics 

In the economic analysis of shrimp culture 
operations, there are several reasons why most shrimp 
farmers usually disregard the costs of land, labor and 

depreciation of their facilities for pond construction. Fir$t, 
farmers own their land and business and members of the 
farmers' family are the sole source of labor, with the 
exception of part-time worlcers, such as the harvesters. 
Second, 1because most shrimp culture operations were 
converted from eel culture farms used for more than five 
years, depreciation of pond construction is not included in 
cost accounting. In newly constructed culture systems, 
whether owned by an individual farmer or by a 
corporation, the abovementioned costs should be included. 

In 1984, fifty shrimp farmers were interviewed and 
their production costs and profits for that year were 
analyzed. Nine factors were included in the analysis: (1) 
type of culture system; (2) years of culture experience; (3) 
culture area; (4) pond depth; (5) stocking density; (6) 
aerator coverage; (7) cost of formulated feed; (8) cost of 
supplemental food (i.e., trash fish); and (9) cost of 
chemicals. 

The costs of formulated feed and the stocking density 
were the two most important factors affecting profits as 
determined by covariance and multiple regression 
analyses. The following equation fits the data collected. 

Profit= -32.2003 + 3.5984 x SD - 0.8835 x FC 

where SD represents stocking density PL/m2 and FC 
represents the cost of formulated feedfm2. 

The production costs for a pond with a stocking 
density of 25 PL/m2 is shown in Figs. 2a and 2b. Each 
production cost factor (feed, postlarvae, labor, pond 
maintenance, interest, depreciation, utilities, etc.) is 
closely correlated with the final survival rate. With the 
exception of formulated feed costs, all factors play! a 
decreasingly important role as the final survival nite 
increases while formulated feed costs become of 
increasing importance. When land, labor and depreciation 
costs are not included, formulated feed accounts for 52.6% 
and 21.71 % for survival rates of 80% and 20%, 
respectively. 

The relationship between survival rate and stock:ihg 
density is important in determining profitability and was 
analyzed for the three culture systems. Results (Fig. 1) 
show that survival rate is inversely related to the stocking 
densities. 

Utility costs are mostly for electrical energy needed 
to power the pumps to change water and paddle-wheel 
aerators. Increases in energy consumption are related to 
stocking densities (Fig. 3). The use of treatment chemicals 
is also related to the shrimp stocking density. 

The profitability of shrimp culture under three 
culture systems is further analyzed in Figs. 4a, 4b and 4c. 

The breakeven points for the three types of culture 
systems, based on the relationship between the stocking 
density and survival rate are illustrated in Fig. 5. This 



r 
I 

L 

L. 

I 
L. 

L 

provides the guidelines with which to manage profitably a 
culture business. It is obvious that higher survival rates are 
necessary to cover the costs of land and construction of the 
pond and facilities in a commercial operation. 

Return on Investment 

Information on production costs and profits enables 
investors to forecast their return on investment (ROI). 
Based on the 1984 culture performance, production costs 
have been estimated and related to the intensity of culture 
and survival rate. The estimated survival rate (SR), cost of 
feed (FC), cost of chemicals (CC) and cost of electricity 
(EC) were calculated from the following equations: 

SR (%) = 71.50 + 1.655 x SD - 0.044 (SD)2 

FC (in NT$/ha) = 74.26 + 0.86 x SD 

CC (in NT$/ha) = 6,600 + 8.00 x SD 

EC (in NT$/ha) = 27,960 + 1,170 x SD 

The following assumptions were made to project the 
ROI at varying stocking densities. 

Wage for a skilled 
technician 

Sale price of grown 
shrimp 

Price of postlarvae 

Depreciation lifetime 
Land cost 
Number of harvests/yr 
Annual interest rate 

NT$ 20,000/year 

NT$235/kg 

NT$ 600/1,000 
PL 
5 years 
NT$135/m2 
2 
10% 

The trend of the ROI curves under varying degrees 
of investment for the construction of the ponds and 
facilities is shown in Fig. 6. The required stocking density 
at the maximum ROI varies with the construction cost. 
Higher investments in the construction of facilities result 
in better ROis because of the higher survival rates attained 
due. This suggests that profits from shrimp culture are 
sensitive to technological inputs. 

Strategies for Future Development 

The most critical technological inputs in shrimp 
culture are: (1) nutritionally-balanced formulated feed for 
nursery and grow-out; (2) techniques and systems for 
efficient seed production; (3) methods for the proper use 
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and application of chemicals/drugs for the prevention and 
treatment of diseases; and (4) management systems and 
methods for the effective maintenance of the culture 
environment. 

As hatchery and culture technologies are upgraded, 
world shrimp production is expected to continually 
increase. If shrimp producers are to maintain their market 
share they must adopt more efficient culture methods. 
Therefore, they will have to monitor closely the costs of 
their most significant inputs, which are feed, postlarvae 
and utilities, in order of importance. Steps must also be 
taken to broaden the base of demand for shrimp. 

It is essential that research efforts continue to 
maximize technological inputs while reducing their costs, 
especially on: (1) nutritional and dietary requirements; (2) 
continued refinement of existing feed formulae; (3) 
maximum utilization of locally-produced feed ingredients; 
(4) improving larval rearing techniques; and (5) 
developing better techniques for the prevention and 
treatment of diseases. 
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Table 1. P111wn culture systems in Taiwan. 

Description Type A Type B TypoC 

Stocking density (postlarvae/m2) under 10 10-30 1bove 30 
Type of culture polyculture monoculture monoculture 
Pond size Iha) 1-3 1/2-1 1/4-1/2 
Depth (ml 0.3-0.4 0.6-1.5 above 1.0 
Dyke earthen eanhen concrete or brick 
Slope 1 : 1.5 1 :1 venicai 
Pond bottom earthen/sand earthen earthen/sand or 

gravel 
Weter supply tide! tidal or pumping pumping 
Drainege system not controlled p1rti1lly controlled controlled 
Paddle wheel (no.Iha) not installed 4or more Sor more 
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Fig. 5. Break-even lines under the three different culture systems 
(A, B, C) in Taiwan. 1 represents the cases in which the costs for 
land, pond and facility construction and manpower are not in-
cluded in production cost analysis; 2 represents the cases in which 
the costs for these parameters are included. 

'O 
~ 
c 
a.> 
E 

1n 
a.> > c 

10 

·- -10 
c 
0 
c ..... 
:::J 

Q; 
a::: 

-20 

10 

Construction cost 

t, US$5/m2 

A US$4/m2 

o US$3/m2 

e US$'2/m2 

20 30 40 50 
Stocking density { PL/m2 ) 

60 

Fig. 6. Return of investment (ROI) under varying investments 
on the pond and facility constructions. 



I _,, 



,_ 

L. 

The Cycle of Nitrogen, Carbon· and Phosphorus 
in an Eel Culture Pond 

KENJI ClllBA 
Fisheries Laboratory 
Faculty of Agriculture 

The University of Tokyo 
Maisaka, Shizuoka 

Japan 

CHIBA, K. 1986. The cycle of nitrogen, carbon and phosphorus in an eel 
culture pond, p. 31-34. In J.L. Maclean, L.B. Dizon and L. V. 
Hosillos (eds.) The First Asian Fisheries Forum. Asian Fisheries 
Society, Manila, Philippines. 

Abstract 

To improve eel culture technique, an experiment was canied out 
in 1981 to identify the cycle of nitrogen, carbon and phosphorus in eel 
ponds. Eels with total weight of 20 kg were stocked in three concrete 
ponds each of 32 m2 and cultured for 16-32 days. Water quality 
parameters - temperature, pH, dissolved oxygen, inorganic nitrogen and 
phosphorus - were measured every day. On the initial and final day of the 
culture periods, soluble and particulate organic nitrogen, carbon and 
phosphorus were especially analyzed. Fish and sediment were also 
analyzed for nitrogen, carbon and phosphorus. About 14.3-25.3% of total 
nitrogen contained in feed was converted by fish. About 75-86% of the 
nitrogen was therefore transformed into other forms such as soluble 
matter, particulate matter and organic sediment The percentages of 
nitrogen converted from feed to soluble matter, particulate matter and 
sediments were 15.1-28.6%, 6.7-30.1% and 7.8-13.0%, respectively. 
Similar results were obtained for carbon and phosphorus. Only 13.3-
23.5% of total carbon and 11.1-19.8% of phosphorus in the given feeds 
were converted into fish; most of these elements were transferred to 
soluble and particulate matter and to bottom sediment 

Introduction 

Generally, it is believed that the environmental 
conditions in a culture pond are important for fish 
production because such parameters as the quality of pond 
water and bottom may have some effect on the physiology 
of fish, its appetite and growth. However, the relationships 
between fish production and the environmental conditions 
are not yet clear. 

This study was conducted to clarify the recycling 
pattern of elements such as carbon, nitrogen and 
phosphorus in stagnant pond water to know the 
fundamental recycling pattern of these elements to 
maintain favorable conditions for fish. 
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Materials and Methods 
Twenty kilograms of eels {Anguilla japonica), 

averaging about 100 g each, were stocked in two 32-m2 (8-
x 4 m) ponds with a water depth of 0.8 m and cultured 
from 27 July to 28 August 1981. At 9 a.m. daily, pond 
water was sampled and feed in excess of 2% body 
weight/day was offered. The fish were fed ad libitum 
between 9 and 9:30 a.m. Residual feed was weighed to 
estimate the amount of feed consumed. A 0.25-hp water 
wheel was installed only in Pond No. 1. 

On 11 August 1981, i6 days after commencement of 
the experiment, almost all the fish in pond No. 2 died due 
to lack of oxygen. After cleaning the pond another batch 
of eels weighing 22.25 kg was stocked. To distinguish it 
from the first trial in Pond No. 2, this experiment was 
designated as Pond No. 3. In this pond, water was aerated 
at the rate of 60 I/min. 

The following water quality parameters were 
determined: temperature; pH values (glass electrode 
method); dissolved oxygen (Winkler method, NaN03-
modified method); total ammonium-nitrogen (indeophenol 
method); nitrite nitrogen (GR reagent method); nitrite 
nitrogen (Cu-Cd column method); phosphate phosphorus 
(Deniges-Atkins method); COD (alkali digestion method); 
alkalinity (indicator: methyl orange); and transparency 
(Secchi disk). Water was sampled from the surface and the 
bottom layers at the center of the pond by siphoning. 
There was little difference between values of the 
parameters at the surface and bottom. Only surface values 
are shown in Figs. 1-3. 

To clarify the recycling of carbon, nitrogen and 
phosphorus, which were added into the ponds as feed, 
these elements in the feed, eels, sediment, and particulate 
and soluble matter in the pond water were analyzed at the 
start ·and at the end of the experiment. On the final day 
after sampling water from the ponds, pond water was 
drained from the surface slowly so as not to stir up the 
sediment. After the fish had been harvested, all the 
sediments were collected and weighed. The sediment 
consisted mainly of precipitated phytoplankton which 
were utilized by chironomid larvae for constructing their 
protective tubes. The sediment which still produced 
oxygen by photosynthesis was not uniformly distributed 
on the pond bottom, but accumulated at one or two 
locations in the pond depending on the water current 
pattern produced by the water wheel or the aeration 
system. The sediment was thus collected without any 
difficulty. A portion of the water samples was filtered 
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through Whatman glass filter GF/C to eliminate 
particulate matter. The eels were homogenized with a 
homogenizer and a portion of the homogenate analyzed. 

Carbon and nitrogen in the feed, fish and sediment 
were analyzed by using a C-N recorder (Yanagimoto 
model Mr 5000) and carbon in pond water with a C-H-N 
corder (Yanaginomoto model Mr 3), TOC meter (OIC 
model 0524 B) and the Kjeldhal method. Phosphorus was 
analyzed by colorimetry after digesting with nitric acid 
and perchloric acid. Ca, Mg, Na and K were analyzed by 
the atomic absorption method. 

Results and Discussion 

The water temperature fluctuated within 23.1-
30.70C. The temperature in Pond No.1 which was 
provided with a water wheel was always about 1 oc lower 
than in Pond No. 2 which had no water wheel or an 
aeration system. There was no significant difference in 
water temperature between Pond No. 1 and Pond No. 3. 

Fluctuations of dissolved oxygen in the three ponds 
are shown in Fig. 1. The biggest fluctuation among the 
three ponds was observed in Pond No. 3 which had 200~ 
38% air saturation. Although a water wheel was provided 
in Pond No. 1, super-saturation of dissolved oxygen was 
observed. However, the variation was smallest among the 
three ponds. In Pond No. 3 a moderate fluctuation was 
observed. 

Nearly the same trend was observed with pH as with 
dissolved oxygen. The highest and lowest pH values 
observed in Pond No. 2 were 9.5 and 7.5, respectively, 
which was the highest fluctuation among the three ponds. 
In Pond No. 1, the pH value fluctuated between 9.0 and 
7.5, and was almost maintained at about 8. In pond No. 3 
pH fluctuated within the same range as in Pond No. 1 and 
was almost constant at 7.5. 

The fluctuations of ammonium nitrogen are shown in 
Fig. 2. In Pond No. 1, about 10 days from the start of the 
experiment, ammonium-nitrogen was at a low level but 
suddenly increased to 7-8 ppm. This was followed by a 
period of small increases and decreases and eventually a 
peak of 12 ppm was reached on 20 August 1981 after 
which the ammonium-nitrogen decreased gradually. In 
both Pond Nos. 2 and 3 ammonium-nitrogen was also at a 
low level in the first 10 days after which it increased to 2.7 
and 3.2 ppm, respectively. 

The concentrations of nitrite nitrogen in Pond Nos. 2 
and 3 were always constant at low levels of less than 0.03 
ppm and did not fluctuate much. However, in Pond No. 1 
towards the end of the experiment, it started to increase 
and finally settled at 1.9 ppm. The start of the nitrite~ 
nitrogen increase coincided with that of the ammonium-
nitrogen decrease from the peak in Pond No.1. 

Fluctuations of phosphorus in the three ponds are 
shown in Fig. 3. At the start of the experiment, the 
concentrations were maintained at low levels. After 10 
days in Pond Nos. 1 and 2 the phosphorus levels started to 
increase and reached their peaks within 3-4 days. In Pond 
No. 3 it s1arted to increase 4-5 days after the start of the 
experiment and the increase was gradual, reaching the 
peak after 10 days. In Pond Nos. 1 and 3 the start of the 
increase in phosphorus coincided with that of ammonium-
nitrogen but in Pond No. 2 it started 2-3 days after that of 
ammoium-nitrogen. 

The results of eel culture are summarized in Table 2. 
Weight increase of fish was largest in Pond No. 1, 
followed by Pond. No. 2 and smallest in Pond No. 3. The 
longest culture period might explain the largest weight 
gaj,n in Pond No. 1. The feed conversion efficiency was 
highest in Pond No. 2 followed by that in Pond No. 1 and 
lowest in Pond No. 3. Generally, the efficiency of 
commercial feed is believed to be about 60%. Therefore, 
the values obtained in Pond Nos. 1 and 2 were almost 
similar to those obtained by fish culturists. 

Comparative proportions of elements in the feed, 
fish, sediment, and particulate matter and soluble matter in 
water are shown in Tables 3 and 4. 

The C to N values in the feed and the eel were 
similar but a big difference was observed in the P to N 
ratio which was higher in the feed than in the et\I. 
Differences in ratios among the three ponds were not 
large. The sediment resembled phytoplankton, and the 
ratios of C to N of sediment were almost the same as those 
of particulate matter. However, ratios of P to N in 
sediment were quite different from and much higher truin 
those of particulate matter. · 

When the mineral ratios in each item were compared, 
differences among the three ponds were small except in 
particulate matter. All mineral ratios of particulate matter 
in Pond No. 2 were much lower than those in the two other 
ponds. Ca concentrations of particulate matter on the final 
day of the experiment were 2.46, 7.04 and 1.77 ppm in 
Pond Nos. 1, 2 and 3, respectively. Concentration of other 
materials, such as Mg, Na and K did not differ among the 
ponds and were within the range of 0.43-0.76, 2.14-4.24 
and 2.59-4.63 ppm in Pond Nos. 1, 2 and 3, respectively. 
Low mineral ratios of particulate matter in Pond No. 2 
could have been due to its high Ca concentration. As water 
was sampled after mass mortality of fish due to oxygen 
deficiency in Pond No. 2, the low ratios of P to N, and Mg, 
Na and K to Ca of particulate matter in Pond No. 2 might 
have had some relationship with the physiological 
condition of phytoplankton. Although big differences wete 
not observed between fish and feed in the ratio of C to N, 
in all items higher values were observed in eel in mineral 
ratios. Ca contents of fish and feed were 7.82-12.46 and 
28.95 mg/g, respectively. The high ratios in fish could 
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have been caused by the lower Ca content in fish. When 
the mineral ratios in particulate matter and sediment were 
compared, all the ratios in the sediment were much smaller 
than in particulate matter. The sediment had high contents 
of Ca and P in all ponds, so that the calcium phosphate in 
feed may not have been utilized by fish and accumulated 
in sediment. 

The distribution patterns of C, N and P on the final 
day of the experiment, as shown in Table 5, differed in 
each pond. However, in all ponds, C, N, and P were 
highest in the eel. The patterns were similar in Pond Nos. 
1 and 3, but slightly different in Pond No. 2. The 
percentages of C and N in particulate matter were about 2-
3 times higher in Pond No. 2 than those in the others. In 
contrast, the percentage of P was sm~er in Pond No. 2. 
The ratios of C:N:P were calculated as 27.0:4.2:1, 
104.8:20:1 and 28.5:4.5:1 in Pond Nos. 1, 2 and 3, 
respectively. Average C:N:P ratio in phytoplankton was 
reported as 20.3-1 (Fleming 1940) while the ratio in 
freshwater phytoplankton was reported as 20.3-21.7:2.7-
3.1: 1 (Satomi et al. 1975). Only the ratio in Pond No. 2 
was similar to that reported by Fleming (1940) while the 
others were similar to those reported by Satomi et al. 
(1975). As mentioned before, in Pond No. 2, after a 
decreasing tendency in dissolved oxygen was observed, 
almost all fish died due to oxygen deficiency. Thi$ 
decreasing tendency is caused by the decrease in the 
photosynthesis ability of phytoplankton. If the C:N:P ratio 
of Pond No. 2 which differs from those of the others, has 
some connection with photosynthesis, it is useful to 
observe this ratio in particulate matter to keep favorable 
conditions in stagnant-water fish ponds. 

The total amounts of C, N arid P in the given feed 
and increments of fish, sediment~, particulate matter and 
soluble matter in water are shown in Table 6. The nitrogen 
accumulated in fish in all ponds ranged between 14.3 and 
25.3% of nitrogen in the given feed but the nitrogen in 
sediment was rather low, ranging between 7.8 and 10.0%. 
In all ponds the nitrogen in soluble matter and particulate 
matter increased considerably. When these nitrogen values 
were summed up, they were higher than that in the eels. 
Therefore, most of the nitrogen was accumulated in the 
pond as soluble and particulate matter. The ratio of 
nitrogen accumulated in fish to ·that in the feed was 
equivalent to the efficiency of nitrogen conversion and this 
efficiency was fundamentally the same as the feed 
conversion efficiency. Therefore, in the ponds with high 
feed conversion efficency, such as Pond Nos. 1and2, high 
accumulations of nitrogen, carbon and phosphorus in eels 
were observed. 

When percentages of nitrogen, carbon and 
phosphorus in all these trials were summed up, they did 
not reach 100%. The recoveries ranged from 43.0 to 
78.1 %, from 51.6 to 93.9% and from 63.4% to 77.7% in 
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carbon, nitrogen and phosphorus, respectively. The low 
recoveries might be due to denitrification of nitrate in the 
pond, carbon dioxide exchange between air and pond 
water and emergence of chironomid larvae .. 

This study has show.n the distribution of elements in 
the ponds after 30 days of fish culture, which might differ 
considerably depending on biomass and the length of the 
culture period. Further studies are needed to clarify the 
effects of culture period and stocking density. 
Furthermore, the rate of conversion of elements from one 
item to another, such as excretion rate of fish, 
sedimentation rate, sediment decomposition rate, and rate 
of uptake of elements by phytoplankton, should be 
measured to elucidate the recycling of elements in the fish 
pond. 
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Teble 1. Detells of the eel culture experiments. 

Pond Area 

32m2 1Bx4m) 

32 m2 18 x 4 ml 
32 m2 (8 x4 ml 

Culture porlod 

27 Jul·27 Aug 1981 

27 Jul-11 Aug 1981 
11 Aug-28 Aug 1981 

T•ble 2. E1I h1rvest, growth and feed conversion, 

Stocking Hervest Weight Gain 
Pond (kg) (kg) (kg) (%) 

20,00 31,20 1120 56,0 
(227 Ind.I 

20,00 25,55 5,56 27,8 
1234 lndJ 

20,55 23,00 2,45 6,50 
1168 ind.I 

Total wt 
fish stocked 

(kg) 

20,00 

20,00 
22,55 

Amount of feed 
teken (kg) 

18,23 

8.30 

6.50 

Remerks 

1/4 HP water 
wheel 

aeretlon 601/min 

Feed conversion 
1fflci1ncy 1%1 

61,2 

66,8 

37,6 

Table~- The ratios of C and P to N In feed, eel, sediment, perticulate matter and soluble metter In 
pond ~ .... tcr. 

Pond 
2 

Item C/N P/N C/N P/N C/N P/N 

Feed 5,31 0.29 5,31 0,29 5,31 0.29 
Eel 5,14 0,26 4,94 0,23 4,94 0,23 
Sediment 6.26 1 ll7 5,69 1.07 6,51 1.16 
Pertlculate matter 6,47 0,24 5,24 0,05 6,25 0,22 
Soluble metter 1.23 0,05 1.75 0,07 1.18 0,04 
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Tabi1 4, R1t101 of Mg, Na •nd K to Cl in feed, 111, sedim1nt, p1rticul1t1 m1tt1r end soiubl1 matter 
in pond w1ter. 

Pond 
2 

lt•m Mg/C. N1/C1 K/CI Mg/Cl No/C. K/Co Mg/C. N1/C1 K/Co 

Food 0.055 0.227 0.130 0.054' 0.225 0.133 0.053 0.229 0.133 
Eol 0.087 0.238 1.130 0.098 0.328 0.689 0.133 0.340 0.717 
Sediment 0.031 0.048 0.024 0.036 0.056 0.Q25 0.036 0.055 0.027 
P1rtlcui1t1 

matter 0.206 0.882 1.412 0.108 0.598 0.655 0.245 1.204 1.449 
Soluble 

m1tt1r 0.082 1.348 0.051 0.080 1.320 0.040 0.082 1.312 0.041 

Table 6. Distribution of C, N and Pon th• fin1I day of experiment. Quantities are In grams; expr1ssed 
u p1rc1ntages In brackets. 

Pond 
1 2 3 

Item N c N c N c 

Eel 854 4,352 222 725 3,588 155 553 3,229 148 
(65.2) (73.4) (48.5) 152.Bl (66.5) (50.7) (72.2) (78.9) (65.0l 

Sediment 107 670 200 81 542 87 49 319 57 
(8.2) 111.3) (43.8) (7.0) (10.0l (32.0) (5.4) (7,8) (25.4) 

Pertlcu11te 92 595 23 188 985 10 50 375 13 
m1tter (7,1) (10,0) (4.9) (15.3) (18.3) (3.5) (5.5) (9.2) (5.Bl 

Soiubl• 253 312 12 151 281 11 142 168 6 
matter (19.5) 15.3) (2.5) 113.9) (5.2) 13.9) 115.7) (4.1) 12.Bl 

Tot1i 1,298 5.929 457 1,156 5,397 272 904 4,092 224 
(100) (100) 1100) (100) (100) 1100) (100) 1100) (100) 

Tobie 6, Total 1mount of C, N end P in feed, eel, sedlm1nt, p11rticuh1t1 matter and soluble matter in 
ponds. Quantities iire in gr1ms: axpnssed as percentages of feed in brackets 

Pond 
1 2 3 

item N c N c N c 

Feed 1,375 7,300 4,040 624 3,315 183 489 2,596 144 
1100) 1100) (100) 1100) 1100) (100) (100) 1100) 1100) 

E1I 304 1.562 BO 158 780 36 70 344 16 
120.1) 121,4) 119.8) (25.3) 123.5) 119.7) (14.3) 113.3) 111.1) 

Sediment 107 670 200 81 542 87 49 319 67 
17.B) 19.2) 149.5) 113.0) 116.4) 147.5) 110.0) 112.3) 139.6) 

Pert1cuh1te 92 595 22 188 986 9 60 376 12 
men1r 16.7) 18.2) (5.4) 130.1) 129.7) 14.9) (12.3) 114.5) 18.6) 

Soluble 207 312 12 159 281 10 140 168 6 
mitt tr 116.ll (4,3) 12.9) 125.6) IB.5) 15.5) 128.6) 16.6) 14.1) 

Tot1i 710 3,139 314 688 2,589 152 319 1.207 91 
151.5) 143.0) 177.6) 193.9) 178.1) 177.7) 165,2) 146.5) 163.4) 
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Fig. 1. Fluctuation of dissolved oxygen in the surface layer of 
pond water. • - Pond No. 1; o - Pond No. 2; o - Pond No. 3. 
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Fig. 2. Fluctuation of ammonium-nitrogen in the surface layer 
of pond water.• - Pond No.1; o - Pond No. 2;o - Pond No. 3. 
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Fig. 3. Fluctuation of phospate phosphorus in the surface layer 
of pond water.• - Pond No. 1; o - Pond No. 2; o - Pond No. p. 
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Abstract 

A study was coriducted by China Steel Corporation 10 find out the 
effects of using slags as substrates in rearing tilapia (Oreochromis 
niloticus) in aquaria. Twelve aquaria were randomly assigned to six 
substrate treatments: blast furnace slag (BF), converter slag (BOP), 
granulated slag (GS). concrete (CON), dirt (DT) and control (BNK, glass 
bottom). Each treatment was duplicated. Tilapia averaging 10 g were 
stocked in aquaria at 27 fish/m2 reared for 39 weeks. Water analysis 
showed Mn2+ concentrations in slag treatments were higher than the 
other three for eight weeks and Fe3+ reached a peak of 320 µg/l on the 
second week. All three slag treatments had higher hardness in water for 
12 weeks. Ammonia levels in GS, DT and BNK were consistently higher 
than those in CON, BF and BOF. BNK had the highest nitrite 
concentration most of the time. The growth rates of tilapia (g/week) from 
various substrates in descending order were: CON (1.200), BF (1.140), 
BOP (1.050), BNK (0.915). DT (0.870) and GS (0.675). The weekly 
instantaneous mortalities (Z x 10-2) in descending order were GS 
(1.275), DT (1.245). BNK (1.195), BOF (1.095), BF (0.790) and CON 
(0.650). Both the growth and survival rates of tilapia seemed affected by 
ammonia and nitrite more than by heavy metals. No significant 
differences in Fe3+ and Mn2+ in liver, intestine and muscle of the 
resulted fish were found among treatments. 

Introduction 

The waste steel slag products generated from China 
Steel Corporation (CSC) amounted to approximately 
800,000 t in 1984, including blast furnace (BF) slag. 
converter (BOF) slag and water-cooled BF slag 
(granulated slag, G slag). 

Both BF and BOF slags are rock-like and G slag is 
granulated. Slag contains generally calcined lime (CaO) 
and silica (Si02) as principal constituents.' BF slag also 
contains alumina (Al203) and manganese oxide (MnO). 
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Granulated slag has a vitreous structure and its chemical 
composition is basically the same as BF slag. All these 
constituents are those usually composing the crust of the 
earth, and their chemical compositions are similar to that 
of average sedimentary rock and Portland cement. 

In the Cha-Tung and Lin-Pe area, approximately 30 
km ·southeast of CSC, the massive pumping of 
underground water for shrimp farming has caused ground 
depression of 2-3 m and resulted in difficulty in draining 
and drying of ponds. It is a common practice of shrimp 
farmers to routinely pump up underground freshwater and 
mix it with seawater to fluctuate the salinity between 15 
and 20 ppt in shrimp ponds to stimulate shrimp molting 
and subsequently hasten growth. In further inland 
freshwater aquaculture, a ground depression of 1-2 m was 
also an effect of massive pumping of underground water in 
the adjacent shrimp culture area. 

CSC evaluated the feasibility of the use of steel slags 
as fillers for pond bottoms and studied the effects of its use 
on the growth and survival of tilapia. 

Materials and Methods 

The study was conducted in. the Department of 
Aquaculture, National Taiwan College of Marine Science 
and Technology, from August 1984 to April 1985. 

Six·substrates were used: BF, BOF and G slag (GS), 
concrete· block (CON), dirt (DT) and blank (BNK) - a 
treatment with nothing added to the aquaria. Each 
treatment was duplicated. The substrates were evenly 
spread out about 5 cm thick in 75 x 30 x 40 cm aquaria. 
Water was maintained at 25 cm in all aquaria. Tilapia (0. 
niloticus) averaging 10.3 g were stocked at six per 
aquarium (27/m2). Water temperature ranged from 19 to 
250C. 

Every week before changing half of the water, 0.5 1 
was sampled for chemical analysis. Besides N03-N, N02-
N, s2-, hardness and pH, the heavy metals Fe3+ and 
Mn2+ were also measured. Every two weeks fish were 
sampled and weighed. Tilapia were fed a commercial feed 
at 3% average body weight at dawn and dusk. Simple 
linear regression equation Y = Bo + B 1X, where Y is the 
fish weight in g, X the week, B 1 the growth rate in 
g/week, was used to show the growth condition. During 
daily feeding and checking, the dead fish were replaced 
with similar sized fish to maintain the original stocking 
density as the growth of tilapia could be density-dependent 
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(Chen and Prowse 1964; Balarin and Hatton 1979). The 
weekly instantaneous mortality was calculated by the 
equation St = St _ 1 x e-z·t (Heinrich 1981) where St and 
St - 1 were the survival rates at t-th week, Z the weekly 
instantaneous mortality. St= 1 - (total number of dead fish 
up to the t-th period I total number of fish stocked up to 
the t-th period). 

At the end of the experiment, two tilapia in each 
aquarium were sampled to analyze Fe3+ and Mn2+ 
content in liver, intestine and muscle by standard methods 
(American Public Health Association 1981). One-way 
analysis of variance was conducted to test the differences 
in growth and survival rate of tilapia and Fe3+ and Mn2+ 
content in liver, intestine and muscle of the tilapia among 
treatments. 

Results and Discussion 

Manganese. Before the eighth week the average 
Mn2+ concentrations in the slag treatments BOF, GS and 
BF were all higher than the other three treatments, CON, 
DT and BNK (Fig. 1). However, after the eighth week, 
Mn2+ concentration in all six treatments were of no 
marked difference and were lower than 100 µg/I; therefore 
no analyses of Mn2+ were conducted after the 16th week. 
The Mn2+ concentration in BOF remained the highest 
among all treatments before the eighth week and reached 
635 µg/l on the second week but steadily decreased to 74 

µg/l on the eighth week. At the start of the experiment, the 
Mn2+ concentration in GS (145 µg/l) was lower only than 
that in BOF and continued to decrease. The Mn2+ 
concentrations from seven samplings during 16 weeks was 
lowest in BNK (77.57 µg/l) and with the least variation 
(S.D. = 6.4 µ.g/l). Since BF, BOF and GS slag consisted of 
higher levels of manganese than CON, DT and BNK of no 
substrate, it is conceivable that the water over the slags 
contained higher concentrations of Mn2+. When the 
substrates were just flooded, GS, basically with the same 
chemical composition as BOF, released more Mn2+ than 
BOF did, for GS had larger granule surfaces in contact 
with the water. After the eighth week, the treatments with 
substrate had exhausted their manganese so that Mn2+ 
concentrations became equalized and stabilized. 

Ferric ions. In DT and all three slag treatments, the 
Fe3+ concentration increased to above 200 µg/l on the 
second week, followed by a steady decline until the eighth 
week, and stabilized below 110 µg/l thereafter (Fig. 1). The 
Fe3+ concentration in BNK and CON fluctuated only 
between 56 and 103 µg/l. Before the tenth week (except 
when just flooded), the water with BF substrate contained 
the highest Fe3+ and its concentration reached a peak of 
320 µg/l on the second week. Both the average (159 µg/l) 
and S.D. (82.8 µg/l) of Fe3+ in BF were the highest 

compared to those in the other treatments; BF slag 
originally contained the highest amount of iron. 
Concentrations of Fe3+ were the lowest in CON (80.4 ± 

10.7 µg/l) and in BNK (74 ± 15 µg/l); CON and BNK 
treatment had the least input of iron. 

Hardness. Before the 12th week water hardness in 
three slag treatments was higher than in the other 
treatments because of the high content of CaO and MgO in 
those slags. There was a general trend of increase in 
hardness in CON, BNK and DT until the 18th week since 
excess feed or metabolite from the fish might contribute 
and accumulate the main source of hardness. Before the 
12th week the hardness in BOF was the highest and above 
200 mg/I. After the 14th week except on one occasion, 
hardness in BF was the highest and above 20() mg/I. CON 
had the lowest average hardness (86.6 mg/I) which was 
not expected as it-contained high Cao. GS had the lowest 
variation of hardness (S.D. = 21.4 mg/I). Both the average 
and variation of hardness were highest in BOF (228.2 ± 
140.9 mg/I); BOF slag contained the highest CaO. 

Ammonia. Ammonia concentration (mg/I) generally 
increased through time in all treatments (Fig. 2). After the 
14th week, ammonia in GS, DT and BNK was 
consistently higher than that in CON, BF and BOF and 
was greater than 7.0 mg/I. Average ammonia ih 
descending order was BNK (3.9), GS (3.6), DT (3.57), 
BOF (2.47), CON (2.46) and BF (2.34). The S.D. of' 
ammonia was lowest in BF (1.02) followed by BOF (1.08) 
and CON (1.14). 

Nitrite. Nitrite concentration in all treatments 
increased through time (Fig. 2). BNK had the highe$t 
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nitrite concentration all the time except during the second 
and fourth weeks and reached 5.4 mg/I at the end of the 
experiment. Except during the last two observations in BF: 
nitrite levels in BF and BOF were lower than 1.0 mg/I. In 
both the average (347 µg/l) and S.D. (225 µg/l) nitrite in 
BOF was lower than those of other treatments and those 
in BNK were the highest (1,728 + 1,657 µg/l). 

Sulfide and pH. Throughout the experiment, water 
was constantly aerated and s2- concentration stayed below 
8 µg/l in all treatments. No significant differences of sZ-
among treatments or particular trend in s2- profile were 
found. The fluctuation of pH was in the range of 7.0 to 
8.5. There were no significant differences in pH among 
treatments. 

Instantaneous weekly mortality (Z x 10-2) was the 
highest in GS treatment (1.275) followed by DT (1.245), 
BNK (1.195), BOF (1.095), BF (0.790) and CON (0.650). 
However, the statistical test showed no significant (P > 
0.05) differences in mortality among treatments. 

Mortality and growth. The difference in mortality 
among treatments is hardly explained by heavy me~ 
alone. Although Mn2+ in BOF treatments and Fe3+ in BF 
had been higher than those of the other treatments, no 
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apparent effects on tilapia mortality was revealed. Tilapia 
can tolerate high concentrations of Mn2+ and Fe3+. 
Sublethal effects of heavy metals on fishes were studied 
by Chen et al. (1980), Wai and Liu (1982) and Wai et al. 
(1984). Chen et al. (1980) stated that Oreochromis 
niloticus was more resistant to heavy metals than mirror 
carp, scale carp and grass carp when tested with heavy 
metals, Cd2+, Hg2+, Cu2+, Cr6+, Fe3+ and Mn2+. 
Tilapia was also most tolerant to Fe3+ (TLm 24 hours = 9-
15 mg/I) and Mn2+ (TLm 48 hours = 750 mg/l). Wai and 
Liu (1982) found that Mn2+ (TLm 24 hours = 34.40 mg/l 
and TLm 48 hours = 34.38 mg/l) and Fe3+ (TLm 24 hours 
= 140 mg/I and TLm 48 hours= 135 mg/I) were leas~ toxic 
to tilapia of 1-1.5 cm among 11 heavy metals tested. 
Compared to Hg2+, Cd2+, Cu2+, Fe3+, Ni2+ and Pb2+, 
Mn2+ was least toxic (TLm 24 hours = 33.64 mg/I and 
TLm 48 hours = 33.58 mg/I) to grass carp fingerlings of 
average size 3.5-4.0 cm (Wai et al. 1984). In this 
experiment even the highest Mn2+ (635 µg/l) or Fe3+ (225 
µg/l) was lower than Mn2+ or Fe3+ TLm 48 hours of tilapia 
found by Wai and Liu (1982). No long-term effects (eight 
weeks) of Mn2+ and Fe3+ concentrations lower than the 
TLm 48 hours have been studied. 

Furthermore, the effects of heavy metal from BF or 
BOP might be buffered by their higher amount of 
hardness. As concluded by Chen et al. (1980), the higher 
the hardness, the lower is the heavy metal toxicity to fish 
because the solubility of heavy metals is low in water of 
high hardness from Ca2+ and Mg2+. 

Lower tilapia survival in treatments of GS, DT and 
BNK was probably due to higher ammonia and nitrite 
concentrations. The ammonia concentration in these three 
treatments was significantly higher than the other three 
after the 16th week and was higher than 4 mg/I after the 
24th week. Tilapia was quite resistant to ammonia. The 
TLms of ammonia (mg/I) to tilapia of7.7 cm were 101.86 
(24 hours), 54.59 (48 hours), 47.52 (72 hours) and 44.34 
(96 hours), which were about one-third higher than eel 
(Anguilla japonica) (Tsay et al. 1982). Tilapia developed 
extra tolerance for ammonia after acclimation. Redner and 
Stickney (1979) demonstrated that when Oreochromis 
aureus of 7-9 cm total length were acclimated to sublethal 
concentration (0.43 to 0.53 mg/I) for 35 days, a 
concentration of ammonia as high as 3.4 mg/I caused no 
mortality within -48 hours. In this study over 39 weeks 
when the tilapia in the GS treatment were acclimated to 
ammonia up to more than 9.0 mg/I; the overall mortality 
was60.82%. 

Hwang et al. (1983) found the TLms of sodium 
nitrite to hybrid tilapia were 16.0, 15.0, 15.5/mg/l during 
48, 72 and 96 hours, respectively. Of ten tilapia tested, 
none died when exposed for 96 hours in water containing 
8 mg/I sodium nitrite. The nitrite concentration in this 
study was no higher than 6 mg/I. Because of constant 
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aeration, the water in DT was more turbid than the other 
treatments. The second lowest fish survival in DT was 
suspected due to turbidity at first. However, Balarin and 
Hatton (1979) stated that tilapia tolerate high turbidities 
and were rather resistant to pollution by toxic substances, 
whether organic or inorganic, natural or artificial. 

The average growth equations of fish, Y = Bo + B 1 
X, where Y is the fish weight in g, X the week, B 1 the 
growth rate in g/week, in treatments wer~ as follows: 

BNK DT GS CON BF BOF 

BO 11.842 10.722 12.069 10.935 9.893 11.3fl8 
81 (g/week) 0.915 0.870 0.675 1.240 1.140 1.050 

The average growth rates (g/week) of tilapia in 
substrates of CON, BF and BOP were superior to those in 
BNK and DT. The poorest growth occurred in GS 
treatment, which was significantly lower (P < 0.05) than 
the other five treatments. No significant differences in 
growth were found either between BNK and DT or among 
CON, BOP and BF, but the growth in rocky substrate 
CON, BF and BOP were significantly higher than that in 
BNKandDT. 

The concentration of both Mn2+ and Fe3+ in the fish 
at the end of the experiment was highest in the intestine 
followed by liver and muscle (Fig. 3). Since the 
concentration was in wet base (µg/g wet weight) and the 
moisture in these tissues was not measured, no statistical 
tests on the differences of concentrations among tissues 
were conducted. 

The average Mn2+ in intestines in descending order 
was: BOP (3.7), DT (2.9), BF (2.1), GS (1.9), BNK (1.7) 
and CON (1.4). No significant· differences of average 
Mn2+ in intestines among treatments were found. 
Although Mn2+ levels in intestine, liver and muscle of the 
fish from BOP were higher than those from the other 
treatments, the order was not exactly parallel in the three 
tissues. The average Fe3+ in instestines in descending 
order was: BF (12.2), DT (10.3), BOP (9.6), GS (8.4), 
BNK (7.8) and CON (6.7). The results from statistical 
tests also showed no significant differences of average 
Fe3+ in intestines among treatments. 

Although Mn2+ in water from BOP and Fe3+ in 
water from BF were higher than those from other 
treatments for eight weeks, the accumulation of these 
heavy metals might have been eliminated during the rest 
of the experiment resulting in no significant differences of 
heavy metal content in the fish in the treatments. Hepher 
(in Pullin l 982) stated that in Israel, both common carp 
and tilapia remained largely unaffected by heavy metal 
buildup in heavily manured ponds. The levels of heavy 
metals in the pond sediments increased with heavy 
manuring but the fish were present in the ponds for such a 
short time that heavy metal. levels in their tissues always 
remained well below World Health Organization 
recommended safe limits. It appeared that tilapia was able 

•, 
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not only to resist heavy metals in the environment but also 
to accumulate insignificant heavy metals in the tissues. 
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Fig. 1. Concentrations of (a) Fe3+ and (b) Mn2+ in water cultured with tilapia Oreo· 
chromis ni/oticus in aquaria with six substrates: blank (BNK), granulated slag (GS), 
dirt (OT), blast furnace slag (BF), converter slag (BOF) and concrete (CON) during the 
first 16 weeks of the rearing period. 
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Fig. 2. (a) Nitrite and (b) ammonia concentrations in water 
cultured with tilapia Oreochromis niloticus in aquaria with six 
substrates: blank (BNK), granulated slag (GS), dirt (OT), blast 
furnace slag (BF), converter slag (BOF) and concrete (CON) 
for 39 weeks. 
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Fig. 3. Concentrations of (a) Mn2+ and 
(b) Fe3+ in intestine (I), liver (L), and muscle 
(M) of tilapia Oreochromis niloticus when 
cultured in aquaria with six substrates: 
blank (BNK), granulated slag (GS), dirt (OT), 
blast furnace slag (BF), converter slag (BOF) 
and concrete (CON) for 39 weeks. 
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Abstract 

From 1974 to 1985 production of shrimp (Penaeus monodon) 
postlarvae (PL) in Taiwan increased from 1.15 million to 3 billion and 
the number of prawn hatcheries increased from 30 to 1,500. This paper 
describes the methods in the production of shrimp PL practiced by 
Taiwanese commercial hatchery technicians. All stages of the hatchery 
operations, such as maturation, spawning, hatching, larval rearing and 
algal cultivation, the difficulties encountered in Taiwan shrimp 
hatcheries and the practical application of these methods outside Taiwan 
are also discussed. 

Introduction 

Taiwan produced more than 30,000 t of the shrimp 
Penaeus monodon from aquaculture in 1985 and thus 
became the number one cultured-shrimp producer in the 
world (Liao and Chiang 1986). This is due to: (1) 
successes in hatchery production of fry; (2) improvements 
in the formulation of compound feed; (3) advances in 
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growout technology; (4) breakthroughs in maturation and 
larval rearing stages of operation; and (5) penetration of 
the Japanese market. Unlimited and inexpensive shrimp 
postlarvae (PL) production in Taiwan greatly stimulated 
and enhanced the successful expansio_n of the shrimp 
culture industry. From 1974 to 1985, stackable P. 
monodon PL production in Taiwan increMed from 1.5 
million to 3 billion, and the number of hatcheries 
increased from 30 to 1,500 (Liao and Chiang 1986). 
During the same period, the PL price dropped from 
US$0.05 to less than US$0.01 per piece of PL 15-20. 

The techniques practiced by Taiwanese hatchery 
technicians, who usually are not formally trained, are often 
applied in unsophisticated conditions without the aid of 
scientific instruments. The methods used by technicians in 
coping with various hatchery problems are most effective, 
practical and economical under the circumstances. They 
are usually adopted rapidly by most hatchery operators in 
Taiwan. 

This paper describes several key methods practiced 
by Taiwanese technicians and offers a basis for scientific 
discussions with the hope that these methods can be 
further explored and improved upon by other hatchery 
technicians around the world. 

Maturation 

Initially, only the gravid and ready-to-spawn female 
shrimp were collected and then allowed to spawn naturally 
in captivity. Since the 1970s, gravid shrimp have been 
imported from Southeast Asia to fulfill the needs of the 
industry. At that time a healthy, large gravid female could 
fetch a price as high as US$1,800, resulting in 
substantially higher PL prices during that period. 
Currently, only non-gravid spawners are imported Their 
price ranges from US$40 to US$100 per piece depending 
upon the season and its market demand. 

Taiwanese technicians have been testing the eyestalk 
ablation method since 1976 (Chen 1977). The success of 
this procedure was limited until the end of 1982. Through 
proper manipulation of environmental factors, the 
broodstock which undergoes unilateral eyestalk ablation 
could become gravid and spawn repeatedly several times 
within one to two months. Under normal circumstances, 
each mature female can spawn more than three times (five 
to seven times is not unusual) within one month after the 
removal of the eyestalk. On the average more than 
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500,000 (up to 1,000,000) nauplii are released during each 
spawn for which results several key factors are 
responsible. 

Selection of Broodstock 

Shrimp with similar physical appearances, but of 
different origins may respond differently to the mattiration 
technique. It is therefore advisable to run tests on smaller 
batches before acquiring large stocking quantities from a 
new source. Experience has shown that shrimp from 
shallow water coastal areas, or from areas influenced by 
freshwater runoff give unfavorable results. 

The fecundity of shrimp is directly proportional to its 
size. The preferred body weight of male and female tiger 
shrimp are 80 to 100 g and 250 to 300 g, respectively. 
Prawns with a large head-thorax to tail ratio are rejected 
because they are believed to be older and thus will not 
reproduce well. 

Mature males are identified by the whitish 
appearance at the base of the last pair of paleopods, 
indicating fullness in spermatophore. Fertilized females 
are distinguished by the whitish appearance of 
spermatophore reflected from below the thelycum. 

Shrimp with distinct and bright, yet darkly colored 
exoskeletons are preferred to ones with dull and/or reddish 
color. The latter are believed to be unhealthy and less 
productive. Examination of gill diseases is necessary. 
Shrimp with rust-colored gills will die easily in captivity, 
particularly after ablation. Gill diseases have been found to 
be contagious, thereby threatening the rest of the 
population. 

Environmental Requirements for Maturation 

The maturation process is performed in indoor tanks. 
Heat conservation and total darkness or an extremely dim 
condition are required for the maturation process. The tank 
sizes preferred by most technicians are between 20 and 30 
m2 and 1.5 and 2 m in depth, rectangular, concrete and 
coated with gray epoxy paint. The water level in 
maturation tanks should be maintained at 30 to 50 cm. 

Water is pumped from wells constructed on sandy 
beaches or in tidal zones less than 3 m deep. The well 
casing is constructed of perforated PVC pipe (7.5-10 cm in 
diameter). A 200-mesh nylon bag is fitted over the inlet to 
avoid the intrusion of impurities. A salinity range of 28 to 
33 ppt and a water temperature range of 28 to 300C are 
considered optimum. Gentle aeration with aquarium type 
airstones at about 1/4 m2 is sufficient. Water is exchanged 
as required, usually in the morning. 

Tanks should be thoroughly washed before stocking 
and also routinely during the holding period. Afterwards 
they are disinfected with a household chlorine solution or 
benzalkonium chloride (50% or 80% solution). Shrimp a¢ 
given a medicated bath after they first arrive and thereafter 
on a weekly basis or whenever needed. The most 
commonly used drugs are Furazolidone (20% A.I. at 10-50 
ppm), Dimeton (20 ppm), formalin (100-200 ppm), or 
antibiotics (at the recommended dosage). 

Freshly shucked clams, Meretrix lusoria, and 
oysters, Ostrea sp., are the primary diet for the broodstock. 
Clams are preferred over oysters because of their firmer 
muscle which does not foul the water. Broodstock are fed 
three times a day at 2-3 pieces of clams per .shrimp or as 
required. Uneaten portions are removed and discarded to 
prevent fouling. 

A stocking density of 3 to 5 shrimp per m2 and a 
male/female ratio of 1:1or1:2 are considered the optimal 
conditions for maturation. 

Maturation Technique 

The most preferred method of ablation is to tightly 
snap the eyestalk in the mid-section between the eyeball 
and the stalk base with a flame heated clamping-forceps. 
The eyestalk is severed by the heat of the forceps and the 
clamping action. At the same time, the clamping action 
also seals the cutting point, avoiding loss of hemolymph. 
Only female shrimp need to be ablated and unilateral 
ablation is sufficient. 

During the maturation period, natural mating 
behavior is observed in the night on newly-molted shrimp. 
If the mating. behavior is not observed and/or the gravid 
prawn are found not fertilized, artificial insemination is 
applied to assure proper fertilization. The detailed method 
of artificial insemination on P. monodon has be~n 
described by Lin and Ting (1985). 1 

An ablated female may become gravid as early as 
three days following ablation. The peak production of 
gravid females is between one and three weeks after 
ablation, although they remain productive for about 30-40 
days. The broodstock are replaced with a new batch when 
their condition deteriorates. 

Spawning and Hatching 

If the optimum spawning and hatching conditions ate 
not properly maintained, the number of nauplii produced 
will be low. Several procedures are practiced by the 
Taiwanese technicians to maximize production. 

1. Environmental conditions. Requirements are the 
same for maturation, spawning and hatching. The 
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spawning and hatching rate increased when the water 
depth was increased to 1.2-1.5 m depending upon the 
number of spawners held. The water temperature should 
be preadjusted to 28-300C. 

2. Selection of gravid spawners. With an underwater 
flashlight in the early evening, gravid spawners can be 
identified by the dark outline of the ovary in the 
abdominal portion. 

3. Spawning and hatching. One spawner per m2 is 
the desired density for a spawning tank. After spawning, 
females remained in the tank until the next morning. Their 
swimming motion at night stirs the eggs which sink to the 
tank bottom and facilitates egg hatching. Aeration of the 
water should remain gentle. The eggs must be stirred from 
the tank bottom periodically with an oar-like tool made out 
of a plastic dust pan attached to a PVC pipe. the stirring 
motion is required hourly or bi-hourly until shortly before 
hatching. 

4. Collection of the eggs or nauplii. If the egg 
collection method is desired, it is usually done in the 
morning following spawning. Aeration is frrst turned off 
and the eggs are allowed to settle to the bottom of the tank. 
The tank bottom is then drained and the water is passed 
successively through smaller-mesh filters designed to 
remove waste materials. The eggs are then rinsed in fresh 
seawater, transferred to a small holding tank to allow 
hatching and their number estimated by aliquot sampling. 

If the nauplii transfer method is used, it takes place 
during the nauplii III to V substages. The aeration is 
turned off and the nauplii are concentrated near the 
surface. Nonviable eggs and unhealthy nauplii settle to the 
tank bottom. Water is then drained from some distance off 
the bottom into a 150-mesh net pan or hapa (100 x 60 x 
100 cm). The nauplii are then removed from the hapa with 
a hand net and transferred to a holding tank for population 
sampling, and then to the larval rearing tank. 

Algal Culture 

A locally available diatom, Skeletonema sp., from the 
eutrophicated Kaohsiung Harbor is collected by a plankton 
net for the algae stock culture. This species is used almost 
exclusively for the entire shrimp hatchery industry in 
Taiwan. 

The morphological characteristics of this species of 
algae have evolved the unique larval rearing method used 
by Taiwan technicians. Skeletonema cells form a long 
chain and can be made available to the larvae, as required, 
in the concentrated form by collection through a 200-mesh 
nylon bag. The other algae species cannot be collected by 
this convenient method. If the algae is provided with a 
large quantity of culture media, water chemistry of the 

41 

larval tank will be affected adversely, placing stress on the 
larvae. 

Algal culture tanks are 5 to 10 t (1.5-m depth) in 
capacity, concrete, painted with epoxy, and placed 
outdoors. Technicians have found that the larger the 
culture tank, the longer the algae may be maintained at the 
stationary phase. Agricultural fertilizer, potassium chloride 
(60% A.I.), calcium hyperphosphate (18% A.I.) and urea 
(40% A.I.) are used at an approximate rate of 8 ppm each. 
Ferric chloride may also be added at 0.1 ppm. The algal 
population is maintained by monitoring the culture density 
and adjusting rates of harvest, dilution and fertilization 
accordingly. 

Larval Rearing 

The methods for larval rearing may be classified into 
several types based on: (1) construction (indoor or outdoor 
tank), (2) lighting (light or dark) and (3) water quality 
(clear or enriched culture media). Currently, combinations 
of different types are utilized by all hatcheries depending 
upon personal preference. 

The indoor hatchery basically is identical to the 
maturation facility previously described. The light 
condition of the indoor type may be adjusted by the area of 
translucent roofing material installed and/or with the plant 
nursery type shade cloth hanging over the tank. The 
outdoot types are similar to the indoor ones. Tanks are 
covered with corrugated plastic roofing material and vinyl-
canvas sheet directly. The advantages of the indoor type 
are that it is more convenient to monitor the light 
conditions and easier to maintain the water temperature. In 
view of initial construction costs, however, is more 
economical to use the outdoor type, which has also the 
advantage of disinfection by direct sunlight after each 
harvest. A dim light condition is preferred by most 
hatchery technicians. Under dim lighting, larvae distribute 
evenly throughout the water column. Feed distribution and 
feed consumption are then more efficient. 

In the clear-water method, water is exchanged 
frequently and the tank bottom is siphoned routinely to 
remove the solid waste. Larvae feed only on the food 
material provided. In the enriched-water method, water is 
rarely exchanged. The waste accumulated in the tank 
bottom, usually in a thick layer by the end of the culture 
period, should not be disturbed during the culture period. 
An ecological balance is maintained between larvae, algae, 
microorganisms and the colloidal organic particles. The 
latter three are also consumed by the larvae. 

Sufficient aeration is required for larval rearing to 
keep the food particles and larvae evenly suspended. 
Airstones are hung approximately 5 cm from the tank 
bottom by plastic air tubing and are evenly distributed at 
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1/m2 throughout the tank. Nauplii are stocked at 100~ 
150/liter. Fresh seawater added gra'dually to the full depth; 
from 70% initially, eliminates the difficulty of water 
exchange at the early larval stages. The water temperature 
should be pre-adjusted to 300C before stocking and 
maintained with an automatic water heater apparatus 
throughout the culture period. The pH value should be 
monitored continuously and kept steady between 7.7 and 
8.3. The water should be exchanged if the pH falls outside 
this range, otherwise mortality may occur. 

Feed is provided in small amounts frequently (6 to 8 
times/day). Algae are provided throughout the larval 
rearing period. For Zoea I and II stages, feed is applied 
lightly. For the Zoea III stage, sufficient algae must be 
provided, based on a visual judgement of the algae density 
and the length of fecal strand created by the larvae. 
Feeding is provided by spreading concentrated algae 
evenly over the water surface. Other algae species, such as 
Tetraselmis and Chaetoceros are also utilized by some 
hatcheries. 

Artemia nauplii are the food source for the PL stages. 
They are provided from the Mysis II or III substages to the 
early PL. At each feeding, only 3 or 4 artemia are provided 
for each larva. More are given when the first batch is 
completely consumed. Selection of the brand of artemia 
cyst is important. Hatchability and essential fatty acid 
content should be used as the criteria in selecting the 
brand. 

Several types of artificial feed are available. The 
most commonly used are freeze-dried or spray-dried algae 
(Spirulina sp.), artemia flakes, granular conventional 
formulated feed, microencapsulated diet and the locally 
developed specialty diet. All of them are used in all stages 
of larval culture. For most of the above, feeding is 
provided by mixing the feed in a bucket of water and then 
spreading it evenly over the tank or broadcasting it directly 
over the water surface as required. 

The locally-developed specialty diet is unique 
invention. It is manufactured from several different high 
protein ingredients, such as squid heads and organs from 
processing, by-product from soy sauce manufacture, 
fishmeal and vitamins. Ingredients are processed by 
heating and fermentation and finally dried into black, 
semi-moist pellets. Artemia flakes are usually fed 
simultaneously to the larvae with this product which 
contains more than 50% protein and effectively increases 
the survival rate, stimulate$ feeding behavior and reduces 
the use of algae and artemia • 

Tanks should be thoroughly cleaned and disinfected. 
A prolonged medicated bath with Furazolidone (20% A.I.) 
at 10-25 ppm is the popular precaution treatment for all 
larval stages. The most common diseases in the early 
larval stages are caused by Vibrio spp. and Leginidium sp. 
In the PL stage, protozoan disease caused by Epistylis sp. 

are the most frequently observed (Liao 1985). Unhealtlly 
zoea and mysis larvae may be easily identified by their 
turning white, loss of vigor, lack of appetite and ultimate1y 
death. For the PL stages, unhealthy PL often appear brig~t 
red in body pigment, develop forked antennul plate and 
undergo incomplete molting. 

When the larvae reach the PL-10 to PL-12 stages, 
they are transferred either to the outdoor nursery tank or 
directly to the grow-out pond. The water is first lowered to 
l/3 capacity through the use of a screened siphoning 
apparatus. At that depth, the stand pipe is pulled and the 
PL are collected in the net pan. PL are netted into a 12~1 
bucket in high density from which PL are distributed 
evenly into a series of 30-1 plastic flat 50-cm .pans. An 
experienced person can distribute PL evenly among the 
pans and can estimate the number of PL in each pan 
accurately. After ..the buyer and the supplier have agreed 
on the total number of PL, each pan is poured into a plastic 
bag inflated with oxygen and transported by truck to the 
destination. For long-distance shipping, a styrofoam box is 
used to hold the bag to maintain the water temperature. 

Discussion 

In order to gain total control over the entire life cycle 
of P. monodon, research efforts have. concentrated on 
producing in-house broodstock. Two methods have met 
with initial success. One is the sea ranching method, where 
pond-cultured animals are released to the sea and allowed 
to mature in the wild. After a few months, they are 
retrieved by trawling in the area where they were released. 
The average return rate is 15% with a record high of 35% 
(unpublished data). The second method is through pond 
rearing in which males and females mature in about 6 and 
8 months, respectively. By using eyestalk ablation and 
artificial insemination techniques on these pond-reared 
shrimp, successful spawning may be obtained. The best 
results have been obtained on broodstock shrimp that are 
over a year old. To totally use the in-house b,roodstock, 
instead of wild ones, further research in :rautritional 
requirements of the broodstock is necessary. 

Although large numbers of PL are produced, the 
survival rate for the larval rearing remains inconsistent. 
Total mortality, which could occur at any stage, is not 
uncommon. Continuous research work is reqaired to 
identify the sources of disease and their prevention and 
treatment methods. 

Taiwan is a major source of technical assistance for 
shrimp culture industry development The hatchery 
method~ developed in Taiwan, however, are specifical).y 
derived from local conditions and must be applied 
elsewhere with caution. 
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For example, the algae used in larval rearing, 
Skeletonema, is found in dense concentrations in 
Kaohsiung Harbor, but is difficult to find outside this area. 
Other diatoms and green algae are available, but the 
methods used in harvesting and feeding in concentrated 
form cannot be applied. Algae must be made available to 
larvae, either through cultivation with the larvae in the 
same tank or fed to the larvae in large volumes of culture 
media. The first method must be carried out under light 
condition, which contrasts greatly with the Taiwanese dark 
method. The latter approach requires large volumes of 
water which must be exchanged daily. Again, this 
contradicts the Taiwanese method of no water exchange. 
When applying the Taiwanese hatchery methods, one must 
keep these factors in mind. Contribution B No. 40 from 
the Tungkang Marine Laboratory. 
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Abstract 

The eggs of Macrobrachium rosenbergii incubated at suboptimal 
temperature (25oC) hatched out in two batches in two consecutive days. 
The resulting zoea larvae were reared under combinations of two 
salinities (13.6 and 20.4 ppt) and five temperatures (22, 25, 28, 31 and 
340C) to postlarval stages. Although there were no differences in 
morphological development of the larvae, both batches showed 
conspicuous variations in survival rate and adaptation range to 
temperature. The percentage that metamorphosed was higher in the 
larvae born on the second day (93.8%) when reared at optimal 
temperature (28oC). The larvae born on the first day metamorphosed 
even at 22oc at the rate of 17.5% while the larvae born on the second day 
did not at all. The median period of each larval stage was almost the 
same for both batches except when the larvae were reared at the 
suboptimal temperature of 25oc. In this case the larvae born on the first 
day developed faster (metamorphosed 3. 7 days earlier) than the other 
batch. These differences are thought to depend on mobilization patterns 
of the yolk reserve during embryonic development. These results stress 
the importance of effective rearing methods of ovigerous females in 
prawn aquaculture. 

Introduction 

The larvae of several decapod crustaceans are well 
known to hatch in just several days (Pandian 1970b; 
Balasundaram and Pandian 1982). The genus 
Macrobrachium is not an exception; for instance, hatching 
in M. idae extends for two to three consecutive days 
(Pandian and Katre 1972). Wickins and Beard (1974) 
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reported that in M. rosenbergii reared at 280C ± 1oc, a 
total of 41 % of the broods hatched in two consecutive 
nights. M. rosenbergii reared at 250C during egg 
incubation was observed to release the larvae invariably in 
two consecutive batches. Rearing the developing eggs at a 
suboptimal temperature brings the possibility that they 
undergo adaptation to a certain extent (Richard 1978) and, 
consequently, that performance may be affected as stated 
by Kinne (1964). This study was designed to elucidate the 
differences in survival and adaptation to temperature 
among the larvae. The rearing salinities were chosen to be 
within the optimal range as reported by Ling (1969) and 
Uno and Yagi (1980). 

Materials and Methods 

The larvae of Macrobrachium rosenbergii were 
obtained from Anuenue parental stock. The prawns were 
reared in aquaria containing 45 1 of freshwater at 280C and 
fed a diet of chopped short-necked clam (Ruditapes 
philippinarum) meat and commercially available penaeid 
shrimp pelletized feed. 

Immediately after mating, the berried female was 
allowed to acclimatize to the egg incubation temperature 
of 250C by changing the water temperature at the rate of 
1 oc every 2 hours and was reared in the same conditions 
until the larvae hatched. Within one hour after hatching 
the zoeae were transferred to 1-1 beakers and allowed to 
acclimatize to the two experimental salinities (13.6 and 
20.4 ppt) changed at the rate of 6.8 ppt every 30 min. at 
the same temperature as the egg incubation. Tap water and 
offshore seawater filtered through activated charcoal were 
mixed to obtain the desired salinities. 

After salinity acclimation duplicate sample3 of 40 
zoeae were put into 500-ml culture dishes containing 300 
ml of rearing water. The culture dishes were placed in 
constant temperature water baths and the larvae allowed to 
acclimatize to the five experimental temperatures (22, 25, 
28, 31 and 340C) with the temperature changed at a rate of 
3oc every 2 hours. The same procedures were repeated 
with the zoeae born the second day. The temperature of 
the experimental water was checked twice a day and 
readjusted when necessary. The variation was not greater 
than O.SoC throughout the experiment. Illumination was 
provided continuously at intensity 600-1,000 lx. 

The zoea larvae were fed daily with newly-hatched 
Artemia salina nauplii. When approximately 50% of tqe 
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larvae remaining in a culture dish reached the 9th zoeal 
stage, the rearing was continued in 1-1 glass beakers 
containing 700 ml water. Aeration prevented the larvae 
from jumping and adhering to the glass surface. The larvae 
were counted, development was checked and dead 
individuals eliminated. Then the larvae were transferred 
by large bore pipettes to clean culture dishes with new 
water of the sanie temperature and salinity conditions. 
Zoeal stages were recorded following the description by 
Uno and Kwon (1969). 

Results 

The larvae were observed daily individually, but no 
differences in morphology or number of instars were 
found. The median larval period represents the number of 
days required for the larvae to attain the subsequent stages. 
In Fig. 1 the median larval period was plotted for each of 
the rearing temperatures. As could be expected, the 
duration of larval development was affected inversely by 
an increase of temperature. At 280C and 20.4 ppt, the 
larvae hatched the first day did not differ from second day-
hatched larvae. Their median period of metamorphosis 
was 23.1 and 23. 7 days, respectively. The same pattern 
was observed for the larvae reared at 31 oc which reached 
the postlarval stage in 19.1 and 20.5 days, respectively. 

Larvae reared at 34oC did not survive after the sixth 
stage and their development period was similar. However, 
larvae from the first day-hatched batch, reared at the 
suboptimal temperature of 250C, developed faster (from 
the fifth zoeal stage on) than the larvae hatched the second 
day (Fig. 1). Here the median larval period was 30.2 and 
33.9 days, respectively, with a gap of3.7 days. 

The most marked difference appears in Fig. 1 for the 
larvae reared at the suboptimal temperature of 22oc. The 
first-day larvae developed to postlarvae in 61.7 days while 
the second-day larvae succeeded to develop only up to the 
fourth zoeal stage. This trend was observed also at 13.6 
ppt of rearing salinity (Fig. 2). The metamorphosis rate 
was only 7.5% compared with 17.5% obtained when the 
larvae were reared at 20.4 ppt (Fig. 3). Nevertheless, the 
fact that none of the second-day larvae metamorphosed at 
this temperature stresses the differences between the two 
batches. 

Under the other rearing temperatures (250C and 
31 oC) the performance of the first-day larvae was superior 
to that of the second-day larvae (i.e., the metamorphosis 
rate was higher (Figs· 2 and 3)). When reared at the 
optimum temperature of 280C, however, the opposite 
pattern was observed. The second-day larvae overcame the 
first-day batch. With salinity at 13.6 ppt, the 
metamorphosis rates were 87.5% for the former and 
78.75% for the later (Fig. 2) while at salinity 20.4 ppt the 

metamorphosis was 93.75% and 88.75%, respectively 
(Fig. 3). The effect of acclimation appears to be very 
important. There is evidence that it may affect the 
development period and the survival rate as well. 

Discussion 

Survival and growth of Macrobrachium rosenbergii 
larvae are limited to varying degrees by temperature and 
salinity, with temperature playing the more important role. 
The egg incubation temperature of 250C seems to have 
modified the adaptation of the larvae to the various rearing 
temperatures. Adaptation means adjustments at the 
functional level that bring about an increased efficiency of 
performance (Kinne 1964). In crustaceans acclimation to 
subnormal temperatures generally tends to shift· the lower 
limit downward (Kinne 1964; Silverthorn and Reese 1978) 
and this seems to be the case for the first-day larvae of this 
experiment. However, suboptimal conditions during 
incubation may reduce the vigor of caridean larvae 
(Wickins 1976; Middaugh 1978). 

Adaptation by itself does not explain the differences 
encountered among first-day larvae and second-day larvae. 
Besides, specific duration of larval development is not 
considered to be a directly inheritable factor (Sandifer and 
Smith 1979). Why are the differences between both 
batches so strong when the larvae are from the same 
brood? Several authors have made extensive studies on the 
yolk utilization dynamics of developing crustacean eggs 
(Pandian 1970a, 1970b; Balasundaram and Pandian 1982; 
Pandian and Balasundaram 1982). Pandian (1970a) 
reported a decrease in yolk utilization efficiency in the 
eggs of Homarus gammarus as embryonic developmeqt 
progresses. When hatching is delayed as in this 
experiment, 26 days and 27 days of embryonic 
development, respectively, compared with the normal 20 
days (Wickins and Beard 1974), protein metabolism is 
suppressed and there is a shift to fat metabolism, as 
reported for M. idae (Pandian and Katre 1972) and H. 
americanus (Pandian 1970b). 

Although no measurement of this type was 
performed, the depletion of reserve yolk energy in the 
fully-developed eggs of the second-day batch explains the 
reduced ability of these larvae to withstand the adverse 
conditions of suboptimal rearing temperatures (22 and 
25oC). 

O'Leary and George (1984) examined biochemical 
changes on embryos of blue crab Callinectes sapidus 
cultured at low (160C) and high (260C) temperatures arid 
found also differences in the yolk utilization patterns. It 
was also pointed out that another possibility for the ori_gin 
of these differences may be the physiological condition Of 
the female. In our experiment, the higher metamorphosis 
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rates obtained at 28oC for the second-day larvae (Figs. 2 
and 3) could be explained by such physiological 
differences in females at different temperatures. In 
commercial hatcheries, M. rosenbergii larvae are usually 
reared at 280C (Silverthorn and Reese 1978). Therefore, to 
optimize the survival rates, more attention to the rearing 
conditions of the females is advisable. 
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Fig. 1. Median larval period of Macrobrachium rosenbergii larvae 
of the same brood reared at the salinity of 20.4 ppt and four 
temperatu_res. Open circles: larvae from the first day-hatched 
batch. Black circles: larvae from the second day-hatched batch. 
PL: Post larval stage. 
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bergii larvae from the same brood hatched out in two different 
batches. Open b~rs: larvae from the first day-hatched batch. 
Shaded bars: larvae from the second day-hatched batch. Rearing 
salinity: 13.6 ppt. 
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Fig. 3. Percentage of metamorphosis of Macrobrachium rosen· 
bergii larvae from the same brood hatched out in two different 
batches. Open bars: larvae from the first day-hatched batch. 
Shaded bars: larvae from the second day-hatched batch. Rearing 
salinity: 20.4 ppt. 
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Abstract 

A 1.9-ha fish farm was operated for the production of Nile tilapia 
(Oreochromis niloticus) fry and fingerlings in Pila, Laguna, Philippines. 
The total fry produced by the farm was 2,011,864 in a 159-day 
production period. 

Supplementally-fed breeders were stocked in three earthen ponds 
at a density of 4fm2 and sex ratio of three females to one male. Fry yields 
of 2.4-6.5/m2/day after 42-43 days were obtained. The first fry appeared 
12-14 days from stocking of breeders and fry production peaked at the 
32nd-34th day of the breeding cycle. 

Fry collected from the breeding ponds were reared in net 
enclosures for 7 and 12 days at l,000/m2 with supplemental feeding. 
Survival of fry after seven days of rearing was higher than that of fry 
reared for 12 days. 

Fry and postfry stocked in nursery ponds at 170-265Jm2 with 
supplemental feeding were reared for three weeks to compare for growth 
and recovery. Better growth and recovery of postfry than those of fry 
were obtained. 

Aside from proper stock manipulation, supplemental feeding and 
water management, the other factors found essential for high 
fry/fmgerling production were grading of fry/postfry and control of fish 
predators. 

Introduction 

The Nile tilapia (Oreochromis niloticus), an 
introduced food fish in the Philippines, is second only to 
the native milkfish (Chanos chanos) in economic 
importance for culture. In 1983, a production of over 
50,000 t of tilapia was reported in the country. The 
Philippines has an estimated 1,000 ha of Nile tilapia cages 
found in Laguna de Bay in addition to about 12,000 ha of 
freshwater ponds utilized for fish culture (Guerrero 1985). 

With the rapid expansion of the tilapia farming 
industry, production of fingerlings for stocking ponds and 
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cages has increased in recent years. Over a thousand 
small- and medium-scale tilapia hatcheries are believed to 
be presently operating in the Philippines with a fingerling 
production of more than 300 x 106 annually. 

Several methods are applied for the production of 
Nile tilapia fingerlings and fry including the use of net 
enclosures, concrete tanks and earthen ponds. Fry 
production of Nile tilapia using fine-mesh net enclosures 
was reported by Guerrero (1977) and Guerrero and Garcia 
(1963). Yields of 10-240 fry/m2/month and 70-280 
fry/m2/month were reported by Beveridge (1984) for land-
based and water-based hatcheries, respectively, in the 
Philippines. 

This paper reports the production of Nile tilapia fry 
and fingerlings using earthen ponds in a commercial fish 
farm operated by the Laguna de Bay Fishpen 
Development Project of the Laguna Lake Development 
Authority in Pila, Laguna, Philipines. Observations were 
made on the breeding cycle of the species. Methods of fry 
rearing to fingerlings were evaluated. The studies were 
conducted from January to July 1985. 

Materials and Methods 

The 1.9-ha fish farm consisted of 19 breeding and 15 
nursery ponds with sizes varying from 144 to 535 m2. 
Water from a dammed irrigation canal supplied the ponds. 

The breeding ponds had a total water surface of 
6,621 m2 and an average water depth of 0.5 m. Inlet pipes 
of the ponds were screened to prevent entry of wild fish. 
Drainage of the ponds by gravity was done after each 
breeding cycle which lasted 30-40 days. 

Breeders of Nile tilapia with mean weights of 75 g 
(males) and 105 g (females) were obtained from 
government and private hatcheries. The fish were stocked 
at a sex ratio of one male to three females and density of 
4/m2. Supplemental feeding with a mash ration (60% 
copra meal, 30% fine rice bran and 10% fishmeal) was 
given twice a day at the rate of 1-2% of fish body weight 
per feeding. The schooling fry produced in each pond 
were collected by means of a fry sweeper twice a day at 6-
7 a.m. and 3-4 p.m. The first day when fry were observed 
from the time that breeders were stocked was noted. Total 
fry/fingerling count, including those collected at harvest, 
for each pond was recorded. 

The ponds were thoroughly drained, levelled and 
refilled with water after each breeding/nursery cycle. 
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Breeders were conditioned for at least one week prior to 
each cycle. , 

Fry production in three ponds with sizes of 324, 355 
and 415 m2 was closely monitored to determine the 
breeding cycle of the species. The number of fry collected 
in each pond was counted at 10-day intervals (breeding 
phases) from the initial day of fry collection to a 30-day 
period. 

Two rearing methods, net enclosure and earthen 
pond, were evaluated for the fry. In the first method, fry 
were stocked in fine-mesh riet enclosures measuring 5 x 2 
x 1 mat l,OOO/m2 and fed with a powdered diet (40% 
copra meal, 30% fine rice bran, 20% ipil-ipil (Leucaena 
leucocephala) leafmeal and 10% fishmeal) at 20% of 
body weight in four feedings per day. Recovery rates of 
fry were determined after 7 and 12 days of rearing. 

In the other fry rearing method, nursery ponds were 
stocked with properly graded fry (0.01 g) and post fry 
(0.05 g) at varying densities (170-265/m2). Supplemental 
feeding with a powdered diet (60% copra meal, 20% fine 
rice bran and 20% ipil-ipil leafmeal) was given at 10-15% 
of fish body weight per day in four feedings. Harvest was 
done after 21 days of rearing or later when the fingerlings 
had attained a size of at least 0.5 g. Recovery rates of the 
young fish in the nursery ponds were measured. 

Results and Discussion 

The fish farm produced a total of 2,011,864 fry in 
159 days (January-July) for a daily production of 1.9 
fry/m2/day (Table 1). There were only 10 days of fry 
production in January owing to startup operations. Fry 
production was lowest in June when the irrigation dam 
broke due to rough weather and resulted in low wateF 
supply. The farm's overall fry production is within the 
range reported by Beveridge (1984) for land-based tilapia 
hatcheries in the Philippines. 

The production of the three breeding ponds ranged 
from 2.4 to 6.5 fry/m2/day after 42-43 days from stocking 
of breeders (Table 2). The first fry appeared 12-14 days 
from stocking of breeders. Fry production in all ponds was 
highest at Phase II of the breeding cycle. The production 
of fry peaked at 32-34 days from stocking of breeders and 
declined. 

The findings of this study slightly differed from 
those of Guerrero and Guerrero (1985) who reported on 
the breeding cycle of Nile tilapia in concrete tanks. Fry 
appeared earlier at 11 days and fry production peaks were 
reached 17-25 days from stocking of breeders in the latter 
study. These variations can be attributed to differences iQ. 
climatic and cultural conditions in the two studies. The 
breeding period of fish in Guerrero and Guerrero's study 
took place in July-October while that of the present study 

was in January-February. Moreover, the tank study used 
bigger sizes of broodfish (95-140 g) compared to those 
(75-105 g) in the earthen pond study. 

Ambient air temperatures are generally lower during 
the months of January-February in the Philippines than in 
other months of the year because of the cold northeasterly 
winds. Broodfish size is known to affect Nile tilapia fry 
production among other factors (Silvera 1978). 

Table 3 shows a very low survival rate of fry with 
the longer rearing period which was mainly due to poor 
water quality in the enclosures and cannibalism of the 
bigger fry. The fine mesh of net enclosures is easily 
clogged with organic materials which impede water flow 
for aeration and waste removal. Crowding of fry for long 
periods in net enclosures encourages cannibalism. 

The recovery and percent of harvestable fingerlings 
of postfry reared in nursery ponds for three weeks were 
better than those of fry (Table 4). These indicated that 
stocking of larger fry in nursery ponds can shorten the 
rearing period for production of harvest-size fingerlings 
(0.5 g) and increase recovery rates. 

Nursery ponds B, C and D were found to be infested 
with predaceous fishes such as mudfish (Channa striat(l) 
and Thai catfish (Clarirs batrachus) at harvest. Fry 
appeared to be more vulnei.. .>le to predation than postfry. 

Aside from proper sto~k manipulation, supplement$. 
feeding and water management, the other factors found ~ 
be essential for high production of fry and fingerlings in 
earthen ponds were grading of fry/postfry at stocking to 
minimize cannibalism and effective control of predatory 
fishes. 
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Table 1. Monthly fry production record of fish farm, January to July 1985. 

Month No. of fry No. of days 

January 70,245 10 
February 473,040 28 
March 353, 133 31 
April 427,125 30 
May 418,188 31 
June 82,187 20 
July 187,946 9 

Total 2,011,864 159 

Table 2. Fry production record of three breeding ponds. 

Breeding % of total fry 
Pond no. phase Fry production production No. of fry/m2 /day 

I 7,100 30.9 2.2 
1 II 9,450 41.1 2.9 

(324 m2) 111 6,450 28,0 2,.0 

Total 23,000 Mean 2.4 

I 13,370 21.1 3.8 
2 II 36,700 56.8 10.3 

(355 m2 ) 111 13,300 20.1 3.7 

Total 63,370 Mean 5.9 

I 20,200 25.1 4.9 
3 II 40,700 50.6 9.8 

(415 m2 ) 111 19,550 24.3 4.7 

Total 80,450 Mean 6.5 

I First 10-day period after first appearance of fry, 
II Second 10-day period after first appearance of fry. 

111 Third 10· day period after first appearance of fry, 

/' 
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Table 3. Survival rates of fry reared in net enclosures. 

Rearing period (day) Net enclosure % survival 

7 1 74 
2 85 

Mean 79.5 

12 3 13.5 
4 15.0 

Mean 14.2 

Table 4. Comparison of fry and postfry rearing in earthen ponds. 

Density % of harvestable fingerlings 
Stage Nursery pond (no./m2 ) % recovery after 21 days 

Fry A 263 80.1' 26.8 
B 178 34.6 15.7 

Mean 220.5 57.3 21.2 

Post fry c 265 74.4 31.8 
D 170.3 70.5 30.4 

Mean 217.6 72.4 31.1 
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Cultivation of Giant Clams: Beyond the Hatchery 
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Abstra~t 

This article describes rriethods developed over a .five-year period 
for cuituring tridacnid clams from seed size to sexual maturity in· the 
natural environment. Design .requirements for ocean-based nursery 
systems are reviewed and various culture options considered. Details are 
given for one proven method, a botlOJI1-based system of modular nursery 
cages. To date, 2,000 such units have been constructed and deployed at 
the Micronesian Mariculure Demonstration Center giant clam farm in 
Palau. 

lbe basic nursery cage is a 60-cm square, molded plastic tray with 
an attached lid of plastic mesh. A layer of basalt chips or coral rubble 
added to the floor of the tray serves as ballast and provides a substrate for 
byssal attachment by the clams. The units are.lightweight, stable, inert in 
seawater; easy to mass produce and effective in· excluding most 
crustai;ean,. mollus9an and .telec;istean predators. At the same time they 
allow acceptable levels of lighi penetration and water ex.change. . . 
. An analysis is given of material and labor c~sts, performarice in 

field trials, biofouling and projected lifespan. Guidelines are presented 
for selecting appropriate tridacnid culnire sites iii. the natural emiironment 
and for deploying and maintaining the nursery cages on the sea bottom. 

·1ntroductio~ 

'During the· pa8t decade much ·of tlie interest in 
mariculture of tridacnid clams has focused on problems 
related to spawning and larval rearing. Publications by 
Munro and Heslinga (1983), Heslinga et al. (1984), 
Heslinga and Watson (1985), Heslinga (in press), Heslinga 
and Pitt (in press) and Munro (in press) provide an entry to 
the literature on tridacnid biology and culture. In this 
artcile we address the question of how best to. culture giant 
clams from seed size (2-3 cm) to escape size (10-15 cm) in 
the·natural environment. Escape size is defined as the size 
range within which immunity from natural predators is 
~eached or closely approached (Heslinga et al. 1984). The 
objective is to develop a rearing method which maximizes 
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rates of survival and growth and which, to the extent 
possible, minimizes cost. It seems likely that the degree of 
success achieved in nursery culture will ultimately 
determine the economic viability of giant clam farming. 

Because gian.t clams are atypical bivalve~. an ocean 
culture system for these molluscs must. depart considerably 
from conventional methods. Most edible clams burrow 
completely in soft substrates and communicate with the 
overlying water via extended siphon~. Controlled culture 
requires exclusion of predators from above and prevention 
of loss through deep burrowing (Castagna 1984). 
Tridacnid clams, in contrast, . rest upright on hard 
substrates. The larger speeies. (Tridacna gigas and T. 
derasa) 'attach with byssal threads early in life anq do not 
burrow. During daytime the adductor muscle is relaxed, 
the valves gape and the hypertrophied mantle is fully 
exposed to incident sunlight. Symbiotic algal cells residing 
in the mantle release photosynthetically · fixed 
carbohydrates directly into the host's bloodstream. These 
photosynthates appear to satisfy a major portion of the 
clams' ·nutrition (Trench et al. 1'981; Fisher 1985). 

Although adult tridacnids are remarkably predator-
resistant, the juveniles are vulnerable to a host of common 
coral reef predators including octopuses, hermit crabs and 
niolluscivorous fishes (Heslinga et al. 1984). In additiori, 
at least two benthic gastropod predators (Chicoreus 
ramosus and Cymatium m'uricinum) are known to attack 
giant clams in nature by insertion of the proboscis into the 
byssal opening (Perron et al. '1985). Apart from the need 
for protection froin these and other potential predators, 
juvenile clams under cultivation require exposure to 
sunlight, access to a hard substrate for byssal attachment 
and clean, warm seawater with a minimal silt load and 
good tidal flushing. Optimal· culture temperature appears 
to be in the range of 23-300C and optimal salinity is 33-35 
ppt, similar to that of oceanic s~water. 

. Design Conditions and Requirements 
for Giant Clam Nurseries 

Given the abov~ ~onsiderations, an ideal giant clam 
·nursery system should meet the following criteria: 

'· : . '. 

.1. Exclude swimming and bottom-dwelling 
predators. 
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2. Allow good light penetration and unrestricted 
water flow. 

3. Provide a suitable surface for byssal attachment. 
4. Allow easy access to the clams by the farmer. 
5. Be able to withstand heavy weather. 
6. Be inexpensive, lightweight and inert in the 

marine environment. 
7. Require minimal maintenance. 
8. Have .a moderately long lifespan. 

Other features that might be desirable (or necessary) 
in certain situations include the following:; 

1. The culture system should not inferfere with 
coastal navigation or scenic views. 

2. It should not damage or permanently alter the 
natural features of the sea bottom. 

3. It should be available commercially at a 
reasonable price, or if not, be easy to construct with local 
labor and readily available materials. 

4. It should be modular to facilitate construction, 
deployment and stock inventory, as well as to restrict the 
movements of pests. 

5. It should be replicable on a regional scale. 

Although floating rafts have often been proposed for 
tridacnid culture, this option was not practical for the 
MMDC nursyry. First, we felt that rafts would present an 
unacceptable hazard to navigation and interfere with the 
scenic beauty of the culture site in Malakai Harbor; 
second, rafts would be susceptible to damage by wind, 
waves and vandals and might require substantial 
maintenance; and third, the cost per unit of cultivable 
surface area would undoubtedly be high relative to bottom 
culture. In addition to heavy-duty mooring hardware, 
commercial-scale nursery rafts would need substantial 
floatation material and a solid, relatively stable, horizontal 
surface for byssal attachment. These are demanding 
requirements for structures that might approach a hectare 
or more in size. 

Use of the three-dimensional water column for 
hanging culture, as is practiced commonly with oysters 
and mussels (Davy and Graham 1982) was also ruled out 
because giant clams need unobstructed access to sunlight. 
This requirement will limit any ocean-based culture 
system to two dimensions. 

Because the MMDC · tridacnid hatchery lies 
immediately adjacent to a sandy fringing reef of 3-5 m 
depth and 1-ha area, the decision was made to use this 
subtidal bottom as an experimental clam nursery site. 
Could intertidal areas (which dry out at low tide) also be 
used for culturing tridacnids? This possibility is being 
investigated with Tridacna gigas in Australia (Lucas, pers. 

comm.). In this article we confine our discussion to 
subtidal culture with T. derasa. 

At the MMDC nursery site, modular trays were 
chosen as the most promising predator-exclusion device to 
investigate. Of the commercially available shellfish trays, 
one design, the Nestler tray (Vanguard Industries, 
Cincinnati Ohio) was tested for a five-year period in situ 
in Malakai Harbor. The trays were filled with basalt chips 
and fitted with polyethylene mesh lids to exclude 
predators. The sample of 100 trays performed 
satisfactorily, but were far too expensive (US$15 each 
excluding the lid) to be purchased in large quantity. 
However, an acceptable substitute for Nestier trays can be 
constructed from fiberglass mat and polyest~r resin, at' a 
savings of nearly 70% in cost, including labor and 
shipping. 

While giant clam nursery culture trays may be 
constructed in a variety of sizes, we recommend units 
measuring 60 x 60 cm and 5 cm in depth. Trays of this 
size are easily handled by one person both on land and 
under water. Moreover, these dimensions permit efficient 
construction of male molds using standard lumber stock 
and efficient use of fiberglass mat in standard 97-cm 
widths. 

The tray molds are nailed atop individual tabl~s 
measuring 70-cm wide by 140-cm long by 86-cm high. 
The molds are built from 5 x 5 cm frames and a 0.64-cm 
top. 

Materials needed for construction of one tray are 
listed in Table I, and basically consist of fiberglass mat, 
polyester resin, catalyst, a thin plastic mold.liner and some 
very simple tools. The mat is cut to size, placed over the 
mold and thoroughly saturated with catalyzed resin. 
Within a few hours the resin is cured and the trays are 
ready for use. 

The technique for making these trays is very 
straightforward and can be found in any book on fiberglass 
boatbuilding such as Hankinson (1982). A detailed 
technical report on making clam trays is available free 
upon request from the authors. 

Lids for the clam trays are constructed of 
polyethylene Naltex mesh (Nalle Plastics, Austin, Texas) 
or its equivalent, with a 2.5-cm mesh size. Beginning with 
a piece of mesh 1 x 1 m, squares of 12 cm are cut from 
each corner with snipping shears. The corners of the mesh 
are brought together and laced with 34-kg te~t 

monofilament fishing line. The completed lids are attached 
to trays using two monofilament "hinges" (two holes must 
be drilled through the lip on one side of each tray). On the 
opposite side of the hinge a simple latch can be made by 
passing a piece of brass wire from the mesh to a small hole 
in the lip of the tray. 
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It is feasible for one person working alone to 
construct ten complete giant clam nursery cages (trays 
plus lids) in an eight-hour work day, assuming that ten 
molds and all materials are at hand. Lumber for mold 
construction costs about US$20 per unit. 

A complete cost breakdown of materials used for 
construction of the :MMDC type clams is given in Table 1. 
For each cage of 0.36 m2 of cultivable area, the cost of 
materials was $27 .22/m2 and $3/m2 for construction. 
Deployment of the cages ($0.55/m2) and filling with 
basalt chips required about 20-man hours per cell of 100 
units. :MMDC's present 2,000 cages offer 720 m2 of 
cultivable area and cost approximately $22,000 in 1984. 

Performance 

The effectiveness of the nursery cages in excluding 
common tridacnid predators was demonstrated by the 
results of replicated field experiments conducted in 1984 
on the Malakal Harbor fringing reef. In each replicate, a 
sample of 200 cultured Tridacna gigas (mean shell length, 
4 cm) was divided into two statistically similar 
subsamples. One subsample was placed in a nursery tray 
with mesh lid, the other subsample was placed in an 
adjacent tray with no lid. Survival of the clams was 
monitored on a daily basis. The unprotected clams 
experienced total mortality within a week of release, while 
the protected clams exhibited 100% survival during a two-
week observation period. These results corroborate earlier 
findings (Heslinga et al. 1984), which showed that 
unprotected giant clam juveniles in the size ranges tested 
experienced very heavy mortality in the natural 
environment, even over a short time period. Specimens 
protected by nursery cages were essentially immune from 
predation by crushing fishes, crabs and octupuses. 

Because all of the materials used in the production of 
the nursery cages are inert in seawater, it is reasonable to 
project a functional lifespan of over IO years for the units. 
During a five-year (1982-1986) test period in Malakal 
Harbor, polyethylene mesh lids showed no obvious signs 
of deterioration. Fouling of the mesh by filamentous algae 
was minimal when a few hundred cages were present, 
being controlled effectively by the grazing activities of 
scarids, siganids and acanthurids. As the size of the 
nursery increased, however, algal production appeared to 
exceed the cropping capability of the resident grazers 
particularly in deeper water cages. A succession of algal 
species was evident on the mesh lids, with relatively fine, 
fragile forms giving way over time to hardier, turflike 
species. To control algal fouling, the lids are removed and 
sun-dried every 4-6 months. 
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Site Selection 

The choice of an appropriate ocean-based site for 
tridacnid nursery culture depends on a number of factors, 
both environmental and sociological. As in any farming 
operation, legal access to the site and effective 
surveillance measures are necessary prerequisites. 

Our experience suggests that sheltered, subtidal areas 
with a good tidal flow and a depth range of 1-5 mare most 
appropriate. Water temperature should be 23-300C; 
salinity, 33-35 ppt; and thriving stony corals should be 
present in the immediate vicinity. The bottom should be 
flat or gently sloping and the substrate should be 
composed of course sand or finger-sized coral rubble, not 
mud or silt. Care should be taken to avoid areas with high 
densities of thalassinid shrimp (Suchanek 1985) which 
may disturb clam trays by ejecting low, volcano-like 
mounds of sand from their burrows. Mangrove areas and 
freshwater runoff should be avoided. The site should not 
be affected by turbulence from breaking surf and should 
be away from areas where a long fetch can allow buildup 
of surface swells during storms. The presence of natural 
populations of thriving tridacnids in the area is by far the 
best indicator of site suitability. However, strongly byssate 
species like Tridacna maxima and T. crocea often occur 
on seaward reef slopes in high energy surf zones, and 
these are obviously not appropriate sites for mariculture. 

On atolls, sandy subtidal areas behind barrier reefs 
and leeward sections of lagoon fringing reefs should be 
appropriate for raising giant clams. On high islands with 
only fringing reefs, sandy or rubble-strewn areas with 
appropriate water depth, temperature and salinity should 
he suitable if sufficiently calm. Seasonal changes should 
be borne in mind and local advice sought under all 
circu'Tlstances. If any doubt exists about the potential 
suitability of a site, an assay should be conducted with a 
small sample of juvenile clams before large numbers are 
put at risk. 

It is worth emphasizing here that the type of subtidal 
habitat recommended by Doty (1983) for farming the red 
seaweed Eucheuma seems exceptionally well suited for 
cultivating tridacnid clams. One may readily envision the 
advantages of Eucheuma-tridacnid polyculture system in 
which the benefits and costs of reef tenure and farm 
surveillance are shared. The species are complementary 
too: Eucheuma is a fast growing cash crop requiring 
considerable inputs of time and labor, while giant clams 
are a relatively slow maturing food crop which demand 
little care, especially in the grow-out phase. 

The nursery trays with attached lids are placed on the 
bottom at the selected site in rows of 10, with 10 rows 
making a "cell" of 100 cages. A nursery may contain any 
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number of cells; the MMDC facility in Palau presently 
contains 20 cells. The rows should be at least 50 cm apart 
and the cages, about 20 cm apart within the rows. 
Deployment is best accomplished by two divers from a 
boat or from shore with scuba being optional depending on 
depth. As soon as the cages have been arranged on the 
bottom, about 4 kg of basalt chips or coral rubble are 
added in a uniform layer to each tray, being poured from a 
bucket directly through the mesh lid. The chips provide 
ballast and prevent displacement of the cages under all but 
extreme conditions. 

Planting, Transplanting and Pest Control 

When deployment of t\le cages has been completed, 
clams are placed inside the densities shown in Table 2. It 
is generally not desirable to plant clams less than 2-3 cm 
in length because these may be subject to smothering by 
sediment or to attack by small crushing predators which 
enter through the polyethylene mesh. 

Following stocking of the trays, routine maintenance 
consists of pest control, monitoring of growth and 
survival, and transplanting. If the predatory gastropod 
Cymatium muricinum appears, each nursery tray should be 
checked twice weekly and any snails and/or dead clams 
removed (Perron et al. 1985). As a rule of thumb (referring 
specifically to Tridacna derasa and 60 cm trays) the clams 
should be transplanted at intervals of 5-6 months and 
thinned to half their former density (see Table 2). The 
transplants afford the most convenient opportunity to 
assess growth and survival. 

When the cages in a cell have been left temporarily 
empty, such as after a transplant, it is beneficial to prop 
open the mesh lids for period of a week or so. This allows 
predators like wrasses, goatfish, triggerfish and emperors 
to browse through the basalt chips, consuming any snails 
or other potential pests before the next cohort of clam seed 
is planted. 

Outplanting 

By the time T. derasa juveniles reach 10-15 cm 
(about 24-30 months on aveq1ge) they are entering the 
male phase of sexual maturity and have attained relative 
immunity from common fish and crustacean predators. 
The clams may now be removed from the nursery cages 
and released unprotected on sandy or coral rubble 
substrates with a high probability of future survival 
(Heslinga et al. 1984). This is not to say that they may be 
completely ignored, however, as some episodic molluscan 
predators are capable of killing clams larger than 15 cm. 
At the MMDC clam nursery these predators are 

sufficiently rare that manual removal is an effective 
control measure. 

The large muricid snail Chicoreus ramosus kills 
tridacnids up to 30-cm long by inserting its proboscis into 
the byssal opening (Heslinga et al. 1984). Because C. 
ramosus is conspicuous and slow moving, it is easily 
spotted during routine checks and can be removed from 
the nursery before doing much damage. 

Large octupuses appear infrequently in the MMDC 
nursery, but are quite capable of killing clams in the 15-20 
cm tange. These predators attack by pulling the valves 
directly apart, leaving the hinge dislocated and the 
ligament partially or completely tom. A keen observer can 
sometimes follow a trail of recently discarded shells 
directly to the offending octopus, which should be 
speared. Large triggerfish which are also potential pests 
are likewise controlled by spearing. 

The MMDC Five-Year Production Plan 

An examination of current scientific and popular 
literature on tridacnid mariculture reveals widely disparate 
estimates regarding the production potential of hatcheries 
and ocean-based farms. While all of these projections are 
well-intended and arguably plausible, some are 
undoubtedly overoptimistic. Common sense suggests that 
conservatism should be the rule at this early stage. 
Moreover, it would be a service to those involved in 
research and development if the leading hatcheries provide 
timely, publicly accessible production reports. 

The MMDC giant clam mariculture facility presently 
has 3 full-time staff, 6 larval tanks of 12-t capacity and 
2,000 culture cages on a subtidal nursery of about 1 ha. 
Our near-term hatchery production quota is 100,000 
Tridacna derasa seed per year, of mean size 10 mm at five 
months of age. The slower growing 50% of our annual 
seed production is discarded. Juveniles in the ocean 
nursery are transplanted and "spljt" to half their previous 
density every 5-6 months, and finally outplanted on the 
ocean floor at the age of 24-30 months depending on size. 
B.ased on available data, of the 50,000 juveniles planted 
annually, about 20,000 (40%) can be expected to survive 
to maturity and harvest at age six years postfertilization. 
The landed (in-shell) weight of 20,000 six-year old 
T.derasa is roughly 100 t, of which 75 tis dry shell, 1.6 t 
is adductor muscle and 10.7 t is other meat (Heslinga and 
Watson 1985). Based on present clam inventory (about 30 
t not counting specimens previously sold or given to othtfr 
groups) and assuming no change in size of hatchery or 
staff, we expect to harvest 10 t of clams in 1989; 50 tin 
1990; 100 tin 1991 and lOQ teach year thereafter. It can 
be readily seen that while we expect to produce 
considerable quantities of shell, our impact on the world 
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market for tridacnid adductor muscle, at least in the next 
five years, will be minimal. Nevertheless, a production 
goal of 100 t/year is biologically challenging, 
commercially meaningful and logistically feasible for a 
small facility like the MMDC. The technology developed 
and experience gained from managing a program of this 
scale ought to be of regional interest and value. 

In addition to producing commercial quantities of 
giant clam meat and shell, MMDC remains committed to 
its original objectives of using low technology methods 
wherever possible and making mariculture technology and 
training freely accessible to government and industry 
representatives throughout the Pacific Basin. 
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T•ble 1. Cost summery of m•t1ri1ls 1nd lebor required for the production of one gi1nt elem nursery 
c1g1, besed on lots of 1,000. (CIF Koror, P11lau; In US$; 1984). 

Tr1y 

Lid 

Component 

Flbergl1ss met (1 m2 ) 
Polyester resin (1 liter) 
MEK peroxide catalyst (4 cc) 
Mold and dowels 
Mold liner 
Aluminum legs 
Mlscelleneous (brush, gloves, w1.1x, 

lec1tone, tools, etc.) 
81S1it gr1v1i chips 

Poiyethyi1ne mMh (1 m2 ) 
Monofilament lln1; brass wire 

W1st1 f1ctor (5" of m1terials cost) 

Labor 

Toti! (miterl•ls plus l1bor) 

$ 1.60 
2.26 
0.04 
0.21 
0.09 
0.02 

0.36 
0.17 

4.60 
0.10 

Cost 

4.63 

4.70 

0.47 

1.00 

$ 10.80 

Tebie 2. Cultur1 ph1S1' 1.1nd suggested m1n1gem1nt protocol for ennual production of 100 t of Tri· 
dacn• dat9sa. 

Clem Size It stert Proj1cted 
Culture 11111 of phase No. tt sttrt Density selection to 
phese (months) lcml of phase (No, par tr1y) next ph1se 

Lftrval 0·6 0.01 > 10,000,000 <1.0" 
Juv1nlle 6·8 1.0 100,000 200 60" 
Nursery 1 8-13 2·3 60,000 !Pl 100 76% 
Nur11ry2 13·18 6·6 37,500 !Tl 60 76" 
Nursery 3 18·24 l+l 7·8 28,126 !Tl 26, 76" 
Grow-out 24 l+l-72 10·12 21,093 IOI 96% 
H1rv1st 72 27.5 20,038 

P - Pi1nt; T- Trenspl1nt; 0- Outpl1nt. 





l 
L 
L 

L 

L 

L 

L 

Settlement and Growth of Oyster Spat in 
Trincomalee Bay, Sri Lanka 

W.M. INDRASENA 
T.B. WANNINAYAKE 

National Aquatic Resources Agency 
Crow Islands, Mattakkuliya 

Colombo 15 
Sri Lanka 

INDRASENA, W.M. and T.B. W ANNINAYAKE. 1986. Settlement and 
growth of oyster spat in Trincomalee Bay, Sri Lanka, p. 59-62. In 
J.L. Maclean, L.B. Dizon and L. V. Hosillos (eds.) The First Asian 
Fisheries Forum. Asian Fisheries Society, Manila, Philippines. 

Abstract 

Oyster spat were collected from deep waters using floating rafts 
while stakes, racks and bamboo splits were used in the intertidal waters. 
Strings of asbestos plates were used as standard collectors with different 
space intervals for different sites. All organisms that settled on each 
collector were counted and a new string was introduced fortnightly. 
Growth of Crassostrea madrasensis and Crassostrea belcheri on plates 
and necessary hydrobiological parameters were monitored. Oysters 
spawned throughout the year with two peaks in November-January and 
June-August. The maximum mean number of spat on plates was 
17.23/cm2 and 5/cm2 on stakes. A considerable amount of spat could be 
collected throughout the year from some locations. More spat settled on 
the under rather than the upper side of the plates. There were 
considerably.more spat on the rough surface'of bamboo splits than on the 
smooth surface, and the muimum collection could be obtained from 
submerged splits. Settlement of barnacles was considerable in some 
locations. C. madrasensis attained 80 mm after six months. 

Introduction 

Bivalve resources are considerable in the coastal 
waters of Sri Lanka, and many fishing families involved in 
deep-sea fishery tum to bivalve fishery when the sea is 
rough during the monsoon period. These protein-rich 
organisms are salted, dried and occasionally sold in some 
areas where they are plenty. An export market system for 
some bivalves in some areas of the country has just 
started. However, bivalve culture is still at the 
experimental stage in Sri Lanka where aquaculture plays 
an important role in fish production. Experiments on 
oyster, Crassostrea madrasensis, culture have proved the 
possibility of culturing these organisms successfully in 
waters with salinities of 10 to 50 ppt (Indrasena 1985). 
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With the introduction of its culture in 1982, this oyster has 
become popular among people around culture areas. 

Setting behavior, mode and time of settlement, as 
well as types of economically,feasible collectors should be 
considered in commercial-scale oyster culture in addition 
to studying growth. This paper contributes some 
information on the availability and setting behavior of 
oysters in Trincomalee Bay with records on the growth of 
C. madrasensis and Crassostrea belcheri among eight 
other edible oyster types which are being identified. 

Materials and Methods 

Oyster spat were collected from nine sites in 
Trincomalee Bay, northeastern Sri Lanka, using floating 
rafts (4 x 4 m) in deep waters and racks, stakes and sticks 
in intertidal areas (Fig. 1). 

Strings of asbestos plates (10 x 10 cm) were used as 
standard spat collectors and the plates were arranged with 
1-m space between plates. For the collectors used in 
intertidal waters the space interval was 20 cm. During the 
setting season, the number of plates in each string of rafts 
was increased to 10 at 20-cm intervals; similar size rubber 
plates were used in the Clappenburg Bay for comparison. 
The total number of oyster spat settled on each plate was 
counted after two weeks. The collectors were replaced by 
a new string leaving the old string for spat to grow. The 
procedure continued from February 1984 to August 1985. 

Asbestos plates were used in racks and bamboo splits 
(60 x 4 cm) were driven into mud as sticks to collect 
oyster spat from the intertidal region of the bay. Bamboo 
splits were arranged as three groups to cover the intertidal 
zone of the Mangrove Island, Snug Cove and Railway 
Cove (Fig. 1). 

Just after the settlement of oyster spat two strings 
were selected from each site for growth studies. The 
number of spat on each side of the plate was limited to 5-
10 by thinning. Total length and width of eacJi oyster were 
then measured once each month and the plates were 
cleaned fortnightly to prevent interference in the growth of 
oysters by fouling organisms and new oyster spat. Specific 
growth of Crassostrea madrasensis and Crassostrea 
belcheri was calculated using the following formula: 

G= 
(loge L2 - loge L1 ) 

(T2 -T1) 
x 100 (Chatterji 1984) 
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where Li, L2 are lengths (cm) and Ti, T2 are time at 
the beginning and end of the experiment, respectively. 

Results 

Figs. 2-5 show the seasonal fluctuation of the amount 
of oyster spat settled in six different localities of the deep 
waters and . in three different intertidal areas of the 
Trincomalee Bay. 

Salinity, temperature and turbidity were measured 
and plankton samples were collected using a net with the 
mesh size of 55µm. As it was difficult to identify larvae of 
different oyster species and other bivalves, they were 
recorded as total bivalves per liter. 

There was a significant relationship between the 
depth and number of spat at 5% level of significance. The 
spat of C. madrasensis and C. belcheri settled on surface 
layers in high densities. Almost all oyster spat that settled 
below 3 m depth were Lopha sp., Plicatula sp. and 
Saccostrea sp. A considerable amount of oyster spat was 
found on rubber plates during the peak season but this 
collection was very low compared to the settlement on 
asbestos plates. 

At three sites (Mangrove Island, Railway Cove and 
Snug Cove) there was moderate settlement of spat on 60-
cm bamboo splits. Settlement on the rough side (mean no. 
spat= i5.9/split) was significantly higher at the 5% lev~l 
than on the smooth side (mean no. spat = 3.5/split). The 
sticks placed near the high tide mark showed little 
settlement. Those placed with their tops 20-cm above the 
low tide mark received most spat and the lowest 20 cm of 
the splits always received significantly more spat than the 
highest 20 cm. 

Fig. 6a shows the growth increment and growth of C. 
belcheri grown on asbestos plates in Clappenburg Bay. 
Fig. 6b shows the same for C. madrasensis grown on 
plates in the Mangrove Island. C. belcheri grown on plates 
in Clappenburg Bay with the density of 8-10 oysters per 
plate showed an average length of 60 mm in one year. C. 
madrasensis grown on plates in Cod Bay with 
approximately the same density gave an average length of 
70 mm. However, some individuals of C. belcheri reached 
90 mm in one year; C, madrasensis reached 88 mm. 

Fig. 6 shows the gradual decline in grpwth of C. 
madrasensis and C. belcheri with time and mortality. They 
grow rapidly with an average increase of 1.0 cm/month 
during first two months followed by a gradual decline. 

Discussion 

Oyster spat spawned throughout the year with at least 
two peaks in June-August and October-January. 

Comparatively poor collection in some sites may be due to 
the speed and direction of current, as at Nadithivu Island, 
or turbidity, as at Yard Cove. 

Nicholson Cove recorded the highest collection 
{i,920 per plate) throughout the year. An extrapolated spat 
yield of i5.4 million could be expected from this site 
during the peak by the raft of 4 x 4 m with 20 plates in a 
string of iO-cm space interval and 40 cm between strings. 
The highest collection of C. madrasensis was from 
Mangrove Island and Clappenburg Bay. C. madrasensis 
and C. belcheri settled only in the peak season whereas 
Saccostrea sp., Lopha sp. and Plicatula sp. settled 
throughout the year at varying densities. 

Significantly low collection of oyster spat on rubber 
plates compared to asbestos plates and bamboo splits 
indicate preference for rough and hard surfaces. 
Significantly higher collection of spat on the under side of 
the collector may be due to light avoidance and silt on the 
upper surface. 

Salinity also played a vital role in the spawning of 
oysters, whereas temperature and turbidity were not 
significant. 

Temperature generally remains above the critical 
levels in tropical waters and spawning is not directly 
related to temperature variations. Rapid changes in salinity 
are known to stimulate spawning activity of tropical 
marine invertebrates (Hornell i910; Panikkar and Aiyar 
i939). Rao (i95i) suggested that the optimum salinity for 
spawning in C. madrasensis was 22 ppt; Joseph and 
Madhyastha (i984) observed 100% spawning at 32 ppt. In 
this study the peak settlement occurred one month after 
high salinity of 35-38 ppt. Salinity drifts, temperature and 
pH variations play a regulatory role in spawning 
periodicities, both directly and through the influence they 
exert on the biological community (Joseph god 
Madhyastha 1984). 

Some individuals of C. madrasensis and C. belcheri 
on plates attained a length of 88 mm and 90 mm, 
respectively, at low densities. The growth rate of both 
species declined rapidly after nine months and was almost 
static or very slow after that. However, further· studies on 
the density effect of oysters is necessary in order to 
determine the optimum number of spat to be left on plates 
for a commercial oyster culture. 
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Abstract 

Experimental data on mean weights of milkfish (Chanos chanos) 
taken at inteivals during its culture from fry to fingerlings and from 
fmgerlings to marketable juveniles in several yield experiments using 
organic and inorganic fertilizers at the Brackishwater Aquaculture 
Center, College of Fisheries, University of the Philippines of the Visayas 
in Leganes, Iloilo, revehl that absolute growth rate, a regression of mean 
weights to time, varies with pond carrying capacity and fish population 
density. Pond carrying capacity in this study was influenced by the type 
and quantity of natural food organisms (Plankton and lab/ab or benthic 
organisms) in the ponds. 

Jn nursery ponds fry were grown to fmgerlings with an absolute 
growth CllIVe that was exponential at stock density of 16,000/ha with 
lab/ab as food. At a higher stock density of 29,000/ha, fry growth was 
linear and .slower. 

Absolute growth of milkfish in rearing ponds from fmgerlings to 
juveniles varied from power function, linear to log regression cuive, 
depending on natural food biomass in the pond and fish stock density. At 
higher stock densities of 3,000-5,000{m2, the absolute growth CllIVe 
could be linear or log regression, indicating slower growth compared to 
steeper linear growth at lower stock density of 2,000{m2. Better growth 
of milkfish was produced by lab/ab as food compared to plankton as 
evidenced by slightly steeper regression slopes of the growth cUIVe in 
lab/ab ponds. 
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Introduction 

Fish growth rate has been shown by many to be a 
logistic curve or sigmoid curve for both the individual 
organism or the population (Weatherly 1972). While the 
growth curve in natural populations follows the sigmoidal 
curve due to indeterminate growth of fishes, in fishponds 
where the food biomass and stock density are controlled 
by fish farmers growth shows a different pauern. 

Schuster (1952, 1960), Rabanal et al. (1953), Juliano 
et al. (1970) and Grover and Juliano (1976) made 
preliminary studies on the growth rate of milkfish (Chanos 
chanos) in freshwater and brackishwater ponds, including 
its length-weight relationship. Grover and Juliano (1976) 
indicated that based on this relationship, fish are more 
robust when the regression coefficient is higher than 3.0 
with lablab as food. Fish are heavier in the warm months 
of March to August than in the colder months of 
September to February. Juliano et al. (1970) showed a 
more or less linear growth rate of milkfish fingerlings to 
juveniles in freshwater ponds which was slower than in 
commercial brackishwater ponds. Schuster (1952) 
indicated that if stocking rate of fry is reduced to 1/m2, 
slow, then accelerated, absolute growth to 30 g can be 
attained. Control of absolute growth rate can be practiced 
by fish farmers, either to accelerate or decelerate, by 
manipulating stock density or the quantity and quality of 
fish food (Juliano 1985). 

This study was made to determine further the 
absolute growth curve pattern of milkfish in brackishwater 
ponds in relation to stock density, type of food (plankton 
and lablab or benthic organisms) and culture period in 
relation to temperature. The experimental data from yield 
experiments of the Brackishwater Aquaculture Center, 
College of Fisheries, University of the Philippines in the 
Visayas in Leganes, Iloilo, using combined organic and 
inorganic fertilizers to grow fry to fingerlings, and 
fingerlings to market-size juveniles are used in this paper. 

Materials and Methods 

The growth data available at the Brackishwater 
Aquaculture Center (BAC) were mean weights from 
different experiments, sorted and segregated in accordance 
with ecological conditions, fish food biomass growth, 
stock densities and fertilizers used. All absolute growth 
curve computations and plots as mean weights in grams in 
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relation to time in days (corrected age in days) were done 
by Apple Ile microcomputers. There were no significant 
differences in fertilizer (chicken manure and commercial 
16-20-0 and 18-46-0) dosage and type. The experiments 
were all conducted during the colder months of the year 
except for one experiment that ran through the warm 
months of March to May. 

Five regression analyses, sigmoiruu, linear, 
exponential, power curve and log regression on mean 
weight increments in relation to time. with the best fit and 
statistical estimate, are used in this paper. 

. Results and Discussion 

Growth rates of fry to fingerlings in plankton pond 
and lablab (benthic organisms) ponds at two stocking 
densities of 16,000 and 29,000/ha based on data with the 
best fit are presented in Table 1. With lablab as natural 
food at a stocking rate of 16,000/ha (1.6/m2), the fry to 
fingerling growth curve was exponential. The confidence 
limits of the growth curves are acceptable for the three 
replicates. In 23 culture.days, the fry grew to 7.1 gm. With 
such low stocking density, the exponential growth curve 
was expected. At a higher stocking density of 29 ,000/ha 
(2.9/m2), with lablab also as food, growth was. linear and 
slower. The third replicate, however, showed an 
exponential curve which means that the pond had probably 
more food available than the other two replicates. 

Only one ·pond with plankton as food. for fry to 
fingerling had data on absolute growth rate and the growth 
curve was a power function (an exponential type of 
growth). However, the linear regression line fits just as 
well as the power function with the same confidence limit. 

With lablab as food, the pond with the lower 
stocking density of l.6/m2, had fry with· exponential 
growth, growing to 7.1 g in 33 days, while in the pond 
stocked at 2.9fm2, fry had linear growth to only 1.7 g in 
about 42 days. 

At a stocking density of 2.9fm2, milkfish fry seemed 
to grow slightly better with lablab as food rather than 
plankton. Statistically, however, the difference in the 
slopes of linear regressions (Table 1) was not significant. 

The absolute growth rate data as analyzed by 
regression analyses showed variations even within 
treatments and between treatments (Table 2). These 
variations reflect certain factors influencing growth rates 
in milkfish from fingerlings to juveniles. It appears that, 
basically, stocking density and type of natural food have 
direct eff~cts on milkfish growth. The milkfish growth · 
curves in the newly-constructed Brackishwater 
Aquaculture Center (BAC) ponds are probably not as good 
as in many commercial fish farms as they sit on acid 
sulfate soil and in spite of liming before the experiments 

the effects of the fertilizers on primary production 
(whether lablab or plankton) were minimal. However, the 
trends indicated by the results of the regression analyses 
show certain significant aspects. 

At stocking densities of 2,000 and 3,000/ha in lablab 
ponds, the fingerling growth rate was either linear or a 
power function (Table 2). At the higher stocking density 
of 4,800/ha, the growth curve was a log regression, 
meaning the growth at the start was fast and slowed down. 
The lowest stock density of 2,000/ha resulted in the 
biggest fish at the end of 132 days but the 3,000/ha density 
resulted in smaller fish than those in the 4,800/ha. 

The growth data of milkfish from fingerlings to 
juveniles in deepwater plankton ponds were not consistent. 
At the lowest stocking rate of 3,000/ha, the growth curves 
varied from linear, log regression to power function, This 
indicates that the conditions in the ponds were not quite 
similar even between replicates within the same treatment. 
The predominance of the log regression growth curves in 
the series of deepwater plankton ponds at 3,000/ha 
indicates that the fish had reached the carrying capacity at 
the early stage of the culture period. It also means that the 
productivity of the ponds was quite low due to acidic soil. 

At higher stocking densities of 5,000/ha and 8,125/ha 
which were carried out in privately-owned commercial 
ponds, the growth curves were power functions and linear, 
respectively. The ponds had high productivity to support a 
denser population than the BAC ponds. However, at a 
stocking rate of 7 ,800/ha in one commercial pond, the 
growth curve was log regression and the fish growth was 
depressed at a certain point. The variable and erratic 
results of the growth rates show that fish farms have 
different production capacities, even if located in the same 
place. 

Table 2 shows growth in shallow-water plankton 
ponds of fingerlings to market-sized juveniles. At 5,000 to 
8,000/ha, the fish growth showed a log regression curve, 
indicating regressive or retarded growth of the fingerlings 
during culture due to crowding. At one pond where only a 
52.9% survival was obtained, a power function growth 
curve resulted, with a b value (slope) similar 10 those of 
the same stocking rate in lablab and deepwater ponds. At 
stock densities, however, of 5,000 to 8,000/ha, the b value 
of the growth curve (log regression) was much smaller 
than in the lablab and deepwater plankton ponds. 

It seems that the carrying capacity of deepwater 
plankton ponds and lablab ponds are quite similaf. 
However, the carrying capacity of shallow-water plankton 
ponds may be lower. The ideal stocking density in the 
latter may 'be 3,000/ha where a linear or exponentifll 
growth of milkfish fingerlings may be obtained. While this 
is probably true of the acidic soil condition of the new 
BAC fishpond system, much older ponds of commercial 
fish farms, where soil acidity has been rinsed away, may 
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have a higher carrying capacity making possible higher 
stocking densities to attain desirable growth curves. 

Only one experiment was in a cold culture period, 
from November to May. The regression analysis showed 
that the growth curve is a power function, slow at the start 
and increasing exponentially later. There is indication that 
lower temperatur~ in "winter", (about 250C) may have 
influenced fish growth because of lower metabolism and 
natural food production in the pond. Plankton production 
could have been lowered also by shorter daylight during 
the cold months because less solar radiation could enhance 
photosynthesis of the plant components of the plankton 
population. Villaluz and Unggui (1983) reported that 
milkfish fry had the lowest growth at a mean of 20oc 
while fastest growth was at 29.SOC. 

In the experiment described above, the fish reached 
an average size of 370 gin 190 days. In the first 100 days 
of culture through the colder months, the fish grew from 
5.86 g to about 110 g but in the next 90 days of warmer 
months, there was a net gain of about 260 g. 
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Table 1. Absolute growth curves of milkfish fry grown to fingerlings in brackishwater ponds. 

Stocking Culture Max. 
density Growth R2 F b a days mn.wt. 

Plankton pond 

29,000/ha power 0.947 90.2 1.540 0.004 46 1.53 

Lab/ab ponds 

16,000/ha exponential 0.966 112.0 0.253 0.003 33 7.1 
16,000/ha exponential 0.981 260.1 0.246 0.003 33 7.1 
16,000/ha exponential 0.972 140.0 0.253 0.003 33 7.1 
29,000/ha linear 0.923 48.0 0.055 -0.273 38 1.83 
29,000/ha linear 0,935 71.7 0.044 -0.182 46 1.69 
29,000/ha exponential 0.961 99.0 0.191 0.002 38 2.45 
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Table 2. Absolute growth curves of milkfish fingerlings grown to juvenile in brackishwater ponds. 

Stocking Max. 
density Growth R2 F b a Days mn.wt. 

Lab/ab ponds 

2,000/ha linear 0.987 446.8 2.523 -129.539 132 207.1 
2,000/ha linear 0.950 115.2 2.476 -130.119 132 181.8 
3,000/ha linear 0.973 143.6 0.948 -47.122 153 90.6 
3,000/ha power 0.889 255.6 2.777 o.o 215 118.67 
4,800/ha log reg. 0.917 33.0 151.094 -590.669 136 130.4 
4,800/ha log reg, 0.922 35.7 142.452 -555.941 136 129.4 

Deepwater plankton ponds 

3,000/ha power 0.981 258.8 1.979 0.003 193 94.6 
3,000/ha linear 0.976 200.6 1.112 -54.441 193 147.9 
3,000/ha linear 0.970 159.9 1.196 -62.267 193 151.6 
3,000/ha log reg. 0.982 167.3 72.162 -280.712 123 65.8 
3,000/ha log reg. 0.986 214.3 76.938 296.375 123 73.0 
3,000/ha linear 0.989 266.7 1.687 -87.437 123 120.0 
3,000/ha log reg. 0.969 62.8 208.732 -843.471 152 190.7 
3,000/ha log reg. 0.997 573.7 182.214 -741.256 152 178.4 
3,000/ha log reg. 0.945 187.4 86.188 -330.188 212 125.67 

*5,000/ha power 0.993 999.9 2.712 0.0 242 370.0 
7,800/ha log reg. 0.922 58.8 153.967 -618.513 221 242.0 
8, 125/ha linear 0.991 458.2 1.227 -58.387 160 133.0 

Shallow-water plankton ponds 

5,000/ha log reg. 0.883 15.0 57.716 -209.982 139 67.5 
~ 

5,000/ha linear 0.967 59.5 0.976 -35.236 139 101.2 
5,270/ha (90%) log reg, 0.972 246.7 81.942 -319.757 171 100.0 
5,270/ha (52.9%) power 0.937 104.5 181.64 -737.602 171 206 
8,000/ha log reg. 0.991 15.0 52.820 -192.221 139 67.5 
8,000/ha log reg, 0.919 229.8 37.369 -125.366 139 56.3 

*Cultured November to May, passing through the cold months of December through February. 

-
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Abstract 

Seabass, Lates calcarifer (Bloch), is an important aquaculture 
species in many Southeast Asian countries. The fish has been 
successfully spawned by honnonal manipulation since 1973. To 
minimize the use of expensive honnones as well as stress on the fish 
through handling and honnonal injections, environmental manipulation, 
mainly through control of salinity and temperature to induce spawning in 
captivity, was used. With this method, some 50-100 million fiy and 
fingerlings were produced per year continuously at the Satul Fisheries 
Station in Satul, Thailand. This report describes the methodology of 
environmental manipulation, prespawning behavior, larval rearing 
techniques and monthly production of seabass. 

Introduction 

Seabass, Lates calcarifer (Bloch), has been 
commercially cultivated in brackishwater ponds and 
marine cages in Thailand, Malaysia, Taiwan, Singapore, 
Indonesia and Hongkong. As seabass is carnivorous, its 
cultivation is dependent upon adequate supply of trashfish 
and compound feeds. The seabass is a relatively highly 
priced and widely accepted species and therefore has 
become a very attractive commodity for both large- and 
small-scale fish culture enterprises. 
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The seed used for culture are usually obtained from 
the wild. The availability of fry from natural collecting 
grounds, however, fluctuates widely from year to year, 
making its supply very erratic and inconsistent. To ensure 
regular and adequate supply of seed for culture activities, 
efforts have been made by many researchers in Southeast 
Asian countries to reproduce them under controlled 
conditions. Artificial propagation of seabass was first 
achieved in Thailand in 1971 by stripping the ripe 
spawners collected from natural spawning grounds. In 
1973, Wongsomnuk and Maneewong (1974) successfully 
induced cultured broodstock to spawn in captivity by 
hormone stimulation. However, with this method, 
handling causes stress in the fish, resulting in broodstock 
mortality. 

Years of experience in seabass fishing have taught 
the Thai fishermen that the spawning season of seabass on 
the west cost of Thailand facing the Indian Ocean occurs 
during the southwest monsoon season (April-August) 
when there is slight rainfall. This is confirmed by the 
availability of 1-cm long fry in collecting grounds from 
May to August (Bhatia and Kungvankij 1971). Prior to the 
spawning season, the spawners migrate to the mouth of 
rivers or lakes where the salinity is 30-32 ppt. The fish 
spawn between the onset of the new or full moon and for 
the succeeding seven days. Spawning occurs during the 
late evening (1800-2200 hr) at incoming tide (Kungvankij 
1981). 

This paper reports the experiments conducted at 
Satul Fisheries Station, Satul, Thailand, on the induction 
of seabass spawning by environmental manipulation to 
minimize the use of expensive hormones and stress on the 
fish through handling and hormone injection. The 
experiment used the above biological and ecological 
information obtained through field observations and data 
on the natural occurrences of fry. Environmental 
manipulation to stimulate the fish to spawn in captivity 
included: (1) changing the water salinity to simulate the 
condition for fish migration from lower to higher salinity; 
(2) decreasing the water temperature to simulate the drop 
in water temperature due to rainfall; (3) adding fresh 
seawater to the holding tank to simulate the rising tide; 
and (4) conducting these manipulations close to the new or 
full moon periods. 

This paper also presents the results of studies on the 
larval rearing and the mass production of fry and 
fingerlings of Lates calcarifer. 
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Materials and Methods 

Juvenile seabass were reared in cages to adult size 
(3-yr old, 4-5 kg). The history and physical condition of 
the broodfish were monitored. 

Broodfish were reared in floating cages (5 x 5 x 2 m) 
anchored at La ngu Bay, opposite Satul Fisheries $tation. 
The cages were made of polyethelene netting attached to 
galvanized iron pipe frames kept afloat by styrofoam 
drums. The mesh size of the net used varied depending on 
the size of fish: 1-2 cm mesh for juvenile and 4-8 cm for 
older fish. Juvenile fish (5-10 cm) were stocked in the 
cage at 50 fish/m3. The fish were graded monthly to select 
healthy and fast-growing fish for broodfish. One year-old 
fish (1.2 kg) and two year-old fish (2.5 kg) were stocked in 
these cages at 2 and 1/m3, respectively. After a culture 
period of about three years, 48 spawners were selecteq 
from the broodstock cages. The average weight of the fish 
was 4 kg. Two months before the .spawning season, the 
selected broodfish from the cages were transferred to the 
spawning tanks at 24 fish/tank. The sex ratio was 1: 1. The 
spawning facilities consisted of two 100-t rectangular 
concrete tanks (5 x 10 x 2 m), equipped with water inlet 
and outlet and an aeration system. Some shading with roof 
tiles was provided to protect the fish against strong 
sunshine and heavy rains. 

Immediately after stocking in the spawning tanks, the 
feeding rate was reduced from 5%/day to 1 %/day total 
body weight~ The feeds given were fresh marine fish such 
as Clupea spp . .,Selaroides spp. andNemipterus spp. 

The water quality in the spawning tanks was 
maintained by changing 50-60% of the tank water daily. 

The initial salinity of the water in the spawning tanks 
was 20-25 ppt. One week after stocking, 50-60% of the 
water was changed daily with fresh seawater until the 
salinity reached 30 or 32 ppt to simulate the natural 
conditions the fish encounter during migration from 
nursery to spawning ground. 

At the start of the new or full moon, the water in the 
spawning tanks was lowered to about 30 cm deep at noon 
and left exposed to the sun for two to three hours. The 
water temperature in the spawning tank would thus 
increase to 31-320C. New filtered seawater was rapidly 
added to the tank to simulate the condition of rising tide. 
This process drastically decreased the water temperature to 
27-280C. 

The fish spawned immediately the same night or the 
next after the environmental manipulation at 1800-2200 
hr. If no spawning occurred, the above manipulations were 
repeated for two to three more days. 

Fertilized eggs were collected from the spawning 
tanks with a fine mesh size dip net the morning after. 
spawning. During egg collection, planktonic organisms 
adhering to the eggs were removed by filtering the eggs 

repeatedly through a series of screens. Unfertilized eggs 
which settled at the bottom of the hatching container even 
under mild aeration were removed py siphoning. 

The eggs were then transferred either to hatching 
containers if the numbers were small or directly to nursery 
tanks if the number were large for mass production. The 
larvae were later transferred from the hatching containers 
to nursery tanks. Hatching containers consisted of cone-
shaped fiberglass tanks with a capacity of about 1,000 I. 
Water in these tanks was aerated by a lead-weighted 
air stone. 

Thirty outdoor rectangular concrete tanks (1.5 x 10 x 
1 m) each with 15 m3 were used for larval rearing. The 
tanks were protected from rain and strong sunshine by roof 
tiles. 

The usual density for newly-hatched larvae in the 
rearing tank was about 100 fry at yolk stage per liter. 

During the first three days after hatching, the larvae 
were not given any feed as they still fed on the yolk sac. 
However, single-celled algae (Chlorella spp. or 
Tetraselmis spp.) were added on the first day of rearing to 
maintain good water quality. 

Three days after the yolk had been fully absorbed 
and the mouth was fully developed, rotifers (Brachionus 
plicatilis) were introduced as feed. A density of 5-10 
rotifers/cm3 was maintained for about a week. 

The larval density was then reduced to about 40 
larvae/I by transferring some of the larvae to another 
nursery tank. The diet of the larvae then changed to brine 
shrimp (Artemia sp.) nauplii for about 10 days. Thereafter, 
bigger-sized artemia were fed to the fry for another 10 to 
20 days. When the fry attained 12-15 mm body length, 
(about 30 days old) they were given ground fish meat. 

Seabass is a carnivorous fish and cannibalism is 
distinctly. rampant from the time the larvae start to feed 
on artemia. Grading was done a week after the fish began 
to feed on artemia and every week thereafter. 

Grading trays used in the experiment were plastic 
basins with many holes bored through the bottom of size13 
mm to 10 mm for specific size of fish to pass through. 

The newly-hatched larvae were reared in filtered 
seawater with very mild aeration. Unfertilized eggs, feces 
and excess feed accumulating at the bottom of the tanks 
were siphoned out daily. At the stage when the fish were 
fed artemia, one third of rearing water was changed daily. 
When the larvae started eating minced fresh fish, running 
water was applied to avoid water quality problems. 

Results 

The fish reared in the net cages attained an average 
weight of 1.2 kg after one year, 2.5 kg after two years and 
3.5 kg at maturity after three years. 
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The fish spawned immediately the night after 
environmental manipulation (1800-2200 hr). In some 
cases, environmenal manipulation was repeated for one or 
two more days. After the first spawning, spontaneous 
spawning continued for three to five days without further 
manipulation. Two to three days before the new or full 
moon, there was an increase in prespawning play activity. 
The ripe male and female swam together more frequently 
near the water surface as spawning time approached. 
Spawning of the same fish was repeated on the same day 
of the full or new moon (or days thereafter) over the 
following 5-6 months (Table 1). The ranges of salinity and 
temperature in relation to spawning and hatching success 
of seabass are shown in Fig.2. 

Hatching rates obtained were 40%-85% (Table I). 
The survival rate varied from stage to stage, about 35% 
from yolksac fry to fry, about 60% from fry to 1-cm fish 
and 45% from 1-2.5 cm fingerlings. 

Table 1 shows that the first period where high 
mortality occurred was between days 3 and 5. The second 
period of high mortality was during early fingerling stage 
(days 25-30, 1 cm in length) when larval food was 
changed from live feed to trash fish. The overall survival 
rate from yolksac fry to 2.5 cm fingerlings was about 15 to 
20%. 

Seabass fry were separated into three categories 
according to the size requirements of the farmers (Table 
2). 

Out of 63 million yolksac fry produced by 24 pairs of 
spawners in two 100-m3 spawning tanks, only 34 million 
of different larval stages were distributed to the farmers 
and fisheries stations and for open water stocking. Of 
these, about 24 million were yolksac fry, 9 million fry, 
0.45 million 1-cm fingerlings and 0.6 million 2.5-cm 
fingerlings (Table 1). 

Discussion 

Ideally, spawners should be 4-5 kg in body weight 
and at least three years old. Males and females of about 
the same age group and size are preferred. About two 
months before spawning, broodfish reared in the cages are 
selected and transferred to spawning tanks. The ratio of 
male to female is 1:1. The spawners are selected according 
to the following criteria: (a) fish should be active; (b) fins 
and scales complete; (c) free from diseases and parasites; 
and (d) no injury or wounds. 

Seabass is one of the marine fishes difficult to sex by 
external characteristics, except during the spawning 
season. However, there are some distinguishable 
characteristics: (a) snout of male fish can be slightly 
curved while that of the female is straight; (b) the male is 
more slender, so that body depth of male is less than that 
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- -
of female; (c) females are heavier than males of the same 
size; (d) the scales near the cloaca of the male are thicker 
than those of the female during the spawning season; and 
(e) the abdomen of females is bulging. 

Constant monitoring of fish is required to detect 
prespawning activities. Two weeks to one month prior to 
spawning, the shoal of fish in the tank begin to swim to the 
surface and their silver belly can be seen as they begin 
their descent. They do so more often when they are ready 
to spawn. 

About one week prior to spawning, the female fish 
separates from the shoal and ceases feeding. As the female 
approaches spawning time, there are increases in play 
activities. 

Under confinement, competition among the 
individuals for feed and space occurs, resulting in uneven 
growth. If the stock is poorly managed, heavy mortalities 
will occur. This may be due to cannibalism or stress 
especially on the small or weaker fry. To avoid 
cannibalism, size grading should be done and graded fish 
reared separately. 

The other factor which causes high mortality is 
disease. The most common symptoms of disease in 
seabass fry are: (a) loss of appetite; (b) change of body 
color from gray to black; (c) loss of scales; and (d) white 
spot formation. 

Treatment should be done immediately after the 
appearance of these symptoms. Suitable treatments 
include immersion of the fty in water at reduced salinity of 
15 to 20 ppt with 20 ppm formalin for one to two hours 
and immersion of fry in 3 ppm oxytetracycline for 10 
hours. 

Both treatments should be done continuously for 
three to five days until the larvae regain their normal 
coloration and appetite. 
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Tebla 1. Hitching ind survival rate In e1ch stage, 

SurviVll rate Survival rite Survival rite 
Hatching of yolkflsh 1-om of fry 2.5-cm from 1 to 2.6-cm 

Eggs Yolksac fry rete Fry to fry st1ge fingerling to 1-cm fingerling ffngerllng 
Month (x 1031 (x 1031 (%1 (x 1031 (%1 (x 1031 (%1 (x 1031 (%1 

Apr II 5,200 4,200 80.7 2,100 55.5 250 83.3 151 65.3 
(1,0001 (1,8001 

M1y 5,120 4,710 75.9 650 45.5 125 53.0 41 33.0 
(3,2801 (4501 (21 

June 7,850 5,150 78.2 1,350 49.1 376 68.9 11 7.5 
(3,4001 (8051 12301 

July 12,690 10,000 70.4 2,340 39.0 940 48.5 100 11.2 
14,0001 14001 (501 

August 15,050 12,650 78.8 2,880 39.7 820 51.9 50 6.3 
15,4001 11,3001 (251 

September 2,110 (1,2001 50.9 

October 2,520 1,917 75.7 418 45.5 82 45.5 48.8 
(1,0001 (4001 

November 390 272 59.7 86 31.6 53 73.3 30 56.6 

December 1,700 1,215 71.5 402 33.1 21 53.7 13 14.5 

Jenuery 200 85 43.0 DISCARDED 

Februuy 1,438 1,140 79.3 415 30.2 152 70.5 74 48.5 
12001 

Much 3,770 2,950 78.5 1,295 43.7 92 57.2 59 54.1 
(1,1581 

Apr II 6,640 4,890 73.6 565 23.6 82 50.2 8 10.4 
12,5001 (4301 

Moy 1,400 11,950 85.4 3,160 31.7 480 42.8 11.3 
12,0001 12,0401 (41 

Notes: Figures In P1rentheses ue fish distributed to Institutions ind private hetcheries. SurvlVll rates 1rs b1Sed an the number of fish reued In the hetcherles after dlspo51I, 

0.40m 

Fig. 1. Grading vessels for seabass fry, 
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Table 2. Criteria for classification of seabass fry size group. 

Grade 

Yolksac fry 
Fry 
Fingerling 

.;-
g 
~ 
~ 

~ 

u ; 
~ 
d z 

" " 30 

" 21 
27 

" " 
" 21 
27 

" " 
" 

10 

Age Length Feed 
(days) (mm) preference 

1-2 1.8·2.5 Brachionus 
10-15 3.5·5.4 Artemia 
30-45 10·25 Adult Artemia 

trash fish 

Fig. 2. Salinity and temperature in relation to spawning and 
hatching of seabass. 
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Abstract 

An experiment was conducted to examine the chemical 
characteristics of and the effects of fertilization on water quality and 
biological productivity in fishponds built in the acid sulfate soil region of 
Thailand. The .acid soil acidified the overlying pond water rapidly to pH 
less than 4, but its acidification effect was reduced remalkably by 
repeated changing of the pond water with alkaline source water. Further 
improvement of the pond water was done by liming and enriching the 
ponds with inorganic and organic fertlizers. The pH in ponds receiving 
inorganic fertilizers (N 16P20Ko) fluctuated widely necessitating 
repeated liming. Production of food organisms (phyto- and zooplankton) 
was relatively poor. Fish yield (Oreochromis niloticus and Puntius 
gonionotus stocked at a density of 3 fishfm2) in five months was only 
426 kg/ha. In comparison, the pH in ponds fertilized with chicken 
manure stabilized in the alkaline range and fluctuated little after initial 
liming. Relatively high plankton productions were achieved and fish 
yield was 1,528 kg/ha. Methods for reclaiming the acid soils for 
productive fishponds are recommended. 

Introduction 

Acid sulfate soils cause the acidification of large 
areas of surface water in the tropical ecosystems 
(Brinkman 1982). The worldwide extent of acid sulfate 
soils is estimated to be 13 x 106 ha of which 778,000 ha 
are located in Thailand's central plain (Pons 1969). Those 
soils contain large concentrations of sulfate and pyrites, 
creating extremely acid soils and surface waters in the 
region (Attanandana et al. 1982). In addition, the acid 
waters also contain free aluminum ions which are highly 
toxic to fish and form precipitates with phosphates making 
the fertilizer unavailable to organisms in the environment. 
Consequently, the surface waters affected by the acid soils 
are biologically unproductive. The application of lime and 
fertilizers greatly increased fish productivity in acid ponds 
in Malaysia (Hickling 1968). 
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Reclamation and utilization of acid sulfate soils for 
aquaculture are well documented for the coastal regions in 
the Philippines where the potential soil acidity could be 
leached and removed by tidal flush (Brinkman and Singh 
1982; Singh 1985). However, in the flat terrafu of 
freshwater regions, as in Thailand's central plain, such 
natural mechanism does not occur. To achieve this 
artificially is technically difficult and expensive, and the 
leached effluent may cause damage to adjacent surface 
waters. 

This work reports the acidification of pond water 
caused by acid sulfate soils and the impact of inorganic 
fertilizers on plankton and fish production in those 
fishponds. · 

Materials and Methods 

The experiment was conducted at the Nong-Sua 
Fisheries Station located in the lower part of Thailand's 
central plain where severe acid sulfate soils prevail. To 
examine the depth of some acid-related chemical features, 
soil samples taken in a 1-m core with a soil auger were 
sectioned in 20-cm intervals from surface to bottom. Each 
section was analyzed for pH, active iron, extractable 
aluminum, calcium, sulfur, phosphorus, and % base 
saturation. The effectiveness of leaching and washing 
processess for removing acidity from soil was determined 
in a small-scale experiment. Six enamel-coated containers 
(each 100 cm long, 40 cm wide and 50 cm deep) were 
filled with 20 cm of bottom soil taken from a new pond. 
Upon drying the soil, the containers were filled with 
alkaline water (pH 7.3) to 30 cm above the soil surface. 
The pH changes of the overlying water in the containers 
were recorded daily for four consecutive days, then water 
was drained and soil dried. Again, the tanks were filled 
with new source water and the pH was monitored for 
another five days. 

A field experiment for determining the effect of 
inorganic and organic fertlizers was carried out in four 
800-m2 earthen ponds. Two received inorganic fertilizer 
(N16P2oKo) and the other two, organic fertilizer (chicken 
manure). ·The nutrient input ftom the inorganic and 
organic sources into each pond was calibrated at a rate of 8 
kg P205/ha/month. Bottom soil analysis showed that the 
initial quantity of lime applied to the bottom ranged from 
5,000 to 6,800 kg/ha. 
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Two species of herbivorous fish, Oreachromis 
niloticus and Puntius gonionotus, were stocked in the 
experimental ponds at 2/m2 and 1/m2, respectively. 
During the five-month grow-out period we collected 
weekly data on pH, alkalinity, dissolved oxygen and 
chlorophyll q. in the ponds. Fish growth was determined by 
monthly samples of 10% of the population, and 
zooplankton ~tanding crop was sampled monthly. 

Results and Discussion 

The depth profile of soil chemical characteristics 
showed decreased values of pH, calcium, base saturation 
and phosphorus as depth increased in the top 1-m soils. 
The opposite trend existed for iron, aluminum and sulfur 
with increased concentrations in deeper soil strata (Table 
1). Those data indicale that the potential acidity in the soil 
increases with depth in the acid sulfate soil, suggesting 
severer acid problems would be encountered with deeper 
excavation in pond construction. 

The results of the ~mall-scale experiment on 
acidification showed that the pH of alkaline water 
decreased rapidly from 7 .3 to .3.5 in 3-4 days, but the acid 
exported from the acid soil diminished greatly upon 
repeated water changes (Fig.1)~ The potential acid in the 
top soil could be reclaimed by repeated leaching aqd 
washing. However, mechanical pumping and draining of 
the pond is costly. Furthermore, the effluent from the 
leached acid water would cause damage to the organisms 
in the adjacent recipient wate~. 

The effects of inorganic and organic fertilizers on 
water quality and biological .productivity in the acid soil 
ponds were remarkably different. The pH and alkalinity in 
the ponds receiving chicken manure were considerably 
higher (Fig. 2). Fluctuations in pH and alkalinity were 
particularly pronounced in the rainy season during which 
the pH in the inorganic fertilized ponds dropped below' 6 
and additional timings were required to maintain the pH 
desired for fish growth. The application of organic 
fertilizer in the acid sulfate ponds may involve significant 
biochemical processes that stabilize the pH in the pond 
bottom. The continuous deposition and decomposition of 
organic matter at the pond bottom create low redox or 
anaerobic conditions in the surficial sediment and its 
interstitial waters. These biochemical processes can 
prevent oxidation and lock the reduced sulfur compounps 
in the sedin:)ents. Furthermore, the low redox conditions 
would enhance the nutrient release and recycle, as well as 
reduce sulfate to hjghly insoluble ferrous sulfides from the 
sediments. The aluminum toxicity to. fish, . while most 
potent in its inorganic forms, may be averted as the 
aluminum ions are complexed by the large amount of 
soluble organic compounds (Driscoll et al. 1980). The 

drastic pH decrease in pond water during the rainy period 
was primarily caused by the runoffs from the pond dikes 
(Simpson et al. 1983; Singh 1985). Prevention of acid 
leaching from dikes is difficult because its periodical 
episodes effectively oxidize pyride; limings are ineffective 
as lime is easily washed off by rains and a new layer of 
soil is exposed. 

As measured by chlorophyll a, phytoplankton 
production in the chicken-manured ponds ranged from 20 
to 120 mg/m3 compared to 5-30 mg/m3 in the 
inorganically fertilized ponds (Fig. 3). Pronounced 
differences in zooplankton (mainly protozoans and 
rotifers) also occurred between ponds receiving the two 
types of fertilizers (Fig. 4). 

Fertilizer effects on th~ fish production are presented 
in Table 2. Although the two species of.fish were stocked 
at similar sizes (0.26-0.37 g/fish), the survival rates were 
significantly higher for Puntius (97-100 %) than those for 
0. niloticus (60-82 %) in both types of ponds. 'W,hile the 
Puntius encountered little mortality, its final yields were 
only 92 and .234 kg/ha in inorganically fertilized and 
chicken-manured ponds, respectively; Tilapia yields were 
334 and 1,294 kg/ha, respectively. In the Philippines, 
maximum milkfish yield in reclaimed acid ponds was 550 
kg/ha in a three-month growing period (Singh 1985). 

Management Implications and Recommendations 

Depth profiles of acid related chemical features in 
the acid soil such as pH, aluminum, iron and sulfur 
indicate that digging should be avoided in pond 
construction. Instead dikes should be built on top of the 
original terrain with the top soil saved from digging 'the 
drainage canals. To reduce the amount of dike runoffs 
relative to the pond water volume, one should reduce the 
size of the dikes, increase the pond size and maintain high 
pond water level. The top surface of the dikes should be 
built in "V" shape with a central depression to collect 
excess rain water and empty it into the drainage canal. The 
ponds should be fertilized with animal manure t© enhance 
greatly the production of food organisms, as well as to 
improve water quality by stabilizing the pH. 
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Table 1. Depth profile of soil chemical characteristics at Nong-Sua Fisheries Station, Thailand central 
plain. 

Depth (cm) 
Parameter 0-20 20-40 40-60 60-80 80-100 

pH 4.0 3.7 3.5 3.4 3.2 
Active Fe (%) 0.7 0.7 3.0 3.4 2.9 
Extractable ~I (meq/100 g) 6.7 16.7 16.1 14.6 14.6 
Calcium(%) 0.27 0.11 0.09 0,09 0.09 
Sulfur(%) 0.49 0.17 0.43 0.66 0.78 
Phosphorus (ppm) 310 155 130 110 105 
Base saturation (%) 46 32 28 29 28 
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Fig. 1. Effects of acid sulfate soils on the alkaline pond water 
upon two successive water changes. 
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Fig. 2. Comparison of pH and alkalinity between inorganic and 
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Fig. 3. Comparison of phytoplankton production (chlorophyll a) 
between inorganic and organic fertilized ponds. 
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Abstract 

The National Bangus Breeding Program (NBBP) was 
implemented by the Bureau of Fisheries and Aquatic Resources in 1981 
in twelve stations throughout the Philippines. Milkfish or bangus, 
Chanos chanos, broodstock were one-year old juveniles either grown in 
ponds maintained by the project or purchased from cooperators. Some 
250 juveniles were stocked in each of the 10-m diameter circular floating 
cages. The fish were fed commercial formulated diets (fish pellets) with 
20% protein content at 1.5-2.0% of the body weight given twice daily 
until they were three years old. The broodstock were then given 
crustacean feed pellets with 42% protein level at 2-3% body weight also 
given twice daily. Representative sampled specimens were sacrificed 
once the broodstock reached their 4th year to monitor gonadal 
development and to determine gonadosomatic indices (GSI). Eady 
maturing fish were obtained in the samples in March and August 1985. 
Initial fecundity counts showed a range of 660,000-1,100,000 eggs per 
female. These results were obtained in the third and fourth years at 
Regions I (Alaminos, Pangasinan), ill (Masinloc, Zambales) and XI (~ta. 
Cruz, Davao del Sur) stations. Samples at the other stations indicated a 
preponderance of developing to early maturing gonads. 

Introduction 

Faced with the prospect of a limited fry supply, 
aquaculture researchers in the Philippines and in other 
countries have increased efforts at artificially propagating 
milkfish. These efforts resulted in successful induced 
spawning of wild adults (Kuo et al. 1979; Liao et al. 1979) 
and captive broodstock (Juario and Natividad 1980); Liao 
and Chen 1983) as well as development of larval rearing 
techniques that could yield survival rates of up to 70% 
(Vanstone et al. 1977; Juario et al. 1984). However, due to 

difficulties in obtaining wild spawners it became essential 
to establish and maintain captive broodstock. In the 
Philippines, milkfish breeding in captivity was pioneered 
by the Southeast Asian Fisheries Development Center, 
Aquaculture Department (SEAFDEC-AQD) and has 
resulted in the maturation, spawning and successive 
rematuration of second generation milkfish breeders 
(Anon. 1985). 

In other Southeast Asian countries, milkfish breeders 
were successfully made to spawn spontaneously, both 
naturally and by stimulation under captive conditions 
using as holding facilities either earthen ponds as in 
Taiwan (Kuo 1984; Lin 1985) or in canvas and concrete 
tanks as in Indonesia (Poernomo et al. 1985). These 
developments have assured the potential for increasing 
milkfish fry supply through controlled breeding. 

As an ongoing activity of the Philippine Bureau of 
Fisheries and Aquatic Resources (BFAR), the lead agency 
implementing this program, the National Bangus Breeding 
Program (NBBP), primarily draws on the milkfish 
breeding experience of SEAFDEC-AQD. Its aim is to 
verify on a national scale and in varied ecological 
conditions the successful research work of the latter on 
milkfish breeding conducted at its !gang Research Station. 

Materials and Methods 

Site survey was undertaken to identify sites suitable 
for milkfish maturation and breeding activities. The 
following criteria were considered: (a) protection from 
wind and wave action even ·under adverse weather; (b) 
good water circulation; (c) minimum water depth of 5 m at 
lowest low tide; (d) sandy-muddy substratum; (e) salinity 
range of 28-35 ppt; (f) water temperature range of 25-

, 34oC; (g) minimum water transparency of 3 m; and (h) a 
considerable thriving milkfish fry industry which would 
directly benefit from this project. 

75 

The milkfish broodstock were one-year old juveniles 
grown in ponds· maintained by the project or from six-
month to one-year old juveniles purchased from 
cooperating fishpond operators. 

The rearing ponds used in the project are similar in 
design and construction to ordinary brackishwater ponds 
used in milkfish culture. Each pond was 1 ha with a water 
depth of about 0.5 m and prepared following currently-
employed procedmes recommended by Lijauco et al. 
(1979). The stocking and rearing procedures varied 
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according to region/station. Stations with existing ponds 
either stocked them with fry collected from the wild or 
grew the fry in a cooperator's fish farm to juvenile size 
prior to rearing in their own grow-out ponds for one year. 
The stocks were made to depend solely on natural food 
during the first six months or until such time when lablab 
(complex mat of benthic organisms) and lumut 
(filamentous green algae) growth in the ponds can no 
longer sustain them. . Supplemental feeding with 
commercial formulated fish pellets (20% protein) at 1-2% 
body weight :was given twice daily. Growth rate of stock 
from fry stage to a desired culture size was monitored. 
Stocking density in the ponds also varied according to the 
initial age of stock, w~th an optimum density of at least 
1,000 juveniles averaging 250 g during the first year. 

The broodstocks were transferred to circular 
maturation. cage~ after six months to one year of pond 
rearing. The floating maturation cage is 10 m in diameter 
wi~ a depth of 3 m. Cage design and construction were 
based on Marte et al. (1984). Each .cage was stocked with 
250 yearlings. The fish were tfailsported to the cage site 
with the use of a netted fish Qarge with bamboo poles as 
floats or a modified boat-shaped fish cage made of 
brupboo towed slowly to the cage site, Oxygenated plastic 
bags and/or holding tanks made of canvas matenals 
supplied with aerators were also used. · .. 

The fish were initially fed with commercial pelleted 
feed (20% protein) at 1.5-2.0% weight until they were 
three years old after which ~ey were given commercial 
pelleted crustacean feed (42% protein) at 2-3% of the body 
weight. Feeding was done twice daily in the morning and 
afternoon by the broadcast method. When the stocks 
reached the fifth year, during which spawning was 
expected, the .feeding rate was increased to 5 % body 
weight (Marte et al., unpublished data). 

The cages were maintained regularly. This involved: 
(a) daily inspection to detect tears in the nettings and to 
remove debris and fouling organisms; (b) periodic rotation 
of cylindrical styrofoam floats . or replacement of 
rectangular wooden float boxes; (c) repainting of pipe 
frames with coal tar; and (d) changing of nets as often as 
needed to protect them from fouling organisms. Fouled 
nets were sundried, cleaned and repaired. T~e nets were 
not changed two or three months before each breeding 
season to avoid disturbance which may.inhibit maturation 
and spawning. 

The physicochemical parameters monitored during 
the program were temperature, salinity, water 
transparency, weather. and sea conditions. The pertiq.ent 
data were recorded daily. 

Length-weight measurements were taken through 
semi-annual samplings. A maximum of 10 fish/cage were 
retrieved by hook and line, then anaesthetized with 2-
(phenoxyl) ethanol. Gross morphometric measurements of 

body weight, total, fork, standard and pre-anal lengths, and 
body depth were taken. Selected representative samples 
were dissected quarterly starting in year 4 to determine 
gonadal development, gonadosomatic indices (GSI) and 
fecundity for females. Gonad samples which were in the 
advanced stages were sent to SEAFDEC-AQD for 
histological examination. 

Results and Discussion 

Twelve project sites were identified and selected in 
the different regions of the country. All stations 
established were maintained for five years with maturation 
cages as the main holding facility. The locations of these 
stations are shown in Fig. 1. Of the 12 sites, four were 
categorized as viable and ideal. with the broodstock 
attaining advanced gonadal stages. These stations are in 
Alaminos, Pangasinan (Region. I); Masinloc, Zambales 
(Region Ill); Calape, Bohol (Region vm; and Sta Cruz, 
Davao del Sur (Region XI). Three of the remaining sites 
were considered unsuitable because of extensive damage 
to cages caused by frequent typhoons which necessitated 
temporary suspension of the project. These stations are 
being considered for rehabilitation through relocation to 
sites more protected from typhoons and other adverse 
weather conditions. The other five stations are maintaining 
broodstocks which are less than four years old. 

Typic,al annual growth in an .ideal station was shown 
in cage i, Alaminos site (n = 10): 1981, 26.5 cm jntal 
length; 1982, 41.5 cm; 1983, 51.3 cm; 1984, 63.0 cm; and 
1985, 66.0 cm. 

Sexual maturation was observed fo most of the 
stocks. The maturation data for 1985 are summarized in 
Table 1. Females with , well-developed . ovaries were 
obtained in the later sampling~ one female showing 
apparently regressed gonads. Most of the males with 
matured gonads were running males. Immature and early 
maturing fish were obtained mostly in the March 
sampling. The pi;evalence of late maturing· to mature 
gonads in fish obtained from Regions I and XI in the 
August sampling indicates a possible spawning of the 
stocks in these stations by early 1986. Initial results of 
fecundity counts indicated a possibility of earlier 
maturation in the stocks of Region III, i.e., in about three 
yeats only. Fecundity was 660,000-1,100,000 eggs/female. 

Table 2· shows the ranges of the physicochemical 
parameters monitored in the sites. Very wide 'ranges for 
temperature, salinity and water transparency were 
observed The very low values reported for the three 
parameters were consistent and were observed on days 
with prolonged heavy rainfall. However, the possibility 
that significant errors may have been committed cannot be 
discounted as some of the instruments used were 
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unreliable. The effect of these parameters on the long-
range maturation of milkfish broodstock under different 
ecological conditions should therefore be studied further. 

The overall results indicate that milkfish maturation 
in the Philippines is viable and can be undertaken under 
different ecological conditions as provided by the different 
locations of the twelve project stations. However, more in-
depth study should be undertaken to develop: (1) more 
defined ecological requirements; (2) more cost-effective 
size and design of floating cages; (3) economics of 
production/milkfish maturation; and (4) in the eventual 
spawning of the stocks, a very efficient egg-collection 
method for open maturation systems such as floating 
cages. 

Acknowledgements 

The assistance of IDRC and the valuable help of Dr. J. Richard 
Arthur are hereby acknowledged. Thanks also go to Director Juanito B. 
Malig of the Bureau of Fisheries and Aquatic Resources, for the 
cooperation and support. For the overall program implementation, credit 
is due to the BFAR Regional Directors, the NBBP field personnel and the 
SEAFDEC-AQD counterparts of the project. 

References 

Anon. 1985. Rematured milkfish spawns. Asian Aquacult. 7(5):1-2. 
Juario, J.V. and M. Natividad. 1980. The induced spawning of captive 

milkfish. Asian Aquacult. 3:4-5. 
Juario, J.V., M.N. Ouray, V.M Ouray, J.F. Nacario and J.ME. 

Almendras. 1984. Induced breeding and laival rearing experiment 
with milkfish Chanos chanos (Forskal) in the Philippines. 
Aquaculture 36:61-70. 

Kuo, C.M. 1984. Natural spawning of captive milkfish in Taiwan. 
ICLARMNewsL 7(4):18-19. 

Kuo, C.M., C.E. Nash and W.O. Watanabe. 1979. Induced breeding 
experiment with milkfish Chanos chanos (Forskal) in Hawaii. 
Aquaculture 18:96-105. 

Liao, LC. and T.L Chen. 1983. A brief review of the studies on the 
gonadal development and induced breeding of reared milkfish in 
Taiwan. Abstract: Second International Milkfish Aquacullure 
Conference, 4-8 October 1983. Iloilo City, Philippines. 

Liao, I.C., J. V. Juario, S. Kumagai, H. Nakajima, M. Natividad and P. 
Buri. 1979. On the induced spawning and laival rearing of 
milkfish Chanos chanos (Forskal). Aquaculture 18:75-93. 

Lijauco, M., J.V. Juario, D. Baliao, E. Grino and G.F. Quinitio. 1979. 
Milkfish culture in brackishwater ponds. Ext. Man. Aquacult. Dep. 
Southeast Asian Fish. Dev. Cent. 4. 30 p. 

Lin, L.T. 1985. My experiences in artificial propagation of milkfish. 
Paper presented at the Woricshop in Milkfish Reproduction and 
Culture, 22-24 April 1985. Tungkang, Taiwan. 

Marte, C.L, C.F. Quinitio, L M. B. Garcia and F.S. Lacanilao. 1984. A 
guide to the establishment and maintenance of milkfish 
broodstock. Tech. Rep. Aquacult. Dep. Southeast Asian Fish. Dev. 
Cent. 11. 36 p. 

Poemomo, A., W.E. Vanstone, C. Lim, T. Dulay, LN.A. Girl, Tridjoko 
and A. Prijono. 1985. Natural spawning and laival rearing of 
captive milkfish (Chanos chanos) in Indonesia. Paper presented at 

77 

the Woricshop on Milkf'ish Reproduction and Culture, 22-24 April 
1985, Tungkang, Taiwan. 

Vanstone, W.E., LB. Tiro, Jr., A.C. Villaluz, D.C.Ramsingh, S. 
Kumagai, PJ. Duldoco, MML Barnes and C.E. Duenas. 1977. 
Breeding and laival rearing of the milkfish Chanos chanos 
(Pisces: Chanidae). Tech. Rep. Aquacult. Dep. Southeast Asian 
Fish. Dev. Cent. 3:1-17. 

Region la Panga1lnan 

Region Ill Zambales 

II 

.. (> 

~rlr-Reglon VIII 
L.eyte 

Region VII 
Bohol 
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Tebl1 1. Gon1d1l maturation of broodstock In ~elected stetlons, December 1986. 

March 1985 sompllng August·Nov•mber 1986 sompllng 
Ago of M1tur· Spent/ Ago.of Matur· Spent/ 

Cege stock Immature• Ing Mature regressed stock Immature• 'Ing Maturi regressed 
Reglon/loc1tlon no. (yr/mo) 'F u M F M F M F M Tot11u (yr/mo) F u M F M F M F M· 

,, - Lucap, Alamlnos, 1 4/3 2 6 4/8 2 
Pangaslnen 2 4/3 3 6 4/8 1(?) -

3 4/3 2 6 4/8 3 
4 4/3 2 1 4/8 2 
5 3/6 5 6 3/10 1 2 

3/5 3 2 :- 5 3/10 2 3 
7 3/5 6 3/10 2 3 

Totll 17 - 13 3 34 11 8 4 2 5 

Ill- Mesinloc, 4/0 3 6 4/6 3 
Zambales 2 4/9 2 6 6/2 

Tot1l 6 2 11 4 

VII- Celape, Bohol 4/8 5 6 5/1 
2 3/8 0 4/0 

Total 6 4 2 

IX- Songall, 2/11 3 6 3/4 3 
Zemboanga City 

x - Ball1ng10 1 2/9 4 3/2 
Mlsamls Occ. 

XI- Sta, Cruz, 4/2 2 6 4/7 2 ·1 
Davao dal Sur 

XII- Pareng, 1 3/7 2 3 4/0 3 
Magulndanao 2 3/7 2 2 4/0 1 ,2 

Total 4 6 4 

*F =female; M = mele; U = undertermlned. 
••Dissected Slmples only. 

Table 2. Range of observed/reported physicochemical parameters' in the twelve stations during the five-year maturation 
period,. 

Parameters Water 
Temperature Salinity transparency 

Region/location (OC) (ppt) (m) 

la Lucap, Alaminos, Pangasinan 23-32 19-31 0.5 6.0 
lb Pasuquin, I locos Norte 19-34 23-37 1.5 6.0 
II San Vicente, Cagayan 

111 Masinloc, Zambales 26-32 25-35 1.0 - 10.5 
IV Puerto Princesa, Palawan 20-36 9-34 1.2 4.5 
v Bacacay, Albay 29-30 2.0 - 3.0 

VI Nueva Valencia, Guimaras, llollo 24-32 25-40 1.0 - 5.0 
VII Cal.ape, Bohol 21-32 14-40 2.5 - 11.0 

VIII Babatngon, Leyte 
I~ Sangali, Zamboanga CitY 26-31 18-26 2.5 5.0 
x Baliangao, Misamis Occidental 26-34 30-43 0.5 7.4 

XI Sta. Cruz, Davao del Sur 25-33 15-29 0.4 9.2 
XII Parang, Maguindanao 21-30 29-43 1.0 9.2 

Tot1I .. 

,5 
6 
6 
6 
6 
6 
6 

36 

6 
4 

9 

6 
2 

6 

--I 

4 

3 
3 

6 
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Abstract 

Teaseed cake contains 5.2-7.2% saponin, a glucoside that causes 
hemolysis in organisms. The higher sensitivity of fmfish than crustaceans 
to the glucoside has made it an effective pesticide in shrimp ponds. To 
develop management techniques for the use of teaseed cake, the effect of 
dissolved oxygen (DO) and temperature at levels normally found in. 
shrimp ponds on the potency of the toxicant and its rate of degradation 
when mixed with water were investigated. The experiments were 
conducted in 20-1 plastic tanks, using two species of finfish, Oreochromis 
mossambicus and Glossogobius giwus, and two species of crustaceans, 
Metapenaeus ensis and Penaeus monodon. The experiments were run on 
a completely randomized design with three replicate tanks for each 
treatmenL In experiment 1, 15 ppm of teaseed cake was needed to 
eliminate both species of fmfishes within six hours of application. 
Significant differences in the response of the two species of fmfishes 
were observed. Both species of crustaceans survived concentrations of up 
to 20 ppm. Results of experiment 2 showed that the decrease of DO 
levels due to lack of aeration and the increase in water temperature 
resulting from exposure to sunlight significantly increased the sensitivity 
of fmfish to teaseed cake. Exposure to sunlight for about 12 hours 
significantly decreased the potency of the glucoside on 0. mossambicus 
in another experiment. The change was small and was not observed with 
G. giurus. It is recommended that the water level in shrimp ponds be 
reduced to one third before application, that teaseed cake be applied in 
shrimp ponds in minimum dosages towards noon when water 
temperature is higher and that the water depth be restored after about six 
hours of application. 

Introduction 

Predators and competitors adversely affect the 
growth and survival of shrimps cultured in earthen ponds. 
The resultant losses increase with increasing intensity of 
culture of the shrimps. This necessitates the application of 
a toxicant, which at certain concentrations specifically 
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kills finfish and which is naturally degradable. None of the 
inorganic pesticides meet the requirement for specificity. 
FUrthermore, these chemicals, particularly the chlorinated 
hydrocarbons such as endrin, thiodan and DDT remain 
persistent in the environment, resulting in cumulative 
effects on other organisms. 

Toxicants which are naturally occurring in plants are 
degradable and finfish can be more sensitive to its toxic 
properties than crustaceans. Rotenone, the toxin derived 
from De"is sp. was demonstrated to eradicate 0. 
mossambicus without affecting the survival of shrimps 
(Peterson 1976). A similar effect on the undesirable fish in 
shrimp ponds in Taiwan with teaseed cake has been 
observed (Terazaki et al. 1980). Teaseed cake, the residue 
of Camellia sp. seeds after oil extraction, contains 5.2-
7 .2% saponin (Terazaki et al. 1980), a water soluble 
glucoside which destroys red blood cells. 

Teaseed cake may vary in saponin content. 
Recommended levels for use in eradicating undesirable 
fish in shrimp ponds are 10-25 ppm of pond water (Cook 
1976) or 1.1 ppm of crude saponin which is equivalent to 
21 ppm of pond water if the teaseed cake contains 5.2% 
saponin (Terazaki et al. 1980). It is of great interest for a 
fish farmer to know the conditions that can make the 
minimum concentration of teaseed cake effective. Such 
knowledge can minimize expenses for teaseed cake and 
energy to pump water to dilute teaseed cake to levels not 
stressful for shrimps. 

A series of studies was conducted to refine the 
methods of applying teaseed cake in shrimp ponds. 
Specifically, the studies aimed to determine: the minimum 
concentration of teaseed cake that would effect a selective 
elimination of finfish within three to six hours; the 
differences in the response of 0. mossambicus and 
Glossogobius giurus to teaseed cake; the effect of 
temperature and dissolved oxygen levels, within the 
ranges normally found in ponds, on the potency of teaseed 
cake as a toxicant; and whether substantial degradation of 
teaseed cake can occur within 24 hours. 

Materials and Methods 

The experiments were conducted in 20-1 round 
plastic tanks, using three replicate tanks for each treatment 
and two pieces each of the following finfish and shrimps 
in each tank: 0. mossambicus, G. giurus, Metapenaeus 
ensis and Penaeus monodon. Finfish of 10.6-18.6 g and 
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shrimps of 2.7-5.6 g were stocked in the tanks containing 
water at 21-31 ppt salinity and exposed to the various 
treatments in completely randomized design. Teaseed calm 
used in the experiments was imported from Taiwan. 

In experiment I, the concentration of teaseed cake 
that would effectively eliminate finfish within three to six 
hours, without adversely affecting the survival of shrimps 
was determined. The test species were exposed to 2.5, 5, 
10, 15 and 20 ppm of teaseed cake for 48 hours. 
Mortalities were monitored every hour for the first eight 
hours and at the 24th and 48th hour. Results were 
expressed at LT50 or LT100. representing the time 
required for half or all the test animals to be killed, 
respectively. 

In experiment 2, the effect of temperature and DO on 
the potency of teaseed cake was evaluated at 2.5-15 ppm 
concentrations in tanks, with or without exposure to 
sunlight or aeration in a 2 x 2 factorial design. Sunlight 
was used to raise temperature to simulate the temperature 
range observed in shrimp ponds. A marginal concentration 
of 2.5 ppm was used to better evaluate the extent of the 
effects of the temperature and DO ranges used. Water 
temperature and DO levels were monitored every two 
hours and mortality every hour. Teaseed cake was applied 
at 9 a.m. The test species were exposed to the various 
experimental conditions for six hours. 

To determine whether significant degradation of 
teaseed cake occurred within 24 hours, tanks containing 15 
ppm of the toxicant were exposed for various durations (O, 
4, 12, or 24 hours) prior to stocking in experiment 3. Five 
of each species of finfish and shrimps were stocked in 
each tank. Water temperature and DO levels were 
monitored every two hours and mortality every hour. 
Aeration was provided in all tanks. 

Results 

Table I shows that the survival of the shrimps was 
not affected by the range of concentration of teaseed cake 
used during the period of observation. Both species 
tolerated up to 20 ppm of teaseed cake. 

Significant differences in the response of the finfish 
were observed. 0. mossambicus was more sensitive to the 
toxicant, with an L T100 of 3 hr compared to an LT100 of 
7 hr for G. giurus when exposed to 10 ppm teaseed cake 
(Table I). The survival of G. giurus was, however, higher 
with longer exposure to concentrations below 10 ppm. 
Fifteen ppm was needed to completely eradicate this 
species within 6 hours: thus, this concentration was 
recommended as the lethal dosage. 

Similar results were observed in a study conducted in 
40-m2 earthen ponds. Neither 0. mossambicus nor G. 

giurus survived after exposure to 10 ppm teas.eed cake 
after 48 hours. 

Tanks exposed to sunlight increased steadily in 
temperature from mean of 29oC at 8 a.m. to 35oc at 12 
noon. Temperature decreased only by loC thereafter (Fig. 
I). Tanks not exposed to sunlight maintained a 
temperature range between 27 and 29.20C. 

Tanks provided with aeration maintained DO levels 
above 2 ppm throughout the experiment (Fig. 2). DO 
levels in tanks not aerated steadily decreased from an 
average of 3.6 ppm at 8 a.m. to less than I ppm at 2 p.m. 

Table 2 shows that both species of finfish did not 
survive a three-hour exposure to teaseed cake at 15 ppm. 
Consistent with experiment I, 0. mossambicus responded 
faster to teaseed cake at 15 ppm, but fewer G. giurus 
survived a longer exposure (six hours) at 2.5 ppm. 

Higher temperature resulted in significantly lower 
survival of 0. mossambicus during hour I at 15 ppm (P < 
0.10) and a signicantly lower survival (P < 0.01) at high 
temperature after a three-hour exposure to 2.5 ppm (Table 
2). Likewise, aeration, which resulted in an average 
difference of 2.5 ppm in DO levels, effected significantly 
higher (P < 0.05) survival of 0. mossambicus at hour I at 
15 ppm and of both species at hour 6 at 2.5 ppm. Higher 
survival for G. giurus exposed to aeration at 15 ppm of 
teaseed cake was also observed at hour I. 

Consistent with experiments I and 2, 0. 
mossambicus responded faster to exposure to teaseed cake 
at 15 ppm than G. giurus (Table 3). The teaseed cake was 
exposed in the tank with water for varying periods (0, 4, 
12 and 24 hours) prior to stocking of the test species. After 
two hours of exposure, 0. mossambicus treated with 
teaseed cake exposed earlier by 12 and 24 hours, had 
significantly (P < 0.05) higher survival than those treated 
with teaseed cake exposed earlier to four hours or less. No 
such difference was observed with the slower responding 
G. giurus. 

Discussion 

The rate of response of finfish to teaseed cake 
demonstrates that 0. mossambicus is more sensitive to 
saponin than G. giurus. At 2.5 ppm, however, longer 
exposure resulted in more mortalities for G. giurus. On the 
other hand, Terazaki et al. (1980) observed that 0. 
mossambicus was more resistant to saponin than 
Eleutheronema tetradactylum, Mugil tade and 
Scatophagus argus. Organisms generally exhibit distinct 
differences in sensitivity to toxicants, both at the 
individual and species level (Khan and Bederka 1973). 
Temperature and DO levels affect the response of the 
organims to toxicants. The response generally increases at 
higher temperature as a result of increased rate of 
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metabolism. DO levels, when limiting, can cause stress 
and result in increased sensitivity of organisms . to 
toxicants. 

This study showed that both high temperature and 
low DO can result in increased sensitivity of the finfish to 
the toxicant In practice, the higher range of temperature 
(35oC) is nonnally observed in shrimp ponds at about 
noontime when DO levels are relatively high. Moreover, 
the low range of DO is not observed by those who provide 
aeration by paddlewheels. 

In experiment 1, 15 ppm was defined as the 
recommended dosage for teaseed cake, being the level 
which resulted in the complete eradication of the finfish 
within six hours. The results of experiment 2 suggest that 
in practice, 10 ppm concentration can be used with the 
same effects if the toxicant is applied about noontime 
when the temperature is highest. This can result in 
tremendous savings, not only by 33% of the cost of 
teaseed cake but also in the reduction of energy required to 
pump water for flushing the pond to bring down the levels 
of saponin to that not stressful for shrimps. In a field trial, 
shrimps were observed not to feed normally when 15 ppm 
teaseed cake was applied. They appeared to return to 
normal feeding after the concentration was reduced to 
about 3 ppm. Experiment 3 demonstrated that although the 
degradation of teaseed cake may be significant after a 12-
hour exposure to water, the rate of degradation is slow. 
This suggests the need to dilute pond water as soon as 
possible, so that shrimp production will not be adversely 
affected by the application of teaseed cake. From the 
series of experiments conducted, it is recommended that 
the water level in shrimp ponds be reduced to one third 
before application, that teaseed cake be applied after 10 
a.m. on a sunny day and that water depth be restored after 
about six hours of application. 

The dosages reported -here need not be absolutely 
followed. Terazaki et al. (1980) reported different levels of 
saponin from teaseed cake from different sources, and 
varying responses to saponin resulting from differences in 
fish sizes and salinity levels. Preliminary assays of 
different batches of teaseed cake are therefore 
recommended prior to use in shrimp ponds. 
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Table 1. LT so and LT 100 of finfishes and shrimps at different T1bl1 2. Eff1ct of t1mper1ture 1nd dissolved oxyg1n on the survlv.111 of O. moSS1mblcus 1nd G. qlurus 

dosages of teaseed cake (Experiment 1 ). at dlff11rtnt conc1nt111tlons of te1seed c1kO !Experiment 2). 

% Survlvt1 1 

Hr 
Dosage of Tnatment 6 6 

teaseed cake LTSO LTl~O 
Species (ppm) (hr) (hr 0. moss•mblcus G. glurus 

- 16 ppm, Blrlted, 
high temp 17 17 0 0 60 17 0 0 

0. mossambicus 2.5 * * II - 16 ppm,Hr1ted, 

5.0 3.0 6 low11mp 100 0 0 67 33 0 0 

10.0 2.5 3 Ill - 16 ppm, not 111r1ted, 

15.0 2.0 3 high temp 0 0 17 17 0 

20.0 1.5 2 IV - 16 ppm, not merited, 
low 0 0 33 33 0 0 

G. giurus 2.5 6.0 > 4B v - 2S ppm. Hrtted, 

5.0 3.0 B high temp 100 100 83 83 83 33 17 17 

10.0 5.0 7 VI - 2.6 ppm, 111rated, 

15.0 4.0 6 low temp 100 100 83 83 83 83 83 60 

20.0 3.5 6 VII - 2.6 ppm, not oerated, 
high temp 100 67 33 0 67 33 0 

M. ensis 2.5 * * VIII - 2.6 ppm, not oerattd, 

* * low temp 100 100 100 67 87 33 33 17 
5.0 

10.0 * * 
An1lysls of variance p vtlues2 

15.0 * * 
20.0 * * Conc11ntr1tlon .01 .01 .01 .01 .05 .10 .01 .01 

A1111tlon .01 .05 NS .05 NS NS .06 .06 
Tempe111tur1 .01 NS .06 NS NS .10 .01 NS 

P. monodon 2.5 * * Conc1nt111tlon x Aeration .01 NS NS .05 NS NS .06 .05 
Conc1ntr1tlon x Temp1r1ture .01 .OS .05 NS NS NS .01 NS 

5.0 * * A.1r111lon x Temp1111tur1 .01 .05 .05 NS NS NS NS NS 

10.0 * * Concentration x Aer1tlon x 
Temp1r1ture .01 NS .05 NS NS NS NS NS 

15.0 * * 
20.0 * * 

1 V.11lues represent tht mun of 3 repllc11t11s. 
2sourc11 of V1ri1tlon Indicated IS slgnlflc•nt (P <0.10, P <0.05, P <0.01). 

*Not observed within 4B hr. 

Table 3. Effect of exposing 0. mossambicus and G. giurus to teaseed cake for various durations before 
stocking (Experiment 3). 

Exposure time --.-1 

of teaseed cake % Survival 
(hr) 2 3 4 5 6 

._.) 

0. mossambicus 

0 100 7 0 0 0 0 
4 7 7 0 0 0 0 

12 BO 33 0 0 0 0 
24 100 20 0 0 0 0 

G. giurus 

0 93 93 93 93 67 40 
4 100 100 BO 53 27 27 

12 100 B7 B7 BO 47 40 
24 100 100 100 100 67 47 
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Abstract 

Water aeration and circulation using paddlewheel aerator and 
motor-driven propeller blades, respectively, were maintained under four 
different diurnal regimes to test their effects on water quality and 
production of Penaeus monodon. Shrimp with an average weight of 0.03 
gm were stocked at a density of 33 individualsfm2 in four 0.05-ha 
earthen ponds. The four treatments were: (1) continuous aeration (2) 
nighttime aeration (3) nighttime aeration and daytime circulation and (4) 
no aeration or circulation. Ammonia nitrogen (NH3-N), dissolved 
oxygen, temperature and shirmp growth were monitored during a culture 
period of IO weeks. Ammonia nitrogen concentration did not differ 
significantly under the various aeration and circulation treatments. 
Dissolved oxygen and temperature stratification was least evident in 
treatments 1 and 3. Nighttime dissolved oxygen levels were significantly 
lower in treatments 1 and 4. The average size of shrimp at harvest was 
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significantly higher in treatments 1 and 3. These findings taken together 
indicated that there was no clear benefit from continuous aeration. 
Rather, a combination of nighttime aeration, when needed, and daytime 
circulation could result in the greatest water quality benefits with the 
least energy consumption. 

Introduction 

The effects of different combinations of continuous 
and intermittent artificial circulation/aeration on water 
quality and shrimp growth are not well documented. Many 
types of artificial aeration and circulation are used in 
intensified shrimp farming, but their respective impacts on 
such factors as dissolved oxygen concentrations and 
ammonia are not well known. For example, many shrimp 
farmers use paddlewheel aeration during nighttime only to 
prevent critically low dissolved oxygen concentration, 
while other farmers use continuous aeration after the 
shrimp reach a certain biomass. 

Continuous aeration appears at first to be self-
defeating as oxygen is typically supersaturated at midday. 
Such aeration strips oxygen from the water column during 
the day until equilibrium is reached at 100% saturation. 
The benefits of daytime aeration, if there are any, may be 
due to other factors as oxygen is not the only dissolved gas 
affected by aeration. Ammonia gas, or un-ionized 
ammonia, is also affected and should be removed from the 
water by aeration. This is particularly true during periods 
of elevated pH and water temperature. Even without 
aeration a substantial amount of ammonia is degassed 
from eutropic waters. 

Conditions of high pH and temperature are found at 
midday, especially when oxygen values are greatest. Thus, 
the time of the day when aeration can remove the greatest 
amount of dissolved ammonia coincides with the time of 
the day when aeration can also remove the greatest amount 
of oxygen. The benefits of ammonia removal could 
outweigh the negative effect of oxygen removal. If this is 
the case, then continuous aeration under intensive culture 
conditions could be a better water quality management 
strategy than nighttime aeration only. 

Fast et al. (1983) found that artificial circulation, 
without aeration; caused a redistribution of oxygen 
throughout the water column, but did not materially affect 
the exchange of oxygen between the pond water and the 
atmosphere. This should result in the conservation of 
dissolved oxygen within the pond. At the same time, it 
might also reduce the loss rate of ammonia, or at least 
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result in less ammonia loss compared with aeration, or 
even compared with an undisturbed condition. · · 

Because of these unknown and potentially opposing 
influences of artificial aeration on water quality, this 
experiment was designed to determine the respective 
effects of aeration and circulation on dissolved oxygeµ, 
temperature and ammonia concentration. 

Materials and Methods 

Four 500-m2 ponds were treated as follows: 
treatment 1. continuous aeration, 24 hr/day; treatment 2. 
nighttime aeration only from 2100-0600 hr; treatment 3. 
nighttime aeration from 2100-0600 hr and daytime 
circulation from 0600-2100 hr; treatment 4. control with 
no aeration or circulation. 

The aerator consisted of a 0.5 hp paddlewheel similar 
in design to those used in Taiwan. The two paddles 0.6 m 
dia revolved at 138 rpm. The circulator was a 1/8 hp 
similar in design to the PC-11 described by Fast et al. 
(I983). It consisted of 40-cm fan blade which revolved at 
86rpm. 

Each pond was dried before the experiment. No lime 
or chicken manure was added as the shrimp were given a 
complete artificial diet The ponds were then filled with 
water to 1.0 m and stocked with Penaeus monodon on 25 
February 1985 at 33/m2. Their average weight was 0.03 g. 
Every two weeks 80% of the water was changed, the pond 
depth maintained at 1 m. 

Oxygen and temperature were measured 5 
times/week at 0400, 1000, 1400 and 1700 hr daily with a 
YSI model 51B oxygen meter. The pH was also measured 
5 times/week with a Corning pH meter. Chlorophyll was 
measured twice/week by acetone extraction as described 
by Strickland and Parsons (1976). Ammonia was 
measured twice/week by the phenol hypochloride and 
ascorbic acid methods described by Strickland and Parsons 
(1976). 

Shrimp were sampled and weighed every two weeks. 
After 63 days, on 3 March I985, the ponds were drained 
and the total weight of the shrimp measured along with a 
subsample of individual weights. 

Results and Discussion 

Average whole pond temperatures for all dates were 
lowest at 0400 hr and highest at 1400 hr. The averages for 
all the ponds were 27.3 and 30.4oC, respectively (Fig. 1 
and Table 1). This represents a 3.loC temperature 
fluctuation per day. On the average, the control pond was 
slightly warmer than the treatment ponds. The reason for 

this is unknown, but it could be due to a high water 
flushing rate caused by uncontrolled leaks. 

The differences in temperature between the pond 
surface and the bottom water is a measure of the degrees 
of thermal stratification. The temperature differences 
between treatments at 0400 hr showed no significant 
differences (Table 2). This reflects not only the influence 
of the aerators in the three treatment ponds during the 
night, but also the effects of diurnal cooling and mixing 
which occurred each night. By 1000 hr there were no 
significant differences between surface and bottom 
temperatures in treatment 1, while in all the other 
treatments there were significant temperature differences 
between the surface and the bottom (Table 2). In treatment 
3 there was a significant temperature difference, although 

· at a lower probability level (P = 0.05). 
By I400 and 1700 hr there was a highly significant 

difference in surface and bottom temperatures in 
treatments 2 and 4 but none in treatments 1 and 3. 

These results substantiate earlier findings by Fast et 
al. (1983) in Hawaii where artificial circulation resulted in 
nearly uniform wa.ter temperatures throughout the pond, 
from surface to bottom, during the day in contrast with the 
substantial thermal stratification without circulation. 
Mixing raised the temperature at the pond bottom, 
resulting in evenness. 

Average dissolved oxygen (DO) concentrations in all 
ponds for all dates closely paralleled the pattern for 
temperature. The lowest values for all ponds averaged 4.4 
mg/I at 0400 hr and 9.6 mg/I at 1400 and I700 hr (Table 
3 and Fig. #2). All the ponds aerated during the night had 
higher DO at 0400 hr than the control. Treatment I with 
daytime aeration had lower DO than treatments 2 and 3 
with nighttime aerations (8.8 vs. 9.7 mg/I). These results 
follow the hypothesis that daytime aeration will result in 
oxygen loss from those ponds that reached supersaturation 
during the day as artificial aeration causes oxygen 
concentrations to change towards 100% saturation 
regardless of whether the water is undersaturated or 
supersaturated. 

Also of interest is the observation in treatment 3 
which has daytime oxygen concentration similar to those 
of treatments 2 and 4. This confirms that daytime 
circulation does not materially effect oxygen exchange 
between the atmosphere and water, but only eliminates 
thermal stratification. Fast et al. (1983) also observed 
elevated daytime bottom oxygen and temperature during 
artificial circulation. 

With the exception of treatment 1, the average 
differences in oxygen concentrations between the surface 
and the bottom follow exactly the same trend as did the 
surface/bottom temperatures (Table 4). We have no 
explanation for this significant difference. 
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The greatest significant difference between surface 
and bottom oxygen values occurred at 1400 and 1700 hr. 
There was no significant difference between surface and 
bottom oxygen concentrations in the aerated/circulated 
ponds at these times, but non-aerated/circulated ponds had 
significant stratification. These results also follow those 
reported by Fast et al. (1983) where non-mixing often 
resulted in strong oxygen stratification and lower oxygen 
concentrations at the pond bottom. The exception was 
when wind velocities exceeded about 20 km/hr, at which 
time even the ponds which were not artificially 
aerated/circulated had nearly unifonn oxygen 
concentrations. 

Whole pond average pH values were always lowest 
at 0400 hr at 8.0, and greatest at 1700 hr at 8.4. There did 
not appear to be much difference between treatments. 

Whole pond average ammonia concentrations were 
lowest in the pond with continuous aeration, and next 
lowest in the pond with nighttime aeration and daytime 
circulation. These values were 0.044 and 0.055 mg/I, 
respectively, compared with 0.065 and 0.061 mg/I for the 
ponds which were not aerated/circulated during the day 
(Table 5). Although these values are consistent with the 
hypothesis that daytime aeration/circulation will cause a 
greater atmospheric loss of ammonia than the non-
circulated condition, the difference was not statistically 
significant (P > 0.05). These findings, while somewhat 
inconclusive, are difficult to assess strictly since there was 
a great deal of variability in our ammonia data. This 
variability may be due to the dynamic nature of ammonia, 
as well as analytical limitations at these relatively low · 
concentrations. It can be concluded, however, that 
aeration/circulation under the test conditions used did not 
cause a significant reduction in ammonia concentrations. 

Chlorophyll A values were highest in the pond with 
continuous aeration and lowest in the control. The values 
were 99.02 and 53.05 mg/1 respectively (Table 6). Even 
with this range, analysis of variance revealed no 
significant difference between treatments, perhaps due to 
the large variation of concentration between sampling 
days. 

Average shrimp size at harvest ranged from 2.1 gin 
the control to 2.8 g in treatment 1 and in treatment 2 
(Table 7). There was no significant difference between 
treatments 2 and 3 or between the control and treatment 3. 
These results indicate that aeration/circulation contribute 
to faster growth compared to the undisturbed condition, 
but these are not conclusions because of lack of replication 
and the insignificant differences between the control and 
treatment 3. 
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Table 1. Whole pond average water temperature (°C) for each 
treatment, 4x day. 

Treatment 

2 
3 
4 

0400 

27.3 
27.2 
27.2 
27.5 

Sampling period (hr) 
1000 1400 

28.2 
28.2 
28.3 
28.8 

30.2 
30.2 
30.4 
30.9 

1700 

30.3 
30.3 
30.3 
30.8 

Table 2. Average temperature (°C) of pond surface and bottom 
at sampling times. 

Sampling period 

0400 hr 

1000 hr 

1400 hr 

1700 hr 

Treatment 

1 
2 
3 
4 

2 
3 
4 

2 
3 
4 

2 
3 
4 

n.s. = not significant; ** = P < .01 ; * = .01 < P < .05. 

F-test 

n.s. 
n.s. 
n.s. 
n.s. 

n.s. 
** 
* 
** 

n.s. 
** 
n.s. 
** 

n.s. 
** 
n.s. 
** 
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Table 3. Average dissolved oxygen (ppm) for each treatment 
4x day. 

Treatment 0400 

4.4 
2 4.5 
3 4.8 
4 3.7 

Table 4. Average dissolved 
bottom at sampling times. 

Sampling period 

0400 hr 

1000 hr 

1400 hr 

1700 hr 

Sampling period (hr) 
1000 1400 1700 

7.0 9.0 8.8 
6.9 9.7 10.0 
7.1 9.8 10.0 
6.1 9.5 9.6 

oxygen (ppm) at pond surface and 

Treatment 

1 
2 
3 
4 

2 
3 
4 

2 
3 
4 

2 
3 
4 

F-test 

** 
n.s. 
n.s. 
n.s. 

n.s. 
** 
* 
** 

n.s. 
** 
n.s. 
* 

n.s. 
** 
n.s. 
** 

n.s. =not significant;** = P < .01; * = .01 < P < .05. 

Table 5. Average ammonia concentrations. 

Treatment 

2 
3 
4 

mg/I 

0.044 
0.065 
0.055 
0.061 

F computed= 0.6073 < F (0.05; 3.39 d.f.) = 2.89 n.s. 

Table 6. Average chlorophyll A concentrations. 

Treatment mg/I 

99.02 
2 84.30 
3 63.02 
4 53.05 

F computed= 2.083 < F (.05;3.39d.f.) = 2.89 n.s. 

Table 7. Average weight of shrimps at harvest. 

Treatment gm p <.05 

1 2.82 a 
2 2.79 a 
3 2.36 b 
4 2.09 b 

F computed= 7.026 < F (.01; 3,396) = 3.78 **. 
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Fig. 1. Average temperature level at different sampling periods. 
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Abstract 

Fish seed is the most important component for fish culture in 
Rajasthan, India. For stocking the 300,000 ha of freshwater resources in 
the state, the total requirement is 325 x 106 fish seed. Out of the total 
available 120 x lo6 fish seed, 80% is obtained from seasonal ponds, 
known as diy bundhs. The technique can be gainfully employed for 
selective breeding and hybridization of Indian and Chinese carps. It is 
concluded that dty bundh breeding along with a modem hatchery system 
can augment fish seed production in the state. 

Introduction 

The freshwater resources of Rajasthan State are 
estimated to be about 300,000 ha of reservoirs, lakes, 
tanks, ponds, borrow-pits and low-lying water masses. The 
present need is to exploit the water resources to meet the 
fish requirement of the people. These resources, however, 
require restocking almost every year. The fish seed could 
be obtained by collection from natural sources, permanent 
ponds, dry bundhs and hypophysation. The collection of 
fish seed from natural sources is neither dependable nor 
profitable. By hypophysation the adult fish is sacrificed 
and the prospective brooders are lost. 

The breeding of fish in dry bundhs was prevalent in 
West Bengal and was first noticed in 1882 by a private 
pisciculturist (Manu Tali) who successfully collected 
spawn from 'Corabat Bundh' in Bankura district (West 
Bengal) in India. The systematic dry bundh breeding of 
Indian major carps started in 1926 in the same district. 
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Dry bundh breeding was first initiated in Rajasthan 
as early as 1966 in the 'Amer Ki Talai'. Since then a 
thorough survey was conducted in the state and about 139 
dry bundhs were identified, most of them surrounded by 
the Aravli hills. 

Bundh Resources 

A typical 'dry bundh' is a seasonal type pond having 
a vast catchment area in red laterite land with a sluice gate. 
A waste weir f~cilitates the breeding operations in the dry 
bundh. The surrounding land has excellent soil (bhata) and 
provides an ideal catchment area and quick filling of the 
dry bundh even with a short duration of rain. It also 
provides quick and easy drainage, 

The catchment area of the dry bundh is 1-16 km2. 
The area when full is 100-400 ha and the permanent 
storage is 2-10 ha 1-m deep. Trees, rocks and shrubs are 
completely absent in the permanent storage area. Most of 
the dry bundhs are located along roads and are easily 
approachable even during the rains. · 

The soil of a suitable dry bundh is black clay mixed 
with loam. The slopes are mostly 0-8% with slight to 
moderate erosion features. The water-holding capacity of 
soils of the selected bundhs is congenial to fish breeding. 

The basins of the selected dry bundhs, being 
agricultural fields, are congenial to breeding of major 
carps as farmers utilize the inorganic and organic 
fertilizers. The pH is favorable and nutrients are abundant, 
evident from the good growth of fish seed in the bundh. 
Turbidity is caused by heavy rains, various grades of 
humus, silt, organic detritus, coloidal water and other 
kinds of materials. All these carried to the bundh by rains 
make breeding successful. 

There are 700 bodies of water in the state. The 
general practice is to auction these water resources, but 
hardly one-third of them are auctioned annually. They are 
classified as A-class (more than 200 ha); B-class (between 
8 and 200 ·ha) and C-class (less than 80 ha). Nearly 50 
such waters are included in A-class, 90 in B-class and 560 
in C-class. At present, the A-class waters provide Rs 5 x 
lo6; B-class, Rs 4.5 x lo6 and C-class, 5.6 x lo6. After 
development revenue could reach Rs 422.2 x 106 if the 
fish are sold at Rs 500/quintal. 



88 

Seed Requirements 

Three types of culture have been identified in 
Rajasthan for seed stocking: intensive, traditional and 
reservoir culture. The water area included in the first 
category is 0.04 x 1o6 ha (C-class), 0.14 x 1o6 ha in the 
second category (B-class) and 0.12 x 1()6 ha in the third 
category (A-class). Stocking is done at the rate of 5,000 
fingerlings/ha in the first category, 700 in the second 
category and 210 in the third category. The total 
requirement of fingerlings is 200, 98 and 25 x 106, 
respectively. Nearly 325 x 106 fingerlings would thus be 
needed for total stocking. 

In 1978, the total Rajiisthan fish production was 
·- J!,500 t (Petr 1983). In culture, the average rate of fish 

production would average 1,000 kg/ha in intensive culture, 
300 kg/ha in traditional culture and 20 kg/ha in reservoirs. 
Thus, fish production could be about 40,000 t by intensive 
cUtture, 42,000 t through traditional culture and 2,400 t in 
reservoirs, a total of about 84,400 t. 

· For the overall production of 325 x 1()6 fingerlings, 
approximately 760 x 106 fry are required with an 
allowance for 46% mortality. Of the fingerling 
requirements, 25 x 106 would come from natural 
collection; 200 x 106 from dry bundhs and 100 x 106 from 
induced breeding. A rearing space of 76 ha as nursery for 
fish seed at the rate of 10 x 106/ha would be required. A 
250 ha rearing space at the rate of 1 x lo6 fry/ha would be 
needed to raise 325 x 1()6 fingerlings, taking into 
consideration 76 ha nursing area for rearing fingerlings. 

Carp Breeding in Dry Bundhs 

A sufficient number of breeders of major carps, 
Catla catla, Ci"hina mrigala and Labeo rohita is stocked 
in the bundh with male and female ratio of 2:1 or 3:2. A 
fisherman is posted to watch over the breeding of fish. 
Breeding takes place in the dry bundh after heavy to 
moderate rain. During rainy days the temperature varies 
between 24 and 310C. Dubey and Tull (1961) observed 
preeding in major carps at various depths of water with 
varying flow or even in standing water. Soft and clayey 
substratum .with water temperature of 26-330C and pH 
7.2-8.2 was found in these· tests suitable for breeding. 
Before stocking, the bundh bottom should be cleared of 
stones, wood and other materials. 

The rate of stocking of matuie fish for breeding is 
500-1,000 kg/ha which produce 100,000 eggs/kg of body 
weight of fish. From a hectare, nearly 50 x lo6 eggs can 
be produced. The breeding starts after or on the second 
stocking of bundhs. At first, smaller mature fish are 
stimulated and migrate to the shallower areas in the bundh 
to spawn. The bigger fish spawn next in the same area. 

Spawning occurs over hard or sandy or muddy soil and 
·even on rocky embankments. 

Hatching takes place in the same dry bundh; there is 
no separate facility for hatching of eggs. The breeding is 
ascertained only after sampling the water with mosquito 
netting. 

The advantages of dry bundh breeding are that a 
100% pure seed of desirable fish is obtained. In dry 
bundhs the breeding is certain even during local rains. In 
these bundhs successive seed crops can be harvested in the 
same season by successive drainage, removing the 
previous fish and the remaining seed and by introducing 
fresh sets of mature fish. 

Discussion 

The reservoirs, lakes, tanks and ponds of Rajasthan 
State constitute about one-tenth of the fishery resources of 
India. 

Fish farms in Rajasthan have inadequate breeding 
and rearing technology. Low-investment technology -
constructing dry bundhs with sluice gates - would seem 
attractive. 

Poor recovery and low survival rate of fingerlings in 
dry bundh breeding have been observed. Survival could be 
improved by adopting new hatching techniques and 
hybridization of Indian and Chinese carps. Seed 
production in this manner would be less capital-intensive 
and could be taken up as a commercially viable scheme 
with institutional financing. 
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Abstract 

This paper records preliminary observations on milkfish (Chanos 
chanos) pen culture in the Puttalam lagoon on the west coast of Sri 
Lanka. The experiments were carried out in 0.25-ha rectangular fishpens 
made of polypropylene nets of 2.5-cm stretched mesh and bamboo pole 
frameworks. The extrapolated production was 1,600 kg/ha of two cycles. 
At a stocking rate of 10,000/ha, average growth rates were 0.6 g/day and 
0.54 g/day in trials with and without supplementary feeding, respectively. 
The specific growth rates showed no significant differences. A low-cost 
feed of 20% protein (rice bran 8 fishmeal 2) was used. The von 
Bertalanffy parameters estimated were: K = 0.925/year and Loo= 47.89 
cm in trials with supplementary feeding and K = 0.807 /year and L .. = 
50.61 cm in trials without supplementary feeding. 

Introduction 

Most of the current aquaculture practices in South 
and Southeast Asia are land based and there is growing 
concern that land near water sources has become limited 
(Guerrero and Soesanto 1982). The water-based systems 
of pen and cage culture have become important towards 
increasing fish production to meet the annual protein 
needs. 

The culture of milkfish (Chanos chanos) in 
brackishwater ponds is an age-old practice in tropical 
areas of the Indo-Pacific region (Baliao 1983). Pen culture 
has been initiated in 1983 in Sri Lanka with a view to 
utilizing large areas of shallow brackishwater lagoons for 
production. 

Production rates of milkfish raised in pens in the 
Philippines have been reported by Delmendo and Gedney 
(1974, 1976), Baguilat (1979), Nicolas and Librero (1979), 
Librero and Nicholas (1982) and Mane (1982). 
Chidambaran and Unny (1946) studied the growth of 
milkfish in seawater, brackishwater and freshwater. 
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Records on the growth and survival of milkfish raised in 
brackishwater ponds have been given by Tampi (1960), 
Eldani and Primavera (1981) and Villaluz and Unggui 
(1983). This paper records some preliminary observations 
on experimental milkfish pen culture trials during 1984 
and 1985. 

Materials and Methods 

The experimental culture site was in Puttalam 
Lagoon (Fig. 1). The lagoon has a surface area of about 
237 km2. Perera and Siriwardena (1982) reported that the 
highest tidal amplitude recorded was 83 cm at Kalpitiya 
and the lowest was 69 cm at Ethalai. 

Indrasena (1984) found that the amount of 
chlorophyll varied from 1 to 7 mg/I and primary 
production and phosphate, 0.05 to 0.4 mg c/I/hr and ·o.34 
to 1.66 mg-atm/I respectively (Indrasena, unpublished 
data). Durairatnam (1963) noted that there was more than 
one phytoplankton maximum in a year. The bulk of 
phytoplankton occurred from May to September during 
the southwest monsoon due to the cumulative effect of 
several species and two outbursts of diatoms in June and 
October. Blue-green algae belonging to the Cyanophyceae 
abound in January, February, March and November 
(Durairatnam 1963). 

Temperature, salinity, pH and dissolved oxygen were 
monitored and rainfall and wind speed data (shown in 
Figs. 2 and 3) were gathered from the Meteorological 
Department of Sri Lanka. 

The pens were made of a 2.5-cm stretched mesh 
polypropylene net and supporting bamboo framework. 
The bottom edge of the net enclosure, embedded about 0.5 
min the mud with metal sinkers of 15 kg at 1-m intervals, 
was held above water by the framework which was made 
up of vertical bamboo poles arranged at 2.5-m intervals to 
form a square configuration. Support to the framework 
was improved by two side bracings at 5-m intervals and by 
horizontal braces. · 

The nursery compartments were square and made up 
25% of the grow-out pen. The nursery netting was of 5-
mm mesh but the framework was similar to that of the 
grow-out pen without the side bracings. 

Two fishpens, each measuring 0.25 ha, were used to 
observe growth rate, production and survival rate of 
milkfish. Fingerlings were obtained from the nursery pens 
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where the fry were reared to fingerlings. Both pens were 
stocked at a rate of 10,000/ha. 

Prior to stocking, the pen area was cleaned to remove 
unwanted species by using a drag net and trammel nets. 
Fish stocked in pen no. 1 were fed with a low-cost feed of 
20% protein consisting of rice bran and fishmeal used at a 
ratio of 8:2. The manually mixed feed was given daily at 
3% of the body weight. Fish in pen no. 2 were not fed. . 

From each pen a sample of 150-200 fish was taken 
monthly for total length and weight measurements. After 
the culture period, the fish were harvested with trammel 
nets and drag nets. 

Results 

Tables 1 and 2 show the experimental conditions ~d 
growth of fish. Calculated von Bertalanffy parameters are 
tabulated in Table 3. 

There was a significant difference in growth rates. of 
milkfish in the two culture systems (Fig. 4) but the specific 
growth rates showed no significant difference. 
Instantaneous rates of mortality were found to be 
0.794/year and 0.811/year in culture systems with and 
without supplementary feeding, respectively. 

Discussion 

Delmendo and Gedney (1974, 1976) recorded that 
the annual production of ' milkfish during the early 
operations of pens in Laguna de Bay, Philippines, was at 
least 1,500 kg/ha and average weight of fish was 350 g 
after five to six months culture. Baguilat (1979) stated that 
in Laguna de Bay alone about 5,000 ha of fishpens 
produced an average of 5,000 kg/ha/year. Librero and 
Nicolas (1982) recorded that a fishpen in Laguna de Bay 
yielded 3,798 kg/ha/year. This shows that production rate 
improved with the gaining of experience and resolving 
problems that are usually encountered. The results 
obtained in the Sri Lallkan experiments are riot 
comparable to those in the Philippines where the 
conditions are different. 

No detailed examination of fish for symptoms of 
diseases was attempted because no large-scale mortality 
was reported. It would appear from Table 4 that predatory 
action was the main cause for the fish mortality in the 
pens. Apart from predation by fish, reptiles, birds and 
mammals move into an area 'where a fish farm has been 
established (Ranson and Beveridg~ 1983). The fishpen 
tends to attract birds not only because of large numbers of 
readily detected fish but also because it provides a site. to 
perch. The survival of Chanos during different months has 
not been ascertained but it could be assumed that the loss 

was greater during the early stages after stocking since the 
fingerlings are more susceptible to predation. 

Measures to prevent predation such as complete 
cleaning of the pen prior to stocking and scaring birds and 
greater care may have a positive effect on the increasing 
survival. 

The stomach contents of the milkfish in coastal 
waters consists of diatoms, higher algae and rhyzopods 
and gastropods (Schuster 1952). In hypersaline ponds, 
milkfish feed extensively on benthic mats composed of 
halophilic bacteria, blue-green algae, diatoms and fungi 
(Crear 1980). The positive response of milkfish to 
artificial diets has been recorded by Lai (1966) and Chen 
(1981). The specific growth rates in the present 
experiments showed no significant effects of the 20% 
protein feed. Whether herbivores like milkfish can thrive 
on food of animal origin without digestive problems is a 
matter worthy of investigation (Lin 1969). Apart from the 
biochemical factors of the feed, the other reason that 
contributed to the nonsignificant effect of the feed was its 
form. Powdered rice bran and fishmeal tended to be 
carried out of the pen by the wind and wave action when 
released into the pen. Therefore, the period the feed is 
retained within the pen was inadequate to allow for 
effective consumption by the fish. Gut analyses, however, 
have not been carried out to confirm this. 

In this experiment fish which were fed showed a 
slight decrease in the growth rate after 60 days, i.e., during 
February and March and showed acceleration of growth 
from May onwards. Fish which were ncit fed also followed 
more or less the same pattern. Salinity dropped to 24 ppt 
in March and gradually rose up to 40 ppt in July. This 
salinity fluctuation registered no impact on the growth of 
the fish. 

Tampi (1960) obtained the values of L .. = 31.5 cm 
and K = 2.31 year for Chanos chanos from pond culture in 
India. The L co value obtained here (Table 3) is higher and 
the K value is lower than that obtained by Tampi. 
However, these values cannot be compared because the 
results are obtained under different environmental 
conditions. 
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T1ble 1. Experlment1i conditions of the pin culture. 

Experiment1i conditions 

Species stocked 
Number stocked 
Ave. length at stocking (cm) 
Ave. weight tit Stocking lg) 
D•te of stocking 
Feed used 

Rete of feeding 
D•te of huvest 
No. of d•YS of culture 

Tebie 2. Growth of fish recorded. 

Ave. length •t harvest lcm) 
Ave. weight et huvest lg) 
Growth rue lg/d•v) 
Totni no. harvested 
Tote! weight •t h11rvest (kg) 
Surviwl (%) 
inst•nt•neous rat• of morteiity IZ)/yeer 

Pen no. 1 

Ch•nos ch•nos 
2,500 
10.9 
11.6 
20 December 
Rice bran : fish melii 

8 :2 
3% body wt. d•ilY 
24 June 
190 

Pen no.1 

27.8 
130 

0.62 
1,664 

215 
66.2 

0.794 

Pen no. 2 

Ch•nos ch11nos 
2,500 
10.6 
10.0 
20 December 

3 July 
200 

Pen no. 2 

26.6 
118.6 

0.64 
1,603 

190 
64.12 

0.81 

Table· 3. Calculated Bertalanffy parameters. 

Pen no. 

Pen no. 1 
Pen no. 2 

47.89 
50.61 

K (yr-1) 

0.925 
0.807 

Table 4. Fish species observed in the pens during the culture 
period. 

Opisthopterus tardoore 
Leiognathus sp. 
Psettodes erumei 
Si/Iago sihama 
Etroplus suratensis 
Ephippus orbis 
Otolithus sp. 
Glossogobius sp. 
Sphyraena sp. 
Lutjanus sp. 
Triacanthus sp. 
Elops sp. 
Arothron ste/latus 

Mugil cephalus 
Macrura kelee 
Stolephorus indicus 
Ablennes sp. 
Scatophagus argus 
Allanetta sp. 
Osteogeneiousus militaris 
Carangoides sp. 
Chorinemus sp. 
Acanthopagrus latus 
Epinephelus sp. 
Johnius sp. 
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culture in experimental pens. 
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Abstract 

Traditional shrimp (Penaeus monodon) fanning is characterized 
by low yields, 100-300 kg/ha/yr. To provide fanners with appropriate 
technology that can inunediately improve pond yield with minimal 
investment, experiments were conducted in brackishwater earthen ponds 
in two phases. The first phase was to evaluate the optimum stocking 
density without transfer of stock during the culture period up to harvest 
time. In the second phase, the best stoclcing density in the first phase was 
selected to detennine the effect of transfer to newly-prepared ponds at 
45-day and 60-day intervals. In the first phase, the ponds were stocked 
with hatchery-bred fry at the stocking rates of 1, 2 and 4/m2 with no 
supplementary feeding for the first two months of culture. Feed was 
introduced after the second month at 6% body weight for the third month 
and at 4% body weight on the fourth. The yields after four months were 
171 kg., 317 kg and 382 kg/ha/crop with survival rates of 85%, 83% and 
74%, respectively. The stocking density of 2/m2 was selected for the 
second phase experimenL The yield was 422 kg, 525 kg and 372 
kg/ha/crop at 45 days and 60 days transfer and nontransferred, 
respectively. 
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Introduction 

The present trend towards intensification of stocking 
density in tiger shrimp farming is increasing. 
Intensification differs from the traditional extensive 
method in terms of culture operation, yield and capital 
investment ,(Shigueno 1975; Liao 1977). About 80% of the 
shrimp ponds in Southeast Asia still use traditional, 
extensive culture methods. Yields are low (100 to 300 
kg/ha) and less profitable than in intensive culture. 

This study was aimed. at . increasing production 
through intensification in traditional culture operations 
without substantial increase in scale or initial investment. 
The assumption is that the natural food in a fertilized pond 
can support densities of shrimp larvae higher than the 
traditional stocking rate of 5,000/ha within the first two 
months after stocking. Artificial feeds (formulated or 
fresh) were then applied as supplement. 

Materials and Methods 

The experiments were conducted in two phases. The 
first phase was to evaluate the optimum stocking density 
without transfer of stock during the culture period up to 
harvest time. In the second phase, the appropriate stocking 
density was selected to evaluate the effect of stock 
transfers on the growth and survival rate of shrimp. 

Nine 300-m2 brackishwater ponds with average 
depth of 1.0 m. were used. Each pond had both inlet and 
ou_tlet made of PVC standpipes 15-cm dia. Single net 
enclosures (0.5 mm mesh) were installed inside the ponds 
in front of the jnlet as well as the outlet pipes to keep out 
predators and other undesirable organisms as well as to 
prevent the escape of the cultured shrimps. 

Two weeks before stocking, the ponds were dried 
until the bottom cracked. After drying, Dolomitic lime 
(CaMgC03) was applied to the dikes as well as the pond 
bottom at 3 tJha. Chicken manure was applied at 600 
kg/ha. Water was then admitted into the ponds to an 
average depth of about 20-30 cm. Inorganic fertilizer was 
then broadcast at 37.5 kg/ha of ammonium phoSphate (16-
20-0) and 12.5 kg/ha of urea (46-0-0). The ponds were left 
undisturbed during the growth of the natural food. Fresh 
seawater was then allowed into the pond at 80-100 cm. 

Depth of Water inside the ponds was maintained at 
80-100 cm throughout the experiment period. Changing of 
pond water was solely dependent on tidal fluctuation; thus, 
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daily water management was effected only during the 
spring tides. 

Dissolved oxygen, pH and salinity of the pond water 
were measured in situ twice daily at 0600 and 1400 hr. 

A scheme of maintaining pond water productivity 
was initiated with the use of organic fertilizer. To each 
pond after the last change of water every spring tide, 25 kg 
of chicken manure wrapped in polypropylene bags were 
hung immediately opposite the water intake pipe. 

The supplemental feed was a locally-formulated diet 
with a local ingredient (protein content 35%, moisture 
10%) given twice a day at alternate interval. Feeding was 
done around 0700 and 0500 hr. Estimated feed required 
for the first supplementary feeding in the third month was 
6% of total biomass and 4% in the fourth month. 

At initial stocking the hatchery-bred postlarvae (P22-
P25) had an average length of 1.5 mm and average weight 
of 0.09 g. The postlarvae were stocked in the early 
morning (0630-0700 hr). The stock was sampled a month 
after stocking and thereafter biweekly until harvest. 

In phase one, shrimp were stocked at 1, 2 and 4/m2 
with three replications. In phase two, the appropriate 
stocking density in the first phase (2/m2) was selected. In 
this phase, there were three treatments. In the first 
treatment, the stock was transferred to a newly-prepared 
pond every 45 days of culture while in the second 
treatment, the stock was transferred after 60 days of 
culture. The third treatment served as control without any 
transfer of the shrimp. · 

Results 

The entire grow-out period was 120 days. Average 
daily weight increments at stocking density of 1, 2, and 
4/m2 were 0.16, 0.15 and 0.11 g, respectively (Table l).· 

The yields showed significant differences (p < 0.05) 
between stocking levels at 1/m2 and 2/m2 (Table 2). 
However, the difference in size was not significant at both 
levels of stocking as both reached marketable size (20 to 
30 g) in 120 days. Results also indicated no significant 
difference in yield between stocking levels at 2 and 4/m2 
but they differed significantly (p < 0.05) in size at harvest. 
No significant differences were found among the survival 
rates. Size frequency distributions of harvested shrimp are 
illustrated in Fig. 1. 

Overall yield at 1/m2 averaged 171 kg/ha/crop; at 
2frn2 yield averaged 317 kg/ha/crop and at 4/m2, 383 
kg/ha/crop. 

The growth rates of P. monodon transferred to newly 
prepared ponds were significantly different (p < 0.05) 
from that of the control (Table 3). Daily growth rates of 
0.26 g' and 0.27 g, respectively, were obtained from 

·transferred animals while only 0.20 g was recorded from 
the centrol. Fig. 2 shows the overall growth patterns. 

There were no significant differences in yield among 
the three treatments. The highest yield (525 kg/ha/crop) 
shown in Table 4, was derived from treatment B where the 
shrimp were transferred 60 days after stocking. From those 
transferred every 45-day intervals the yield was only 422 
kg/ha/crop. Sizes of transferred shrimp were significantly 
different (p < 0.05) from those not transferred (Table 4). 

The survival rate of 67.1% at 45-day transfers was 
the lowest compared to 80.8% and 74.5% at 60-day 
transfer and nontransferred, respectively. 

Discussion 

Results indicate that production from traditional 
shrimp ponds can be substantially increased with minimal 
input and capital. 

At harvest the estimated mean weight of 31.6 and 
32.6 g when transferred to new ponds at 2fm2 are similar 
to those cultured in an intensive system (Liao 1977; 
Kungvankij et al. 1976). However, the stocking rates in 
these experiments were much lower than in the intensive 
system. 

The results confirm the major role of natural food in 
the growth of P. monodon. The abundance of food 
organisms promoted the rapid growth of the transferred 
animals. 

The experiments also indicate that transferring 
shrimp may induce stress and cause high mortality due to 
handling. This was evidenced when the shrimp were 
transferred at 45-day intervals. Further studies are needed 
to reduce mortality. The results further demonstrate that 
the modular farm system can be applied to shrimp 
farming. With good farm management the farm can 
produce 5-6 crops/ha/yr. 
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Fig. 1. Size distribution of harvested P. monodon stocked at 
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T1ble 1. Aver1ge dilly w1lght Increment 1nd 1lze 1t h1rv1st IPhlSI I). 

Stocking Weight it D•llv 
d1nslty lnltl1I weight h21rvest lncre1S• 

(no./1112> (g) (g) (g) 

0.09 20.4:16.8 0.16 
0.09 18.9:15.9 0.16 
0.09 12.8:13.4 0.11 

T1bl1 2. Aver1g1 body weight, survlval ret• 1nd nit production 1t v1rlaus stocking d1nsltles (Ph1s1 I), 

Stocking 
density Totel harvest Survival 
(no./m2 ) (kg) (%) 

6.2 83.7 
4.8 79.0 
4.4 91.0 

Aver11ge (6.1el (84.6°) 

9.8 85.0 
7.8 74.0 

10.8 90.0 

Average (9.6bl 183.oel 

10.1 62.0 
14.8 78.0 
9.3 81.0 

Avertge !11.6bl (73.6e) 

Average 
bodyweight 

(g) 

24.70 
20.26 
16.16 

(20.4el 

19.22 
17.48 
20.02 

(18.9el 

13.60 
16.80 
9,60 

(12.9bl 

A.v1r19e 
nit production 

(kg/he/<rop) 

171 

317 

384 

Note: M11ns followed by the Sime superscript ue not signlflc1ntiy different at p > 0.05, 

Table 3. D•llY 1ver8{le weight g1lns of P. monodon (Ph•se ii), when transferred to nl'N ponds 1t 
46 days (A), 60 days lel and not transferred (C). 

Avtr8{1• Weight at Dolly 
Initial w1lght harvest growth 

Trutment (g) (gl (g) 

A 0,09 31.6f8.3 0.26 
8 0.09 32.6:19.o 0.27 
c 0.09 24.6±7.o 0.20 

Table 4, Survlwl rat•,1v1rege body w1ight end production of P. monodon per crop at 2/m2 (Phase II), 
i.nd transfer at 45 d1Ys (A), 60 days (B) and not tr1nsferred IC). 

Average Averege 
Total harv•st Survival bodyweight production 

Tre1tm1nt (kg) 1%1 (g) I kg/ho/crop) 

A 13.8 72.6 31.7 460 
12.3 61.7 33.4 410 
11.9 67.3 29.7 396 

Av1uag1 (12.s'I (67.1el 131.s'I 422 

16.0 70.8 36.2 600 
17.3 90.6 31.8 676 
14.9 81.0 30.8 499 

Average (16.7e) (80.Sel (32.6el 626 

c 8.6 49.2 20.8 289 
9.1 67.6 22.6 303 

16.8 86.7 30.4 526 

Average (11.1el l74.6e) (24.6b) 372 

Note: Me1ns followed by same superscript art not significantly dlfftrtnt at p > 0:.05. 
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Abstract 

In intensive pond fish culture, good water quality is critical for 
fish growth ancL survival Various water management techniques have 
been developed to maintain adequate levels of dissolved oxygen and to 
prevent the accumulation of ammonia and carbon dioxide to toxic levels. 
This study investigated the effect of paddlewheel aerators on the removal 
of ammonia and carbon dioxide and to ascertain its well-established 
effect of maintaining optimum dissolved oxygen levels in ponds 
sustaining a high biomass. A SOO-m2 earthen pond was stocked with 
Oreochromis niloticus averaging 170 g each to attain a total biomass of 
3,000 kg/ha. Un-ionized ammonia and carbon dioxide levels were 
monitored every four hours for both aerated and \Dlaerated conditions in 
the same pond. Each treatment· was monitored over 24-hour cycles. 
Results indicate a significant effect of aeration on the diel pattern for 
carbon dioxide but none on ammonia. Carbon dioxide levels accumulated 
through the night and peaked between 4 and 8 a.m. at which time 
aeration significantly reduced iL Ammonia concentration was highest at 
4 p.m. regardless of treatmenL 

Introduction 

In intensive pond fish culture, good water quality is 
critical for fish survival and growth. The high biomass 
sustained in the pond, coupled with fertilization and 
feeding can result in the accumulation of toxic metabolites 
such as on-ionized ammonia and carbon dioxide excreted 
as metabolic end-products of fish, other organisms and 
microorganisms. 

Ammonia exists in pond water in two forms: un-
ionized (NH3) and ionized (NH4+). Its toxic effects are 
mainly associated with. the on-ionized form, the 
concentration of which is related to total ammonia content, 
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water pH and temperature (Eddy 1982). Carbon dioxide 
(C02) dissolves in water to form carbonic acid (H2C03) 
which dissociates into bicarbonate (HC03-) and hydrogen 
(H+) ions. The HC03- in turn dissociates further to form 
carbonate (C03=) ions and more H+. Carbon dioxide is 
relatively more toxic than the other forms, and high 
concentration can result in a significant decrease in pond 
water pH. The relative proportions of NH3 and NH4+ and 
of C02, H2C03 HC03- and C03= are dependent on pH 
and temperature. 

Watei: surface agitation exposes a larger portion of 
the water to the atmosphere. When a concentration 
gradient exists across the air-water interface, mass transfer 
occurs down the gradient to bring the atmospheric and 
dissolved gas concentrations into equilibrium. Since both 
NH3 and C02 are in dissolved gaseous forms in the pond, 
it is ·possible that water surface agitation will effect their 
volatilization when gaseous concentrations are higher than 
atmospheric concentrations. 

The paddlewheel aerator has long been established as 
a very effective device for adding dissolved oxygen (DO) 
to oxygen-depleted pond water (Boyd and Tucker 1979). 
Originally conceived as an emergency aeration device for 
use only during periods of low DO levels, such as the 
early morning hours or after massive phytoplankton die-
offs, many fish farmers now operate it continuously 
throughout the day to remove toxic gaseous elements and 
maintain optimum levels of DO. 

The results are to form the basis for the development 
of an improved water-quality management strategy for 
intensive pond culture with the use of paddlewheel 
aerators. 

Materials and Methods 

The experiment was conducted in a 500-m2 earthen 
pond with an average water depth of0.75 m. Oreochromis 
niloticus averaging 170 g each, total biomass 3,000 kg/ha, 
were stocked and fed a commercial diet containing 35% 
protein thrice daily at a rate of2% body weight 

An aerator with two 60-cm paddlewheels was 
installed in the northern corner of the pond. The 
paddlewheels, powered by a 0.5-hp electric motor, rotated 
at about 138 rpm. Leaks in the aerator float were 
effectively monitored by periodic measurements of the 
current being drawn by the motor. A draw of 2-3 amperes 
was considered optimum. 
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Water temperature, pH, salinity, water depth, 
dissolved oxygen, on-ionized ammonia and carbon dioxide 
concentrations were monitored every four hours in two 24-
hour cycles each for the aerated and unaerated conditions. 
Parameters for the two treatments were measured and the 
effects of aeration monitored. Weather conditions and the 
response of the fish were also noted. Water samples for 
pH, NH3 and COz determinations were drawn near the 
surface and bottom at three points in the pond: eastern and 
western and center. Temperature and DO were measured 
in the laboratory with a Coming pH meter Model 10. Total 
ammonia-nitrogen ~d C02 (alkalinity) were determined 
according to ~e methods described by Strickland and 
Parsons (1972) and APHA (1975), respectively. Un-
ionized NH3 concentrations were calculated using data 
from Emerson et al. (1975). A pH meter was used to 
determine alkalinity at the equivalence point at pH 4.5 as 
no sharp color change was observed at the methyl orange 
endpoint. Alkalinity values were then converted to total 
carbon dioxide levels according to Strickland and Parsons 
(1972). 

The data were subjected to an analysis of variance· to 
determine whether significant changes occurred at 
different periods over a 24-hour cycle and to compare the 
effect of paddlewheel aeration on NH3 and C02 levels. 

Results 

Results are based on data collected over four 
continuous days of observation. Water salinity ranged 
from 34-35 ppt Pond water was rather turbid, the pond 
bottom not visible even on sunny days. Water temperature 
was 24.5-30.80C under aerated conditions and 26.5-
3 l .40C under unaerated conditions. Table 1 compares 
water quality parameter values between aerated and 
unaerated pond conditions. Figs. 1-4 compare DO, pH, 
C02 and NH3 levels between the two conditions. 

Carbon dioxide concentrations were significantly 
affected (P < 0.05) by aeration. Carbon dioxide levels 
peaked at around 4 a.m. until aeration significantly 
reduced it At this time, the mean C02 level Wlder aerated 
conditions was 3.98 mmoles/l compared to 4.36 mmoles/l 
under Wlaerated conditions. At a mean 24-hour 
concentration of 2.83 mmoles/l in this high biomass pond 
under Wlaerated conditions, COz levels were significantly 
higher than the average of 0.50 mmoles/l in an adjacent 
pond sustaining a biomass one magnitude lower. 

There were no significant differences (P > 0.05) in 
NH3 concentrations between an aerated and an unaerated 
pond. Ammonia and pH levels were highest at 4 p.m. and 
lowest at 4 a.m. regardless of treatment. The average total 
ammonia concentration of 0.18 mg/I, however, was 

significantly higher than the average of 0.08 mg/I in the 
adjacent low fiiomass pond. 

The weather on all four days of observation was fair 
with moderate wind and sparse clouds. However, between 
4 p.m. and 12 midnight on day 4 (unaerated condition), the 
wind stopped blowing. This sudden change in weather 
may have been the cause of ~e plunge of pH and DO 
levels to a critical low of 6.88 and 2.88 mg/I, respectively 
at 12 midnight Some fish were observed to be at or near 
the water surface while a few were observed leaping out of 
the water. 

Discussion 

The results clearly demonstrate the significant 
increase in pond carbon dioxide and total ammonia levels 
and depletion of DO to limiting levels due to crowding of 
fish. Low pH, high C()z, ammonia, nitrite and low oxygen 
are all deleterious to fish health, impair growth, and result 
in a variety of other sublethal effects (Randall et al. 1982). 
Un-ionized ammonia can readily diffuse across gill 
membranes with its lipid solubility and lack of charge 
(Randall et al. 1982) and sublethal concentrations may 
reduce growth, damage dorsal fins, pectoral fins and other 
organs, cause gill hyperplasia, thickening of the gill 
epithelieum, fusion of lamellae, swollen gills and 
hemorrhaging and predispose fish to disease (Colt and 
Tchobanoglous 1978; Redner and Stickney 1979; Randall 
et al. 1982; Soderberg et al. 1'983); Hypercapnia, a 
condition resulting from an increase in ambient C02, 
typically causes a rapid decrease in blood pH due to 
elevated arterial partial pressure of C02 in fish (Randall et 
al. 1982). 

· Significant changes in diel pattern of pH, C02, NH3 
and DO were observed in the pond with high stocking 
density. The pattern follows · that which results from 
photosynthesis of pond flora and respiration of the fish and 
other organisms. With sunlight, photosynthesis brings 
about an increase in DO to a late afternoon maximum and 
a reduction in the concentration of dissolved C02 to a late 
afternoon minimum. During the dark, continuing 
respiration results in diminishing DO and accumulation of 
C02 with their respective minimum and maximum 
occurring around dawn. Changes in pH correlated 
aegatively with C()z concentrations, indicating that the 
buffering capacity of the pond saline water was not 
adequate to prevent pH fluctuations of 6.88-8.11. Changes 
in pH altered the relative concentration of un-ionized 
NH3. At equilibrium, the ratio of NH3 to total NH3-NH4+ 
will increase as pH increases and decrease as pH 
decreases. The resulting peak NH3 level at 4 p.m., 
corresponding with the peak water pH is consistent with 
this condition. At a particular pH, the concentration of 
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ammonia also correlates positively with temperature since 
the equilibrium constant, K, for the system, increases with 
temperature. 

The ranges of pH, DO and C02 concentrations were 
wider and the peaks more pronounced without aeration. 
These results indicate the positive effect of aerators on the 
maintenance of optimum DO levels and on the removal of 
C02 from the pond water. Maximum removal occurs at 8 
a.m. when C02 levels are high, DO levels are low and 
photosynthesis is not yet significant Removal of C02 by 
aeration at this time is particularly significant because the 
most detrimental effect of C02 in fish culture occurs at 
high C02 and low DO levels (Boyd 1979). 

Ammonia was not significantly removed by the 
paddlewheel aerators even at its peak levels at 4 p.m. NH3 
loss rates due to volatilization increased with increasing 
wind speed, temperature and pH, with significant 
volatilization at pH 9 (Weiler 1979). In this study, the 
maximum pH observed was only 8.11. It is possible that 
volatilization was not observed, as the ionized and un-
ionized fonns of ammonia were near equilibrium and their 
relative levels were mainly detennined by temperature and 
pH. Variations in total ammonia levels may have resulted 
mainly from respiration, photosynthesis and nitrification. 

The sudden cessation of the wind between 4 p.m. and 
12 midnight on day 4 (unaerated condition) caused C02 
levels to rapidly accumulate by as much as 3.27 mmoles/l. 
Un-ionized NH3 levels dropped by 0.015 mg/I due mainly 
to the rapid decline in pH. This isolated occurrence 

· underscores the effect of water surface agitation on the 
removal of carbon dioxide and further supports the other 
data gathered during the rest of the experiment. Water 
quality parameter values returned to nonnal after wind 
speed increased at midnight. 

It is thus recommended that paddlewheel aerators be 
operated not only during periods of low DO levels but also 
when C02 levels are expected to accumulate to toxic 
levels, such as in the early morning hours, after massive 
phytoplankton die-offs, or when air is still. In addition to 
aeration, regular partial change of the pond water 
(flushing) to reduce the levels of toxic substances is 
recommended, as aeration cannot adequately remove 
metabolic wastes. 
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Table .1. Water quality parameter values in aerated and unaerated 
ponds at 34-35 ppt. 

Aerated Unaerated 
Parameter (24.5·30.8°C) (26.5-31.4°C) 

Min DO mg/I 4.1 12 midnight 1.1 4a.m. 
Max DO mg/I 9.0 12 a.m. 14.7 4p.m. 

Min pH 7.24 4a.m. 6.88 12 midnight 
Max pH 8.11 4p.m. 8.09 4p.m. 

Min NH3 mg/I 0.001 4a.m. 0.002 4a.m. 
Max NH3 mg/I 0.023 4p.m. 0.033 4p.m. 

Min C02 mmoles/I 0.63 4p.m. 0.68 4p.m. 
Max C02 mmoles/I 5.43 4a.m. 5.09 4a.m. 
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Figs. 1-4. Dissolved oxygen concentration, pH levels, and carbon dioxide and un-ionized ammonia concentrations, respectively, in the 
experimental pond over 20 hours. Two cycles for each parameter. 
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Abstract 

Optimum conditions for induction of triploidy by cold shock in the 
cyprinid loach, Misgurnus anguillicaudatus, were studied. Triploids were 
identified by measuring the DNA content of erythrocytes with 
microscope cytophotometry. When eggs were subjected to cold shock 
(SoC for 40 min.) at various times after fertilization, those shocked at 5 
min. after fertilization produced the highest proportion of triploid fry. 
One hundred per cent triploids were produced in the groups treated at 
loC for 30-40 min. Hatching rate decreased and the proportion of 
deformed fry increased as cold shock duration was increased. The 
proportion of triploids tended to decrease as the temperature of cold 
shock increased from 1 to l20C. 

Introduction 

Preliminary work on induction of polyploidy in 
aquatic animals was :reported in. the 1940s (for reviews, 
see Fankhauser 1945; Purdom 1983). It was not until the 
1970s, however, that research on polyploid induction in 
finfish began in earnest (Purdom 1983). Subsequent 
technological development has been very rapid. Triploid 
induction is a favorable method of obtaining sterile strains 
to find a means of increasing the adult size and to avoid 
mortalities after spawning. Hence, the use of triploid 
induction could contribute to fish breeding and 
aquaculture (Donaldson and Hunter 1982). 

Commercial seedling production of many freshwater 
and several marine fishes is practised in Taiwan. Recently, 
many trials aimed at improving propagation-related 
techniques to produce all-male populations and the 
availability of cryopreserved sperm have been undertaken 
but tests on the induction of triploidy have not been 
reported. Considering its high effectiveness and easy 
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manipulation, cold shock (rather than heat shock and 
pressure shock) has been adopted as a means of inducing 
triploidy in loach by inhibiting extrusion of the second 
polar body during the second meiotic division of newly 
fertilized eggs. In loach, survival, growth and sterility of 
induced triploids were reported by Suzuki et al. (1985). 
This paper presents results of research to determine the 
optimal combination of cold shock conditions in cyprinid 
loach. 

Materials and Methods 

Female spawners were selected from captive 
broodstock and injected with bighead carp pituitary gland 
or HCG. Ripened eggs were stripped out of one gravid 
female. Testes were removed from two mature males and 
ground with 12 ml of Ringer's solution which contained 
750 mg NaCl, 20 mg KC! and 40 mg CaCI2 in each 100 
ml H20. Sperm was activated by freshwater of three times 
volume and mixed with eggs immediately (arbitrarily 
termed the fertilization time). Thirty seconds after 
fertilization, the eggs were distributed into 60 petri dishes 
(6 replicates x 10 subexperimental groups) each containing 
10 ml of freshwater. The number of eggs in each 
subexperimental group ranged from 350 to 500. Healthy 
eggs adhered to the bottom of the dish. 

The experimental treatments and conditions are 
summarized in Table 1. In TRI-1, loach eggs were 
exposed to soc for 40 min. and the starting time of cold 
shock varied from 1 to 9 min. after fertilization in nine 
subexperimental groups. In Experiments TRI-2 to TRl-6, 
starting time and duration of cold shock were the same. 
However, the temperature of cold shock varied for 
Experiments TRI-2 to TRI-6. There were six replicates in 
each of the nine subexperimental groups and in the 
control. After cold shock treatment, eggs in petri dishes 
were rewarmed for 5 min. using water at room 
temperature. The numbers of eggs in each of a series of 60 
petri dishes were counted. 

Hatching rates in each petri dish were calculated 
after hatching. Twenty-four hours later, percentages of 
deformed fry in each petri dish and treatment were also 
recorded. The criteria for recognition of deformed fry were 
a curved tail and shortened body (Chen et al." 1986). Fry 
were reared for 20 days at a density not more than 80 
individuals per container (11 x 18 x 5 cm) and fed with 
rotifera and brine shrimps. 
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Blood smears of 20-day old fry were prepared as 
described by Gervai et al. (i980) and Chen et al. (1986). 
DNA content of individual erythrocyte nuclei of five cells 
from 20 or fewer fish in each subexperimental group was 
measured and computed with a LEITZ MPV 3 microscope 
photometer. Each nuclei was read 32 times automatically. 

Cytophotometric DNA assay was based on the 
quantity of light absorbed by the stained nuclei and was 
expressed as the absorption unit (in the absence of a flow 
cytometer). The readings of stains normally vary with (1) 
DNA content in the erythrocyte nuclei and (2) variation 
between and within each batch of stained slides. To 

· evaluate the DNA content, the following equations were 
used: 

CF= (F/Q) x 6 and CFS = FS x (CF/F) 

where F is mean value of readings of each sampled 
fry; Q is mean. value of readings of corresponding 
quantitative blank smear on the same slide (the blank w.as 
an erythrocyte smear from an untreated diploid loach); FS 
is standard error of readings of each fry; CF is corrected :F; 
and CFS is corrected FS. 

The difference between CF of each sample fry and 
the mean CF of the control group was determined by using 
the student's t-distribution. J?ifferences were considered 
insignificant when P > 0.01. Since the control groups 
produced only diploids, triploidy was acknowledged when 
the CF on a slide of sample fry was 1.5 times that of the . 
mean CF of the control group. In addition, individ~l 
mean erythrocyte DNA content expressed as absorption 
units of 100 erythrocytes from one assumed diploid and 
one assumed triploid group, respectively, was calculated 
and frequency histograms of DNA content were 
constructed. 

Results 

A frequency histogram of erythrocyte DNA content 
of one assumed diploid and triploid loach is shown in Fig. 
1. No overlap was found. The mean erythrocyte DNA 
content of the assumed triploid was found to be 1.5 times 
that of the assumed diploid. 

The hatching rate of eggs subjected to cold shock at 
1-7 min. after fertilization was slightly lower than that of 
the control (p < 0.02; t-test). However, cold shock at 8~9 
min. after fertilization produced no significant difference 
in hatching .rate. The percentages of deformed fry in each 
experimental group were not significantly different from 
that ill the control group (Fig.· 2). The survival rates of 20-
day old fry in the experimental groups ranged from 56.7% 
(8 min.) to 97.6% (4 min.) against the control (Table 2). 
Comparisons of the DNA content revealed that the highest 

percentage of triploids was found in the group started at 5 
min. after fertilization. Earlier or later exposure resulted in 
lowered triploid rates. No triploids were found in the 
control group nor in groups started at 8 or 9 min. 

The combined effect of temperature and duration of 
cold shock on the hatching. rate and percentage of 
deformed fry is shown in Fig. 3. The hatching rate tended 
to decrease and percentage of deformed fry to increase as 
the duration of cold shock increased. Tables 3 and 4 show 
the survival of 20-day old fry. Exposure of eggs to 1 oc for 
20, 30, 40, 50 and 60 min.; 60C for 30 and 40 min.; 8oC 
for 40 min. or 12oC for 40, 50, 60, 70 and 80 min. yielded 
over 80% triploid fish. 

Discussion 

The result from this study is in agreement with 
Suzuki et al. (1985) that cold shock of lOC is a useful 
means of inducing triploidy in the cyprid loach. In this 
study, 1 oc cold shock duration of 30 or 40 min. both 
produced 100% triploidy, better than that obtained by 
Suzuki et al. (1985) at 60 min. (84%) or those of our own 
results obtained at 20, 50 or 60 min. 

The results indicate that triploidy increases as the 
cold shock temperature decreases. For those investigating 
temperatures between 0 and 1 oc, cold shock will be of 
interest. Similarly, more data on the combined effects of 
cold shock temperature and duration will help to further 
elucidate the effects on the induction of triploidy in the 
loach. 

Induction of triploidy is considered an effective 
method of improving growth in animals; however, 
attention should be drawn to other characteristics of some 
fish. For example, triploids of Gasterosteus aculeatus use 
less oxygen than diploids and their rate of respiration per 
unit area of body surface is reduced (Swarup 1959). A 
recent study of Atlantic salmon triploidy by Graham et.al. 
(1985) found that a redQced ability to transport oxygen due 
to less hemoglobin-oxygen loading ratio for the triploids 
may hinder the triploids' ability to obtain oxygen under 
stressful conditions. Although triploid Ibach in this study 
appeared as viable as the diploids and no difficulties were 
experienced in raising them over the twelve-month 
duration of these experiments, the potential of using 
triploids to improve the culture of loach remains to be 
studied. 
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Fig. 1. Frequency histogram of erythrocyte DNA content in one 
diploid and one triploid loach. The readings of absorption units 
were determined by using microscope photometry. 
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Abstract 

A reliable method for the induction of heterozygous diploid. 
gynogenetic fry in the cyprinid loach, Misgurnus anguillicaudatus, was 
developed by means of cold shock treatment to eggs fertilized with UV-
irradiated sperm. Haploid and diploid fry were identified by measuring 
the DNA content of erythrocytes with the use of cytophotometry. 
Haploid fry were totally deformed and· died within four days after 
hatching. All morphologically normal fry were confirmed to be diploid. 
UV-irradiation dosage of 0.5 to 2 J/cm2 was the optimum for genetic 
inactivation of sperm of cyprinid loath. Eggs fertilized with UV-
irradiated sperm and subjected to cold shock of soc for 40 min., at 3 to 5 
min. after fertilization, resulted in comparatively high percentages of 
normal fry. As for the optimal cold shoclc temperature and duration for 
the treatments applied 4 min. after fertilization, high hatching rate and 
high rate of normal fry were produced from cold shock of SoC for 40-60 
min. and 60C for 20-50 min. · 

Introduction 

Gynogenesis is one type of parthenogensis through 
which embryos are obtained from the eggs without genetic 
contribution from the spenn. Natural gynogenesis has 
been recorded in species of the family Poeciliidae and the 
species Carassius aureatus gibelio. Since artificial diploid 
gynogenesis was first induced in frogs by Hertwig in 
1911, the technique has been used in several commercial 
fish species and many reports on it have been published 
(for reviews see Purdom 1983; Chourrout 1984). 

The main interest in inducing diploid gynogenesis 
lies in the production of inbred lines and monosex 
populations. Purdom (1983)estimated that one generation 
of gynogenesis is equivalent to about seven generations of 
full sib mating. Artificial gynogenesis in species having 
female homogamety will produce all female fry and the 
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species Jiaving female heterogamety ('ZW) will produce 
1: 1 of Z:Z male and WW female. The WW super females 
can be crossed with nonnal Z:Z males to produce all-
female offspring (ZW). Arti(icial gynogenesis can also be 
used to study sex detennination, gene-mapping, isolating 
mutants and preparing karyotypes (Gervai et al. 1980). 

Production of diploid gynogenetic individuals 
requires the combination of spenn inactivation and 
diploidization of the maternal chromosome set. Gamma, X 
and UV irradiation can be used to inactivate spenn. UV 
light is inexpensive, can easily be set up in individual 
laboratories and is safer than gamma irradiation or Xrays 
(Lou and Purdom 1984). Cold shock, heat shock, 
hydrostatic pressure and various chemicals have been used 
for in9ucing gynogenesis and polyploidy in fish 
(Chourrout 1984). Suzuki et al. (1985) have reported work 
on survival, growth and fertility of gynogenetic diploids 
induced in the cyprinid loach, Misgurnus 
anguillicaudatus. However, data on the optimum 
condition for inducing diploid gynogenesis by applying 
cold shock to the eggs after fertilization with UV-
irradiated spenn have not been reported. 

The objective of this study was to detennine the 
optimal condition for mass production of diploid 
gynogenetic cyprinid loach with combinations of UV-
irradiation dosage, cold shock temperature, duration of 
treatment and length of time after fertilization. 

Materials and Methods 

The experiments were carried out at the Tungkang 
Marine Laboratory. Broodstocks we~ purchased from 
private loach farms and were stocked at a density not 
higher than 200 gjm2 in a pond with a surface area of 6:25 
m2 and with 10 cm of soil at the bottom of the pond. They 
were fed twice daily with commercial loach pellet feed 
and water fleas. 

Soft-belly female spawners more than 15 g were 
selected from captive broodstock. Ovulation was induced 
by honnone treatment. The females were injected with 
bighead carp pituitary -gland or HCG based on the weight 
of the loach. The amount of honnone treatment was 
prepared according to Chen and Su (1980) and Suzuki 
(1983). In most cases, with a moderate water temperature 
of 280C, the females responded well 8-10 hours after the 
injection of the honnone. The males wer-e not treated with 
the honnone. 
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Two males were used in each experiment. Sperm 
were diluted with 12 ml of Ringer's solution which 
contained 7.5 g NaCl, 0.2 g KCl and 0.4 g CaCl2 per liter 
of distilled water. For sperm inactivation, one ml of 
Ringer's sperm solution was spread out in a petri dish. 
Each petri dish containing the sperm was exposed to one 
15 W UV germicidal lamp (254 nm) at a distance of 2 cm 
(0.05 W /cm2 measured at the surface of the solution) for 
the desired time. During irradiation treatment sperm was 
shaken at 100 times/min. 

Ripened eggs were stripped out of one gravid female. 
Fertilization was carried out by mixing 3,500-5,000 eggs 
with 10 ml of Ringer's sperm solution and 30 ml of 
freshwater (arbitrarily termed the fertilization time). Thirty 
seconds after fertilization, the eggs were transferred to 60 
petri dishes containing freshwater. The eggs adhered to the 
bottom of the petri dishes within 10 seconds. · 

For cold shock treatment, the fertilized eggs were 
immersed in cold water maintained at desired low 
temperatures by a low temperature water bath. . 

• The experimental treatments and conditions are 
summarized in Table 1. Throughout the study, six 
replicates were used. In experiment GY-1, the effects of 
various UV-irradiation dosages . on sperm inactivation 
were studied. In experiments GY-2 to GY-S, sperm were 
irradiated for a total dosage of 0.5 J/cm2 over 10 seconds. 
In experiments GY-2 and GY-3, the cold shock 
temperature was fixed at soc and duration of cold shock 
at 40 min. to study the optimum time for the application of 
cold shock after fertilization. In experiments GY-4 and 
GY-S, the time of application of cold shock was fixed at 4 
min. after fertilization to study the optimum cold shock 
temperature and duration. 

After cold shock treatments, eggs in the petri dishes 
were transferred to water at room temperature for 5 min. 
The number of eggs in each petri dish was counted. The 
eggs in the petri dish were then incubated without 
aeration. Dead eggs were removed and water changed 
every six hours. Hatching rates were calculated in 
percentages of the total number of eggs in each petri dish. 
Normal and deformed fry · in each petri dish were 
distinguished by their appearance at 24 hours after 
hatching. Deformed fry showed curved tail and short 
body. 

Blood smears of 2-day old fry were made on slides 
and fixed in methanol-formalin 9:1 v/v for 15 min. Slides 
were washed twice with distilled water, dried and stained 
by the Feulgen reaction procedure (Humason 1979). 

The DNA content of erythrocyte nuclei was 
measured (10 nuclei per fry) with LEITZ MPV 3 
microscope photometer (Gervai et al. 1980; Johnstone 
19S5). Each nuclei was read 32 times automatically. 

Results 

Haploid gynogenesis by UV irradiation of sperm. In 
experiment GY-1, eggs fertilized with UV-irradiated 
sperm of dosage lower than 2 J/cm2 showed slightly lower 
hatching rate than those in the control, but the difference 
was not significant. Hatching rate of the group at 3 J/cm2 
was significantly lower than that of the control (P < 0.01) 
(Fig. 1). All fry hatched from UV-irradiated sperm were 
deformed and died within four days after hatching. The 
effect of UV dosage on the erythrocyte DNA content of 2-
day old fry in the samples is presented in Table 2. The 
average DNA content of erythrocyte decreased with 
increased UV-irradiation dosage. The difference of DNA 
content among UV-irradiated groups of 0.5 J/cm2 or 
higher was found to be insignificant. Fry obtained from 
these groups were confirmed to be haploid. The 
gynogenetic haploid and diploid control fry are shown in 
Plate lA&B. 

Diploid gynogenesis by cold shock. Experiment GY-
2 showed that nearly all fry were normal in control A 
(normal sperm; no cold shock). Control B (irradiated 
sperm; no cold shock) resulted in all deformed fry. More 
than 65% normal fry were obtained from treatments of 3 
and 6 min. after ferilization. Treatments of 9 to 21 min. 
produced nearly all deformed fry (Fig. 2a). 

Both the normal fry obtained from cold shock 
treatment and control A showed.the normal morphological 
appearance (Plate 1B and C) and the same DNA content 
(Fig. 3). All normal fry from the treatment groups were 
confinned to be gynogenetic diploids. However, some of 
the abnormal fry showed the same DNA content as 
untreated control A. 

Based on the results of experiment GY-2, effects of 
cold shock started at 1-S min. after fertilization were 
studied in experiment GY-3. More than SO% normal fry 
were obtained from 1 to 6 min. after fertilization and the 
best result was at 5 min. after fertilization. The differences 
among 3, 4 and 5 min., however, w~re not significant (Fig. 
2b). 

In experiments GY-4 to GY-S, the best results were 
obtained from a cold shock temperature of soc with 
duration of 40-60 min. and 60C for 20-50 min. Cold shock 
of 12oC was not effective in producing gynogenetic 
diploid fry although the hatching rate was high. Cold 
shocks of 1 and 4oC resulted in significantly lower 
hatching rates than the control (Fig. 4). 

Discussion 

In ()ur experiments on cyprinid loach, a reliable 
method of gynogenetic production was developed. UV 
irradiation has a marked effect on the genetic inactivation 
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of spenn. Stanley and Jones (1976) used UV-irradiation 
dosage of 0.9 J/cm2 for genetic inactivation of sperm in 
grass carp, Ctetwpharyngodon idella .. Suzuki et al. (1985) 
found that the UV-irradiation dosage of 0.12 J/cm2 for 
spenn inactivation in cyprinid loach resulted in high 
fertilization rate. In our experiment GY~l. UV-irradiation 
dosage of 0.5-2 J/cm2 was found to be the optimum UV-
irradiation for genetic inactivation of spenn of the cyprinid 
loach. This difference may be the result of different UV 
illumination or stock of fish used. 

This study shows that the optimum starting time for 
cold shock treatments was 3-5 min. after fertilization at an 
ambient temperature of 290C. This result corresponded 
with that of Suzuki et al. (1985). Cold shock given 9 min. 
after fertilization failed to restore diploidy. This showed 
that the second polar body had already separated. Hatching 
rate, on the other hand, was found to be relatively 
independent of the time of application. 

Suzuki et al. (1985) fixed the cold shock temperature 
at 1 oc and duration of cold shock at 60 min. The effects of 
other teinperature and duration on diploid gynogenesis 
were not reported in cyprinid loach. A low hatching rate 
was found in experiment GY-8 (cold shock at 1oc, 4 min. 
after ferilization). This result was not in agreement with 
that of Suzuki et al. (1985). Egg quality may be an 
important factor in this difference. 

All nonnal fry resulting from cold shock treatment 
were confmned to be diploids by their appearance and 
erythrocyte DNA content. Some abnonnal fry from cold 
shock treatment had the same DNA content as fry of 
control A (nonnal spenn; no cold shock). These may be 
the result of homozygosity due to recessive genes. 

Suzuki et al. (1985) have demonstrated the sex-
detennining gene of the cyprinid loach to be XX female 
homogametic type. Artificial gynogenesis can be used to 
produce all female offspring. However, this preliminary 
study showed that the survival rate was low in the diploid 
gynogenetic group of cyprinid loach. Further 
investigations on the mass production of all female fry are 
needed. 
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Tebht 1. Summ1ry of th1 experlment1I treatm1nts, 

UV·irradi1tlon Cold shock Amb11nt 
dosege T1mper1ture Timing Duration temp1rature 

Experiment IJ/cm2 ) 1°c1 (mlne.f.)• (min.) l°CI 

GY·1 0.3 28.0 
GY-2 0.6 8 3·21 40 29.0 
GY·3 0.5 8 1·8 40 29.2 
GY·4 0.6 12 4 0·70 29.0 
GY·5 0.5 8 4 0·60 27.5 
GY·6 0.5 6 4 0·70 27•.8 
GY-7 0.5 4 4 0-70 27.2 
GY-8 0.5 4 0-70 26.0 

•mfn 1.f ... min. 1fter fertlliz1tlon. 

T1bl1 2. Eff1ct of UV do51ge on the erythrocyte DNA content of 2-diy old lo1ch fry (expuiment 
GY·11. 

UV irradiation Av1r1g1 DNA 
dOSlgllS Number TVpe cont1nt 
IJ/cm2 ) of fry of fry (A.U.)• S.E. 

20 normal 5.83 ±0.53 
0.05 20 d1fonned 3.72 ±0.31 
0.1 20 deformed 3.74 ±0.38 
0.3 20 d1formed 3.87 ±0.61 
0.5 20 d1formed 3.55 ±0.32 
1 20 deformed 3.55 ±0.26 
1.6 20 deformed 3.62 ±0.33 
2 20 d1formed 3.50 ±0.32 
3 20 d1fonned 3.50 ±0.26 

•A.U. "'arbltrery units. 
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Plate 1. Two-day-old fry of gynogenetic haploids (A), control 
diploids (B) and gynogenetic diploids (C) of cyprinid loach, 
Misgurnus anguil/icaudatus. 
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Fig, 1. Effect of UV dosage on hatching rate and the percentage 
of normal fry. Experiment GY-1. 
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Fig. 2. Mean value and range for hatching rate and percent normal 
fry of eggs fertilized with UV-irradiated sperm and subjected to 
cold shock (8°C, 40 min.) at various time intervals after fertiliza-
tion. Both controls comprised eggs not subjected to cold shock. 
Irradiated sperm used in all treatments except control A. 0--0 
hatching rate (as % of eggs), e---e normal fry (as % of hatched 
fry). 
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Fig. 3. Distribution of erythrocyte DNA content of 2-day-old 
fry in Experiment GY-2. 
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Fig. 4. Mean value and range for hatching rate and percent normal 
fry of eggs fertilized with UV-irradiated sperm and subjected to 
cold shocks of various temperature and duration started at 4 min. 
after fertilization. Controls comprised eggs fertilized with un-
treated sperm and not subjected to cold shock. 
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Realized Response of Thai Red Tilapia to Weight -
Specific Selection for Growth 

PARNSRIJARIMOPAS 
National Inland Fisheries 

Bangkok, Thailand 

JAR.IMOPAS, P. 1986. Realized response of Thai red tilapia to weight -
specific selection for growth, p. 109-111. In J.L. Maclean, L.B. 
Dizon and L.V. Hosillos (eds.) The First Asian Fisheries Forum. 
Asian Fisheries Society, Manila, Philippines. 

Abstract 

Mass selection and weight-specific selection teclmiques were used 
to study growth in Thai red tilapia and to dete!liline selection response 
and realized heritability. In mass selection at the age of 14 weeks, the 
largest 10% of each population of 500 fish were selected. The growth 
perfollilance of the selected line was compared to that of the unselected 
(control) line. In weight-specific selection, fish were selected once at six 
weeks to have approximately the same standard weight, then were 
selected a second time based on their growth rate between weeks 6 and 
14. Weight and length of the selected line was greater than that of the 
control in every generation. The selected line was 29.7% heavier and 
9.88% longer than the control line after two generations of weight-
specific selection. The overall realized heritability estimates were 0.17 
for length and 0.19 for weight. 

Introduction 

Hershberger (1979) suggested that fish genetic 
improvement programs should focus on improvement of a 
small number of traits, each of which ought to make the 
population maximally productive. Falconer (1960) and 
Kirpichnikov (1981) reported that selective breeding by 
various means, e.g., mass selection or family selection, can 
increase production of rainbow trout, common carp and 
tilapia. 

The difficulty of mass (or individual) selection in 
tilapia is well known and is due primarily to variation in 
the age of fish in the same generation. Usually offspring 
are selected for a week or more, and this difference in age, 
coupled with uncertainty in duration of mouth brooding 
results in considerable phenotypic size variation among 
fish that are nominally of the same age. The solution to the 
problem adapted in this experiment was suggested by 
Doyle (Doyle and Talbot, in press); it consisted of 
discarding both large and small fish early in the grow-out 
period where material effects and uncontrolled phenotypic 
contributions to size are at their maximum. The remaining 
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fish, ideally of close to identical size, are grown out for an 
extended period. The differences in size at the end of this 
second period are used as the selection criteria. The 
selected trait is weight-specific growth rate, the growth 
rate of fish all of which start at the same weight. This 
technique may be especially useful in situations, as in 
Thailand, where facilities and personnel available for 
large-scale mass spawning of tilapia are limited. 

The Taiwanese have bred red ti.lapia out of a cross 
between Oreochromis mossambicus and normal 
Oreochromis niloticus (Fitzgerald 1979), yielding first 
generation offspring, 25% of which were red tilapia. With 
selective breeding, it took nine years to get 70-80% 
offspring that grew quickly and were completely orange-
red without black spots. In Israel, red tilapia cultured 
together with normal tilapia of the· same generation had 
low· growth rate, •apparently because of food competition, 
most of which was won by the normal tilapia 
(Chirdchuparnsari 1983). 

Thai red tilapia often have black spots and grow 
slowly. In Thailand application of selective breeding to red 
tilapia has never been attempted. Selective breeding seems 
to be a justifiable technique to help improve their growth 
rate. 

Materials and Methods 

The experiments were carried out in concrete ponds 
at the National Inland Fisheries Institute (NIFI) and in 
cages in Bangsai Ayuthya Province from 21 January 1983 
to 4 September 1985. The experiment was conducted in 
two parts. 

Mass Selection of Thai Red Tilapia in Line A 

1. Ten females and five males were bred together in 
five 10-m2 concrete ponds. Offspring were nursed for six 
weeks. 

2. Two thousand fry from (1) were randomly stocked 
in four 50-m2 concrete ponds. At the age of 14 weeks, 25 
females and 25 males were taken at random from base 
population of 500 fish of each pond to serve as control 
line. Then, individual selection was used; the largest 
females and males (25 each) were selected from the 
remaining 450 fish in the base population to serve as the 
selected line (10% selection). 
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3. Twenty-five females and 25 males of the same line 
were reared together in separate 50-m2 concrete ponds. 
Eight 5-m2 concrete ponds were used for four replications. 

4. Rearing fish until 7.5 months, F1 - offspring were 
produced by mass mating of 25 pairs within each line. 
Testing procedures applied to the spawners were repeated 
on the offspring to obtain growth comparisons. The fish 
population of the control and the selected line at the 14th 
week when fish showed signs of maturation was measured 
and discarded. 

Weight-Specific Selection of Thai Red Tilapia 
in Line B 

1. Twenty-five pairs of brooders of the unselected 
(control) line and selected line from line A were bred in 
eight 50-m2 concrete ponds, four replications each line. 
The offspring were nursed for six weeks. 

2. Five hundred fry having approximately identical 
size were selected from (1) and stocked in separate 50-m2 
concrete ponds per line for an additional eight weeks. Both 
the largest and the smallest fry corresponding to the two 
tails of the size distribution curve were discarded at week 
six. 

3. The population mean weight and length of 14-
week fish before weight-specific selection were measured. 
The 25 largest females and males were selected by means 
of 10% mass selection in the selected lines, then cultured 
separately by sex in two 1 x 1 x 1.5-m3 cages. Eight cages 
were used. 

4. Procedure (3) was repeated for the fish in the 
control line ponds, but in this case fish were taken at 
random. 

5. Rearing fish until 7.5 months, females and males 
of each· cage were brought together for mass mating, 
resulting in F1 offspring. The subsequent generations were 
produced by repeating procedures 1 to 5. 

6. Fish feed was NIFI tilapia diet. Feeding rate was 
about 4% daily body weight, twice daily. 

7. Length, weight and age of fish were measured on 
20% of the population in each pond. Measurements were 
made on all fish in each cage every 2 weeks to monitor 
growth rate and regulate the food ration. 

8. Selection intensity, selection response and realized 
heritability of a 14th week fish were determined by the 
following equations:-

i = S/o 
h2 = R/S (Falconer 1960) 
where i = selection intensity which is equal to the 

selection differential expressed in terms of standard 
deviation. S = selection differential, i.e., the difference of 
mean phenotypic value between selected parents and the 
population mean; R = selection response, i.e., the 
differences of mean phenothpic value between the 

offspring of the selected parents and the whole of the 
parental generation before selection, or 

R=M-D.2 
where D.1 =population mean of corrected offspring ( 

D.1 = population mean of selected offspring - population 
mean of control offspring); D.2 = population mean of 
corrected parents ( D.2 = population mean of selected 
parents - population mean of control parents); h2 = 
realized heritability; and o = standard deviation of fish 
population at 14 weeks before selection. 

Results and Discussion 

Weight and length of the selected line was greater 
than that of the control in every generation (Table 1). In 
F1 and F2 generations of line B the selected lines were 
21.6% and 29.7% heavier and 5.98% and 9.88% longer 
than the control line, respectively, after two generations of 
selection. 

Growth comparison of red tilapia after selection in 
line B is shown in Fig. 1. The growth curves in terms of 
weight and length show that the selected line grew faster 
than the control line. 

The selection intensity in each generation is given in 
Table 2. The mean selection intensity in PQ, F1 and F2 
generations of the selected line B was' 1.64, 1.57 and 1.09 
by weight and 1.60, 1.39 and 1.28 by length, respectively. 

The response to selection can be calculated in two 
ways: (1) as the difference between the parental and 
offspring generations after each has been corrected by 
subtracting the value of the control population or (2) as the 
difference between the offspring and its contemporaneous 
unselected control. There seems to be no clear reason to 
prefer one method of calculation over the other. They can 
give different results, however, if statistical weighting by 
degrees of freedom and sample v~iances is included in the 
calculation. 

The selection response calculated according to 
method 1 is given in Table 2. At the 14th week, R-valµes 
of selected line A were 9.45 g and 1.29 cm. R-values ofF1 
and F2 generations of selected line B were 2.69 g and 1.32 
g by weight and 0.46 cm and 0.34 cm by length, 
respectively. 

The cumulative sele~tion response after the second 
generation of selection calcufated according to method 
(2), is 4.58 g and 0.89 cm, respectively. 

Realized heritability using method 1 to calculate R is 
shown in terms of weight and foogth in Table 2. Realized 
heritability of males and females in line A was 0.53 and 
0.56 by weight and 0.43 and 0.47 by length, respectively. 
Average realized heritability of. males and females in line 
B was 0.16 and 0.20 by weight and 0.16 and 0.20 by 
length, respectively. 
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The salculation of realized heritability according to 
method (2) .gives the same value without statistical weight. 
The cumulative selection differential (fable 1) for weight 
is (27.12-17.27) + (35.8-0-18.29) = 27.36 g and for length 
is 911.42-9.60) + (12.51-9.75) = 4.58 cm. The 
corresponding heritability estimates are 0.17 and 0.19. 

Selection intensity and selection response of Thai red 
tilapia in the third generation indicate that the selected fish 
could grow 29.7% better by weight than the fish of the 
control line. Weight - specific selection (Doyle and Talbot, 
in press) is evidently a promising technique for increasing 
Thai red tilapia growth on the evidence of the observed 
selection response. 
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Fig. 1. Mean weight of control and selected tilapia after selection 
in third generation. Mean values in each group are connected by 
lines; similar symbols above or below the lines represent one 
standard deviation. 
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Abstract 

Cross breeding between two species of different maturation 
seasons was attempted by means of sperm preservation. The semen 
obtained from matured male crimson sea bream (Evynnis japonica) was 
frozen and preserved in liquid nit,rogen. DMSO and. 0.1 M sodium citrate 
solution were used as cryoprotectant and extender, respectively. After 
preservation for 199 days, about 30,000 eggs obtained· from matured 
female red sea bream (Pagrus ·major) were inseminated with' 0.2 ml of 
the semen; Seventy-four per cent of the eggs reached the morula stage, 
and 69% of the eggs reached the stage of appearance of embryo from 
those inseminated with preserved crimson red sea , bream semen, 
compared to the values of 89% and 65%, rcspcctlvely, obtained from 
eggs which were inseminated with fresh red sea bream semen. 
Percentage of hatched larvae from the stage of appearance of embryo 
was 99% in the hybrid, including 4%, of malformation, and 100% in red 
sea bream With no malformation. The mean body weight after the rearing 
of larval fish for 103 days was 12.6 gin hybrid and 16.2 gin pure.red sea 
bream. Though the growth rate of the hybrid was slow compared to pure 
red sea bream, it was similar to the wild red sea bream in body color than 
cultured pure red sea bream. It was anticipated that the market value 
would be higher in the hybrid than in cultured pure red sea bream. 

Introduction 

One of the main uses of cryopreservation of fish 
spenn is to breed new hybrids using preserved spenn. 
Nevertheless, cryopreservation of fish spenn has 
contributed little to the development of new hybrids 
despite considerable efforts. The red sea bream (Pagrus 
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major) is the most important cultured marine fish in Japan. 
However, the difference between the body color of the 
cultured fish and that of the wild fish is a serious problem 
because the red color of the fish has important. aesthetic 
implications. The color of the wild red sea bream is 
preferred-bright red speckled with small blue spots. The 
cultured fish is dark red with indistinct blue spots. Many 
efforts, including enrichment of carotenoids in the diet and 
shade culture, are being made to 'improve the body color 
without much success. Kumai and Nakamura (unpublished 
data) succeeded in hybridizing red sea bream and crimson 
sea bream (Evynnis japonica). The hybrid had body color 
similar to that of wild red sea bream and higher -growth 
rate than pure crimson sea bream. However, they noted the 
difficulty in commercial production of juveniles of this 
profitable new · hybrid because of the time lag in 
maturation between the two species: the maturation season 
of red sea bream is in spring while crimson sea bream 
mature in autumn. The objectives of this study were to 
examine the conditions for cryopreservation of crimson 
sea bream spenn, esjJecially with regard to the rate of 
cooling, and to detennine growth rates and coloration of 
the hybrid juveniles. 

Materials and Methods 

Semen was collected by hand stripping male crimson 
sea breams cultured at the Fisheries Laboratory, Kinki 
University, Uragami, Wakayama. Before collection, 
mature males were wiped dry around the cloaca. The 
semen obtained · from five males was combined and 
checked for motility under the microseope. Within 30 min. 
after semen collection, the semen was diluted with 0.1 M 
sodium citrate as extender and DMSO as cryoprotectant. 
The ratio of semen to DMSO and the extender was 
0.20:0.15:0.65 by volume. Spenn was frozen in liquid 
nitrogen vapor by the following method. Polyethylene 
tubes were. used as containers for diluted spenn. The 
volume of diluted semen in each tube was 0.5 ml. The 
tubes were plaeed horizontally on a rack in a styrofoam 
box (220 x 150 x 180 mm) containing an adequate volume 
of liquid nitrogen. The cooling rate was regulated by 
Rdjusting the distance · between ·'the surface of liquid 
nitrogen and the tubes. The temperature at tile middle of 
the tubes was recorded by thennocouple. After' 15 min. the 
tubes were·preserved in liquid nitrogen. 
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Before the experiments, individual tubes were placed 
in water bath at room tempetature for 30 sec. Motility of 
the preserved sperm was assessed by the stroboscopic 
method (Casson et al. 1985). Thawed semen was 
prediluted (1:30) using a solution of 0.1 M sodium citrate. 
After 30 sec., 20µ1 of precliluted semen was mixed with the 
same volume o~ seawater on a slide. A cover glass was put 
on the suspension immediately. Motility of spermatozoa 
was photogoiphed with stroboscopic ·illumination (5 Hz 
for 2 sec.) and dark-field optics. The sperm suspension 
was scored for forward swimming speed, percentage of 
motile spermatozoa and the duration of motility of sperm, 
considering the time when the suspension was covered 
with cover glass as the initiation of sperm motility. 
Pictures to estimate forward swimming speed were taken 
on an identical field every 15 sec. after initiation of 
motility (x40 Olympus lens). To calculate the percentage 
of motile spermatozoa, pictures were taken 5 min. after the 
initiation (x20 Olympus lens). Flagella movement of the 
sperm was observed by naked eye in various fields from 5 
min. after . the initiation. The percentages of motile 
spermatozoa were estimated from spermatozoa which had 
flagella movement in the pictures taken 5 min. after the 
initiation of motility. The duration of the motility was 
determined as the period from the initiation of motility to 
the time when less than two spermatozoa were observed in 
10 fields. 

Red sea bream eggs were collected on 27 May 198,5, 
and a portion of the eggs (33,000) was inseminated with 1 
ml (volume after dilution) of preserved crimson sea bream 
sperm collected and preserved on 21 November 1984. 
Another portion of the eggs (37 ,000) was inseminated with 
fresh red sea bream sperm. The hatched larvae were reared 
in overland tanks using rotifer (Brachionus plicatilis), 
copepods and minced Neomysis as food. 

To compare growth and survival rates of the hybrid 
and the pure red sea bream, 777 individuals each of hybrid 
and pure red sea bream were grown in cages in Uragami 
Bay fed with minced fish. 

Results 

Fig. 1 shows the freezing curves of the media in 
tubes placed at distances of 8, 4, 2 and 1 cm from the 
surface of the liquid nitrogen. The calculated cooling rates 
between-lOOC and-500C were-210C/min., -650C/min., -
910C/min. and -1540C/min., respectively. Fig. 2 shows 
the linear regression lines obtained by plotting the average 
forward swimming speed in a picture as a function of time 
after the initiation of motility. Th,e forward swimming 
speed of cryopreserved sperm decreased with time. Three 
replications of motility assessment are summarized in 
Fig.3 The forward swimming speeds at 60 sec. after the 

initiation of motility were calculated from the regression 
lines. Maximum forward swimming speed (134µm/sec.) 
was recorded in sperm 1 cm above the surface of the liquid 
nitrogen. Maximum percentage of motile spermatozoa 
(46.1 %) was observed in sperm frozen 4 cm above the 
surface and maximum duration of motility (114 min.) 
occurred in, sperm frozen 1 cm above the surface. 
However, the differences in each of three factors in 
relation to cooling rates were marginal and no clear 
relationship could be established. 

Sperm frozen 4 cm above the surface of liquid 
nitrogen was mixed with the eggs of red sea bream. Little 
inferiority in the survival of the hybrid compared to pure 
red sea bream was observed during embryonic stages 
(Table 1). The growth rate of juveniles of the hybrid was 
slightly lower both in fork length and body weight, than 
that of pure red sea bream (Fig. 4). Mortality during 120 
days of culture was 12.1 % in the hybrid and 9.5% in the 
pure red sea bream. The body color was brighter and the 
blue spots were more distinct in the hybrid than in the red 
sea bream. 

Discussion 

The results indicated that none of the motility factors 
had close relation to the fertilizing capacity of sperm and 
that there was no clear optimum range of cooling rate for 
crimson sea bream sperm between 20 and 160oC/min .. 
Morisawa and Suzuki (1980) reported differences in the 
environment factors , for the initiation and duration of 
sperm motility such as osmotic pressure and cation content 
between marine fish· and salmonid fish. In addition, it is 
quite possible that marine fish sperm has higher tolerance 
to dehydration. If crimson sea bream sperm is considered 
typical of marine fish sperm in freezing tolerance, it will 
be rewarding for future advances in cryopreservation 
technique of fish sperm to investigate the relation between 
optimum cooling rate and duration of motility and 
environment factors initiating sperm motility and tolerance 
to dehydration. 
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Table 1, A comparison of survival of embryos of hybrid. and pure 
red sea bream. 

Hybrid 
Pure red sea bream 

* 

77.7 
88.5 

Survival (%) 
** 

69.0 
65.3 

*** 

98.0 
100.0 

*=Percentage of normal developing eggs at morula stage. 
**=Percentage of normal developing eggs at the stage of 

appearance of embryo. 
***=Percentage of hatched larvae from the eggs at tl]e 

stage of appearance of embryo. 
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Fig. 1, Freezing curves of the medium in the tubes in accordance 
with the distance from the surface of the liquid nitrogen. Lengths 
on each line indicate this distance. 
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Fig. 2. The relation between forward swimming speed and time 
after the initiation of motility. O, e, t::. and A indicate the dis-
tances 8, 4, 2 and 1 cm from the surface of the liquid nitrogen, 
respectively. Lines represent linear regression lines. 
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Fig. 3. Comparisons of the motility scores among the preserved 
sperm frozen at different distances from the surface of liquid 
nitrogen. Solid line, broken line and chain line represent the 
duration of motility, forward swimming speed and percentage 
of motile spermatozoa, respectively. Vertical bars represent the 
ranges. 
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Abstract 

This experiment using chicken and pig manure, respectively, for 
the fanning of different sizes of filter-feeding and omnivorous fishes 
showed that 1 kg of filter-feeding and omnivorous fishes can '!>e produced 
by using 16.7 kg of chicken manure or 27 kg of pig manure. Chicken 
manure is especially suitable for the growth of common carp, silver carp 
and bighead catp with body weight between 50 and 350 g, while pig 
manure is more suitable for the growth of Carassius c1111ieri. Delta C 
analysis was used to prove the close re!lltionship between the feeding 
habits of silver carp, bighead catp, common catp and C. c1111ieri and the 
food base provided by chicken manure directly or indirectly. The study 
also analyzed the nutrient content of fish flesh in three ponds - chicken-
manured, pig-manured ponds and feed-pellet ponds. 

Introduction 

The dynamic changes in manured ponds and animal 
manure application in fishponds were studied in an 
experiment conducted in 1984. With the use of delta C 
analysis, biological factors in chicken-manured ponds 
were measured, and the regulation of the changes of 
matter and energy and their relationship with the fish yield 
were studied. 

Materials and Methods 

Chicken and pig manures were used as fertilizers in 
the experiment. Their components are shown in Table 1. 
The experiment was conducted in two one-mu (1 mu = 
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1/15 ha) earthen ponds with water depth of 1.6 m for 202 
days from 6 April to 25 October 1984. 

Stocked at the ratio ·of 48:10:14:28 were 1,150 
fingerlings of silver carp, bighead carp, common carp and 
Carassius cuvieri (Table 2). The common carp were 
'Heyuan' variety provided by the Genetics Department of 
the Freshwater Fisheries Research Center. 

Frequency of manure application depended on air 
temperature: 2-3 times weekly at high temperature and 
once a week at low temperature. Average manure 
application was 3-4% of wet weight of fish, appropriately 
readjusted according to water color. Water was added to 
the manure, which was stirred evenly before spreading 
over the whole pond. 

Routine measurements of water temperature, 
transparency, pH, dissolved oxygen, BOD, phytoplankton, 
zooplankton, aquatic bacteria, suspension, nitrogen in 
three forms and inorganic phosphorus were made monthly. 

Delta C analysis was used to measure samplings of 
chicken manure, phytoplankton, bacteria, periphyton, 
organic detritus,· pond humus and fish 'flesh in the 
fishpond. 

The sampl~ were oven-dried between 90 and 1 OOOC 
for 10 hours and then powdered. After this pretreatment, 
MA T-250 Isotope Mass Spectrometer was used to analyze 
the samples. 

Routine measurement of nutrients of bighead carp, 
silver carp, common carp and C. cuvieri farmed in the 
manure ponds and feed-pellet ponds were made. On 29 
June and 11 August, fish samples were measured for 
growth. 

During the experimental period, two fish diseases 
occurred: Sinergasilus and dermoputrescence ~ which 
were basically controlled after treatment. 

Results and Analyses 

The average measurements of physicochemical 
factors are shown in Table 3 and Figs. 1 and 2. Water 
temperature was between 19.5 and 30.SOC, As shown in 
Table 3, the nitrogen content in the pig-manured ponds 
was comparatively low. According to the measurement by 
Lei et al. (1983), the inorganic nitrogen content was 
between 0.97 and 2.06 mg/I in the high yield ponds in 
Helie Fish Farm, Wuxi, requiring the addition of more 
manure. The average phosphorus content in the two ponds 
was equal (Figs. 3 and 4). The ratio between nitrogen and 
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phosphorus was 3.81:1 in the chicken-manured ponds and 
1.1: 1 in the pig-manured ponds. 

Measurements of biological factors are shown in 
Table 4. The average amounts of phytoplankton, 
zooplankton, heterotrophic bacteria and total bacteria were 
higher in the . chicken-manured ponds than in the pig-
manured ponds, while the average organic detritus was 
lower in the chicken-manured ponds than in the pig-
manured ponds. Changes in all biological factors are 
shown in Figs. 5 to 8. 

The delta C values in the animal tissues and in the 
feed digested and assimilated were similar. Table 5 shows 
that the delta C values in common carp and in periphyton 
and chicken manure were similar; in C. cuvieri and in 
bacteria, organic detritus and plankton between 50 and 120 

µm and are relatively similar; values in silver carp and in 
plankton smaller than 50 µm were most similar; and values 
in bighead carp and in plankton smaller than 50 µm. or 
larger than 120 µm and were relatively similar. 

Measurements of nutrient content in the four fishes 
from the manure ponds and feed-pellet pond are shown in 
Table 6. The nutrient content of all the fishes in the 
chicken-manured ponds was higher than those in the pig-
manured ponds, except the protein content of common 
carp. The fat content of fishes in the chicken-manured 
ponds was higher than those in the pig-manured ponds. 
The protein content of bighead carp and C. cuvieri was 
higher, but that of common carp was lower in the manure 
ponds than in the feed-pellet ponds. the fat content of 
silver carp and common carp was higher and that of C. 
cuvieri and bighead carp was lower in the chicken-
manured ponds than in the feed-pellet ponds. This shows 
that the nutrient content of fish flesh in the chicken-
manured ponds was not lower. than that in the feed-pellet 
ponds, while some of the indices are higher in the chicken-
manured ponds than in the feed-pellet ponds. There is .no 
doubt that chicken and pig manures are good fertilizers for 
fish farming. 

Two different sizes of silver carp grew at different 
rates in different fishponds. In the chicken-manured ponds, 
more large silver carp survived than in the pig-manured 
ponds but the fish in the latter were larger at harvest 
(Table 2). 

Survival of small silver carp in the chicken- manured 
ponds was much better and their average weights were 
also much higher than in the pig-manured ponds (Table 
2). 

Small bighead carp survived better in chicken-
manured ponds and grew slightly better than in pig-
manured ponds. Large bighead carp survived better in the 
pig-manured ponds but grew better in the chicken-
manured ponds (Table 2). 

These results show ·that chicken-manured ponds are 
more suitable for growing silver carp and bighead carp 
between 50 and 350 g. 

Similarly, Table 2 shows that the pig-manured pond 
is more suitable for growth of Carassius cuv_ieri. 

Only small common carp were stocked and their 
growth in the chicken-manured ponds was far better than 
that in pig-manured ponds. Slightly fewer survived in the 
chicken-manured ponds, but their resulting biomass was 
more than double that of common carp in pig-manured 
ponds. 

The manure conversion coefficients were 16.7 and 
26.99 for wet weight and 5.77 and 5.23 for dry weight of 
chicken and pig manures, respectively. The average 
manure cost/kg of fish was 0.66 yuan and 0.80 yuan. 
Chicken manure cost was 0.04 yuan and pig manure, 0.03 
yuan. These costs are lower than when fish are farmed 
with grain and food pellets. 

Chicken manure was found to be more suitable for 
silver carp, bighead carp and common carp, while pig 
manure was more suitable for C. cuvieri. The nutrient 
content in the flesh of the fish from the manured ponds 
was by no means worse than: that from the feed-pellet 
pond, while some of the indices of nutrients from the 
chicken-manured pond are better than those from the feed-
pellet pond. Therefore, these two manures are good 
fertilizers for fish farming. 

References 
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yield fishponds in He Lie Commune, Wuxi Shi. Part 1. Chemistry 
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Table 1. Percentage of components of nutrients in the manures. 

Total Crude 
Item Moisture nitrogen Protein Fat fiber Ash Lysine 

Chicken 45.87 3.25 20.32 6.81 8.19 29.05 0.25 
Pig 78.27 2.16 13.47 9.18 11.32 24.20 . 0.29 
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Table 3. Physicochemicai flctors in the fishpond. 

Item 

Trsnsp1roncy lcm) 
Dissolved oxygen !mg/I) 
BOD lmg/ll 
I norganlc nitrogen (mg/I} 
lnorg•nic phosphorus (mg/II 
pH 

Table 4, Siologlcai f1ctors In tht fishpond. 

Item 

Phytoplankton (mg/I) 
Zoopi•nkton (mg/II 
Total susp1nslon (mg/I) 
Org1nic detritus (mg/I) 
Total bacterit llndividu•l/ml) 
Hetsrotrophic b1ct1rh!I I individual/ml) 

Chicken-manured 
ponds 

28B3 ± 4.68 
4.53 ± 1.52 
5.2 ± 1.77 
1.41 ± 0.86 
0.37 :I; 0.46 
6 - 8.2 

Chlcken-m1nured 
ponds 

40.44 ± 9.48 
12.41 ±' 8,36 

260.02 ± 33.82 
208 .37 ± 21.98 

5.95 )( 106 ± 3.94 x 10b 
8.16x103 ±6.33 )( 103 

Table 6. Delta C values In ch1cken·manured ponds. 

Pig-manured 
ponds 

31 ± 
4.94 ± 
4.23 ± 
0.4 ± 
0.37 :I; 
6.8 -

Pig·m•nured 
ponds 

7.85 
0.93 
0.93 
0.38 
0.67 
8.3 

30.21 ± 16.95 
7.03 ± 6.67 

284.6 ± 33.73 

6.12:1;~~ + ;,~;·~~06 
2,33x10;-±1.02 x 10' 

Item Delta C v1lue 

Chicken menu re 
Periphyton 
Common cerp 
Becteria 
(Ou•ssius cuvl~rl) 
Orgenlc detritus 
Plenkton between 50 •nd 120 µm 
Pl1nkton smsl11r than 60 µm 
Pond mud 
Silver carp 
Bighead cerp 
Pond humus 
Pl1nkton l1rger then 120 µm 

Table 6. Nutrient contents in fish flesh (%). 

Chicken-m1nured Pig·menured 
Item ponds ponds 

Sliver carp 
moisture 73.47 78,04 
fat 6.17 1.84 
protein 20.02 19.09 

Blghe•d carp 
moisture 78.37 80.20 
let 0.96 0.42 
protein 19.56 18.80 

Common cerp 
moisture 78.03 77.80 
fat 3.86 0.49 
protein 18.25 21.25 

C.r•ssius cuVitui 
moisture 74.01 78.31 
fat 3B3 1.28 
protein 21.37 19.22 

-18.22 
-19.38 
-19.43 
-20.62 
-20B9 
-21.12 
-22.36 
-23.02 
-23.13 
-23.66 
-24.25 
-24,62 
-25.63 

Feed-pelleted 
ponds 

74.30 
6.40 

20.06 

77.60 
7.82 

14,31 

72.85 
2.08 

24.82 

,77,07 
5.78 
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Fig. 1. Fluctuations of pH and transparency in experimental ponds. 
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Abstract 

An experiment was conducted to test the effect of chicken manure, 
16-20-0, feeds with 20% crude protein (CP) and their combinations on 
pond productivity and water quality and on the growth and production of 
Nile tilapia (Oreochromis niloticus) in brackishwater ponds. Results 
showed low average daily weight increments of Nile tilapia of 0.52 to 
1.25 g/day and 0.56 to 1.04 g/day for the first and second runs, 
respectively. Fish from treatments that received feed (either alone or in 
combination with chicken manure and/or 16-20-0) were significantly 
bigger (P < 0.01) than fish from treatments without feed. The 
combination of chicken manure and 16-20-0 did not contribute 
significantly to the production of tilapia. Higher temperatures were 
obtained in the treatments with inputs. Dissolved oxygen content was 
lowest in the feed-chicken manure-16-20-0 combination. Nitrate and 
nitrite levels were significantly higher in the treatments that received 
chicken manure (P < 0.05); available phosphorus was significantly 
highest (P < 0.01) in the chicken manure-feed combination. There are 
indications that the phosphorus content of chicken manure increased that 
in the soil although total phosphorus in the soil contributed only about 
0.8% of that in water. The organic matter content of the pond soil was 
influenced by the various inputs resulting in significantly higher (P < 
0.01) organic matter content of the sediments in the treatments that 
received chicken. manure, feeds and their combination. There were no 
significant differences (P > 0.05) among the treatments in tenns of 
primary productivity, roo- and phytoplankton populations and algal 
biomass. A highly significant difference (P < 0.01) among the treatments 
was observed in tenns of cholorophyll a concentration. 

Introduction 

In the Philippines, fertilization and feeding are 
common practices in brackishwater pond culture. Tang 
(1979) described the different levels of management 
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intensity for the farming system based on natural food 
production. Several studies attempted to determine the 
production potential of ponds (Lovshin and Da Silva 1975; 
Collins and Smitherman 1978; Hepher and Pruginin 
1982). Hepher and Pruginin (1982) demonstrated an 
increase of 3.4 fold production of Oreochromis niloticus 
using superphosphate; 1.7-fold with cow manure; and 3.3-
fold with poultry manure over natural production. With the 
combination of superphosphate and cow manure, 
production increased fivefold. In brackishwater, using all-
male Oreochromis mossambicus and 10,000/ha stocking 
density, significant fish production was attained when the 
ponds were fertilized with pig manure (Fortes et al. 1980; 
Tamse et al. 1985). 

The above works are all yield trials so that what 
happened to the inputs and their effect on fish production 
and pond productivity is not very well known. Thus, the 
specific objectives of this study were: (1) to determine the 
effect of selected physical, chemical and biological 
parameters on the production of Nile tilapia and (2) to 
determine the effects of the various inputs and their 
combinations on water quality and pond productivity. 

Materials and Methods 

The experiment was carried out at the Brackishwater 
Aquaculture Center (BAC), College of Fisheries, 
University of the Philippines in the Visayas, Leganes, 
Iloilo, Philippines. The first run was on 24 November 
1984-24 April 1985 and the second run on 3 October 
1985-3 March 1986. Twenty-one units of 500-m2 ponds 
were used. Agricultural lime and chicken manure were 
initially applied at the rate of 2 t/ha. Water was maintained 
at about 60-cm depth. 

Nile tilapia fingerlings were taken from freshwater 
ponds in Hacienda Binitin, Murcia, Negros Occidental, 
Philippines, and transported in oxygenated 60-1 plastic 
bags to BAC at Leganes, Iloilo. At BAC, they were 
transferred to aerated tanks and acclimated to saline water 
by increasing the salinity to approximately 5 ppt daily 
until 27 ppt was attained. 

Seven treatments with three replicates each were 
tested in a randomized complete block design (RCBD) as 
shown in Table 1. 

Feeding rate for the first month of culture was based 
on the average weight of the fish in all ponds at day zero. 
The amount of feed was adjusted every month after each 
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sampling period. Feed composition was: rice bran, ipil-ipil 
(Leucaena leucocephala) leaf meal, com meal, fishmeal, 
soybean meal, vegetable oil, vitamin premix and shrimp 
head meal. 

Fish were stocked at an average of 7.9-9.2 g and 
43.3-47.2 g (first and. sec.and runs, respectively). 
Samplings were done every month thereafter. Fish were 
harvested after 151 days of culture. 

Daily measurements of temperature with a Taylor 
minimum-maximum thennometer and visibility by means 
of Secchi disk were made daily. Dissolved oxygen, pH and 
salinity were measured thrice weekly by means of YSI 
model 51 B oxygen meter, Atago Tanaka S-100 
refractometer, and Coming pH meter model 10, 
respectively. Ammonia nitrogen (NH3), nitrate (N03), 
nitrite (N02), and available phosphorus (P). .were 
detennined four times a month by chlorometric method 
(Strickland and Parson 1972) and iron by ammonium 
acetate extraction method. Water samples for 
phytoplankton and zooplankton were taken four times a 
month, twice before draining and twice after flooding. 
Concentrates of water samples were inade and preserved 
in Lugols solution. Zooplankters were identified lµld 
counted with ·a Sedgewick Rafter counting chamber and 
cell and a hemocytometer was used for counting 
phytoplankton. 

Organic matter and soil pH were measured twic.e a 
month before draining. Organic matter was analyzed by 
the Chromic method·(Walkley and Black 1965). Lablab 
samples were collected with a 250-ml plastic sampling 
bottle with cut-off bottom. Lablab production was 
determined by the method described by Baldevarona 
(1979). 

Primary productivity was estimated by the open-
water method and chlorophyll a concentration with the 
procedures described by Lind (1974). . 

All statistical analyses were perfonned with the use 
of the SY STAT analysis package. 

Results and Discussion 

The . average weight increment of Nile tilapia was 
0.52-1.26 g/day and 0.56-1.04 g/day for the first and 
second runs, respectively (Table 2). The average size in 
the treatments that received feed, either alone or in 
combination with organic and/or inorganic fertilizer, was 
significantly greater (P <:: 0.01) than in the other 
treatments. This slow growth could have been due to the 
poor quality of the tilapia stock which electrophoretic 
analysis showed to be with 37% admixtures of 
Oreochromis mossambicus alleles. Further, despite the 
low resulting density in the ponds due to high mortality, 
the daily weight increment was low. The combination of 

chipken manure and 16-20-0 did not significantly improve 
the daily weight increment which was 32-37% over the 
daily we~ght increment of. the fish from the treatment with 
input. Tang (1979) estimated that fish production can be 
increased by at least six times by fertilization alone and 18 
times with feed added. Results of these trials did not 
approach previous estimates, but showed that under 
experimental conditions, fertilization, feeding and 
feeding/fertilization increased yield by 14.5 to 40%; 48 to 
69%; and 50 to 71 %, respectively. 

Two very important 'phy&ical parameters that 
registered significant differences among the various 
treatments are temperature and Secchi disk visibility. 
Despite the very narrow differences in water temperature 
among the various treatments, significant differences (P < 
0.05) were noted. Temperature increased in the treatments 
that received added inputs regardless of their type (Table 
3). It appears that soils with inputs, particularly chicken 
manure and feeds, behaved like organic matter-amended 
soils where heat was liberated, increasing temperature 
(National Research Council 1976; Watanabe 1984). 

Secchi disk visibility was significantly lower (P < 
0.01) in treatments wit)l inputs and highest in the 
treatments without input (Table 1). The lowest visibility 
readings. were in the treatments with feed, indicating that 
feed served not only as fish food but also as source of 
nutrients for aquatic microorganisms, such as 
phytoplankton, that contribute to productivity. 

Table 4 presents the means of selected water 
chemical parameters. The treatments with feed were 
significantly (P < 0.01) lower in dissolved oxygen content 
than those without. Feed, chicken manure and 16-20-0 
recorded the lowest dissolved oxygen among all 
treatments. Tamse et al. (1985) observed that the morning 
and afternoon oxygen saturation levels of manured ponds 
decreased two days after the start of application. The 
nonmanured ponds, however, had higher levels of oxygen 
saturation. Feeds and chicken manure, being organic 
matter, withdrew large quantities of oxygen upon 
decomposition (Matida, unpublished data). 

The nitrates in the treatments with chicken manure 
were significantly higher than those without (P < 0.05). 
Nitrites, however, were significantly higher in treatments 
I, V and VI which also received chicken manure. 
Available phosphorus was also significantly highest (P < 
0.01) in the treatments with chicken manure, 0.24%. Thus, 
addition of either or both would contribute to the 
phosphorus in the water. This is particularly true for those 
not completely utilized by the fish. The N, P and S are 
main constituents of organic compounds and these are 
liberated from organic materials during the fonnation and 
dynamics of soil organic matter by microbial activity 
(Flaig 1984). 
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Soil phosphorus differed significantly among the 
treatments (P < 0.05) but was significantly highest in 
Treatment V where it could have been contributed by the 
chicken manure and feed The P content of chicken 
manure resulted in higher P content of the pond soil 
although the total P in the soil contributed very little P to 
the water. The concentration of available P in the water 
was only about 0.8% of the total Pin the soil (Tables 4 
and 5). In general, higher available P in the water was 
observed where total Pin the soil was high. 

The organic matter content of the sediments was 
significantly different among the treatments (P < 0.01). In 
the first run, highest percentage of organic matter in the 
sediment was observed in Treatment I with chicken 
manure only while the lowest was in the treatment without 
input. In the second run, the highest organic matter 
contents were observed in the treatments with feed. There 
was indication that organic matter influenced dry pH, that 
is, dry pH values decreased as the percentage of organic 
matter increased. It is possible that the increase in acidity 
of the sediment resulted when organic matter decomposed 
under anaerobic condition, releasing organic acids 
(Watanabe 1984). 

No significant differences were observed among 
primary productivity, zooplankton and phytoplankton 
populations and lablab or algal biomass. A highly 
significant difference, however, was among the treatments 
in terms of chlorophyll a concentration. A direct 
relationship was observed between primary productivity or 
the amount of carbon produced and the amount of 
chlorophyll a concentration. The same observation was 
made by Fortes (1973) in his studies of chlorophyll in the 
waters of selected manmade ponds in Alabama. The 
treatments with the combination of chicken manure, feed 
and/or 16-20-0 had the highest primary production in both 
the first and second runs. Similarly, the concentrations of 
chlorophyll a in water were highest in the treatments with 
the combination of chicken manure feed and/or 16-20-0. 
No clear relationship was observed between the plankton 
and lablab biomass although the highest densities of 
zooplankton were observed in the combination treatment 
of chicken manure, feed and/or 16-20-0. Although no 
trend was established on the effect of the different 
treatments on zooplankton, phytoplankton and lablab 
biomass, it was very clear that the different inputs 
increased the various parameters because the treatment 
without input consistently gave the lowest values. 

As overall effect of the added inputs, the average 
weights attained by the tilapia were highest in the 
treatments that received feed, either alone or in 
combination with the other inputs. The sizes of the fish at 
harvest from the treatments that received feed were not 
significantly different (P > 0.05), 87.1-189.4 g and 83-
203.4 g for first and second runs, respectively, but were 
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significantly different from the treatments without feed (P 
< 0.01). Table 6 shows that available P was highest in 
treatments V and VI. Chlorophyll a concentration and 
zooplankton population were also higher in these 
treatments than in the treatments without feed. However, 
nitrite concentration in the treatments that received feed-
fertilizer combinations were high, although not at the level 
(0.5 mg/1) toxic to the fish (Boyd 1979). Feeds served not 
only as food but also as nutrient sources similar to 
fertilizers. Boyd (1982) computed the amount of N and P 
added into fishponds as feed and concluded that nutrients 
from feeds supplied on a continuous basis are more 
effective in promoting plankton growth than nutrients 
from fertilizers applied at two- to four-week intervals. 

In terms of total inputs, Treatment VI fiad the highest 
(102.5-401.1 kg/ha/week), followed by Treatment V (90-
399.6 kg/ha/week), Treatment III (32.4-365 kg/ha/week), 
Treatment I (57.6 kg/ha/week) and Treatment II (12.5 
kg/ha/week). Phosphorus added into the ponds was 
equivalent to 3.061-6.401 kg/ha/week, 0.561-3.901 
kg/ha/week, 2.736 kg/ha/week, 0.325-3.665 kg/ha/week, 
2.5 and 0.236 kg/ha/week, respectively. These results 
show that the use of combined organic and inorganic 
fertilizers plus feed may give the highest yield but could 
be wasteful and expensive. Combinations of chicken 
manure+ 16-20-0 did not significantly increase the growth 
and production of the tilapia while chicken manure and 
feed combined provided high phosphorus values that 
increased pond productivity and fish production. 
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T1bl11 1. The seven trHtments used In experiments. Three repli· 
cites of e1ch wer1 performed. 

Tre1tment 

II 
Ill 

IV 

v 

VI 

VII 

Inputs 

Chicken m1nure 
only 

16·20·0only 

Feeds only 
120% crude 
protein) 

Chicken m1nure 
+ 16·10·0 

Chicken menur1 
+feeds 120% 
crude protein) 

Chicken m1nure 
+ 16·20·0+ 
f1eds 120ll 
crude protein) 

No input 

lnttrYll of 
1ppilc1tlon/ 

Rite/mo. week 

67.6 kg/hi thrice 

12.6 kg/hi once 
6% of fish Gtlmes 

blom1ss 

67.6 kg/h1 thrice 
12.6 kg/hi once 
67.6 kg/h1 thrice 

6% of fish Gtlmts 
biOmlSS 

67.6 kg/hi thrice 
12.6 kg/he once 

6% of fish 6tlme1 
biomass 

Te:ble 2. Summ•rv results for Or10chromls nllotlcus showing 
the 1Vu1ges of three replicates of 11ch treatment. 

lnitlniwt Huvestwt Survival 
lg) (g) 1%) 

Trentm1nt 111 121 11) 121 11) 12) 

I 9.2 47.2 126.9 114.1 11.4 39.5 
11 9.0 43.2 122.8 101.6 14.1 28.8 

Ill 8.9 46.5 189.4 203.2 13.9 38.4 
IV 9.2 44.8 111.0 114.6 20.1 31.9 
v 9.1 46.0 178.6 200.2 14.8 47.2 

VI 9.1 43.3 200.2 179.4 18.4 46.7 
VII 7.9 43.3 87.1 83.0 17.0 31.2 

T1b[1 3. M11n1 ol th1 Ml1et.i wltu p111m1t1ndurlng th• 161·doy culturtof O. nllotku1. 

Ttmp.r11ur111C)1 D1p1h lcml S1echl dl'k vlllblllty lcmlb 
TrNtmtnt ht run 2nd run 1nrun 2nd run 111run 2nd run 

21.0b 26.IJo 152 ...... 4Ullb 30.3bc 
25.0b ..... 606 6101 '13.3b 31.ic 

Ill 26.lb 25.llb •1~ ISl.6bc 41.21b 24.31 
IV 26.{,lb 24I11 ... IS.41bc 41.hb 27.Sb 
v 21ii.Blb 26.0. 11.lii 61 llb 3e51b 23.0I 

VI ,. ... ""' 60A 10.llbc 37.21 23.21 
VII 267• 2!i.4b &0.1 733c 44.1b 3Uo .. 

l1g1nd: I - Chldc1n m1nur1; II · lnortinlc l1r1lllnr 111-20·01: Ill - F"d; IV - Chlck•n m1nur1 + 16·20·0;Y - Chlck1n m1nur1 
+feed; VI - Chlckln m1nur1 + 11«1 + IG-20 O;Vll - No lnpul V1luHwlth 11m1l1tt1r1or1111rl1k11r1 not ,lgnllle1nlly 
dlll1rant 

Tabla 4. Means of selected chemical parameter$ of the various treatments. 

Treatment 

II 
ill 
IV 
v 

VI 
VII 

D.0. lmg/ll 
1st run 2nd run 

4.00cd 4.64b 
4.46de 5.45c 
3.46b 3.621 
3,98c 4.69b 
3.10ab 2.80a 
2.97a 2.99• 
4.53• 5.31bc 

pH 
1st run 2nd run 

8.06 7.70c 
8,02 7.82c 
8.04 7.44ab 
8.12 7.67c 
8.08 7.38• 
8,09 7.416b 
8.76 7.61bc 

Sollnlty 
1st run 2nd run 

35.80ob 30.74 
35,61a 30.81 
36.02bc 30.55 
35.96abc 30.37 
38.1bc 30,97 
36.1bc 30.77 
36.20c 30.16 
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T1bl1 Iii. AvtnQts of 11ltctld '111mtt1n of thl Mdlm1n11of1h1 vtrJou1 tr•tm1nt1. 

pH 
F1lms/I} l'lm11/ll 01111nlcm1111r Or/ Wn 

Tr•1m1nt lnrvn 2nd run 1nrun 2nd run ht run 2nd run 1nrun 2nd run 1ttrun 2nd run 

I 221A 165• 211.7b 16A U• 3 ... ... e6bo 71 7Ac 
Ii 233.3 191iA 1e.71b 111 .... 3 .. ... 6So 7.2 7.21b 

Iii 212• 210.7 leA• 14.0 3.6bo 4Aob 1.3 l.31bc 12 7.3bl 
IV 226.7 175.7 IUllb 129 .... 3.lob 13 IAob< 13 7.11 
v 219.3 211.7 21.2b 11.0 34b< 4.4ob e• l.31bc 7.2 7.21b 

Vi 203S 221.3 19.Jlb 1U Ub< 47b 0.3 e.11 7.1 '""' VII IOM 139A 110,b 204 3.Dc .... •• 12 .. 7.1 7.3bc 

n.1, n.1. ---
L111nd: 1- Chldc1n m1nur1:ll- lnort1nlcf111lllZ1r 11•,20.0):111- Ft«l:IV-Chlck1nm1nure+ 1•20.0;V-Chkk1nm1nur1 

+ 11.t; VI - Chlck1n m1nur1+f11d+11-20.0; VII - No Input. YlluHwllh Amt 11111rsor ast1rllks1r1 not sl1nlllc1ntly 
dlfltr1nt, 

"'" pn:lductlon 
Tratm1nt (kf/l\el 

I 617.4 
II 314.3 

Ill 93ee 
IV 4354 
v 1.11ii7.6 

VI Gl2.7 
VII 310.sl 

ND2 Avtlllbl•I' 
(ppm} lm111l 

O.D22 0.107 
OD20 ..... 
0.034 0137 
B.30 0.147 
0.034 0.230 
O.D44 0.113 
0.020 0021 

Chlorophyll• loopl1nkton Ttmptralur• O.M. 
lk111l (Ind/II l1 CI 1%1 

33.680 ''° 26.08 3.7 
27.le 799 24.19 33 
3EJ.li5 1.11a 2611ii u 
3710 ... 21.04 3.118 
43.32 1~04 2&02 4A 
4879 1,378 21ii.11 4.11 
27A2 U3 2;3e U6 

Dtplh 
foml 

052 ,,. 
19.4 
I0.07 .... 
17.3 
74.0 

l1g1nll: I - Chlck•n m1nur•, II - lnor;ainlc lenlllur 11i-20-0): 111- Flld: IV- Chlckln m1nur1+18-20.Q; V - Chlck1nm1nur1 
+ l11d; VI - Chlck1n m1nure + lud + 18-20-0; VII - No Input. 

NH3 (mg/I) N0
3 

(mg/I) N02 (mg/ll Avoll. P (mg/II 
1st run 2nd 'run 1st run 2nd run 1st run 2nd run 1st run 2nd run 

0.043 0.076 0.664•b 0.360 0.023b 0.0211bc 0.21b 0.113ob 
0.032 0.058 0.6856b 0.344 0.016• 0.018• 0.055• 0.042• 
0.039 0.055 0.4681 0.327 0.0166 0.032bcd 0.716 0.1171b 
0,037 0,071 0.666b 0.390 0.017•b 0.029bcd 0.142b 0.147bc 
0.042 0.066 0.622b 0.414 0.0206b 0.034cd 0.212c 0.236c 
0.037 0.068 0.657b 0.343 0.023b 0.041d 0.216c 0.184bc 
0.030 0.065 0.5896b 0.326 0.014• 0.019ab 0.0596 0.0341 

n.s. n.s. n.s. n.s. 
Legend: I - Chicken m1nure; II - lnorganio fertilizer (16·20-0); Ill - Feed; IV - Chicken manure+ 16·20-0: V - Chicken manure+ faed; Vi - Chicken manure+ feed+ 16·20-0; Vil - No input. 
Values with samo iettus or asterisks are not significantly different. 
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Abstract 

In a manured fishpond, the flow of organic matter from manure to 
feeds to fish is a complicated process of pond dynamics. Jn order to 
understand better and possibly manipulate this process and to help us 
improve farming productivity, we introduced stable carbon isotope 
analysis (delta C) in our experimenL We measured delta C of the fish, 
fish feeds, manure and sediments, and thus traced the flow of carbon, 
analyzing the interactions of fish growth and the complicated food web in 
a manured pond. The data showed that pelagic filtering and omnivorous 
bottom feeding species obtained carbon from both autotrophic and 
heterotrophic production systems. This is of practical significance in 
planning aquacultural activities and investigating pond dynamics. 

Introduction 

Organic manure, such as animal wastes, is often used 
in ponds of integrated fish farming. 'Between the input of 
manure and output of fish come ·a series of complicated 
processes involving food organisms, material circulation 
and energy conversion. This is generally termed pond 
dynamics. To raise farming productivity, it is useful to 
understand these processes. In recent yea,rs, scientists have 
been studying pond dynamics with various methods (Buck 
et al. 1978; Schroeder 1978; Guo 1983; Hu 1983;· Li 
1983), including carbon isotopic trace analysis. This 
analysis indicates the relationship between the food and 
fish growth and may provide in(ormation not revealed by 
the conventional method of microscopic analyses of fish 
intestine contents (Schroeder 1983a; Shan et al. 1985). 
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It is well known that carbon is the major element in 
nutrition of· organisms and the principal constituent, 
accounting for 50% of organisms by dry weight. 

The carbon of organic and inorganic matter contains 
two stable isotopes: 12C and 13C: The 13c accounts for 
about 1 % of the natural abundance. The ratio of 13C: 12c 
provides a naturally occurring tracer. The ratio of Be: 12C 
is reported as delta C, where: 

Delta C = ( 
13c/12c sample 

·13c/12c' standard 
- 1 ) • 1,000 (per mill 

(The standard sample of delta C PDB is a carbonate 
rock from South Carolina, USA.) 

The distribution of these isotopes in natural carbon 
reflects in the composition of atmospheric C02 as l3C02. 
During photosynthesis, plants metabolize the atmospheric 
C02 in two main pathways of photosynthesis: C3 
circulation and C4 circulation. Delta C of these two types 
of plants are measurably different (Smith and Epstein 
1971). Unlike plants that have a selectivity in metabolizing 
13C or 12C; an animal's delta C is decided by delta C in 
the food. The isotope C incorporated into the fish tissues is 
equal to that of the metabolized food (De Niro and Epstein 
1978; Schroeder 1983), that is, delta C of fish is 
approximately equal to delta C in food. Based on this 
similarity, we adopted the mass spectrographic analysis of 
the isotope ratios to trace the flow of carbon by accurately 
sampling the delta C index of fish, food and manure of a 
given pond. 

Materials and Methods 

The earthen pond area in our experimental farm was 
one mu (1/15 ha) with water depth of 1.5-2 m filled with 
Lake Taihu water. According to the ratio of 9:2:6:3, two-. 
year old silver carp (Hypophthalmichthys molitrix), 
bighead (Aristichthys nobilis), baiji (Carassius cuvieri) 
and common carp (Cyprinus carpio) were stocked to a 
total number of 1,100 fish per mu. 

The research period was from mid-April to mid-
October. Details of stocking and harvesting are listed in 
Table 1. 

Throughout the period, only fresh chicken manure 
was applied. No other organic matter was used. The 
amount of fertilization was limited to 3% (in dry weight) 
of fish body weight per day, spreading it evenly all over 
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the pond, two or three times a week. The body length and 
weight were measured regularly to adjust the application.· 

The methods of collection and preparation of delta C 
samples were as follows: 

Chicken manure: Fresh chicken manure was baked 
dry at 90-1 oooe for 10 hours .prior to being fully ground; 
2-5 g samples were randomly put into a test tube for 
measuring. 

Chicken feeds: Samples of food pellets, com flour, 
soybean cake and barley meal that we usually fed were 
collected and baked dry at 90-lOOoC for 10 hours before 
grinding for future use. 

Bacteria: 100-ml samples, of pond water from 8-10 
points were collected and pump-filtered through a 20 µ m 
mesh funnel to remove plankton. Under aseptic conditions, 
the filtered samples were transferred onto agar plates with 
chicken manure infusion as the only carbon source. The 
colony was scraped for future use after 48 hours' culture at 
25oC. Experiment showed the carbon source was not 
influenced by the agar. 

Organic detritus: About 100 ml of mid-water 
sediment samples were collected with a.plankton net at 
different sites. The liquid part was removed after several 
hours' precipitating and the sediment was repeatedly 
rinsed by distilled water until no plankton was 
microscopically visible. 

Plankton: 10-1 samples of pond water from various 
locations were collected and filtered using 120-µm and 50-

µm mesh filters and centrifuged for 10 min. at 4,000 and 
5,000 rpm, respectively, for future use. 

Attachments on rocks: Attachments on. rocks just 
emerging from water upon drainage were scraped from 8 
to 10 points along the pond side at the end of the 
experiment. 

Pond bottom settlings: Settled matter on the sludge 
surface from 8 to 10 sites was collected with a home-made 
suction device. The liquid part was taken away after 
several hours' standing. The. sediment was collected and 
blended with H3P04 until the pH reached 1-2 with 
carbonate removed. 

Sludge: Sludge out of . 8-10 bottom sites was 
collected upon drainage and blended with H3P04 until the 
pH reached 1-2 with carbonate removed. 

Stocking fish: Three silver carp, bighead, baiji and 
common carp, respectively, were randomly taken from the 
fingerling rearing pond before stocking. Scales and 
epidermis were removed Muscle tissues about 1 cm2 and 
0.5 cm thick were cut from the dorsal area and caudal 
peduncle. Blood, if any, was removed with distilled water. 
In addition, some dorsal fins and tail fins were cut for 
preparation. 

Adult fish: At the end of the experiment, three fish of 
each of the four species were taken randomly to make 
samples as above. 

Five to ten mg of each sample were put into a quartz 
bowl and burned at 850oC with an electrical oven in a 
lower vacuum system filled with oxygen. The gases 
produced, such as C02, flowed to a -50oC refrigeration 
piping to remove water vapor and then to a -1960C liquid 
nitrogen freezing separator to freeze the C02 while 
allowing surplus oxygen gas to escape. The C02 was then 
warmed to -50oC in a higher vacuum system and appeared 
as gas. The purified C02 in tl).e collector was frozen to 
solid state at -196oC. Isotopic analysis of the pure C02 
gas was done at room temperature on a MAT-250 type 
isotopic mass spectrometer. 

Results and Discussion 

Results of delta C sampling of fish body, natural 
food, chicken manure and feeds are presented in Tables 2-
4. 

The three tables show that delta C ranged from -
13.83 to -28.76 ppt, while delta C of organisms in the 
pond was between -19.38 and -28.76 ppt. Carbon 
composition during the growth of all organisms can be 
distinctively identified with the delta C index. 

Error of duplicate data randomly measured from 
some samples was within the range of ± 0.01-0.20 ppt. 
This is lower than the error of ± 1.0 ppt reported by 
Schroeder (1983b). 

Table 2 shows that delta C in the fins of the four 
tested fingerlings was about 1 ppt less negative than that 
of fish flesh. The difference may be related to the 
carbonate content of the bones of the fin. This difference 
was also observed by Schroeder (1983b). Delta C in fish 
flesh at stocking was 4-5 ppt less negative than that of the 
fish at harvest. This indicates a difference in available 
feeds or feeding habit between this season and the 
previous season. 

The four species were reared in the same pond before 
the experiment started. Their delta C index was -25.13 to -
28.76 ppt. The main inputs to the pond were soybean 
juice, soybean residues and soybean cake (delta· C 
typically -26 ppt). Unfortunately plankton delta C (the 
other main source of food carbon) was not measured 
during the pretest period. During the 180-day grow-out 
period, the added organic matter (manure) had a delta C of 
-18.2 ppt instead of -26 ppt of the soy. All the fishes 
gained weight several fold so that most of the carbon in 
their bodies at harvest was accumulated during the 
experimental period (see Table I). The difference in the 
delta C of carbon assimilated ~d accumulated by the fish 
this year as compared with die previous year indicates 
these changes in pond organic matter. 

Organic fertilizers in manured ponds are a main 
source of carbon input. Green algae, which fix C02 in the 
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atmosphere by utilizing sunlight, also pro.vide carbon to 
fishponds. When manures are decomposed by a large 
quantity of aquatic bacteria and mineralized into nutritive 
salts, they can be used by phytoplankton for growth. Based 
on this, both the heterotrophic production system 
predominated by bacteria and autotrophic production 
system predominated by algae are formed through a series 
of autotrophic and heterotrophic production activities. The 
crisscross development and mututal promotion and 
interaction of these two systems form a complicated food 
web in the pond. The delta C values measured in the pond 
are summarized in Fig. 1. 

The two water-column filter feeding species (silver 
carp and bighead) had delta C values of the pond plankton. 
"Settlings" likely represent a form of transient seston. The 
settlings were probably composed partly of precipitating 
dying phytoplankton and mainly of a "rain" of benthic 
matter that was temporarily suspended by the bottom 
feeding common carp and baiji. The relative abundance of 
the four seston fractions (plankton < 50 µm; plankton < 120 

µm and 750 µm; plankton > 120 µm; settlings) was not 
measured. Schroeder (pers. comm.) has observed in other 
manured ponds stocked with pelagic filter feeders and 
bottom feeders, that the two most abundant forms of 
seston are phytoplankton< 50 µm and "settlings". In ponds 
with more than 150 filter feeders/mu (here there were 
550/mu), settlings dominated the seston. The delta C of the 
two abundant forms of seston in our pond bracket the delta 
C of our filter-feeding fish. The delta C of these fish 
(slightly less negative than the settlings) indicates that the 
settlings were a significant source of nutrition. The delta C 
of a consumer is often 0 to 1 ppt less negative than its 
feeds (Schroeder 1983b). 

Common carp and baiji are considered to be 
omnivores. Their delta C values were distinctly different 
from those of the pelagic filter feeders and indicate a 
dependence upon the benthic or sessile foods of the pond 
rather than seston. Unlike the distribution of foods in the 
seston, wherein it was possible to estimate their relative 
abundances, we do not have estimates of the relative 
abundances of the benthic foods. The bias of the delta C of 
the common carp and baiji toward the manure delta C 
indicates that the manure carbon was strongly present in 
their diets, either by direct consumption or via the pond's 
detrital food webs. 

There were two dominant sources of carbon added to 
this pond: chicken manure (delta C -18) and microalgae 
(delta C -23). Using these data in a delta C balance 
(Schroeder 1983b), we can estimate the fraction of growth 
of the common carp and baiji which originated from each 
of these two inputs. We do not attempt a similar balance 
with the filter feeders because, as expected, their delta C 
values fall directly within the range of seston. delta C 
values attributed to the algae. For such a case, the result of 

127 

the delta C balance would be totally dependent upon 
which algal size fraction was dominant and we lacked 
direct measurements of this for this pond. 

For the delta C balance of common carp: 
X = fraction of carp carbon originating in the manure 

(delta C = -18) 
(1-X) fraction of carp carbon originating in algae 

(delta C = -23) 
x (-18) + (1- X) (-23) = -19.4 
X = 0.72; call it 70% 
(1-X) = 0.28 
or, if the muscle of the carp is 1 ppt less negative 

than the assimilated food: 
x (-18) + (1 - X) (-23) = -19.4 - 1 
X = 0.52, call it 50% 
(1-X) =0.48 
Between 50% and 70% of the common carp flesh 

originated in food webs associated with the added manure. 
Conversely 30% to 50% originated with microalgae. 

A similar balance for the baiji (delta C -20.9) shows 
42% growth from manure-based food webs; if the baiji 
muscle delta C is 1 ppt less negative than that of the food, 
the result is 22% growth from manure carbon. Thus 
approximately 60% to 80% of the baiji growth originated 
from microalgal carbon. 

This distribution of feeding patterns for CC and baiji 
is similar to that previously observed for common carp and 
tilapia in ponds receiving chicken manure. 

Conclusions 

In China, we are just beginning to apply the isotopic 
mass spectrographic analysis to fisheries research. Our 
preliminary delta C study implies that in a manured pond, 
the growth carbon of filter feeders (silver carp and 
bighead) is from the autotrophic production and suspended 
detrital systems. Approximately 2/3 of the growth carbon 
of one omnivorous species (baiji) is provided by 
autotrophic production system and 1/8 from the added 
manure carbon. Approximately 1/2 to 2/3 of the growth 
carbon of the other omnivorous species, common carp, 
comes from the manure food webs, and nearly 1/3 to 1/2 is 
from the autotrophic production system. 

These facts have practical significance on guiding 
aquaculture activities toward developing pond 
management that will supply organic matter and mineral 
fertilizers at rates that encourage growth of useful natural 
foods. Exploration of pond dynamics is facilitated with 
this tool. 
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Fig. 1. Delta C values of available foods and the muscle of target fish 
at harvest. 
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Abstract 

Experiments were conducted on various chemical characteristics 
of waters treated with wastes from poultry, pigs, cows, goats and sheep 
individually as well as in combination in equal proportions, in addition to 
seven different combinations of the two most efficient (poultry-pig) 
wastes. Dissolved oxygen, BOD5, nitrogen (ammonia and nitrates), 
phosphate, potassium and pH levels were analyzed. Changes in the levels 
of the parameters were correlated with the population patterns of 
Scapholoberis kingi raised separately on individual or combinations of 
wastes. 

Introduction 

Nursery ponds exhibit poor survival of young fish 
because of several factors, including lack of proper 
(mainly zooplankton) food. Some reports indicate that 
direct zooplankton production on the wastes is possible, 
bypassing the primary levels of production ( Schroeder 
1980; Kapur and Lal 1984). However, detailed 
investigations are necessary to study the feasibility of 
utilizing livestock wastes for the culture of commonly 
available species of zooplankton, in addition to working 
out their optimum requirement per fish for an effective 
nursery pond management. 

These investigations summarize the results of 
findings on the relationship between the physico-chemical 
characteristics of waste-loaded waters and population 
buildup of the zooplankton, Scapholoberis ldngi. 
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Materials and Methods 

The waters were treated with safe level 
concentrations of various wastes worked out on the basis 
of static bioassay experiments (Kapur and Lal p. 133) and 
analyzed for dissolved oxygen (DO), BOD5, ammonia, 
nitrate, phosphate and potassium levels after intervals of 3-
30 days using the methods outlined in American Public 
Health Association et al. (1971). Simultaneously, changes 
in population density from an initial value of five per 500 
ml were worked out. 

Results 

Data pertaining to experimental results are presented 
in Figs. 1-12. In all these cases, the peak zooplankton 
population coincided with or followed the maximum 
release of nutrients. As a result of poultry waste 
application, the zooplankton population increased steadily 
from an initial value of 5 to 75 adults and 275 juveniles 
within the first three days and attained a peak on the 15th 
day (3,450 adults, 12,150 juveniles) followed by a sudden 
decrease from the 18th day onward. 

Figs. 1-5 show the pattern for the rate of 
mineralization: poultry > piggery > goat-sheep > cow 
dung, with a combination of all these wastes in between 
piggery and goat-sheep wastes. The maximum population 
buildup coincides with or follows the maximum 
availability/release of nutrients. The various combinations 
of poultry and piggery waste (Figs. 6-12) also exhibit a 
similar trend. 

Discussion 

Recently there has been greater emphasis on mass 
zooplankton culture (Nandy et al. 1977a, 1977b; 
Groenweg and Schluter 1981; Kapur and Lal 1984; Das, 
unpublished data; Nandy and Majumder, unpublished 
data). 

The mass culture of S. ldngi at safe doses of different 
livestock wastes indicates more or less a similar pattern of 
changes in population as well as in DO, BOD5, nutrients 
and other characteristics, with all the wastes used. 
Zooplankton population rises steadily, with time, to a peak 
level (coinciding with the maximum release of nutrients 
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with the least DO/highest BOD at safe levels), followed by 
a sudden fall to a medium level probably due to 
overcrowding, ensuing competition, lack of food and 
nutrients (Herbert 1978); then it stabilizes for a short time 
and subsequently falls. 

The results of the relative efficiency based on 
maximum population level on a particular day follow the 
same order as exhibited by other parameters (Kapur and 
Lal, this vol.). However, determining the relative 
efficiency of d.iff erent wastes and their combinations to 
raise the zooplankton crop have only been µiarginally 
attempted (Govind et al. 1978). 

The main objective of nursery pond management is 
to raise a maximum number of crops per unit of area/time 
to fingerling stage. At least 15 days before stocking of 
nursery ponds in India, heavy manuring with cow dung at 
the rate of 10,000 kg/ha is used in order to provide a rich 
crop of zooplankton for young fry and simultaneously 
reduce the toxicity of the dung (Jhingran 1974). However, 
the time for manuring the pond and stocking fry depends 
on several factors including the fry and food availability. 
The zooplankton population attained a maximum level on 
day 15, 18,. 24 and 21 upon subjecting the inoculum (10 
adults/liter) to poultry, piggery, cow and goat-sheep 
wastes both individually and in combination. in equal 
proportions. . 

The data obtained in this study can help to pinpoint 
the appropriate time of stocking. Table 1 recommends the 
prestocking waiting period for nursery ponds. Pond 
manuring with organic manure has long been practiced but 
the suitability of a particular waste, optimum dose for fry 
and zooplankton survival and growth, and the most 
appropriate stocking time have not yet been standardized. 
In the traditional manuring method, a waiting period 
before stocking is required which limits the number of 
crops that may be harvested, The present manuring rate 
may also be detrimental to certain zooplankton species 
(Kapur and Lal 1984, this vol.). · 

Simultaneous culture of both fry and zooplankton in 
a pond manured with safe levels of wastes may make 
possible the harvest of more crops within the same space 
and time, besides ensuring better survival of early fry due 
to enhanced. food (mainly zooplankton). Such innovative 
approaches can solve the problem of quality fish seed 
shortage prevailing in the country. 

The findings of this experiment conform with 
demonstrations of Schroeder (1980) and Kapur and Lal 
(1984, this vol.) that direct zooplankton cultures can be 
raised in dark laboratory conditions on organic wastes 
bypassing the primary productivity. At each trophic level 
in the food chain, there is a loss of energy (Odum 1971). 
The approach leads to greater energy economy by 
avoiding such losses (Odum 1971), besides ensuring better 

survival of the f'i;sh during its early stage by making 
available the protein~rich zooplanld:on food. 
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Table 1. Recommanded prestocklng waiting period for nursery 
ponds. 

Typo of waste 

Poultry 
Piggery 
Goat·•hoep 
Cow dung 
Poultry:plggery:goet.,,hetp;cow dung 

1:1:1:1 
Poultry:plggery 

1:1 
1:2 
1:3 
1:4 
2:1 
3:1 
4:1 

Prestocklng waiting 
P•riod (doy1I 

16 
18 
24 
24 
21 

18 
18 
18 
18 
16 
16 
16 
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Abstract 

Experiments were conducted to work out the relative toxicity of 
wastes obtained from poultry, piggeiy, cow and goat-sheep sheds 
individually as well as in combination in equal proportions and various 
poultiy-piggeiy combinations. The parameters employed included BOD 
levels, LC50 values (24 and 48 hours), safe level concentrations and 
relative toxicity values of waste for zooplankton (Simocephalus vetulus 
and Scapholeberis king i), fiy of Cyprinus carpio and hatching success of 
fertilized eggs. On the basis of these parameters the order of toxicity was: 
poultry (100), piggeiy (74.4), combination of four wastes in equal 
proportion (66.6), goat-sheep (58.4), and cow dung (51.2). The maximum 
loading levels of the wastes for fish culture systems in India were worked 
out from these data.using cow dung as the base (10,000 kg/ha/year). 

Introduction 

Fish culture, developed along the western model, is 
highly energy intensive and not entirely suitable for 
developing countries such as India (Kapur 1984). At 
present, feeds utilized for fish culture in India alone 
constitute about 60% of the total input costs. Livestock 
wastes which form a significant alternative to costly feeds 
and fertilizers currently used in fish culture (Edwards 
1980; Kapur 1981, 1984) contain about 71-79% N, 62-
67% p and 82-92% K given in livestock feed (Taiganides 
1978). 

Fish in a culture system are known to improve the 
waste treatment capacity of a pond besides further 
increasing the food conversion efficiency of even 
pelletized food (Schroeder 1974, 1977; Kapur and Lal 
1984). A properly manured pond thus develops a 
symbiotic relationship between the inhabitants and the 
medium in contrast to reduction in the fish growth and 
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production and poor survival in improperly manured 
ponds (Schroeder 1980). · 

Cow dung is at present most widely-used in fish 
culture in India. Other wastes have not been tried 
effectively (Kapur 1981, 1984), partly because present 
knowledge is meager regarding: (1) their suitability and 
relative efficiency, both individually and in different 
combinations; (2) their maximum loading levels without 
affecting zooplankton and fish survival; arid (3) their exact 
role in the trophic web in a composite fish culture system. 
The present investigations provide information on the 
relative efficiency of different. wastes based on a number 
of parameters. 

Materials and Methods 

The poultry, piggery, cow dung and goat-sheep 
wastes for various experiments were obtained from 
livestock sheds of the College of Animal Sciences, 
Haryana Agricultural University, Hisar, India, and tried 
individually, as well as in suitable combinations. The 
wastes and waste treated waters were analyzed for their 
physicochemical characteristics following APHA (1971) 
and Suess (1982). 

Test organisms for the experiments, namely, 
zooplankton (Scapholeberis kingi, Simocephalus vetulus) 
and fish (Cyprinus carpio) fry, were collected from the 
fish farm, Department of Zoology, and transferred to the 
Laboratory of Fish Biology and Endocrinology. 
Zooplankton were segregated and cultured in water 
medium using Baker's yeast at the rate of 1 ppm on 
alternate days. Carp fry were acclimated to laboratory 
conditions and provided with sufficient zooplankton and 
supplementary food in the form of rice bran:oil cake (2:3) 
at 1 % body weight. 

The test organisms were subjected to static bioassay 
procedure following APHA (1971), initially with broad 
dosages of 1-30% to determine the suitable concentrations 
for further detailed experiments. Suitable test 
concentrations from the above were investigated with 
respect to the mortality of treated organisms (initial 
number 10), being recorded every 24-'120 hours. Three 
replications were made keeping an appropriate control. 
The regression of X (concentration of waste) upon Y (% 
mortality) was worked out (with X and Y plotted on 
logarithmic and linear scales, respectively) from which 
LC50 values were calculated. 
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For the studies on hatching success, fertilized ~ggs 
were obtained from a single pair (to minimize variation) of 
Cyprinus carpio in a breeding hapa in April to May 1985, 
with branched weeds as substratum for the attachment of 
eggs. Transparent eggs were segregated and collected 
along with a small portion of the substratum in wide-
mouthed glass bottles and treated with dosages of differe.nt 
livestoc;k wastes as above. Twenty "good" eggs (Kapur 
and Yadava 1982a) were exposed to various test 
concentrations and the LC50 values calculated as above. 

Results 

Data regarding the LC50 values, safe. level 
concentrations and relative susceptibility values are 
presented in Tables 1-3. It may be seen very clearly from 
Table 1 that on the basis of 24 and 48 hours LC50 and safe 
level concentrations, the toxicity of the wastes to S. vetulus 
is in the following order: poultry > piggery > goat-sheep > 
cow dung. The combination of all the wastes in equal 
proportion exhibits a toxicity in between that of piggery 
and goat-sheep excreta. A comparison of the relative 
toxicity values calculated from the above indicates th~t 
toxicity of poultry waste is 2.73, 4.02, 4.34 and 2.89 times 
that of piggery, goat-sheep and cow dung, and 
combination of these four wastes in equal proportion, 
respectively. 

From the above experiments, poultry and piggery 
wastes were marked as the two most toxic. The results of 
the experiment on combination of these wastes in different 
ratios demonstrate that the toxicity of the combination 
decreases in relation to increase in the proportion of 
piggery manure in the mixture. 

The results of similar experiments on S. kingi (Table 
2) indicate the same order of toxicity as above. However, 
the toxicity of poultry wastes.is 1.62, 2.13, 2.36 and 1.72 
times, respectively, that of piggery, goat, sheep and cow 
dung and combination of these wastes in equal ratio. 

The experiments on C. carpio fry indicate a similar 
order of toxicity (Table 3). In this case, poultry waste is 
2.56, 3.53, 4.07 and 2.70 times, respectively, more toxic 
than piggery, goat-sheep and cow dung, and combination 
of these wastes in equal proportion. 

With regard to their effect on hatching success in 
common carp, the relative toxicity of different wastes ~d 
their combination in equal proportion exhibited an order of 
toxicity similar to that of experiments on zooplankton and 
carp fry (Table 4). The relative toxicity values indicate 
that poultry waste is 1.40, 1.62, 1.87 and 1.36 times more 
potent than piggery, goat-sheep, cow dung and 
combination of these wastes in equal proportion, 
respectively. Various poultry-piggery combinations were 
also tried and similar trends (Tables 1-3) were observed, 

with the combinations exhibiting toxicity in relation to the 
amount of poultry waste therein. 

The data on BOD5 and the percentage nitrate and 
phosphate released also followed broadly a similar order 
(Table 5). However, the percentage of nitrate released by 
equiproportion concentration of four wastes was next to 
that of poultry waste. Potassium release was maximum 
from piggery wastes. 

Table 6 describes the relative efficiency of different 
wastes and their mean loading levels (with cow dung as 
base) based on data presented in Tables 1-5. 

Discussion 

Infom1ation on LC50 and safe lev~ls of wastes seems 
to be previously lacking in the literature. However, this 
order is in conformity with the observations of Kapur 
(1981) on the effect of wastes on several parameters of 
productivity. The superiority of poultry and piggery 
wastes has been documented by several workers (Kapur 
1981, 1984; Kapur and Lal 1984). However, according to 
Govind et. al. (1978) piggery wastes were inferior to cow 
dung. 

These studies clearly demonstrate that the addition of 
piggery waste decreased the toxicity of the poultry waste 
in proportion to the amount of piggery waste in the 
mixture. The increase in fish production by about 20% as a 
result of using poultry-piggery wastes in 1:1 ratio in 
comparison to poultry waste alone (Kapur and Lal 1984) 
may possibly result from reduction in the toxicity of the 
mixture. 

No report seems to be available on the effect of 
different livestock wastes on hatching success in any fish 
species, although the effect of a large number of 
environmental' contaminants is well known (Kapur and 
Yadav 1982a, 1982b). Nevertheless, no morphological 
deformity was observed in the hatchlings obtained from 
waste-treated fertilized eggs. 

The mortality of the test organisms at concentrations 
higher than the safe levels may partly be on account of 
high oxygen demand of the wastes, leading to lower 
dissolved oxygen levels in the medium, and due to some 
toxic principle such as ammonia (Kapur 1975). Moreover, 
the toxicity of most pollutants is enhanced by the 
reduction in oxygen level (Kapur and Toor 1978). Detailed 
study on the ·effect of pollutants related to oxygen 
levels/aeration is thus very essential. 

Nursery pond management involves heavy 
fertilization with organic manures about 15-21 days prior 
to the release of fry, which may lead to mortality of certain 
zooplankton species. The determination of safe levels for 
fish fry and proper hatching will help in reducing the 
prestocking waiting period in common carp and increasing 
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the number of fish seed crops obtainable per breeding 
season, while simultaneously stimulating the zooplankton 
population. Such innovative methods applicable under 
field conditions may help alleviate the problem of quality 
fish seed shortage. More work is required on other 
zooplankton and carp species. 
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T1bl1 1. Toxicity• of different livestock w1st1S lndivldu11iy end In c1rt1ln combinations to zoo· 
plankton S. v•tulus. 

Type of waste 

Poultry 
Piggery 
Gol!lt-sheep 
Cow dung 
Poultry:Plggery 
Cow dung:Goet· 
sheep 
1:1:1:1 

Poultry:Plggery 

1:1 
2:1 
3:1 
4:1 
1:2 
1 :3 
1:4 

•M11n ±s.E. 

24hr 

4.6 ± 
37.0 ± 
16.0 ± 
41.0 ± 
2526 ± 

6.1 ± 
6.8 ± 
6.3 ± 
6.0 ± 
6.4 ± 
7.4 ± 
8.6 ± 

Safe 
Lc50 x gl- concentr1tlon 

48 hr • (g/I) 

0.93 3.6 ± 024 0.64 
2.70 20.0 ± 2.36 1,76 
0.96 13.0 ± 1.31 2.67 
3.64 26.0 ± 1.41 2.78 

"2,31 16.2 ± 1.44 1.85 

0.67 6.2 ± 0.67 1.10 
1.07 4.76 ± 0.49 0.93 
0.42 420 ± 024 fr.86 
0.88 3.90 ± 0.69 0.71 
0.41 6.63 ± 0.27 1.24 
0.84 6.3 ± 0.91 1.37 
0.86 7.3 ± 0.82 1.68 

T1bie 2. Toxicity• of different livestock w1stes indlvidu1ily ind In c1rt1ln comblnl!ltions lo zoo-
plenkton S. king/. 

Type of waste 

Poultry 
Piggl!lry 
Goat-sheep 
Cow dung 
Pouitry:Piggery 
Cow dung:Go1t-
sh11p 
1:1:1:1 

Pouitry:Plggery 

1:1 
2:1 
3:1 
4:1 
1:2 
1 :3 
1 :4 

•Mein ±s.E. 

24 hr 
LC50 (g/I) 

921 ± 0.68 
1627 ± 1.42 
26.69 ± 3.02 
2323 ± 2.66 
17.06 ± 2.16 

13.11 ± 0.84 
12.38 ± 0.67 
12.47 ± 0.65 
10.64 ± 0.83 
1326 ± 0.78 
1428 ± 1.45 
14.65 ± 123 

Safe 
concl!lntr1tion 

48 hr (g/I) 

7.30 ± 0.67 1.38 
12.03 ± 0.40 224 
19.08 ± 2.21 2.93 
18.03 ± 0.83 3.26 
13.19 ± 0.80 2.37 

1028 ± 1.08 1.90 
9.76 ± 0.61 1.81 
9.63 ± 0.80 1.72 
8.69 ± 0.74 1,68 

10.42 ± 0.79 1.93 
10.96 ± 0.76 1.94 
11.53 ± 1.54 2.17 

Table 3. Toxicity• of different livestock wastes Individually and in certeln combinations to C. carp/a. 

Typ1ofw1ste 

Poultry 
Piggery 
Gait-sheep 
Cow dung 
Poultry:Piggery 
Cow dung:Goet· 
sheep 
1:1:1:1 

Poultry:Piggary 

1:1 
2:1 
3:1 
4:1 
1:2 
1 :3 
1:4 

•M1!11n ±S.E. 

24 hr 
LC50(g/J) 

3.6 ± 0.36 
6.1 ± 128 

12.0 ± 0.93 
13.3 ± 1.04 
11.6 ± 1.06 

4.0 ± 0.36 
3.9 ± 029 
4.4 ± 0.43 
3.7 ± 0.36 
3.5 ± 0.14 
4.4 ± 0.57 
4.6 ± 0.43 

Sale 
conc1ntr1tlon 

48hr (g/I) 

2.6 ± 0.43 0.43 
6.1 ± 0.67 1.00 
9.0 ± 1.32 1.62 

10.1 ± 0.68 1.76 
8.0 ± 0.87 1.16 

32 ± 0.16 0.61 
3.0 ± 0.14 0.63 
3.2 ± 0.16 0.61 
2.76 ± 0.28 0.46 
320 ± 0.36 a.so 
3.8 ± 0.78 0.86 
4.1 ± 021 0.98 
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T1bl1 4. Toxicity• of different ilvHtock wastes, their combin1tlon 1nd pouitrv·piggery combin1tions 
to fertilized eggs of C. c1rpio. 

Safe concentration• 
Wiste treaitment LC50 (g/11 (g/11 

Poultry 0.87 ± 0.12 o.1e 
Piggery 1.22 ± 0.13 0.26 
Cow dung 1.63 ± 0.09 0.34 
Goat-sheep 1.41 ± 0.32 0.29 
Poultrv:PlrJ;erv:Cow dung: 1.1e ± 0.17 024 
Goat-sheep 1 :1 :1 :1 

Poultry:P.lggery 

1:1 1.01 ± 0.13 0.22 
2:1 0.96 ± 0.30 0.20 
3:1 0.93 ± 0.12 0.19 
4:1 0.91 ± 0.12 0.18 
1 :2 1.06 ± 0.16 021 
1:3 1.07 ± 0.26 0.22 
1:4 1.11 ± 0,07 0.21 

•M11n ±s.E. 

Table 5. The Boo5 ind nutrient ch1r1cteristlcs of w1st1 tre1ted water. 

Type of waste 
eoo, 
(g/ll 

Poultry 19.36 ± 
Piggery 1e.1e ± 
Goat-sheep 10.09 ± 
Cow dung 10.60 ± 
Pou1trv:Plgg1ry: 12.10 ± 
Cow dung:Go1t·she1p; 
1:1:1:1 

Poultry :Piggery 

1:1 18.85 ± 
2:1 19.10 ± 
3:1 19.16 :!: 
4:1 19.16 ± 
1:2 1e.60 ± 
1 :3 1e.60 ± 
1:4 1728 ± 

•on 20th doy at 35°c. 

0.85 
1.63 
1.26 
2.16 
1.64 

o.25 
0.63 
0.72 
0.40 
3.40 
2.83 
0.99 

Nutrient relused• % age of tot1i 
Nitnite 

37.3 ± 4.67 
S4.1 ±1.34 
332 ± 3.37 
27A ± 2.69 
34.9 ±2.0 

Phosphate 

56.8 ± 3.06 
46.3 ± 4.99 
40.o ±.2.es 
36.0 ± 2.16 
44,1 ± 1.ee 

Not determined 

Pot1ssium 

47.9 ± 6.83 
64.4 ±6.24 
41.7 ± 4.86 
36.e ± 3.72 
43.9 ± 2.7e 

Table 6. Relative efficiency of different livestock wastes on the baais of safe levels for zooplankton, carp fry, fertilized eQgs of C. carpio, 8005, and release 
of nutrients. 

Safe levels Mean 
fertilized Maximum release of loading 

C. carpio eggs of BODJ. at nutrients Mean level* 
Type of waste S. ventulus S. kingi fry C. carpio 20 c N p K efficiency (kg/ha) 

Poultry 100.00 100.00. 100.00 100.00 100.00 100.00 100.00 100.00 100.00 5,124 
Piggery 36.57 61.61 39.09 72.72 93.95 94.83 85.09 113.42 74.41 6,886 
Goat-sheep 24.90 47.01 28.29 61.74 54.26 92.19 71.72 86.96 58.38 8,777 
Cow dung 23.02 42.33 24.57 52.87 52.12 73.54 64.55 76.88 51.24 10,000 
Poultry :Piggery: 34.59 58.23 37.07 75.41 62.53 93.96 79.11 92.54 66.56 7,698 
Cow dung:Goat-Sheep 
1:1:1:1 

Pou I try :Piggery 
1:1 58.18 72.63 70.49 83.64 97.42 76.47 6,701 
2:1 68.82 76.24 81.13 90.64 98.71 Not determined 83.11 6,166 
3:1 75.29 80.23 84.31 94.36 98.97 86.63 5,915 
4:1 90.14 82.14 93.48 97.35 98.97 92.42 5,544 
1 :2 51.61 71.50 53.75 85.19 96.12 71.63 7,153 
1:3 46.72 71.13 50.59 82.51 95.61 69.31 7.,393 
1:4 40.51 63.59 43.88 84,02 89.30 64.26 7,974 

*Taking 10 ,000 kg/ha cow dung as basis. 
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Abstract 

Tue development of a shrimp (Penaeus monodon) production 
system integrated with livestock was undertaken at the Sycip Plantation 
Inc., Negros Oriental, Philippines, as a result of crop diversification 
efforts in the province. Heavy organic manuring of brackishwater shrimp 
ponds strongly stimulated the production of la blab in the initial stages of 
pond preparation. Observations suggest that the problem of deteriorating 
water quality in the later stage of culture due to prawn burrowing/feeding 
activities, was exacerbated by constant addition of manures. Plankton 
analysis of pond water indicated that this was a result of excessive 
nanno- and picoplankton blooms. A highly significant correlation (P < 
.001) between plankton (cell size < 5 microns) count and BOD was 
obtained. An alternative system using "kitchen ponds" stocked with 
artemia provided a suitable source of food for shrimp growth. Daily 
additions of manure (100 kg dry weight/ha/day) produced an average 40 
kg of mixed artemia and Iablab protein each day during a three-month 
study period. Analysis of input:output ratios for the kitchen pond showed 
a net loss in organic matter and net gain in nitrogen yields during the 
onditioning period. Conditioned ponds had a net gain in both organic 
matter and nitrogen yields. An area ratio of 1 :5 for kitchen pond to 
shrimp grow-out enabled production at 700-1,000 kg/ha/crop at 30,000 
pieces/ha stocking density, 60-70% survival and grow-out period of 120 
days. Significant reductions in feeding costs were obtained. 
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Introduction 

The economic, social and ecological benefits 
accruing from integrating agricultural and aquacultural 
operations to enable recycling and ·efficient use of farm 
"wastes" have long been realized in freshwater 
aquaculture. However, this system of farming has not yet 
been commercially applied to brackishwater aquaculture. 

Manure in both freshwater and brackishwater ponds 
generally improves yields of fish/shrimp (Moav et al. · 
1977; Schroeder 1978; Lee and Shleser 1984). Most work 
with the use of manures in ponds is with livestock adjacent 
to or over the culture ponds; manure passes directly into 
the ponds. Manure has also been used in the preparation of 
ponds for stocking or periodically added during culture. 

Means of utilizing manure in integrated fish and 
shrimp pond production systems were investigated in this 
study to: a) provide an effective utilization of the manure 
directly or indirectly by the cultured species; b) prevent 
excessive water quality problems in culture ponds; and c) 
provide a sanitary and economical method of manure 
dispo·sal. 

Until the sugar market collapsed in 1982-1983, 
agriculture in the Negros Provinces of the Philippines was 
almost solely geared to sugar production. Farms have now 
been forced to diversify crop production. Large residues of 
crop byproducts and other materials for livestock feeds are 
being wasted in the region. Thus we conducted these 
studies on using byproducts in an integrated system by 
increasing our livestock populations and limiting them to a 
shrimp culture system. 

The natural food of shrimp in the wild indicates an 
omnivorous diet of benthic plants and animals from a 
mainly detrital food web. In ponds, the feeding habits are 
not well documented and are controversial. Some farmers 
claim superior results using a benthic cyanobacterial mat 
of lablab; others prefer filamentous algae, such as 
Cladophora sp • and Enteromorpha sp. · (lumut) and 
still others use aquatic halophytes like Ruppia sp. 
However, it seems that farmers' preferences rely on casual 
observations of gross morphology with little regard to the 
quality of these edible complex communities. Jumalon 
(1978) found wide variation in species composition, 
protein content and other definitive variables of lablab 
within a period of time in one culture pond. 

In more intensive systems; supplemental feeding of 
trash fish/meat or pelletized formula feeds has been 
adopted although not always with reproducible results. 
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Indications of poor utili2.ation of pellets in prawn ponds 
have led to the suggestion that disintegrating pellets may 
act as an organic fertilizer for a detrital food web on the 
pond benthos (Stanley and Moore 1983). Obviously, this 
is a rather expensive method of fertilization so it is 
essential to ensure that the pond bottom is rich before 
stocking, particularly in extensive and semi-intensive 
systems(< 1.5 t/ha/crop) in which there should be a strong 
dependence .on natural productivity. 

Effects of organic inputs on aquatic productivity are 
obvious in tropical estuarine areas where large amounts of 
mangrove leaves (Marten and Polovina 1981) undergo 
rapid degradation by cellulolitic decomposing microbes to 
form the basis of a detrital food web (Lee 1980). The 
utilization of manure in fishponds is a "carbon copy" of 
these natural food webs, modified to direct productivity 
towards a set goal. 

However, there at'.e disadvantages in adding manure 
during shrimp culture: (1) constant burrowing and benthic 
feeding activities of prawns lead to high turbidity such mat 
settled manure is unavailable to phototrophic action; (2) 
shrimp ·cannot effectively utilize pico/nannoplankton, 
which predominate when manure is added during culture; 
(3) unsatisfactory water quality results in dissolved oxygen 
problems and development of epizootic infestations (e.g. 
'Zoothamnium sp. and Epistylis sp.) on shrimp 
exoskeletons due to high bacterial populations 
(exacerbated by manure inputs) which are the principal 
food source of the peritrichous ciliates; (4) more frequent 
changes of water are required resulting in poor manure 
utilization. 

The production of shrimp on a detrital-based food 
web is common in most culture systems; the use of 
livestock manures to augment this food web is a promising 
means of reducing costs in shrimp feeding. 

The concept of a food production pond separate from 
culture ponds with high levels of organic inputs to 
stimulate productivity is not new (Anon. 1981). This 
production or kitchen pond (David, pers. comm.) enables 
farmers to use large inputs of manure without regard to 
shallow depth and excessive temperatures, which are 
favorable to lab/ab, and without dissolved oxygen 
problems associated with high levels of organic inputs. 
The "food" produced in these ponds is transferred to 
shrimp culture ponds as required. High yields (2 t/ha/day 
with 85% moisture) of good quality shrimp food, artemia-
enriched lab/ab, can be harvested daily from the kitchen 
pond. 

Materials and Methods 

Various aspects of integrating livestock production 
with shrimp culture were studied from 1983 to 1986 at the 

Tamisu and C commercial farms of Sycip Plantation Inc. 
in Bais City and Manjuyod, Negros Oriental, Philippines. 
These include addition of manures in pond preparation and 
during shrimp rearing; effects of an integrated poultry 
flow-through fertilization system; linkage of cattle-
fattening sheds to shrimp/fishpond systems and the use of 
liquid manures to support combined artemia-lablab 
kitchen ponds operated at high salinities (> 60 ppt). 

Biological oxygen demand (BOD) was measured 
during various shrimp culture trials based on the Winkler 
titration method (Boyd 1979). Picoplankton (0.2-2.0 µm) 
and nannoplankton (2-5 µm) were analyzed from 500-ml 
water samples freshly collected in the middle of the pond 
and counted unfixed in a Neubauer hemocytometer using 
phase contrast microscopy. The environmental and 
biological characteristics of the flow-through fertilization 
system are given in Jumalon and Ogburn (in press). 

Two kitchen ponds of 0.7 'and 0.9 ha were monitored 
in terms of manure inputs and. lab/ab harvest during the 
"conditioning" and "conditioned" period. Conditioning 
covered the first three months of kitchen pond operation, 
while conditioned period was one year after continuous 
operation. Total shrimp harvests and survival from 0.5-5.0 
pieces/m2 stocks were determined at the end of each 
culture period. 

Results and Discussion 

A strong exponential correlation (P < .001) between 
biological oxygen demand (BOD-12 hours) and the 
concentration of nanno- and picoplankton was found in the 
shrimp ponds over a one-year period (R = 0.662 and n = 
100). 

Counts of the pico- and nannoplankton groups during 
shrimp culture indicated that this size fraction of plankton 
became more nwnerous as shrimp biomass increased 
(Table 1) leading to the danger of low dissolved oxygen 
content of pond water in the early mornings. 

The performance of the kitchen ponds is shown in 
Table 2. Yields of lab/ab equivalent to over 3.5 t/ha/mo 
were obtained at high manure loading during conditioniiig. 

A net loss in the organic matter input:output ratio 
(1:0.85) during conditioning was probably due to 
accumulation of organic matter in the pond soil which 
increased from 4.5% to an average 12.3%. The 
input:output ratios of conditioned kitchen ponds, 
irrespective of artemia harvest, were 1: 1.6 for organic 
matter and 1:2.9 for total nitrogen. Conditioned kitchen 
ponds yielded 92 kg/ha of organic matter and 25 kg/ha of 
lab/ab protein daily. Comparatively, this would represent 
the equivalent of 22 t/ha/year of soybeans, and indicates 
the prospects for protein production in brackishwater 
ponds utilizing liquid manures and blue-green algal 
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pastures for protein synthesis. Increase in manuring rates 
can easily increase yields to 40 kg/ha of mixed lablab-
artemia protein daily in conditioned ponds. 

The breakdown of manure into lablab is very rapid: 
4-10 hours depending on the type of manure and 
prevailing weather conditions, suggesting the presence of 
an active cellulolitic bacterial community. 

The advantages in using an artemia-lablab kitchen 
pond are: good utilization of manure inputs; clearing of 
water column due to constant filtering activity of artemia, 
providing high light penetration to pond benthos; digestion 
and compaction of suspended bacteria, microalgae and 
manure particles by artemia, into sinking fecal pellets 
which concentrate organic residues on pond bottom; high 
salinity that ensures stability of production system as 
predators/competitors (e.g., cyanophages) are reduced and 
potential pathogens are eliminated; easy harvest of lablab,· 
net increase in protein input:output ratio due to occurrence 
of certain species of the cyanobacteria which are 
heterocystous and known fixers of atmospheric nitrogen; 
use of liquid manure which is easier to handle in 
aquaculture operations and preserves nitrogen content (i.e., 
reduces NH3 volatization); less danger of overmanuring as 
brine shrimp are hardy organisms that can tolerate adverse 
conditions such as low dissolved oxygen; and availability 
of a ready source of artemia for innoculation into newly 
prepared shrimp nurseries and grow-out ponds, in 
hatcheries and in diet formulations. 

Preliminary results suggest an approximate food 
conversion ratio of about 150 kg fresh lablab from the 
artemia kitchen ponds to 1 kg of shrimp (FCR = 1:20 dry 
weight). 

Good yields of large size shrimp (200-400 
kg/ha/crop) have been obtained from an integrated system 
with a kitchen pond:grow-out ratio of 1:5. A combination 
of lablab and pellet (medium quality) feeding enabled 
higher stocking densities (3 pieces/m2), increased yields 
significantly (700-1,000 kg/ha/crop with 70% survival in 
130 days), improved feed conversion and reduced 
incidence of "softshelling" and nutrition-related diseases. 

The system is somewhat labor intensive. In 
underdeveloped regions where cost of labor is low, 
unemployment high and poverty a problem, the social 
benefits of a high employment to capital ratio farming 
method such as this are evident A number of 
modifications could be made to adapt the method to less 
labor-intensive systems. 

With the vast areas of brackish/coastal water areas 
available throughout the world and with the current 
expansion of this promising method of food production, it 
is highly probable that integration will be practiced widely 
in future coastal pond development. Shrimp culture using 
this system of farming would enable significant reduction 
in feeding costs. 
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Table 1. Plankton counts and secchi depth in manured and unmanured shrimp ponds and artemia kitchen ponds. 

Culture Shrimp pond Shrimp+ manure Shrimp + lab/ab Artemia + manure 
period <5µm Secchi <5µm Secchi <5µm Secchi <5µm Secchi 
(weeks) (cells/ml) (cm) (cells/ml) (cm) (cells/ml) (cm) (cells/ml) (cm) 

375,000 41 7,693,904 33 1,700,000 44 732,777 28 
2 625,000 38 10,200,000 27 3,200,000 32 765,000 29 
3 2,250,000 37 12,400,000 18 3,400,000 34 750,000 34 
4 2,875POO 39 18,20opoo 28 5,000,000 35 ·950,000 36 
5 2,000,000 41 19,600,000 22 4,400,000 41 550,000 49 
6 3,125,000 35 21,400,000 18 2,160,000 30 250,000 > 70 
7 6,125,000 29 5,600,000 37 6,400,000 33 250,000 > 70 
8 7,500,000 32 9,200,000 27 2,400,000 33 250,000 > 70 
9 7,750,000 27 9,800,000 31 2,900,000 34 50,000 > 70 

10 8,650,000 25 14,400,000 ' 25 5,760,000 33 105,000 > 70 
11 7,125,000 30 9,200,000 30 5,800,000 28 50,000 > 70 
12 10,250,000 28 12,ooopoo 29 6,600,000 34 50,000 > 70 
13 8,625,000 31 27,800,000 20 4,800,000 27 150,000 > 70 
14 9,250,000 28 19,600,000 22 9,200,000 27 350,000 > 70 
15 6,500,000 23 26,600,000 24 8.400,000 28 200,000 > 70 

Table 2. Manure input and lab/ab output in artemia kitchen ponds. 

Condition~ Conditioning Period 
Kitchen pond 1 Kitchen pond 2 

Average (kg/ha/month) (kg/ha/month) 
Inputs and harvests (kg/ha/day) Month 1 Month 2 Month 3 Month 1 Month 2 Month 3 

Manure input 

Dry weight 120.8 161.2 1,924.6 2,846.5 694.7 2,315.6 2,670.0 
Organic matter 58.7 77.0 924.2 1,372.2 361.0 1,112.7 1,287.4 
Nitrogen content 1.35 1.8 21.4 31.7 8.3 25.7 29.7 

Lab/ab output 

Dry weight 308.0 409.0 2,403.0 3,083.0 796.0 2,108.0 3,571.0 
Organic matter 92.4 91.0 534.7 686.0 232:1 614.7 1,041.3 
Nitrogen content 3.9 3.6 20.9 26.8 10.3 27.2 46.1 

Manure: lab/ab ratio 

Dry weight 0.40 0.39 0.80 0.92 0.87 1.10 0.75 
Organic matter 0.63 0.85 1.73 2.00 1.81 1.81 1.24 
Nitrogen content 0.35 0.50 1.02 1.18 0.95 0.95 0.65 
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Abstract 

An experiment on the integrated fanning of broiler chickens with 
rnilkfish (Chanos chanos), tilapia (Oreochromis niloticus) and shrimp 
(Penaeus indicus) in brackishwater ponds was conducted in l,OOO-rn2 
ponds of the SEAFDEC Research Station at Leganes, Iloilo, Philippines. 
Tested were varying densities of tilapia (500, 1,000, 1,500 and 2,000 for 
Treatments I-IV, respectively} with. fixed densities of 5,000 shrimp and 
200 rnilkfish per l,OOO-rn2 pond. Poultry houses were constructed at the 
middle of each pond so that fresh chicken wastes would drop directly t6 
the pond. Each unit was stocked with 90 broiler heads of three size 
groups, or a total of 180 heads for 120 pond culture days. Stocking, 
transfer and harvest of poultry were done every two weeks. Results 
indicated an average net production of shrimp of 19.15 to 28.38 kg/1,000 
rn2; rnilkflsh, 7.51to11.74kg/l,OOO rn2; tilapia, 33.68 to 66.97 kg/1,000 
rn2 and chicken broilers, 180.90 to 217.39 kg/l,000 rn2. Statistical 
analysis revealed that the best net production of tilapia was obtained at a 
stocking density of 15,000/ha. 

Introduction 

. In 1983, total world aquaculture production was 8.0 t 
x 106, of which 77.5% or 6.2 t x 106 came from the Asia-
Pacific region (Csavas 1985). Brackishwater fishponds 
were the major and probably most reliable sources of fish 
supply. In 1980 the total area for aquaculture production in 
the South China Sea countries was 610,869 ha, of which 
some 66% or 404,777 ha were brackishwater areas. Of 
these, 80% were found in the Philippines and Indonesia 
(RAP A 1983). In a region where the average 
brackishwater fish farm holdings are less than 15 ha 
(Poemomo 1974; MNR-ADB 1983), where the very 
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extensive practice of culture techniques yielded a mean 
production in 1980 of only 0.69 t/ha/year (RAPA 1983), 
the role of integrated farming becomes significant. 

Integrated fish farming complements existing 
aquaculture practices such as the polyculture system. In 
the integration of chicken with fish farming, the ponds 
make use of chicken wastes and uneaten feedstuffs as 
fertilizers, thus increasing pond production of both fish 
and plankton through direct and· indirect utilization of 
nutrients. Using the same amount of space, the farmer is 
provided with additional yields on easily marketable 
products like chicken, not to mention a source of protein 
for the farm family and the comm.unity. 

This paper aims to evaluate the feasibility and 
profitability of integrated cbicken· broiler-fish/shrimp 
farming. A previous study on the integration of 
aquaculture with chicken farming used layer chickens, 
shrimp (P. indicus) and milkfish (C. chanos) (Apud and 
Pudadera 1983). It indicated that production can be 
increased further by increasing the stocking densities of 
shrimp and fish. As an offshoot, the present study 
introduces tilapia (0. niloticus) into the integration scheme 
aside from increasing the stocking densities of shrimp and 
chickens and maintaining the density of milkfish. Broilers 
were preferred over layers because broiler production can 
be programmed within a shorter pond culture period (three 
to four months). On the other hand, egg production of 
layer chickens can start only after six plOnths ofrearing. 

Materials and Methods 

Four treatments were tested based on the varying 
stocking rates of tilapia (0. niloticus) per l,OOO-m2 
earthen ponds, i.e., 500 (treatment I), 1,000 (II), 1,500 (III) 
and 2,000 (IV). In addition, shrimps (P. indicus) and 
milkfish (C. chanos) were stocked at fixed densities of 
5,000 and 200, respectively. Each treatment received 
direct chicken droppings from 90 broiler heads consisting 
of three different size groups. The treatments were 
replicated thrice on a completely randomized basis. 

Poultry houses (4 x 8 m) were installed at the 
midportion of each pond. They were constructed from nipa 
and bamboo. Stocking, transfer and harvest of the broiler 
chickens were done every two weeks so that a total of 
seven harvests of broilers was realized. Supplemental 
feeding and inorganic fertilization were not given to the 
pond during the 120-day culture period. 
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The ponds were prepared by tilling the first 15-cm 
layer of the pond bottom to .ihasten oxidation of the soil. 
Drying and flushing of the pond bottom were done twice 
prior to the application of 100-kg lime (CaC03) per pond. 
Coconut fronds (10/1,000 m2) were also distributed to 
serve as additional substrates for the shrimp fry. 

Hatchery-produced shrimp fry (PL 15 with an 
average weight of 0.007 g) were stocked three days ahead 
of milkfish and tilapia fingerliD.gs. Tilapia fingerlings (8.8 
g average weight) were taken from a freshwater pond and 
acclimatized to 15 ppt prior to stocking. Pond water depth 
was maintained at a minimum of 70 ctn. Water was 
replenished through tidal fluctuations. 

The cages in each poultry house measured 1.5- m 
wide, 1-m h'igh and 6-m long. Each cage was subdivided 
into three compartments to allow the stocking, transfer and 
harvest of chickens every two weeks. The 6-m long cage 
was apportioned into 1, 1 and 3 m to accommodate 30 
heads each of day-old to two week old, two to four-week 
old and four to six-week old broilers. They were fed with a 
commercial chick booster mash (22% protein) from 1 to 
10 days old and broiler starter mash (21 % protein) from 11 
days to harvest. Vitamin-mineral supplements and 
medications to prevent respiratory infection were also 
given. The chicks were immunized using the poultry viral 
preparation. 

Milkfish were harvested first by seining as they 
swam against the incoming tidal water. The shrimps were 
harvested next by seining them when the pond water 
reached the pond bottom trench level. The remaining 
shrimps were handpicked after completely draining the 
ponds. After thorough washing, the harvests were placed 
in chilled water and classified according to size. They 
were placed in styrofoam boxes with crushed ice. A 
portion of the harvest was sold at the pond site and the rest 
were sold at the fish market. 

The chickens were harvested upon reaching the 
minimum live weight of 1.2 kg. They were sold on a live 
weight basis. 

Results and Discussion 

Table 1 shows average· net production of shrimp, 
milkfish, tilapia and chicken broiler using the integrated 
farming. The best net production of tilapia was obtained in 
Treatment ill where the stocking density ws 15,000/ha. A 
further increase in stocking density (Treatment IV) 
drastically affected final weight and, consequently, net 
production. 

Abrupt changes in the physicochemical parameters 
particularly salinity (Table 2), were experienced during the 
culture period due to floods brought about by two 
successive typhoons. No mass mortality occurred, 

demonstratiQg the hardiness and wide tolerance of shrimp, 
milkfish and tilapia to adverse weather conditions. They 
also showed minimal interspecific competition as 
indicated by insignificant differences in the total net 
production between treatments. 

The gut content analysis . showed that the chicken 
droppings were directly eaten by the shrimp, milkfish and 
tilapia. Results of pathological examination prior to 
harvest showed that they were not infected by any 
microorganism that might have rendered them unsuitable 
for human consumption. 

Although the pond operation was able to profit in all 
treatments, Treatment IV, where the stocking density of 
tilapia was increased to 20,000/ha, produced the lowest net 
earnings as a result of higher inputs on tilapia fingerlings 
but lower net production and smaller harvest size. The 
poultry operations gave major contributions to the total net 
earnings. The occurrence of some chicken mortality in 
Treatment I due to the damaging effects of the typhoons 
on two poultry houses resulted in a deficit of net earnings. 
Based on the results obtained, profitability can be 
maximized by integrating the 90 chicken heads of three 
different sizes (total of 180 heads) with 10,000-15,000 
tilapia, 50,000 shrimps and 2,000 milkfish/ha. Under these 
conditions, a return on investment of 16% can be realized 
(T~ble 3). 

The raising of chickens is now a very well 
established technology as evidenced by the proliferation of 
several companies that manufacture high protein chicken 
feeds and, at the same time, sµpply their growers with 
chicks, medication and technical assistance. The 
integration of aquaculture with chicken farming provides 
several advantages, foremost of which is the assured 
supply of chicken manure which is one of the best organic 
fertilizers, in the growing of natural food in brackishwater 
ponds. 

Chicken manure, like other organic wastes, can 
convert crude, inedible nutrient materials into high quality 
fish food. They can increase microbial activity in the water 
column and at the pond bottom by releasing the nutrients 
and minerals originally bound in relatively undigestible 
form. These in turn, provide the substrates for 
photosynthetic (autotrophic) and microbial (heterotrophic) 
production of basic fish food ·(Schroeder 1980). Fresh 
chicken manure contains 1.6% nitrogen, 1.5% 
phosphorous and 0.9% potassium (Woynarovich 1979). 
Furthermore, its total protein content is as high as 20-30%. 
About 80% of the manure represents undigested feedstuffs 
with 25% dry matter content. This is primarily due to the 
very short digestive tract of chickens; most of their excreta 
are only partly digested (Chen 1981). 

In integrated chicken-fish farming the pond is 
continually fed in gradual amounts with chicken manure in 
contrast to the present practice of loading them only 
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during pond preparation. In addition, more than 10-15% of 
the feeds given to the chicken can be used by the pond and 
its organisms due to their selective feeding and picking 
habits (Chen 1981). Lastly, using the same land space, 
manpower and equipment, additional income can be 
derived from chickens which are a highly valuable source 
of protein. 
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Table 1. Growth, survival, and production of P. ind/cus, C. chanos. O. nilotlcus and chicken broilers over a 120-day culture period In 1,000 m2 brackishwater earthen ponds. 

P. lndicus C. chanos 0. ni/oticus 
Net pro- Net pro- Net pro- Poultry 

Pond Initial Final Survival ductlon Initial Final Survival duction Initial Final Survival duction production 
Treatments• no. BW(g) BW (g) rate(%) (kg/pond) BW (g) BW (g) rate(%) (kg/pond) BW (g) BW(g) rate(%) (kg/pond) (kg) 

4 0.007 7.11 59,5 21.12 2.56 80.81 51.0 7.73 8.B 81.88 83.2 29.70 168.50 
9 0.007 6.69 68.5 22.88 2.56 91.25 97.0 17.19 8.8 115.01 62.0 31.26 185.75 

12 0.007 7.01 71.6 25.04 2.56 228.25 21.0 9.07 8.8 158.35 56.2 40.09 188.44 

Mean 0.007 6.94 66.5 23.01 2.56 133.40 56.3 11.33 8,8 118.41 67.1 33.68 180.90 

II 6 0.007 8.60 75.0 32.21 2.56 60.08 94.0 10.78 8.8 84.33 38.8 23.91 214.09 
2 0.007 9.52 74.3 35.31 2.66 88.14 79.5 13.60 8.8 106.86 41.4 35.43 214.63 
7 0.007 6.02 58.7 17.62 2.66 88.28 65.0 10.96 8.8 103°.85 52.2 45.41 212.55 

Mean 0.007 8.05 69.3 28.38 2.56 78.83 79.5 11.74 8,8 98.35 44.1 34.91 213.76 

Ill 11 0.007 8.26 60.5 24.93 2.56 92.46 49.0 8.55 8.8 103.48 63.1 84.69 205.84 
5 0.007 10.88 29.4 15.99 2.56 87.98 45.5 8.08 8.8 97.78 63.2 79.49 200.12 
3 0.007 6.73 49.3 16.53 2.56 121.08 26.5 5.90 8.8 71.76 46.4 36.74 214.98 

Mean 0.007 8.62 46.4 19.15 2.56 100.51 40.3 7.51 8.8 91.00 57.6 66.97 206.98 

IV 10 0.007 8.56 67.1 28.68 2.56 115.35 64.5 14.37 8.8 69.07 45.0 44.56 207.01 
1 0.007 7.04 62.4 21.90 2.56 86.26 20.5 2.98 8.8 75.06 40.7 43.50 230.40 
8 0.007 6.59 73.5 24.23 2.56 82.14 36.0 5.48 8.8 66.35 47.1 44.90 214.76 

Mean 0.007 7.40 67.7 24.93 2.56 94.25 40.3 7.61 8.8 70.16 44.3 44.32 217.39 

*Treatments I-IV had varying densities of O. niloticus (500, 1,000, 1,500 and 2,000/1,000 m2 ponds, respectively) and fixed densities of 6,000 P. indicus and 200 C. chanos 
per 1,000 m2 ponds. A total of 180 broiler heads per poultry house were reared for one culture period (120 days). 
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Tibia 2. Monthly 1v1rtg1S ind r1ng15 of th• physJco-chamlcal p1r1mttars during th• cultura p1rlod, 

Timi 
l6AM Monthly 1v1r1g1 

P1r1mtt1rs 3PM) Tr11tm1nt1 August Sept1mb1r Octob•r Nov1mb1r Rong• 

Dissolved AM 6.94 5.14 4.05 4.20 1.70 - 13.07 
oxyg1n PM 9.39 12.17 8.64 8.02 3.90 - 17.60 
!ppm) AM II 6.66 4.99 3.40 3.41 1.03 - 9.67 

PM 10.04 13.10 8.65 8.16 6.20 19.02 
AM Ill 6.49 4.01 3.42 3.38 1.30 10.49 
PM 9.91 13.38 7.93 8.88 4.70 - 18.47 
AM IV 6.59 4.69 3.37 3.78 1.60 - 9.93 
PM 9.68 13.86 9.48 9.37 6.80 - 19.07 

W1t1r AM 26.38 27.62 27.71 24.82 19.10 - 31.7 
11mp1r1tur1 PM 29.49 30.93 30.33 30.08 26.00 - 32:8 
l'CI AM II 26.26 27.32 27.61 24.29 19.4 - 32.00 

PM 29.49 31.07 30.35 28.78 22.70 33,3 
AM Ill 28.20 27.33 27.46 24.83 19.00 - 31.7 
PM 29.62 30.95 30,36 30.03 26.00 - 33:6 
AM IV 26.18 27A6 27.68 24.33 19.3 - , 31.80 
PM 29.62 31.07 30.36 30.08 26.3 - 32.37 

Salinity AM 12.96 13.86 11.88 13.62 0.00 - 23.33 
IPPI) PM 13.76 13.86 11.94 13.26 7.00 - 22.33 

AM II 12.19 13.58 11.69 p.02 8.00 - 22:00 
PM 12.89 13,67 11.62 13.65 8.00 - 21.33 
AM Ill 10.21 12.69 9.32 12.40 6.00 21.00 
PM 10.65 12.89 9.94 11.68 6.30 - 14.33 
AM IV 12.02 13.80 11.63 13.82 8.00 - 23.67 
PM 12.81 13.89 11.88 13.97 8.30 - 23.67 

pH AM I 7.39 7.33 7.42 7.59 6.29 - 8.80 
AM II 7.86 8.11 8.23 8.04 6.99 - 8.90 
AM Ill 7.39 7.22 7.46 7.30 4.90 - 8.79 
AM IV 7.46 7.32 7.36 7.39 4.80 - 8.57 

T1bl1 3. Input-output 1n1\ysls of lntegr1ted chlck1n brollar·flsh-shrlmp finning In 1,000 m2 etrth1n ponds for 120 divs culturt 
p1dod. IUS$1.oo- ~18.00) 

Tre1tm1nts lr1f1r to Tlbl• 1) 
lt1ms II Ill IV 

Production IS1!1S) 

A. Pond 

1. P. lndlcus 920.00 1,120.00 760.00 1,000.00 
2. C. chinos 240.00 240DO 160.00 160.00 _, 
~. O. nllotlcus 456.00 652.00 960.00 744.00 

Subtotal 1.816.00 1,912,00 1,890.00 1,904.00 

e. Poultry 

1. Chlck1n brol11rs 6,430.00 6,420.00 6,642.00 6,640.00 

Tot1I 7,046.00 8,332.00 8,622.00 8,444.00 

II. Clplt•I cost 

A. Pond dtvtlopm1nt 208.33 206.33 208.33 208.33 
a. Poultrv houst 638.83 638.83 638.63, 838.83 

Toti I 8"7,16 847.16 847.16 647.16 

111."Runnlngcost 

A. Pond 

1. Shrimp fry 460.00 450.00 450.00 450.00 
2. Ml1kfish flng1rllngs 60.00 60.00 60.00 60.00 
3. Tll1pl1 flngullngs 150.00 300,00 450.00 600.00 
4. Lim• 80.00 60.00 80.00 80.00 
6. Llbor 375.00 376.00 375.00 376.00 
6. Mlscel11n1ous 113.36 113.36 113.36 113.36 

Subtotel 1,228.38 1,378.36 1,628.36 1,678.3~ 

B. Poultry 

1. D1y·old broller chicks 1,170.00 1,170.00 1,170.00 1,170.00 
2. Poultry Inds 2.481.00 2,481,00 2,481.00 2,48\.00 
3. F11d suppl1m1nts ind medlc1tlons 245.66 245.66 245.66 245.66 
4. l.lbor 662.50 662.60 662.50 562.50 
5. El1ctrlc1tv 323.40 323.40 323.40 323.40 
6. Mlscelleneous 170.06 170.06 170.05 170.06 

Subtot1I 4,952.61 4,952.61 4,952.61 4,962.61 

Tot1I 6,180.97 6,330.97 6,480.97 6,530.97 

IV.Toti! cost Ill ind Ill) 7.028.13 7,178.13 7,364.13 7,478.13 

V. Gross e1rnings 7,046.00 8,332.00 8,622.00 8,444.00 

VI. Nit Hrnlng' 

A. Pond 179.31 326.31 143.31 17.31 
B. Poultry 1161.44) 828.56 1,050.56 948.66 

Tot1I 17.87 1,163.87 1,193.87 956.87 

Vll.A~urn on lnv1Stm1nt (VI/IV) 0.26 16.07 16.21 12.91 



I 

' -
L 

I ._ 

......... 

Fecal Coliforms as Index of Pollution in an 
Integrated Pig-Fish Farm System 

O.D.QUINES 
R.B.VARGAS 
V.M.IBARRA 

College of Veterinary Science and Medicine 
Central Luzon State University 

Munoz, Nueva Ecija 2320 
Philippines 

QUINES, O.D., R.S. VARGAS and V.M. IBARRA. 1986. Fecal 
colifonns as index of pollution in an integrated pig-fish fann 
system, p. 145-147. ln J.L. Maclean, L.B. Dizon and L V. Hosillos 
(eds.) The First Asian Fisheries Forum. Asian Fisheries Society, 
Manila, Philippines.' 

Abstract 

Two fishponds measuring ·20 x 50 m stocked with 2,000 fish 
consisting of 85% Oreochromis niloticus, 10% Cyprinus carpio and 5% 
Channa striata were used to detennine the level of fecal colifonns in the 
pond water and fis~ flesh. One pond received fresh pig manure at 40 
kg/week; the other, inorganic fertilizer at 5 kg/week. Water samples were 
collected at weekly intervals for a period of eight weeks from three sites, 
namely, at a point closest to the manure dumpmg site, at the middle of 
the pond and farthest from the manure dumping site. Fish samples of 60 
tilapia and 18 carps .were collected monthly for a three-month period. 
Both water and fish samples were analyzed for colifonns with the 
multiple-tube fennentation technique. Results showed colifonn counts · 
with mean concentrations varying from 2,874.30/100 ml of water in the 
middle of the pond to 1,810.70 farthest from the manure dumping site. 
Differences in concentration between collection sites were not significant 
(P > 0.5) but mean values obtained weekly differed significantly (P < 
0.05). Tilapia had colifonn counts of 124.5 while carps .had 76.5-158.0 
colifonn/100 g flesh. Differences among fish samples of the same 
species were not significant (P > 0.05) but were significant between 
speciies· (P < 0.05). Biochemical tests revealed the presence of 
Escherichia coli and Klebsiella sp. as indicators of fecal pollution. 

Introduction 

In recent years, the fish production drive in the 
Philippines has been geared towards development of. 
measures .to accelerate freshwater aquaculture.production. 
Experiments have demonstrated that considerable fish 
production. can be obtained when ponds are fertilized. 
Increases in the cost of commercial fertilizers, however, 
inhibited their use and called for other sources such as 
animal manures. Although fishpond fertilization with 
mahure (pond manuring) in other Asian countries has a 
very long history, it has never been tried extensively in the 
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Philippines. The waste organics serve to fertilize the pond 
directly, causing algal blooms and also serving as food for 
bacteria in the pond. In Singapore, China, Thailand and 
Taiwan, pig manure is used to fertilize fish farms (de 
Guzman and Chia 1978; Woynarovich 1979; Buck et al. 
1979). In Hongkong and the Philippines, 100 pigs 
weighing 30 kg each are considered adequate to fertilize 
and maximize total revenue and profit of a 1-ha fishpond 
(Bardach et al. 1972; Hopkins et al. 1980). 

Traditional fish farming in Asia has recycled animal 
manures for a long time regardless of hazards associated 
with it. As pond manuring causes organic enrichment, it 
also hastens the deterioration of water quality. Thus, the 
aquatic environment becomes favorable for the growth, 
sustenance and multiplication of pathogenic bacteria that 
are hazardous to fish consumers. More important is that 
coliforms are introduced into the pond aerobic and 
facultatively anaerobi~ gram-negative, nonsporeforming 
rod-shaped bacteria that ferment lactose with gas 
formation within 48 hours at 350C (APHA et al. 1975). 
The .enteric bacilli included in the coliform group are 
Escherichia coli, Klebsiella, Enterobacter (formerly 
Aerobacter) and several genera previously classified as 
"paracolon" organisms, namely, Serrtia, Edwardsiella and 
Citrobacter (Davis et al. 1973). The occurrence of fecal 
coliforms in fish is a reflection of the pollution level of 
their water environment because coliforms are not the 
normal flora of fish (Rudolfs et al. 1950; Cuelin 1962; Rao 
et al. 1968; Cohen and Shuval 1973; Evison and James 
1973). It is believed that the contaminations of fish tissues 
are mostly results of surface or intestinal contamination 
(Salle 1964; Banwart 1979) and fish may carry those 
infections if caught in polluted waters (van Duijn 1973; 
Caldreich and Ciarke 1966). 

The ·purpose of this study was to determine the level 
of coliforms in an integrated pig-fish farming system. 

Materials and Methods . 

Two fishponds of the Central Luzon State University 
(CLSU) Freshwater Aquaculture Center Nueva Ecija, 
Philippines, with areas of 1,000 m2 (20 x 50 m) each were 
made available for the study.·The ponds were stocked with 
2,000 fish consisting of 85% tilapia (Oreochromis 
niloticus), 10% carp (Cyprinus carpio) and 5% snakehead 
(Channa striata). One pond received fresh pig manure at 
40 kg/week from a herd of 14 pigs and the other pond with 
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5 kg inorganic fertilizer (N-P-K, 16-20-0)/week. Water 
samples for bacteriological analysis were collected in 
sterile BOD bottles weekly for eight weeks from three 
pond sites, namely, at a point closest to the manure 
dumping site (3 m from the pig pen), at the middle of the 
pond (25 m from the pig pen) and at a point farthest from 
the manure dumping site (45 m from the pig pen). Fish 
were randomly sampled by seining.the pond over a three-
month period. Total samples added up to 60 tilapia and 18 
carps. Due to difficulty in retrieval, no snakeheads were 
obtained. Ten grams of flesh was dissected from the 
proximal upper quadrants on the lateral side of each fish, 
ground in a sterile blender and diluted with an equal 
volume of diluent. 

The multiple tube fermentation technique of 
determination for members of the coliform group was used 
as adapted from APHA (1975). The procedure is divided 
into three parts, namely, presumptive test, confirmed test 
and completed test. A total of three tubes per dilution 
using 1ml,0.1 and 0.01 ml portions were inoculated from 
each sample of water and fish flesh suspensions. The 
formation of gas in the inverted Durham tubes constituted 
a positive reaction for both presumptive and confirmed 
tests while formation of gas in tubes and demonstration of 
gram-i:iegative, nonsporeforming, rod-shaped bacteria 
were considered satisfactorily completed tests. To 
differentiate coliforms of fecal origin from others of 
nonfecal sources, the EC test was performed. Gas 
formation in the fermentation tubes within 24 .hours or less 
was considered a positive reaction. Tests for biochemical 
reaction of the coliform organisms were also conducted 

The number of positive findings of coliform group of 
organisms (either presumptive, confirmed or completed) 
resulting from a multiple portion decimal-dilution plating 
was recorded as the Most Probable Number (MPN) of 
coliforms in the water and fish flesh suspensions. 

Results and Discussion 

The mean number of coliforms obtained in the water 
from the three collection sites of the manured pond over 
an eight-week period is presented in Table 1. Coliform 
counts obtained from the point closest the manure dump 
increased from the first to the fourth weeks, declined on 
the fifth and sixth picked up on the seventh and declined 
again on the eight week. The pattern was similar to that of 
coliform counts obtained at the middle of the pond. 

Water samples obtained farthest from the manure 
dump had variable data; the first week had a low value 
which increased during the third week, decreased on the 
fourth and fifth weeks decreased drastically on the sixth 
week and steadily increased during the seventh and eighth 
weeks. Highest coliform count was in the middle of the 

pond followed by_ the point closest to the manure dump 
and lastly, farthest from· the manure dump (Table 1). 
Differences between the coliform counts of the three 
collection sites were not significant (P > 0.05) but 
differences in mean values obtained weekly were 
significant (P < 0.05). 

The coliform counts obtained from the three sites at 
different periods of sampling fluctuated markedly. This 
can be attributed to certain biological phenomena 
occurring in the manured pond. The pig manure dumped 
in the pond served as fertilizer which enhanced algal 
bloom. These algae served as food for plankton which, in 
turn, were eaten by the fish. The moment algal bloom was 
enhanced, the dissolved oxygen possibly decreased and 
carbon dioxide in the water and biochemical oxygen 
demand increased. Low concentrations of dissolved 
oxygen (0.3-0.4 mg/I) in the pond water favored the 
survival of fecal and nonfecal coliforms. 

Die-off rate of coliforms in wastewaters is due in 
part to the high algal demand for carbon dioxide (Danes et 
al. 1964; Chay 1975). Moreover, the design of the pond 
which sloped towards the middle, favored the 
concentration of the fish in that area. When manure was 
dumped, however, the school of fish moved to the dump, 
then returned to the middle of the pond, creating some 
current in the water-that dispersed the·manure particles as 
well. 

No coliforms of fecal origin were isolated from fish 
from the inorganically fertilized pond. Table 2 shows the 
number of coliforms obtained from tilapia and carps in the 
manured pond over an eight-week collection period. 
V aloes for both fish were not significantly different (p < 
0.05) over time but levels were significantly different 
between the two species. The organisms reached the fish 
flesh by their gills or skin but mainly through the 
intestines (Banwart 1979; Salle 1964). 

Based on biochemical tests, two species of coliforms, 
namely, Escherichia coli and Klebsiella sp. were isolated 
from the water samples and from tilapia and carp flesh. 
Table 3 shows the number of fish samples positive for 
organisms. In both species, about half had E. coli and the 
majority had Klebsiella sp •. 

Growth of E. coli has been observed with as little as 
0.28 ppm organic matter in solution (Allen et al. 1952). 
Waste material was much more abundant in the present 
experiment E. coli is used as indicator of fecal pollution 
of water. Klebsiella sp., on the other hand, is normally a 
bowel organism. It is referred to as the "colon bacillus" 
and its presence in the water supply usually indicates fecal 
contamination. (Andre et al. 1967; Davis et al. 1973; 
Pelchar et al. 1977; Chay 1975). 

The present findings sugge8t that measures should be 
adopted to sterilize the pig manure · to kill the micro-
organisms prior to loading it in an integrated pond. Fish 
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harvested from such a system should be thoroughly 
cleaned and properly cooked. 
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Collection Frequency of collection (week) 
site* 2 3 4 5 6 7 

977 .70a b 5,111.10c A 364.40 600.00 2,611.10 3,133.30b 2,565.50d 
B 616.70 1,555.60 1,900.00a c 3,133.30d 2,955.60 4,400.00b 5,111.10 
c 257.80 1,538.90 1,555.60 700.00a 1,688.90 500.00C 2,677.80 

a, b, c, d = Mean values within rows with different superscripts are statistically significant (P < 0.05). 
*A (closest to manure dump), B (middle of the pond), C (farthest from manure dump). 

Table 2. Coliform of fish (MPN/100 g flesh). Table 3. Species of coliforms. 

Month of Fish species Total E.coli 
collection Tilapia Carps Fish samples No. % 

September 176.0a b 
88.0b 

October 209.5a 158.0 
November 124.5a 76.5b 

Tilapia 60 27 45 
Carp 18 9 50 

8 Mean 

4,122.20 2,484.40a 
4,122.20 2,974.30a 
5,566.70 1,810.70a 

· Klebsiella sp. 
No, % 

56 93.33 
15 83.33 

) Mean values with different superscripts are significantly 
L different (P < 0.05). 
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·Abstract 

· The economics of rice-fish culture and rice monoculture were 
investigated by field studies of six farms in the Lam Dom Noi irrigated 
area of Ubon, Thailand. On each farm, inputs to and production of rice 
fields stocked with fish and of unstocked fields were monitored by 
weekly visits to the patticipating farmers between June 1984 and June 
1985. Profits/ha/man-day/farm were compared for the 1984 rainy season, 
the 1985 dry season, and the full 12-month period. Fish species used 
were Cyprinus carpio, Oreochromis niloticus (x mossambicus?), and 
PuntillS gonionptus, stocked at 2,500-5,000/ha. By the end of 1984, the 
value of production had .not yet recovered initial 4ivestments and 
operating costs of the rainy season. Fish harvests were not yet significant, 
but there was consistent evidence of higher rice yields from fields 
stocked with fish. During the following dry season, production of both 
table and seed fish became more significanL There was further evidence 
of the positive effect of fish culture on rice yields, especially when fish 
were stocked at high densities. The dry season profit/ha/man-day 
compared favorably .with that from rice mpnoculture. After one year, the 
value of rice-fish culture production had exceeded· investments, but the 
year-end profit was still less than the one:year profit from rice 
monoculture. Self-sufficiency in seed fish by'. fanners could probably 
reverse this situation. This study indicates that the practice has potentials 
for raising the standard of living oflow-income rice farmers in northeast 
Thailand. Its applicability.in ranrled situations is also considered. . . ' ' . . 

· Introduction 

The rice farmers of northeast Thailand. are ~ne of the 
poorest groups in . the country. Confronted by severe 
financial and environmental constraintS, they try to 
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improve their situation by maximizing the· efficient use of 
their meager resources rather than by increasing inputs to 
unaffordable high levels. They are normally not inclined to 
risk already scarce resources on unfamiliar new practices. 

The Thai Department of Agriculture, through the 
Farming Systems Research Institute, has, therefore, been 
investigating rice-fish culture as one farming practice that 
could possibly improve the circumstances of farmers in 
northeast Thailand. Rice cultivation normally requires 
flooding, so it is logical to consider the introduction of fish 
with low-cost dietary requirements into this rice-based 
system. 

The field modified for rice-fish culture normally 
requires few changes. It must hold water long enough to 
assure adequate fish production. The dikes around the field 
must be high enough to withstand serious flooding. The 
presence of a small pond or trench at least 50 m deeper 
than the surrounding field is advisable as a refuge for the 
fish in times of low water. The non-revolutionary nature of 
rice-fish culture and the affordable investment it requires 
make it a low-risk practice which the Ubon farmers could 
readily try. 

· This study investigated the comparative economics 
of rice-fish culture and rice monoculture over two 
consecutive seasons on six farms in the Lam Dom Noi 
irrigated area of Ubon Province, 'northeast Thailand. The 
area lies very close to the hills of Laos in a minor rain 
shadow. The soil, while highly variable, is generally poor 
both in fertility and water-holding capacity. The irrigation 
system normally functions during the dry season, roughly 
from mid-December to mid-May, and at other times, in 
case of emergency. 

· Materials and Methods 

Participating farmers were selected in May 1984 and 
during the subsequent month they prepared their fields to 
receive fish which were stocked in June. Fields on three 
farms received 2,500 fish/ha; the other three were stocked 
at 5,000/ha. Of the fish stocked, 20% were common carp 
(Cyprinus. carpio ), while the, remaining 80% was equally 
composed of Tilapia (Oreochromis niloticus (x 
mossambicus?)) and tawes (Puntius gonionotus). 

Each farmer was left to manage his system as he saw 
fit. Project staff gave suggestions when advisable, and 
interviewed farmers weekly to monitor inputs, practices, 
problems, and sales of fish and rice. 
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Units of input and output were measured or weighed 
when possible, but the emphasis was on monitoring rather 
than direct measuring. Farmers cannot normally wait for 
researchers before applying inputs or harvesting; thus, 
some degree of imprecision was inevitable. Farmers, 
however, can give reasonably accurate descriptions of 
their activities and estimates of costs and expenses. Using 
these, and measuring samples occasionally, enabled· the 
researcher to obtain and express units of input and 
production in commonly understandable terms. 

This same methodology was used for the dry season 
activities (January-June 1985). The only. modification was 
that fish densities were not controllable because of natural 
breeding by. tilapia and carp. However, stocking rates and 
other data could still be monitored. 

Results and Discussion 

Consistent evidence of a positive effect of rice-fish 
culture on rice production emerged from 1984 rainy and 
1985 dry season crops (Tables 1 and 2). 

Before these data were subjected to analysis of 
variance, rice yields/ha were averaged for all fields with 
fish and without fish in each farm for the 1984 rainy 
season. Following this, each set of data was analyzed 
separately by farm. In neither case was rice production 
significantly different in fish fields from that in unstacked 
fields nor from projected production, It is felt that a larger 
sample would have indicated a significant difference 
between actual and projected production. 

The results reported in Table 3 (fish production) have 
been pooled. Production from individual farms ranged 
from 37 to 273 kg/ha. The overall range of production. is 
expected to decrease and the overall average to increase as 
farmers learn from their experiences and from one another. 
Biological production, furthermore, is considerably higher 
than this because all farmers had an important amount of 
their fish left in the fields at the end of the reporting 
period. This could not be estimated with any degree of 
precision. During the period of the report, the value of fish 
sales per family ranged from 70 to 1,237 baht. 

In terms of individual growth potential, common 
carp seems to do better than the other two species stocked. 
Results from the 1985 dry season and ongoing studies 
indicate that this generalization applies when carp are 
stocked at densities equivalent to, or somewhat higher than 
those of the· other two species. 

In terms of fry and fingerling production, tilapia, not 
surprisingly, has the greatest-potential; however, natural 
reproduction by common carp was significant in January, 
following the December opening of the irrigation system. 
One of the six farmers reported the presence of two to 

three hundred Puntius fingerlings in late May from a field 
with.an abundant supply of natural food. 

As with the fish production, variation among farmers 
was obscured by the pooling of the economic data (Table 
4). However, the overall picture which emerges is felt to 
be a valid one. 

Profit was defined as the total value of rice and fish 
production minus all monetary inputs incurred. Inputs not 
paid for were considered time inputs. 

All operations had reached the break-even point in 
rice-fish culture after one year. Overall 
profitability/ha/man-day had- not yet surpassed that of rice 
monoculture by the end of the report period. This situation 
is expected to change for a number of reasons. First, two 
of the three farmers considered for the rainy season and 
annual economic evaluation hired help to dig trenches and 
heighten dikes. This amounted to 14% of the total annual 
financial outlay for the three. This will not be a recurring 
investment, and normally, the farmers do not hire help but 
would use family labor or its equivalent. Second, another 
39% of the year-end financial input reported here is made 
up by fingerling costs. This is the most essential initial 
investment cost in rice-fish culture. A farmer self-
sufficient in seed fish can save considerable money and 
normally assure the profitability of his operation. With a 
little care, self-sufficiency in tilapia and common carp 
should not be difficult for most irrigated farmers. Third, 
fish production in the second and subsequent years should 
increase over that of the first year. The farmer's 
managerial skills should improve with experience, and the 
standing crop of fish available at the beginning of the 
subsequent rainy season should normally be greater than 
that of the first year. 

The low-risk nature of rice-fish farming makes it 
attractive to the target group. The modifications to 
traditional rice farming and the small investments it 
demands can be accommodated by the farmers. The low 
level of pesticide used in northeast Thai rice fields further 
reduces the risks involved in the practice. 

Several benefits are becoming evident from rice-fish 
culture. At this point, howeve.r:, only speculative reasons 
can be given for the apparent positive effect of rice-fish 
culture on rice yields. Farmers .tend to pay more attention 
to fields stocked with fish and often add supplementary 
feed. Much of this feed will eventually become organic 
fertilizer. By grazing, fish are likely to convert pest 
organisms to fish flesh and fertilizer. Weeds, especially, 
are rare in fields stocked with appreciable numbers of fish. 
Some farmers report that rice production is distributed 
more evenly in fields stocked with fish. Certainly fish 
moving through a rice field would distribute their wastes 
more evenly than normally 'would a farmer adding 
manure. The digging action of common carp may further 
aid rice production by oxygenating the soil. 
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So far, only circumstantial evidence exists for a 
positive effect of fish on soil fertility. Considering the 
points just made, the organic content of the soil and the 
rate of nutrient recycling should increase due to fish 
action. This is important in the poor soils of much of 
northeast Thailand. In partial support of this, the most 
dramatic apparent improvements in rice production to date 
have occurred in fields with the poorest soils and/or those 
stocked with high densities of fish. 

Farmers have encountered a few problems in . 
adopting the practice. Thefts occur rarely. Newly-
transplanted rice can be uprooted by large fish and Puntius 
can jump from the water to eat ripe rice grains. Digging by 
common carp can undercut banks. Some farmers feel that 
the introduced species, notably carp and tilapia, drive off 
some of the larger native fish species. Fry stocked into a 
poorly prepared nursery pond or rice field risk facing 
massive mortalities, and farmers should aim to minimize 
predators and maximize naturally available feed before 
stocking. 
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Despite these problems, most member farmers are 
expanding their operations and many of their neighbors 
are adopting the practice. 

This paper has considered rice-fish culture in an 
irrigated situation. Most northeast Thai farmers are 
rainfed. To what extent does this study apply to them? 

Two major points are in contrast. The second fish-
growing season enjoyed by irrigated farmers cannot be 
expected in rainfed areas. Fish production will therefore 
normally be limited to that period when the field can hold 
an adequate amount of rainwater. Returns on initial 
investments would therefore accumulate more slowly than 
from irrigated farms. 

Keeping a year-round supply of water for holding 
parent fish can be more difficult for a rainfed farmer. This 
will make self-sufficiency in fingerlings more difficult. 
Solutions to this problem, such as shallow drilled wells 
and tanks, have already been suggested. They deserve 
testing. 

Table 1. Rainy season rice production (kq/ha) from fields with and without fish on four 
farms, Ubon, Thailand, 1984. 

Field Farm 
no. A B c D 

1,028 (fish) 678 (fish 4,496 (fish) 2,365 (fish) 
2 531 (without) 626 (without) 4,640 (fish) 1,709 (without) 
3 485 (without) 3,991 (fish) 
4 573 (without) 3,395 (without) 
5 2,462 (without) 

Table 2. Projected and actual rice yields (kg/ha) for fields first stocked in 1985. 

Season 
Field No. Rainy 1984 Projected dry 1985 Actual dry 1985 

A-1a 1,088 N/Aa 1,100 
A-2 588 594 1,025 
A-3 538 544 556 
A-4 606 613 738 
C-3a 3,988 N/Aa 1,575 
C-4 3,394 1,338 1,525 
C-5 2,463 975 1,644 

aReference fields, stocked with fish in 1984. Dry season production was not ex-
pected to change, relative to reference fields, between seasons. 
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Table 3. Fish production in rice fields by season and species, Ubon, Thailand. 

Season 
and use 

Rainy 1984 
Table 

Dry 1985 
Table 

Dry 1985 
Seed 

Both: Table 
Seed 

Season 
and us;e 

Rainy 1984 
Table 

Dry 1985a 
Table 

Dry 1985 
Seed 

Both: Table 
Seed 

Area 
(ha) 

1.466 

1.635 

1.635 

N/A 
N/A 

Puntius 
Av. wt. Total wt. 

No. (g) (kg) 

332 54 17.8 

142 90 12.78 

475 64 30.6 

Production per hectare 
(kg) 

29.9 

87.43 

18.13 

117.3 
18.13 

Notes: Only table foh were produced in 1984. 

Common carp 

No. 

83 

938 

629 

1,021 
629 

Av.wt. Total wt. 
(g) (kg) 

147 12.17 

108 101.5 

19 17.6 

111 113.7 
19 17.6 

Weight fish sold 
(kg) 

23.7 

85.04 

27.44 

108.7 
27.44 

Seed fish production does not include those kept by the farmer. 

alncludes some fish not counted, and therefore not included in individual species totals. 

No. 

223 

349 

1,731 

572 
1,731 

Tilapia 
Av.wt. Total wt. 

(g) 

62 

. 69 

7 

66 
7 

(kg) 

13.82 

24.1 

12.1 

37.9 
12.1 

Income 
(Ba ht) 

640 

2.438 

1,357 

3,078 
1,357 

Total 
(kg) 

43.79 

142.95 

29.65 

186.7 
29.65 

Table 4. Seasonal and annual economic balance sheets for rice-fish culture and rice-only cultivation, Ubon, Thailand. 

Rice-fish culture Rice-only cultivation 
Practice season Rainya Dryb Botha Rainl Dryb Botha 

Area (ha) 0.825 1.64 N/A 1.746 2.21 N/A 
Production value (baht) 5,175 7p07 10,669 5,381 4,037 8,609 
I nput5 (baht) 6,024 2,061 7,246 965 2,329 2,598 
Profit (baht) 849 5,446 3,443 4.416 1,708 6,011 
Profit per hectare (baht) 1,029 3,330 3,020 2,529 774 3,997 
Time input (man-days) 134 -124 222 99 113 154 
Profit per man-day (baht) 6.33 43.92 15.44 44.61 15.12 39.08 

aTotals for three farms only. 
bTotals for six farms. 
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Abstract 

Using linear programming and parametric resource programming 
as analytical tools, a sample fann survey of two selected villages in the 
Chittagong-Cox's Bazar coastal region, Bangladesh, showed that with 
traditional methods of shrimp fanning there is little possibility of 
increasing fann income. However, a shift to the improved technology in 
the culture of shrimp yields a higher net revenue for the fann even with a 
smaller fann size. With improved methods of shrimp culnire, an increase 
in the availability of capital (through the supply of institutional credit) 
could remove restriction's toward the expansion of lands for shrimp· 
culture within the fann. It would also result in an increase in the fann 
demand for labor, Therefore, the introduction of improved shrimp culture 
tecfuuques in the coastal area would have two main implicatio~. Firstly, 
it would facilitate the release of lands for use by other farms without 
affecting fann income. Secondly, support of institutional credit would 
enable the existing fanns to expand. In both cases, the net effect would 
be an improvement in the fann income and employment opportunities in 
coastal villages. 

Introduction 

As a farm enterprise, shrimp culture in the coastal 
brackishwater areas of Bangladesh plays an important role 
in generating income and employment for the coastal 
farming people. However, the technology is traditional and 
extensive with a low yield, of 30-50 kg/ha (Kibria 1985). 
Therefore, it is important to introduce yield-augmenting 
technology in such a way that it can easily be incorporated 
by the coastal area farmers, where a farm plan consists of 
a mix of shrimp and other production activities. 

This paper is based on an investigation (Ahmed, 
unpublished data) of the status of shrimp culture in the 
farm production planning of the coastal area farmers. The 
feasibility of incorporating improved methods of shrimp 
culture in a mixed farniing framework were studied, as 
were the capital constraints on the use of improved 
technology. Las~y. the effects of variations iri the 
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availability of institutional credit on optimal production 
decision were examined. 

Materials and Methods 

The study used the linear programming technique for 
optimal analysis of an average farm. Two models were 
computed to represent both traditional ood improved 
technology situations in the culture of shrimp by setting up 
linear programming problems for a given initial year. The 
objective was to maximize farm net revenue subject to 
various resource and production constraints. The results of 
the optimal solution can be utilized to evaluate the status 
of shrimp farming in farm production plan. Also, a 
comparison of the two models shows how a shift to an 
improved technology optimal plan would affect farm 
income and employment situation. Parametric linear 
programming was used for analyzing the effects of 
variations in the availability of institutional credit to 
finance farm working capital. The parametric variations Of 
institutional credit were done for the model that reflected 
the improved technology situation. The data were mainly 
from sample surveys of two selected villages in the 
Chittagong-Cox's Bazar coastal region. Additional data 
were provided by seconruiry sources (e.g., Bangladesh 
Bureau of Statistics). 

Results 

As shown in Table 1, net revenue is higher although 
the farm size is lower in the improved technology optimal 
plan compared to the traditional technology optimal plan. 
However, the two plans utilize the same amount of 
working capital, Tk42,100 (30 Taka = US$1), which is 
also the maximum amount available to the farm.' 

Further, a comparison of the optimal plan results for 
the existing (traditional) technology model and the 
practice by the farmers in the study area (Table 1) shows 
that the farm size in the optimal plan is 59.10% higher 
thart the average farm size (6.21 ha) found in the survey 
information. But the net revenue in the optimal plan 
(Tkll4,550) is only 8.81 % higher than the average net 
revenue for the farms under study. Thus, net revenue/ha of 
farm size is Tkll,607 in the optimal plan, whereas for the 
farmers under actual operation it is Tk16,953. However, 
the requirement of working capital is much lower ·in the 
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optimal plan than the average amount required by the 
farmers in actual operations. As shown in Table 1, 
working capital requirement/cropped ha in the optimal 
plan (Tk3;942) is about 34% lower than th,e average 
requirement by the farmers. Moreover, the optimal plan 
gives a higher ratio of net revenue to total working capital; 
272% as against 178% for the farmers' actual operations. 
Thus, in the optimal plan, land productivity is lower (net 
revenue/ha), while in practice capital productivity (net 
revenue per unit of capital) is, lower. 

The recommendations provided by the optimal plan 
cannot bring about any substantial change in the existing 
farm income with the use of existing traditional methqds 
of shrimp farming. Rather a reorganization of the farm 
plan through improved technologies (e.g., semi-intensive 
shrimp culture) might be able to generate the. same net 
revenue with much less. expenses than that at present, or be 
able to generate a much higher net revenue with the same 
amount of capital applied under the present pattern. 

Given the available farm resources - the amounts of 
various types of lands, labor and capital - as well as the 
choices in the seiection of different enterprises, shriqlp 
cultivation occupies the largest area of the total farm lands 
under both the existing technology and improved 
technology optimal plans. Table 2 shows that the shrimp 
enterprise occupies more than 80% of the total cropped 
area in both the optimal plans. 

Table 2 also shows the proportions of total net return 
from different enterprises, that shrimp contribute 80.5% 
and 87% of.the total farm net revenue in the existing and 
improved technology optimal plans, respectively. The 
proportion of working capital as well as that of labor 
required by different enterprises are shown in Table 3. 
Shrimp cultivation demands most of the working capital 
(76% in the existing technology optimal plan and 92% in 
the improved technology optimal plan) and 60% or more 
of total labor required for the whole farm plan. 

The improved technology model offers more choices 
of activities, and productive practices in shrimp culture 
(e.g., semi-intensive culture). On the other hand, the 
traditional technology model. includes only the existing 
crop and shrimp practices. A comparison of the results of 
the two models show the effects of introducing improved 
shrimp culture technique, given the existing resource base, 
on the cropping pattern, cropping intensity, fann income 
(net revenue) and factor use intensity. 

Table 4 shows that the introduction of semi-intensive 
techniques results in more intensive and diversified farm 
practices. However, total farm size has been reduced to 
4.42 ha from 9.87 ha (55.22% decrease). Further, the 
intensity of cropping defined as the ratio of total cropped 
area to total operating holdings is higher (196%) in the 
improved technology optimal plan compared to that in the 
existing technology optimal plan (108%). 

Table .4 also shows that farm net revenue increases 
from Tk114,557 to Tk126,638 (an increase of 10.52%) if 
the improved technology optimal plan is followed. 
Moreover, the use of improved technology is able to 
generate a higher net revenue/cropped ha as well as per 
holding ha. The net revenue/cropped ha increases from 
Tkl0,727 to Tk14,589 (36% increase), while net 
revenue/holding ha increases from Tkl l ,606 to Tk28,267 
(146.46% increase). 

The effect on labor demand and, hence, on farm 
employment varies. As shown in Table 5, moving from 
the traditional technology plan to the improved te~nology 
plan, the total farm demand for labor decreases from 1,027 
man-days to 786 man-days (a decrease of 23.46%). There 
is a slight increase in family labor (0.25%), but the 
demand for hired labor decreases by 66.88%. As such, the 
proportion of hired labor to total labor is reduced from 
35.34% to 15.29%. The reason for the fall in the total 
labor demand is the decrease in farm size (by 55.22%), 
and also to changes in the . diversification of farm 
activities. 

The intensity of use of the major production factors, 
e.g., land, labor and capital, in farm operations depends to 
a large extent on the cropping pattern and the technology. 

The indicator of land use intensity is given by the 
measures of the cropping intensity index. One such 
measure is the crop intensity index (ell), a time weighted 
land-use index that evaluates the fraction of the total 
hectare months available to the farmer for production with 
a given pattern of cropping (Paris et al. 1982). The en is 
100 if the lands under production are used in all 12 
months. Table 6 shows the intensity of land use as 
provided by en increases from 61.0% to 96.50% when a 
shift occurs from the existing technology plan to the 
improved technology one. Therefore, introduction of new 
technology in shrimp farming will enable more crops to be 
raised and at the same time, allow a more intensive use of 
land. 

Secondly, labor use indicator is the total man-days/ha 
for all activities during the planning period (Yang 1965). 
Labor demand/ha of farm holding will increase because of 
more intensive (multiple croppir)g) practices. As shown in 
Table 6 labor absorption/ha of farm holding increases 
from 104 man-days in the existing technology optimal 
plan to 178 man-days in the improved technology optimal 
plan (71.15% increase). However, demand for labor/ha of 
cropped area shows slight decrease (5.65%). This is 
because a shift to the improved technology optimal plan 
causes a change in the selection of activity mix that is 
relatively less labor intensive. For instance, selection of 
semi-intensive shrimp culture replaces salt production that 
requires more labor/ha. 

Finally, the capital use indicator employed here is the 
total cost of variable inputs/ha, which is the same as the 



( 

! 
L 

I 
I 
I ._ 

\ 
I ,__ 

·-

i 
'-

I .__ 

,__ 

' I 
L 

f 
I 
L 

,__ 

-

working capital requirement/ha for all enterprises during 
the planning period (Yang 1965). In this regard, although 
the two optimal plans use the same amount of total 
working capital (Tk42,100), the intensity of capital use per 
ha is much higher in the improved technology plan 
compared to the existing technology optimal plan. This is 
because farm size in the former is smaller than that in the 
latter. Table 6 shows that capital requirement/ha of farm 
holding increases from Tk4,265 in the traditional 
technology optimal plan to Tk9,525 in the improved 
technology optimal plan (123% increase). 

For the improved technology model, the availability 
of working capital in terms of parameters depended on 
fluctuations in the supply of institutional credit Solutions 
were obtained from a level of zero credit supply to 
Tk103,320 from the institutional source. 

As shown in Table 7, the effects of increased supply 
of capital (credit) on optimal farm income is positive. 
There is a large scope for increasing farm net revenues 
through increasing farm size (by leasing additional wet 
lands), as well as cropping intensity from the level of 
resource constraints specified in the improved technology 
model, provided that increased provision of the cheaper 
institutional credit is made available to farmers (Ahmed, 
unpublished data). 

The effects of credit parametrization on total labor 
demand by the farm are also positive. The successive 
optimal plans with higher and higher amounts of available 
institutional credit absorb a higher amount of both family 
labor and hired labor. The absorption of family labor 
increases from 92 to 99.7% when credit supply from 
institutional source reaches Tk81,459 after being increased 
from zero (Table 8). The requirement of hired labor 
increases throughout the range of credit parametrization. 

On the other hand, labor requirement/ha decreases 
with successive increments of credit. However, net 
revenue/man-day of labor increases from Tkl 19 to Tk202 
when credit supply increases from zero to Tk103,320. It 
should be noted at this point that even though labor 
absorption/ha decreases with increasing supply of capital 
(Table 8), total demand for labor will eventually increase 
via increase in farm size. As shown previously in Table 6, 
under the existing traditional technology, the optimal plan 
using 9.87 ha of land absorbs only 104 man-days of 
labor/ha, whereas with a level of credit supply amounting 
to Tk103,320 the farm plan using about the same amount 
of land (9:53 ha) is able to absorb about 136.67 man-days 
oflabor/ha{Table 8). 

Conclusions and Policy Implications 

A comparison of the results of the improved 
technology model and the traditional technology model 
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shows that the introduction of improved methods of 
shrimp culture could bring higher net revenue per unit of 
farm land. However, given the existing resource base, this 
will reduce the total farm size, implying that it will 
facilitate release of lands for use by other farmers without 
affecting farm income. Also, the total demand for farm 
labor, specifically hired labor, will decrease. To the 
individual farmer this means a reduction in his dependence 
on hired labor. Nevertheless, the results of credit 
parametrization show that availability of adequate capital 
(institutional credit) will enable the expansion of farm 
lands under shrimp culture and, at the same time, allow 
adoption of more improved technologies. Expansion will 
·increase total demand for labor. Therefore, introduction of 
new technology in shrimp culture, supported by 
institutional credit, will not only increase income for the 
farm, but will also create employment opportunities in the 
coastal area. 

References 

Kibria, G. 1985. Shrimp fisheries of Bangladesh. ICLARM News!. 
8(3):11-12. 

Paris, T.R., E.C. Price and S.K. Jayasuriya. 1982. Comparative analysis 
of cropping systems: an explanatory study of 14 rainfed sites in 
the Philippines. International Rice Paper Series No. 83. 17 p. 
International Rice Research Institute, Los Banos, Laguna, 
Philippines. 

Yang, W.Y. 1965. Methods of farm management investigation for 
improving farm productivity. Rev. ed. Food and Agriculture 
Organization of the UnitedNations, Rome. 

Op11m1lpl1nre1ulU 
ElOllln!J Tr~111on1lftlclllll'lll Improved 

ltchnolotv ttehnolo-gy 

Slztollumlh1J 821 '" "' Crepplnglnl•nllly I'll.I 16900 10IOO 111100 
Toi.1co11ltxclud!n1co51ol 

llud 11w11J ITkl 61,iiJ2.00 42,10000 42,10000 
Ne1rev1n1.111Tkl 105.271.00 11'4,li5700 1211.114000 
Wo1ldn11e11pli.lrequ1remtrU/ht 

eroppld1ree!Tkl 6,94100 :J,1142.00 '4,15000 

worku11up111ll'IC.I 171.00 21200 30100 

T1bl1 2. To11I eroppld 1ru ind 1.,.,, nt1 rt1urns for uch 1nttrprl~ In th• optlmel pl1ns. 

Entttprlte 

Rlel 
Shrimp .. ,, 
Vegt11b1., 
8•t•l-lul 

Tot1I 

Proporllon ol tot1I 
croppldueo 

Improved Tt1dll1ori1I 
techriology technology 

7.60 1133 
8842 ..... ,., ,., ,., 

O.OI 

100.00 100.00 

Proportlonol 10111 
ri1tt1turn1 

lmprovod Tredltlon1I 
11ehnorotv 1eoehnorogv 

6 00 a• 
8717 8062 

321 "' 1~5 0 
1.69 0 

100.00 100.00 

1Tht 011 t11urns lor neh 1ri11Fprh1 Is 1h1 dJlfor1ne1 b11wun 1h1 iron rev1nu1 ind tolPI v11lobl1 eon, whleh doH not lnc1udt 
con of hired t1110urcn 1111., hlrod l1bor, borrowod cep111l tnd h!rld ltnd Jn thlscet1J. 



156 

Tlblt 3. Proportion of to11l working ~pita I (V1tltbl1 con I Ind labor requlr9d by heh 1n11rprlM In 1h1 op1lrrnil pl1n1. 

l"roporllon of 101111 P'roportlon•f1ou1 
working ~pltal l•bor 

/mpr1v«I Tl'Mlltlon1I 1mprovod Tradlllon1l 
Ent1rprlJt technology 11dmology 11ChnOIOIV 11Chnolow 

"'" 4.60 16.Q9 G.41 11.41 
Shrimp 92.011 7i.10 ., ... 69.30 .. ,, 1:22 UI 12.M 21.21 
V111ub111 .... 0 117 0 
B111ll11f 0.6 0 1.14 0 

To111 100.00 100.00 100.00 100.00 

1 E11cludln1 con of blred r1source1 lhlrld l1bor, lnl1rn1 on berrowed upl11l 1nd nnt of hired l1ndl 

Tab I• 4, Cropping p.11111n, crOpplng lnt1nshy 1nd n-i r1111n1o11 In opt Im ti pl1n1wllh1m111on1l 1nd lmprovtd technology. 

lltml 

N1trtvtnu1(Tlcl 
To11l1luoff1rmlh1I 
Cropplfl11Pll111n(htl 

1. IHlllN,. 

2. Vet111bl•1b 

3. Rlet 
Slngl1crop 
Slnglt crop In ro11tlon wllh v11111bln 
Doubl1erop 

4.Sllt 
Sln1l1crop 
Sing le crop In rotetlon with lhrl"'1p 

6. Shrimp 
Sl111l1crop(lrldltlon1!1 
Slngl1cropllrM:ll1lon11l lnroi.tJon 

whh•lt 
S1n1l1croplln11rmldllt•I 
Double crop h•ml 1n11nslv•I 

Mul1lpl•cropplrtln11n1l1y 01.1 
N11rev1nuelholdlng/N(Tkl 
Nttrevtnuelcroppld/htlTkl 

Tr1dl1lonllttchnology 

11'1,667.00 
U7 

121 
121 
0 
0 

0.110 
0 
OJI ... 
7.78 

0.81 
0.00 
0 

101.00 
1t,&07.00 
10,727.00 

111111-INf 1n11rprl" f1111Umld 10 be 11 1lntlt-erop 1c1lul1y co'o'lflnt 1h1 whole yNr. 
bTh1veg111bl11n11rprh1b11lngl1 crop ecllvlty In rot11lon wllh rlc1. 

T1blti. Llbord1m1tKI under d!lftt1nt optlm•I pl1n1. 

Trld1Uon1l11chnology 
lm1nd1vd 

Mon1hly F1mnv Hired Tott I 

J1nu1rv 60.00 0 60~0 
Flbru1ry 60~0 0 IMO 
M1teh 60.00 117.78 257.71 
A1ttd 64.iO 0 6400 
Moy 2571 0 2871 
June iO~O ""' 12.41 
July I0.00 0 60.00 
Au1u1t 60.00 110.66 170,IS 
September 4200 0 42,00 
Octob1r 00.00 32.26 92.2i 
Novtmbor i0.00 0 i0.00 
Dtc1mber 60.00 0 00.00 

Toi el 8e3.31 31i3.16 1,026.S3 

Femlly 

61.64 .... 
60.00 
63.G2 
35.70 
60.27 
6000 
6000 .... , 
6000 
6000 
61.i4 

165Jil4 

lmprov«lt(IChnology 

121,83100 
4.42 

0007 

0.2il 

OAOI 
0 
0260 
0202 

02i7 
0 
0267 

U6 
0.16 

Q.267 
0 
0 

Hll.00 
21,851.00 
14,581.00 

lmpn:ivld1 .. nnolo1Y 
lmandlyd 

Hlrld Tol1I 

0 61.i4 
70i3 130.i3 
45.13 105.13 
0 63.12 
0 3i.70 
0 6027 
0 i0.00 
0 i0.00 
0 4-.G7 
4.76 14.75 
0 I0.00 
0 il64 

120.24 786.38 

T1ble 6, F1ctor use Intensity und1r different optlm1I plens, 

Items Tr1dltlon1I technology Improved technology 

Crop lnunslty Index (CIU (%) 
Totel l1bor holdlng hec1u1g8 

lm1nd1ys) 
Tot1J l1bor cropped hectrir1ge 

(m1nd1ys) 
Tot1I working c1plt1I holdlng 

h1ctar1g1 tTk) 
Tot1I working cePlt1l c1opped 

hect1r1g1 (Tk) 

Tlblt 7, Ferm cr9dl1 vul11lon1 and optlmll fttm net rtvtnu11. 

Amountoflnscl1u1len1I N1trev1nu1 
credit 1Tkl1 IOOOTkl 

0 17.60 
4,60I 9160 
6,21!12 .. ,. 
11127 103.69 
1,283 tOUQ 
Q,710 101D1 

20,000 12UO 
2i.322 138.77 ..... 146.67 
34.582 164.32 
35,340 1ii.71. 
40,170 184.41 
40,211 164.16 
40A60 184Jil9 
41,220 188.32 
i1,215 113.i3 
il.328 113.73 
60Ai2 115.QO 
lt,120 233.20 
11.4611 233.74 
91i,ol7 265.76 
95.112 261.89 
17,220 268.11 

103.320 284.li 

61.00 96.60 

104.00 178.00 

96.00 91.00 

4,266.00 9,526.00 

3,942.00 4,850.00 

F1rm1111 Nttrtvtnu1/h1 N11rtvtnu1/unlt 
lhel IOOOTkl ofv.orklngcapltll 

346 26300 , .. 
346 27.12 3.13 
341 2137 3.61 
346 2"'97 3A4 
JAi 30,tO 3A3 
3A8 30.96 UI 
4A2 ,. .. 3.00 
4•1 27.88 2J8 
6,11 21.41 .. ,. 
iAO 21.11 2.72 
••4 2811 2.71 
••3 27.74 2.84 .. , 27.!!6 204 
••4 27.71 2.03 
·~1 27.BIO 2.&0 ,.., 27.63 2.&0 .... 27.60 2.60 
120 27.32 2.41 
UI 21.93 221 
B.88 20 .. 221 
G.63 ,. ... 2.11 
i.63 2898 2.17 
063 27.ol 220 
i.i3 27.74 222 

1Thl1 11 over end beyond 1h1 1mount 1Vtlllbl1 from 01h1t 10urc11 of c1pll1l1 price ol lnnl1ullon11I crldlt 1uurned lo be 26"/ 

Tlblel. Llbor 1.:iulr1m1nt 1nd nt'l revenue per m1nd1V In thtoptlmal pie,, et dllfttmnt l1V1l1of lnnltutlon1I credit. 

Amount of ...... N1trtvtnu1/ 
lnnltutlonlJ Hired llbor FamHvllbor Total labor r.:iulremtnt/hs men day 

eredlt (Tkl lmendeyl} (mmndtyl) lmtnd•Y•I lmendeyl (Tekll 

0 72114 109.8211 6i2.68 734.70 212.26 11910 ..... 7B.73 (10.301 liA.3Q 74i.11 216.26 121.14 
i,282 77.&1 110.371 6i9.40 7415.91 216,71 131.42 
1,027 ID.JI 110.ae1 872.96 763.28 217.11 13765 
8,283 11.33 (10711 e13,11 765.11 211.16 137.IO 
8,710 17.23 111A1l 877.63 7i4.7B 220JM 140.00 

20,000 120.26 1162"1 Bi5.91 716.21 177.84 181.00 
2i,332 137.00 117.231 66SIJil6 7~.98 t81.74 172.00. ,. .... 16t.OO 111.891 669.84' 12il4 181Ag 178.0I 
34,612 113.40 121.13) 604 .. 1•.01 161.41 177.10 
35.340 111.35 121.641 ,60Q.o2 174.40 157.16 171.00 
40,170 221Jil1 124281 691 g5 913.IB 164.11 llOOO .. , .. 216.90 123.76} 689.32 l105.22 163.14 111.90 
40,460 211.Ji l24D41 Nl.17 i QOl.22 1i3J)2 111.&I 
41,220 221.711 (24.341 6092i 911.D4 162.35 112.26 
il,2ii 2111.01 1211.13) 703.11 912.12 148.n 11e.oo 
61.328 292.25 12".32} 704.84 l!B.10 141.t4 184.30 
60,41i2 354,16 133.00} 709.35 1,053.iO t41.00 117.00 
51,120 499.11 141.201 712.74 1,211.15 140.00 1"2.43 
11A611 603.211 141.211 111.ae 1,2211i 141.0I 11140 
G5,Cll7 604.68 (46.711 711.60 1,321.08 ,,. ... tl3i9 
Q6,1!112 604.28 l4SDil 707.73 1.311.Qlil 13783 Iii.SO 
97,220 821.sO l47.S21 6111.11!1 1.307.61 131.sl 2(12.15 

103.320 1121.60 147.621 651.HI 1,30768 13e87 202.15 
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Labor in the Dike-Pond System of the Zhujiang 
Delta, South China· 

KENNETH RUDDLE 
National Museum of Ethnology 

Senri Expo Park 
Osaka, Japan 

RUDDLE, K. 1986. Labor in the dike-pond system of the Zhujiang delta, 
South China, p. 157-160. In J.L. Maclean, L.B. Diwn and L.V. 
Hosillos (eds.) The First Asian Fisheries Forum. Asian Fisheries 
Society, Manila, Philippines. 

Abstract 

There is little systematic information on the labor absorption 
capacity of integrated systems of agriculnl're. and aquaculture. This 
hampers evaluation of their development potential, particularly in areas 
of severe population pressure. In the densely populated Zhujiang (Pearl 
River) Delta of South China an old-established dike-pond system based 
on the integrated production of Chinese carps, sugar cane, mulbeny leaf, 
silkworms, and several minor commodities, has been acclaimed as an 
important absoiber of rural manpower. This paper describes a simplified 
field methodology that was applied in a representative tract of that dike-
pond system in Shunde County, to provide a rapid assessment of the 
labor demand and supply situation. It was found that 57% of the potential 
manpower available in the 20-39 years age group is absoibed by the 
system, and therefore that household economies are heavily dependent on 
income derived from jobs outside the system. 

Introduction 

Although integrated systems of agriculture and 
aquaculture are widespread in Asia they are not well 
known scientificallly. Their socioeconomic aspects are 
complicated and little understood. Moreover, since these 
systems often exist where population pressures are intense, 
their labor demands and ability to absorb manpower 
require detailed analysis. Such basic infonnation is 
urgently needed for a representative range of integrated 
systems to plan their further development and to effect 
successful technology transfer. 

This paper summarizes the labor demand of and 
supply to the large-scale dike-pond syste~ of the Zhujiarig 
Delta of Guangdong Province, South China (Ruddle 
1985a), which has been characterized ·as having a high 
labor demand and therefore of being a critical generato_r of 
rural employment in an area of acute population pressure 
(e.g., Luo et al., unpublished data; Zhong, unpublished 
data). The research was conducted in the First Production 
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Team, Nanshui Brigade, Leliu Commune, Shunde County, 
in 1982 and 1983. 

The Dike-Pond System 

The dike-pond. system of the Zhujiang Delta is 
elaborately integrated and intensive, and is based on the 
production of mulberry (Morus atropurpured), silkwonns 
(Bombyx mori), sugar cane (Saccharum officinarum), 
elephant grass (Pennisetum purpureum) (for fish feed), a 
range of vegetables, and the polyculture of Chinese carps 
(grass carp [Ctenopharyngodon idella], silver carp 
[Hypophthalmichthys molitrix], bighead carp [Aristichthys 
nobilis], black or snail carp [Mylopharyngodon piceus], 
mud carp [Cirrhinus molitorella] and common carp 
[Cyprinus carpio] ), together with other minor crops. 
Average production rates (tlha) are fish, 7.5; sugar cane, 
75; mulberry leaves, 30; vegetables, 3. 75; silkwonn 
cocoons, 2.1 (per ha of mulberry); and elephant grass, 225. 
The dike-pond system is now the predominant agro-
ecosystem over some 800 km2 south of Guangzhou where 
it supports a population of about 1.2 million (Ruddle et al. 
1983; Ruddle and Zhong, in press). 

Methods 

The labor times for each task required to produce a 
farm commodity, in man-hours/day/mu (1mu=0.066 ha), 
for the entire dike-pond system, which had been 
established empirically by the Nanshui Brigade for the 
allocation of work points, were used to measure labor 
demand. These were verified with specialists of the Leliu 
Commune Agricultural Research Station and sampled 
householders. Data were converted to man-days 
(md)/ha/year/task, then summed and multiplied by the area 
of each component of the system. · 

The labor supply calculations are based on 305 
days/year of potential full-time labor (with 60 days 
allowed for holidays or festivals). Monthly labor demand 
is based on 25.4 working days/month. The annual full-
time labor supply is calculated by multiplying the number 
of full-time workers by 305. Labor absorption capacity is 
expressed as the ratio between labor demand and the 
manpower potentially available to fulfill it. 
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Labor Demand of the System 

A total of 905.2 md/ha/year is required to operate a 
composite hectare composed of the four basic components 
(fish, sugar cane, mulberry and silkworms) of the system 
(sum of component totals divided by 4), or the full-time 
annual input of three workers. One ha of mulberry requires 
1,510 (5 workers), sugar cane needs 1,199 (4 workers), 
fishponds 536 (the equivalent of 1.7 workers), and 
silkworm-rearing (per ha/mulberry) 375 (the equivalent of 
1.2 workers). Peak labor demand occurs between April 
and September (lunar reckoning) when 63.9% of the total 
input is made. October and November are relatively slack 
with only 4:6% and 3.9%, respectively. · 

Labor Input by the First Production Team 

The demographic · characteristics of the First 
Production Team (Table 1) are typical of the region. 

Operation of the 9.97-ha dike-pond formerly 
assigned to this team required a total labor input of 18, 133 
md/year, or 60 full-time workers: mulberry required 4,289 
(14 workers), sugar cane 7,435 (25), fishponds 5,344 (17) 
and silkworms 1,065 (3). The maximum labor input, 2.076 
md, was made in April (82 workers), and the minimum, 
534 md, in November (21 workers). The average monthly 
labor demand was 1,511 md (59 workers). 

The system demanded the full-time input of far fewer 
workers than were potentially available to operate it, as the 
potential full-time labor supply of the 104 persons in the 
20-39 years age group alone was 31,692 md/year. Thus the 
system could absorb only 57% of the potential full-time 
labor in this group. This.is marked in the relatively slack 
season: in November, for example, when only 534 (20%) 
of the 2,641 md potentially available from this age group 
was absorbed. On the other hand, in April, August and 
December, the months of peak demand, 79%, 85% and 
76%, respectively, of the potential labor of this 20-39 
years age group was absorbed (Fig. 1 and Table 2). 

Thus both full-ti.me and seasonal employment 
outside the immediate system is of major importance 
(Table 1). This is exemplified below by one typical 
household. 

Labor Requirements and Supply 
in a Typical Household 

Under the Household Responsibility Sys~em of 
farming progressively imple~ented in the First Production 
Team since 1979 (Ruddle 1985b), individual households 
make contracts with the team to cultivate ponds and dikes. 
Depending on household size, various combinations of 

pond and dike area are contracted. The typical household 
(Table 3) operates all system components. 

The capacity of this large household to supply labor 
to its dike-pond operation far exceeds the demand of 552 
md/year. The aggregate potential input capacity of the six 
younger adult members is 1,830 md/year, of which the 
household's operation.can absorb only 30%. Thus chronic 
underemployment has ~n overcome by having three 
family members fully employed outside the system (Table 
3). Nevertheless, there remains an excess labor capacity in 
the household, which can potentially supply a further 
1;278 md/year to the system or to other economic 
activities (householder, his wife and fifth son 305 md 
each, and the first and fourth sons and daughter~in-law 
156.5 md each [60 free days plus 3 hours/day for 305 
days]). 

Discussion 

The simple field methodology described provided a 
rapid and comprehensive assessment of the labor demand 
and absorption capacity of one complex integrated system, 
the dike-pond system of the Zhujiang Delta, Guangdong 
Province, South China, as operated in a representative 
tract of Shunde County. Although inherently labor 
intensive, research revealed that under prevailing 
demographic conditions the dike-pond system can absorb 
only 57% of the potential manpower available within the 
20-39 years age group alone. (Since comparable data on 
other integrated systems are lacking, however, it is as yet 
impossible to rank the labor absorption capacity of this 
system.) It provides full-time employment for most of the 
able-bodied males and females, as those in the 20-39 age 
group undertake most of the heavy labor. Older people 
engage in more highly skilled but lighter tasks. Most 
households are heavily dependent on local jobs outside the 
system, which in some cases provide 50% of total net 
income (Ruddle 1985b). 
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Table 1. Population characteristics and labor division in the first production team, Nanshui brigade. 

Work performed 
Age group Total % Male Female Male Female 

0-14 100 32.15 48 52 PS,S PS-,S 
15-19 32 10.28 15 17 FP,S,SW M, RW,S,SW 
20-24 33 10.61 16 17 FP,SW FP, RW 
25-29 29 9.32 15 14 FP,SW RW,SC 
30-34 26 8.36 11 15 FP,SW v 
35-39 16 5.14 6 10 FP,SW ow 
40-44 12 3.85 3 9 SC OW 
45-49 10 3.21 5 5 SC M,SC 
50-54 16 5.14 7 9 OSL M,SC 
55-59 9 2.89 4 5 OSL R 
60+ 28 9.00 13 15 R R 

Total 311 100.00 143 168 

FP =fishpond; M =mulberry; OSL =outside side work; OW= outside work; PS= preschool; R =retired; RW = roadwork;S = 
school, SW= silkworm; SC= sugar cane; V =vegetables. 

Table 2. Labor absorption capacitY of the dike-pond system for the 20-39 years age group. 

Demand Potential supply Absorption rate 
Month Man-days Total Male Female Total Male Female 

Jan 1,666 2,641 1,219 1.422 63 -27 -15 
Feb 1,273 2,641 1,219 1,422 48 -04 -11 
Mar 1,443 2,641 1,219 1,422 55 -15 100 
Apr 2,076 2,641 1,219 1,422 79 -39 -31 
May 1,818 2,641 1,219 1.422 69 -32 -22 
Jun 1,546 2,641 1,219 1,422 59 -21 -08 
Jul 1,474 2,641 1,219 1,422 56 -17 -04 
Aug 2,232 2,641 1,219 1,422 85 -45 -39 
Sep '1,329 2,641 1,219 1,422 50 -08. 93 
Oct 752 2,641 1,219 1.422 29 62 53 
Nov 534 2,641 1,219 1,422 20 43 38 
Dec 1,991 2,641 1,219 1,422 76 -38 -29 

Table 3. Membership and occupations in a sample household. 

Relationship to head Age Full-time occupation Part-time occupation 

Householder 63 Silkworms Fishpond 
Wife 60 Silkworms Fishpond 
First son 34 Factory labor Fishpond 
Daughter-in-law 32 Brickworks labor General farm work 
Fourth son 27 River transport General farm work 
Fifth son 19 General farm work House building 
Granddaughter 10 School pupil Pig-raising 
Grandson 8 School pupil None 
Granddaughter 5 School pupil None 
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Table 4. Summary of farm labor demand in a sample household. 

Component 

Pond 
Sugar cane 
Mulberry 
Silkworms 

Total 

140 

120 

110 

100 

Q) 90 
.0 
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0 
> 
0 .,, 
>-
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I c 
0 
~ 

80 

70 

60 

50 

40 

30 

20 

10 

0 
J 

Area 
(ha) 

0.198 
0.165 
0.132 

0.495 

F M A M J J A 
Month 

Labor demand 
(md/yr) 

106 
198 
199 
375 

552 

s 0 N D 

Full·time labor 
equivalent 

(%) 

34 
64 
65 
49 

180 

Number of workers available 
per month for dike-pond system 

Total number of workers in 
20-39 age group 

Monthly demand 

Number of female workers in 

Number of male workers in 
20-39 age group 

.... .... .... Surplus labor in 
20-39 age group 

Fig. 1. Monthly labor availability and labor demand of the dike-pond system of the first production team, Nanshui Brigade. 
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Department of Marine Resources 
National Sun Yat-Sen University 

Kaohsiung, Taiwan 

FANG, L.-S. 1986. Protein moiety of the biliverdin-protein complex in 
the blood serum of Clinocollus analis (Cottidae), p. 161-164. In 
J.L. Maclean, L.B. Dizon and L.V. Hosillos (eds.) The First Asian 
Fisheries Forum. Asian Fisheries Society, Manila, Philippines. 

Abstract 

The chromoprotein responsible for the blue-green coloration in the 
serum of Clinocollus analis was precipitated from solution by salting out 
at 70% to 80% saturation with ammonium sulfate. In polyaciylamide gel 
electrophoretic analysis, the chromoprotein migrated ahead of most other 
proteins, just following the albumin band, and two green bands were 
observed. The isoelectric focusing point of the major green band was 3.6, 
while that of the minor green band was 4.6. SDS-polyaciylamide 
electrophoresis showed two major bands of molecular weight, 42,500 and 
27,500, and one light band of molecular weight, 22,500. These results 
suggest that the protein moieties of the biliprotein in the blood serum of 
C. analis have characteristics similar to those of the blood albumin 
family. 

Introduction 

The biliverdin protein complex found in the blue-
green blood serum of Clinocottus analis (Cottidae: 
Scorpaenifonnes), the wooly sculpin, has been 
demonstrated to have an unusually strong bile pigment-
protein binding capacity (Fang 1985a). Bile pigments that 
exist in the blood of mammals have been reported to be 
bound mainly to serum albumin (Blanckaert 1979). In 
these complexes, the binding character is quite different 
from that of the biliverdin-protein found in fish serum 
(Fang et al. 1986). But the identity of this binding protein 
has not been revealed before. 

There have been several scattered studies on the 
characterization of the carrier protein iri the fish serum 
biliprotein complex yet without general understanding. 
Bada (1970) studied the amino acid composition and 
estimated the molecular weight (MW) of the green serum 
chromoprotein of the arctic· sculpin (Myoxocephalus 
scorpioides). Low and Bada (1974) made MW 
detennination on the blood chromoprotein of 
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Scorpaenichthys marmoratus. Yamaguchi and Hashimoto 
(1986) studied the amino acid composition and MW of the 
biliverdin-protein from the blood serum of an eel 
(Anguilla japonica) and identified it as a 13 1 -lipoprotein. 
But this was reclassified as a serum albumin by Fang 
(198Sb). 

In this research, the general chemical and physical 
characteristics of the serum biliprotein of C. analis were 
studied. These results were further compared with those 
from other fishes. 

Materials and Methods 

C. analis weighing 15-26 g were collected from tide 
pools. They were kept in running seawater aquaria for 24 
hr without feeding. Blood samples were drawn by cardiac 
puncture and the blue-green serum was obtained by 
immediately centrifuging the heparinized blood pooled 
from several fish. 

For the fractionation test, crude blood serum ( ... 1 ml) 
was diluted with 0.1 Mphosphate buffer (pH 7.4) to a total 
volume of 10 ml. Solid ammonium sulfate was gradually 
added while the solution was stirred. At each step of 
saturation, half an hour stirring was allowed to achieve 
equilibrium before centrifugation. After centrifuging, the 
absorbance of the supernatant at 675 nm was measured by 
a Beckman Acta MVI spectrophotometer to monitor the 
presence of biliproteins. 

Disc electrophoresis was carried out as follows. 
Chromoprotein obtained by back-extraction fractionation 
with ammonium sulfate (Cooper 1977) was redissolved in 
1 ml of pH 7.4 phosphate buffer. The solution was then 
dialyzed overnight against the same buffer at 40C, 
concentrated with 'a low pressure vacuum rotatory 
evaporator at room temperature and applied to disc 
polyacrylamide gel electrophoresis (12% gel, pH 8.3). 
Bovine albumin (Sigma Chemical Co.) and bovine 
albumin incubated with biliverdin (Sigma Chemical Co.) 
(1:1, molar ratio) were also analyzed to provide a basis for 
comparison of electrophoretic mobilities. 

Following purification of the fish serum biliprotein 
by polyacrylamide gel electrophoresis, the green bands 
were cut off, eluted and then analyzed using SDS-
polyacrylamide gel electrophoresis to estimate the 
molecular weight of the chromoproteins. 

The electric current in electrophoresis was 3 
mA/tube for disc gels and 5 mA/tube for SOS gels. After 
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each run, the Rf of the green band w~ recorded; the band 
was marked with a pin and the gel stained for protein with 
Amido Schwarz. 

The isoelectric point (pl) of the biliprotein was 
measured on a LKB-110 ml isoelectric focusing column. 
The sample was prepared for isoelectric focusing in the 
same way as those for electropho:r;esis. After a 24-hour 
analysis at room temperature, two sharp green bands 
appeared near the anode. Fractions were collected from the 
isoelectric focusing column and the pls of the green 
components were estimated by measuring the pH and the 
absorbance at 675 nm of each fraction .. 

Amino acid compositional analysis . was made as 
follows. Fish blood biliprotein, purified by electrophoresis, 
was dialyzed against distilled water overnight; the sample 
was dried by a vacuum rotator and then hydrolyzed for 24 
hours in 6M HCl at 1oooc. After hydrolysis, the acid was 
removed by rotatory evaporation. The sample was then 
analyzed by a Beckman model 118 amino acid analyzer 
interfaced with a DEC PDP-11 computer for data 
acquisition and analysis. · 

Results 

The green chromoprotein was precipitated at 70% to 
80% ammonium sulfate saturation (Fig. 1). When this 
partly purified green chromoprotein was analyzed by disc 
gel electrophoresis, a green band was observed to closely 
follow the fastest migration albumin band. The green band 
migrated faster than the standard bovine albumins (Fig. 2). 
The Rf for bovine albumin incubated with biliverdin was 
0.32; for bovine albumin alone, 0.31 and for the green 
band, 0.37. 

After running the native gel longer to achieve better 
resolution, two green bands were·separated (Fig. 2d). The 
major band migrated faster, with the minor one following 
closely behind. Thus, there appears to be two forms of the 
green chromoprotein, or possibly the chromoprotein 
present in the fish serum is actually a dimer. 

In the isoelectric focusing experiment, two green 
bands were . observed near the anode after the 24-hour 
analysis. One major green band appeared at~ pH 3.6, and a 
minor green band appeared around pH 4.6 (Fig. 3). 

Three bands appeared in SDS-polyacrylamide gel 
electrophoresis. Two major bands showed a protein 
molecular weight (MW) of 42,500 and 27,500, 
respectively. One light band with a MW of 22,500 was 
also present. 

The amino acid composition of the purified 
biliprotein is given in Table 1 as are the data for bovine 
albumin and the biliprotein present in the serum of the eel, 
Anguilla japonica (Fang 1985b). The presence of large 
amounts of aspartic acid and glutamic acid in the 

biliprotein from C. analis is oonsisteqt with the low pl 
determined for the biliproteiri. There are considerable 
differences in amino acid composition between bovine 
serum albumin and that of the biliprotein of C. analis 
despite • the general similarity of physicochemical 
characteristics of the two proteins. 

Most blood plasma globulins are salted out at less 
than 50% ammonium sulfate saturation, whereas albumins 
and some euglobins precipitate at higher saturations 
(Canatarow and Schepartz 1967). :The electrophoresis data 
obtained in this research suggeSt that the biliverdin carrier 
protein in the blood of C. analis is not a euglobin but 
resembles albumin since the green bands and albumin had 
similar electrophoretic mobilities (Figs. 2a and 2b). If the 
biliprotein in c. analis serum were euglobin, it would have 
moved much more slowly than albumin (Longsworth 
1942; Orten and Neuhaus 1970 ). 

The electrophoresis results indicate that there are at 
least two types of green chromoproteins in the blood of C. 
analis. Both proteins differ from bovine serum albumin by 
having either a different electrophoretic mobility or a 
different pl (pl of albumin is 4.6 to 4.9), and by having a 
different MW (MW of albumin is 69,000). However, their 
precipitation at high ammonium sulfate saturation, fast 
electrophoretic mobility and low pl are all characteristics 
of the albumin family. The carrier proteins for biliverdin 
in the blood of C. analis are thus possibly members of the 
serum albumin group. 

The appearance of two green bands in acrylamide gel 
electrophoresis, two to three pe~ in pl analysis, and two 
major and one minor band in the SDS-gel electrophoresis 
all indicate the existence of at least two different proteins 
in the green chromoprotein of C. analis blood serum. One 
of the green bands of the fish serum has a pl around 4.6, 
the same as that of albumin. Therefore it could be that one 
of the green bands is merely a biliverdin-albumin complex 
with an electrophoretic mobility slightly different from 
that of albumin. However, this is apparently not the case 
because the Rf of the biliverdin-albumin standard pad an 
Rf different from that of the green biliprotein; the 
electropho;retic mobility of the carrier protein is also the 
same with or without biliverdin. attached (Fang 1985a). If 
the carrier protein was merely .an albumin, the liberated 
protein moiety should have a mobility on polyacrylamide 
gels similar to other fish serum albumins (Komatsu et al. 
1970). 

Low and Bada (1974) suggested that the blue-green 
coloration of the serum of C. analis is due to the presence 
of only one pigment protein and is generated by biliverdin 
in two distinct micro-environments on the same protein. 
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The results obtained here do not rule out this possibility, 
although it appears more likely that two or more 
distinguishable protein moieties bind biliverdin in C. 
analis blood. 

The fractionation data of the chromoprotein isolated 
from C. analis agree very well with those of the 
chromoprotein from the serum of the arctic sculpin (M. 
scorpioides), and are similar to those of the eel (A. 
japonica), but are different from the blue and green 
chromoproteins from the cabezon (Scorpaenichthys 
marmoratus) (20-40% and 50-65%, respectively) (Low 
and Bada 1974). The pl of the major chromoprotein of C. 
analis is 3.6. This is similar to the pl (3.3-3.7) of the green 
chromoproteins isolated from red blood cells of the 
skipjack tuna (Katsuwonus pelamis) (Fuke et al. 1973), but 
is higher than that from the arctic sculpin whose pl is 3.1. 
The pl of the minor chromoprotein of C. analis (4.6) is the. 
same as that of the eel chromoprotein. 

The MWs of the various green chromoproteins in the 
blood of C. analis were estimated to be 42,500, 27 ,500 
and 22,500, respectively, in this research (Fig. 4). The 
MW of arctic sculpin serum chromoprotein was estimated 
to be 46,000 (Bada 1970) and that of the cabezon 
chromoprotein 47,500 (Low and Bada 1974). Kochiyama 
et al. (1966) found the MW of eel serum chromoprotein to 
be 89,100. The MWs of the three green chromoproteins 
isolated from red blood cells of skip jack were 4,000-6,000, 
8,000-10,000 and 9,000-10,000 (Fuke et al. 1973). These 
results suggest that at least one of the green 
chromoproteins in C. analis serum (i.e., the one with pl -
3.6, MW-40,000 to 50,000) may be present in the serum of 
other fish with blue-green blood serum. 

The green chromoproteins from the blood of 
different fishes seem to have a general albumin-like 
character. However, their amino acid composition is 
different from bovine serum albumin. As there are few 
data about the amino acid composition of fish serum 
albumin, it is not clear whether the biliverdin carrier 
proteins are a somewhat modified fish albumin or whether 
the carrier proteins are a group of proteins unique to fish 
serum with the properties of strongly binding biliverdin 
(Fang 1985a; Fang et al. 1986). 

The blue-green chromoproteins in the blood serum of 
C. analis, .precipitated at 70%-80% saturation of 
ammonium sulfate, have pl values of 3.6 and 4.6, migrate 
very close to albumin in electrophoresis and have 
estimated MWs of 42,500, 27,500 and 22,500. These 
results suggest that the protein moiety of the blue-green 
chromoproteins in the blood of fish are not{l1-lipoproteins 
as previously thought, but are more similar to blood 
albumin type proteins. 
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Tabl• 1. R1l1tlv1 1mlno 1cld compositions of the serum blllprot1ln of Cllnocottus •n•lls, Angulll• 
/1ponlc• (d111 converted from V1m1guchl et 11. 1968), ind bovine 11rum 11bumln (dot• converted 
from F1sm1n 1977). All v1lu11r1 norm1llzed to l1ucln1. The value for glyclnt Is not Included b1e1u11 
Trl511lyclne buffer was used In th1 11lectrophor1s1s purification procedur1 1nd glycine cont1mln1tlon 
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Fig. 1. Saturation-fractionation of the blue-green chromoprote1n 
from the fish blood serum by 11mmonium sulfate. 
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Fig. 2. Electrophoretic patterns of the blue-green blood serum 
chromoproteins of C. analis. A. Back-extraction fractionated 
blue-green fish serum. B. Bovine albumin incubated with biliver-
din. C. Bovine albumin. D. High resolution of fractionated fish 
serum. The patterns were obtained by the projection of the gels. 
"G" represents locations of green bands. 
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blue-green serum chromoproteins of C. analis. 
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Abstract 

Chemical studies on the polysaccharides from different stages of 
the life history of two Gelidium species of central Chile (Rhodophyceae) 
are presented. Fractionation of the polysaccharide (yield 16.6%, 3, 6-
anhydrogalactose content 31.3%, sulphate 3.18%) from cystocarpic 
plants of Gelidium lingulatum afforded five fractions. Fraction 1 (28.3%, 
eluted with water), fraction 2 (34.9%, eluted with O. lM KCl), fraction 3 
(10.5%, with 0.4 M KCl), fraction 4 (18.5%, with 0.8 M KCl) and 
fraction 5 (7.8%, with 1.5 M KCl). 

Polysaccharide (yield 26.7%, 3,6-anhydrogalactose content 
43.0%, sulphate 3.00%) from tetrasporangial plants of G. lingulatum was 
fractionated affording fraction l' (55.0%, eluted with water), fraction 2' 
(21.0%, eluted with 0.1 M KCl), fraction 3' (6.2%, with 0.4 M KCl), 
fraction 4' (13.2%, with 0.8 M KCl) and fraction 5' (4.5%, with 1.5 M 
KCl). 

Seasonal variation in polysaccharide yield and gel strength were 
studied for Gelidium sp. For cystocarpic and vegetative plants, the 
highest yield in polysaccharides was in summer (37.6 and 40:0%, 
respectively) whereas fortetrasporangial plants the highest yield (23.8%) 
was in autumn. No relation was foll)ld between polysaccharide yield and 
gel strength. The highest values in gel strength were in agarans from 
samples collected in winter. Alkaline treatment of the polysaccharides 
increased (up to 1,000 gjcrn2) gel strength values in all the cases. 

Introduction 

In the rocky intertidal of central Chile, Gelidium 
lingulatum J. Agardh, G. filicinum Bory and G. rex 
Santelices occur at the same tidal level. These species are 
exported as raw material for agar production. 

Agar is a complex mixture of polysaccharides 
extracted from red seaweeds (Rhodophyceae), mainly 
from the genera Graci/aria, Gelidiella, Acanthopeltis, 
Pterocladia and Gelidium. According to Duckworth and 
Yaphe (1971), agar is essentially a mixture of agarose, 
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pyruvated agarose and sulfated galactans. Araki (1937) 
deduced the structure of agarose to be (1-4)-linked, 3,6-
anhydro·Ot·L-galactose alternating with (1-3)-linked ~ -
galactopyranose. 

The amount of 3,6-anhydrogalactose and sulfate 
have an important influence on the gelling behavior of 
agar and hence on its economical value. 

The phycocolloid from Gelidium lingulatum has 
been previously studied in this laboratory (Zanlungo 
1980). It was shown that it is an agar-type polysaccharide. 

In this paper the chemical studies on the 
polysaccharides from tetrasporangial and cystocarpic 
plants of G. lingulatum and of cystocarpic, tetrasporangial 
and vegetative plants of G. rex are presented. 

Materials and Methods 

The seaweeds were collected in Pupuya (340S, 
71<>65'W) and were carefully sorted in the Laboratorio de 
Zoologia, Facultad de Ciencias Biol6gicas, Pontificia 
Universidad Carolica de Chile. The general methods have 
been previously described (Klein et al. 1984). Gel strength 
of 1.5 % agar solution was measured using a Marine 
Colloids Gel Tester. 

To extract the polysaccharides, dried ground 
seaweed (100 g) was stirred with water (3 1) at 950C for 1 
hour. The mixture was filtered through muslin and the 
extraction process was repeated twice. The resulting gel 
was frozen at -SOC and then thawed; this process was 
repeated twice affording a gel which was poured into 
acetone. 

Sugar composition of samples was determined by 
total hydrolysis in 2M trifluoroacetic acid at 1oooc for 
16 hours. The liberated sugars were converted into alditol 
acetates and analyzed by gas-liquid chromatography. 
Fractionation of the whole polysaccharide was effected by 
using DEAE-Sephadex A50. The anion-exchanger was 
equilibrated in lM HCl, washed with water and then 
packed into a column. A solution of the polysaccharide 
(250 mg) in warm water was applied to the column which 
was equilibrated at 650C. The column was eluted with 
water and fractions (10 ml) were collected until the eluant 
became polysaccharide-free. A gradient concentration of 
potassium chloride (0.1-1.5M) was then used to eluate 
more highly charged polysaccharides. The carbohydrate 
contents of the fractions were determined with phenol-
sulfuric acid reagent. 
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Results and Discussion 

Table 1 lists yield and analytical data found for 
agarans from G. lingulatum. It can be seen that the yields 
are quite different. According to the literature, the yield in 
agar from different agarophytes varies between 6 and 
28.5% (Young et al. 1971). For unsorted G. lingulatum.a 
yield of 18.1 % has been reported (Zanlungo 1980). 

Total hydrolysis of the polysaccharides followed by 
paper chromatography showed that galactose is the main 
component Minor sugars in the hydrolyzates were 
identified by gas-liquid cpromatography as alditol 
acetates. Results are shown in Table ~-

The 6-0-methylgalactose is a common sugar in agar-
type polysaccharides. According to Araki et al. (1967) the 
amount of this sugar in agar from Japanese agarophytes 
varies between 0.8 and 21 %. For unsorted G. lingulatum, 
Zanlungo found 7.6% 6-0-methylgalactose, 1.5% glucose, 
0.9% 2-0-methylgalactose and 0.5% mannose. 

The polysaccharides were fractionated by column 
chromatography using DEAE Sephadex (Cl-). Results 
are shown in Table 3. 

It was found in each case, with increasing ionic 
strength of the eluant, that the sulfate content of the eluted 
polysaccharide increased. This result agrees with those 
reported previously in the literature for agar from some 
agarophytes (Young et al. 1971). No data are available for 
agar from karyologically different generations. 

Homogeniety of the fractions was studied by 
polyacrylamide gel electrophoresis. It was found that all 
the fractions were heterogenous. 

Fractionation of agarans from Gelidium rex gave 
similar results. For example, fractionation of the 
polysaccharide (yield 24.9%, sulfate 3.2%) from 
cystocarpic plants collected in autumn, afforded four 
fractions: fraction 1 (22.9%, eluted with water); fraction 2 
(29.1 %, eluted with O.lM KCl); fraction 3 (18.0%, with 
0.4M KCl); and fraction 4 (29.8%, with 0.8M KCl). 

Seasonal variation in polysaccharide yield and gel 
strength were studied for Gelidium rex. For cystocarpic 
and vegetative plants, the highest yields of 
polysaccharides were found in summer (37.6 and 44%, 
respectively) whereas for tetrasporangial plants the highest 
yield (23.8%) was found in autumn. No relation was found 
between polysaccharide yield and gel strength. The 
highest values in gel strength were found in agarans from 
samples collected in winter as shown in Table 4. 

If sulfate groups llfe located on carbon-6 in galactose 
residues in the polysaccharide, they can be converted into 
3,6-anhydrogalactose by treatment with alkali, and an 
increase in gel strength results. Of the polysaccharides 
examined, that from vegetative plants of G. rex collected 
in autumn formed the strongest gel after treatment with 
alkali. The gel strength value was raised to 1,007.4 g/cm2. 

After treatment with alkali, there was an increase in the 
content of 3,6-anhydrogalactose and a decrease in sulfate 
content (Table 5). 

The results so far obtained in this work indicate that 
the phycocolloids from different nuclear phases of G. 
lingulatum and G. rex ·are complex mixtures of 
polysaccharides composed of a ·series of related polymers 
which range from a "neutral" fraction to highly charged 
galactans. Therefore, no relation between the chemical 
structure of the agar and the stage of the life history of the 
algae can be proposed. 
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Table 1. Yield, gel strength and composition for polysaccharides from Ge/idium lingu/atum. 

I 

I ._ 
3,6-anhydro- Sulfate 

Yield Gel strength galactose as so3 
% g/cm 2 % % 

L PSTa 26.7 694 43.0 3.00 
PSC 16.6 365 31.3 3.18 

aPST = Polysaccharide from tetrasporangial plants. 
PSC = Polysaccharide from cystocarpic plants. L 

'- Table 2. Total hydrolysis of polysaccharides from G: lingu/atum. 

Monosaccharide constituents. 
L.... 

Alditol acetate PST8 PS Cb 
% % 

'-
Galactitol 91.2 91.4 
6-0-Methy lgalactitol 2.5 3.4 
2-0-Methylgalactitol 2.9 

i_. Glucitol 2.5 
Xylitol 0.7 1.1 
Unidentified 3.5 

1...... aPST = Polysaccharide from tetrasporangial plants. 
bPSC = Polysaccharide from cystocarpic plants. 

I_ 
Table 3. Composition and yield of the polysaccharide fractions from G lingu/atum. 

' Fraction Eluant Yield Ga lactose 3,6-anhydro- Sulfate 
;_ galactose asS03 

% % % % 

I 
From tetrasporangial I,_ 

plants 

L Distilled 55.0 45.24 42.14 2.0 
water 

II 0.1M KC1 21.0 48.94 38.00 3.6 
111 0.4M KC1 6.2 43.94 25.53 5.2 

L IV 0.8M KC1 13.2 27.89 7.1 
v 1.5M KC1 4.5 57.41 20.82 9.9 

I From cystocarpic j 
L plants 

Distilled 28.3 53.87 39.15 3.4 
water 

L. II 0.1M KC1 34.9 47.00 38.15 4.6 
111 0.4M KC1 10.5 51.20 31.77 6.2 
IV 0.8M KC1 18.5 51.16 38.89 8.9 
v 1.5M KC1 7.8 43.15 37.42 12.8 

,_ 
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Table 4. Yield and gel strength for polysaccharides from G. rex collected in winter. 

Yield(%) 
Gel strength (g/cm2 ) 

Vegetative 

26.7 
595 

Cystocarpic 

34.3 
553 

Table 5. Analytical data for polysaccharides before and after treatment with NaOH. 

Polysaccharide from 
tetrasporangial 

G. rex 

Alkali treatment 
G. rex 

G. lingu/atum 

Alkali treatment 
G. lingu/atum 

Gel strength 
g/cm2 

553.7 

749.7 

694.0 

740.0 

3,6-anhydro-
galactose 

% 

36.9 

45.4 

43.0 

44.0 

Tetrasporangial 

14.2 
700 

Sulfate 
as 503 

% 

2.9 

2.4 

3.00 

2.8 
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Abstract 

Development of gills in Oreochromis niloticus (L.) from the fry to 
adult stage was studied. Relationship between total gill area (A) and body 
weight was a double logarithmic curve of the form A = aWb. The slope 
'b' was 0.870 and the intercept 'a' 3.519. This is similar to the gill 
dimensions of other fishes. Since the slope for gill area/weight curve is 
similar to that of oxygen consumption/weight curve it is postulated that 
0. niloticus is a fairly active fish species. Gills increase· in area by 
increasing length of filaments and area of secondary lamellae. As the fish 
increases in size, the number of secondary lame]J.ae mm-1 of filaments 
also decreases as noted in other fish species. The volume of water 
flowing over the gills was also calculated using the Poiseuille equation. 
The possible significance of gill development in relation to metabolism is 
also discussed. 

Introduction 

Research on fish gills has . become increasingly 
important in recent years in view of their role in gas 
exchange and consequently their susceptibility to 
environmental pollutants (Karlsson 1983). Thus, an 
estimate of gill lamellar area is important because gills are 
the actual sites of gas exchange .. Such studies, referred to 
as gill morphometry, have been confined mainly to 
temperate species (Hughes 1984), while studies on tropical 
species are very few. In addition, studies on gill 
development have been made only on four temperate 
species: smallmouth bass, Micropterus dolomieu (Price 
1931); herring, Clupea harengus and plaice, Pleuronectes 
platessa (De Silva 1974) and carp, Cyprinus carpio 
(Oikawa and Itazawa 1985). This study was initiated as 
part of a wider program on the biology of Oreochromis 
niloticus (L.) and its potential :iii aquaculture. 
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Materials and Methods 

Gill measurements were made on 0. niloticus 
specimens of 4 mg-330 g fixed in 10% formalin for three 
weeks. Total length and weight were determined after 
fixation in formalin and prior to determinaton of gill areas. 
The method of Hughes (1966) where detailed 
measurements on the second arch was made. The lengths 
of every 5th filament and secondary lamellar area were 
determined at three points specified by Hughes (1966). 

Since the gills at fry stages were still developing, the 
following method was used. Total length of every 5th 
filament was measured and spacing of lamellae and 
secondary lamellar area determined at three points on the 
filament. The area of a secondary lamella at each point 
was determined as the area of a triangle where the height 
and length of lamella was measured. The values for the 
gill area of each arch were then summed up to give the 
total gill area for that specimen. 

Results 

The changing length of gill filaments on all four 
arches of 0. niloticus is shown in Fig. 1. It is evident that 
in arch I the filaments of the posterior hemibranch are 
longer on the first two-thirds of the arch than on the 
anterior hemibranch, whereas in arch II they are almost 
equal. In arch m the anterior filaments are longer than the 
first two-thirds of the gill arch. In arch IV the filaments of 
the anterior hemibranch are very long, in keeping with the 
movement of water through the pharynx. 

The gill area to weight relationship can be denoted as 
a double logarithmic one (Hughes 1966). Fig. 2 shows the 
relationship between gill area and weight. These data are 
grouped into length classes (Table 1). While gill area 
increai;es with size of fish, considered as a ratio to its 
weight it decreases with age. 

Fig. 3 shows the change in various parameters of gill 
dimensions with increasing size. Total filament length 
(Fig. 3a) increases at a more rapid rate than the total 
number of filaments (Fig. 3b). Fig. 3d shows that initially 
the number of ·secondary lamellae/mm of filament 
increases rapidly until the fish is about l g in weight and 
then decreases with increasing weight, showing allometric 
growth with development, although a single line is drawn 
for convenience since such a change is not evident when 
the gill area/weight relationship is considered. Similarly, 
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individual secondary lamellar area also appears to 
decrease gradually with a change in the slope arorind 1 g 
weight though a single line is drawn for convenience. 
However, gill area increases mainly by increasing filament 
length (Fig. 3a) and, therefore, by increasing the number 
of secondary lamellae. 

Table 2 gives the values for the intercept (a) and 
regression coefficient (b) for the total gill area and its 
component parameters, plotted on log/log coordinates as 
in Fig. 2. The general equation for such relationships is Y 
= aWb or log Y =log a+b log W. 

Data were grouped into length classes (Table.3) and 
dimensions of the gill sieve determined by using the 
Poiseulle equation (Hughes 1966). It is evident that 1/d', 
the number of secondary lamellae/mm of filament, 
decreases very rapidly from about 60 to 17 with increasing 
size of fish over the size range studied. However, as 
mentioned earlier, in Fig. 3d, this is not the case in the 
early stages. 

Discussion 

The decrease in gill area-unit weight with 
development has also been observed by several workers 
(Price 1931; Hughes 1966; Oikawa and ltazawa 1985) and 
is believed to be due to a decrease in actively respiring 
tissue with age (Zeuthen 1953). The slope of the gill 
area/weight relationship is also similar to that observed in 
small mouth bass (Price 1931) where a slope of 0.78 is 
observed, while in the present study it was 0.87. Mµir and 
Hughes (1969), working on tunas, obtained values of 0.85 
for the slope for the gill area/weight relationship in all 
three species of tunny, but for the bluefin alone it 
exceeded 0.9. Oikawa and Itazawa (1985) observed a 
triphasic allometry between gill area and weight in carp 
ranging from 7.07 in early stages to 0.79 in the adult stage 
while De Silva (1974) observed a change in the slope in 
the gill area/weight relationship from 3.36 in the larval 
stage to 0. 78 after metamorphosis in herring and from 1.59 
to 0.85 before and after metamorphosis in plaice. Such 
changes in the slope were not observed in the present 
study for the gill area/weight relationship but could be 
seen in the relationship between total filament length and 
weight and also in the relationship between the area of an 
average secondary lamella with development (Figs. 3c and 
d). 

A 100-g 0. niloticus has a gill area of7.7 x 104 mm2 
which is about 3.5 times the value of a toadfish of similar 
weight (Hughes and Gray 1972) and half that of a very 
active fish such as Trachurus trachurus of 125 g (Hughes 
1966). The gill area per unit weight in 0. niloticus ranges 
from 550 to 730 for fish above 100 g. In toadfish (Hughes 
and Gray 1972) it ranges from 217 to 205 for fish of 100-

300 g while in highly-active fishes such as menhaden and 
mackerel it is over 1,000 (Hughes 1966). These findings 
show that 0. niloticus, although considerably more active 
than the toadfish, is nevertheless less active than species 
like the menhaden and mackerel. Decrease in spacing of 
lamellae with increasing size ~s been observed for many 
species (Price 1931; Hughes. 1966; Muir and Hughes 
1969). Price obtained a decrease from 28 to 17.8 for fish 
of 0.33-837 g in Micropterus dolomieu. while Oikawa and 
Itazawa (1985) also showed a qecrease in spacing in adult 
carp but an increase in larval stages. 

Since the gill area/weight relationship is believed to 
be involved with active metabolism rather than resting 
metabolism (Oikawa and Itazawa 1985) the high slope 
value in this study could be indicative of high activity in 
this species. This is borne out b'y the studies of De Silva et 
al. (1986) which obtained values of 0.986 for the slope of 
the oxygen consumption/weight relationship of routine 
active fry of 0. niloticus. This is comparable to the gill 
area/weight relationship of this species in this study. 
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Tlblt 1. Avtr1g1 ltngth, wtlght encl glll trea for 11ch 26·mm length cless of O. nllotlcut. 

L1ng1hcl1u Length Weight Gllloru 
Imm) Imm} lul No. lmm2/flsh) 

1 - 2• 13.11 0,049 121 "".69 
26 - •• 29.00 0,41-4 l<J 762.76 
60 - " 6'.DO 2.220 111 1,690.61 
76 - 99 84.60 12.229 131 6,-416.21 

100 - 12" 11166 26.233 131 17,776.72 
126 - 149 136.26 47.740 l<J -40,368.60 
160 - 174 166.00 85.330 131 63,71-4.60 
176 - 199 192.66 140.660 13} 78,U61."42 
200 - 224 212.60 198.000 121 129,293.96 
226 - 249 229.60 268.000 151 162,638.JO 
260 - 27-4 258.50 268.000 171 190,314.70 
276 - 299 
300 - 324 306.00 "92.000 111 354,411..46 
326 - 3"49 330.DO 712.000 111 411,-466.00 

lmm2 /g) 

2,31 .. .95 
1.tne.2s 

751.49 
-442.82 
'70-4.60 
845.83 
7-47.-46 
661.3-4 
656.36 
60666 
737.65 

720.36 
677.90 

Table 3. Dimensions of the gill sieve of different sizes of 6. niloticus. 

Length class 
(mm) 

1 24 
25 49 
50 74 
75 99 

100 124 
125 148 
150 174 
175 179 
200 224 
225 249 
200 274 
275 299 
300 324 
325 349 

Mean weight 
(g) 

0.048 
0.414 
2.220 

12.226 
25.233 
47.740 
85.333 

140.666 
196.000 
268.000 
258.000 

492.000 
712.000 

Filament 
length 
(mm) 

172.5 
684B 

2,606.4 
4,374.2 
6,517.0 

11,261.0 
11,745.4 
14,078.0 
18,140.0 
22,787.4 
21,594.6 

30,512.4 
32,512.4 

a 

58.2 
60.7 
28.2 
21.2 
25.0 
23.4 
22.9 
20.9 
20.2 
21.1 
19.6 

16.8 
16.6 

dl 
(cm) 

0.00196 
0.00280 
0.00308 
0.00308 
0.00308 
0.00336 
0.00336 
0.00336 
0.00364 
0.00364 
0.00364 

0.00364 
0.00392 
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Ttblt 2. Regression 1Mly1l1 of dlm1n1lon1 of gills. 

Corr1l1tlon UGC.L.ofb, 
lntUClpl Slope co1fflcl1n1 flrob1blll1Y 

l•I lb} l<I 1 

Glll1rt1lmml} 3.619 0,8703 0.990 0.860 < b < OV02 
To111 numbu of m,. 

17u.aoo m•ntt/llsh 0.2282 o.9e2 0.220 < b < 0.236 
To11l fll1m1n1/1n;th 

(mml 20.39 0.60< 0997 0.664 < b < 0,676 
Ar11 al Mconduy 

1.145 )( 103 l1m1ll10lmml) 0.3962 0.979 0.377 < b < 0420 
H1lght of SICOndlry 

l1m11111lmml 0026 0204 0978 0.106< b< 0.303 
L11"1gth of S1Cond1ry 

l1m11J11lmml 0.0568 0.187 0.966 0094<b< 0.279 
Numb1r of 11condary 

lam1lla1/mm 89.63 -0.119 -0.790 -0.191 < b <-0.047 

Sued on Y • aWb Thi corr1lotlon co1fllcl1nt (ti hlS bun c1rcul1tcd for th• 11m1 d1t1 based on 69 sp1elm1n1 of 
D. ntlotlcut. 

Height of 
lamella (b) 

(cm) 

0.0040 
0.0084 
0.0067 
0.0100 
0.0138 
0.1720 
0.0227 
0.0232 
0.0263 
0.0244 
0.0294 

0.0368 
0.0386 

Length of 
lamella (1) 

(cm) 

0.0089 
0.0122 
0.0138 
0.0206 
0.0289 
0.0342 
0.0410 
0.0459 
0.0533 
0.0527 
0.0598 

0.0752 
0.0788 

q 
(cc/pore/cm.H2 0/ 

sec) 
(x 104 ) 

0.3525 
1.0399 
1.4776 
1.4774 
1.4533 
1.9872 
2.1877 
1.9972 
2.4789 
2.3260 
2.4699 

2.4584 
3.0736 

Water flow 
through gills 
(Nq)-cc/sec 

/cm.H 20 

0.3538 
4.32 

10.858 
13.70 
23.67 
52.36 
58.83 
58.76 
90.84 

111.84 
104.53 

126.02 
165.88 

The rate of water flow (q) is calculated from the Poiseuille Equation of Hughes (1966) where 

q= 
n 24 1 

a-number of lamellae per mm of filament; d 1-distance from the middle of one secondary lamella to the middle of the next. 
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Arch I Arch II Arch Ill Arch IV 

Fllam1nt number 

Fig. 1. Filament length on different gill arches of the right side of 
O. niloticus. Solid symbols indicate length of filaments of the 
posterior hemibranch in each arch. 
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Fig. 2. Relationship between gill area and weight in 0. niloticus. 
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Abstract 

The development of body parts for swimming and feeding in 
Siganus gUltatus laivae was studied in samples reared in the laboratory at 
temperatures of 27.3-300C. The dorsal and ventral fin rays began to 
develop at 3.93 mm totlil. length (TL). The relationships TL vs. the 
greatest body depth and TL vs. position of the greatest body depth 
cbanged slopes at 5.50 and 5.90 mm TL, respectively. Flexion of the 
notochord was .completed at about 6.50 mm TL. The-adult complement 
of f"m rays was developed by about 8 mm TL. As for the feeding-related 
parts, the premaxilla appeared at 4.12 mm TL and came to occupy most 
of the gape as in adults at about 6.5 mm TL. Jaw and pharyngeal teeth 
started to develop at 4-4.5 mm TL. From these obseivations, the larial 
stage of S. gUltatus may be divided into three phases: (1) inactive 
swinuning and feeding by swallowing (to about 4-5 mm TL); (2) the 
transitional phase (to about 7-8 mm TL): and (3) active swimming and 
feeding (8 mm TL and beyond). A change in feeding habits may be 
expected in S. guttatus laivae at sizes 7-8 mm TL as shown by this study. . , ' . "' 

· Introduction 

The purpose ·of this study is to describe · the 
development of ·body parts related to swimming and 
feeding in larval rabbitfish, Siganus guttatus. This species 
is found in diverse habitats ranging from estuarine· waters 

• ' ,1 ' 
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to coral reefs in the tropical and subtropical Indo-W estem 
Pacific. Its high commercial value in · Southeast Asian 
countries has encouraged experimental rearing of the 
species, fry having been produced at the Aquaculture 
Department of the Southeast Asian Fisheries Development 
Center (SEAFDEC), in Iloilo, Philippines since 1981. 
However, very little is known of the early life history of 
the species, especially of its morphological development. 

Materials and Methods 

Larvae for this study came from eggs spontaneously 
spawned on 1 April 1985. The facilities and methods for 
rearing have been described by Hara et al. (in press). 
Larvae were sampled daily from day 0 (hatching day) to 
day 21. A total of 174 larvae (1.94-12.18 mm TL) were 
sampled. They ·were fixed in 5% fonnalin and transferred 
to 70% alcohol. Observations were made on the fin rays, 
widest body depth and its position from the snout, and 
ang~f notochord end. Ninety-nine specimens (2.52-
10.99 mm TL, days 1-19) were cleared and stained 
following the method of Dingerkus and Uhler (1977). 
These specimens were usecf for observations on fin 
supports,. vertebrae, jaw and pharyngeal teeth, and gape 
and premaxilla length. The methods of measurements and 
counts followed Kohno et al. (1983, 1984), and 
tenninologies followed Kohno and Taki (1983). In this 
study, TL is given in the fresh state by using the following 
equations; TL (fresh) = 0.426 + 1.002 TL (preserved)~ and 
TL (fresh) = 0.320 + 0.979 TL (cleared and stained). 

Results 

The vertical fins were in the fonn of a membraneous 
finfold in ·the early larval stage. The anterior edge of both 
the dorsal and ventral finfolds receded as larvae grew and 
settled in place by 4.72 and 6.44 mm TL, respectively. The 
finfold separated into dorsal, anal and caudal fins at 6.94 
mm TL. 

The adult complement of the dotsal fin supports is 
21, 11 for spines and 10 for soft rays (Fig. lA), of which 
the most anterior pterygiophore supports three spines. The 
·most anterior fin support first appeared at 3.70 mm TL. 
The development of the fin supports for spines proceeded 
posteriorly with growth, 'but the fin supports· for soft rays 
appeared suddenly at about , 5 mm TL. The adult 
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complement gained about 6.35 ·mm TL, The first 
ossification was found in the most anterior fin suppqrt of a 
4.96 mm TL specimen and the largest specimen examined, 
10.99 mm TL, while nine fin supports for soft -rays 
remained to be ossified. 

The first visible dorsal fin ray appeared at 3.93 mm 
TL and became the second spine (Fig. lA). The 
development mode of the fin rays was similar to that of the 
fin supports. The smallest specimen possessing the adult 
complement, 13 spines and 10 soft rays, was 8.04 mm TL. 

On the other hand, 10 anal fin supports were first 
observed at 5.10 mm TL, and the adult complement of 14 
fin supports was evident at 6.03 mm TL (Fig. lB). The 
most anterior fin support commenced ossification at 7 .17 
mm TL, while in a 10.99 mm TL specimen the six anterior 
fin supports were ossifying. 

The smallest specimen possessing the anal fin rays 
was 5.94 mm TL, with the most anterior three spines (Fig. 
lB). The development mode of the anal fin rays was 
similar to that of the dorsal fin rays. The adult complement 
of seven spines and nine soft.rays was first observed at 
8.54irim TL. 

The development- of- the parhypural, hypurals and 
epurals, considered the main support of the caudal fin rays, 
was also traced in this study. 

Hypural 1 of a 4.04 mm TL specimen was the first 
visible caudal complex element Hypural 2 appeared at 
4.14 mm TL, parhypural at 4.18 mm TL, hypural 3 at 4.63 
mm TL, central epural at 4.96 mm TL, hypural 4 at 5.05 
mm TL, posterior epural at 5.10 mm TL and anterior 
epural at 5.14 mm TL. At 6.03 mm TL, the hypurals 1 and 
2 started to be. ossified. Ossification started in the hypural 
3 at 6.68 mm TL and in both the parhypural and hypural 4 
at 7 .17 mm TL. Hypural 5 appeared late at 8.94 mm. TL. 
No ossification was observed in the epurals and hypural 5 
of the specimens, examined. 

The first caudal fin rays to appear were six (3 + 3) 
principal rays in a 4.83 mm TL specimen (Fig. lC). The 
number of principal fin rays increased as larvae grew, and 
the adult complement (9 + 8) was acquired at 6.44 mm 
TL.:Thereafter, the secondary caudal fin rays were added 
on both the upper and lower lobes and developed fully at 
about 8.50 mm TL. ' 

The development mode of the pectoral fin elements 
in Siganus guttatus is similar to those in other species 
(Kohno et al. 1983, 1984; Taki et al. 1986). 

The cleithrum, coraco-scapular cartilage and1 blade-
like cartilage, which later grew into actinosts 1-4, were 
present in a 2.52 mm TL specimen, the smallest examined. 
The development of the pectoral fin supports proceeded 
slowly, and the last elements, to appear were actinosts 3 
and 4 in a 10.80 mm TL specimen. 

Pectoral fin rays developed from the blade-like 
finfold. The smallest specimen possessing pectoral fin rays 

was 6.29 mm TL, in which thl'ee rays were observed on 
the dorsal side of the finfold (Fig. 10). Fin rays grew from 
the dorsal to ventral part of the finfold. The adult 
complement of 15-17 fin rays was first completed at 9.74 
mm TL. 

The ventral fin support first appeared at 3.70 mm TL, 
and ossification started at 4.18 · mm TL. The first ventral 
fin ray to develop was the outer spine in a 3.93 mm TL 
specimen (Fig. 10). The fin rays were added from outside 
to inside and w~e fully developed at 7.44 mm TL. 

The first vertebrae observed were the most anterior 
two in a 6.29 mm TL specimen. Its formation went on 
posteriorly, the smallest specimen (7.17 mm TL) acquiring 
a fully developed vertebral column. 

Notochord flexion began at 4.97 mm TL (Fig. lE). 
Full flexion, with the notochord end at an angle of 40-50 
degrees, was acquired at around· 6.50 mm TL. 

Based on the log-log plots, a flexion point was 
shown at about 5.50 and 5.90 mm TL in the widest body 
depth and its position related -to the snout, respectively 
(Fig. lF). 

The first upper jaw tooth was found at 4.49 mm TL 
(Fig. 2A). The number of teeth increased gradually with 
growth until 7 .50 mm TL ·when a rapid increase was 
observed A lower jaw tooth was, on the other hand, first 
evident at 4.12 mm TL (Fig. 2A). The number of teeth 
increased from. one beginning at 5.94 mm TL, and 
gradually thereafter. 

An upper pharyngeal tooth first appeared at 3.26 mm 
TL, the number increasing after the larvae attained about 
6.00 mm TL (Fig. 2B). On the other hand, the smallest 
specimen possessing lower pharyngeal teeth was 7 .08 mm 
TL, in which two teeth were' observed (Fig. 2B). The 
number of teeth increased gradµally with growth. 

Th~· maxilla was first observed at 2.52 mm TL and 
occupied the gape entirely. The premaxilla was first seen 
at4.12 mm TL and occupied 9.1 % of the gape (Fig. 2C). 
The ratio of the premaxilla length to the gape increased 
rapidly with growth up to about 6.50 mm TL, after which 
itremained steady between 60 and 80%. 

Discussion 

The development of body parts for swimming and 
feeding in larval Siganus guttatus schematically 
represented in Fig. 3, needs elucidation. 

The finfold functions as an important apparatus for 
swimming in the early larval stage; the vertical finfold 
extends a body dorso-ventralwiµ-ds to add to the amount of 
surface pressed against the water (Gosline 1971), and the 
pectoral finfold allows more flexibility- in movement 
(Blaxter 1969). Our observations indicate that Siganus 
guttatus larvae in the finfold stage endeavor to keep their 
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pos1uon against the current by using the vertical and 
pectoral finfolds. During this finfold stage, no tooth 
appears and larvae are considered to take .food by 
swallowing. 

The first fin rays to appear are the second dorsal and 
the outer ventral spines in a 3.93 mm TL specimen. These 
spines, considerably elongate and bearing serrations along 
their anterior margin, are generally considered to increase 
the specific gravity of larvae and to serve against predation 
(Moser 1981; Johnson and Keener 1984). Following close 
to the appearance of the dorsal and ventral fin rays are the 
caudal and pectoral fin rays. The adult complement of fin 
ray counts is attained at 8 mm TL. Prior to this, several 
developments related to swimming occur: flexion of the 
notochord end, which causes a shift in the direction of 
caudal fin rays and increases forward propulsive force, is 
completed at about 6.5 mm TL; a change in the greatest 
body depth and its position is observed at 5.5 and 5.9 mm 
TL, respectively; the vertical finfold is completely 
separated into dorsal, anal and caudal fins at 6.94 mm TL; 
and the vertebrae are fully developed at 7 .17 mm TL. 
These observations indicate that the swimming ability may 
be improved at around 7-8 mm TL. 

Between 4 and 5 and 7 and 8 mm TL, development 
of the body parts related to feeding occur: the teeth start to 
appear on the upper pharyngeal at 3.43 mm TL, on the 
lower jaw at 4.12 mm TL, on the upper jaw at 4.49 mm 
TL, and on the lower pharyngeal at 7.34 mm TL. The 
number of teeth increases with growth, the premaxilla 
appears at 4.12 mm TL, and the ratio of the premaxilla 
length to the gape comes to occupy 60-80% at about 6.50 
mm TL. These developments indicate that a change in 
feeding mode occurs at around 7 mm TL. 

To summarize, the functional development of 
swimming and feeding in Siganus guttatus larvae may be 
broken down into three phases (Fig. 3): (1) inactive 
swimming and feeding by swallowing (to about 4-5 mm 
TL); (2) the transitional phase, in which the formation and 
improvement of the various body parts take place (to about 
7-8 mm TL): and (3) the active swimming and feeding (8 
mm TL and beyond). Based on the present study, a change 
in feeding habits of S. guttatus may be expected at sizes 7-
8 mm TL. 
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Fig. 1. Development of characters related to swimming in Siganus guttatus larvae. A: dorsal'fin ~lements. 8: anal fin 
elements. C: caudal fin-rays, D: pectoral and ventral fin-rays. E: flexion of notochord. F: log-log plots of the greatest 
body depth (GBD) and position of GBD. 
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Fig. 3. Schematic representation of the development of characters concerned in swimming and feeding in Siganus guttatus larvae. Open 
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increase in number; Solid square, flexion point; D, A, C separation, separation of finfold into dorsal, anal and caudal fins. 
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Abstract 

Facts on the early life of the red sea bream were supplemented and 
basic physiological changes common to marine finfishes during their 
metamorphic stage were clarified. Matured spawners were artificially 
bred, their eggs collected, incubated and reared to postlarval or 
prejuvenile size. A detailed morphohistological investigation on the early 
larval stages, particularly on the digestive system and accessory organs, 
was carried out. Hatching occurred at 40-44 hours after fertilization at 
l 8-19oC. Ovulated eggs were buoyant and semitransparent with a 
centrally-located oil globule. A slight increase in egg diameter from 0.8 
to 0.9 mm was noted after impregnation. The newly-hatched larvae, 
measuring 2.2 mm average length possessed a functional heart. 
Histological f"mdings revealed early formation of the mouth furrow and 
the digestive tracL First feeding was observed on the founh day after 
hatching and caudal ossification commenced on the tenth day. Larve in 
their yolksac stage, termed "protolarvae", were followed by the 
"mesolarval stage" until the whole caudal ossification was completed. 
The "metalarval stage" ended after the appearance of the pyloric 
appendages on the 30-day old larvae, just before it attained adult form. 
The size attained, not the age of the fish characterized the stage markers 
and the developed functioruil organs. 

Introduction 

The red sea bream, Pagrus major (Temminck and 
Schlegel), locally known as "Madai" in Japan where it is 
cultured intensively, is most widely distributed along the 
Pacific coast from the tropical to the subtropical region of 
Asia. This sparid fish has been the focus of significant 
research because of its high market value and popular 
demand, and for the improvement of its breeding, rearing, 
and other aspects of its culture, e8pecially its early life 
stages. 

The acquisition of fertilized eggs and mass culture of 
juvenile red sea bream was reported by Kitajima (1978), 
but no detailed published information is available on its 
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embryology and early development. Previous histological 
studies on the teleost larvae generally dealt with the initial 
and succeeding stages of its feeding and the structure and 
function of the digestive tract, as was reported by Tanaka 
(1969a, 1969b, 1971). 

The morphohistological function of the red sea 
bream was studied to describe the gross embryogeny and 
the morphohistological development of its early life 
stages. 

The study was conducted at the Usa Marine 
Biological Research Institute of Kochi University in Japan 
in 1980-1981. Histochemical and other analytical works in 
the latter part of the study were conducted at the 
Laboratory of Aquatic Ecology, Department of Cultural 
Fisheries, Faculty of ·Agriculture, Kochi University, 
Nangoku City. 

Materials and Methods 

Breeding preparations were done a month before the 
expected spawning, which usually occurs from early April 
to May in the vicinity of Tosa Bay, Kochi Prefecture. 
Matured five- to seven-year old breeders of both sexes, 2-
3 kg and 30-50 cm total length were acquired from 
commercial farms and transferred to a net cage of about a 
kilometer from the marine hatchery. Breeding, incubating 
and larval rearing tanks were thoroughly sterilized prior to 
transfer of breeders in preparation for the induced 
spawning. Preliminary sexing was done before the fish 
were released to the tank and individual spawners were 
tagged. 

After a day of conditioning, a dose of gonadotropin 
(HCG 2,000 units/ml) 0.1 ml/l kg body weight was 
injected intramuscularly. An additional dose of 500 to 600 
units was administered depending on the effect of the 
initial treatment after 12 hours. The gravid fish were 
stripped and the eggs collected in a plastic bowl. The dry 
method of fertilization was employed using a bare finger 
to mix the sperm and eggs thoroughly. About 3-5 min. 
were then allowed to elapse to ensure a high rate of 
fertilization. Eggs were then placed in a fine-mesh net and 
washed in a bucket under gently running seawater. 

Preliminary determination of fertilized eggs was 
done in a test tube or beaker filled with seawater, as good 
eggs tend to float and occupy the upper half of the 
container, while the unfertilized eggs settle at the bottom. 
The same procedure was used to measure the rate of 
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fertilization by volumetric method. Final detection of 
fertilized eggs, however, was done randomly through 
microscopic analysis. 

The fertilized eggs were finally transferred to 1-t 
fiberglass quadrangular tanks for the whole incubation 
period to hatching at a controlled temperature range of 18-
19oC. The eggs were placed .in 25-40 cm3 suspended 
incubating nets aerated gently to avoid stress at constant 
s~awater salinity range of 34.6-35.2 ppt during the whole 
incubation period. Embryonic development was monitored 
with a light stereo microscope recording and 
pl)otographing the significant stages. Dead and sinking 
eggs were regularly siphoned off. 

A day after hatching, the larvae were released from 
¢.e incubating net enclosures at the same temperature and 
with the other controlling .factors maintained. Chlorella 
was first introduced into the ~arval rearing ·tanks at least 3 
times a day at densities 20-40 x 104 cells/ml. Live food 
was introd.uced on theAth day after hatching, consisted of 
rQtifers (Braahionus plicatilis) which were later combined 
with copepods (Tigriopus japonicus) after 20 days. At the 
later postlarval stage, the food was changed to non-living 
form consisting of mysid shrimps (Euphausia pacifica) 
mixed with a commercial fishmeal and sand lance 
(Ammodytes personatus), all in minced form. 

At this stage, regular change of tank water was done 
twice each day. by a flow-through system which 
replenished at least 1/3 of the level of water in the cultu~ 
tank. The surrounding area was also cleaned with a siphon. 
Aeration was slightly increased, corresponding to the 
growth of larvae, while physicoche~ical parameters in the 
the tank were continuously recorded. As the larvae grey.i 
older, a bigger tank was provided to allow more SP,ace for 
the fish and the feeding schedule was lessened to at least 
twice each day while the density of the food was gradually 
increased. 

Larval sampling was done periodically to recox:d the 
metamorphosis from hatching to postlarval stage. 
Photographs were taken at every significant stage and 
morphological . opser.vations done with a light stereo 
microscope. Samples taken randomly were preserved in 
10% formalin after measurement then fixed in Bouin's 
solution and were sectioned into 6-lOµm thickness wit)l. a 
microtome for the histological study. Staining procedures 
follow that of Sano (1965). . . 

Prepared tissues were stained with Mayer's 
hematoxylin and counterstained with eosin. Other groups 
were stained with periodic acid Schiff's reagent and 
Giemsa's stain, while some were fixed with 4% osmium 
tetrachloride, in Dalton's buffer and saccharose solutions. 
Fish in the later postlarval stage were cut into· two parts 
and the abdominal region fixed and included in the 
histological preparations. All observations were done with 

. a light microscope .and histomicrographs of the serial 
sections w~re taken at every relevarit stage. 

Results and Discussion 

The gonadotropic hormones produced. positive 
results in the injected breeders within 12 hours. Stripped 
eggs were semitransparent, and could be barely seen by 
the naked eye as they floated along the water surface and 
subsurface. It was noted that newly fertilized eggs 
possessed coarse granulated cytoplasm with a distinct 
centrally located oil globule. Normal . cleavage was 
observed four to five hours after fertilization, blastulation 
and gastrulation followed with the subsequent formation 
of the''primordial body fililage. First body twitching was 
recorded at 35-39 hours after fertilization. Hatching 
occurred simultaneously at 40-44 hours after fertilization. 
Fig. 1 shows the embryonic de'Velopment stages from 
fertilization to the prehatching stage. 

Newly hatched larvae· measured 2.2 mm average 
length and 0.6-0) min body depth and had 26-28 somites. 
The oil globule was . positioned posteriprly to the yolk 
mass along the anal region ~n front of the urinary vesicle. 
The day-old larvae had increased in length to 27 mm 
length.-The mouth opened at day 3.-Eye pigmentation was 
simultaneously visible with the pectoral fin bud. Initial 
f~.ding reactions were observed at day 4. Yolk sac was 
totally absorbed on day 6 and active feeding was noted. 
Caudal ossification started from days 10 to 16 and 
distinctive epural and hypural bones were differentiated on 
day 22-24. Dorsal and ventral fin-ray:s became more 
distinct at thi~ stage while all th~ finfold borders along the 
body margins. continuously dim~nished in appearance. On 
day 28-30, a. full body resemblance to that .of the adult 
form was completed with distinguishable cross bands 
along the lateral body margins,' fully developed fins, and 
more prominent and functional eyes. The morphological 
development stages from day Q to day 30 are illustrated 
and described in Fig. 2 and Table 1, respectively. 

The protolarvae were histologically proved to 
possess a prim1tiv~ gut at the liatching. stage. The mouth 
a:qlage ·was stili closed, forming a· furro\y. in the head 
.region between the. optic lobes. Day-old larvae were 
observed to have a verticai · lay~r of ~ells along the head 
·region forming the presumptive gill archs. Kidney tubules 
were li,kewise evident alo11g the urinary bladder. Iii day 2, 
liver-initiating c~ll formati,ons ·were identified. Mid~gut 
and hind-gut constriction was apparently developed in ~­
day old larv:l;le. Gill arches were also distinct, 
simultaneously appearing with the gall bladder. Food 
particles were clea,r~y s~ned: in day 4' samples and 
primordial but functional digestive organs were detected. 
The last digestive accessory organ positively detected 
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histologically in day 30 was the pyloric caeca appearing as 
an outgrowth of the anterior intestinal region near the 
junction of the pylorus. Significant results of the 
histological studies undertaken are summarized in Table 2. 

The slight increase in diameter of unfertilized ova 
from 0.8 to 0.9 mm in the nearly fertilized egg was 
definitely due to sperm impregnation. The process was 
followed by the distinct appearance of a perivitelline space 
along the outermost chorionic membrane a few minutes 
after fertilization. 

On the embryological aspect, the late phase of 
organogeny to the prehatching stage was the longest 
embryonic development phase, characterized by the 
formation of primordial organs such as the Kupffer's 
vesicle, optic lobe, cerebral region, body anlage, the first 
heart palpitations and body movement which might be 
common to pelagic fish embryos in their ontogenic stage. 

It was remarkable to note the pectoral fin bud and the 
eye cup to be the first external organs morphologically 
differentiated at this very early stage. This could be a 
provision to enable the fish to establish balance. The same 
organs were later observed to have a vital function in 
initial feeding activities when prominent retinal 
pigmentation and functional pectoral fins were being 
developed. 

Primitive epithelial cells lining the digestive tract 
from the buccal region to the anal epithelium included 
different types of cells with special functions in digestion -
- taste buds and other receptor cells, goblet cells, mucus 
cells and the numerous fat vacuoules lining the 
postintestinal region where fat droplets were positively 
stained by the osmium reagent. 

In this study, complete metamorphosis was recorded 
upon detection of the pyloric appendages on day 30 when 
the fish fully resembled the adult. In the red sea bream, 
marks that characterize the embryonic and larval stages 
are mainly due to the advanced development of functional 
organs and by the size attained by the fish and are not 
precisely determined by its age. 
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Table 1. Morphologic1I diHtrenti1tlon of m1Jor org1ns ind body structures of live red se1 bre1m 
samples from hitching to early Juvenile St8gt, 

Age External and lntern1i 
(d1ys) Head region body region 

0 av;h;oc UV 
1 
2 sf •• 
3 IJ;m;uj ic;lg;pc 
4 ep;g1 1a 
6 ag;fm 
6 np bc;bf:bv;is;oge;p;ya 
7 gf ab;vs 
8 ad mv 

10 ob 
12 rgs 
13 av 
14 rho rbc 
16 4•ob rsp 
16 
18 
21 
23 
24 
25 2•np 
26 
27 
28 11;sc 
32 6*icb 
36 
40 

•Number of fin rays or segmentations ind meristic counts. 
....Structures that might heve been developed earlier. 

Legends: 

Fins 

prb 

1•pfs 

s•pfs 

cb;dmf;vmf 
cfr;hy 
7+9•dfr:2•cfS 
10•1fr;10+11•dfr;p1f•• 
rta 
4•cfs;hcf 
s•cfs 
11 •1fr;10+12*dfr 

9*cfs 
plfs 
10•cfs 

Heid region: av, eud1tory vesicle; ep, 1ye pigmentation; ga, gill uchs; gf, gill "filaments; h, heart; 
Ii. lower Jaw; m, mouth; np, m1sai pores; ob, operculer blades; oc, optic cup; od, otoiith dis--
appearance; ov, or1i Vlive; rha, reddish heart eppearanc1; rgs, reddish gill structure; sf, snout 
formation; tj, teeth on J•ws; uj, upper jaw. 

External and internal body region: ab, elr bledder; ac, alimentary c1nei; 19, 1nei groove; 10, an1I 
opening; be, blood c11ls; bf, blood flow; bv, blood vessels; fm, food m1teriels; ic, mtestim1I 
convolution; ig, lntestln1i groove; icb, literal cross bands; II, i1ter1l lm1; is, iivad·llke) structure; 
my, myomer1; oge, oil globule absorption; p, paristalsis; pc, post constriction; rbc, red blood 
cells; rsp, reddish splean; sc, scales; uv, urinary vasicle; vs, vertebral spine; ya, yolk absorption. 

Fins: afr, 1n1I fin rays; cb, caudal bending; cfr, c1ud1I finravs;cfs, ceudal fin segm•nts;dfr, dorsal 
fin r1ys; dmf, dors1I merginal fm; ff1, finfold absorption; hcf, homocarcel c1udel formation; 
hy, hypur1I; pfb, pectoral fin bud; pfs, pectorel fin segmants; plf, pelvic fin; plfs, pelvlc fin 
segiTients; vmf, vantral marginal fin. 
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Table 2. Histological differentiation of major digestive organs and accessory parts from hatching to metalarval stage. 

Organs 
Age Buccu 

(days) pharyngeal Esophagus Stomach Intestine Rectum Pancreas Liver Others 

0 ma h 
ga k 

2 ic re he gb 
3 go;lj;mo;uj cc lc;pa;zg bd ab 
4 ov pv ub* be 
5 If cc m ao bv 

"6 me vc 
7 
8 od pd 
9 If 

10 
11 
12 pt;tb sp 
13 vc 
14 
15 hp 
16 gl 
17 
18 
19 gc 
20 
21 tj bs Iv 
22 gg 
23 
24 me zg gc 
25 
26 
27 
28 as* 
29 
30 pc fa 

*Organs that might have been morphologically develop,ed earlier. 
Legends: 

Buccu·pharyngeal: ga, gill archs; go, opening; IL lower jaw; ma, mouth anlage; me, mucous cells; mo, mouth opening; ov, oral 
valve; pt, pharyngeal teeth; tb, taste bud; ti. teeth on jaws; up, upper jaw. 

Esophagus: If, longitudinal folds; me, mucous cells. 
Stomach: bs, blind sac; cc, columnar cells; gg, gastric glands; If, longitudinal folds; pv, pyloric valve; zg, zymogen granules. 
Intestine: cc, columnar cells; gc, goblet cells; ic, intestinal convolution; m, microvilli; od, oil droplets; pc, pyloric caeca; vc, 

vacuole cells. 
Rectum: ao, anal opening; as, anal sphincter; gc, goblet eel Is; re, rectal cells; ub, urinary bladder; vc, vacuole cells. 
Pancreas: le, Langerhans cells; pa, pancreatic cells; pd, pancreatic duct; zg, zymogen granules. 
Liver: bd, bile duct; gl, glycogen granules; he, hepatic cells; hp, hepato-pancreatic duct; Iv, liver vacuoles. 
Others: ab, air bladder; be, blood cells; bv, blood vessels; fa, fat accumulations; gb, gall bladder; h, heart; k, kidney; sp, spleen. 



a 
rt:\ v 

b 

r 

c 

g 

k 

0 

s 

183 

d 

I 

t 

Fig, 1. Schematic illustri;ition of the eggs i;ind embryonic sti;iges in the red sea b.ream from fertilization to pre-hatching. a = unfertilized 
zygote; b =newly fertilized egg; c-g =cleavage; h-j = blastulation; k-.m = gastrulation; and n-t = organogeny. 
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Fig. 2. Schematic illustration of the early larval developmental stages in the red sea bream from' hatching to the metalarval stage. A =newly 
hatch.ed larva, TL 2.2 mm; B = 1-qay-oldlarva, TL 2.7 mm; C = 2-days:old 1.arva, TL 3,0 mm; D = 3-days-old larva, TL.3.2 mm; E = 4-5 
days-~ld larva, TL 3.1mm;F=6-7 days:old larva, TL 3.2 ~m; G = .10-16 days-old larva, T.L 4.0 mm; H = 18-20 days-olq larva, TL 6.0 mm; 
I = 22-24 days-old larva, TL 6.5 mm; and J = 28-30 days-old larva, TL 13.0 mm. 
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Abstract 

• To evaluate the possibility of utilizing brine solution and sea salt 
in the larviculture of Macrobrachium rosenbergii (de Man) three 
treatments were used: combination of brine solution, de-ionized 
freshwater and Ch/ore/la culture (greenwater) Ti; combination of sea 
salt, de-ionized freshwater and greenwater (T2); and combination of 
seawater, de-iOnized freshwater and greenwater (T3). Salinity was 
maintained at 12-14 ppt. · 

Results showed that Ti had the highest survival rate of postlarvae 
at 25.7%, followed by T3 with 17.95% and Tz with, 6.71 %. Mean 
percentage suryival differences between Tl and Tz and between T2 and 
T3 were significant (P < 0.05). No sign_ificant difference was detected 
between means of Ti and T3 • 

The study indicated that brine solution can be effectively used in 
the· larviculture of the giant prawn. It also showed the possibility of 
economically rearing prawn larvae in brackishwater reconstituted from 
sea salt. 

Introduction 

Nowadays, giant freshwater prawn (Macrobrachium 
rosenbergii) larvae are reared with the conventional 
teehniques where artificial brackishwater of about 12 ppt 
salinity is prepared from seawater. It is very difficult to 
rear prawn larvae in remote areas far from the· sea which 
entails added cost of getting seawater from its source to 
the inland hatcheries (Tansakul and Limpadanai 1980). 
Hauling of seawater requires a large vehicle and container; 
otherwise, frequent hauling of the same must be done. The 
utilization of more concentrated brine solution and sea salt 
in the larviculture of the giant praWn has so far received 
very little attention from aquaculturists. · 
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Materials and Methods 

This study was conducted from Septe~ber 1983 to 
February 1984 at the wet laboratory of the Freshwater 
Aquaculture Center (FAC), Central Luzon State 
University, Nueva Ecija, Philippines. 

Brine solution (165 ppt salinity) and sea. salt were 
obtained from salt producers. Seawater w~ hauled from 
Lingayen Gulf along the sea coast of San Fabian, 
Pangasinan. The total hardness of the freshwater coming 
from the well of the Center was lowered from 240 to 166 
mg/I CaC03 with a water de-ionizer. 

Berried females of M. rosenbergii seined from the 
FAC ponds were reared in aquaria for larval production. 
When eggs were about to.hatch, seawater was gradually 
added to increase the salinity of the rearing medium to 
aQout 5 ppt. Larvae produced were siphoned off and 
acclimatized gradually to a salinity of 12 ppt. 

Three treatments with three replicates each were 
used. The treatmeQts were as follows: Tl -combination of 
brine solution, de-ionized freshwater and greenwater; T2-
combination of sea salt, de-ioniZed freshwater and 
greenwater;. ·and T3-combination of seaw~ter, de-ionized 
freshwater and greenwater (control). Each ~aring medium 
was prepared by diluting brine solution, saltwater Qr 
seawater with de-ionized freshwater until the salinity fell 
within the desirable range of 12 to 14 ppt. Greenwater 
from an outdoor Chlorella culture was added at a ratio of 
about 1:25 parts greenwater to rearing medium. 
· . The study was divided into two batches as only six 
tanks were available. Experim~ntal treatments were set in 
a randomized block design. 

Six circular conical-bottomed 250-1 fiberglass tanks 
were filled with the rearing medium three days prior to 
stocking. The two airlift pipes. incorporated in the design 
of the tank (Fig. 1) were used to .provide a circulating 
airlift aeration system. 

The number of larvae stocked in each tank (Table 1) 
was estjmated by the aliquot method. Brine sbrinip nauplii 
(BSN) and egg custard were utilized as feeds. The quantity 
of BSN given dailr (expressed in ~spoon (tsp) of artemia 
cysts) from day 1 to the end of the rearing period was 
about. 1/2 tsp/10,000 larv~e. 

Starting on day 10, egg custard (particle size. 
approximately 0.3-mm diameter) was given );wice a day, 
except Sundays, between BSN feeding, at about 10 a.m. 
and 1 p.m. and in excess to ensure that all hµvae were able 
t? grasp food particles. 
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Tank bottoms were cleaned at least once a day. 
Every other day startiilg day 5, about 5% of the total 
water volume was siphoned out and gradually replaced 
with an equal amount of fresh medium. Water level was 
maintained at 250 I. 

Larval rearing was tenninated when about 90-95% of 
the prawns had metamorphosed to postlarvae which were 
counted and transferred to holding tanks. Those that had 
not metamorphosed were further reared in basins 
containing their medium. 

Water quality parameters of each rearing medium 
such as temperature, dissolved oxygen, pH and ammonia 
were recorded. The total hardness of each rearing medium 
and that of the de-ionized freshwater were· also 
determined. The salinity of the rearing medium was 
checked once a week with a refractometer. 

Results and Discussion 

Survival rate of Ti was the highest (25.74%), 
followed by T3 with 17.95% and T2 with 6.71 % (Table 
2)~ Differences between TI and T2 and between T2 and 
T3 were significant (P < 0.05). Replicates within the same 
treatment differed in survival rates as found also by Ong 
(1975) and Aniello and Singh (1980). 

Larval growth period to first day of metamorphosis 
was variable (Table 3). Ti had the earliest mean at day 
28.33, followed by T3 and T2 at days 30 and 32.33, 
respectively. The table also shows that T 1 had the shortest 
mean larval cycle of 43 days, followed by T3 with 46.33 
days the longest was that ofT2 with 61.67 days. 

The larval cycle in t1R1 was completed during the 
warm period of the year. Part of T2R1. T3R1, TiR2, 
T2R2 and T3R2 experiments and the whole of block 3 
experiments (i.e., TIR3, T2R3, and T3R3) were conducted 
during the cold months· of the year (Table 1). Rearing 
experiments conducted during the cool periods had lbnger 
larval cycles. This agrees with the · findings of Gibson 
(1975), Suharto et al. (1980) and New and Singholka 
(1982) that at temperatures lower than optimum, below 
24:..260C, the larval rearing time is lengthened. 

The differences in the mortality rates among 
treatments may be due to the differences in the mineral 
compositions of the rearing media used. Other possible 
causes of larval mortalities include: (a) poor water quruity, 
i.e., higher NH3-N·in other tanks; (b) jumping larvae that 
get stranded along tank wall above the water line; (c) 
cannibalism; and (d) improper acclimatization prior to 
stocking. · 

Mass mortalities of the larval stock were observed 
during the mid-period of TIR1 experiment. The larval 
population, however, recovered after two weeks of 
frequent water exchange. Larval mortalities were 

suspected to have been caused by poor water quality. 
Ammonia concentrations in the rearing medium during the 
period when mass mortalities occurred were at the highest 
levels at 0.42 and 0.37 ppm. 

Larval mortalities attributed to jumping larvae that 
got stranded along the tank w~ were minimal. Larvae 
were noted to start jumping and as early as day 20. 
Increases in larval mortality from jumping occurred during 
power failures when the aeration system became 
inoperative. Power failures occtirred during TiR1, T1R3 
and T2R3 experiments. 

Mortalities due to canrtjbalism (Peebles 1978). 
Aquacop (1977) and Suharto et al. (1980) also occurred, 
most seriously when the postlarvae appeared. 

Improper acclimatization prior to stocking was also 
su8pected to be one cause of ·larval mortalities in T2 
experiments. In this treatment a substantial number of 
larvae died within five days after' stocking. 

Conclusions and Recommendations 

Results of the study indicate that brine solution can 
be effectively used in the larviculture of the giant prawn. 
There is the possibility, however, of economically rearing 
prawn larvae in brackishwater reconstituted from sea salt, 
but this method needs further iflvestigation and 
improvement. 

Further studies are recommended to improve the use 
of brine solution and sea salt iri the larval rearing of the 
giant prawn, i.e., longer acclimatization. The highest 
concentration of brine solution tO be hauled from salterns 
that will give comparatively good results should also be 
determined. Causes of poor survival in brackishwater 
made from sea salt should be investigated and hatching of 
prawn eggs in larval rearing tanks should be tried to 
minimize larval mortalities in the stocking process. 
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Table 1. Dates of hatching and stocking, estimated larvae stocked and stocking rates/I. T 1 =treatment one; R1 =rearing trial one, etc. 

Date 
Hatching Stocking No. of larvae/tank No. of larvae/I 

TiR1 Sept 27 ·sept 29 11,378 45.5 
TzR1 Oct 17 Oct 19 9,269 37.1 
T3R1 Oct 12 Oct 14 11,470 45.9 
TiR2 Oct 15 Oct 17 11,222 44.9 
TzR2 Oct 19 Oct 22 8,060 32.2 
T3R2 Oct 16 Oct 18 10, 109 40.4 
TiR3 Nov 10 Nov 12 10,891 43.6 
TzR3 Dec 18 Dec20 9,466 37.9 
T3R3 Dec 21 Dec 22 10,186 40.7 

Table 2. Percentage survival of M. rosenbergii from larvae to postlarvae. 

T,reatment 
Survival (%) mean 

Treatment Rl R2 R3 (%) 

1 28.85,' 20.61 27.76 25.74 
2 2.88 5.76 11.48 6.71 
3 15.44 18.14 20.26 17.95 

,__; 

Table 3. Metamorphosis time from larval to postlarval stage of M. rosenbergii in various rearing trials. 

Metamorphosis Mean of metamorphosis 
(no. of days) (no. of days) Average 

Treatment Rl R2 R3 First Last (no. of days) 

1 26-39 29-45 30-45 28.33 43.00 35.66 
2 32-47 33-48 32-60 32.23 61.67 42.00 
3 30-48 30-46 30-45 30.00 46.33 38.16 
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Abstract 

This ongoing research deals with the distribution and abundance 
of giant mantis shrimp, Lysiosquilla maculata, in Polo Pt., Plaridel, 
Misamis Occidental, and Sitangkai Tawi-Tawi Islands, Philippines. A 
comparative survey gave a clumped or aggregated type of disuibu~on for 
both stations at a density of 3.56 shrimp/ha and 4.2 shrunp/ha, 
respectively. 

The nature of bottom sediments appears to be an important factor 
in the distribution of mantis shrimps. They generally prefer fine coral-
sand substrates and veiy fine sediments. 

Introduction 

Mantis shrimps are a delicacy in Hawaii, Japan and 
other Asian countries (PCARR 1981). In the Philippines, 
they are not common except in parts of Mindanao. The 
present research aims to provide baseline information on 
the ecology and biology of the giant mantis shrimp, 
Lysiosquilla maculata. 

L. maculata, locally known as "kamun" (Tausugs) or 
"amuntaha" (Cebuano), is a predatory crustacean 
(Caldwell and Dingle 1976). It is known to be the largest 
species of the order Stomatopoda, the most common and 
the most widely distributed species of the genus 
Lysiosquilla in the Indo-West Pacific region (Manning 
1978). This species thrives in shallow waters of the 
intertidal zone toward the reef breaker zone characterized 
by fine coral-sand substr~tes. 

189 

Materials and Methods 

The study was undertaken in Polo Pt., Plaridel, 
Misamis Occidental tidal flats (Fig. 1). The area is about 
990,000 m2, approximately 3.7 km east southeast of Looc 
wharf, Plaridel. 

Field surveys were made in neighboring reef areas of 
northern Mindanao and in Tawi-Tawi ·at the southern tip 
of Mindanao, which is noted to be a good source of mantis 
shriplps. . 

Monthly field sampling was done over eight months 
during the lowest tide for easy location of mantis shrimp 
burrows, using the modified systematic distance method 
(Wesunann 1971) cited in Loya (1978). Characteristics of 
mantis shrimp burrows and other ecological parameters 
were investigated. A market survey was also conducted. · 

Results and Discussion 

L. maculata thrives in shallow waters and is found in 
selected neighboring reef areas of Baliangao and Lopez-
Jaena, Misamis Occidental. It is also common all around 
Sitangkai and Sibutu Islands of Tawi-Tawi. In the main 
study area at Polo Pt., Plaridel, about 16 ha were surveyed. 

·Fifty-seven shrimps were observed from 46 identified 
burrows at a density of 3.56/ha (Table 1). In Sitangkai 
Islands, 10 ha were covered during sampling, for a density 
of 4.2 shrimps/ha (Table 2). The collection of shrimps was 
limited by the inefficiency of the traps and the number of 
available expert collectors, although many burrows were 
located. Both stations exhibited aggregated or clumped 
distribution. The species occurred in the study areas 
throughout the study period. 

Habitat. Mantis shrimp burrows are found from the 
intertidal down to the reef breaker zone. They are 
characterized by either a volcano-like mound of sediments 
or a funnel-shape crater. The burrows show a J or L shape 
with openings proportional to the animal's size. The most 
frequent burrow diameter was 68-73 mm with shrimps 
having a carapace length of 32-49 mm (male) and 34-50 
mm (female) (Table 2). Each burrow was usually 
inhabited by a pair of mantis shrimps, male and female. In 
the inner burrow wall, the sediment is held together by a 
sticky substance which is probably excreted by the mantis 
shrimp. Burrow openings are difficult to distinguish from 
other animal burrows found in the intertidal flat because 
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they are concealed with very fine sediments. During 
daytime, the eyes of the shrimps are seen through a tiny 
hole from their concealment At night, the hole is 
relatively large. 

Collection. Collection of mantis shrimps was usually 
done during low tide. Burrows were identified with the 
help of local fishermen in the area. The fish trap, locally 
called "lit-ag", was baited with various fish. A baited stick 
with a rattan loop is fitted to the opening of the shrimp 
burrow, while the other end is tied to a long bamboo pole. 
This is made to rest on another bent bamboo twig .with a 
sort of trigger held by a string, being pulled by the long 
pole. A slight pull of the bait triggers the trap, thus closing 
the loop and consequently hanging the shrimp together 
with the baited stick. 

The adult female is usually distinguished from the 
male by its distinct tangerine color at the mid'-dorsal 
abdomen, which indicates developing ovaries (M~ing, 
pers. comm.). Generally, the females are larger than the 
males. Modal size range is 225-250 mm, at which size 
males weighed 125-250 g and females 180-330 g (Table 
3). 

Mantis shrimps are not commercially exploited in 
Plaridel or other local markets of Misamis Occidental. 
Rarely, they are sold at 'P45-50/kg (US$1 = '¥20). In 
Sitangkai Islands, mantis shrimps are commercially 
exploited at'PS-10/pair or'P-10-20/kg. 

Water sampling for salinity, pH, turbidity, dissolved 
oxygen and temperature was carried out during lowest 
tides in Polo Pt., Plaridel at night. In Sitangkai Islands, 
water sampling and temperature readings were done at 
daytime. All parameters showed a narrow range and did 
not seem to be the factors exerting a limiting effect on the 
movement of these animals (Table 4). 

The substrate within the burrow of mantis shrimps is 
of fine coral-sand dominated by 40-60 µm grain size with 
average content of 58.51 %. Preference for grain size may 
rest on the capacity of grains to retain water and their 
suitability for burrowing. Fine sand is an excellent buffer 
against abrupt changes of temperature, salinity and 
dessication (Nybakken 1982). 

Mantis shrimp burrows were frequently found in 
seagrass areas. These grasses perhaps provide camouflage 
for the organism, while fish and other animals seeking 
shelter in the seagrass may serve as food. Four species of 
seagrass occur in the sampling areas: Thalassia becarii, 
Halodule pinifilia, Enhalus acoroides and Halophila 
dvalis. 
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Table 1. Distribution 1nd nbund1nce of mantis shrimp(s) and burrows 11 various 1-ha sit1s 1t Polo Pt. 
ind Sit1ngk1I. 

Polo Pt. S1t1ngk1i 
No. No. No. No. 

Site burrows shrimp Site burrows shrimps 

13 10 
9 6 

12 8 
8 

6 0 
6 6 6 
7 0 0 7 
8 4 4 8 
9 8 10 9 3 

10 3 10 0 
11 
12 1 
13 6 
14 
15 1 
16 3 

Tot1i 46 57 Total 65 42 

Table 2.Slze class frequ1ncv of burrows with captured shrrmp in Palo Pt.,Pl1rldel, M1s1m1s Occidental. 

Burrow's Size. r1nge of cor11p11ce 
diameter No of No.of f11ngth Imm) 

range Imm) burrow cetch Male Female 

50 - 55 5 41 
56 -61 10 7 34 - 45 34 - 36 
62 - 67 4 1 36 
68 - 73 13 11 36 -49 42 -48 
74 - 79 4 6 43 -45 44 - 49 
BO -86 32 -33 43 - 48 
86 -91 
92 - 97 44 -49 41 - 60 

Tot1i 46 38 

T1ble 3. Size composmon (10111 length) in relation to w11ght range of minus shrimp. 

Total length Weight range (g) 
Imm) Frequency Male Fem1i1 

100-126 60 
126·160 50 
150·175 1 85 
176-200 7 80-130 100-126 
200·226 11 100.200 130-165 
225-250 28 126°260 180-330 
260·275 16 72-320 190·300 
276-300 12 200·395 360-490 

Toto! no. of s1mpi1 size 78 
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Table 4. Tabulation of the range values of the physicochemical parameters in two stations. 

Salinity (ppt) 
• 0 

Temperature ( C) pH Turbidity Reg. D.O. (ppm) 
Burrow Burrow Burrow Burrow 

Surface mouth Air Water Sediment Surface mouth Surface mouth Surface mouth 

Polo Pt. 30.0 30.0 26.3 26.8 27.0 7.7 7.6 7.9 8.0 4.0 1.9 
to to to to to to to to to to to 

37.4 37.3 30.5 31,5 30.5 8.3 18.3 16.8 16.8 14.3 7.5 

Sitangkai 32.0 32.0 29.5 29.0 30.0 8,2 8.2 13.0 11.0 7.3 7.2 
to to to to to to to to to to to 

36.0 36.0 31.8 31.8 31.0 8.7 8.3 18.0 15.3 11 .7 10.2 

TawiTawi 
1~-f!'--~~~~~~~--,.,...~....:!::.--,1--" ....... ~.!¥'nt,:"".-~~~~---1~~~~~~~~~__.i;!..:n!..I 

Lopez 

Misamis 

LEGEND: 
tll.i areas surveyed 
~ sampling area 

f)t Si.utu 

Turnind'Qb! ~ 

IS. 

scale 1: 200;000 

Q._.~iiiiiill!!!!'!!!liiiiiiil!!ll!ll!lllliiiiiiil!s!!ll!!!!!ll!!!!!!!!!!!!ll!!!!!!!!!!IJ?km 

\ Fig. 1. Areas surveyed in Misamis Occidental and Tawi Tawi. 
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Abstract 

The macrobenthic fauna and sediments off the Tungkang c~ast 
were studied from samples at 30 stations in the autumn of 1983 with an 
Ekman-Birge grab and Tamura's sand grab. Sediments were almost fme 
sand or silt-clay mud. Numerical density of individuals ranged from 26 to 
3,006/m2. Number of species in each station was 1-18 with about nine 
species on the average. The dominant fauna was polychaetes with 31 
species of Spionidae, Magelonidae, Capitellidae, Nephtyidae and 
Goniadidae. Mollusca included Naticidae, Dentaliidae, Tellinidae spp. 
and a dominant bivalve of Verenidae, Veremolpa scabra. Crustacea 
included many amphipods belonging to Ampeliscidae and Corophiidae, 
with a few paranthurid Isopoda, Anomura and Brachyura. The 
relationship between sediments and animals is discussed in reference to 
the habitat of taxonomic groups and species. 

Introduction 

There are very few reports on the macrobenthic 
fauna in waters around Taiwan, although several 
investigators have. worked on their distribution and 
systematics in various parts of the East China Sea and 
adjacent waters (Paik 1975, 1980; Wo Baoling et al. 1975; 
Lee 1976; Hong and Lee 1983; Lee et al. 1983). As the 
coastal zone of southwest Taiwan is known to be 
intensively fished for shrimp, miscellaneous biological 
information is highly expected to provide useful ecological 
data for fishery management. Knowledge . of benthic 
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communities contributes significantly to demersal fish 
production and related problems. 

This paper describes the macrobenthic fauna in the 
. Tungkang region, the typical coast of southwest Taiwan 
and the composition of benthic communities in relation to 
sedimentation and the species habitats. An environmental 
survey of water and pollution was carried out at the same 
time by other members of Tungkang Marine Laboratory. 

Materials and Methods 

The study area is the offshore waters in the 
Tungkang coast (220 25'N, 120025'E) located 20 km 
southeast from Kaohsiung City (Fig. 1). The coast is open 
to the East China Sea and subjected to moderate wave 
washing and coastal current. Kaoping Hsi, one of the 
largest rivers in Taiwan and two smaller rivers, Tungkang 
Hsi and Linpien Hsi, flow into the coastal waters. A steep 
bottom slope faces the mouth of Kaoping Hsi. 

Thirty sampling stations were arranged 
approximately 2.8 km apart in a grid pattern from the 
northwest of the mouth of Kaoping Hsi, across it and 
Tungkang town, to the southeast of the mouth of Linpien 
Hsi. Several stations were established in the estuaries of 
these rivers and data from 22 of these stations were finally 
used in this report. 

The survey was carried out on 2-3 November 1983 
with the use of a chartered fishing vessel from Tungkang. 
Sediment samples were obtained three times at each 
station with an Ekman-Birge grab (0.04 m2) or Tamura's 
sand grab (0.05 m2). Samples were treated immediately 
upon arrival at the port. A small portion of the sediment 
was saved for sediment analyses. The remainder was 
weighed before washing the contents through a sieve of 
0.5-m2 aperture. The animals collected from the sieve 
were fixed in 10% formalin. After sorting, the specimens 
were preserved in 5% neutralized formalin, identified, 
counted and weighed, the total of each station recorded in 
wet weight. 

Species diversity of each station was calculated by 
Shannon-Weaver's index as follows: 

s 
H' = - ~ Pi log2 Pi 

i = 1 

where Hl is the index of species diversity, S is the 
number of species, and Pi is the proportion of total sample 
belonging to ith species. 
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In grain size analysis of ·sediment, fractions from 
coarse sand to fine sand were measured by sieve method, 
and silt-clay fraction was estimated from weight loss 
through a 0.063-m2 sieve. Median grain diameter was 
expressed as Phi scale. Organic matter of sediment was 
measured by the ignition method at 6000C for two hours. 

Results and Discussion 

The numerical densities at 22 sampling stations were 
26-3,006 individuals/m2, the average . being · 386.6 
individuals/m2 showing a low production in shallow 
waters facing the open sea. The high densities of 
Foraminifera at Station 13 and Station 27 were not 
considered because it was doubtful if these organisms are 
of the benthic assemblage. The biomass also showed 
comparatively low figures of 0.1-7.0 g/m2 in wet weight 
with an average of 1.8 g/m2 . From each station, 1· to 18 
species were obtained with 8.7 species as the average. 
Th.ere were 67 species in all, the major group being 
Polychaeta with 31 species. Values of. specific diversity 
were 0-3.52 with a low average of 2.46 which is a 
characteristic feature of off shore waters. 

The major numerical components were Polychaeta 
(61.8%), Mollusca (15.3%) and Crustacea (17.1 %) which 
comprised 94.2% of the total. Polychaeta included species 
belonging to Spionidae, Magelonidae, Capitellidae, 
Nephtyidae, Goniadidae and others, including a few 
opportunistic species such as Capitella capitata. Mollusca 
included Naticidae, Dentaliidae, Tellinidae and a dominant 
species of Veneridae, Veremolpa scabra. Crustacea 
included many amphipod species of Ampeliscidae and 
Corophiidae, with a few paranthurid Isopoda, Anomura 
and Brachyura. Table 1 shows that nine species were 
identical with previously recorded species from other 
districts of the East China Sea and neighboring waters; 
namely, Nephthys ciliata, Prionospio japonicus, 
Cirriformia tentaculata, Capitella capitata, Sternaspis 
scutata, Macoma tokyoensis, Theora lubrica (= Th. 
fragilis) and Photis longicaudata in Korea (Paik 1975, 
1980; Lee 1976; Hong and Lee 1983; Lee et al. 1983) and 
Glycera lancadivae in Xisha Islands of the South China 
Sea (Wu Baoling et al. 1975). 

The relation of benthonic habitat to environment 
through the presence of trophic species was iiresumed 
from the literature about the same genus or. other 
taxonomic groups (Hunt 1925; Enequist 1950; Griffiths 
1976; Fauchald and Jumars 1979; Morton and Morton 
1983), in accordance with the division of Dorsey (1982). 
Table 1 shows a great variety of carnivores and omnivores 
which accounted for 35.8% of the total species. Deposit 
feeders amounted to 29.9%, deposit-suspension feeders, 
such as tubiculous species especially in Polychaeta made 

up 17.9%, suspension feeders 10.4%, and unknown 6.0%. 
The percentage of deposit-suspension feeders is low 
compared with 82.7% obtained from the polluted area near 
the se)\'age-treatment farm recorded by Dorsey (1982). 
The Tungkang area can therefore be considered to have 
unpolluted offshore waters. 

Sediments had a median grain diameter of 2.06-6.64 
by ¢-scale, that is, almost fine sand and very fine sand, 
with a number of silt-clay materials. Values of ignition 
loss as an indicator of organic matter ranged from 1.15 to 
5.38%. Organic matter plotted against median grain 
diameter of the sediment on a semi-log scale, has usually a 
straight line relationship. Most organic matter is associated 
with small grains; their larger surface area permits more 
adsorption of microorganisms. Data from our survey also 
show the same relationship (Fig. 2), but the tangent of the 
straight line was lower than an example from polluted 
coastal waters (Kuwahara 1985). 

The distribution of median grain diameter (Md) is 
shown with the numerical density of animals in Fig. 3. 
High densities of animals have been found northwest of 
Kaoping Hsi and in the estuary of Linpien Hsi. The former 
is dominated by a species of suspension feeder, Veremolpa 
scabra, and a few deposit feeders. In the latter river, the 
mouth area was mainly occupied by an amphipod, 
Kamaka sp., and an unknown .Gastropoda; on the other 
hand, the estuary was dominated by a spionid polychaete, 
Prionospio japonicus, which was recorded from the inner 
area of a bay in Korea (Lee 1976) and the upper reaches of 
two large rivers in Japan (Tsuda and Kitagawa 1965; 
Kuwahara and Akimoto 1985). 

Bottom depth showed a fine relationship with 
median grain diameter and witJi specific diversity index 
(H') shown in Fig. 4. These two induced factors are 
considered to be correlated. The major animal groups were 
concentrated in a few ranges of grain size (Fig. 5), 
especially at Md(¢) 3.7-4.6. The pattern was clear for the 
major taxonomic divisions of Polychaeta, Errantia and 
Sedentaria (Fig. 6). 

The results were applied in the ranking of stations 
according to environmental conditions and biological 
characteristics (Table 2). 

Group I is composed of two estuarine stations, 
Stations 25' a.,d 27, where the sediments are coarser sand 
and communities are characterized by fewer species or 
low specific diversity. The· majority of species are 
Polychaeta, of which Prionospio japonicus, an inhabitant 
of brackishwater, is dominarit and an opportunistic 
species, Capitella capitata, is seeondarily dominant 

Group II is typical of offshore waters in the survey; 
the majority of stations are inclUded in this group. It has 
medium depth, very fine sand and medium ignition loss. 
Biological characters of many items are near the average. 
A bivalve, Veremolpa scabra, is the most dominant 
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species, in spite of its low numerical abundance at 26.5%. 
An amphipod suspension feeder, Ampelisca brevicornis, 
an opportunistic deposit feeder, C. capitata, and a few 
deposit-suspension feeders follow the dominant species, 
with a predator, Nephtys ciliata. The dominance of 
suspension feeders means a remarkable utilization of 
organic particles supplied by river inflow. Dominant 
coexistence of Ampelisca brevicornis and the other species 
of Veremolpa has also been recorded from the sand bottom 
off the mouth of major rivers in Japan (Hayashi 1983). 

Group III covers the deepest zone in the survey area 
with silt-clay which had higher ignition loss. It' is 
characterized by low numerical density and lower specific 
diversity. Inhabitants of .this muddy bottom are a 
carnivore, Nephtys dibranchis, as the most dominant 
species and several deposit feeders, Megelona cincta, 
Lumbrineris meteorana, Cirriformia tentaculata and 
others. 

Regional separation of closely-related species was 
observed between Nephtys ciliata in Group II and N. 
dibranchis in Group III, as in the distribution of four 
species of Nephtys in the estuary of the Netherlands 
(Wolff 1971). Group IV is an exceptional estuarine 
station, where only one species, Golfingia sp., a 
sipunculid, was found in muddy bottom with the highest 
ignition loss. 

The characteristics of macrobenthic communities in 
the offshore waters of Tungkang area are generally 
recognized from the perspective of Group II (Table 2). 
From the values of each item, it is suggested that organic 
matter derived from the precipitation of river-borne 
substances has much influence on the ecosystem of these 
benthic communities. 

The foods of penaeid shrimp are the major 
taxonomic groups of macrobenthos (lkematsu 1963). 
Epifaunal suspension feeder and deposit-suspension 
feeders, as in Group II, are more preferable than infauna! 
deposit feeders to shrimp. 
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T1bl1 1. Species of b1nthic m1crof1un1 collected 1t Tungk1ng region end their trophic type. 

Species Trophic type Spscies Trophic type 

• For1mlnlf1,.. D/SI Mollusc1 
Slpunculld1 M1mmlll•m•mm•t• 

Golfing/• sp. D Slphon1/i1 .sp. 
Polych1at1 Turr/cul• j1v1n1 

Aphrodltld11 sp, c c.du/us (P/1tyschk/11) opponumus 
S/g•l/on math/Id•• c Dentallldll sp, 
Eul1p1thus h1mir.,. c V•emo/p1 scabrw 
Pis/on• sp. D Th10,. /ubr/ca 
Phy//odoc1 or0M/1ndlt:a c N/tldott./lln1 mlnuta 
S/g•mb,. sp. c M1com1 eontabul1r. 
NNnrh1ssp. D M1com1 tokyMnsls 
Nrphty• IN•phtys) c//l•ta c Cuspfd1rf1 nob//ls 
N"t'htys (Agl•ophamusJ dlb,.nchls , c unknown G•stropoda 
Pan1/1cyd,onf1 ,nradox1 D Crust1ce1 
Glyc/nd11rmig1,. c MysldHsp. 
Gont.da 1m1rita c Apstud11 sp. 
H1mlpodus sp. c Cy•thu,. lnd/c. 
Glyc.ra /1nt:Mllva1 1 c Gnath/~5p. 

Lumbrln1r/s mmo,.n• D Amp~lfsr:1 cyclops 
Lumbr/n1rlops/1 sp. D Am/nl11C1 b,..vfcornfs 
OnUphls •ram it• c Phoxoc•ph•lus t1nulp•s ? 
Eunbsp. 0 Urotho1 grlm•ld/ 
P,.udopo/ydoro k1mp/ D/S Harpfnfops/1 sp. 
Prlono1PID /1pon/cu1 DJS ldun•ll• curv/d1Cty/1 
Par1prlon1J11JfD 1p. DIS M11ra hlrond•l/1/ ? 
M1g1/0111 clncr. DIS Phot/1 1onglc1ud1ta 
C/rr/form/1 ttnr.cul•ta D/S Erlcthonius pugn1J< 
Orbin!• sp, D Slphonoet:9t'1 kroy•ranu1 ? 
Scoloplos (Laod•mu) /ohnston1/ D K1m1k1sp. 
Arlclde• IUICIC. D/S c.1i11nus. /1ponicl 
Arm1ndl1 /1ptoclrru1 D L1omldf•arac/n1 
C.pir.111 c1pfta~ D Alph1ussp. 
Sr.rn1spl1 sCutat• D Albunu :ymnfrt• 
M1ldanld11 sp. D Tr/to~ymmi1 sp, 
Par.mil/• sp. s Ohlutoldu 

Amph/op/us1uc/Jtrotus 
Ost1lchthy11 

Br~mac.ro1 J•ponfcu1 , 

C • C1rnlvor1, 0 • ornnlvor1, S • susp1nslOn faecl~r. D • 0 dapos~t f1td1r. D/S• d1posit·susp1nslon (1td1r,? •unknown. 

Ast1rlsk lndle1t11° ~ num•rlcal density l1rg1r thin 100 lndlviduals/m2 at ant or mor1111tlons. 

c 
Coro 

c· 
D 
D 
s 
D 

D/S 
D/S 
D/S 
c 
1 

D/S 
D 1 

D 
1 
s 
s 
0 
D 
D 

DIS 
D 
D 
s 
s 

s 1 
D 
1. 

0 1 
0 1 
0 1 

D 

T1bl1, 2. Sedfm1n1 condltlon1, blologiCll charactlrlstlct ind domln1nt IPICIH ,..nkld by 1h1 lbund1nc1 of nch graln·slze groyp. 

Group 

No. of station 

Otpth r1ng1 lml 2-3 
Mdl~lof (mean) 2.40 

sldlm1nt (r1ng1I 2.08·2.74 
Ignition (m•nl 2.93 

loul"t tr1ng1I 2.28-3.67 

Nos.of lmeanl a.a 
splCIH lr1n1111I 2·8 

NumtrlCll 
d1nshv: (m•nl 1,522.6 
lrioJm2J.. (r1ng1I 39-3,008 

Specific 
dlvuslty tm•nl 121 
IH'I lr1ng1I 0.92·1.60 

Blom us lmnnl 2.3 
lg/m'I lr1ng1) 0.1-4.4 

Num1rlcal l'olych11tt1 93.t 
composl· Mol1usct 2.8 
tlonof Crust1c11 4.3 
an Ima I Mltc1llan4ou1 
group'"' 

Numttlcal composl· 
1lon of domln1nt 
IPICllS I"} 

Prfonosplo 
japonlcu1 

C.p/t•ll• c•pltlta 
K•mak• 1p, 
unknown 

G1stropod1 
/#anprlona,,,1o IP. 

69.8" 
11.9" 
8.6" 

4.3" 
2.8" 

13 

11-31 
4.11 

3.72-4.61 
320 

1.16-3.98 

10.6 
6·18 

347.8 
1n.1,to2 

2.91 
2.03'3.62 

2.1 
0,4·7.0 

55.4 
232 
20.0 

1.4 

V1r1molp• 
sc.tJ,. 26.6" 

,..,.,,,lonoJplo 
"'· 17.111 

C.plt•ll• 
C1Plr1t11 7 ·°" 

Amp•ll1t2 
bravlcornl1 4.4" 

M•a•lona t:lncr. 3.6" 
N•phty1 

t:lllttl 0.0" 
"Cv•thu,. lndlc• 3,0" 

111 

21-34 

8.64 < 
4.00 

3.36.0.06 

72 
3·10 

182,7 
104·286 

2.62 
1.60·3.18 

1.0 
0.3·2.3 

75.3 
4.9 

17.9 
1.9 

N•phty1 
dlb,.nchj1 t0.7" 

M•g•lona clner. 8.3" 
Lumbrln•rl• 

motftltaM 7.1" 
Clrrifonnl1 

t.ntacul•ll 7.1" 
C.pltall• 

·t:•Pit1ta 7,1" 
Scolop/01 

/ohntton1I ·6.9" 
,,.,.,,rlonoqJlo 

''" 6,3" 

,IV 

6.311 

28 

. p. 

1.9 

0 
0 

·o 
100 

Golfing/• sp. 100% 

I 
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Fig. 1. The sampling sites, southwest Taiwan. 
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Fig. 2. Correlation between median grain diameter and ignition 
loss in sediments (Station 11 : exceptional station near the steep 
bottom slope). 
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Fig. 4. Changes in Md(</>) and specific diversity (H1l corresponding 
to the increase of bottom depth. (Arrow: over to 6.64. Stations 
5 and 7: exceptional stations near the steep bottom slope). 
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Elasmobranch Fishes in the Nagasaki Fishmarket 

KAZUHIRO MIZUE 
AKIRA TAKEMURA 

Faculty of Fisheries 
Nagasaki University 
1-14 Bunkyo-machi 
Nagasaki 852 Japan 

MJZUE, K. and A. TAKEMURA. 1986. Elasmobranch fishes in the 
Nagasaki fishmarket, p. 199-200. In J,L. Maclean, L.B. Dizon and 
L.V. Hosillos (eds.) The First Asian Fisheries Forum. Asian 
Fisheries Society, Manila, Philippines. 

The west sea area of Kyushu including the extensive 
continental shelf and slope of East China Sea is favored by 
the many islands and complicated coastlines and a gigantic 
convergence between the Tsushima warm current and a 
water mass of the southern Yellow Sea. In consequence, 
many kinds and large numbers of fauna and flora inhabit 
the area. A number of different fishing techniques have 
operated in this sea area, including trawl and bull trawl, 
drift and set longlines, purse seines, gill nets, stationary 
nets, pole and line and whaling. These fishing grounds 
encompass the coastal waters of west Kyushu, Yellow 
Sea, East China Sea, northern South China Sea and 
southwestern Pacific. The center of these fisheries since 
the last century has been Nagasaki fishery harbor. More 
kinds of fishes have been collected in the Nagasaki 
fishmarket than in an} other place in Japan. 

Siebold (1842) and Glover (1912-1933) had 
published "Fauna Japonica" and "Fishes of Southern and 
Western Japan", respectively, which included many fish 
species landed at Nagasaki. Makihata (1967), Matsuo 
(1968), Okano (1982) and others, as well as the Faculty of 
Fisheries, Nagasaki University, have investigated the 
sharks and rays landed in that fishmarket. 

The following list contains the results of 
investigations on 61 species of rays, including 13 genera 
and 8 families. 

Recently, the authors used set longlines for deep-sea 
sharks in the adjacent waters of Nagasaki and collected 
five species of sharks, and added three species of three 
genera, Squaliolus laticaudatus, Cirrhigaleus barbifer and 
Deania eglantia, to the list. I sistius brasiliensis was 
judged to beam )mber of the family Squalidae instead of 
family Dalatiidae. 
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Hexanchidae. 
Hexanchus 

H. griseus (Bonnaterre) 
Heptranchias 

H. perlo (Bonnaterre) 
Notorhynchus 

N. cepedianus (Peron) 
Heterodontidae 

Heterodontus 
H. japonicus (Dumeril) 
H. zebra (Gray) 

Scyliorhinidae 
Galeus 

CJ. eastmani (Jordan et Snyder) 
G. sauteri (Jordan et Richardson) 

Cephaloscyllium 
C, umbratile Jordan et Fowler 

Scyliorhinus 
S. torazame (Tanaka) 

Halaelurus 
H. buergeri (Muller et Henle) 

Orectolobidae 
Orectolobus 

0. japonicus Regan 
Cirrhoscyllium 

C. expolitum (Smith et Radcliffe) 
Stegostoma 

S. fasciatum (Hermann) 
Chiloscyllium 

C. co lax (Meuschen) 
Sphyrnidae 

Sphyrna 
S. zygaena (Linnaeus) 
S. Zewini (Griffith et Smith) 

Lamnidae 
Carcharodon 

C. carcharias (Linnaeus) 
lsurus 

I. oxyrinchus Rafinesque 
Cetorhinidae 

Cetorhinus 
C. maximus (Gunnerus) 

Alopiidae 
Alopias 

A. pelagicus Nakamura 
A. superci!iosus (Lowe) 

Odontaspidae 
Odontaspis 

0. taurus (Rafinesque) 
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Triakidae 
Triakis 

T. scyllia Muller et Henle 
Mustelus 

M. manazo Bleeker 
M. griseus P ietschmann 

Hemitriakis 
H. japonica (Muller et Henle) 
H. hyugaensis (Miyosi) 

P roscyllium 
P. habereri (Hilgendorf) 

Carcharhinidae 
Carcharhinus 

C. obscurus (Lesueur) 
C. longimanus Poey 
C. plumbeus (Nardo) 
C. dussumieri (Valenciennes) 
C. limbatus (Valenciennes) 
C. falciformis (Bibron) 
C. melanopterus (Quay et Gaimard) 
C. leucus (Valenciennes) 
C. sorrah (Valenciennes) 
C. albimarginatus (RUppell) 
C. brevipinna (Muller et Henle) 

P rionace 
P. glauca (Linnaeus) 

Galeocerdo 
G. cuvier (Peron et Lesueur) 

Hypoprion 
H. macloti (Muller et Henle) 

R hizoprionodon 
R. acutus (Ruppell) 

Scoliodon 
s. laticaudus (Muller et Henle) 

Hemigaleus 
H. macrostoma Bleeker 

Pristiophoridae 
P ristiophorus 

P. japonicus Gunther 
Squatinidae 

Squatina 

Squalidae 

S. japonica Bleeker 
S. nebulosa Regan 

Squalus 
S. mitsukurii .Jordan et Fowler 
S. japonicus Ishikawa 
S. brevirostris Tanaka 
S. blainvillei (Risso) 

Centrophorus 
C. atromarginatus Garman 

Isistius 
I. brasiliensis (Quay et Gaimard) 

Etmopterus 
E. frontimaculatus Pietschmann 
E. lucifer Jordan et Snyder 
E. molleri Whitely 
E. brachyurus (Smith et Radcliffe) 

Squaliolus 
S. laticaudatus Smith et Radcliffe 

Cirrhigaleus 
C. barbifer Tanaka 

Deania 
D. eglantina Jordan et Snyder 

Rajiformes 
Dasyatidae 

Dasya tis 
D. akajei (Miiller et Henle) 
D. bennetti (Miiller et Henle) 
D. melanospilos (Bleeker) 
D. ushiei Jordan et Hubbs 
D. zugei (Muller et Henle) 
D. uarnak (Forsskal) 

Gymnura 
G. japonica (Temrninck et Schlegel) 
G. poecilura (Shaw) 

Urolophus 

Rajidae 
µaja 

U. aurantiacus Miiller et Henle 

R. kenojei Miiiler et Henle 
R . hollandi Jordan et Richardson 
R . tengu Jordan et Fowler 
R . porosa Gunther 
R. acutispina Ishiyama 
R. macrophthalma Ishiyama 

Pristidae 
Pristis 

P. cu:<1pic;latus Latham 
Torpedinidae 

Narke 
N. japonica (Temrninck et Schlegel) 

Mobulidae 
Mobula 

M. japonica (Muller et Henle) 
Platyrhinida<:! 

Platyrhina 
P. sinensis (Bloch et Schneider)· 

Myliobatidae 
Myliobatis 

M. tobijei Bleeker 
Aetobatus 

A .. narinari (Euphrasen) 

Rhinobatidae 
Rhinobatos 

.R . schlegelii Mtiller et ~enle 
R. hynnicephalus Richardson 

R hynchobatus 
R. djiddensis (Forssk&ll 

Rhina 
R. ancylostoma Bloch et Schneider 
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Abstract 

Four indices for comparing the overall growth perfonnance of 
fishes l(,J, P,rl>, andt,6') proposed by various authors are assessed, based on 
growth parameter estimates in 100 populations of tilapia in fifteen 
species of the genera Tilapia, Sarotherodon and Oreochromis, from 
inland waters in Africa and Asia. The best index, i.e., the one whose 
distribution was most similar to a norrtlal distribution wasq,' (= loglQK + 
2 loglQL.,.);the worst index was w(K=Loo).The best growth performance 
in all populations investigated was in. Oreochromis niloticus from Lake 

. Kainji, Nigeria, the worst fa 0. mossambicus from Lake Sibaya (South 
Africa). Some theoretical and practical implications of these findings are 
discussed. 

Introduction 

. Growth comparisons of fish based on a single 
parameter have been found to be misleading (Pauly 1979; 
I)J.mura 1980; De Merona .1983; Moreau et al. 1985). 
Several authors have proposed indices of overall growth 
performance based on two parameters (Gallucci and 
Quinn 1979; Pauly 1979; Munro and Pauly 1983;- Pauly 
and Munro 1984). These indices all take accoi.Jnt of the 
feature that "the growth curves of different fishes cannot 
be compared directly because the curves themselves· are 
produced 'by growth rates that are consumtly changing 
with time and size" (Pauly 1979). Hence, these indices all 
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relate to a given part of a growth curve, selected as 
representative of overall growth performance . 

This contribution compares the growth performance 
of 100 "populations" of tilapias (males and females are 
treated here as separate "populations" whenever their 
growth parameters had been, or could be estimated 
separately). Altogether fifteen species, belonging to the 
genera Tilapia, Sarntherodon and Oreochromis 
(Cichlidae: Teleostei) are covered, most of them from 
African inland waters. The ai1J1s are: 

• to review briefly and explore the characteristics of 
some indices of growth performance that have been 
proposed in the literature; and 

• to identify those tilapia populations which, in 
nature at least, have the highest growth performance, and 
hence to help identify African strains of tilapia with 
aquaculture potential in Asia. 

Throughou_t this paper, the von Bertalanffy Growth 
Formula (VBGF) is used to express the growth of fish 
(von Bertalanffy 1957); it has, ·for growth in length the 
form 

Lt= L .. (1-exp(-K(t-to)) ... 1) 

and for growth in weight 

Wt= W .. (1-exp(-K(t-to)))3 ... 2) 

where Lt (or Wt) are length (or weight) at age t, Leo 
(or W co) the asymptotic size,. K and t0 are constants with 
dimensions I/time and time, respectively. Four indices of 
growth perform·ance are presented and evaluated here. 

Parameter w. Gallucci and Quinn (1979) pointed out 
the need for independence between Leo and K to (1) 
improve the · quality of estimates; (2) increase the 
flexibility of the VBGF; and (3) allow for statistical 
comparison of growth performance. They proposed an 
alternative to equation (1), i.e., 

Lt= (w/K) (1-exp(-K(t-to)) ... 3) 

where -

w=K.L .. ... 4) 

Gallucci and Quinn (1979) suggested that the 
parameter w, which expresses growth rate (dl/dt) at to, is 
suited for comparison, mainly because its distribution is 
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more normal than that of K or L .. taken separately. The w 
index· has been used by Kipling (1983), Appeldoorn 
(1983) and Beukema and Meehan(1985). 

Parameter P. Pauly (1979) formulated the following 
criteria for an index of growth performance of fish: (1) it 
should relate to growth in weight, so as to allow 
comparison of species with different shapes; (2) it should 
consist of a single value and be easy to compute; and (3) it 
should be biologically interpretable. 

The first derivative of equation (2), which expresses 
the growth rate of fish, has a single maximum (dw/dt)max 
whether it is plotted against time or against weight. 
Therefore, the growth rate at the inflexion point (Y{i) of 
equation (2) can be used as standard for comparisons 
within and between species of different shapes. Note also 
that the fish of weight Wi usually represent, in nature, the 
bulk of their cohort (Philippart 1977). Compare with w 
which expresses dl/dt at length L = 0 and hence at a cohort 
weight of zero. 

Growth rate at the infle~ion point of equation (2) is 
given by 

dw/dtmax = (4/9) KWoo ... 5) 

Hence one can define 

P = log10 (K.W "° ) ... 6) 

whose antilog is directly proportional to (dW/dt)max· 
Because of this, P is the only one of the four growth 
indices presented here whose value can be computed even 
when growth parameters are not available. In such cases, P 
can be computed from the slope of the steepest part of a 
weight growth curve. 

ParametertJ>. The parametert/l, introduced by Munro 
and Pauly (1983) is based on the growth parameter 
estimates compiled and analyzed by Pauly (1978; 1979,; 
Table 1). It.is defined by 

tJ> = loglQK + (2/3) log10 Woo ... 7) 

ParametertJ>'. Pauly (1979), working with a large 
compilation of growth parameter estimates (Pauly 1978) 
noted that the relationship between K and L "° is, between 
different fish stocks of the same species, not one of strict 
proportionality (as assumed, e.g., by Gallucci and Quinn 
1979). Rather, this relationship is, on the average 

LogIQK = t/>' - (2/3)log1QL.oo 3 ... 8) 

which leads to the definition 

4>' = log10K + 2 log1QL "° ... 9) 

Table 1 gives a summary of the data which lead to 
the mean slope estimate of 2/3 for equation (7). The 
parameter¢' has been used, among others, by Pauly (1980), 
Munro and Pauly (1983) and Pauly and Munro (1984), 
who also introduced the new symbol.P' to replace "a" used 
earlier. 

The relationship of.p' to~ is given in Table 2 with the 
interrelationships and dimensions of all four growth 
performance indices presented,here. 

Materials and Methods 
' 

Table 3 presents the growth parameters used to test 
the four indices of growth performance. They were either 
taken from the reference cited, or computed, using 
standard methods, from size-at-age data in the cited 
literature. When necessary, length-to-weight conversions 
were performed. 

For each index, the arithmetic mean, standard 
deviation and coefficient .of variation, in percentages (C. V. 
= s.d. x 100/mean), were computed for important species 
in Table 3 (Table 4) and for the whole data set (Fig. 1). 

The properties expected from the "best" index of 
overall growth performance are: 

• it should be normally distributed when applied to a 
large number of populations belonging to closely-related 
taxa (such as the tilapias); and 

• its variance should decrease as one descends from 
higher to lower taxonomic levels. 

Results and Discussion 

As shown in Fig. 1 the distribution of P, ti> and .p' values 
are essentially normal and rather sharply peaked 
suggesting that these three indices, especiallytJ>' can indeed 
be used as indices of growth performance. Table 4 gives 
results for six species. Parameter 4>' has the lowest C.V. 
values, followed by P andtJ>; w has C.V. values 2-3 times 
higher than the other three indices. 

Thus, our conclusion is that t!>' has properties which 
make it useful.as an index of overall growth performance 
in fish, while w performed so badly that it should not be 
used for such purpose, notwithstanding the suggestion of 
Gulland (1983) that w "migh( be useful in distinguishing 
differences in the early growth rate of different 
populations." 

Note that <P fulfilled both criteria for a "best" index of 
growth performance, as, besides llaving a low variance for 
the combined data set in Table 3, it also had a lower 
variance when applied to separate species (Table 4). 

That 4>' performed better than the indices based on 
weight (P,tJ>) is somewhat surprising, but can probably be 
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explained by the fact that tilapia species have similar 
shapes, and that in most populations in Table 3, Woo was 
estimated from L.. using length-weight relationships not 
estimated jointly with the specific values of L .. , thus 
adding variance to the W .. estimates. 

Finally, the fact thatq,' has a dimension such that fish 
growth performance is related to surface area (Table 2), 
agrees with the suggestion of Pauly (1979, 1981, 1984) 
that respiratory surface area (i.e., gills) and hence oxygen 
supply are factors limiting fish growth. However, the 
limiting surfaces for growth (i.e., the gills) need not grow 
in proportion to length2 or weight2/3. Rather the index <P' 
and <P imply length2 or weight2/3 only because the von 
Bertalanffy equation is structured around this assumption 
(see von Bertalanffy 1957). Thus, one would certainly 
obtain an equally good index of growth performance based 
on a power between 2/3 and 1 as occur in most fishes 
(Pauly 1979, 1981). 

Based on the index <P' one can infer that Oreochromis 
niloticus and S. galilaeus in Lake Kainji, Nigeria, are the 
best-growing fishes of the lot considered here, while the 
worst is 0. mossambicus in Lake Sibaya, South Africa. 
The irony of this is that it is now very difficult to prevent 
wild 0. mossambicus from reducing, through 
hybridization, the growth performance of introduced 
strains of 0. niloticus and S. galilaeus (Pullin 1983; 
Tanaguchi et al. 1985). Clearly, growth comparisons of 
wild fish stocks, based on a suitable index of overall 
growth performance should be performed as part of the 
process leading to the selection of species for transfers and 
introductions. 
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Table 1. Stati~i~s of the 138 empirical regressions used to derive mean slope. of - 2/3 for plots of log10 K on log to W006r logLc!,.8 

Regression statistics 
Number of Mean s.d.of s.e.of 95% confidence 

Type of summary data regressions slopeb slopes mean slope interval 

. 3 
log10Konlog10 L.,;o 119b -0.632 0.386 0.035 -0.663 -0.701 

log 10 K on Jog10W00 19 -0,714 0.279 0.064 -0.680 -0.848 

Overall mean {unweighted) 138 l-a.673! c 

Over.II mean (weighted by nl 138 -0.643 lo.374ld 0.032 l-0.681 -o.1osl" 

1Adapted from Tebles X, XI and XIII• to h In Pauly (19791,besed on growth parameters compiled in Pauly (19781. 
blnclud1ng one plot each for the tilapie species OrM>chromis ~scul~ntus, 0. niloticus end 0. moss1mblcus end excluding 7 plots 

with positive values of b. 
°The plots of log 1J)K on log10W00 , although less numerous, involved growth parameter values previously checked for consistency; 

their mean value of b"" 0.714 may thus be given the same weight IS the mean b derived from the plots of log10 K on log10 Lao. 

d .; 2 2 I s.d.1+ 2 = l!s.d.1 (n1 -111 + (s.d.2 (n2 -1111 I (n1 + n2 -21 

9Note that 96% confidence interval includes - 2/3, i.e., the v1lue that would be <1 'pected given the assumption of -:- 2/3 built 
In the van Bert1ienffy equation (see text). · 

Table 2. Algebraic relationships between and dimensions of the four growth performance indices w, P, <P' and <!J.8 

P1rameter w 

w =W 

p = log10(w.e i.!;1 

p 

"' 
= 10?/(a.i..!,1 2 

= r/l-log10 Loa- 3 10910 

•P 1 
= r/>t 3log10Woo 

=P-!.log W -~log a =r/l-~log e 3 10 00 3 10 3 10 

=r/J 

• 

r/J' 

= 1or/J'1Loa 

= r/J'+ !.log W +~log I 
3 10 00 3 10 

'=r/J'+~log I 
3 10 

growth rate 
in length (I/ti 

growth rate 
In weight 
(log1ol l3 /tll 

growth rate 
in units of 
surface area 
(10910(12/t)) 

growth rate 
In units of 
surface area 
(log10(12/tll 

BTha perimeter "a'! refers to a length·waight relationship of the form W = e·L b in which, for simplicity's sake, isometry is assumed (i.e., in 
which the value of b is set equal to 3}. 

-

-· 
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Tab!• :J. Growth P1rlm111r1 W00 {gl. Loo (cm, sundard l1ngth). K (1/yr) and lndlc.s of growth p1rform1nc1for100 t111pl1 popul1tlonsor Arrrn 
ind Wost As!• Id • malo, 9- f1m1!1; abs1nc1of 1 symbol lmpllH th1t th• HX.H w1r1 not 51p1r1tldl. ' 

Sp•ci•s 

O.•u,.us d 6M 
9 645 
0 176 

116 

0. m•crochlr 1.262 
0 600 
9 455 

1,628 
634 
602 

0 629 
9 310 

0. mommblcus d '408 
9. 410 
0 3,082 
9 1,726 

665 
1,729 
1,671 

976 
1.'460 

997 
1,326 

d 1,269 
'l 1,082 
d 770 
9 710 
0 737 
d 676 

1,277 
0 1,979 
9 1.132 

0. •nd•nonll 4.692 
1,926 

d 1,730 
9 623 

0, a1eul1nws 74'4 
BBQ 
761 
616 
747 
632 

0. tiucortlctut d 691 
9 449 

0. wrMbllls 426 

O.s•h 663 
0. shlr1nus 639 

0, MlU•mlptnnls 719 

O.ntl tfcus d 
9 
d 
'l 
9 
9 

T.r•nd•lll d 
9 
d 
9 
0 
9 

0 
9 
9 
9 

d 
9 
d 
'l 

T.zllll d 
9 

S.galliHUS d 
" 9 

1,214 
387 

"" 746 
7,069 
1.679 
1,016 
1,635 

780 
1,013 
1,373 
1,9B6 
3,604 
7,13'4 
3,9B4 
6,563 

474 
434 

1,135 
610 
905 
699 
986 
674 

2,028 
85• 
764 

2,903 
744 

2,698 
2,765 
1,487 

610 
405 
932 
462 
485 
196 
274 
149 

1,125 
889 

1,262 
493 
60B 
BBB 
811 

1,135 
992 
32B 

2,760 
'4,563 

26.6 
27.1 
16.4 
142 

31.6 
26.1 
22.6 
3'4.3 
23.4 
242 
23.8 
20.0 

21.6 
21.7 
38.7 
30.7 
24 5 
36.1 
34.7 
29D 
33.0 
29.2 
32.0 
320 
2B6 
260 
25B 
270 
26.8 
31.2 
37.6 
313 

48 6 
35.7 
40.2 
26.1 

25.2 
29.5 
26.7 
254 
27.1 
26.5 

24.6 
22.4 

22D 
26.6 

240 

26.2 

33A 
22B 
28.6 
27.2 
57.2 
34.7 
29.4 
34.4 
27.1 
29.4 
32.6 
36B 
39.0 
66.3 
46.2 
62.1 

22.6 
21B 
30.1 
24.4 
27.2 
2'4.9 
29.1 
24.3 
39.9 
21B 
26.3 
'40.0 
26.b 
40.2 
41.1 
33.1 

24B 
21.9 
27.4 
26.5 
23.1 
170 
169 
16,6 

31.0 
2B.9 
29.9 
23.2 
24.2 
266 
27.2 
306 
28.5 
20.1 
41.0 
48A 

K 

0.677 
0.'479 
0.768 
1616 
0.312 
0.'460 
0.488 
0266 
0374 
0.'425 
0.433 
0.5'46 
0358 
0240 
0 186 
02'46 
0.388 
0.211 
0,300 
0.380 
0.267 
0527 
0.210 
0.413 
0.397 
o.684 
OA38 
0.417 
0.370 
0.6-4'4 
0362 
0.396 
0.174 
0.336 
0221 
0455 

0.349 
0.280 
0.460 
0.629 
0.314 
0.307 

1.160 
0526 

0.361 

0.723 
0.499 
0.448 

w 

1629 
12.98 
12.43 
22.95 

9B3 
11.30 
10.98 
9.12 
8.76 

10.28 
10.31 
10.92 
7.73 
5.21 
7.69 
7.65 
9.45 
741 

10.41 
10.6-4 
9.61 

17.68 
6.72 

13.22 
11.36 
17.79 
11.30 
1126 
9.55 

20.09 
13.62 
12.36 

9.'46 
12.00 
9.89 

11.42 

9.7tl 
926 

12.02 
13.44 

8,61 
7B6 

28A2 
1400 

7.72 

18.~'4 

11.99 
11.74 

254 
2.'49 
2.13 
2.27 

2.60 
2.43 
2.35 
2 64 
2,30 
2.41 
23B 
2.23 

2.16 
1.99 
2.78 
2.63 
2AO 
2.65 
2.70 
2.52 
2.59 
2.75 
2.44 
272 
2.53 
2.72 
~.50 

2A9 
2,40 
292 
2B6 
2.66 

2.90 
279 
2.69 
2 46 

2.41 
2.4'4 
2 53 
2.51 
237 
22B 

2.93 
2.'45 
217 
2.58 
2.43 
2.51 

0.233 7.78 2A5 
0.'438 10 01 2.23 
0 610 1'4.59 2.84 
0.603 13 68 2.57 
0.137 78'4 2.99 
0.276 9.6'4 2.6-4 
0694 17.'43 2,78 
0 '460 16.60 2B7 
0 678 10.24 2.47 
0.284 8.6'4 2.47 
0366 11.61 2.69 
0.283 10 40 2.76 
0.600 19.60 324 
0,405 22.80 3.46 
0.646 26.20 3.33 
0.218 1126 309 
0.667 16.01 2.60 
0.628 11.61 2.36 
0.623 762 248 
0,324 7.91 2.30 
0.526 14.31 2.68 
0.50'4 12.65 2,66 
0.745 21.68 2B7 
0A79 11.6-4 2A4 
0.128 4.72 2.'41 
0 '457 12.98 2.60 
0.456 11.99 2.6'4 
0.138 652 2.69 
0.313 8.29 2.37 
0.177 7.12 2.66 
0.157 6 46 2.54 
0,230 7 61 2.63 

0 639 13.34 2.62 
0.603 13.21 2.39 
0.632 17.32 2.72 
0.720 18.36 2.54 
0.334 7 .72 2.21 
0660 11.22 2.11 
0.386 7 .28 2 02 
0.610 7.91 1.88 
0.465 14.42 2 .72 
0.490 1'4.16 2.64 
0.337 10.09 2.63 
0.570 16,64 2.62 
0.976 23.59 2.69 
0.601 16,99 2.73 
0660 17.96 2.73 
0.530 16.17 2.79 
0 640 16.37 2.73 
0 630 10.67 2.24 
0288 11B1 2.90 
0 469 22.70 3 33 

1.62 
1.56 
1.38 
1.58 

1.66 
1.61 
1.'46 
1.67 
139 
1.48 
1.'45 
1.40 
1.29 
1.12 
162 
1.55 
1.46 
1.48 
U53 
1.54 
1.63 
1.77. 
1.40 
1.68 
1.62 
1.78 
1.55 
1.63 
1,45 
1 BB 
1.76 
1.83 

1.68 
1.70 
1.60 
1.62 

1.48 
1.'44 
1,67 
1.58 
1.'41 
1,36 

1.91 
1 56 

1.30 
1.74 

1.62 
1.65 

1.42 
1.37 
1.55 
1.62 
1.70 
1 67 
1.78 
1.80 
1.61 
1.47 
1.64 
1.65 
2.06 
2.18 
2.13 
1.84 

1 61 
1.'49 
1.'44 
1.37 
1.69 
1.60 
1 B7 
1.62 
131 
1.63 
1.69 
1.44 
1.41 
1.62 
1.'49 
1.48 

1.59 
1.62 
1.75 
1 65 
1.31 
1.36 
121 
1.16 

2.61 
2.65 
2.31 
2.61 

2.49 
2.'45 
2.39 
2.50 
2.31 
2.40 
2.39 
2.3'4 

2.22 
2.05 
2.47 
2.37 
236 
2.41 
2.66 
2.47 
2.'46 
2.70 
2.33 
2.63 
2.61 
2.67 
2.46 
2A9 
2.39 
2.90 
2.71 
2.69 

2.81 
263 
2.66 
2.'46 

2.35 
2,39 
2 61 
2.63 
236 
2.30 

2.84 
2.50 

223 

2.67 
2.46 
2.49 

2.41 
236 
2.62 
2.67 
2.65 
2.62 
2.71 
2.73 
2 44 
2,'41 
2.68 
2.68 
2.BB 
3.11 
3.07 
2.77 
2.53 
2.40 
236 
2.29 
2.59 
2.49 
2.80 
2.'45 
2.24 
2.66 
260 
2.3'4 
2.34 
2.'48 
242 
2.40 

2.52 
2.46 
2.SB 
2.87 
2.25 
2.28 
2.14 
2.09 

ArH 

L. M1nz1lo 
L. Morlout 

B1roU• Flits 
K1fu1Flats 

L. L11mb1zl 
K1fu1 River 
L. lt15y 
L.Al1otr1 

lncom1t1 Limpopo 

Nj1l•Dam 
Wlnt1rD1m 
Loskop Dim 
Sheho Ngubu Dim 
H1rtse1spoort Dim 
DI Hoop Vlei D1m 
Z1eloolVlolDom 
Loskop Dim 

Doorndr1I Dim 

Luphepht Dam 

Egypt Ponds 
Hong Kong 

81rots1 Flots 
L. Llambezl 
K1fu1 Flits 

Zimb.ilbw• 
L Victorl1 

L.M1low1 

L.Al1<>tro 

L.M1n1oso1 

L, lmy 

L.Mariout 

L.M1nz111 

Bon Tuvll (1960) 

Payne & Collinson (19831 

Duerre (1969) 
Dudl1y 11974) 

De Meron111983l 
81lon & Cocho (18741 
Moreau 119791 

Bruton & Allenson (1974) 

Hecht 11980) 

Kour• & ti Balock 119581 
Men & Hodgklu 119771 

Duerr• (19691 
D1M11ron1(19931 
Dudlsy 11974) 

d• Klmp• 119651 
G1rrod 119611 
Lowo 119561 
Trow1vas 119841 

G•rrod 11961 I 
Fryer& ll•s 11972) 
G1rrod 119811 
De Meroni 119831 

Mor11u 119791 

El Z1rk1 (19611 
P1yn1 & Collinson 119831 

Mou151 Hydrodromo J1nsen 11867) 
L. Tchld 8l1ch• (19641 
L. Alblrt Ssentongo 119711 
L. Kolnjl Petr & K1p1tsky (1983) 
L.NISser 

P1yn1 & Collln'°n 119831 
L. lt1sy Morl!lu 11979) 

L. Alootr1 

L.M1nt1so1 

81rotse Flats Duerro 119691 

Klfuo Flits Dudlsy 11974) 

L. K1nb1 S.lon & Cocho (197"'1 
Doorndr•I Dim , De M1ran11119831 

lncom1ti Limpopo De Merone 11983) 

River Niger Do M11ron11 (19831 

L. K1lnjl Pl!r & K1p1tsky (19831 

L. Marlout J1nsen 119571 
L. Cllrum Poyn1 & Colllnson 119831 
L. 8et1h1 El Bolock & Koura (19811 
Ponds, Egypt Bin Tuvie 119601 

1,70 2.65 L. Klnner•t 
1.66 2.81 
1.60 2.48 L. Tchtd 
1.62 2.66 L. Klnntret 
1.79 2.76 L. Morlout 
1.74 2.63 L. Tchtd 
1.76 2.69 Ch1rl Ligon• 
1.76 2.69 L. Bll1h1 
1.73 2 64 L. K1nnerc1 
1.40 2 .33 L. Manz1l1 
1.75 · 2.69 L. N1sser 
2.11 3.04 L. K11nJ1 

Louanne 119791 
L1nd1u (19831 
Jensen 11957) 
Bloch111964l 
D•Meronast al.linprossl 
El Balock & Kourt 119611 

Poynl & Coll.nson {19931 
Petr la K1p•tsky 119931 

20.5 



206 

en 
.§ 
0 
'3 c. 
0 c. 
d z 

en c: 
0 ·-a 
:; 

10 

20 

g. 10 
c. 
d z 

Table 4. I ndlces of growth performance in the six best represented tilapia species in Table 3, ranked 
according to their mean value of <fl. Note that 'i[J' has, overall, the smallest C.V. (in brackets). 

Species 

0. m'loticus 

S. gali/aeus 

0. mossambicus 

T. rendal/i 

0. macrochir 

T. zillii 

Mean C.V. (weighted by n) 

n 

16 

12 

20, 

16 

8 

8 

w = 12.3 
c.v. = 38.1% 

n = 100 

~ = 1.58 
c.v. = 12.0 % 

n = 100 

w 

13.5 
(39.4%) 

15.7 
(26.7%) 

11.0 
(35.9%) 

10.4 
(42.1%) 

10.2 
(8.9%) 

12.0 
(35.8%) 

33.8% 

.~ 
0 
'3 

20 

c. 10 
8. 
d z 

p 'ijj 

2.80 1.72 
(12.5%) (14.2%) 

2.72 1.72 
(9.2%) (9.5%) 

2.57 1.57 
(8.7%) (11.2%) 

2.53 1.53 
(5,7%) (8.9%) 

2.42 1.48 
(5.8%) (4.5%) 

2.30 1.44 
(12.6%) (15.0%) 

9.04% 10.8% 

'iP' 

2.65 
(8.4%) 

2.65 
(6.3%) 

2.48 
(7.1%) 

2.45 
(5.5%) 

2.41 
(2.8%) 

2.39 
(9.6%) 

6.74% 

p = 2.57 
c.v. = 10.5 % 

n = 100 

fd = 2.51 
c.v. = 7.5 % 

n = 100 

Fig. 1. Frequency distribution of the four indices of growth performance in Table 1. Note low C.V. and correspondingly narrow, sharply 
peaked distribution of <j/. 
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Abstract 

The distribution, size composition and feeding ecology of Penaeus 
monodon in the coastal waters of Tungkang, Taiwan, were studied from 
July 1982 to August 1985. 

Gravid female shrimp are found inshore and offshore at depths 
between 10 and 40 m from June to December. Spawning peaks occur in 
Augu5t and November. Juveniles and subadults are found in the Kaoping, 
the Tungkang and the Linpien estuaries from March to May. Emigration 
of subadults from Dapong Bay occurs mainly from June to October. 
Subadults and adults are caught in appreciable numbers in coastal waters 
between Dapong Bay and Nanshufu at depths less than 40 m from June 
to January with the peak from July to October. The stomach contents of 
the shrimp are mainly composed of crustacea, mollusca, fish, detritus and 
sand granules. Seasonal and geographical variations in stomach content 
compositions are significant. 

Introduction 

To establish an effective system of shrimp ranching 
fisheries in Taiwan, the Tungkang Marine Laboratory has 
selected the shrimp fishing grounds along the coast of 
Tungkang as the experimental area and engaged in a series 
of studies on the biology, ecology and population 
dynamics of the economically-important shrimp in this 
area. 

In this paper, the distribution, size composition and 
feeding ecology of P. monodon in the coastal area of 
Tungkang are presented. 

Materials and Methods 

The study area includes the Tungkang coast and its 
adjacent estuaries and bays (Fig. 1). 

The catch and effort data were collected from a 
commercial beam trawler (5.5 t, 22 hp) operated in the 
coastal area from July 1982 to July 1985. The methods of 
data collection and processing ·are the same as those 
described by Su and Liao (1984). The data of three years 
were summed up by month and by sampling site and catch 
per unit effort (CPUE) was calculated. 

To assess shrimp in estuaries, a motor raft was 
employed. A 4 m wide beam trawl fitted with 20-mm 
mesh net was towed in daytime at a speed about 20 m/min. 
over the bottom. Each month, five 20-min. trawls were 
made at the Kaoping, Tungkang and Linpien estuaries 
from September 1984 to August 1985. 

To estimate the emigration of shrimp from the bay 
into the sea, a sample was taken from a set net at the 
mouth of Dapong Bay four times every month from 
September 1984 to August 1985. 

In addition to the catch and effort data, monthly 
samples were collected from the various sampling sites 
from September 1984 to August 1985. The carapace 
length (CL) of each specimen was measured to the nearest 
0.1 mm, and the body weight (BW) to the nearest 0.01 g. 
Individual sex was determined and in the case of females a 
visual estimate of ovarian development was recorded. 
Stomach contents were preserved in 5% formalin. The 

'\ fullness of each stomach was determined visually and an 
index of 0-4 was given corresponding to the quantitative 
range of empty to full. For stomach content analysis, the 
entire contents of each stomach were rinsed into a petri 
dish and examined under a binocular microscope. The 
frequency of occurrence method (Hyslop 1980) was then 
employed to elucidate on the spectrum of food ingested. 

Results 

The monthly distribution of gravid females 
(spawners) in the coastal waters is shown in Fig. 2. The 
spawners were absent from the sampling area from 
January to May. They were caught in the waters between 
the estuary of Linpien River and Nanshufu at depths of 10-
40 m from June to December with the peaks in August and 
November. CPUEs of7-8 spawners per ten hours occurred 
in the peak season. 

Fig. 3 shows the monthly distribution of shrimp 
(excluding spawners) in the coastal waters-. No shrimp 
were caught between Chungjou and Fangliao at depths 
more than 20 m from Februaiy to May. The shrimp 
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occurred between Chm;igjou and Nanshufu at depths less 
than 40 m from June to January. Shrimp were more 
abundant from February to May in the Kaoping, Tungkang 
and Linpien estuaries and in August in the Tungkang 
estuary (Fig. 4). The catch data collected at the mouth of 
Dapong Bay revealed that the shrimp emigrate from the 
bay to the sea from June to October (Fig. 4). 

The size composition of carapace length (CL) by 
area is shown in Fig. 5. These results show the broad size 
ranges of shrimp residing in the sampled estuaries and of 
shrimp emigrating from the Dapong Bay to the sea. The 
largest shrimp were in general found in the deeper 
offshore waters. 

The intensity of feeding is assumed to be high when 
the fullness ·index of stomach ·is 3 or 4 (50-75% and 75-
100% full, respectively). As shown in Table 1, the shrimp 
in the Dapong Bay forage more intensively in winter and 
spring. However, in coastal waters intensive feeding 
occurs in spring and summer. 

The stomach contents were classified into eight 
categories. The relative importance of stomach content by 
season and by locality is shown in Table 2. In Dapong 
Bay, Crustacea, Mollusca, fish, detritus and sand granules 
are the main food. Crustacea occur more often in summer, 
Mollusca and detritus in spring and sand granules in 
winter, respectively. Seasonal variation of foraging on fish 
is not apparent. ·In coastal waters, Crustacea, Mollusca, 
detritus and sand granules constitute the main diets. The 
shrimp forage more often :on. Crustacea in summer and 
autumn, Mollusca and detritus in spring and summer and 
sand grand granules in spring, summer and winter. 

· Discussion 

Judging from the temporal and spatial distribution of 
CPUEs of Spawners .(Fig. 2), it is apparent that the main 
spawning grounds are located at depths from 10 to 40 m to 
the southwest of the coast between the estuary of Linpien 
River and Nanshufu. The spawning season is from June to 
December with peaks in August and November. Motoh 
(1981) found that the spawners of P. monodon could be 
caught at the mouth of. Batan Bay and in the wate:rs off 
Tigbauan in the Philippines all year-round, but that 
spawning peaks occur in February, July and November at 
Batan Bay and in March and October at Tigbauan. 
Therefore, it is reasonable to .conclude that P. monodon 
spawns inshore or offshore depending on favorable. 
salinity and temperature. The spawning season of P. 
monodon in Taiwan is different from the season in the 
Philippines. Peak spawning takes place in February and 
March in the ·Philippines, but not in Taiwan where 
spawners can rarely be caught from January to May. This 
difference may be ascribed to geographical variation or 

overfishing. Local fishermen remember that several years 
ago spawners of P. monodon could be caught in greater 
numbers from January to May. Urgent action is required to 
stop the overfishing of P. monodon in Taiwan. 

Although no shrimp were caught at more than 20 m 
from February to May (Fig. 3), shrimp were present in 
estuaries from February to May (Fig. 4). Adolescent and 
subadult shrimp may be found in nearshore waters at less 
than 10 m from February to May, although no sampling of 
these waters was done during this study. 

The life cycle of P. monodon in the coastal waters of 
Tungkang is summarized in Fig. 6. Spawning occurs in 
inshore or offshore waters at depths from 10 to 40 m from 
June to December. The developing larvae gradually move 
toward the nearshore waters, ~stuaries and bays where 
they grow into adolescents or subadults. After 4-6 months 
in the natural nurseries, the shrimp swim to deeper water 
and grow into adults, the mature shrimp at first residing in 
inshore waters, then moving offshore gradually. 

Marte (1980) studied the food and feeding habit of P. 
monodon from Makato River, ·Philippines, and reported 
that they feed mainly on Crustacea and Mollusca. Organic 
detritus, silt and sand were ingested in relatively small 
amounts. However, this study found that Crustacea, 
Mollusca, · detritus and sand . granules are all ingested 
intensively. The seasonal variations in feeding intensity 
(Table 1) and stomach contents (Table 2) suggest that the 
food environment changes with the seasons. Fish 
fragments are found in the stomach contents of the shrimp 
from the bay, but not in those from the sea (Table 2). This 
suggests that their feeding . h3;bit is modified by food 
environment. 

The results of this study suggest that P. monodon is a 
suitable species for sea ranching in the coastal waters of 
Tungkang. The juvenile, adolescent and subadult shrimp 
reside in the estuaries, the bay and the nearshore waters. 
The subadults and adults are largely distributed in inshore 
waters. Shrimp foods are abundant in coastal waters; 
Released shrimp can have sufficient food for growing and 
can be harvested from specific areas. In fact, several trial 
releases of ta'gged P. monodon (50 g BW in average) have 
been done, with ·average recovery rates of 15% and. 
maximum growth of about 30 g/month (Su and Liao, 
unpublished·data). It must be noted,.however, that unless 
controls on fry .fishing in bays and estuaries are 
implemented, these waters cannot be used as nursetjes. 
These preliminary results suggest that the future of P. 
monodon ranching in this area is quite promising. 
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T1blo 1. Fullness of stomachs of P. monodon by se1son and loc11ity 1%1. 

Wm1er Spring Summer Au1umn 
Fullness (J1n·Mul (Apr.Jun) IJU\·S•pl (Oct·Dec) 

index• A B A B A B A B 

0 17 7 43 0 40 1 43 
33 69 20 62 33 26 27 60 
16 16 8 14 16 14 11 17 
17 7 15 5 6 19 9 16 
17 14 29 42 11 14 

No.of 
stomachs 
examined 36 13 49 21 221 144 301 76 

•index 0, 1, 2, 3, 4 indicate: empty, 1·26%, 25·60%, 50·75%, 76-100% fullness, respectively. 

A: Dapbng Bay; B: Coastal weters. 

T1ble 2. Occurrence of stom1ch contents of P. monodon by season and locality(%). 

Winter Spring Summer Autumn 
(Jan· Mar) (Apr-Jun) (Jul-Sep) IOct·Dec) 

Stom1ch contents A B A B A B A B 

Crustacee 63,6 8.3 57.1 24.B 75.2 58,6 53.B 48.2 
Mollusc• 40.9 33.3 57.1 61.9 40.9 56,9 42.4 28.3 
Fish 27.3 0 35.7 0 30.5 4.8 28.0 6.6 
Detritus 682 76.0 82.1 100 67.6 91.8 62.9 83.0 
Send granules 77.3 75.0 71.4 952 65.7 98.3 46.9 92.4 
Plant material o 0 o o o 6.5 o o 
R•dlol.riens o 0 o 142 o 19,5 1.8 
Sponges o o o o 0 6.5 o 
No. of stomachs• 
exemined 22 12 28 21 105 123 132 53 

•with fullness index 3 or 4. 
A: D•pong B•y; B: Coutel watars. 

30' 

20' 

..... · ...... · 

22°10'N 

120°20'E 30' 

Fig, 1. Map showing the study area. 
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Fig. 2. Monthly distribution of CPUE (in number per 10 hours) of 
spawners of P. monodon. 
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Fig. 3. Monthly distribution of CPUE (in number per hour) of P. 
monodon. 
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Fig. 4. Monthly occurrence of P. monodon at various sampling 
site&. 
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Fig. 5. Carapace length frequency distribution of P. monodon by 
area and &ex. The number in the figure indicates sample size. 

Fig. 6. Schematic figure of life cycle for P. monodon in the coastal 
waters of Tungkang. The shaded area indicates the range of 
distribution. 
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Abstract 

The biology and culture of the spanner crab, Ranina ranina 
Linnaeus, was studied for a 14-morilh period in Jolo, Sulu and Camiguin 
Island, Misamis Oriental, Philippines. Two stations were established in 
Jolo and two in Camiguin Island. R. ranina sampling was done by skin 
diving and baited crab traps known as benthol. Monthly ecological 
sampling for plankton,· meiofauna, physicochemical parameters and 
commercial catch was undertaken. Collected adult and berried R. ranina 
were reared under laboratoiy conditions in wooden aquaria, fiberglass 
and concrete tanks. Observations revealed that R. ranina thrives in 
coralline sand with depths ranging from 3.2 to 100 m. Plankton and 
meiofauna communities in all stations showed similar taxa composition. 
Commercial fishing was observed to be well-developed and organized in 
Jolo, Sulu. Transport of live male, female and berried specimens yielded 
100% survival with the use of aerated or oxygenated seawater. Berried 
females hatched 80,000-160,000 zoeae. Feeding requirement studies 
indicated that the zoeae survived significantly longer with Brachionus 
feeding. R. ranina broodstock spawned in captivity with or without 
eye stalk extirpation at 1: 1 sex ratio and fed with squid and shark meat. 

Introduction 

The biology and culture of Ranina ranina Linnaeus, 
known as spanner crab or frog crab (Australia and USA) 
or kona crab (Hawaii), kuratsa (Zamboanga), kayukom 
(Camiguin), bayukom (Camiguin) or kagang pama (Jolo 
and Tawi-Tawi), are important for investigation 
considering its contribution to the protein needs of the 
country and its economic prospects in the local and export 
markets. Its biology and culture are practically unknown. 
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The special characteristics of spanner crab were 
studied to establish benchmark information on the ecology 
and rearing of larvae, juveniles and adults. Initial results 
obtained from October 1981 to December 1982, with 
notes on spanner era bs in general are presented. 

Materials and Methods 

Fig. 1 shows the established stations and substations 
in Jolo, Sulu and Camiguin Island, Misamis Orierital, 
Philippines. Sampling was done in all stations by using 
baited crab traps (Fig. 2) known as sambao (Jolo and 
Tawi-Tawi) or benthol and Sapyaw {Camiguin) and by 
skin diving every three days before the first (Stations 1-2) 
and last (Stations 3-4) quarters of the moon. 

Samples were transported to the laboratory by land 
and water. The specimens were placed in plastic' pails with 
unaerated seawater or plastic bags with oxygenated 
seawater encased in wicker bags. 

Plankton· samples were obtained in all stations with a 
Kittahara quantitative plankton net to examine the relative 
abundance of crab planktonic larval species and to identify 
and quantify · R. ranina larvae. Meiofauna cores of 
sediment, both frorri deep and shallow water, were 
obtained· to determine the interstitial organisms and 
interstitial water and organic' carbon content (Tietjen 1969; 
Hulings and Gray 1971) of the substrate where R. ranina 
burrow. Food types and feeding habits were also 
determined. Carapace length-width and body weight were 
measured. Water temperature was recorded and pH, 
turbidity, salinity, dissolved oxygen, N03, NH4 and P04 
were analyzed by standard methods (Theoroux et al. 1943; 
Strickland and Parsons 1972). Grain-size analysis 
determined the ~ubstrate types in all stations. 

Interview and market surveys were conducted to 
assess spanner crab landings. Fishing operations were also 
observed to determine the composition of the catch per 
month. 

Laboratory operations were done with different life 
stages on different diets in three different setups with five 
treatments and replicates· in concrete- tanks, Wooden 
aquarium and fiberglass tanks. 

Broodstock development and management 
techniques were applied to· raise spawners in captivity. 
Rearing schemes on larvae and adults were modified from 
Provenzano (1967). Water quality, feeding ration and 



212 

requirements, pests, parasites, stocking density and 
sex ratio were monitored. Tests on broodstock are still in 
progress. 

Results and Discussion 

The specimens collected exhibited characteristics of 
R. ranina (Sakai 1976), being of large si?e with very broad 
carapace (6:5 ratio), sternal thoracic shield reaching only 
to the bases of the ambulatory legs, and three-segmented 
eyestalk with all four pairs similar in form and size. 

The crabs examined have elongated mouth parts with 
triangular buccal frame, an adaptation to a back-burrowing 
habit The narrow upper end of the buccal frame and the 
elongated maxillipeds function· as exhalant channel. Its 
elongated body and spade shaped legs are conveni~nt for 
digging, burrowing or swimmi.pg. Underwater on cqralli.Ile 
sandy substratum, crabs were observed to ~urrow by 
tilting backwards and to ·dig with their walking legs. 
Burrowing is rapid until only the eyes or antennae are 
invisible. In culture tanks they exhipited the same behavior 
but were not aggressive and could be easily · h.andled 
without danger or biting. · · · 

The three-month survey during the 1981 and 1982 
seasons showed that the animal occurred in comparative 
abundance in Maimbu.ng, Jolq, Sulu (Table 1). 

Data from interviews and sambao operations with 
fishemien on fishing gear c9mponents and fishing time 
and effort are presented in Tables 2 and 3. · 

Observations. on holding time after collection by 
benthol in Station 2 showed that 100% survival could be 
attained with dorsal orientation inside pails or basins with 
or without substratum but with seawater and aeration from 
2 to 24 hours on board a boat (Tables 4 and 5). Survival of 
crabs transported from study areas to the laboratory with 
aerated or oxygenated seawate.r was 100% (Table 6). 

Meiofauna analyses revealed the presence of 
copepods, nematodes, polychaetes, kinorhynchs, decapod 
larvae, turbellaria, tardigrades, .oligochaetes, ostracods and 
bivalve larvae in all stations. Guts . of all crab samples 
contained foraminiferans .and undigestible parts of exuviae 
of shrimps, crustaceans,. polychaetes, copepods, other 
unrecognizable materials and sand grains. Parrot fish were 
the only preqators observed . 

. Maimbung, Jolo, Sulu has. a comparatively well-
developed and petter organized fishery. Although the 
fishery already existed in Jolo and Tawi-tawi in the early 
1950s it w~ only in 1976 that the fishery converged in 
Maimbung and became organized.. Catches from 
Maimbung Bay, Siasi Island, Tapol Island and Kuliasi are 
arranged in bundles of 2-9 pieces of 500-1,000 g and sold 
at 'N.00/bundle to middlemen in Maimbung. These are 
then transported to Jolo market at fl:l-15/piece. or at'PS-

IO/bundle depending on the size. Those taken to 
Zamboanga and Manila are packed in styrofoam boxes 
with crushed ice and sold at P.20/kg or '1l5-20/piece 
depending on the size. 

Hatchery operations were first attempted with a 
gravid female from Medano, Islet, ~amiguin Island, 
Misamis Oriental. The gravid specimen initially spawned 
160,000 zoeae which lived 12' days after hatching. This 
spent female spawned the second time; 80,000 zoeae 
hatched one month later and lived up . to 19 days on 
Brachionus spp. alone. Another ~xperiment with 
Brachionus sp., Dunaliella sp., clam juice, eggyolk and 
Diet III juice was done in five treatments and five 
replicates. A highly significant difference .was obtained 
with Brachionus sp. feeding a!One at 100 Brachionus sp. 
individuals/zoeae mid feeding with Brachionus sp., 
Dunaliella sp. and eggyolk against clam juice and Diet III 
juice. Mortality was attributed to the presence of 
Legenidium sp. 

· . In wooden aquaria with the use of aquarium jackets 
with lights to maintain water· temperature and Artemia, 
Brachionus, Tetraselmis aild diatoms as feeds, crab larvae 
survived up to 14 days. 

In the 1982 hatchery operation, a gravid female from 
Jolo, Sulu, died upon extrusion of the first batch of eggs. 
This was att:J;ibuted to the stress encountered by the berried 
females during transport The zoeae. were reared in 
chlorinated water with Artemia) Brachionus, eggyolk and 
diatoms and suririved to the 16th day. 

In the 1982 operations, opsei-vatjo,is were made on 
the sexual maturity of extirpated adults taken from Jolo, 
Sulu and Camiguin Island. These were cultured in wooden 
aquaria at 1:1 ratio. During fertilization, the male was 
observed clasping the female in upright position using the 
sandy substratum as support. The premating embrac~ took 
place 5-7 days before the copu,latory molt and lasted for 
about three to four days. The pair separated when the 
female was on the verge of pre-copulatory molt. A few 
hours after molting, the male ehlbraced the female again 
for the actual mating. The initial 14 pairs of broodstock at 
1:1 sex ratio yielded four berried females in captivity. Two 
aborted their eggs, one spawned and one died. Broodstock 
development studies in ·1-t fiberglass tanks and 18-t 
concrete tanks are still in progress. 

References 

Hulings, N.C. and J.S.·Gray. 1971. A manual for the study ofmeiofauna .. 
Smithsonian Institution Press, Washington, D.C. 84 p. 

Provenzano, A.J., Jr. 1967. Recent advances in the laboratocy culture of 
· decapod larvae, p. 940-945. In Phx:eedings 'of the symposium on 

Crustacea. Part ·n. Symposium Series 2. Marine Biological 
Association of India, Mandapam Camp, India. 

Sakai, T. 1976. Crabs of Japan and the adjacent seas. Kodansha Ltd. 

---'· 



l -
I 
l 
I .._ 

'--

'--

L 

I -
i ,__ 

I 
j 
L.. 

! 

i 
L.. 

i 
'-

i 
'-

213 

Strickland, J.D. and T.R. Parsons. 1972. A practical handbook of 
seawater analyses. Bull. Fish. Res. Board Cari. 167. 311 p. 

Tl!lbil!l 1. Tot1I c1tch (no. crabs) of d11slgn11ted crib i1nding 1re1S for three months of 1981and1982. 

Theroux, F.R., E.F. Eldrigo and W.L. Mallmann. 1943. Laboratory 
manual for chemical and bacterial analysis of water and sewage. 
McGraw-Hill, N.Y. 274 p. 

Tietjen, J.H. 1969. The ecology of shallow-water meiofauna in two New 
England estuaries .. Oecologia 2:251-291. 

T1bl112. Fishing gear component and fishing effort in designated araes. 

Months 

June 16 
October 16 
November 10 

Operation 

1981 
2 3 

119 6 12 
360 6 2 
200 10 

Depth BMto//opf"retion tlma C.tchf6 hr 
Areas (m) (no.) (hr) Bait or /diva 

Zemboenga 32 64 5:30 11:30a.m. Shirk 
Bes lien 32 64 6:30 11:30 a.m. Shork 
Patlkul 32 64 28 6:30 11:301.m. R1yflsh 4 
Maimbung 48 - 100 45 5:30 11:30 a.m. Shark 12 
Medano Is. 32 64 9 6:00 3:00 p.m. Surgeon fish 0 
Medeno Is. 3.2 16 Skin diva 6:00 3:00 p.m. 
Mag ting 3.2 16 Skin dive 6:00 3:00 p.m. 

3:00 5:00 p.m. 

Tabil!l 3. Biological cdmposltion of catch by bentol end diving in July, August end Septembar, 1982. 

Biological composition ww• 
No.of Total catch Femel1 ranges 

St1tion observations 116 hr) Male Fem1le with eggs (gl 

12 6 0 100 - 600 
4 2 2 0 110 160 
9 5 0 75 - 130 

2 16 6 9 160 - 776 
9 4 5 200 - 500 

16 8 8 100 - 700 

1 6 0 63 - 116 
2 9 4 0 14.0 - 410 
3 13 0 105 - 398 

•ww =wet weight. 

Tabla 4. Survival of miles 1nd females in holding facilities one boat. Values are means of duplicate setups. 

Holding 
Position No./ Sax time 

Treatment and medium : basin ratio lhrl 

ventral, without saawater 8 1:1 5 
2 dorsal, without seaw1ter 8 1:1 12 

dorsal, without substrate 
end aerated seaw1ter 8 1:1 24 

dorsal, without substrete 
but with aereted seawater 1:1 24 

Table 6. Survival of mele end femela R. ranin• In holding facilities of banes. V1luas are means of duplicate setups. 

Treatment 

2 
3 
4 

Medium 

19 I seawater 
19 I se_awater 
19 I seawater 
19 l 2/aeration but change 

water every 2 hr 
10 I seawater without 

aeration 

No.I 
pail 

4 
4 

8 

Holding 
Sax time 

ratio lhrl 

1:1 2 
1:1 6 
1:1 8 

1:1 24 

1:1 24 

- 4 - 4 
-12 
- 60 

- 2/dive - 2/dive 
-26 

x 
WW 
lg) 

226 
130 
100 

320 
367 
281 

94 
263 
206 

Survival 
(%1 

0 
BO 

100 

100 

Survival 
1%1 

100 
100 
100 

100 

0 

1982 
2 3 

20 305 4 7 
16 200 18 6 
12 400 8 10 
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STN I 

121°N 
f-6°015'E 

T1ble 6. Survival and transport methods and dur1tion from study arHs to MSU·IFRD laboratory. 

Transport 
No.of trials Containers medium 

Station 2: 24-28 hr 

piastre blilgs In wicker bags chilled seawater with oxygen 

plostlc bigs In wicker bags chilled seaw1ter with oxygen 

3 pl1stlc bigs in wicker bigs chilled seawater with oxygen 

St1tlon 3: 8-12 hr 

20·1 polls SBIWater with sediment and 
with aeration 

3 20·1 pails ·saewetar without sediment 
and aeration 

3 plastic begs In styrofoem box chilled se1w1tar with oxygen 

3 plastic bags In styrofo1m box .chilled seawater with oxygen 

Float 

~ 
K 

(jfJ;J STN 2 

O~oslty/ Survival 
bag (%) 

4 120.2~ 100 
4 120,29) 100 
4 (20,291 100 

6 (50,291 100 
6 140, 19) 100 
6 130,391 100 

1 (9berrled) 100 
2 (9borrled) 100 
1 (9 berried) 100 

4 (20,29> 100 
4 (20,29) 100 
4 120,29> 100 

4 120,29> 60 
4 (20,291 76 
4 (20,29> 100 

6 (40,29> 100 
6 (3o,39> 100 
6 (30,39) 100 

(9 berried) 100 
(9 berried) 100 
(9 berried) 100 

+ 

ll~,........~1 7.~.·~,
7

~"'.!~~·'--~ ........ ~~~----.:1~~'i>' 
124° 41' E 

STN 3 
9°115'N ... 

··' Comlouln Island 
STN 4 

Mag ting 

Fig. 1. Study areas in Paticul, Jolo (Stn. 1); Maimbung, Jolo 
(Stn. 2); Meda no Islet, Camiguin (Stn. 3) and Magting, Camiguin 
(Stn. 4). STN =station. 

Anchor 1 2 -------------+ 9 

Fig. 2. Crab fishing with sambao (Tausog) or sapyaw (Visayan) . 
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Abstract 

lphthyoplankton samples were collected over a one-year period 
from the southern Java Sea around Jepara, Central Java, Indonesia. 
Oceanographic data and horirontal ichthyoplankton samples were taken 
at all 15 sites each month, and vertical samples were also taken monthly 
at the nine deeper stations (10-30 m). Nearly 9,000 eggs and 1,700 larvae 
were collected. Stolephorus (anchovy) eggs made up the largest 
identifiable egg category with 7% of the total; and clupeiform larvae 
were the dominant element of the larval fraction with 42%. Jn the 
horirontal samples the maximum egg density at any site was 31.8/m3, 
and the annual mean density 0.7, eggs/m3. The maximum larval density 
was 1.8hn3, and the ·annual mean, 0.1fm3. Jn the vertical hauls the 
maximum egg density was 20.3/m3 (annual mean l.9/m3) and the 
maximum larval density 31.5hn3 (annual mean l.3hn3). The value of 
larval surveys covering such limited areas is discussed in relation to fish 
biology, population dynamics and fishery resource appraisal. 

Introduction 

Hempel (1973) summarized the uses of 
ichthyoplankton studies in three categories: detection and 
appraisal of fisheries resources; studies in population 
dynamics of fishes; and studies in biology and systematics. 
The FAO manual on standard techniques for fish egg and 
larva surveys (Smith and Richardson 1977) gave excellent 
guidelines on how to conduct such ichthyoplankton 
studies, but assumed that the boats available would be 15-
100 m in length and fully equipped with a complete range 
of winches and oceanographic equipment 

Is it worthwhile for groups with limited resources to 
even consider starting such work, and if they do, what 

215 

aspects of ichthyoplankton studies could they attempt? 
Many of i:he uses of ichthyoplankton surveys involve 
monitoring long-term fluctuations in the success rates of 
breeding populations, but in most Asian waters even the 
initial egg and larva surveys and identifications have not 
yet been done. Until some of this knowledge is obtained 
from small-scale surveys, larger-scale stock monitoring 
exercises will have difficulty in functioning effectively. 

The objective of this program was to examine the 
abundance and distribution of the ichthyoplankton in a 
small coastal area of the southern Java Sea. Particular 
attention was to be paid to the breeding of anchovies 
(Stolephorus spp.) and small clupeids (Sardinella and 
Dussumieria spp.) which are important in the local 
fisheries. 

The Study Area - The Java Sea 

As recently as 12,000 years ago, what is now the 
Java Sea was a major plain and river valley draining the 
Sunda Shelf between Kallman tan and northern Java, and 
emptying into the Straits of Makassar to the east (Tjia 
1980). Sea level changes and crustal movements have 
since produced the Java Sea, which is approximately 1,000 
km long and 400 km wide, but no more than 60 m deep for 
most ofitS area (Fig. la). 

The Java Sea lies 4-80 south of the equator in an area 
which is dominated by relatively strong, wet, 
nort.iwesterly monsoon winds between November and 
February; and weaker, drier southeasterly winds between 
June and September. The monsoon winds set up a current 
system within the Java Sea.. A surface current running 
from west to east occurs during the northwesterly 
monsoon, bringing less saline water from the South China 
Sea into the western part of the Java Sea. This current 
reverses during the southeasterly monsoon when more 
saline, oceanic water is brought in from the east (Soegiarto 
and Birowo 1975; Groves and Niemeyer 1975). 

Much of the oceanographic and biological data 
relating to the Java Sea describes the conditions well away 
from the coastlines and the immediate influence of land 
(Wyrtki 1957; Soegiarto and Birowo 1975). This program 
considered the environment of the southern Java Sea 
immediately adjacent to the Jepara headland on the north 
coast of Central Java as far out as the 30 m isobath. 
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Materials and Methods 

The program was based on 15 sampling sites located 
along three parallel transects situated approximately 10 km 
apart (Fig. lb). Samples were taken at monthly intervals in 
or over water of 2, 5, 10, 20 and 30 m depth along the 
transect lines. The work was carried out between June 
1984 and May 1985 from a 6-m aluminum launch. 

Several physical parameters were measured: surface 
temperatures, salinities and Secchi disc extinction depths. 
the speeds of surface currents were measured from the 
anchored boat using a simple rectangular drogue set 2 m 
below the surface and attached to a measuring cord. 
Current direction was assessed using a hand-held compass. 

Samples were taken using a simple conical plankton 
net (45-cm mouth diameter) fitted with 500µm mesh and a 
centrally situated flowmeter. Horizontal surface tows of 
approximately 5 minutes duration were made at each site, 
and vertical or near-vertical hauls were made at 10, 20 and 
30 m sites on all transects. The samples were stored in 5% 
buffered formalin until examined. All the fish eggs and 
larvae were removed from the plankton samples, counted 
and the numbers converted to counts/m3 of filtered 
seawater. 

Results and Discussion 

The monthly surface temperatures in the sampling 
area (15 measurements/month) oscillated about an annual 
mean of 29.30C (range 27.6-31.00C), which is 
considerably higher than that quoted for the central Java 
Sea by Wyrtki (1957) who found a mean of 28.20C and a 
range of 27.6-28.80C. The form of the seasonal variation 
found here was as expected during the drier part of the 
year, when the sea surface temperature rose steadily, but 
rather than falling steadily throughout the rainy season as 
expected (Wyrtki 1957; Kastoro and Birowo 1974), there 
was a large rise in the mean temperature in January to a 
peak of 31.00C. Climatological data provided by the 
Semarang Meteorological Office showed that the sunshine 
duration for January 1985 was 10% higher than any 
previous figure in the 10-year range, and 27% above the 
10-year average. It is very probable that this would have 
been sufficient to have caused the unusually high January 
sea surface temperatures and the raised annual mean 
temperature. 

The mean salinity of the surface waters over the 2-m 
isobath reached a maximum of 31.9 ppt in September and 
a minimum of 18.0 ppt during December at the height of 
the rainy season. Salinities at the 30-m isobath followed 
the same pattern, but reached a peak of 32.5 ppt in August 
and fell to 25.6 ppt in December. Salinity in the central 
Java Sea varies with location, but generally fluctuates 

between 32 ppt in February/March and 34 ppt in 
September (Sjarif 1959; Soegiarto and Birowo 1975). 
Inshore results from work in the western Java Sea (Nontji 
1978) and eastern Java Sea (Soegiarto et al. 1980) are 
similar · to those presented here, and confirm the 
expectation that inshore salinities are more variable and 
generally lower than offshore. 

The mean Secchi disc extinction depths at the inner 
stations (2, 5 and 10 m) were dominated throughout the 
year by the effects of coastal wave action and terrestrial 
run-off, but those over the 20-m and 30-m sampling sites 
gave results which were initially rather surprising. 
Between June and November the three 30-m sites gave 
average extinction depths which varied between 3.8 m and 
8.2 m, but starting in December (the northwest monsoon 
period) the transparency increased dramatically, reaching a 
peak of 19.0 m in March. The transparencies at the 20-m 
sites followed the same pattern. 

Increases in water transparency may be caused either 
by decreases in the amount of suspended inorganic matter, 
or by decreases in phytoplankton abundance. Both major 
storms and pulses of phytoplankton production occurred 
during the December-March build-up of high 
transparency, and as both of these factors would be 
expected to decrease rather than increase the transparency, 
they could not have played a major role in producing the 
observed results. , 

A third possibility is that water movements caused 
by the monsoons were responsible for the high 
transparency. The surface water coming to Jepara in 
March is derived from the Sunda Shelf to the northwest of 
the study area (Soegiarto and Birowo 1975). This water 
will have been travelling across the Java Sea for 2-3 
months, rather than along shallow coastal areas, and could 
therefore be expected to have lost much of its sediment 
load and be considerably clearer than inshore water. 

The surface current data for the area showed two 
major features: north to northeasterly flowing currents of 
up to 2 km/hr from December to February; and generally 
southerly flowing currents seldom reaching 1 km/hr from 
June to August. These results are in accordance with the 
wind patterns and theoretical expectations (Groves and 
Niemeyer 1975) and add some of the fine detail to 
previous work. 

During this work, 8,830 eggs and 1,710 larvae were 
taken. Within these categories : there were more than 30 
identifiably different eggs and· more than 100 different 
larvae and juveniles. Stolephorus (anchovy) eggs (7%) 
made up the largest immediately identifiable category of 
eggs, and clupeiform larvae (42%) were the dominant 
larvae. 

The average densities (15 samples/month) of fish 
eggs and larvae taken in surface horizontal hauls between 
June 1984 and May 1985 are shown in Fig. 2. The annual 
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mean density for all eggs was 0.66/m3, although a peak 
single-sample density of 31.75/m3 was recorded over 20 
m of water in September. As a result of this sample, 
September also showed the maximum monthly average 
egg density of 2.70/m3. Stolephorus eggs averaged only 
0.04/m3 over the year, with a small peak in abundance in 
April. These egg densities are about three times the levels 
reported by Soegiarto et al. (1981) for the Sunda Strait 
between Java and Sumatera, and probably reflect the 
nearness of our site to land and nutrient-rich, run-off 
water. Larval fish in the surface samples were much 
scarcer than anticipated, however, and were far fewer than 
found in the Sunda Strait study. The annual mean density 
was only 0.13/m3, with a peak single-sample density of 
1.80/m3 at Bulak in 5 m of water in December. 
Clupeiform larvae contributed only 0.04/m3 to the annual 
mean density. 

The vertical sampling provided a very different set of 
data (Fig. 3). The average numbers (9 samples/month) of 
eggs were three times greater than in the horizontal hauls 
(1.89/m3), with a peak density of 20.25/m3 in 20 m of 
water in February. Stolephorus eggs contributed a density 
of O. l8/m3 to the annual figure, with peaks of abundance 
in April and August. The mean density for larvae was 10 
times greater than in the horizontal samples, with l.26fm3, 
and a peak value of 31.50/m3 was obtained in 10 m of 
water in November. Clupeiform larV'ae contributed 
30.00/m3 to this single station peak value and 0.52/m3 to 
the annual mean dens~ty, while their November average 
density was 4.00/m3. 

The densities data (Fig. 4) showed that fish eggs in 
the sampling area were most abundant in depths of 10-20 
m, while both total clupeiform larvae were most abundant 
(or more easily caught) at 10 m. 

On the basis of the annual means from the vertical 
hauls it was calculated that at least 7 x 109 eggs and 5 x 
109 larvae were present at any time in the sampling area. 

Fish eggs are the only items in the zooplankton 
which are fully at the mercy of tides and currents. 
Knowing that most of the pelagic eggs in the Java Sea are 
spawned at night and hatch within 24 hours (Delsman 
1972), and knowing the surface current stren&ths and 
directions, it is possible to identify egg laying sites with a 
considerable degree of accuracy. For example, eggs which 
were abundant at the Mlonggo transect over 20 m of water 
in September would have been spawned there, as the 
drogue results showed no discernible current in the surface 
waters at this time, whereas the high densities of eggs 
found at Bulak in March were current affected and 
probably originated very close to Panjang Island, Jepara, 
the previous night. 

Movements of eggs taken from the water column are 
less certain, as only surface currents were measured on a 
regular basis, and assessment of larval movements are 
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more difficult still, as the larvae certainly undertake 
vertical migrations. However, one particularly interesting 
set of samples taken from 10 to 20 m of water at Bulak in 
Noveml}er contained large numbers of clupeiform larvae 
which were estimated to be one week old. An attractive 
hypothesis was that these had been laid at the mouth of the 
River Wulan (a large perennial river with a catchment area 
of 2,000 km2, joining the sea 10 km south of Bulak) and 
had then moved slowly northwards under the occasional 
influence of a 0.1-0.5 km/hr current to arrive in the 
sampling area as week-old larvae. 

This study was helpful primarily in fish biology and 
systematics, while also developing the core of knowledge 
available in the region in terms of identification of the 
eggs and larvae of commercially important species. It has 
also had some value as a baseline study, and in developing 
a better understanding of current systems and their likely 
effects on inshore fish populations. Although the area 
covered was small, the program can be viewed as a pilot 
study, and the data could certainly be valuable in planning 
further larger surveys for resource management purposes. 
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Abstract 

The morphological, biochemical and physiological characteristics 
of 23 strains of gliding bacteria isolated from diseased cultured flounder 
(Paralichthys olivaceus) in Japan in 1983 and 1985 were determined. 
The strains were classified into two groups: Group I (83%) was closely 
related to Flexibacter marinus and Group II (17%) was tentatively 
identified as another species of Flexibacter based on differences in 
biochemical and physiological characteristics. 

Introduction 

Gliding bacteria as disease agents of cultured 
freshwater and marine fish are well documented in Japan. 
Flexibacter columnaris has been isolated from diseased 
loach, Misgurnus anguillicaudatus (Wakabayashi and 
Egusa 1966); eel, Anguilla japonica (Wakabayashi et al. 
1970); rainbow trout, Salmo gairdneri; and carp, Cyprinus 
carpio (Hatai and Hoshina 1971). Kimura et al. (1978) 
reported the isolation of a filamentous bacteria from gill 
lesions of two species of salmonids, Salmo gairdneri and 
Oncorynchus masou, while mortalities in yellowtail fry, 
Seriola quinqueradiata, have been reported to be caused 
by Cytophaga sp. (Kusada and Kimura 1982). Mass 
mortalities of cultured juvenile red sea bream, Pagrus 
major, and black sea bream, Acanthopagrus schlegeli, 
have been ascribed to a Flexibacter sp., where Hikida et 
al. (1979) proposed a new species, Flexibacter marinus, 
on the basis of biochemical tests and an obligate 
requirement of seawater for growth. 

F. columnaris is normally regarded as a freshwater 
microorganism and its apparent appearance in a marine 
environment is unusual; however, it has been implicated as 
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the causal agent of black patch necrosis in Dover sole, 
Solea solea, at Ayshire, Scotland (Campbell and Buswell 
1982). A history of gliding bacteria infection in a closely-
related fish species, the flounder (Paralichthys 
olivaceus), has not been reported in Japan. This study 
investigated the morphological, biochemical and 
physiological characteristics of 23 strains of gliding 
bacteria isolated from diseased flounder. 

Materials and Methods 

The sources of 23 strains of gliding bacteria are 
summarized in Table 1. Diseased fish showed pale red 
discoloration of the skin and eroded ventral and caudal 
fins (Fig. 1); dermal lesions were observed in more 
advanced cases. 

Bacteria were grown on Cytophaga agar containing 
100% seawater. This medium is composed of tryptone 
(Difeo), 0.05%; yeast extract (Daigo), 0.05%; bonito fish 
extract (Wako), 0.02%; sodium acetate, 0.02%; and agar 
(Difeo), 1.0%. Cultures used as inocula for the various 
tests were grown on Cytophaga slants for 2 days at 250C. 

The organisms were stained by Gram's method after 
incubation for 24 hours at 250C in Cytophaga agar. Cell 
morphology, size and motility were determined by 
examination of wet mounts with a · phase contrast 
microscope. Microcyst formation was tested using the 
method of Dworkin and Gibson (1964) and the ability to 
form fruiting body was determined by inoculating the 
microorganisms on sterile fish tissues submerged in tap 
water (Ordal 1946). 

The methods described by Pacha (1968), Pacha and 
Porter (1968), and Lewin and Lounsbery (1969) were used 
for the biochemical tests; routine procedures were taken 
from the Manual of Microbiological Methods (Society of 
American Bacteriologists 1957). 

Cytophaga broth was used for the physiological tests. 
The composition of this medium is the same as Cytophaga 
agar except that agar is omitted. The seawater requirement 
of the bacteria was determined at 25, 30, 50, 75 and 100% 
seawater. Growth was determined by observing visible 
turbidity after incubation for 5 days at 250C. Sodium 
chloride requirement was determined at 0, 1, 3, 5 and 7%; 
and pH tolerance tested from pH 4 to 10. Cultures were 
incubated for 2 weeks at 250C. The ability of the strains to 
grow at 5, 15, 25, 30 and 370C was observed after 7 days 
of incubation. Stabs were made into Cytophaga agar deeps 
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supplemented with 1.0% glucose and 0.1 % or 0.2% each 
of potassium nitrate or sodium bicarbonate to test for 
anaerobic growth (Simon and White 1971). Growth on 
solid medium was determined using Nutrient Agar 
(Nissui), BCP Semisolid Agar Base (Eiken), CTA Agar 
(Nissui), Trypto-Soya Agar (Nissue), Brain Heart Infusion 
(BHI) Agar (Dif~o), MacConkey Agar (Nissui) and BTB 
Teepol Agar (Nissui). 

Results 

All strains were gram negative flexuous rods, 
exhibited gliding motility in wet mounts, while colonies 
showed spreading characteristics on agar medium. The 
width of the cells did not vary much (0.1 to 0.2 µm) but 
the length showed much variation (3 to 20 µ m). In 
microcyst media, spherical. cells were observed in two-
week old cultures of two str~ns, HF and 2408, by using 
Pfeiffe~ staining. The vegetative cells of strain 2408 were 
all converted to spherical bodies (Fig. 2) .after 2 weeks of 
incubation at 25oC. None of the isolates produced fruiting 
bodies. 

The morphological and biochemical characteristics 
of the strains are listed in Table 2. All strains were catalase 
and oxidase positive, hydrolized casein and tributyrin with 
variable hydrolysis of gelatin and tyrosine. Xanthine, 
arginine and esculin were not hydrolyzed. Hide powder 
was decomposed but not starch, agar, cellulose and chitin. 
Acid was not produced in tartrate, citrate and mucate. 
Glucose was not utilized, neither were . the ,25 
carbohydrates tested: adonitol, arabinose, cellobiose, 
dextrin, dulcitol, erythritol, esculin, galactose, glyceral, 
inositol, inulin, lactose, levulose, maltose, mannitol, 
melezitose, melibiose, raffinose, rhamnose, salicin, 
sorbitol, starch, sucrose, trehalose and xylose. The 
microorganisms reduced nitrate and produced ammonium 
but not gas, indole and acetoin. Hydrogen sulfide 
production was diverse. Methyl red, Voges-Proskauer and 
urease tests were negative; tween 80 was hydrolyzed but 
diverse in tween 20. Congo re4 was adsorbed, litmus milk 
reduction was diverse, methylene blu~ was not reduced 
and all bacteria tested were lyzed. From the differences in 
characteristics, the strains were classified tentatively into 
two groups. Group I, 2403, 2405, 2408, HF, NE, GBFI, 2, 
3, 5, 6, 11, 13, 14, 15 16, 17, 19, 20 and 22, showed pale 
yellow colonies, produced spherical structures in two 
strains, hydrolyzed tween 20 and did not reduce litmus 
milk. The strains of Group II, GBFlO, 12, 18 and 21, 
showed dark yellow colonies, did not produce spherical 
bodies, did not hydrolyze tween 20, were negative in 
DNase test and reduced litmus milk. 

The strains showed common physiological 
characteristics as shown in Table 3; however, the strains of 

Group II tolerated growth at 25% seawater and 37oc but 
failed to grow at pH 5 and 10. :All strairis were not able to 
grow anaerobically at any test concentration of sodium 
chloride. 

Discussion 

The strains fit the definition of the genus Flexibacter, 
originally described by Sorian~ (1974) and Buchanan and 
Gibbons (1974) and Flexibacter sp. reported by Sawyer 
(1976), except that the latter grow in sodium chloride and 
seawater as well. Based on the results of biochemical and 
physiological characteristics and confirmed by the 
numerical :value obtained from S-value analysis (Sokal 
and Michener 1958), the strains are classified into two 
groups, Group I (83%) and Group II (17%). The strains of 
Group I showed similar characteristics . as F. marinus 
reported by Hikida et al. (1979) but differed slightly in the 
seawater requirement for growth. The strains reported by 
Hikida et al. (1979) tolerated growth at a lower salinity 
(30%) while the present strains of Group I grew at 50% 
seawater. This may be partly explained by the salinity and 
quality of the seawater used.' The strain from black sea 
bream studied by Kusuda and ;Kimura (1982) is similar to 
Group I except in urease production and growth on 
different media. Additional biochemical and physiological 
characterization of the strains in Group II is being 
conducted to confirm their identity. 

Microcysts have not been previously reported in non-
fruiting fish pathogenic gliding bacteria, although 
Anderson and Conroy (1969) noted "round bodies" in 
cultures from the eroded mouth of rainbow trout raised in 
seawater. The authors observed the prganism as long 
slender myxobacterium producing round bodies but it was 
distinct from the appearance of Sporocytophaga sp. The 
taxonomic position of the organism, however, was not 
reported. Dworkin and Voelz (1962) reported microcyst 
formation in Myxococcus xanthus which involved 
shortening and thickening of V(fgetative cells. In this study, 
no clear evidence of microcyst formation was obtained 
although spherical structures were observed in two strains 
aftei:' 2-4 weeks of incubation but there was no thickening 
and shortening of vegetative rods after 4-5 days. Pacha 
and Ordal (1970) observed spheroplast-like structures in 
old cultures of F. columnaris which are probably 
involution forms or degenerative stages of the organism. 
However, the· presence or absence of microcysts is no 
longer regarded as a useful criterion for classification, as 
this property is largely dependent on cultural conditions. 
Moreover, the two isolates where spherical structures were 
observed were closer to F.' marinu.s rather than F. 
columnaris and are tentativeiy classified as such until 



further characteristics are investigated to confirm their 
taxonomic position. 
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Fig. 1. Diseased flounder exhibiting pale red discoloration of the 
skin and eroded ventral and caudal fins. 

Pig. 2. Spherical structures produced by strain 2408 in microcyst 
medium after 2 wk of incubation at 25°C. Pfeiffer stain, 1,000 x." 

Table 1. Sources of 23 strains of gliding bacteria from flounder 
used in morphological biochemical and physiolog1Cal studies. 

Strain Source of isolation Location and date 

2403 body surface Nagasaki, Feb. 1.98~ 
2405 eye surface Nagasaki, May 1.983 
2408 body surface Nagasaki, Dec.1.983 
HF body surface Ehime; May 1985 

5-10 g fry* 
NE body surface Nagasaki, Apr; 1985 
GBF1-6 body surface Hiroshima, Aug. 1985 
GBF10-22 body surface lesions Hiroshima, Aug. 1985 

61-73 mm body length* 

•Entries. with siz.es were. isolated from fry; th.e rest were from 
adu It flounder. 



222 

lable 2. Morphological and biochemical characteristics of gilding 
bacteria isolated from flounder. 

All isolates1 Group 12 Group 11 3 

Characteristics (23 strains) n 9 strains) (4 strains) 

Gl'am 
Colony color d pale yellow 
Motility + 
Cell length (µml 3 -20 3 -20 
Spheric;d body d' :+(2/19) 
FrultJnQ 'body 
Cat11.lase + 
Oxidase + 
Hugh'Leifson t!lst 
Starch 
Ager 
Cellulo$e 
Casefri + 
Gelatin d +(17 /19) 
Chitin 
Hide powder + 
Tyrosine d 3(11/19) 
Tributyrin + 
Xanthine 
Arginine 
Esculin 
Tartrate 
Citrate 
Mucate 
25 Carbohydrates 
Nitrate + 
Hydrogen sulfide d +(3/19) 
Gas 
lndole 
Aceto in 
Ammonium + 
Methyl red 
Voges-Proskauer 
Urease 
DNase d + 
Lipase 

Tween 20 d + 
Tween 80 + 

Congo red + + 
Litmus milk d 
Methylene blue 
Bacterial lysis 

Aeromonas.hydrophHa + 
Edwardsiella tarda + 
Vibrio anguillarum + 
Escherichia coli + 

a) Group I = 2403, 2405, 2408, HF, NE, G.BF1, 2, 3, 
5. 6. 11 • 13. 14. 15. 16. 17. 19. 20. 22 

b) Group II= GBF10, 12, 18, 21 
cl d = diverse; ( l = expressed as number of cultures 

positive/number of cultures tested 
d) 25 carbohydrates= see text 
e) w,;, weakly positive 

1 Common characteristics of Groups I and 11. 
2Characteristics of Group I which differ from 

Group II. 
3Characteristics of Group II Which differ from 

Group I. 

yellow 

4 -10 

+ 

+ 

+(3/4) 

w 
+ 

Table 3. Physiological characteristics of gliding bacteria isolated from 
flounder. 

Characteristics 

Growth on 
Nutrit;mt Agar 
BCP Semisolid 

Agar Base 
CTA Agar 
TSA 
BHI Agar 
MacConkey Agar 
BTB Teepol Agar 

Growth in 
Seawater (%) 

100 
75 
50 
30 
25 

Sodium Chloride (%) 
7 

pH 

5 
3 
1 
0 

10 
9 
8 
6 
5 
4 

Temperature (°C) 
37 
30 
25 
15 
5 

All isolates 
(23 strains) 

d 

d 
+ 
d 
d 

+ 
+ 
+ 
d 
d 

d 
+ 
+ 
+ 
d 

d 
+ 
+ 
+ 

Group I 
( 19 strains) 

+(14/19) 

+(18/19) 

+(6/19) 

+(10/19) 

+ 

Group II 
(4 strains) 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

a) Group I = 2403, 2.405, 2408, HF, NE,.GBF1, 2, 3, 5, 6, 11, 13, 
14, 15, 16,17, 19,20,22 

bl Group II= GBF10, 12, 18, 21 
c) d =diverse; ( l =expressed as number of cultures positive/number 

of tultures tested 
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Abstract 

Two isolates of Aeromonas hydrophila biovar hydrophila and two 
isolates of Pseudomonas-Iike bacteria cultured from milkfish, Chanos 
chanos, fingerlings stocked in Laguna Lake (Philippines) pens after 
transport were tested for virulence against healthy milkfish fmgerlings. 
Various combinations of bacterial concentration and different routes of 
inoculation (intraperitoneal injection, bath treatment of scaled fish and 
bath treatment of unscaled fish) were tested. Results show that bacterial 
entry in the pathogenesis of the test bacteria to challenged fish is more 
effective in fishes with scales removed than in uninjured fish or through 
intraperitoneal injection. The minimum lethal dose of A. hydrophila to 
scaled fish appeared less than UP cells/ml of water medium. For 
Pseudomonas-Iikc isolates, the minimum lethal dose was at th~ level of 
HP cells/ml of water medium. Fish mortalities significantly increased on 
day 2 in all bacteria but A. hydrophila was significantly more virulem 
than the Pseudomonas-Iikc inocula. When A. hydrophila was injected 
intraperitoncally into undamaged fish, the maximum dose of 107 cells 
per 2-g fish was needed to cause significant mortalities. In general, 
virulence of the isolates was directly proportional to dose as well as to 
the length of exposure. Acute signs of bacterial hemonhagic septicemia 
were prominently manifested among experimentally infected scaled 
milkfish. Lethargic fish displayed spastic and unbalanced swimming 
movemems before death. The virulence of the bacteria as evaluated in 
this study should lead to further investigations on the role of extracellular 
factors in bacterial pathogenesis to milkfish fingerlings. 

Introduction 

Commercial culture of milkfish, Chanos chanos, in 
fishpens at Laguna Lake, Philippines, significantly 
contributes to its overall production in the Philippines. 
However, heavy mortalities after stocking of fingerlings in 
the lake suggest bacterial infection not experimentally 
demonstrated (Duncan 1974; Lio-Po 1984). A recent study 
on milkfish fingerlings transported in "petuya" boats from 
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brackishwater ponds to the lake fishpens identified adverse 
environmental and stress conditions, including bacteria 
associated with the seeded fish, namely, Aeromonas 
hydrophila biovar hydrophila and two isolates resembling 
Pseudomonas (Lio-Po et al., this vol.). 

Aeromonas hydrophila and Pseudomonas spp. had 
been reported as causative agents of bacterial hemorrhagic 
septicemia (Meyer and Collar 1964; Hatai et al. 1975; Jo 
and Ohnishi 1980; Tonguthai 1985; Wang Xu 1985). 
Fishes were generally predisposed to these opportunistic 
pathogens by adverse environmental conditions as well as 
by handling and crowding stress. Among milkfish, no 
study on the virulence of these bacteria has been reported. 
Hence, this study aimed to determine the pathogenicity of 
these bacterial isolates to healthy milkfish fingerlings and 
to identify the most efficient route of bacterial entry into 
the fish. 

Materials and Methods 

Pure cultures of four bacterial isolates recovered 
from transport-stressed Chanos chanos fingerlings were 
selected for challenge experiments with healthy milkfish 
(Lio-Po et al., this vol.). The bacterial isolates, #116 and 
#128, were earlier identified as Aeromonas hydrophila 
biovar hydrophila while isolates #57 and #160 were 
preliminarily classified as Pseudomonas spp. These 
microorganisms were maintained in nutrient agar and 
mass-produced in trypticase soy agar at temperatures of 
28-300C after 24-hour incubation. The fish, 1.4-2.4 g, 
were obtained from brackishwater ponds in Iloilo and 
gradually acclimated to freshwater conditions with 
ultraviolet sterilized water. 

Five fish were stocked in each 10-1 glass aquarium 
filled up to 5 1 and provided with adequate filtered 
aeration. Three routes of pathogen inoculations were 
tested: (1) bacterial bath of scaled fish; (2) bacterial bath 
of unscaled fish; and (3) intraperitoneal injection (IP). 
Scaling of fish consisted of aseptic scraping off of scales 
over a 1-cm2 area of the left epaxial skin with the blunt 
side of a sterile scalpel. For bacterial bath treatments, five 
doses were tested at tenfold increasing dilutions/ml of 
rearing water medium, including controls. Intraperitoneal 
injection experiments similarly involved tenfold increasing 
dilutions in six doses. Feed was withheld two days prior to 
and throughout the experiments. Three trials for bath 
treatment of scaled and unscaled fish and two trials of 



224 

intraperitoneal injections were conducted. Bacterial re-
isolations were made from lesions and kidneys of exposed 
and control fish. Recovered bacteria were presumptively 
identified to confmn their resemblance to the original 
inoculum. 

The results obtained were analyzed by the analysis of 
variance and Duncan's multiple range test at 1 % and 5% 
levels of signifi~ance. The median lethal doses (LD50) 
were estimated by using the graphical process with 
probit/log dose 'transfonnation and adjustment for natural 
response was computed using Abbott's fonnula (Roberts 
and Boyce 1972).· 

ResultS 

Milkfish exposed to the four bacterial isolates 
exhibited signs of disease and mortalities. Usually scaled 
fish manifested external signs of abdominal swelling, skin 
blanching and hemorrhagic fin bases, skin, head or 
periorbital area. Internally, fish variably exhibited 
hyperemic viscera and pale kidneys. Septicemia was 
likewise evident from the positive isolations from kidney 
and lesions which resembled the initial inocula. Lethargy 
and spastic and unbalanced swimming before death were 
also observed. Among unscaled fish, abdominal distension 
was common. Mortality patterns are .summarized in Table 
1 for scaled fish, Table 2 for unscaled fish and Table 3 for 
intraperitoneally-injected fish. · 

Infection experiments on scaled fish showed no 
significant differences (P < 0.01) between isolates #11.6 
and #128. Disease effects·were apparent at exposures io 
the lowest dose of 2.70 and 4.35 x 105 cells/ml, 
respectively, although maximum mortalities were evident 
at the x 106 level of bacterial inoculum. Deaths were 
observed as early as 12 hours after exposure and gradually 
increased daily until the second day. Isolates #57and #160 
similarly did not significantly differ from each other in 
terms of virulence (P < 0.01). In both isolates, exposure to 
7.5 x 1()4 and 6.5 x 1()4 doses, respectively, was not fatal. 
Some mortalities, however, were observed among #57-
inoculated fish on day seven after exposure. Increasing the 
dose to the 105 and 106 levels proved lethal. Maximum 
mortalities at these doses occurred on days 1-3 after 
exposure. 

Among fish without dermal abrasion, no significant 
differences among bacterial strain inocula were observed 
(P'> 0~05).. Isolates #116, #128; #57.and #160 produced 
maximum mortalities at the highest dose given on days 
0.5, day 1, day 2 and day 5, respectively. The first"three 
inocula, likewise, Clid not yield sigriificant deaths in lower 
doses even at longer exposure (P < 0.01). In isolate #160, 
however, at 6.5 x 105 dose after siX days, all fish died. 

Fish . injected intraperitoneally witl! bacteria 
significantly differed in their responses to the different 
inocula. With both #116 and #128 and a dose of 5.97 and 
8.7 x 107, respectively, almost immediate death of all 
resulted. Lower doses, however, yielded sporadic deaths 
throughout the 10-day period. Isolates #57 and #160 
similarly yielded erratic levels of mortalities at varying 
test doses. 

Estimates of the median lethal dose$ were 
detennined for data obtained 12 hotirs after bath exposure 
of scaled milkfish (Table 4). Results indicate no relative 
difference in virulence after 12-hour exposure. The LD50 
for unscaled fish similarly exposed to the test bacteria was 
not possible. For intraperitoneally-injected fish, LD50 
values at day 10 are presented in Table 5. Isolate #57 
showed lower LD50 than isolates #128 and #160. 

Discussion 

Koch's requisites for confmning the bacterial 
isolates' pathogenicity to healthy milkfish fingerlings were 
clearly complied with in these experiments. 
Manifestations of disease were observed and the 
inoculated bacteria were recovered from the test fish. 
Pathology appeared pronounced among scaled fish 
compared to uninjured fish or intraperitoneal injection. 
After initial exposure to A. hydrophila, a rapid onset and 
severe pathogenesis led to mortalities in less than 12 hours 
eyen at the lowest dose of 105 cells/ml water' medium. 
Cipriano et al. (1984) mentioned that acute effects can.be 
exhibited by A. hydrophila on susceptible fishes within a 
few hours following exposure. Signs of bacterial 
hemorrhagic septicemia were, in fact, demonstrated 
among challenged milkfish, notably hemorrhagic lesions 
and lesion blanching, particularly, on injured sites where 
scales were removed. Such were similarly observed 
among naturally infected milkfish (Lio-Po et al., this vol.). 
Furthennore, septicemia was apparent from the· heavy 
growth of pure· bacterial isolates recovered . from the 
kidney of weak or freshly-dead ftsh. 

Maximum mortalities were seen two days after initial 
exposure to bacteria. Hence, although the LD50 was at the 
level of 106 in 12 hours._ in two days a lower LD50 level 
can be postulated. Newman (1983) cited studies with other 
fishes showing that 103 cells of A. hydrophila plus 
handling and scale removal caused Aeronwnas infection. 
Huizinaga et al. (1979) used 106 cells/ml water medium to 
induce disease experimentally among largemouth bass. In 
addition; Kaper et aI. (1981) reported that in Chesapeake 
Bay waters, A. hydrophila occurred nonnally at levels of 
103 cells/ml, increasing when eutrophic conditions occur. 
Assuming similar conditions in Laguna Lake waters, 
stocking milkfish fingerlings with scales removed from 
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handling and crowding during transport may lead to 
subsequent infection. Bejerano (1984) showed that stress 
can increase susceptibility of Sarotherodon aureus to A. 
hydrophila. Moreover, scale removal enhanced 
Aeromonas infections among golden shiners (Lewis and 
Bender 1961). 

The Pseudomonas-lik.e bacteria exhibited similar 
pathology to A. hydrophila but resulting deaths were 
limited to levels of 105 cells/ml rearing medium. This 
agrees with reports of Lewis and Plumb (1979) and 
Bullock and McLaughlin (1970) on parallelism in 
pathology by both organisms to susceptible fishes. It is 
also interesting to note that these organisms are ubiquitous 
in water (Evelyn and McDermott 1961; Horsely 1977). In 
fact, they show better survival in water than the obligate 
pathogens Aeromonas salmonicida and Chondrococcus 
columnaris (Ross and Smith 1974). That both organisms 
are opportunistic pathogens is confirmed by this study 
which show that unscaled fish remain unaffected at the 
105 cells/ml dose. Higher bacterial concentrations of 108 
and 106 for A. hydrophila and Pseudomonas-lik.e inocula, 
respectively, were required to effect significant 
mortalities. 

Several previous studies have implicated 
extracellular enzymes in the pathogenesis of A. hydrophila 
and Pseudomonas. Similarly, in the pathogens of milkfish 
fingerlings confirmed in this study, the role of these 
extracellular proteins need to be investigated. 
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Abstract 

Milkfish, Chanos chanos fingerlings transported by boat (petuya) 
for seven to eight hours were observed for stress-inducing factors during 
transport, and daily for 10 days after stocking in pens in Laguna Lake, 
Philippines. Handling, hauling, and crowding of fish contributed to 
stressful conditions. Likewise, the transport procedure of closing the 
water entry hole at the bottom of the boat to block water exchange was 
associated with decreased dissolved oxygen and increased tumidity, with 
respective values of 2.4 mg/1 and 79 Formalin Turbidity Units when 
water change was possible. In addition, marked and abrupt fluctuations in 
salinity from 15 to 30 ppt then 0 ppt within 1 to 3 hr were observed 
during transport. Although mortalities during transport were minimal, 
subsequent deaths after stocking in pens mounted to not less than 2.4%. 
Reddish snout, scale loss and hemonhagic areas along the lateral body 
surface were observed. Bacterial counts of water increased significantly 
during transport when water exchange was stopped. Kidney and 
skin/muscle specimens yielded significantly higher bacterial counts on 
days 2, 3, 5 and 8 poststocking predominated by Aeromonas hydrophila 
biovar hydrophila and two species of gram-negative bacilli 
phenotypically resembling Pseudomonas sp. 

Introduction 

Newly caught wild or pond-reared milkfish 
fingerlings can be transferred directly to freshwater or vice 
versa without any ill effects. However, if these fingerlings 
undergo transport before direct transfer to freshwater, 
mass mortality may occur a few hours or days after 
stocking, even in environments with optimal conditions 
(Duncan 1974; Villaluz 1984). These mortalities within 
three days of stocking after transport can run as high as 
35% (Smith 1978). Unconfirmed bacterial infection has 
been suspected as the eventual cause of death (Lio-Po 
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1984). This report details the physical, environmental and 
bacterial changes during transport of milkfish fingerlings 
by boat from brackishwater ponds to a freshwater lake and 
identifies the bacterial pathogens associated with 
subsequent mortalities. 

Materials and Methods 

The routine procedure of transporting milkfish 
fingerlings by petuya (boat) from brackishwater ponds at 
Taliptip, Bulacan, to freshwater fishpens in Laguna Lake, 
Philippines, was conducted. Milkfish, Chanos chanos, 
fingerlings of 0.73-4.90 g were collected the day before 
into a catching pond Harvesting was done by seining, 
manually loading i:he fish into the petuya in 20- to 30-1 tin 
cans. Each petuya contained from 47,500 to 187,000 fish 
per trip. 

The petuya had a wooden, rectangular fish holding 
compartment of approximately 9 x 3.5 x 1 m or a stock 
density of no less than 5,000 fish/m3. Water entered this 
compartment through a floor hole, about 8 to 10 cm in 
diameter, covered with a screen then was simultaneously 
pumped out for water exchange during the transport 
period However, when passing through polluted waters 
along Manila Bay and in the Pasig River, the floor hole 
was closed for approximately 3 hours. Water then was 
recirculated. Upon reaching the nursery fishpens in 
Laguna Lake, the fish were unloaded and seeded into the 
fishpens also using the tin cans. The transport period 
lasted for 7 to 8 hours. 

Water and fish specimens were collected throughout 
the operation. A sufficient number of transported fish were 
stocked separately in a hapa net for daily sampling for 10 
days after seeding. Fish conditions, behavior and mortality 
data were recorded. Determinations of salinity, pH, 
temperature, dissolved oxygen, turbidity, hydrogen sulfide 
and ammonia were made using a refractometer and the 
DREL/5 Hach kit. 

Bacterial counts in colony forming units (CFU) per 
ml of water or per cm3 of fish tissue were conducted on 
trypticase soy agar (TSA). Identification was done 
applying standard identification procedures. Cultures were 
incubated at 25-300C for 48 hours. 

The analysis of variance was employed in the 
statistical evaluation of data at 0.01 and 0.05 levels of 
significance. Comparison of means was based on 
Duncan's multiple range test. 
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Results 

For petuya-transported milkfish, stressful conditions 
were apparent from the time these were collected and 
crowded into the catching pond, handled during seining, 
~auling, counting and stocking. in the boat, and crowded in 
the petuya while being transported. Measurements of the 
physicochemical parameters (Fig~ 1) indicated abrupt 
fluctuations in salinity, dissolved oxygen and turbidify 
with high levels of ammonia during the transport period. 
The drastic variation in salinity from an initial 15 ppt 
before transport to 30 ppt during transport while passing 
through Manila Bay to 0 ppt upon reaching the lake were 
highly significant (P. < 0.01). Dissolved oxyger1 was 
significantly lower (P < 0.05) at 2.4 mg/I in the catching 
pond as well as during transport (closed) than in the 
fishpen (4.2 to 10.4. mg/I). Ammonia levels, on the other 
hand, were significantly higher (P < 0.01) at 2 mg/I from 
the source and throughout the duration of the transport 
period relative to pen levels of 0.13 to 0.52 mg/I. Turbidity 
change from 47 FTU (Fonnalin Turbidity Units) before 
transport to 8 FTU during transport (open) to 79 FTU 
(closed) were not significantly different from each other. 
Furthermore, pH and temperature gave no significant 
vanation, while hydrogen sulfide was consistently nil. 

Mortalities observed during transport and upon 
arrival at the·fishpen area did not exceed a total of ten fish. 
Subsequent daily mortalities in the pens within a 10-day 
period ranged from 1,000 to 28,000 fish. Cumulative 
mortality was estimated as 2.4%, a conservative estimate 
as only floating dead fish were enumerated. Among 
surviving fish after transport, manifestations of reddish 
snout, scale loss, fin and skin damage, and monolateral 
blindness were common. In addition, after seeding in pens, 
the fish developed lateral skin hemorrhagic spots and 
lesions, caudal fin rot and hemorrhagic fin bases. 

Bacterial load of water ranged from 1 x 103 to 2.12 x 
106 CPU/ml (Fig. 2). Analysis of variance indicated 
significantly higher counts of 106 levels (P < 0.01) durillg 
transport (closed). Among fish eye samples, a significant 
increase was seen on days 3, 7 and 8 after seeding. More 
frequently, significantly elevated counts of 106 were 
detected from kidney sections on days 2, 3, 5, 8 and 10 
after seeding. Skin/muscle specimens, similarly, yielded 
increased counts (105) on days 2, 3, 5, 8 and 9 after 
seeding. Fish specimens before and during transport did 
not demonstrate significantly high bacterial levels. 

A total of 161 bacterial isolates were recovered 
which predominantly consisted of gram-negative rods 
represented by isolates #57, #1161 #128 and #160. Isolates 
#116 and #128 showed the highest prevalence and were 
identified as Aeromonas hydrophila biovar hydrophi(a 
(Schubert 1974; Popoff and Veron 1976) while isolates 
#57 and #160 cannot be specifically classified with any 

known bacteria but seem related to Pseudomonas sp. 
(Table 1). 

Discussion 

The crowded condition of the fish in the catching 
pond after harvest and when stocked in the boat for 
transport most likely caused physical damage to the fish. 
Lewis and Bender (1960) reported similar skin damage on 
golden shiners after harvest which paved the way for 
development of infections by A. hydrophila. Among 
mackerels (Scomber scombrus L.), experimental 
demonstration of crowding effects, wherein 1,000 fish/m3 
crowded for 15 to 45 min., resulted in 40-lOOo/u-mortalities 
after stocking in larger rearing systems (Lockwood 1981). 
Also, Oreochromis aureus, when experimentally subjected 
to stress from either handling, thermal shock, or social 
confrontations became three times more sensitive to A. 
hydrophila infections causing fish losses of 10-20% 
(Bejerano 1984). Adverse environmental parameters such 
as abrupt salinity fluctuation for milkfish is a particularly 
critical factor, as severe mortality after transport stress has 
been shown (Villaluz et al. 1982). In addition, fluctuating 
and low dissolved oxygen levels are stressful. Similar 
conditions have been implicated as predisposing fish to A. 
hydrophila infections (Haley et al. 1967; Meyer 1978; 
Walters and Plumb 1980). Likewise, since ammonia levels 
were significantly higher during transport vis-a-vis in pens 
compounded by low oxygen concentration, an 
enhancement of this toxicant' s effect on exposed fish may 
be expected (Smart 1981). 

Meanwhile, the significant bacterial increase in the 
transport water (closed) was possibly due to metabolic 
accumulation in the absence of water exchange. This may 
further explain the higher levels of turbidity at that time. In 
kidney and skin/muscle tissues, an almost simultaneously 
correlated increase to significant levels was noted after 
seeding, implying a close link in the development of 
pathological changes in these organs. Significant levels 
were initially noted in both organs on day 2 after stocking 
which continued, although alternately most times, until the 
last sampling period. That A. hydrophila was most 
frequently recovered from the milkfish samples after 
seeding in the lake strengthens the contention that 
transport stress conditions promote the development of 
subsequent bacterial infection. 

Hence, milkfish mortalities during transport were 
acute effects of stress while those occurring after seeding 
in pens resulted from subse<J_uent infections with A. 
hydrophila or Pseudomonas-like organisms. These species 
are ubiquitous in water, mud, healthy fish and other 
freshwater organisms (Lewis ~d Bender 1961; Evelyn 
and McDermott 1961; Horsely 1977; Ellis 1982; Nieto et 
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al. 1984). Furthermore, the occurrence of fish infections 
due to A. hydrophila in eutrophic lakes has been earlier 
reported (Shotts et al. 1972). Thus, the difficult task of 
economically minimizing stressful conditions during 
transport or preventing subsequent bacterial infections 
remains to be explored. 

Acknowledgements 

The authors appreciate the partial support provided by a grant to 
the SEAFDEC AQD by the International Development Research Centre 
of Canada. We are, likewise, indebted to our fish fann cooperators, Atty. 
Antonio Gonzales and Mr. Mario Siochi, for providing fish samples and 
valuable fishpen operating infonnation; and Mr. Fermin Palisoc for his 
assistance in the collection of samples. 

References 

Bejerano, I. 1984. Detection and control of stress conditions in wann 
'water aqua'culnire. Spec. Puhl. Eur. Maricult. Soc. 8:73-92. 

Duncan, B.L. 197 4. Diseases of cultured fish, methods of investigation 
and data reporting. Inland Fisheries Project, Bureau of Fisheries, 
Manila, Philippines. 16 p. 

Ellis, M. 1982. Seasonal distribution of the fish pathogen Aeromonas 
hydrophila and serological evidence of Aeromonas hydrophila 
infection in fish population of the White River, Muncie, Indiana. 
Ball State University, Muncie, Indiana. 54 p. M.S. thesis. 

Evelyn, T.P.T. and L.A. McDennott, 1961. Bacteriological studies of 
freshwater fish. I. Isolation of aerobic bacteria from several 
species of Ontario Fish. Can. J. Microbial. 7:375-382. 

Haley, R., S.P. Davis and J.M. Hyde. 1967. Environmental stress and 
Aeromonas liquifaciens in American and threadf!Il shad 
mortalities. Prog. Fish-Cult. 29:193. 

Horsely, R.W. 1977. A review of the bacterial flora of teleosts and 
elasmobranchs including methods for its analysis J. Fish Biol. 
10:529-553. ' 

Lewis, W.M. and M. Bender. 1960. Heavy mortality of go~den shiners 
during harvest due to a bacterium of the genu·s Aeromonas. Prog. 
Fish-Cult. 22: 11-14. 

Lewis, W.M. and M. Bender. 1961. Free-living ability of a wann water 
fish pathogen of the genus Aeromonas arid factors contributing to 
its infection of the golden shiner. Prog. Fish-Cult. 23:124-126. 

Lio-Po, G. 1984. Diseases of milkfish, p. 145-153. In J. V. Juario, R.P. 
Ferraris and L. V. Benitez (eds.) Advances in milkfish biology and 
culture. Island Publishing House, Inc., Manila, Philippines, 
Aquaculture Department, Southeast Asiiln Fisheries Development 
Center, Iloilo, Philippines and the International Development 
Research Centre, Ottawa, Canada. 

Lockwood, S.J., D.J. Swift, M.G. Pawson, D.R. Eaton, R.G. Boutilier and 
P. Aughton. 1981. Aspects of stress in mackerel, p. 347-348. In 
A.D. Pickering (ed.) Stress and Fish. Academic Press, New Yolk. 
(Abstract). 

Meyer, F.P. 1978. Incidence of disease in wann water fishfanns in the 
south-central United States. Mar. Fish. Rev. 40:38-41. 

Nieto, T.P., A.E. Toranzo andJ.L. Borja.1984. Comparison between the 
bacterial flora associated with fingerling rainbow trout cultured in 
two different hatcheries in the north-west of Spain. Aquaculture 
42: 193-206. 

229 

Popoff, M and M. Veron. 1976. A taxonomic study of the Aeromonas 
hydrophila, Aeromonas pwictata group. J. Gen. Microbial. 94:11-
22. 

Schubert, R.H.N. 1974. Genus II. Aeromonas, p. 345-348. In R.E. 
Buchanan and N.E. Gibbons (eds.) Bergey's manual of 
detenninative bacteriology. 8th ed. William and Wilkins Co., 
Baltimore. 

Shotts, E.B., Jr., J.L. Gaines, Jr., L. Martin and A.K. Prestwood. 1972. 
Aeromonas-induced deaths among fish and reptiles in an eutrophic 
inland lake. J. Am. Vet. Med. Assoc. 161:603-607. 

Smart, G.R. 1981. Aspects of water quality producing stress in intensive 
fish culture, p. 277-293. In A.D. Pickering (ed.) Stress and fish. 
Academic Press, New Yolk. 

Smith, I.R. 1978. An ecological analysis of the structure and perfonnance 
of the milkfish (Chanos chanos Forskal) fry industry in the 
Philippines and related aquaculture development policies. 
University of Hawaii, Honolulu, Hawaii, 307 p. Ph.D. dissertation. 

Villaluz, A.C. 1984. Collection, storage, transport, and acclimation of 
milkfish fry and fIDgerlings, p. 85-96. In J.V. Juario, R.P. Ferraris 
and L.V. Benitez (eds.) Advances in milkfish biology and culture. 
Island Publishing House, Inc., Manila, Philippines, Aquaculture 
Department, Southeast Asian Fisheries Development Center, 
Iloilo, Philippines and the International Development Research 
Centre, Ottawa, Canada. 

Villaluz, A.C., H.P. Amandakoon and A. De Aluvis. 1982. Milkfish fry 
and fIDgerling resources of Sri Lanka. J. Inland Fish. 1 :7-16. 

Walters, G.R. and J.A. Plumb. 1980. Environmental stress and bacterial 
infection in charIDel catfish, lctalurus punclalus Raf1I1esque. J. 
Fish BioL 17:177-185. 

*SEAFDEC Contribution No. 200 



230 

T1ble 1. Ch1r1ct11rlstlcs of b1cterl1l lsol1tes 116, 128, 67 1nd 160. 

Ch1r1ct11ristic 

Growth In NA 
Growth In NB 1t 37°C 
Growth It 7.6% N1CI 
Growth In McConk1y 1g11r 
Brown pigment 
Amino 1cldus sole source 

of Clrbon: 
L-uginlne 
L-1l1nlne 
L-11sp1regln1 
L·hlstldlne 
L-s1rin11 

Butenedlol d1hvdrog1n1s1 
Llp1s1 
Leclthlnase 
C1s1ln 
Phosph1t1s11 
DN1se 
Cytochrome oxld1s1 
Glucon1te oxidise 
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Ur111s1 
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Fig. 1. Physicochemical parameters of water medium of milkfish 
fingerlings before and during transport by boat and after stocking 
in Laguna Lake pens. 
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Fig. 2. Mean bacterial counts (CFU/ml or cm3) of fish organs 
and water medium of milkfish fingerlings transported by boat 
and stocked in Laguna Lake pens. 
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Abstract 

Aeromonas hydrophila, synonyms A. punctata and A. liquefaciens, 
is a free-living bacterium which causes disease in fishes. The organism is 
considered an opportunistic pathogen for man. This paper reviews A. 
hydrophila infections, with special reference to current knowledge and 
work in Thailand in terms of bacteriology, immunology, clinical features, 
therapeutics and epizootiology of the diseases in both man and animals. 
Apparently, the first reported occurrences of A. hydro phi/a infections in 
animals and man in Thailand were in 1976 and 1979, respectively. The 
main features of disease in fishes were erosion of scales, fin rot, gill rot 
and ulcerations. Mortality was 0-20%. In human infection, diarrhea is 
most prominent. Most of the septicemia patients suffer from underlying 
diseases, such as leukemia, aplastic anemia and cirrhosis. For treatment 
of infections, sulfas and antibiotics are typically recommended. The 
characteristics of A. hydrophila were quite typical. The organism 
produced various toxins, e.g., enterotoxin, dermonecrotic toxin, cytotoxin 
and hemolysin. The bacterin, under laboratory trials, could protect fish 
against the infection. However, the organism, according to the s0matic 
antigen, could not be classified. Drug susceptibility tests indicated that 
the strains from fishes were more resistant to antibiotics than were the 
human isolates. 

Distribution 

It is well known that Aeromonas hydrophila is 
ubiquitous in natural waters in all parts of the world. 
Under certain conditions, the organism can cause diseases 
in aquatic animals, as well as in humans. In Thailand, 
undiagnosed mortalities of clariid catfish (Clarias 
batrachus) showing square hemorrhagic ulcerations 
occurred frequently during the early days of clariid catfish 
culture. Saitanu et al. (1976) demonstrated that A. 
hydrophila was the causative pathogen. Three years later, 
human infection was reported (Lelaratsmi et al. 1979). 
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Knowledge of the ecology of this pathogen in 
Thailand was very poor in the past. It was not until 1983 
that the organism was isolated from water in which fish 
suffered from the disease, as well as in areas where disease 
did not occur. The number of A. hydrophila in the infected 
areas was usually as high as 103-105 cells/ml (Saitanu and 
Poonsuk 1983, 1984). It was indicated that high numbers 
of this pathogen were related to the outbreak of the disease 
(Saitanu 1985a). Nevertheless, the organism could be 
isolated from healthy people (Pitarangsi et al. 1982; 
Kositanont and Phan-Urai 1983; Sukroongreung et al. 
1983). It is worth noting that during the fish epizootic of 
1983, 16% of 25 asymptomatic people carried the 
organism in their stools (Reinprayoon et al. 1984). 

Characteristics 

Seventy biochemical, physical and morphological 
properties were studied in 92 strains of A. hydrophila and 
two strains of A. salmonicida (Saitanu and Poonsuk · 
1980a). The organisms showed typical characteristics of 
the reference strains. Aeromonas hydrophila tolerated 4% 
NaCl, grew at various pHs (4.7-11.0) and temperatures 
(10-420C) (Sihanonth et al. 1983a; Tanasupawat and 
Saitanu 1984). It produced several extracellular enzymes 
that hydrolyze starch, c·asein, DNA, gelatin, red blood cell, 
serum and tween-80 (Tanasupawat and Saitanu 1985). 
Using the IMVC tests, Sukroongreung et al. (1983) could 
divid~ the organisms isolated from different sources into 
11 biogroups. 

A. hydrophila isolated from fish produced heat labile 
toxin and killed mice (I'esprateep et al. 1983). Most strains 
from fish produced hemolysin (Laohaviranit 1983; 
Chaiprasittigul and Kusamran 1984, Laohaviranit and 
Vongthongsri 1984), cytotoxin (Laohaviranit 1983; 
Laohaviranit and Vongthongsri 1983; Supawat et al. 1983) 
dermonecrotic factor and enterotoxin (Luangtongkum et 
al. 1983, 1985). The toxic activity was decreased by acid, 
high pH and heat. Proteolytic, hemolytic and cytotoxic 
activities were completely destroyed after heating to 
lOOOC for 10 min. (Laohaviranit 1983). Wanishwattana 
and Kusamran (1984) found that the hemolysin-producing 
strains of A. hydrophila contained plasmids. 
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Diseases 

A. hydrophila was frrst isolated from the stool of a 
dead white-handed gibbon and the brain of swine. The 
primary clinical sign in the gibbon was diarrhea while 
incoqrdination and circular walking was observed in pig 
(Saitanu et.al. 1976). Table 1 shows the affected aquatic 
animals in which A. hydrophila was. the primary cause. 
Mortality in infected clariid catfish was 0-20%. The 
typical lesions were square hemorrhagic ulcerations in 
catfish, gill rot and scale erosion in sand goby and 
snakehead fish, ascitis and hemorrhage in carp and gold 
fish, deep ulcers and abdominal hemorrhage in swamp eel. 
During the epizootics of 1982-1983 an,d the following 
years. A. hydrophila .was found to cause secondary 
infections in . most species of scaled-freshwater fishes 
(Boonyaratpalin et al. 1983; Poonsuk et al. 1983; 
Booranasawettathrum et al. 1984; Menasveta 1985; 
Tonguthai 1985). . 

The first infection in man in Thailand was 'reported 
in 1979 (Lelaratsmi et al. 1979). The patients had 
underlying diseases, mostly cirrhosis and malignancies. 
Since that time, several additional reports of such 
secondary infection have appeared (Lelaratsmi and 
Aswapokee 1979; Thamlikitkul and Danchaivijitr 198,1; 

· Aswapokee et al. 1983a, 198b; Limsuwan 1984). The 
association of the organism with diarrhea was in doubt 
(Pitarangsi et al. 1982). However, there were several 
reports of the isolation of A. hydrophila from diarrheal 
patients (Vibulbandhitkij et al. 1982; Kalnauwakul and 
Rutanarugsa 1983; Nilakul et al. 19~3; Sµtra et al. 1984). 
Chumkasien (1983) found that during the fish epizootic of 
1982-1983, .cases of diarrhetic patients caused by A. 
hydrophila were markedly increased. Likewise, 
Reinprayoon et al. (1985) reported that diarrheal patients 
suffered from consuming contaminated water and fish. 

Saitanu et al. (1976} showed that a dose of 8 x 106 
cells of A. hydrophila could produce a typical square 
hemorrhagic lesion in clariid catfish. 24 hours after 
intramuscular injection, It was demonstrated that trash 
fish, casamino acid and a low temperature, 22oc, elevated 
the virulence of the organism (Mahamontri et al. 1983; 
Sihanonth et al. 1983b). 

Chemotherapeutics and Chemoprophylaxis 

Antibotics and sulfas have been used for therapeutics 
and prophylaxis against A. hydrophila in cultured fish in 
Thailand for more than 15 years. Generally the 
combination of drugs for treatment was more effective 
than a single chemical (Saitanu and Chalarak 1983; 
Saitanu and Poonsuk 1984). However, sensitive drugs 
were found to be equally effective against either 

experimental or natural infection (Tangtrongpiroj 
Wongsatayanon 1985; Vorapongsittikul et al. 1985). 
Mektrairat et al. (1985) showed that tetracycline, 5 mg/kg, 
I/P, could protect fish against infection for four days. 
Long-term application of antichemotherapeutic agents 
created drug-resistant A. hydrophila which could be 
isolated from fish. Poonsuk and, Saitanu (1980) found that 
the drug-resistance pattern was differ~nt from place to 
place, depending on the history of drug application. The 
organism was more resistant to sulfas than to antibiotics 
(Navarat et al. 1979; Saitanu et al. 1979; Saitanu and 
Poonsuk 1980c; Saitanu and Wongsawang 1982; 
Reungprach and Kesornchandra 1983). The study of 
minimal inhibitory concentrations of various drugs to A. 
hydrophila was undertaken by Poonsuk et al. (1984, 
1985a, 1985b). 

During the fish epizootics of 1982-1983, some 
disinfectants for the eradication of A. hydrophila in 
fishponds were recommended. To shed more light on this 
field, the effect of various kinds of disinfectants (e.g., 
potassium permanganate, formalin, benzalkonium 
chloride, iodine) was also studied (Tachushong and 
Saitanu 1983a, 1983b; Saitanu 1985b; Saitanu and 
Yingyong 1985; Saitanu et al. 1985). ·The bactericidal 
activity of the disinfectants deteriorated when exposed to 
organic matter. As to drug susceptibility, most strains of A. 
hydrophila from humans were highly sensitive to 
antibiotics and sulfas (Nilakul et al. 1984; Reinprayoon et 
al. 1984). 

Vaccine Development 

Some viral and bacterial diseases in fish can be 
prevented by vaccination. A vaccine for preventing A. 
hydrophila infection is under laboratory trials. Clariid 
catfish produced an agglutinating antibody after being 
vaccinated with bacterin prepared from a strain of A. 
hydrophila (Saitanu and Poonsuk 1979; Saitanu et al. 
1982b; Kesornchandra and Boonyaratpalin 1985). 
Likewise, snakehead fish responded to vaccination 
(Obsuwan et al. 1982). The vaccinated clariid catfish, 
under laboratory trials, were protected from the 
homologous strain of A. hydrophila (Saitanu and Poonsuk 
1980b). Because the organism is very heterogeneous 
according to the o-antigen serogroup study (Saitanu et ill. 
1982c) to prevent the disease, multivalent vaccine must be 
prepared. 
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Abstract 

Six genera of bacteria potentially pathogenic to fish were isolated 
from the organs of Aristichthys nobi/is and Ctenopharyngodon idella 
fingerlings obtained from two fish importers of Malaysia during the five-
month study. The organs examined were the kidney, liver, intestine and 
gills. The methods and media used enabled the isolation of aerobic, 
heterotropic mesophiles in the organs of the fmgerlings. 

A large number of the isolates were gram negative rods, of the 
generaAeromonas, Proteus, Citrobacter, Pseudomonas, Flavobacteriwn 
and Chromobacteriwn, found by other workers to be potentially 
pathogenic to fish. Several isolates of gram positive cocci of the genera 
Micrococcus and Staphylococcus were also identified and could also be 
pathogenic to fish. The genus Bacillus, descrlbed as nonpathogenic to 
fish, was also isolated. 

In a reinfection trial, Aeromonas, Citrobacter and Pseudomonas 
were found to be pathogenic when injected intraperitoneally into healthy 
fmgerlings of the grass carp. Aeromonas, Pseudomonas, Enterobacter 
and Flavobacteriwn were also isolated from the kidney and liver of 
locally-bred fingerlings of bighead and grass carp. 

Introduction 

Bacteria are common infectious agents of fish 
disease and can cause heavy mortalities of both cultured 
and wild fish (Shotts and Bullock 1975; Hambal 1985; 
Menasvata 1985). Bacteria are either obligate or 
facultative pathogens. Facultative pathogens can be a 
potential threat when fish are under environmental and 
physiological stress (Wedemeyer 1970). 

In Malaysia, very little is known about the 
bacteriology of fish. The only available data on Vibrio sp. 
were from marine fish during occurrences of disease and 
severe mortalities (Ong and Wong 1985) and on 
.Pseudomonas sp. isolated by Shariff and Law (1980) from 
diseased freshwater fish in J ohore, Malaysia. 
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Aquaculture is an expanding industry in Malaysia 
and this increase could give rise to deterioration of optimal 
aquatic environments for fish culture. Intensive 
aquaculture as seen in Thailand and Indonesia has resulted 
in epizootics due to the facultative pathogen Aeromonas 
hydrophila. 

This bacteriological study of imported bighead 
(Aristichthys nobilis) and grass carp (Ctenopharyngodon 
idella) was carried out as an initial step to establish basic 
information on the bacterial flora of fish in Malaysia. The 
bacterial flora of imported fry was studied because more 
than 50% of cultured fish in Malaysia are grown from fry 
imported from other parts of Asia. Information on the 
various potential pathogenic bacteria found in cultured fish 
can provide information to develop preventive, control, 
and treatment methods against future bacterial epizootics. 

Materials and Methods 

Fingerlings of A. nobilis and C. idella imported from 
Taiwan were purchased from two main Malaysian 
importers, The South East Asian Farm, Enggor, Perak and 
Ban Lee and Company, Salak South, Selangor. One 
hundred and five A. nobilis and 105 C. idella over 5 
months old, average length 7 cm and 9 g weight were 
sampled for bacteria. The importing agencies maintained 
the fingerlings in earth ponds or concrete tanks before 
selling them. 

Thirty-five locally-bred fingerlings, 16 A. nobilis and 
19 C. idella, were also sampled for bacteria. These 
fingerlings were obtained from the Freshwater Fishery 
Research Station, Batu Berendarn, Melaka. 

The fish were transported to the laboratory at 
Universiti Pertanian Malaysia in oxygenated plastic bags 
and bacteriological sampling was carried out upon arrival. 

The fish skin was washed with 70% ethanol to 
reduce the number of incidental organisms. An incision 
into the ventral abdomen was made through the body wall 
with a sterile scalpel at the mid-ventral line. The liver was 
sampled by first placing a hot scalpel blade on the surface 
and then inserting a flamed straight wire into the organ. 
The kidney was sampled similarly by inserting a flamed 
straight wire, but the surface was not seared with a hot 
blade as the kidneys were too small. The materials 
obtained from these organs were streaked directly onto 
plates oftrypticase soy agar (TSA, Difeo). 
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Samp~es of, gills l!fld intestines were taken by 
excising a small portion of the organ, dipping 'it in 70% 
ethanol and transferring it into phosphate buffered saline 
(PBS) at pH 7 .4. Pools of gills and intestines were 
homogenized separately and surface-plated onto TSA. 

· All inoculated plates were incubated aerobically at 
22oC. After 48 hours, representative numbers of the most 
numerous colony types from each plate were picked and 
subcultured repeatedly until pure cultmes .were obtained. 
The colonies were maintained on TSA slant ·at 4oc. · 

All purified bacterial isolates were characterized to 
genus .~d ·species level by ·examination of the colony 
morphology and biochemical characteris.tics using API 
20E Enterobacteriaceae identification kit. Methods and 
media as ·described in Cowan.and Steel (1974) were used 
a~ supplementary tests to rec6nfirm the identity. 

Preliminary identification tests were conducted.' to 
study the colony mprphology. and pigmentati.on, cell· shape 
and arrangement, gram stain and motility of the cells; as 
well as the ability of the isolate to produce oXidase apd 
catalase enzymes .. The oxidative or fe'rmentative nature of 
the isolates was determined with glucose (1 % w/v) in 
Bacto OF basal meq.ium and the test for acid and gas 
production from glucose (1 % w/v) was conducted in the 
Andrade Peptone Water medium (Oxoid). . 

. Supplementary tests were employed to reconfirm the 
identit)r of the isolates as described in Cowan and Steel 
(1974), which included .. indole production, citrate 
utilization, growth in triple sugar iron (TSI) agar, l\1R-VP,. 
urease and gelatinase activity. 

The identification of gram positive bacteria was 
based only on gram reaction, colony morphology, cell 
shape and arrangement, production of cauilase and oxidase 
and motility. . 

The virulence of IO ·isoiates representing five genera 
was tested. Fingerlings of C. idella were used and 
maintained in aquaria filtered with. underITTavel filters at 
water temperatures of 27-290C. · 

A pure culture of each .isolate was grown overnight . 
in trypticase soy broth at 22oC with aeration. The culttire 
was then centrifuged at 4,000 '.rpm f~r 20 min. and the cells 
resuspended in. PBS .~olution. c.· idelia fingerlings, 9 g 
average weight were injected intraperitoneally with 0.05, 
0.1 and 0.2 ml c;>f the. corresponding suspensjon of each 
bacterial isolate. Mortalities were recorded daily during a. 
7-day period. Death due to the injected bacterial- strains 
was confirmed when pure culture of the injectect.bacterial 
strains were reisolated. · · 

Results 

Tables 1, 2, 3 and 4 show the bacterial isolates 
identified from imported A. nobilis and C. idella 

fing~rlings. A total of 470 bacterial isolates were 
associated with the organs of both fish species and these 
isolates comprised 12 different gram negative genera. Four 
of these bacterial types, Aeromonas hydrophila, 
Citrobacter freundii, Enterobacter sp. and Pseudomonas 
sp. were isolated in both A. nobilis and C. idella. obtained 
from the two importing agencies. Three other bacterial 
groups, identified as Proteus sp... Acihetobacter and 
Plesiomonas shigelloides, were present in three of the four 
groups of imported fish, i.e., C. idella and A. nobilis from 
the two importing agencies. Other bacterial groups, 
Escherichia coli, Erwinia sp. and Klebsiella sp. occurred 
at a lower prevalence than the seven bacterial groups 
mentioned earlier. Flavobacterium sp. and 
Chromobacterium sp. were isolated only in fingerlings of 
grass carp purchased from Salak South. 

Gram positive groups belonging to the genera 
Bacillus, Staphylococcus and Micrococcus were also 
isolated. Specific determination was not done on these 
groups. The identities of these isolates were presumed on 
the.basis of gram reaction, cell shape and arrangement, 
colony morphology and pigmentation, motility, catalase 
and oxidase test. · - · 

Am9ng th~ gram negative ·group, A. hydroph.ila, . 
followed by C. freundii, were the most frequent isolates 
and ·were detected on both host species from both 
importing agencies. A· consistently large number of A. 
hydrophila isolates were found in each of the organs in all 
instances. In addition, gram positive groups were also 
frequently isolated in 'all organs of both host. species from 
Salak South and Enggor. Ten other generic groups were 
not consistently distributed in all organs · and ·their 
prevalence were lower than A.. hydrbphila; gram positive 
gep.era and C.freundii~ · 

Bacteria of four different groups were isolated from 
locally-bred fingerlings (Table 5). Three of these four 
groups, A. hydrophila, Enterobacter sp. and Pseudomonas 
sp., were common in both focal and imported fingerlings 
of A. nobilis and C. idella. 

Test on the pathogenicity of the bacteria A. 
hydroj:Jhila, P. aeuriginosa, Proteus vulgaris, C. jreundii · 
an:d Enterobacteriaceae showed that· all isolates caused 
death of fingerlings at various times after experimental 
infection. · 

At 0.05 ml inoculum, strains ·of P. aeuriginosa and 
A. hydrophila killed all IO ·fingerlings within one and two 
days, respectively. 'A mortality-of more than 50% occilrred 
after 2-3 days among fingerlings injected with 0.1 ml 
isolates of C. freundii, P. vulgafis and Enterobacteriaceae. 
The control- group injected with PBS showed IOO% 
survh~al. One isolate, P. mlrabilis, was not pathogenic to 
C. idella fingerlings. - · · · 
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Discussion 

AB this was a preliminary study of bacterial flora in 
imported and locally-bred fingerlings, a non-selective 
medium (TSA) was used which allowed. only for the 
recovery of a limited number of bacterial groups. The 
bacteria types isolated were all aerobic, heterotrophic and 
mesophilic. Diverse genera of gram negative bacteria were 
detected in the internal organs of the imported bighead and 
grass carp. Shotts et al. (1976) described similar bacterial 
flora from aquarium fishes imported from Southeast Asia 
into Canada. Three of the genera: Aeromonas, 
Pseudomonas · and Flavobacterium, but of different 
species, were also isolated from healthy and diseased grass 
carp reared in freshwater ponds in Taiwan (Wu 1971). The 
species A. punctata, A. sobria andP.fluorescens and other 
organisms were isolated from diseased grass carp in China 
(Nei and Pan 1985). 

Clusters of gram positive cocci were isolated and 
their identity presumed to be Micrococcus. This genus was 
also detected in healthy and diseased grass carp in Taiwan 
(Wu 1971). Staphylococcus sp. was ·also recovered 
occasionally in organs of the imported fingerlings. This 
genus is known to have caused epizootics in some fish 
species (Kusuda and Sugiyama 1981). 

The detection of the gram negative isolates A. 
hydrophila, Pseudomonas sp., Proteus sp. and 
Flavobacterium is significant because these are known to 
be potential fish pathogens (Bullock 1971; Frerichs 1984). 
Aeromonas hydrophila was the most dominant isolate in 
all organs of both bighead and grass carp and was detected 
in all samples over the five-month period. This organism 
is one of the main opportunistic pathogens for both 
freshwater and estuarine fishes (De Figueiredo and Plumb 
1977; Nieto et al. 1984). Aeromonads were the main 
etiological agent in a disease outbreak in Indonesia where 
severe mortality of both cultured and wild fish resulted 
(Hambali 1985). Several workers in Thailand (see 
Menasveta 1985) confirmed that A. hydrophila was a 
major bacterium isolated from the ulcerative lesions of 
fish from ponds and the wild during this disease epizootic. 
The occurrence of serious disease due to A. hydrophila in 
countries so near Malaysia indicates the need to monitor 
its distribution and occurrence in Malaysian fish. The 
other gram negative organism (Proteus vulgaris, 
Pseudomonas putida, Citrobacter freundii and 
Chromobacterium sp.) which were occasionally isolated 
from organs of these imported fingerlings should be a 
cause of concern as well. Prot(Jus vulgaris has been known 
to cause blotch disease in some species of freshwater 
fishes (Amlacher 1961) and Pseudomonas putida is one of 
the etiological agents of hemorrhagic septicemia in fish 
(Bullock 1971). In addition, Citrobacter sp. and 
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Chromobacterium sp. have been isolated from ulcerated 
lesions of fish in Papua New Guinea (Coates et al. 1984). 

The potential pathogenic nature of five of the gram 
negative isolates was seen in the pathogenicity study. 
Thus, the strains of bacteria isolated from bighead and 
grass carp fry imported. into Malaysia could presumably 
become pathogenic under stressful situations. 

The bacteriological examination of locally-bred 
fmgerlings showed the presence of four bacterial types 
similar to the ones isolated from imported fry, namely, A. 
hydrophila, Enterobacter sp., P. aeuriginosa and 
Flavobacterium. Further studies would be required to 
identify the bacterial flora present on the local freshwater 
fish before it could be concluded that potential disease-
causing bacteria are being introduced via imported fish. 

The number of bacterial types isolated in this study 
do not represent all the organisms found in the organs of 
imported fmgerlings because sampling was carried out for 
only five months. Two potentially pathogenic genera, 
Flavobacterium sp. and Chromobacterium sp., isolated 
only in grass carp fingerlings 'purchased from Salak South, 
would probably be isolated in other samples if an 
additional seven-month sampling is carried out. 
Furthermore, 12-month sampling would allow the 
recovery of bacterial types predominant in different 
seasons of the year. 

In conclusion, this preliminary study shows that there 
are potential pathogens present as part of the normal 
bacterial flora of both imported and locally-bred 
fmgerlings. However, the strain types of these pathogens 
still have to be determined to see if the strains found here 
are similar to those known to cause severe mortality of 
fish in countries such as Thailand and Indonesia. 
Monitoring the entry of these pathogenic strains through 
imported fingerlings would help prevent bacterial 
epizootics of fish in Malaysia. Furthermore, if strain types 
in local fingerlings are known, the entry of new strains 
with imported fingerlings could be restricted, preventing 
possible epizootics due to local fingerlings not being 
resistant to new strains. 
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Table 1. Prevalence and distribution of bacterial groups in organs of A. nobilis from Salak South, 
Selangor (n = 105). 

Distribution of isolates in various organs 
Bacteria No. Kidney Liver Gill Intestine 

Aeromonas hydrophila 53 23 17 7 6 
Citrobacter freundii 26 5 5 8 8 
Enterobacter cloacae 2 2 
Pseudomonas ma/lei 
Proteus vulgaris 7 6 
Escherichia coli 
Erwinia sp. 
Acinetobacter sp. 
K/ebsiella sp. 1 1 
Gram positive 30 2 2 18 8 
Unidentified gram 8 4 1 3 

Negative 

Total isolates 131 38 29 35 29 
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Table 5. Genera of bacteria from organs of locally-bred fingerlings of A. nobilis (n = 16) and C. idella. 

Aeromonas hydrophila 
Enterobacter sp. 
Pseudomonas aeuriginosa 
Flavobacterium sp. 
Unidentified gram negative 

Total isolates 

No. of 
isolates 

8 
4 
4 

4 

21 

Distribution in organs 
Kidney Liver 

4 
1 

7 

4 
3 
3 
1 
3 

14 

Table 6. Pathogenicity of selected bacterial strains isolated from imported C. idel/a and A. nobilis. 

Strains 

Aeromonas hydrophila 

SBKB-9 
SBK9-12 
SGLB-16 
SBL9-10 

Pseudomonas aeuriginosa 

SGl8·3 
SGl10-12 

Enterobacteriaceae 
Proteus mirabilis 
Proteus vulgaris 
Citrobacter freundii 
Control (PBS) 

NT = not tested. 

Dose of bacteria injected 
0.05 0.1 0.2 ml 

Dead fish (n = 10) 

2 
10 

NT 
NT 

10 
NT 

NT 
0 

NT 
8 
0 

6 
9 

10 
NT 

. 10 
4 

9 
0 
5 

10 
0 

NT 
NT 
10 
9 

NT 
6 

9 
NT 
10 

NT 
0 

Time from infection 
to death (days) with 

0.05 0.1 0.2 ml dose 

2 2 

1 
;3 

3 4 
No deaths 

3 
2 2 

No deaths. 

_J 

I .. 
_J 

..J 
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Abstract· 

Testing of fish species for resistance against Aeromonas 
hydrophila was conducted. Two strains of common catp (Cyprinur 
carpio), Taiwan and Sinyonya, and two other species of cultured fish, 
walking catfish (Clarias batrachur) and giant gorarny (Osphronemur 
goramy), were challenged by intraperitoneal injection with·three levels of 
viable pathogen: 103, HP and 107 bacterial cells per fish. The results 
indicated that walking catfish was most susceptible to infection by 
Aeromonas hydrophila. Giant gorarny was more resistant than walking 
catfish but less resistant than both the Sinyonya and Taiwan strains of 
common catp which did not differ in susceptibility. Comparison of 
mortality rates for the different levels of pathogen used to challenge fish 
showed that mortality was highest at HP bacteria per fish. However, fish 
injected with 103 bacterial cells were less severely infected than those 
challenged with 107 bacterial cells. 

Introduction 

Fish culture in Indonesia, such as through the use of 
running water systems, has intensified since 1971. Type of 
culture system, nutrition, broodstock quality, water quality 
and disease are factors to be considered in establishing fish 
culture. Disease is one factor which reduces fish 
production. Outbreaks of fish caused great damage to carp 
production in late 1980 in West Java, where a total of 125 
t of carp were lost (Djajadiredja et al. 1983). 

Some antibiotics and chemicals have been 
successfully used to treat fish disease. The addition of 
antibiotics to fish feed is one of the most useful methods 
of treating fish against Aeromonas sp. or Flexibacter 
columnaris infections (Meyer 1964; Curran and Herman 
1969). However, these methods of treatment are limited to 
fish accustomed to artificial diet. Each antibiotic has 
advantages, but also disadvantages as some produce drug 
resistant strains of bacteria when used continuously. 

Protection of fish against a number of the more 
important bacterial diseases is possible by use of vaccines 
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(Horne et al. 1984; Tatner and Horne 1984). The 
effectiveness of vaccines depends upon their ability to 
stimulate the immune system of fish so that in the event of 
natural challenge they are able to mount a quick protective 
response. Protection resulting from vaccination is usually 
long lasting; fish require only one or two doses to protect 
them over a full season of exposure and if vaccines do not 
cause resistance or residue accumulation which may arise 
with antibiotics. 

Another method of controlling fish disease is by 
selection of species or strains of cultured fish resistant to 
disease (Richards and Roberts 1978; 'Castric and de 
Kinkelin 1984). Indonesia has over a thousand species and 
strains of cultured and wild fishes; thus selection of 
species or strains of fish resistant to disease offers a 
potentially valuable tool to prevent disease outbreaks. 

Results of investigations on the resistance of species 
and strains of fish to Aeromonas hydrophila are presented. 

Materials and Methods 

Two strains. of common carp (Cyprinus carpioJ, 
Sinyonya and Taiwan strains, and two other cultured 
species, giant goramy (Osphronemus gorcimy) and 
walking catfish (Clarias batrachus), were challenged by 
intraperitoneal injection with three levels of viable 
pathogen, 103, 105 anci 107 bacterial cells per fish, 10 fish 
per challenge level. Fish were then fin-clipped to denote 
the dosage and all fish of the same strain/species held 
together in the same concrete pond with 10 uninfected 
fish. There were replications for each fish species or strain. 
Pond size was 9 x 6 m and 0.8 m deep. Completely 
randomized design was used in th~ experiment and the 
data analyzed with Duncan's Multiple Range Test. Fish 
were observed for one month and all mortalities recorded. 

Bacteria used to test resistance were isolated from 
infected fish collected from the Bogar area and identified 
by the methods of Bullock (1971) and Shotts and Bullock 
(1975). 

Results and Discussion 

Results indicate that there are differences in 
susceptibility ·among the four groups tested (Table 1). 
Walking catfish was most susceptible to Aeromonas 
hydrophila (P < o:Ol), giant goramy was more resistant 
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than walking catfish but less resistant than Sinyonya and 
Taiwan strains of common carp. Susceptibility did not 
differ significantly between the Sinyonya and Taiwan 
strains. 

The high susceptibility of walking catfish to bacterial 
disease appeared to be confmned by several cases of 
outbreaks in Indonesia. Similar cases among walking 
catfish have also been reported by Menasveta (1985) and 
Areerat (1978) in Thailand. 

Snakehead (Ophicephalus striatus) also seems to be 
susceptible to Aeromonas hydrophila. During outbreaks of 
bacterial disease in Kalimantan and South Sumatera, this 
species was seriously infected by this bacterium. 

Comparison of results of challenge with different 
levels of bacteria showed that a dosage of 105 bacteria/fish 
caused higher mortality than 107 or 103 bactena/f~h. 
However, a dosage of 103 bacteria/fish caused less severe 
infections than 107. 

The LD50 of Aeromonas hydrophila was studied by 
Supriyadi (1985). The LD50 for A. hydrophila isolated 
from different places in Indonesia ranged from 1.5 x 105 
to 1.5 x 106. Similarly, this study showed that a challenge 
of 105 bacteria caused high mortality. Snieszko (1974) 
mentioned that the pathogenicity of some bacteria is 
influenced by environmental conditions. 

Early signs of infection were first observed three 
days after post-injection. Hemorrhage and necrosis of the 
skin and occasional ulcerations were observed. 

According to a recent study at the Research Institute 
for Freshwater Fisheries, the crossing of Majalaya and 
Sinyonya carp strains produces a fast~growing hybrid. The 
susceptibility of this new hybrid to bacterial disease also 
needs to be studied in the search for a disease-resistant 
carp strain. 
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Abstract 

Four groups of seabass, lAtes calcarifer, imported from Bangkok 
and Songkla for culture in Penang were examined for the presence of 
bacteria in the kidney and spleen tissues. Four selective culture media, 
i.e., TCBS for vibrios, Rimler-Shotts (RS) agar for Aeromonas, cetrimide 
agar for Pseudomonas, and cytophaga agar for myxobacteria; and one 
non-specific culture medium, trypticase soy agar ('l'SA), were used. 
Group 1 consisted of healthy fish cultured in Penang for about one month 
after being imported from Bangkok. The prevalence of bacterial growth 
on the five media for kidney tissue (spleen tissue) was 11.1 % (11.l %) on 
TSA, TCBS, RS and cytophaga agar and 0% (0%) on cetrimide agar. 
Group 2 consisted of unhealthy ~d dying fish imported a day before 
from Songkla. The prevalence of bacterial growth was 58.5% (65.9%), 
24.4% (29.3%), 4.9% (2.4%), 8.1 % (8.1 %) and 4.9% (0%) on TSA, 
TCBS, RS, cytophaga and cetrimide agar, respectively. Group 3 
comprised diseased fish showing symptoms of tail and fm rot just 
imported from Bangkok. The bacterial prevalence was 85.7% (92.9%), 
50% (50%), 7.1% (7.1%), 7.1% (14.3%) and 0% (0%) on TSA, TCBS, 
RS, cytophaga and cetrimide agar, respectively. Group 4 was the 
surviving healthy fish from group 2 examined one month later. The 
bacterial prevalence was 20% (32%), 12% (18%), 0% (0%), 0% (0%) 
and 4% (0%) on TSA, TCBS, RS, cytophaga and cetrimide agar, 
respectively. :Ihe unhealthy fish seemed to produce a higher prevalence 
of bacterial growth on the various media used. The majority of the 
isolates appeared to be Vibrio parahaemolyticus or other vibrios. 
Aeromonas, myxobacteria andPseudomonas were seldom isolated. High 
prevalence of bacterial growth seemed to be associated with heavy 
infection by the monogenean Cycloplectanum epiMpheli. 

Introduction 

Bacterial diseases are known to cause high mortality 
of fishes cultured in cages in Malaysia (Chua and Teng 
1978; Ong 1984). The annual mortality is known to be 
between 40 and 50% and the financial loss is considered 
large because of the high importation cost of fish fry. 
Many of the seabass fry cultured in the floating cages in 
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Penang are imported by air or by land from Thailand. The 
fish are normally in poor shape when they arrive, probably 
due to stress and mishandling during transport. Stress, 
coupled with lack of a proper quarantine system and 
effective prophylactic treatment, results in mortality as 
high as 100% within 1-2 weeks after arrival. Common 
symptoms associated with this mortality is darkening of 
the body together with the appearance of a long fecal cast 
attached to the anus and, occasionally, loss of scales and 
fin rot. 

Diseases caused by bacteria belonging to genus 
Vibrio in marine fish and Aeromonas and Pseudomonas in 
freshwater fish have been reported for many food fish 
cultured in Southeast· Asia (Davy and Chouinard 1983; 
Kabata 1985). There are very few studies of bacterial 
disease in fish in the tropics. Many studies have shown 
that bacteria belonging to Aeromonas, Pseudomonas, 
Vibrio, Corynebacterium, Myxobacterium and a few 
others are known to be causative agents of infectious 
diseases in coldwater fish (Roberts 1978). 

In view of the high mortality associated with the 
importation of fry, this study was initiated and forms part 
of a larger investigation designed to identify the bacterial 
pathogens and parasites which may cause death of the 
imported fish fry. 

Materials and Methods 

Fish were obtained from the fish farm in Penang in 
four groups. Group 1 consisted of nine healthy fish 
cultured in the cage for about a month after importation 
from Bangkok. Group 2 were 41 unhealthy and dying fish 
obtained a day after shipment from Songkla. Group 3 were 
14 diseased fish showing symptoms of fin and tail rot 
upon arrival from Bangkok and Group 4 were 25 surviving 
fish from Group 2 examined one month later. 

Live fish were examined within 24 hours for external 
lesions and abnormalities before they were used for 
bacteriological examination. The same fish was also used 
for protozoa and parasite examinations as reported in 
another paper (Leong and Wong, this vol.). The skin was 
swabbed with 70% alcohol after the scales had been 
removed. The abdominal cavity was opened aseptically. 
Kidney and spleen tissues were removed and inoculated 
onto five culture media of which thiosulfate citrate bile 
salt sucrose agar (TCBS) was used to select Vibrios, 
cetrimide (cet) agar for Pseudomonas, Rimler-Shotts (RS) 
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agar for Aeromonas, cyipphaga (cyto) agar far 
myxobacteria and the nonselective trypticase soy agar 
(TSA) for all aerobic bacteria, according to the method 
described by Shotts and Bullock (1975). TCBS was added 
to the scheme of Shotts and Bullock while 1-3% Naa was 
adde.d to the TSA agar for the growth of marine 
organisms. 

All plates were incubated at room temperature (30 
20C) for 24-48 . hours and the. vaJ:ious colon;es selected 
were transferred to 'J'.SA slants for fQrther testing. 

The isolates were examined for Gram's reaction, 
Huge-Leifsons test, oxidase test, catalase test, motility, 
sensitivity to vibriostatic agent {0/129), methylene blue 
and novobiocin, MR-~ test, gelatine liquefaction, nitrate 
reduction, salt tolerance test (0%, 3%, 6%, 8% and 10% 
NaCl), decarboxylase of.amino acids (L-arginine, L-lysine 
and L-omithine), growth at 42oC, indole production .and 
luminescence according to the methods described by West 
and Colwell (1984). Keys for the identification of gram 
negative aerobic bacteria as described by various authors 
(S~ewan et al. 1966; Gibbs & Skinner 1966; Buchanan 
and Gibbons 1974) were used and the bacteria identified 
and grouped under Enterobacteriaceae, Vibrio, 
Aeromonas, Pseudomonas, Alcaligenes, Flavobacterium, 
Cytophaga!Flexi.bacter, Achromopacter and other 
unindentified bacteria. Further identification of species of 
the Vibrionaceae was done according to the .scheme 
described by West and Colwell (1984). 

Results 

A total of 89 fish were examined. Fifty-seven (64%) 
were found to carry bacteria in their kidneys or spleen 
(Table 1). The occurrence of bacteria depended very much 
on the health of the fish. · . 

Group 3 fish (~seased) had the highest rate (92.6%) 
of infection, whereas Group 1 fish (healthy) had the lowest 
rate (11.1 % ). Group 4 fish, apparently healthy and from 
the same batch as Group 2, showed a 44% rate of 
infection. 

The distribution of the bacteria isolated from the fo\ll' 
selective media. and one general medium is shown in 
Table 1. Most fish had aerobic bacteria and Vibrio in their 
kidney and/or spleen, as indicated by the high occurrence 
in the TSA and TCBS media. Pseudqmonas!Aeromonas 
and myxobacteria were selqom found. 

Sixty-eight isolates. from the TSA (Table 2) were 
found to belong to Family Vibrionaceae and all of them 
were sensitive to Nqvobiocin (lOµg) and 0/129 at 150µg 
level. This suggests that all the isolates were vibrios. Eight 
of the remaining isolates were identified as enterobacteria 
and nine as other bacteria. The same trend was observed 
for isolates obtained from TCBS medium. Forty-five out 

of a total of 54 (83.3%) were identified as vibrios, four 
(7.4%) as enterobacteria and five (9.3%) as other bacteria. 
Very few isolates were obtained from the other three 
selective media and the isolates were mainly 
enterobacteria (nine), vibrios (two), 
Flavobacterium!Cytophaga group (two), 
Alcaligenes/Pseudomonas group (five) and 
Acinetobacter (one) according t.o the keys modified from 
Buchanan and Gibbons (1974), Gibbs and Skinner (1966) 
and Shewan et al. (1966). . · 

The isolates belonging to Family Vibrionaceae were 
further identified using the scheme of West and Colwell 
(1984). Table 3 shows that 38 out of 68 (55.8%) isolates 
from the TSA medium belonged to Group 1 vibrios that 
contained V. parahaemolyticus, V. alginolyticus, V. 
haT'Veyi and V. vulnificus. Fifteen isolates (22%) were 
identified as belonging to Group 2, that contained V. 
campbellii, V. fischeri, V. logei and V. marinus. The 
remaining 14 isolates (20.8%), as Group 3, were 
composed of other vibrios needing further identification. 

The 45 vibrio isoJates obtained from TCBS were 
further examined with the same scheme. of West and 
Colwell (1984). Twenty-five isolates (55.6_%) belonged to 
Group 1 vibrios; nine (20%) to Group 2 vibrios, and the 
remaining 11 (24.5%) were other vibrios. Identification of 
the isolates to the species, hOwever, was difficult due to 
the many variations among strams of the same species. 
However, the task of identifying these isolates is still in 
progress, and may eventually produce a more complete 
picture of the distribution of vibrios in fish tissues. 

Discussion 

Results show that TSA with 3% NaCl and TCBS 
agar are the media most useful and effective in the 
isolation of bacteria from the kidney and spleen of 
seabass. The majority of isolates obtained from these two 
culture media have been identified as vibrios. This agrees 
with the high number of vibrios in the natural environment 
where the culture cages are located (Yap 1980; Ong 1984). 
The occurrence of bacteria in the. internal organs of fish 
has been suggested to be closely associated with the 
natural flora of the environment (Shewan 1961; Shewan 
and Hobbs 1967) and was proven by Horsley (1977). 

Vibrios are opportunistic organisms present in large 
numbers in the coastal waters of tropical regions 
throughout the year. The high prevalence (1144%) of 
these organisms in the kidney or spleen of healthy fish 
supports the view that bacteria of the internal organs 
reflect the bacterial flora of the environment Diseased fish 
harbor an even higher prevalence· (78-92%) of vibrios, 
suggesting that these opportunistic organisms are able to 
invade and multiply in the tissues of fish under stress and 
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may eventually lead to mortality, as reported by Bullook 
and Snieszko (1969). The high prevalence of ·bacteria in 
the internal organs was reported for many species of fish 
in the temperate region. Evelyn and McDermott (1961) 
reported prevalence of 70% in the internal tissues of some 
10 species of freshwater fishes. Ojala (1968) isolated 
bacteria from 49% of healthy fish, whereas 83% of 
diseased fish harbored bacteria. Bullook and Snieszko 
(1969) reported 12-28% of fish harbored bacteria and 
Chung and Kou (1973; 1974) reported 42% of healthy fish 
and 96.3% of diseased eels were infected. Prevalence in 
healthy and diseased seabass in this study closely 
resembles those reported in the literature. 

This study reveals that vibrios are the major group of 
bacteria isolated from fish tissues. This apparently differs 
greatly from another finding where Pseudomonas, 
Aeromonas, Achromobacter, Flavobacterium and 
coryneform bacteria predominate (Horsley 1977). 

This difference is probably due to different 
environmental conditions. Most of these studies were done 
in the cold countries and on fish freshly caught and 
examined for spoilage bacteria assooiated with the skin or 
gills rather than with the internal organs. However, Aiso et 
al. (1968) reported the isolation of 96.3% vibrios from the 
intestine of mackerel, Trachurus japonicus. 

This study shows that vibrios isolated from batches 2 
and 3 (healthy and diseased fish) are very heterogenous 
and contained many species. All these vibrios must have 
been imported along with the fish. This suggests that 
disease caused by vibrio infection is probably not the 
result of a single species but of a combination of two or 
more. This study indicates that the predominant species of 
vibrios associated with the kidney or spleen are V. 
parahaemolyticus and V. alginlyticus. In Singapore 
(Chong et al. 1983) and in Malaysia (Ong 1984) vibriosis 
has been reported to be caused by these species. 
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Table 1. Distribution and frequency indices of bacteria isolated from fish on various culture media. 

No. offish 
infected/no. Distribution index (% culture) 
examined TSA TCBS RS 

Group 1 1/9(11.1%)* 11.1(11.1) 11.1(11.1) 11.1(11.1) 
(Healthy) 

Group 2 32/41(78.1%) 58.5(65.9) 24.4(29.3) 4.9(2.4) 
(Unhealthy, 
dying) 

Group 3 13/14(92.9%) 85.7(92.9) 50.0(50.0) 7.1 (7.1) 
(Diseased) 

Group 4 11/25(44%) 20.0(32.0) 12.0(8.0) 0(0) 
(Healthy) 

Total 57 /89(64.0%) 

*Figures without parentheses represent values for kidney, those within parentheses for spleen. 

Table 2. Frequency of bacteria isolated on various culture media. 

Bacteria TSA TCBS RS 

Vibrionaceae 68 (80.0%) 45 (83.3%) 0 
Enterobacterlaceae 8 (9.4%) 4 (7.4%) 2 
Other bacteria 9 (10.6%) 5 (9.3%) 6 

Total 85 54 8 

Table 3. Frequency of vibrio isolates grouped according to West and Colwell (1984). 

TSA 
TCBS 

Total 

Group I Vibrios 
Group 11 Vibrios 
Group 111 Vibrios 

Group I 

38 (55.9%) 
25 (55.6%) 

63 (56.2%) 

Group 11 

15 (22%) 
9 (20%) 

24 (21.4%) 

Vibrio parahemolyticus, V. alginolyticus, V. harveyi and V. vu/ificus. 
Vibrio campbellii, V. fischeri, V. /ogei and V. marinus. 
Unidentified. 

Cyto 

11.1(11.1) 

8.1 (8.1) 

7.1(14.3) 

0(0) 

Cy to 

0 
6 
2 

8 

Cet 

0 (0) 

4.9(0) 

0 (0) 

4.0(0) 

Cet 

2 

Group Ill 

15 (22%) 
11 (24.5%) 

25 (22.3%) 

1 
0 

3 
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Abstract 

The first record of the blood fluke Sanguinicola armata in 
Aristichthys nobilis and Ctenopharyngodon idella in Malaysia is 
reported. The two species of cryprinids, imported from Taiwan, were 
examined monthly between February 1984 and February 1985 in Perak 
and Selangor, Peninsular Malaysia. The average prevalence of S. armata 
adults in all the fish examined was 4.9%. The eggs of S. armata, which 
were readily apparent on examination of gill smears, had an average 
prevalence of 8.7%. The transparent, lanceolate adult trematodes with 
spines on their cuticle and their eggs are described. Histopa,thological 
examination of a representative sample of A. nobilis and C. idella 
revealed the presence of S. armata eggs and rniracidia in the heart, gills, 
liver, omentum, kidney, eye, spleen and intestines. The heart and gills 
were the organs with the highest prevalence at these stages. Adult S. 
armata were seen in the lumen or blood vessels of the heart, liver, 
kidney, eye and gills. The host response to .the various stages of S. 
armata in A. nobilis and C. idella tissues, which is primarily 0ne of 
encapsulation at the site of injury, is presented.The distribution of S. 
armata in fish tissues, its potential danger to Malaysian aquaculture and 
the implications of unrestricted importation of potentially pathogenic 
parasites are discussed. 

Introduction 

There is little infonnation available on the parasites 
of cultured, wild and aquarium fish in Malaysia. Leong 
(1979) reviewed the then current knowledge on parasites 
of freshwater fishes in Malaysia listing 24 species, all 
metazoans. More recently several surveys have added to 
the knowledge of the known parasites of freshwater fish in 
Malaysia (Shariff 1980; Shariff and Vijiarungam 1983; 
Shaharom 1985). Shaharom (1985) reported her findings 
on imported bighead carp (Aristichthys nobilis) and grass 
carp (Ctenopharyngodon idella). These two species 
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comprised 56.64% of total Malaysian freshwater pond 
aquaculture production in 1983 (Malaysia, Ministry of 
Agriculture and Fisheries 1984). The use· of imported 
bighead and grass carp fry accounts for all of this 
significant increase in production. 

An examination of imported fishes was inititated to 
determine primarily the ectoparasites introduced into 
Malaysia. The survey revealed the presence of triangular-
shaped. Sanguinicola eggs in the gill lamellae of both 
species examined. This is the first report of the presence of 
blood flukes in Malaysia. Since there are few detailed 
histophatological descriptions of the infection, studies 
were initiated on both the parasite's morphology and its 
effect on the host. 

Materials and Methods 

The bighead and grass carp fingerlings used in this 
study were originally imported from Taiwan as fry. They 
were purchased monthly from February 1984 to February 
1985 from two separate fry importers, one in Salak South, 
Selangor, and the other in Enggor, Perak. Parasitological 
examination and sampling for histopathology was carried 
out within 24 hours of the· fishes' arrival at Universiti 
Pertanian Malaysia. 

Fish were killed by transection of the spinal cord. 
Wet mount smears of the gill lamellae were prepared and 
ex1:1mined under the microscope. If the triangular eggs of 
Sanguinicola were detected in the gill lamellae, the heart 
was then removed from the body cavity, teased open and 
examined using a dissecting microscope. To relax the 
trematodes, the adults obtained were held overnight in fish 
saline at ·5oC. Subsequently they were fixed in 70% 
ethanol, then stained in paracarmine or a similar stain, 
destained in acid-alcohol, dehydrated in increasing 
concentrations of alcohol, cleared in xylene and mounted 
in Canada balsam for examination with a compound 
microscope. 

Fish were subsampled randomly from several of the 
consignments for histopathological examination. Fish 
killed by transection of the spinal cord were then dissected 
to remove individual organs. Not all organs from every 
fish were obtained. Fixation was carried out in 10% 
phosphate buffered fonnalin and processed using routine 
methods. Sections cut at 5 to 8um were stained with H + E. 
Only one section of each organ was examined. 



248 

Results 

As the heart muscles were teased apart and examined 
under the microscope, adult parasites wriggled and moved 
around quickly. Adults were also found in the branchial 
and caudal blood vessels. Sanguinicola armata adults are 
transparent, lanceolate worms with spines on their 
cuticular surfaces, averaging 844.65 (370-1,156.20).um in 
length and 150.77 (90-232.50).um in width (n=50). The 
mouth opens into a long narrow esophagus which ends in 
a four-lobed intestine. Below the intestine, in the center of 
the body, arise 10 pairs of testes. On either side of the 
testes, along the body length are the vitellaria. At the distal 
end of the testes are a pair of ovaries. Below these are. a 
pair of urinary sacs. 

The eggs when newly laid are triangular and measure 
44.04 (24.00-52.50) .um, long and 22.00 (16.00-30.00)µm 
wide. Some of the eggs observed had fully developed oval 
miracidia with one pair of eyespots and a pair of 
penetration glands at the anterior end. At the opposite end 
is a pair of sacs. The miracidium is covered with short 
cilia. 

The percentage prevalence of S. armata adults and 
eggs in all the fish examined over the study period was 
3.32 and 6.01, respectively .. Table 1 shows the average 
percentage prevalence in bighead and grass carp purchased 
from Selangor and Perak, Malaysia. 

The egg and miracidial stages of S. armata (Fig. la) 
were present in sections of the heart (31/33), gills (33/48), 
liver (16/45), omentum (12/42), kidney (5/35), eye (2/30), 
spleen (1/36) and intestine (1/40). None of the 17 brain 
and 28 skin and skeletal muscle sections contained any 
stage of the parasite. The percentage prevalence of eggs 
and miracidia in the organ sections is shown in Fig. 2. The 
ranking of organs according to percentage prevalence of 
eggs and miracidia did not differ greatly when bighead 
carp and grass carp were compared (Fig. 2a), nor when 
sites of origin in Malaysia (Enggor and Salak South) were 
compared (Fig. 2b). The number of eggs and miracidia in 
each organ section examined varied from 111 to 0. The 
gills and heart had the greatest intensity of infection. Table 
2 shows the. mean number of eggs and miracidia in 
relation to organ section. 

The adult S. armata (Fig. lb) was less commonly 
seen in sections. They were detected in the lumen of the 
bulbus arteriosus . (3/33); the posterior vena cava (3/35); 
the branchial vessels (3/48); the blood vessels witllin the 
eye (2/30) and in the hepatic portal vein (1/45). 

There was no difference · in the response to the 
presence of the various stages of S. armata in bighead and 
grass carp. The adult parasite was well tolerated and did 
not evoke any host reaction. The reaction to the egg and 
miracidial stages was the same and did not vary with the 
organ. On occasion, there was no host reaction (Fig. la). 

· More usually, a reaction in the early stages consisted of 
encirclement with loosely arranged, irregular, activated 
fibroblasts (Fig. le). This encapsulation appeared to 
progress to a final stage where there were three to eight 
concentrically arranged layers of fibrocytes, with collagen 
fibers occupying the space between the nuclei (Fig. Id). It 
was not uncommon to see two or more necrotic eggs 
encapsulated by the same fibrous connective tissue 
reaction. A number of stages of destruction of the encysted 
eggs and miracidia were recognizable in the tissue 
sections. Unchanged eggs and miracidia were seen 
occasionally. Most commonly there was a degeneration 
and necrosis of the eggs and miracidia with macrophages 
present within the degenerating cell mass (Figs. le and 
ld). The final stage of destruction was one where the 
fibrocytic encapsulation surrounded a medulla of faintly 
eosinophilic, necrotic debris. 

Discussion 

The parasite Sanguinicola armata was identified 
based on the modified key of Erickson and Wallace (1959) 
derived from the Macintosh (1934) key. This Sanguinicola 
had a four-lobed intestine and not five as stated by Plehn 
(1905) for S. armata. The rest of the features resemble 
closely those d~cribed for S. armata. This is the first 
reported occurrence of a Sanguinicola species in Malaysia 
and the Southeast Asian region but it is likely that its 
presence may have been undetected for some time. 

The prevalence of adult S. armata,' as determined by 
parasitological examination, was. higher in grass carp 
(6.20) than in bighead carp (3.32). Similarly the 
prevalence of eggs in grass carp (8.06) was higher than in 
bighead carp (6.01). This is reflected by the higher 
prevalence of eggs in tissue sections of grass carp as 
compared to bighead carp (Fig. 2a). The presence of the 
triangular eggs in gill smears did not necessarily indicate 
the presence of adults in the bulbus arteriosus. In the 
sectioned organs and occasionally in parasitological 
examination, adults appeared to be located in various parts 
of the circulatory system. Distribution of the adW.t S. 
armata was comparable to S. inermis and S. klamathesis in 
that it was not restricted to the branchial vessels (Bauer et 
al. 1973; Evans 1974b). Unlike adult S. davisi which live 
only in the gill arch blood vessels (Hoffman 1975). The 
egg and miracidial organ distribution was wide, with the 
heart and gills as the most common sites, while the liver, 
omentum and kidney had lower but notable levels of 
prevalence. This was more widespread than S. klamathesis 
in cutthroat trout (Salmo clarla) where it was reported to 
be present in the gills, heart and kidneys (Evans 1974b). 

These two cyprinids were normal, apparently healthy 
fish with no signs of disease. The extensive pathology 



seen in serioµs di~e as described by .Bauer et al. (1962, 
1973) and Evans (1974b) couldnotbeex~ted to be seen. 
In this study the pathology obs~ed was testdcted to a 
host response to the eggs and miracidia. Bn<;~ll~tion is a 
typical. host ·response to . . non-migtatoi:y .. histiozoic 
helminths > (H(,')ff~ati 1975). . Connective . tissue 
encapsulatioll. of Sanguitil<.'ola e,~gs/andrniracidia •has also 
been describe~ . by !tau~ ~t a:t. (1Q7~)f ~¢kS()n and 
Wallace i~.19$9) a1l,d Evans· (191:41:>) ft1 a number of 
different · hbst sp~ie,s,. :fu /the s, .tir~t~ infections 
observed, very.llltge m,1~1:>ets of eg'gs •. woUld n~d to be 
present bl>,r(}r~.a severe <lis~ase w~~seep. . .·• .. ·.. · .. • 

San~~in~~o}a·Jla$.• 11Qtb~n obserired, jn.anY of the 
local fisl:i spe(*~r($baha.t6µi 19~$)~.3'~Pt~nce of adults 
and eggs in imported bighead and grass carp fmgerlings, 
without any. evidence for the •presence ·of cercarial stages, 
implies that this parasite is being imported into Malaysia. 
It is not known if a sus~eptible snail intermediate h.ost 
species is {)tese~t in ¥aJ.aysia~ If itisi the1l, $ .. <Jrmata could 
pose a tbr~t to Malay~ial) a9ua~)llture as there is no 
known vi~bte chemot~era~~tic a.gent available t{l control 
this· parasite and. San~uinicola ~as·<caµ'd .. serious 
mortalities.in otberparts6f.ihe world..~auer et al· 1962; 
Evans 1971.a). 'lbe ~eiat, pc:lsed \)Y iJllpc:lrtation of 
pathogenic/parasites fQ the aquacultµre indu~trles of the 
region via ~Q()dfish fry and aquarium fish has been noted 
before (Shariff )9$0;• Davy and Chouinard 1983; and 
Shariff andVijitU'un~ltl 19,83).The pr~11~ of another 
exotic parasite. ~11 imported C:YPti.~kt fi:y agfilll highlights 
the need fpr a 9uaranti'Qe .· sy~~ to prevent the 
unrestric~d . di~tribution /?! pPten~a}ly patbogenic 
parasites, which. could becorne a limiting .factor in the 
development· and intensification of aquaculture .activities 
in Malaysia. 
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Table 1. Percentage pre\/alence of S. armata adults and eggs from 
bighead and grass carp purchased from Enggor and Salak South. 

Average% Average% 
prevalence Range (%) prevalence Range (%) 

Bighead carp Grass carp 
n=240 n=240 

Enggor 

~. Bffl1Bta. adu Its 1.25 0 - 10 6.25 o·,... 25 
S. armata eggs 6.25 0 - 20 12.50 0 ·.,,.. 45 

Salak South 

S. armata adults 5.38 0 -.51 6.)5 0•,- 20 
S. armata eggs 5.77 0 '-- 30 10.38 o:·::. 35 

Table 2. Mean number of eggs and miracl.dia in .organ ~eptions. 

Organ N Mean Range 

Gill~ 4ll 13.4 0 .;..· 111 
Heart 33 10.8 0 ~ 50 
Liver 45 4.6 0 - 52 
Eye 30 2.7 0 - 80 
Kidney 35 0.7 0 - 13 
Omentum 42 o.6 0 - 5 
Spleen 36 o.4 0 - 15 
Intestine 40 0.025 0 -



250 

Fig. la, Miracidiurn (rn) and egg (e). Gill filament: H+E 400x. 
Bar"' 20 µrn. 

Fig. 1c. Fibroblast e_ncirclement of a degenerati11g egg. Liver: 
H+E 400)<. Bar= 20.urn. 
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Fig. 2a. Percentage prevalence of S. armata eggs and rniracidia 
in relation to organ and species. 

Fig. 1b. Adult Sanguinicola armata (arrowed). Bulbus arteriosus: 
H+E 40x.Bar = 100 µm. 

Fig. 1d. Degenerating eggs encapsulated with connective tissue. 
Gill: H+E 100x. Bar= 100 µrn. 
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Fig. 2b .. Percentage prevalence of S. armata eggs and .m.iracidia 
in relation to organ and Malaysia source. 
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Abstract 

A total of 149 juvenile seabass, Lates calcarifer Bloch, 102 
imported from Bangkok and 47 from Songkla, Thailand, and 23 market-
size fish cultured in Penang, Malaysia were examined for parasites. 
Seventeen species were identified. These included two Protozoa, two 
Monogenea, six Digenea, one Cestoda, two Nematoda, two Isopoda, one 
Copepoda and one Brachiura, Thirteen species of parasites were 
recovered from fish imported from Bangkok, with an ov_erall prevalence 
of 90.2%. The monogenean, Cycloplectanum latesi Tripathi 1957, was 
the most common parasite recovered with a prevalence of 78.4% and a 
mean intensity of infection of 10.8. The nematode Raphidascaris sp. also 
infected a large number of seabass with a prevalence of 40.2% and a 
mean intensity of infection of 4.9. Five species of parasites were 
recovered from seabass imported from Songkla, with 95.7% of all fish 
examined being inf~cted. The monogenean C. latesi was the most 
common parasite encountered, infecting 91.5% of those seabass, with a 
mean intensity of 14.6. Seabass imported from both Bangkok and 
Songkla were heavily infected on arrival in Penang and appeared to be 
weak with darkened body coloration. All parasites found in imforted 
seabass entered Malaysia along with the fish. Twelve species were 
recovered from market-size seabass collected from Penang. All examined 
fish were infected with the most frequently recovered parasite, C. latesi, 
with a prevalence of 95.7% and a mean intensity of 83.7. 

During pen culture seabass also acquired a large number of 
parasites, the most common being the digeneans Pseudo~tadena 
celebesensis (Yamaguti 1952), Bucephalus sp., and &tenurus sp. 
Quarantine procedures are needed to prevent introduction of pathogenic 
bacteria and parasites into Malaysia. 

Introduction 

Culture of seabass, Lates calcarifer Bloch, in 
Malaysia depends almost entirely on fry imported from 
other countries, particularly Thailand. Although Malaysia 
produces a small number of seabass fry, these are 
insufficient to meet the needs of the rapidly expanding 
cage culture industry. This overdependence on imported 
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fry, which are brought into Malaysia without quarantine 
procedures, can result in the introduction of exotic 
pathogens. Very often a large proportion of the imported 
fish have died during the first week or so after release, 
causing great financial loss to the fish farmer. 

Seven species of parasites have been reported from 
seabass in Thailand: Cycloplectanwn (= Diplectanum) 
latesi Tripathi 1957; Dactylogyrus sp.; Lecithochirium sp.; 
Pseudometadena celebesensis Yamaguti 1952; Cucullanus 
sp.; Caligus sp.; and Aega sp. (Ruangpan 1982) The 
parasitic isopod Aega sp., appeared to be pathogenic; 
infected fish lost appetite, became anemic and showed low 
growth rate. In the Philippines, Velasquez (1975) reported 
four species . of trematodes from the same host: 
Lecithochirium neopacificum Velasquez 1962; 
Prosorhynchus luzonicus Velasquez 1959; P. 
celebesensis; and Transversotrema laruei Velasquez 1958. 

This study is part of a larger investigation designed 
to identify the bacterial pathogens and parasites of 
imported juvenile seabass and those infecting seabass 
cultured in floating cages in Penang. The results of these 
bacteriological studies are presented separately. 

Materials and Methods 

Juvenile seabass were obtained from fish farmers in 
Penang about 2-3 days after their arrival from Bangkok or 
Songkla. Fish from Bangkok were shipped by air freight to 
Per.ang, whereas those from Songkla were transported by 
lorry. These imported seabass began to die soon after they 
were released into the floating cages. Unhealthy juveniles 
were collected for examination for parasites. Seabass fry 
grown in floating cages reach a market size of about 500 g 
in about seven months. Market-size seabass were 
purchased from fish fanners for the study. 

Live fish were examined within 24 hours of 
collection. The same fish were used for both 
bacteriological and parasitological examinations. The 
external surface was examined for gross abnormalities and 
ectoparasites. Wet mounts of scrapings from the skin and 
gills were prepared and examined under a compound 
microscope for protozoans. Fish were then measured and 
weighed. The gills were removed and each gill filament 
separated. The gill arches, stomach and intestine were 
placed in separate petri dishes. The stomach and intestine 
were split open and scraped into separate filled water 
beakers, the contents allowed to settle and the supernatant 
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poured off. This procedure was repeated until a clear 
solution was obtained The sediment was then examined 
for parasites under a dissecting microscope. 

The kidney, liver and spleen were examined 
separately by pressing between two glass plates and 
inspection under a dissecting microscope. The eyes and 
brain were placed in separate petri dishes, teased apart and 
examined under a dissecting microscope. The musculature 
was removed from the vertebral column, sliced thinly and 
examined for macroscopic cysts or helminths. 

Monogeneans, trematodes and cestodes were 
preserved in 70% alcohol stained in Semichon's carmine 
and mounted in Canada balsam. Nematodes and copepods 
were preserved in 2% glycerine in 70% alcohol, cleared by 
evaporation and examined in glyc~rine. 

Results 

Seabass juveniles imported from Thailand were 
found to be weak on arrival in Penang with darkened body 
coloration. Afte~ a few days in the cages, patches of scales 
were lost Fish tended to swim to the surface and often had 
long whitish fecal wastes. 

Seventeen species of parasites were recovered from 
seabass (Table 1). All three groups of seaba.,s examined 
showed very high overall prevalence of infection: 
Songkla, 96.7%; Bangkok, 90.2% and market size, 100%. 
The overall mean intensities of infection for Songkla and 
Bangkok were similar, 16.2 and 16.1, respectively. 
However, the overall mean intensity for market-size fish 
(115.3) was about seven times that of those from Songkla 
or Bangkok. 

The 17 species of para8ites recovered from seabass 
included two protozoans (Crytocaryon sp., Trichodina 
sp.), two monogeneans (Cycloplectanum latesi Tripathi 
1957; Cycloplectanum sp.), six digeneans (Bucephalus sp., 
Cardicola sp., Extenurus sp., Lecithochirium 
neopacificum, Velasquez 1962, Pseudometadena 
celebesensis Yamaguti 1952, Rhipidocotyle sp., one 
cestode (Tetraphyllidea gen. sp.), two nematodes (Anisalds 
sp., Raphidascaris sp.), two isopods (Aegathoa, Cymothoa 
sp.), one brachiuran (Argulus sp.), and one copepod 
(Caligus sp.). Only five species of parasites were 
recovered from the Songkla sample, whereas 12 species 
were recovered from both the Bangkok and Penailg 
samples. All the parasites from Songkla and Bangkok 
seabass must have been imported along with their hosts. 
The most common parasite in both Songkla and Bangkok 
samples was a diplectanid_ inonogenean, C. latesi. The 
Songkla sample had a prevalence of 91.5% and a mean 
intensity of 14.6 of this parasite, whereas the Bangkok 
sample had a prevalence of 78.4% and a mean intensity of 
10.8. Two \)rotozoans of known pathogenicity, 

Cryptocaryon sp. and Trichodina sp., were also found on.. 
the imported fish but were not observed on market-size 
seabass. 

Twelve species of parasites were recovered from 
market-size seabass, the most common also being C. 
latesi, with a prevalence of 95. 7% and a mean intensity of 
83.7. However, in the cages, many fish appeared to have 
acquired large numbers of two digeneans, P. celebesensis 
(prevalence: 87% and mean intensity: 27.1) and 
Bucephalus sp. (39.1 % and 11.2). Although Rhipidocotyle 
sp. was found in imported seabass, they seemed to have 
acquired additional infections of this trematode after being 
introduced into the cages. 

Discussion 

As far as can be ascertained from the published 
literature, the parasite fauna of seabass in its natural 
habitat has not been well documented. Only Ruangpan 
(1982) provided infonnation on the prevalence and 
intensity of parasites of seabass in Thailand. All seabass 
examined were infected with Pseudometadena 
celebesensis, with an intensity of 9.3, whereas 86% were 
found infected with Lecithochirium sp., with an intensity 
of 5.5. Furthennore, the acquisition of parasites following 
introduction of fish into new habitats or the transfer of 
their parasites to indigenous fish species can then be 
readily ascertained. 

This study contributes to the understanding of the 
parasite fauna of seabass and its possible role in frequently 
observed disease outbreaks in juveniles imported for cage 
culture. The large number of parasites found in impor,ted 
juveniles from both Bangkok and Songkla should be a 
concern to Malaysian fish growers, exporters of juveniles 
and government agencies charged with protecting the 
aquaculture industry and natural fish stocks. Although fish 
imported from Bangkok were much smaller than those 
from Songkla, they were infected with a greater variety of 
parasites. 

The large number of species of parasites and their 
high intensities in the imported fish may have contributed 
to the frequent disease outbreaks which occur soon after 
the fish were released into the cages in Penang. The 
protozoans Cryptocaryon _sp. and Trichodina sp., found in 
a large percentage of the imported fish, are known 
pathogens, especially to fry. Hawke (1976) reported that 
Trichodina sp. and Chilodonella sp. caused mortality 
among striped bass fingerlings when they were held in 
fiberglass troughs. 

The imported juveniles carried high numbers o( 
Cycloplectanum spp., particularly C. latesi, which should 
be a concern to fish farmers, Careful examination of 
moribund or dead fish may show clinical signs attributable 
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to infection by the monogenean. Cultured Cyprinus carpio 
and Ctenopharyngodon idella were often killed by 
monogeneans in China (Anon. 1973). Kabata (1985) 
reported that a whole population of Siganus sp. fry and 
young fish in experimental culture ponds were killed in 
Indonesia. Paperna (1963a, 1963b, 1964) found that 
Dactylo gyrus vastator causes heavy mortality among carp 
(Cyprinus carpio) fry, whereas D. extensus attached. 
mainly to mature carp in Israel. Although there have been 
few reports that heavy infections of monogeneans cause 
death of fish per se, injuries caused to the gill filaments by 
the hamuli and marginal booklets of their opisthaptors can 
be considerable, leading to secondary infections which are 
often fatal. 

Another factor which may have contributed to the . 
frequent outbreaks of disease when fish were first released 
into the cages is stress, especially resulting from 
transportation. Stressed fishes become more susceptible to 
infection, especially under the confined environment of 
the culture cages, where high stocking densities facilitate 
easy transmission of infective agents. 

The present findings indicate that a quarantine 
system for seabass should be established. Imported fish 
should be treated at the quarantine station to reduce the 
risk of introducing imported pathogenic organisms into 
Malaysian .waters. Proper chemical treatment provided at 
the quarantine station could help lessen the initial 
mortality in fish cages, thereby reducing the losses to 
farmers. 

The species of parasites recovered from market-size 
seabass are similar to those recovered from imported 
juveniles. It is possible that the majority of these parasites 
was introduced along with the juveniles when the fish 
were stocked for grow-out in the cages. 

The Ciliates Cryptocaryon and Trichodina were not 
found in market-size fish. It is possible that as the fish 
grow in size, they become unsuitable hosts for these 
protozoans. In contrast, infections by diplectanid 
monogeneans increase in intensity as the fish grow. This 
may be due to the fact that monogeneans have a direct life 
cycle, not requiring an intermediate host, and that the high 
stocking densities in the cages facilitate their transmission. 

Trematodes constituted the largest group of parasites 
in juveniles from Bangkok and in market-size seabass, but 
none were recovered from juveniles from Songkla. It 
appears that the market-size seabass acquired two species 
of trematodes, Bucephalus sp. and Pseudometadena 
celebesensis, while in the cages. Infections could have also . 
been acquired through trash fish fed to the seabass daily. 
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Table 1. Prevalence and mean intensity of parasites from seabass, Lates calcarifer, imported from Songkla and Bangkok, Thailand and those 
cultured in Penang, Malaysia. 

Geographical locality 
Songkla Bangkok Penang 

Prevalence Mean Prevalence Mean Prevalence Mean 
Parasite (%) intensity (%) intensity (%) intensity 

Protozoa 
CryptocarY.on sp. 10.6 22.5 
Trichodina sp. 33.3 

Monogenea 
Cycloplectanum latesi 91.5 14.6 ± '15.5 78A 10.8 ± 11.8 95.7 83.7 ± 83.8 
Cyc/op/ectanum sp. 14.9 5.8 ± 3.1 20.6 15.1 ± 12.9 4.4 1.0 

Trematoda 
Bucephalus sp. 39.1 11.2 ± 16.3 
Cardicola sp. 2.0 2.0 ± 1.0 8.7 1.0 
Ectenurus sp. 11.8 1.3 ± 1.5' 13.0 3.3 ± 0.9 
Pseudometadena 

celebesensis 87.0 27.1 ± 24.0 
Rhipidocotyle sp. 3.9 1.3 ± 0,4 34.8 10.1 ± 8.3 
Lecithochiriu(TI 

neopacificum 1.0 5.0 

Cestoda 
Tetraphylfidea gen. sp. 14.9 8.0 ± 5.8 11.8 4.3 ± 4.9 4.4 44.0 

Nematoda 
Anisakis sp. 3.9 2.0 ± 0.9 13.0 3.0 ± 2.2 
Raphidascaris sp. 2.1 1.0 40.2 4.9 ± 5.8 52.2 1.7 ± 1.3 

_, 
Brachuira 

Argulus sp. 4.4 1.0 

Copepoda 
Caligus sp. 4.4 1.0 ~ 

lsopoda 
Aegathoa sp. 4.9 1.0 
Cymothoa sp. 1.0 1.0 -· 

No. of fish examined 47.0 102.0 23.0 

Percent of total fish _J 

Infected 95.7 90.2 100.0 

Mean intensity 16.2 16.1 115.3 

Average length (cm) 
of fish 10.6 (8.9-12.5) 6.4 (4.8-9.5) 36.8 (27 .8-49.5) 

Average weight (g) 
of fish 13.9 (8.2-20.5) 3.7 (1.5-10.0) 667.4 (360-1,000) 
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Abstract 

From October 1985 to April 1986, detailed parasitological 
examinations were performed on 175 juvenile and adult Nile tilapia 
(Oreochromis niloticus). Seventeen different species of parasites (eight 
Protozoa, five Monogenea, two Digenea, one Copepoda and one 
Isopoda) were recovered. Parasites commonly encountered during this 
survey were Trichodina · spp. (T. acuta Lom, '1970; T. 
centrostrigata Basson, Van As, and Paperna, 1983; T. heterodentata 

'Duncan, 1973; and Trichodina sp.), Cryptobia branchialis Nie in Chen, 
1955; and Cichlidogyrus spp. (C. sclerosus Paperna and Thurston, 
1969; C. tilapiae Paperna, 1960; C. tiberianus Paperna, 1960; and C. 
longicornis longicornis Papema and Thurston, 1969) in freshwater; and 
C. branchialis and Caligus epidemicus Hewitt, 1971 in brackishwater 
collections. Other parasites which were less frequently encountered are 
Trichodinidae gen. sp., Apiosoma sp., Vorticella sp., Gyrodactylus 
sp., digenean metacercariae and juvenile gnathiid isopods. Although no 
gross pathology due to parasitic infection was observed, several of the 
species recovered have been reported to cause diseases in other culrured 
fishes. A number of the parasites identified are believed to be exotic to 
the Philippines. Care should thus be taken that they are not introduced 
into new bodies of water along with Nile tilapia Stocked for aquaculture 
purposes. 

Introduction 

The Nile tilapia (Oreochromis niloticus (L.)) of the 
family Cichlidae, is a native freshwater fish of South Asia 
and northern Africa, occurring naturally from Syria 
southward through eastern Africa to Lake Tanganyika and 
westward across central Africa to southern Mauritania and 
Senegal (Philippart and Ruwet 1982). Because of its rapid 
growth and high consumer acceptability, it is widely 
distributed for aquaculture and has been introduced into 
South and Central America, the southern United States, 
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southern India, Sri Lanka, Japan and most of the countries 
in Southeast Asia. It was introduced into the Philippines 
on several occasions, the earliest being in 1972 from Israel 
and Thailand, the original stocks being from Uganda and 
Egypt, respectively (Guerrero 1985). 

In many developing countries, Nile tilapia is a major 
protein source. In the Philippines, it is an increasingly 
important food fish, supplanting the less desirable 
Mossambique tilapia (Oreochromis mossambicus 
(Peters)). In Central Luzon, particularly, market prices for 
Nile tilapia compare favorably with those of other 
prominent food fishes, such as milkfish (Chanos chanos 
(Forskal)) (Smith et al. 1985). 

Because of their wide geographical distribution, high 
number of speeies, and increasing . importance to 
aquaculture, cichlid fishes· have · recently received 
increased parasitological attention. Diseases and parasites 
of wild and cultured cichlids were reviewed by Goldstein 
(1970, 1973), Sarig (1971), Fryer and Iles (1972), Balarin 
and Hatt:On (1979), Roberts and Sommerville (1982) and 
Paperna et al. (1983). Publications dealing in whole or in 
part with the parasites of Nile tilapia in countrie's other 
than the Philippines include those of Paperna (1960, 1963, 
1964, 1965, 1968, 1980); Paperna and Thurston (1969); 
Ergens (1981); and Kabata (1985), among others. Previous 
studies recording parasites of Nile tilapia in the 
Philippines are the reports of Guerrero and ·Paycana 
(198la, 1981b); Quines and Paycana (1982, 1983) and 
Hopkins and Cruz (1982). To date, no in-depth survey of 
the parasites of tilapias in the Philippines has been 
conducted. · 

The purpose of this investigation is to provide 
baseline information on the distribution of parasites of 
Nile tilapia in the Philippines and to evaluate their 
pathological significance in aquaculture. The re8ults 
presented herein are from examinations made in the first 
year of a multi-year study being conducted by the Fish 
Health Project of the Bureau of Fisheries and Aquatic 
Resources (BFAR). 

Materials and Methods 

One hundred juvenile Nile tilapia from Munoz, 
Nueva Ecija; and 25 tilapia each from Leganes, Iloilo; 
Pagbilao, Quezon; and Los Banos, Laguna were examined 
from October 1985 to April 1986. Fish were examined live 
on site or transported to the Fish Health Project Laboratory 
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in Quezon City or to the SEAFDEC-AQD laboratory in 
Tigbauan, lloilo in oxygenated plastic bags. Details for all 
host collections, given below, include the collection 
number, locality, collection date, sample size and host fork 
length (cm) and weight (g), both expressed as the range 
followed, in parentheses, by the mean ± one standard 
deviation. 

1. BFAR National Freshwater Fish Hatchery (NFFH) 
rearing ponds, Munoz, Nueva Ecija: 10/14/85; n = 25; 7.6-
10.9 (8.4 ± 0.7); 12.0-20.0 (15.0 ± 3.0). 

2. BFAR NFFH rearing ponds, Munoz, Nueva Ecija: 
2/12/85; n = 25; 5.5-10.8 (8.0 ± 2.1); 2.0-20.0 (11.2 ± 
5.2). 

3. BFAR NFFH rearing ponds, Munoz, Nueva Ecija; 
29/1/86; n = 25; 12.5-16.0 (13.4 ± 3.3); 32.8-71.0 (51.5 
±13.0). 

4. BFAR NFFH rearing ponds, Munoz, Nueva Ecija: 
2/3/86; n = 25; 4.5-7.3 (6.1 ± 0.6); 1.0-5.0 (3.2 ± 1.2). 

5. University of the Philippines in the Visayas, 
Brackishwater Aquaculture Center culture pond, Leganes, 
Iloilo: 27/1/86; n = 25; 6.3-12.5 (8.6 ± 3.0); 5.0-40.0 
(15.0 ± 10.0). 

6. BFAR Brackishwater Aquaculture Demonstration 
and Training Centre culture pond, Pagbilao, Quezon: 
18/2/86; n = 25; 6.8-14.0 (11.4 ± 2.0); 10.0-50.0 (29.1 ± 
11.1). 

7. Private fish culture pen at Laguna de Bay, Los 
Banos, Laguna: 21/4/86; n =. 25; 4.8-15.0 (9.5 ± 2.0); 
1.5-24.7 (12.3 ± 6.0). 

Complete host necropsies were performed with the 
aid of compound and stereomicroscopes using standard 
parasitological techniques similar to those outlined by 
Kabata (1985). 

Wet mounts of skin and gill scrapings were 
examined with a compound microscope at 400x 
magnification for protozoans before placing the fish in 
1:4,000 formalin for about 10 min. to relax ectoparasitic 
helminths and crustaceans. Blood was collected in 
heparinized capillary tubes after severing the caudal 
peduncle, and thin smears were prepared and stained with 
Giemsa's stain prior to examination at 400x and l,OOOx 
magnifications for blood protozoans. 

Fish were then killed by a blow on the head and fork 
length (cm), weight (g) and sex determined. The following 
tissues and organs were examined: skins, fins, nasal 
cavities, eyes, opercula, heart, gonads, body cavity, 
mesenteries, stomach, pyloric caeca, intestines and gills. 
Visceral organs of small fish were pressed between glass 
plates and examined with a stereomicroscope. For larger 
tilapia, the .stomach, pyloric caeca and intestines were 
separated, cut open and their contents individually 
removed and examined, after which .the tissue was pl'.essed 
between glass plates and examined for larval helminths. 
Wet mounts were prepared from brain, intestine, kidney, 

spleen and liver tissue and the gall and urinary bladders 
and examined at 400x magnification. 

The body musculature was removed from the 
vertebral column and the skin from the flesh. The 
musculature was then sliced in thin transverse sections, 
pressed between glass plates and examined for larval 
helminths and cysts. 

Smears of gills infected with Cryptobia were fixed in 
Schaudinn's solution and stained with Heidenhain's iron 
hematoxylin and mounted in Canada balsam. 
Photomicrographs and measurements were also made 
from living flagellates. Klein's dry silver impregnation 
technique (see Arthur and Lorn 1984) was used to identify 
trichodinids. Living monogeneans were mounted directly 
in ammonium picrate and examined by phase-contrast 
optics using the methods of Malmberg (1956). Digeneans 

' were fixed in either hot (700C) 10% formalin or AFA 
(alcohol-formalin-acetic acid) and stained with iron 
hematoxylin or Grenacher's borax carmine. Crustaceans 
were fixed in 70% ethanol and their appendages mounted 
in Berlese's fluid. 

Results 

In this study seventeen species of parasites were 
recovered from 175 Nile tilapia (Table 1). These include 
eight protozoans, five monogeneans, two digeneans, one 
copepod and one isopod. 

Four of the protozoans have so far been identified to 
species: Trichodina acuta Lorn, 1970; T. centrostrigata 
Basson, Van As and Paperna, 1983; T. heterodentata 
Duncan, 1977; and Cryptobia branchialis Nie in Chen, 
1955. Trichodina spp. were only numerous enough in 
collections from Munoz to allow identification to species, 
where prevalences ranged from 0 to 84%. Included in the 
Munoz material was a fourth species of Trichodina which 
was not readily identified. Only a few specimens of 
Trichodina were encountered on individual fish examined 
from Pagbilao and Los Banos, where prevalences were 48 
and 8%, respectively. Cryptobia branchialis occurred in 
all three localities, with a maximum prevalence of 64% 
being observed at Munoz. Other Protozoa (Trichodinidae 
gen. sp., Apiosoma and Vorticella), encountered only at 
Pagbilao, were not present in sufficient numbers to allow 
accurate characterization. 

Four species of Cichlidogyrus were·identified from 
tilapia from both freshwatpr localities (Munoz and Los 
Banos). These include C. sclerosis Paperna and Thurston, 
1969; C. tilapiae Paperna, 1960; C. tiberianus Paperna, 
1960 and C. longicornis longicornis Paperna and 
Thurston, 1969. Cichlidogyrus spp. were most abundant 
on tilapia at Los Banos, with a prevalence of 92% and a 
mean intensity of infection of 22.2 parasites/host. In 
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addition, a few specimens of an as yet unidentified species 
of Gyrodactylus were recovered from Nile tilapia raised in 
brackishwater culture at Leganes, Iloilo and in freshwater 
rearing ponds at Munoz. · 

The digeneans found during this survey include the 
brackishwater species Transversotrema laruei Velasquez, 
1958 found at Pagbilao and small numbers of as yet 
unidentified metacercariae in boi:h fresh and bi:ackishwater 
localities (Munoz and Pagbilao). 

One species of parasitic copepod, Caligus 
epidemicus Hewitt, 1971, was abundant on Nile tilapia at 
both brackishwater localities, reaching a maximum 
prevalence of 100% and a maximum mean .. intensity of 
111. 7 parasites/fish at Leganes. Three juvenile specimens 
of an as yet unidentified gnathiid isopod were also 
recovered from two of 25 Nile tilapia from Pagbilao. 

Discussion 

The results of this preliminary survey show that Nile 
tilapia cultured in the Philippines have a diverse and 
abundant parasite fauna. Of the parasites encountered, 
members of four genera were common in ·collections from 
at least one of the localities (prevalences of 30% and 
above). These include Trichodina, Cryptobia, 
Cichlodogyrus and Caligus. Seven taxa were less 
frequently encountered (prevalences between 4 and 20%). 
These include Apiosoma, Trichodinidae gen. sp., 
Vorticella, Gyrodactylus, Transversotrema, digenean 
metacercariae and gnathiid isopods. The results of 
additional host examinations from Pagbilao, not given in 
Table 1, indicate that Transversotrema laruei is also a 
common parasite of Nile tiI.apia. 

None of the ten parasites identified have been 
previously reported from Nile tilapia in the Philippines. 
Several of these, however, have been previously recorded 
from other Philippine fishes. These include Trichodina 
acuta, reported from Tilapia zillii and Oreochromis 
mossambicus, and T. heterodentata, reported from the 
same hosts and from Trichogaster trichopterus, both by 
Duncan (1977), Cichlidogyrus sclerosus, reported from 
0. mossambicus by Duncan (1973), and Transversotrema 
laruei recorded by Velasquez (1961) from various 
brackishwater fishes, among them 0. mossambicus. 

Of the remaining parasites so far identified 
to species, T. centrostrigata was described from 0. 
mossambicus and other cichlids and cyprinids from South 
Africa and Israel, but has apparently not yet been reported 
from 0. niloticus (Basson et al. 1983). The flagellated 
gill parasite Cryptobia branchialis is a common parasite of 
cultured and wild cyprinids and other host species in 
China, the USSR, Europe, Africa and the USA (Ergens 
and Lorn 1970; Paperna 1980; Lorn 1980; Shulman 1984). 
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It also has apparently not been previously recorded from 
Nile tilapia. All species of Cichlidogyrus found in this 
study were previously reported from Oreochromis 
niloticus from Africa (Paperna 1960; Paperna and 
Thurston 1969). Caligus ·epidemicus, described from 
various marine fishes of New Zealand (Hewitt 1971) has 
apparently not been previously reported from cichlid 
fishes. 

Although several species of parasites were 
occasionally in large numbers (e.g., Trichodina spp., 
Cichlidogyrus spp., C. branchialis and C. epidemicus) 
gross pathology associated with the presence of any of the 
species encountered was not observed. As noted by 
Roberts and Sommerville (1982), tilapias are particularly 
hardy fishes and do not normally suffer high ·mortality 
from parasitic infections. Additional detailed experimental 
and histopathological studies are needed, however, to 
assess the pathogenicities of the various parasite species to 
tilapia and to determine th'eir effects upon the aquaculture 
industry. . 

Of additional concern is the presence of a number of 
a.P,parently · exotic parasites (Trichodina acuta, T. 
centrostrigata, T. heterodentata and Cichlidogyrus spp.) 
which have entered the country with imported tilapias. 
Their presence clearly demonstrates the need for effective 
quarantine and/or certification systems to ensure that 
fishes entering the Philippines are free from potentially 
dangerous parasites and diseases. 
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Collectlon no. 

Parasites 

Protozoa 
Trlchodlno spp. 
Trichodlnldaa gen. sp. 
Cryptoblo branch/oils 
Aplosom• sp. 
Vortic•llo sp. 

Monogane1 
C/chlk/ogyrus spp.4 

Gyrodocty/us sp. 

Dlgenea 
Transversotremt1 

larual 
Olgenea gan. sp. 

met1carcarlae 

Copepod1 

Location 

skin, gills 
skin, gills 
gills 
skln,gllls 
skin 

gills 
skin 

skin 

muscle, fins 

Co/Igus opid•micus skin 

lsopode 
Gnathlld1e1 gan. sp. skin 

Collection no. 

Parultas Location 

Protozoa 
Trlchodlno spp, skin, gills 
TrlchodlnJdae gen. sp. skin,gllls 
Cryptobl• branch/oils gills 
Apiosom• sp. skln,gllls 
Vortlcoll• sp. skin 

Monogenea 
Cichl/dogyrus spp.4 gills 
Gyrodoctylus sp, skin 

Dlgene1 
Transv•rsotr•m11 

/11ruei skin 
Diganea gin. sp. 

metacercarlae muscle, fins 

Copepod1 

Prevalenca1 

60.0 
4.0 

lntenslty2 

Ranga X ±SD Prevalenca 

84.03 

32.0 

2-16 6.8 ± 4.0 60.0 

6 
Intensity 

Prev1lenca Range X ±SD 

8.0 1·2 1.6 ± 

2 
Intensity 

Range x ± SD 

Prevalence 

48.0 
20.0 
48.0 
20.0 
12.0 

0.7 

4.0 

12.0 

Co/Igus op/dom/cus skin 100 7.540 111.7 ± 116.6 92.0 

lsopod1 
Gn1th1Jd91 gan. sp. skin 

1 Prevalence(% Infected), 
21ntenslty of Infection . 
3 Collectlons containing T. acum, T. centrostrlg•ta, T. htJterodentlta and Trlchodln• sp. 
41ncludes C. sc/tJrosus, C, tll•plu, C. tlberl•nus and C. longlcornls /onglcornls. 

8.0 

Prev1lenca 

66.0 

12.0 

6 

3 

Intensity 
Rane• x ± SD 

1·42 7.9 ± 10.6 

1·2 1.3 ± 0.6 

Intensity 

4 
lntanslty 

Prev1lence Rango X ± SD 

62.03 

64.0 

62.0 

7 
Intensity 

Ranga X ±SD Prev1lenca Ainge X ±SD 

8.0 

24.0 

92.0 1-!16 22.2 ± 21.3 

1-138 34.3 ± 32.2 

1·2 1.6 ± 0.7 
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Abstract 

. From_ September 1985. to, Ap\il 1986, 200 juvenile milkfish 
collected from three Philippine localities were examined for protozoan 
and 'metazoan parasites and yielded five Protozo~. four Digenea, one 
Copepoda · and· one Isopoda. Parasite! believed to be ·'previously 
unreported from Chanos chanos include Cryptobia branchia/is Nie in 
~en, 1955: Apiosoma .sp.; l!.mhliphrya , sp.;. Leptotheca sp.; 
Tra,,sversotrema laruei Velasquez, 19~8; Caligµs epidemicus Hewitt,, 
1971 and an as yet unidentified juvenile griathlid isopod. Prevalences and 
intensities of infection for species of parasites encountered were typically 
low. Only Trichodinidae gen. Sp., T. lartlei, digenean metacercariae and 
C. epidemicus were common.in any of.tlie col,lections. , 
. The potential ~at to ,milkfish culture -p~sed by these parasites 

and by other species re~rded in the literature is discussed. Apart from 
occasional loeallUd epizocitics of ectoparasitic t:rustaceans, parasites do 
not appear to be a major problem to.the-industry. 

· Introduction 

Milkfish is 'one of the important cultured fishes of 
Southeast Asia, ·being' raised in large· numbers in the 
Phi'lippines, Ii:J.donesfa -8nd Taiwari. Milkfish culture in the 
Philippines may ·have started ·35 early as· the 15tli century 
at Mactan Island ·in the Visayas (Schmittou et al. 1985). 
However, Chong· et al. ('1982) state that the first recorded 
culture of ·this speties· in the Philippines was· in· 1863 in 
Rizal P!oVince. At present, there are about 195,000 ha of 
brackishwater ponds and 30,000 ha of freshwater· fishperis 
devoted to raii;i~g milkfish (Marte et al. 1984). Most 
production is for domestic consumption. tn 1984, ·the total 
revenue from the export of fry and frozen/chilled rriilkfish 
was about' US$1.4 million '(Birreau' of Fisheries·· and 
Aqu~tic ~esources 1985). 
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Although the economic importance of niilkfish is 
well recognized, to date there is 'only limited information 
on its parasites and diseases. A review of the literature 
shows only approximately sixteen different parasites as 
having been previously reported fi:oni milkfish throughout 
its distribution, the majority of which have not been 
identified to the species (Table 1). 

This study surveys the 'parasites infecting cultured 
juvenile milkfish from three localities in the Philippines. 
Further research, however, is· needed to determine the 
identities of all species and their pathogenicities. This 
paper contributes to the growing literature on milkfish 
parasites and can serve as a foundation for further' 
parasitological research on this iinportant species. 

Materi~ls and Methods 

One - hundred and fifty juvenile milkfish were 
collected from· the BFAR Brackishwater Aquaculture 
Demonstration and Tralliing Center (BADTC) ponds at 
Pagbilao; Quezon Province, Philippines, from September 
1985 to February 1986. Samples of twenty-fiw juveniles 
each were also coliected from one of the ponds of the 
BFAR District Fishery Office· at 'Molo, Iloilo Province, 
and from the Laguna de Bay fishpen of Mr. · Menzi 
Alcantaia at Binangomtn, RiZal Province, during January 
and April 1986, respectively. ·The PagbilaO and Molo 
colleetion sites ·are bracki~h. with salinities ·or 2-~0 ppt 
depending on s'eason, while Laguna de Bay is a freshwater 
lake·. Data for ill! host collections include the following 
details: collection number, locality, collection cta:te, sample 
size, and host fork length (cm) and weight (g), expressed 
as the rlmge followed in parentheses by the mean and 
standard deviation. · " ' · 

1. BADTC; Pagbilao, Quezon: 17-19/9i85; n = 25; 
2.5-16.5 (9.9 ± 4.3); 2.0 - 67.0 (24.5 ± 20.4) 

2. BADTC, Pagbilao, Quezon: 22-24/10/85; n = 25; 
3.8-12.8 (8.3 ± 2.6); 2.0 - 28.0 (10.1 ± 6.9). 

3. BADTC, Pagbilao, Quezon: 27-29/11/85; n = 25; 
4.5-21.0 (12.1 ± 4.9); 5.0 - 135.0 (39.9 ± 35.1). 

A: BADTC, Pagbilao; Quezon: 16-20/12/85; n = 25; 
8.2-16.5 (11.9 ± 2.2); 2.5-8.0 (23.9 ± 18.0); 

.- · 5. BADTC; Pagbilao, Quezon: ·21-23/1/86;· n = 25; 
8.1-i7.5 (13.8 ± 2;4); 5.0-75.0 (39.2 ± 21.1). -

· ' . 6. BADTC, Pagbilao, Quezon: 18-20/2/86; n = 25; 
10.6-20.0 (15.5 ± 2.5); 15.0 - 110.0 (56.0 ± 23.6) ... 
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7. BFAR District Fishery Office ponds, Molo, lloilo: 
29-31/1/86; n = 25; 9.7-14.8 (11.6 ± 1.4); 11.0 - 35.0 
(19.5 ± 7.7). 

8. Private fish culture pen, Laguna de Bay at 
Binangonan, Rizal: 15-18/4/86; n = 25; 11.8-23.0 (19.3 ± 
2.4); 95.0 - 175.0 (125.0 ± 23.1). 

Most fish were examined fresh on site. A few were 
preserved in 10% fonnalin following collection of blood 
smears and examination of gill and skin scrapings, and 
transported to the BFAR Fish Health Laboratory in 
Quezon City for later necropsy. Full examinations were 
perfonned on all fish according to the methods of Kabata 
(1985) with some modifications. The following organs and 
tissi;ies were examined under a stereomicroscope . at 
magnifications of up to 40x: skin, fins, eyes, mouth, gills; 
nasal cavities, heart, esophagus, stomach, intestines, liver, 
spleen, mesenteries, body cavity and musculature. 'I'.he 
latter was removed from the vertebral column and pres~ed 
between two glass plates for detection of larval helmin~s 
and protozoan cysts. The fork length (cm), weight (g) and 
general condition of the fish were also noted at the time of 
examination. Wet mounts of skin and gill scrapings, brain, 
kidney, liver, spleen, intestinal tissues, and urinary and 
gall bladders were examined under a compound 
microscope at magnifications of up to l ,OOOx. Blood was 
collected using heparinized capillary tubes by severing the 
caudal artery. Smears were air-dried, stained with 
Giemsa's stain, and examined at l,OOOx magnification. · 

For identification of trichodinids, gill and skin 
scrapings ofJiving ciliates were air-dried and stafoed with 
2% AgN03 (Klein's dry silver. impregnation technique). 
Smears of gill tissue heavily infected with Cryptobia were 
fixed with methanol and stained with Giemsa's stain. 
Digenea were relaxed and fixed in either hot (700C) 
alcohol-fonnalin-acetic acid (AFA) or 10% fonnalin, 
stained with Semichon's acetic-carmine, Heidenhain's 
iron hematoxylin, or Grenacher's alcoholic borax-carmine 
and mounted in Canada balsam. Crustaceans were 
preserved in 70% ethanol and their appendages mounted 
in Berlese's fluid. Some Caligus specimens were digested 
with 1 % KOH overnight prior to mounting in Berlese's 
fluid. 

Results 

A total of eleven species of parasites were recovered 
from 200 juvenile milkfish (Table 2). These include five 
Protozoa, four Digenea, one Copepoda and one Isopoda. 
At least six ofthe species encountered appear to have been 
previously unreported from Chanos chanos: (Ambliphrya 
sp.; Cryptobia branchialis Nie in Chen, 1955; Leptotheca 
sp.; Transversotrema laruei Velasquez, 1958; Caligus 
epidemicus Hewitt, 1971 and gnathiid isopods). A seventh 

species, Apiosoma sp., also not previously recorded from 
milkfish, was encountered in this study at Pagbilao in 
samples not listed in this paper. 

Several of the parasites could not be assigned to 
lower taxa because they were either not recovered in 
sufficient numbers (Tricliodina, Ambliphrya, Scyphidia 
and Leptotheca) or were immature (digenean 
metacercariae, Gnathiidae gen. sp.). Three species of 
metacercariae from the musculature and fins of milkfish 
were also recovered. Further studies through feeding 
experiments will be conducted to establish their identity. 

Discussion 

Our preliminary findings show that juvenile milkfish 
are host to a large number of parasite species. However, 
the prevalences and intensities of infection of these 
parasites are generally quite low. Only four parasites 
(Trichodinidae gen. sp., Transversotrema laruei, 
digenean metacercariae and Caligus epidemicus) were 
found with prevalences greater than 30% in any of the 
collections. Similarly, intensities of infection were 
likewise extremely low, reaching maximum mean values 
of only 5.2 for T. laruei, 5.2 for digenean metacercariae 
and 8.8 for C. epidemicus. 

It is noteworthy that the parasite fauna of young 
milkfish in culture is dominated by ectoparasitic species, 
only four of the .eleven parasites encountered (three 
digenean metacercariae and the myxosporean Leptotheca 
sp.) being endoparasitic. Remarkably, no helminths were 
recovered from the gastrointestinal tract of any of the fish 
examined. The rapid fluctuations in salinity observed in 
brackishwater ponds in the Philippines due to frequent 
heavy rainfall may play a major role in controlling the 
ectoparasites of cultured milkfish. 

No evidence of gross pathology due to parasitic 
infection was observed in any of the milkfish examined. 
However, a number of the parasites identified in this 
survey or recorded by previous workers are known to 
occasionally cause problems in fish culture. Although 
Trichodina and Trichodinella have not been reported to 
cause problems in milkfish culture, they are occasionally 
responsible for mass mortalities of other cultured fishes, 
especially during the hot months (Kabata 1985). Heavily-
infected fish may exhibit abnonnal behavior and 
coloration, lose weight and eventually become sluggish 
and moribund. Chen (1955) reported that Cryptobia 
branchialis was a serious pathogen of cultured 
Mylopharyngodon aethiops in China, destroying .gill 
epithelium and causing high host mortalities. In contrast, 
Lorn (1980), using scanning electronmicroscopy, 
suggested that C. branchialis is an ectocommensal and is 
not directly pathogenic to fish. Various species of 
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metacercariae are reported to cause mortality, irritation 
and stress of fish during the first stages of infection 
(Kabata 1985). Additionally, at least three of the species of 
metacercariae occurring in Philippine milkfish, 
Procerovum varium Onji and Nishio, 1916; P. calderoni 
(Africa and Garcia, 1935); and Haplorchus okogawai 
(Katsuta, 1932) can develop into adults in man (Velasquez 
1979). A species of Caligus, C. patulus Wilson, 1937, not 
encountered during this survey, has been linked to 
mortalities of milkfish held in experimental tanks in the 
Philippines (Lavina 1977, 1978). Another parasitic 
copepod, Lernaea cyprinacea Linnaeus, 1758, is a well 
known pathogen of freshwater fishes in Southeast Asia 
(Kabata 1985). Pathogenicity severe enough to cause 
direct mortalities has been observed in young milkfish 
from Laguna de Bay (Arthur, unpublished data). Infections 
by the branchiuran Argulus have been reported to cause 
weight loss. and mortalitieS of C. chanos in overwintering 
p.onds in Taiwan (Bardach et al. 1972). The parasitic 
isopods Alitropus typus Edwards, 1840 and Ichthyoxenus 
sp., also not encountered in this study, have been reported 
to cause serious kills of cultured Philippine milkfish 
(Velasquez 1979). Ronquillo and Caces-Borja (1960) also 
reported losses of young cultured milkfish due to an 
unidentified cymothoid isopod. 

It can be concluded that parasites are not usually a 
direct-cause of major kills of cultured milkfish. However, 
parasitism may have less obvious effects on cultured fish. 
Infections may lead to continuous but less dramatic 
mortalities, impair growth and cause indirect losses by 
opening up avenues for secondary invasion by microbes. 
Thus, more intensive research will be required to fully 
understand the role parasites play in limiting milkfish 
production. · 
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Abstract 

Dactylogyrus nobilis, a monogenean found on the gill filaments of 
bighead carp (AristichJhys nobilis), has oval eggs with a polar filament at 
one end. The eggs measure 54.34 (48.00-68.00),am long by 33.71 (30.00-
40.00)µm wide, increasing in size during embryonic development (three 
to four days). On the fourth day hatching occurs. Egg dev~lopment and 
hatching are favored in the presence of host mucus. The egg production 
of D. nobilis on excised gill arches at 32oc is 1.14 eggs per worm. In 
experiments where the fish are kept in compartmentalized tanks 
measuring 17 x 15 x 15 cm at 27oC, the egg production of D. nobilis is 
2.08 eggs per worm. 

Introduction 

The reproductive biology of the Monogenea is 
known mainly from a few individuals of the Dactylogyrus 
and Gyrodactylus genera (lziumova 1956; Papema 1963a, 
1963b; Prost 1963; Khalil 1964; Molnar 1971; Lester and 
Adams 1974a, 1974b; Imada et al. 1976). One of the most 
extensive of such studies on Dactylogyrus is that of Prost 
(1963) . who investigated the development and 
pathogenicity of Dactylogyrus anchoratus and 
Dactylogyrus extensus for breeding carps. Among her 
findings of significance for the management of infections 
in ponds were that dactylogyrids were susceptible to 
freezing and drying and that there was a strict correlation 
between the number of eggs laid and temperature. 

The effect of temperature on the oviposition of 
Monogenea was studied by Iziumova (1956) and Prost 
(1963). Iziumova (1956) showed that)). vastator normally 
deposited from 4 to 10 eggs in 24 hours but under 
unfavorable conditions or at a higher temperature the 
number of eggs deposited increased. This was similar to 
the findings of Imada and Muroga (1978) who found that 

Pseudodactylogyrus microchis on cultured eels increased 
their oviposition rate initially but it then fell to 7.7 (3.0-
9.8) at 28oC. There is still a huge gap in the current 
know ledge of the biology of other Monogenea from 
warm water fish. It is known that egg production of 
Monogenea increases when the environment is adverse 
(lziumova 1958). Hence high temperature, low oxygen 
content and even death of hosts will lead to greater egg 
deposition .. 

Bauer et al. (1973) have given the bionomy of D. 
aristichthys and D. nobilis. Lucky (1973) only founp and 
described specimens of D. nobilis in pond's in 
Czechoslavakia. To date there has been no work done on 
the Monogenea of bighead carp in the tropics. Shaharom 
(in press) studied the Monogenea of bighead carp from 
cultured ponds in Malaysia and found D. nobilis the 
prevalent parasite at most times of the year. This study is 
therefore to obtain further details on some aspects of the 
reproductive biology of D. nobilis. 

Materials and Methods 

The fish were obtained from two Malaysian 
importers: Ban Lee, Salak South, Selangor and South-East 
Asian Farm, Enggor, Perak, and were kept in large circular 
fibron tanks. 

The eggs of the Monogenea were obtained from 
_ worms laying eggs on freshly excised gills. Observations 
were done under a dissecting microscope and eggs were 
pipetted out and placed in embryo dishes, together with 
some aquarium water in which the host fish (bighead carp, 
Aristichthys nobilis) had been kept The eggs were placed 
in batches of 10 in cavity blocks containing sterilized 
aquarium water. The cavity blocks were kept at ordinary 
room temperature and were examined daily using a stereo 
dissecting microscope. One egg was taken out daily, 
placed in a drop of aquarium water on a glass slide, and a 
coverslip placed on it It was examined under lOx and 40x 
magnification using art Olympus microscope. Eggs of D. 
nobilis were also placed in different media such as 
distilled water, distilled water plus host mucus as well as 
sterilized aquarium water. 

In a second series of experiments, fish were kept in 
aerated compartmentalized glass tanks measuring 17 x 15 
x 15 cm. Each compartment contained one fish. After an 
interval of one day each fish was killed and the gills 
examined for Monogenea. The water from each 
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compartment was filtered using filter paper and a vacuum 
pump. Eggs were counted from the filter paper under a 
20x magnification. The fecundity of the worms tinder. 
natural conditions could therefore be elucidated Eggs laid 
by Monogenea from excised gill arches were also 
determined These were done by cutting each gill arch, 
placing it in a cavity block with some aquarium water and 
leaving for two hours. At the end of this period the number 
of eggs laid by each worm was counted. 

Res11Its 

The eggs of D. nobilis were oval with a stiort polar 
filament at one end. They measured 54.34 (48-68)µm long 
and 33.71 (30.0040.00) µ m . wide. The embryonic 
development of the eggs of D. nobilis was observed (Fig. 
1). 

On the first day of incubation the newly laid oval egg 
was 60µm long and 40µm wide. Inside the egg were dense 
granules. On the second day of incubation the eggs grew 
slightly to 62µm long and 48µm wide. The dense granules 
appeared to align themselves in specific positions. The two 
black eyespots could be seen. The eggs incresed to 82µm 
long and 54µm wide on the third day of incubation. The 
embryo inside was almost completely formed with four 
black pigmented eyespots and marginal hooks. On the 
fourth day of incubation the eggs grew to 92µm and 54µm 
width. The eyespots and marginal hooks were fully 
formed. The embryo moved quickly and the cilia beat 
rapidly back and forth. At this point it was almost ready ,to 
hatch. At hatching, the operculum or lid opposite the polar 
filament was pushed open, the head of the embryo thrust 
out and the oncomiracidium swam away. At hatching, the 
oncomiracidium was 186µm long and 90µm wide. When 
newly hatched, the oncomiracidium swam quickly in a 
spiralling movement upwards every 20 seconds. Its 
movements then slowed down but when the water was 
shaken it swam upward again. 

The incubation period for several batches of eggs 
kept in different media is shown in Table 1. Eggs 
incubated in distilled water spowed no development even 
after three days. Eggs incubated in distilled water with 
host mucus gave 68% and 73% hatching. Eggs incubated 
in sterilized aquarium water gave 6.6% hatching after two 
days and 43.3% hatching ater four days. 

The egg production of D. nQbilis on excised gill 
arches at 320C is shown in Table 2. Mean egg production 
was 1.14 eggs/worm. 

The average fecundity was 0.58. Fecundity is 
expressed as the ratio of eggs laid per worm in relation to 
a time period 

Table 3 shows the egg production of D .. nobilis from · 
gills of Aristichthys nobilis kept in glass 
compartmentalized tanks with water temperature of 27oC. 

Discussion 

The embryonic development of the egg D. nobilis is 
similar to that of other dactylogyrid eggs (lziumova 1958; 
Papema 1963a, 1963b; Prost 1963) and also 
ancyrocephalid eggs of Urocleidus adspectus (Cone 1979) 
and C. sclerosus (Shaharom 1983). The swelling of the 
egg of D. nobilis during incubation resembled C. sclerosus 
(Shaharom 1983) and D. vastator (Paperna 1963b). The 
viscous cushion seen in the eggs of C. sclerosus 
(Shaharom 1983) was not present in the eggs of D. nobilis. 
The swelling of the viscous cushion leads to expansion 
within the egg (Wilson 1968) and although D. nobilis does 
not have the viscous cushion it still expands during 
embryonic development. 

Eggs placed in distilled water without host mucus did 
not develop while eggs exposed to distilled water and host 
mucus developed and hatched. According to Macdonald 
(1974), the host mucus dissolves the opercular cement or 
activate the larva, which in turn secretes a hatching 
enzyme capable of softening the opercular cement and 
causing the larva to extend its body and push out the 
operculum. 

The behavior of the oncomiracidiuim within the egg 
is similar to that described by Cone (1979) and Shaharom 
(1983). The oncomiracidium expanded and contracted its 
body with the anterior end thrusting towards the 
operculum. Many authors have reported mechanical 
dislodgement of the operculum by thrusting movements of 
the oncomiracidium (Frankland 1955; Bychowsky 1961; 
Bovet 1967; Molnar 1971; Macdonald 1974). 

Ljaiman (1951) showed that D. vastator laid 5.17 
eggs/hour at 28oC. He measured the egg production rate 
of parasites removed completely from the gills under 
artificial conditions. Papema (1963b) obtained an 
oviposition rate for D. vastator of 1.68/hour at room 
temperature of 28oC. Papema carried out his experiments 
under natural conditions, that is, from the gills of live fish 
kept in small beakers. 

The fecundity of 3.79 in Table 3 was obtained 
because only one Monogenea was found which appeared 
to have laid 91 eggs. But there is a strong possibility that 
some of the Monogenea present could have died. The 
number of eggs laid by D. vastator depends on 
temperature and on the age of the worm (Ljaiman 1951). 
D. vastator eight to nine days old produce from one to 
three eggs per day; worms 11 to 13 clays old produce 5-15 
eggs. After that age, the egg deposition gradually 
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diminishes but there is one strong increase just prior to the 
death of the worm. 
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Tobie 2. Thi egg production of D1ctylowru1 nob///$ from excised gill erch11 of Arlstlchthys nobl//s. 

Fish L1ngth 
species \lclnl 

A. nobl//s 7.7 
{J. nobl//s 7.7 
A. nobl//s 7)3 

T•mp1r11tur1 Tlm1 lnterv1I No.of No.of Mean 
•c In hours worms eggs egg/worm 

32 2 8 8 1 
32 2 9 1.6 
32 2 ' 8 

Tot1I 6 22 26 

1st day of incubation 

2nd day of incubation 

3rd day of incubation 

IOpm 
~ 

4th day of incubation 

Fecundity 

0.6 
0.76 
0.6 

Table 3. Egg production of D. nobilis from gills of A. nobilis kept 
in experimental tanks with a water temperature of 27°C, at 1·day 
interval. 

Length No. of fish 
(cm) worms 

8.7 0 
7.7 1 
9.5 0 
9.5 2 
9.7 0 
9.6 0 
9.5 0 
8.0 7 
7.7 0 
7.5 3 
7,5 6 
9.5 3 
8.0 7 
8.5 57 
8.2 42 
7.5 26 
7.5 60 

No.of Vol. of 
eggs water 

0 
91 1,570 

0 
17 1,970 
0 
0 
0 
9 1,370 
0 
5 1,590 
8 1,600 
7 1,670 
9 

80 1,105 
65 1,250 

7 
155 1,01;10 

Average 

l~j 
0 oO 

0 0 00 

Mean 
egg/worm Fecundity 

0 0 
91 3.79 

0 0 
8.5 0.35 
0 0 
0 0 
0 0 
1.29 0.05 
0 0 
1.67 0.07 
1.33 0.06 
2.33 0.10 
1.29 0.05 
1.4 0.06 
1.55 0.06 
0,26 0.01 
2.58 0.11 

2.08 0.28 ±0.91 

l IOpm 

Oncomlrocidium (hatching occurs on 4th day) 

Fig. 1. The egg development of Dacty/ogyrus nobilis (Monogenea) on 
the gills of bighead carp (Aristichthys nobilis). 
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Abstract 

This suivey on the identification and distribution of Lernaea spp. 
in Peninsular Malaysia involved the leading importers of fish fry, all the 
eight government breeding stations and 104 private ponds selected from 
all geographic areas of the Peninsula. The study revealed that Lernaea 
infection was present in all the eight government-owned fish breeding 
stations, in 69.2% of the 104 private fishponds, and in four out of five 
consignments of fingerlings imported from Tai wan through the importing 
agency. The source.of Lernaea at the private farms was traced to the 
government breeding stations and the importing agency. Lernaea 
cyprinacea "Asian" form which is more widely distributed and L. 
polymorpha were the species present in the ponds. L. cyprinacea was 
found to be widespread at a wide range of temperature (17-320C) and pH 
of 5.6-9.0. L. polymorpha infected only Aristir.hthys nobilis whereas L. 
cyprinacea infected a wide range of hosts. Trichogaster pectoralis and 
Tilapia spp. were not susceptible to infection. The effect of the 
widespread distribution of Lernaea on the aquaculture industry is 
discussed. 

Introduction 

The presence of Lernaea spp. in Peninsular Malaysia 
was first recorded in 1960 at the Freshwater Fisheries 
Research Institute, Malacca (Anon. 1960). The occurrence 
of L. piscinae (=L. polymorpha according to Shariff 1985) 
was more recently reported by Shariff (1981) from the 
Universiti Pertanian ponds. The presence of Lernaea spp. 
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has also been noted in many of the private fish farms 
(Shariff, unpublished data). Lernaea has been reported to 
be responsible for serious losses to the aquaculture 
industry (Hoffman 1976; Kabata 1979; Djajadiredja et al. 
1983). This study was thus conducted to survey the 
distribution of the parasite in Peninsular Malaysia and to 
identify the different species present An attempt was 
made to trace the source of the infection and to assess the 
effects on the local aquaculture industry. 

Materials and Methods 

The survey of the occurrence and species distribution 
of Lernaea spp. involved the whole of Peninsular 
Malaysia and covered three categories, namely: (1) private 
ponds belonging to individual farmers; (2) ponds at the 
government breeding stations and (3) an importing agency 
which was centrally located and also the main importing 
agency in Malaysia. The farmers obtained their supply of 
fingerlings from both the importing agency and the 
government breeding stations. 

One hundred and four out of the 13,852 private 
fishponds from 10 different states were chosen for this 
study. All areas with aquaculture activities were 
represented, and ponds were selected on a random basis 
from each area. Aristichthys nobilis of 5-10 cm standard 
length were used to detect the presence of Lernaea in the 
fishponds. Fish that were free of Lernaea infection were 
treated with formalin at 166 ppm for 30 minutes as a 
prophylactic measure. 

In each of the selected ponds, 10 test fish were 
released into cages and were left in the ponds for a 
minimum of four days. After four days the fish were 
removed and examined for the presence of adult Lernaea 
spp. The parasites were then removed by dissection and 
identified to species level based on the key prepared by 
Harding (1950). 

A. nobilis from five different consignments were 
examined from an importing agency in Kuala Lumpur. 
The fish were imported from Taiwan, and the five 
different consignments arrived over a period of four 
months, April-August 1982. On the arrival of each 
consignment, 50 live fish were transported to the 
laboratory where they were kept in aquarium tanks fitted 
with undergravel filters. The fish were examined for the 
adult parasite after being kept in the aquarium for two 
weeks. The longer duration was a precaution taken to 
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allow for the possibility that the imported fish may have 
been infected with early larval stages of the parasite which 
would require a further two weeks to reach maturity. 

The study involved all the eight government fish 
breeding stations in Peninsular Malaysia. Attempts to 
determine presence or absence of the parasite were made 
using the following sampling methods: (1) introduction of 
10 caged A. nobilis as· test fish into three ponds as 
described above and (2) examination of five broodstock 
and 20 fry of each species which were already present' in 
the ponds at the station. The presence or absence of the 
parasite was recorded if it occurred on any one or all of the 
three samples. 

The water temperatures were recorded by · a 
minimum and maximum thermometer and the pH was 
measured with the HACH kit. 

Results 

Fig. 1 shows the 113 locations for the presence or 
absence of the parasite. The results of the survey revealed 
that Lernaea was present in all the 10 states where the 
study was conducted. Seventy-two of the 104 private 
ponds studied (69.2%) revealed the presence of Lernaea 
(Table 1). L. polymorpha (Fig. 2) was found in only five 
samples (4.8%) and was always present together with L. 
cyprinacea "Asian" form (Fig. 3). The remaining samples 
were identified asL. cyprinacea "Asian" form. 

Adult parasites were not present on the newly 
imported fish but by the 14th day parasites were seen on 
the fish. Lernaea was present in four out of the five 
consignments (Table 2). The species identified were L. 
cyprinacea (14.8%) and L. polymorpha (39.6%). The 
mean intensity of infection was also higher for .L. 
polymorpha which was 1.81 parasites as compared to 1.47 
for L. cyprinacea. 

Lernaea was present in all the breeding stations 
studied. Infection by L. cyprinacea "Asian" form was 
present in several host species (Table 3); and L. 
polymorpha was recorded only from A. nobilis at two 
stations. Lernaea spp. was not found on tilapia species 
or Trichogaster pectoralis. 

The maximum and minimum diurnal water 
temperatures recorded from all the ponds studied were 23-
32oC, but lower temperatures of 17-240C were recorded 
from one breeding station which was sited on a hill. The 
pH of water ranged from 5.4 to 9.0. L. cyprinacea and L. 
polymorpha were present in both extremes of pH (5.4-9.0) 
and in water temperatures of 23-320C. 

Discussion 

There were no quarantine procedures to examine and 
ensure that the new stocks introduced into the breeding 
stations were free of the disease nor were there any 
quarantine procedures for imported fish. Similarly there 
were no measures for the examination and treatment. of 
fish before they were supplied to the fish farmers. Thus, 
the free flow of infected fish from the breeding stations 
and the importing agency resulted in the wide spread of 
Lernaea in Peninsular Malaysia. Although the study 
involved only one importing agency, there were more than 
20 other known agencies which imported fish from the Far 
East. Besides A. nobilis and C. idella which are cultured 
for food, various species of ornamental fish are also being 
imported. There is evidence that Lernaea is brought into 
the country along with imported ornamental fish (Shariff 
1980). Many fish dealers handle both food fish and 
ornamental fish among which the spread of Lernaea could 
be aggravated. 

The importing agency disclosed that fish infected 
with adult parasites were culled before being sold. The 
agent was ignorant of the fact that the fish he sold were 
infected with the larval stages that were not visible to the 
naked eye. 

The finding that L. cyprinacea "Asian" form and L. 
polymorpha were present in a wide range of pH (5.6-9.0) 
is considered to be significant since Hoffman (1976) had 
reported that Lernaea has not been recorded from waters 
with pH lower than 7. Lernaea· was also present at a wide 
range of water temperatures (17-330C). According to 
Shields and· Tidd (1968) the most successful laboratory 
cultures. of L. cyprinacea were obtained at fluctuating 
temperatures of 24-290C which are closely similar to the 
normal diurnal temperatures in Malaysia. Thus, the 
tropical climate of Malaysia which experiences no 
seasonal temperature changes could be considered 
favorable for the development of Lernaea throughout the 
year. 

Host SJ>"...Cificity could be one of the reasons for the 
lower number of private fishponds (4.8%) found to be 
infected with L. polymorpha in contrast to L. cyprinacea 
which was found to be more common (69.2%) and had a 
wide range of host susceptibility. The wi1e range of host 
susceptibility of L. cyprinacea has also been reported by 
Hoffman (1967), Kabata (1979) and Shariff et al. (1986). 
The widespread occurrence of L. cyprinacea is also 
attributed to its ability to live on many unrelated fish hosts 
such as tadpoles, adult frogs and salamander; thus, L. 
cyprinacea has been recorded to occur in Europe, Africa, 
India, Southeast Asia, Far East Asia, North and South 
America (Kabata 1979). Besides the broad range of host 
susceptibility of L.' cyprinacea, the wide range of pH and 
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temperature tolerance are probably important factors that 
have enabled the parasite to be distributed worldwide. 

L. polymorpha, which was noted to be host specific, 
has been previously recorded in China on A. nobilis and 
Hypophthalmichthys molitrix (Yin et al. 1963). Kabata 
(1979) in his review of the geographic distribution of L. 
piscinae Harding (=L. polymorpha) has referred to it as 
an African fonn whereas the specimens of L. polymorpha 
were actually obtained by Harding from Singapore 
situated in Southeast Asia. The distribution of L. 
polymorpha therefore still appe&s to be limited to the Far 
East and Southeast Asia. 

Mortality rates ranging from 42 to 100% due to 
lemaeosis have been recorded at the importing agency 
(Ban Lee, pers. comm.). The average mortality rates due to 
lemaeosis at the breeding stations for 1981 and 1982 have 
been reported to be 55.6% (Shariff and Vijiarungam 
1983). However, at the private farms the effects of the 
disease may not be so obvious. Most of the private farms 
practice aquaculture on extensive scale and in these cases 
the management is at a lower level than in the intensive 
systems; thus records are not kept well enough to assess 
the mortality rates. 

Factors such as weight loss or slow growth rates 
caused by lemaeosis could reduce the income of the fish 
farmer. Even with low Lernaea infection, signs of stress 
reaction indicated by an increase in oxygen consumption 
have been reported by Srinivasachar and Shakuntala 
(1975); thus, even under natural conditions, low oxygen 
levels could be detrimental to the fish. The study on 
growth rates of A. nobilis infected with L. polymorpha 
indicated a difference of 35 % in the mean weight when 
compared to be uninfected controls at the end of the six-
month period (Shariff 1985). Besides such effects, there is 
also the danger that the parasite may spread to the natural 
water bodies on a large scale due to the further 
development of aquaculture, and the disease may become 
a threat to the natural fish population. 
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T•ble 1. Results of the survey of the ldentlflc1tlon ind distribution of L•rnae• spp. from private 
farms In West M1laysil!I, 

No.or pqnds 
Stites studied 

Jo hare 12 
Kedah 8 
Kel1nt1m 13 
M11l1cc1 6 
Negerl Sl!lmbll1n 10 
P1hang 17 
Per•k 16 
Selinger 16 
Tr11ngg1nu 8 

Tot1I 104 

L.plsclnH 

0 
0 
0 
1 
0 
1 
2 
1 
0 

No. of ponds with No 
L, cyprin•cn 

3 
7 

13 
12 
10 

6 

Infection 

6 
2 
3 

72 32 

T1ble 2. Preva11nc1 of L. cyprln•c.a ''Aslin" form ind L. plsclnH on A. nob/lls obtelned from the 
Importing 191ncy. 

Conslgnmtmt No. of Ush Pr1vtl1nce (%) of Mein lnt1nslty 
no. 1x11mlned L. polymorph• L. cyprln•cn L. polymorph• L. cyprln•cH 

50 62 16 1.68 1.37 
2 50 28 14 2.00 2.60 
3 50 60 4 1.60 1.00 
4 60 68 40 3.78 2.50 
6 50 0 0 o.oo 0.00 

Total 250 x 39.6 x 14.8 x 1.81 x 1.47 



272 

T11bl1 3. AISuits of the examination of V1rlous host species for L1rn1u spp, 1t the government br1ed-
lng st1tlons In P11nlnsulu M11l1ysla. 

St1tlon 
(Stotel 

Enggor IP1r1k) 

Ten1h A•te 
(Pohong) 

Buklt Tmggl 
CP•h1ng) 

Jitr• (Ked;h) 

Kong-Kong 
IJohore) 

B1tu Berendam 
IMai1cc1) 

M1ch1ng 
(K1lont11nl 

Host spp. Lama.• spp. 

C. c•rp/o L. cyprln1cH "Aslin" form 
T.p~tonlls 

T/11pl1 sp. 
P. gonlonotus L. cyprlnac1a "Aslin" form 

C,arplo L. cyprln1cn "Aslin" form 
P, gonlonows L. cyprlnacn "Asian" form 
H. t•mmlnckl L, cyprln1c1J1 ''Asian" form 
O.gounmy L. cyprln1cH "Asllm" form 

C,c1rp/o L. cyprin1cn "Asl1n'1 form 

A, nobllls I) L. cypr/n1cH "Aslin" form 
II) L. polymorph• 

P. gonlonotus L. cyprln1CH "Aslen" form 

C, Carpio L. cypr/n1cu "Asian" form 
P. gomonotus L. cyprlnac1J1 "Aslin" form 

C. corp/a L. cypr/n1ctJ1 "Aslin" form 

A. nobllls I) L. cyprin1cu "Aslin" form 
Ill L. polymorph1 

P, gonlonotus L. cyprln1CH "Asian" form 
C. carp/o L. cyprin1cea "Asian" form 
C. idall• L. cyprln1caa "Asian" form 

C. carp/a L. cyprln1cn "Asl•n" form 
c. ld•ll• L. cyprlnac.a "Ashm" form 

P. gonlonotu1 L. cyprin1ca1 "Aslen"• form 

Fig. 1. Distribution of Lernaea spp. in Peninsular Malaysia. O Pres-
ence of L. cyprinacea; o Presence of L. cyprinacea and L. poly-
morpha; /:;;. Absence of lernaeoisis; 1' landing stations and "/: im-
porting agency. 

0.2mm 

Fig. 2. L. polymorpha from A. nobilis. 

0.2mm 

Fig. 3. L. cyprinacea "Asian" form from a wide range of hosts. 
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Abstract 

The life cycles of two fish parasites, Lernaea polymorpha and L. 
cyprinacea were detennined under laboratory conditions. Experiments 
were conducted with four replicates. Aristichthys nobilis was used as host 
for L. polymorpha while Carassius auratus, Helostoma temmincki and A. 
nobilis were used as hosts for L. cyprinacea. The life cycles of L. 
polymorpha and L. cyprinacea were similar irrespective of the host 
species. The eggs from both species which hatched into nauplii required 
14 to 15 days to fonn young female parasites. Egg development 
proceeded through three stages of nauplius and five stages of copepodid 
before reaching the adult male or young female stage. Water temperature 
ranged from 24.3 to 29.0oC. The two species of parasites could not be 
differentiated morphologically at the larval stages. Jn the absence of a 
host, the parasites developed to copepodid stage I only and died on the 
third clay of that stage. These results are compared with the findings of 
other studies. A schedule for treatment of lemaeosis is also discussed. 

Introduction 

Of the two Lernaea species identified in Peninsular 
Malaysia, only the life cycle of L. cyprinacea has been 
studied extensively, e.g., by Wilson (1918) and Shields 
(1976) from the United States; Yashouv (1959), Lahav 
and Sarig (1964) from Israel; Grabda (1963) from Poland; 
Bauer et at (1973) from Russia; Al-hamed and Hermiz 
(1973) from Egypt and Rukyani (1975) from Indonesia. 
The life cycle of the less commonly known parasite L. 
polymorpha has 6nly been described in China by Pan et al. 
(1979). 
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This study was conducted to establish the life cycles 
of L. cyprinacea and L. polymorpha at local water 
temperatures and to compare various aspects of the life 
cycles. Adults of Lernaea show only minor differences, 
and identification difficulties are compounded by the 
polymorphism exhibited by L. cyprinacea (Shariff 1985). 
Differences were therefore sought in the larval stages. As 
with morphological adaptation, many parasites exhibit 
physiological adaptations, and these might be reflected in 
the duration of the different stages of the life cycle at 
certain temperatures. Such information might be useful in 
identifying larvae to species. level in the absence of adult 
stages or whenever they cannot be separated 
morphologically. The potentials for polymorphism in the 
larval stages were examined by using three different fish 
hosts. 

Materials and Methods 

A constant supply of the parasites L. polymorpha and 
L. cyprinacea was maintained at the Faculty of Fisheries 
aquarium for the study. The original material was obtained 
from the university ponds where infected carp, 
Aristichthys nobilis, were collected. The parasites were 
identified to species level based on the key prepared by 
Harding (1950). 

L. polymorpha was maintained on A. nobilis while L. 
cyprinacea, which has a wider range of host susceptibility, 
was maintained on goldfish, Carassius auratus. Thirty 
fish were kept in each tank to maintain a constant culture 
of both species of the parasite. Fish which recovered from 
the infection and which were suspected of becoming 
immune to the infection (Shariff 1981) were removed and 
replaced with naive fish. 

The experiment was designed to study the life cycles 
of L. polymorpha on A. nobilis and of L. cyprinacea on C. 
auratus, H. temmincki and A. nobilis. Thirty fish of each 
species were used. The standard lengths of the fish were as 
follows; C. auratus, 10-18 cm; Helostoma temmincki, 
11.5-18 cm; and two batches of A. nobilis, 10-15 cm. The 
fish were treated with formalin at 166 ppm for a half hour 
and quarantined for two weeks to ensure that they were 
free of Lemaea and other ectoparasitic infection. Each 
group of fish was then introduced into glass tanks of 107 x 
46 x 46 cm fitted with undergravel filtration systems. 

Eggs of L. polymorpha and L. cyprinacea were 
obtained from the stock culture. To ensure that the egg 
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sacs used were of the same age group, the development of 
the eggs was synchronized by removing the second batch 
of egg sacs from all the parasites simultaneously as 
suggested by Shields (1976). Eggs were collected from the 
third batch of eggs of each parasite species and placed in 
petri dishes. Thirty egg sacs were collected to establish 
each host-parasite system. The eggs were observed 
constantly and the hatching time was recorded. 

When the majority of the eggs were hatched, the 
nauplii of L. polymorpha and L. cyprinacea were 
introduced into tanks to establish their respective host-
parasite system. Larvae of both parasite species were also 
kept in separate petri dishes to study the developmental 
stages of the parasite without a host. The petri dishes were 
left uncovered and kept in the aquarium shed along with 
the fish tanks. 

The development of the parasites on the fish in the 
tanks was monitored by taking samples twice daily at 9 
a.m. and 4 p.m. Collection of the larvae was made with a 
special bottle designed for the purpose (Fig. 1). The bottle 
was drawn gently across the fish tank to collect free 
swimming stages of the parasite. With the progressive 
development of the· larval stages it became more difficult 
to obtain the copepodid by the above method. Parasites in 
the copepodid stage normally attach themselves 
temporarily to the host for feeding (Kabata 1970); they are 
best collected by dipping the fish in 10% formalin and 
collecting the released larvae. The larvae in the petri 
dishes were collected with a Pasteur pipette. The samples 
collected were kept in 10% formalin and later mounted on 
slides in formalin and examined under a microscope. The 
development of the preadult stage which was partially 
embedded in the host tissue was made by dissecting the 
parasite from the tissue. Four replicates of the experiment 
were conducted for each treatment The maximum and 
minimum diurnal water temperatures were recorded daily. 

Results 

There were no differences between the durations of 
the various stages of the life cycles of L. polymorpha and 
L. cyprinacea obtained from their respective hosts used in 
this study (Table 1). The development of both species of 
the parasite from hatching to adult stage took an average 
of 14-15 days at a mean temperature of 27oc. The diurnal 
temperature recorded during the study period was 24.3-
29oC. 

There were three naupliar stages, nauplius I, II and 
III, and five copepodid stages, copepodid I-V. the 
copepodid female developed to the cyclopoid stage 
(premetamorphosis female) which embedded in host tissue 
and finally metamorphosed into the sedentary female 
parasite. The male cyclopoid died after 24 hours. The 

detailed morphological stnicture of the different stages is 
shown in Figs. 2 and 3. Each nauplius stage lasted for only 
24 hours so that nauplius III was observed on the third 
day. The successive development of copepodid I to 
copepodid V took a further seven days. Each copepodid 
stage lasted an average of two days. 

The cyclopoid was obtained on the 12th or 13th day. 
At this stage the female parasites were seen to be firmly 
attached to the host tissue. The females underwent 
metamorphosis to form the young sedentary parasite 
within 12 hours. The young parasites were thin and 
transparent and difficult to observe without the aid of a 
microscope or magnifying lens. A pair of small milky 
white egg sacs could be seen on the recentl.y attached 
parasite. The milky white eggs gradually turned to a green 
color within 24 hours. At this stage the embryos were fully 
developed. After the formation of the embryo the eggs 
hatched within the next 12 hours. A second batch of eggs 
appeared within 12-24 hours after the first batch of eggs 
had hatched. 

The eggs which hatched in the petri dishes without a 
host developed into the third nauplius stage and the first 
copepodid stage within the same time period as those 
larval stages on a host (Table 2). No parasites were seen to 
develop further than the copepodid I stage in the absence 
of a host, and they died on the seventh day after hatching, 
that is, on the third day of the first copepodid stage. 

Discussion 

The life cycles of both L. cyprinacea and L. 
polymorpha were successfully completed in the 
experimental systems used. The life cycles of the parasites 
were identical at the mean temperature of 27oC and 
therefore the two species could not be separated on this 
basis. 

The need for an intermediate host species to 
complete the life cycle of Lernaea was initially reported 
by Wilson (1918). This was further indicated by Fryer 
(1961) when he found that the copepodid stages of L. 
cyprinacea infected Bagrus docmac which served as an 
intermediate host before they infected Tilapia. Similarly, 
Thurston (1969) reported that L. barnimiana lived on 
Tilapia and H aplochromis as an adult and required Bagrus 
as an intermediate host in the life cycle. These reports 
were from studies of fish in their natural habitat. However, 
in this study only one host species was used in each 
individual tank to complete the life cycles of both L. 
cyprinacea and L. polymorpha, which indicated that the 
use of the intermediate host was flexible and revealed the 
adaptability of the parasites. 

The results of the study on the development of the 
nauplius to cyclopoid stage agrees closely with that of 
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Yashouv (1959) and Shields (1976). At 26-29.50C 
Yashouv reported that development of L. cyprinacea 
from nauplius to cyclopoid stages was accomplished in 
12-16 days, and according to Shields this took between 11 
and 15 days at 25-320C which is close to the present 
study's finding of 12-15 days at 24.3-290C. However, 
according to Pan et al. (1979) the development of the 
nauplius and copepodid required only seven days at 26-
310C. 

Completion of the life cycle from hatching of the egg 
to the emergence of the adult parasite with its eggs ready 
to hatch took 16-17 days at 24.3-290C. According to 
Lahav and Sarig (1964) and Shields (1976), the life cycle 
of L. cyprinacea took 18-21 days at 250C and 18-25 days 
at 25-320C, respectively, while Bauer et al. (1973) 
reported that it took 25 days at 20oc and 16-1/2 days at 
300C. Rukyani (1975) found that at 280C it took 21-23 
days. The development rate was clearly sensitive to 
temperature but variation within the reported range 25-
320C was as great as eight days. The large variation in 'the 
number of days it took to complete the life cycle over a 
small temperature range could be due to the differences in 
the meap and the durations of maximum and minimum 
temperatures at which the studies were conducted. 

Thurston (1969) found that L. barnimiana required 
15 days to develop to cyclopoid stages at 21-260C. This 
also closely resembles the findings for L. cyprinacea and 
L. polymorpha in the present study, indicating a similar 
pattern of development within the genus Lernaea. 

In the absence of a host, copepodid I died on the 
third day without undergoing further development. This is 
in agreement with Shields and Tidd (1968) although their 
experiment was conducted at 280C as compared to a wider 
range of temperatures of 24.3-290C recorded during the 
present study. The inability of the copepod I to survive and 
molt indicates that it is an infective stage and is incapable 
of surviving without a host. This information suggests the 
possibility that a satisfactory elimination of Lernaea from 
an infected site is possible by leaving the pond fallow for a 
minimum period of seven days until all the infective stages 
have died. 

It would not be necessary to identify the parasite to 
species level before preparing the treatment schedules 
since the similar life cycle would require a similar 
schedule for both L. cyprinacea and L. polymorpha. The 
treatment of the parasite with organophosphate 
compounds is not effective at the free swimming naupliar 
stages (Kabata 1970; Shariff et al. 1986) or the adult 
parasites which are embedded in the host tissue. The 
treatment schedule would therefore be directed to kill the 
free swimming copepodid stages. At mean temperatures of 
270C the copepods take from eight to nine days before 
they develop into the cyclopoid stage and it would 
therefore be necessary to schedule the treatment before the 
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eighth day. Thus, to ensure a successful treatment it would 
be advisable to introduce the drug at seven-day intervals 
(providing a safety margin of one day before the parasite 
embeds in the host tissue) until_the infection has cleared. 
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Table 1. Development of L. cyprinacea and L. polymorpha on their respective host. 

L. cyprinacea L. polymorpha Developmental 
No. of days A. nobilis C. auratus H. temmincki A. nobilis stages 

I I 
2 II II II II Nauplius 
3 II I II I II I 111 

4 
5 
6 II II I and II I and II 
7 II I and II II II II and 111 Copepodid 
8 111 111 II I II I 
9 Ill and IV IV IV 111 

10 IV and V v IV and V IV 
11 v v v v 
12 V and cyp V and cyp V and cyp V and cyp 
13 cyp cyp cyp cyp Cyclo'poid 
14 cyp and cyp and cyp and cyp and (Premetamorphosis 

young female young female young female young female female and adult male) 
15 young female young female young female young female (Postmetamorphosis 

female) 

Table 2. Development of L. cyprinacea and L. polymorpha in vitro. 

No. of days L. cyprinacea L. polymorpha Development stages 

2 
3 

4 
5 
6 

open end 
..._of plastic 

bottle 

II 
II I 

Died 

II 
II I 

Died 

Nauplius 

Cope pod id 

'Plankton net 
screwed onto bottle 

r 
IOcm 

l ~ Plook!o" "91 ~ meshslze, 
open end of 64 µm 
screw cop 

Side view Top view 

Fig. 1. Modified plastic bottle for sampling larval stages of Lernaea. 

Fig, 2. Developmental stages* of L. cyprinacea and L. polymorpha. 
*Since the copepodid and cyclopoid stages of L. cyrinacea 

and L. polymorpha were similar the figures represent both species. 
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Fig. 3. Appendages of the copepodid and cyclopoid stages of L. cyprinacea and L. polymorpha. Large 
number indicates copepodid/cyclopoid stages (1 to 6 copepodid and 7 & 8 cyclopoid stages). Smaller 
second number indicates swimming limb number and lower case letter represents a) antennae, b) anten-
nulae, c) maxillae, d) maxillipedes, e) furcae. 
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Fig. 4. Appen~ages of the copepodid and cyclopoid stages* of L. cyprinacea and L. po/ymorpha. Large 
number indicates copepodid/cyclopoid stages (1 to 6 copepodid and 7 & 8 cyclopoid stages). Smaller 
second number indicates swimming limb number and lower case letter represents a) antennae, b) anten· 
nulae, c) maxillae, d) maxillipedes, e) furcae. 

*Since the copepodid and cyclopoid stages of L. cyrinacea and L. polymorpha were similar· the figures 
represent both species. 
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Abstract 

The holotrichous ciliate lchthyophthirius multifiliis is an important 
parasite of cultured fishes. The ability of Oreochromis mossambicus, a 
mouthbrooding cichlid, to mount an immune response to this' parasite 
was investigated. Fish weighing 120-200 g were subjected to a trickle, 
sublethal infection of tomites (the infective stage of the parasite). Fish 
were free of I. multifiliis by day 18 after the initial exposure and 
remained free of the parasite up to nine months in an infectious 
environment. These fish were considered "effectively immunized." 
Another group of fish were injected with serum extracted from the 
"effectively immunized" fish. Fourteen days postinjection, fish were 
challenged by exposing them to a sublethal infection of tomites. The 
intensity of infection between injected and control fish was found 
significantly different (P < 0.05). hnmobilization experiments showed 
that serum and skin mucus from "effectively immunized" fish 
immobilized tomites at much higher dilutions than that from 
nonimmunized fish. Ochterlony double diffusion tests carried out using 
the serum and skirt mucus from immunized and nonimmunized fish 
against sonicated I. multifiliis whole cell antigen indicated the possible 
presence of soluble antibodies in the serum and mucus of immunized 
fish. An acquired specific immune response of humoral origin in this 
mouthbrooding tilapia is suggested and its implications for aquaculture 
discussed. 

Introduction 

Ichthyophthirius multifiliis is a ciliate protozoan 
ectoparasitic on freshwater fish. It is considered one of the 
most serious fish parasites (Bauer 1962; Meyer 1969; 
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Pearson 1970; Hines and Spira 1973), which causes, severe 
epizootics in wild (Elser 1955; Allison and Kelly 1963; 
Chappell and Owen 1969) and cultured (Butcher 1947; 
Johnson 1961; Bogdanova 1976; Valtonen and Keranen 
1981) fish. During its infective stage, the tomite enters the 
fish's epithelium and produces a condition commonly 
known as "white spot" disease. 

Fish have been shown to develop immunity to lethal 
levels of infection following exposure to sublethal levels 
of the parasite (Beckert and Allison 1964; Parker 1965; 
Hines and Spira 1974; Beckert 1975; Subasinghe 1982). 
This protection is believed to be due to the production of 
humoral antibodies (Hines and Spira 1974) and to the 
parasite antigen in the cilia (Gaven et al. 1980). · 

Tilapias are commonly infected with /. multifiliis in 
culture systems. Although tilapias in general, including 
Oreochromis mossambicus, appear more resistant to 
ectoparasitic diseases than some other warm- and 
coldwater fish species, very little is known about their 
ability to mount an immune response to pathogens. In 
view of the significance of tilapias as cultured species, it 
was considered important to investigate tlieir ability to 
mount an immunity response to pathogens such as I. 
multifiliis. 

Materials and Methods 

Genetically pure (as identified by McAndrew and 
Mujumdar 1983), hatchery-bred 0. mossambicus 
weighing 120-200 g, not previously infected with /. 
multifiliis, were used throughout the investigation. 

The parasites were propagated from a single isolate 
obtained from an infected cichlid, Chichlasoma meeki, and 
maintained by serial passage on 0. mossambicus by 
introduction of uninfected fish into tanks where infected 
fish were held. 

The standardized procedures described by Dickerson 
et al. (1981) were slightly modified and employed for the 
preparation and quantification of tomite suspensions used 
in experimental infections. The tomites were 6-12 hours 
old at the time of infection. 

The 20 broodfish used were divided into four equal 
groups. Group A was used for the experimental infections, 
Group B for the experimental infections and collection of 
mucus and blood, group C as control and group D for the 
injection of immune serum and subsequent exposure to I. 
multifiliis. 
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Four days before Groups A and B were 
experimentally infected, skin mucus was collected from 
the fish in Groups B and C and concentrated by freeze-
drying. The fish were also bled by cardiac puncture and 
0.3-0.5 ml of blood was removed from each fish and the 
serum separated Both the bleeding and the mucus 
collection were carried out under anaesthesia (benzocaine 
dissolved in acetone at 100 mg/l). 

The four groups of fish were then placed in separate 
glass aquaria with 80 l of water. Each aquarium wa:s 
individually aerated and a constant temperature of 27 ± 
1 oc was maintained. Groups A and B were then exposed 
to a sublethal dose level of 20,000 tomites/fish by adding 
an appropriate volume of tomite suspension of a known 
density. Groups C and D were maintained uninfected. All 
groups were fed on commercial trout pellets at 1 % body 
weight/day. On the 12th, 24th and 30th days after initial 
infection, a tomite suspension estimated at a dose level of 
20,000 tomites/fish, was added to Groups A and B 
facilitating a standard infectious environment. 

Groups A and B fish were closely observed daily for 
the presence of visible/. multifiliis. Five-day random skin 
scrapings were carried out on individual fish to confirm 
the absence of parasites. 

Both uninfected control fish (Group C) and Group B 
fish were individually bled at five-day intervals for 35 
days and mucus was collected and concentrated on the 
35th day. 

Two fish from Group B were further maintained for 
nine months in an infectious environment and were bled 
and their serum separated after the ninth month. 

Fish in the uninfected Group D were individually 
injected intraperitoneally with 0.5 ml of pooled serum 
from the immunized fish in Group B at day 35 
postinfection. Fifteen days later, both Groups C and D 
were subjected to an infection of 20,000 tomites/fish. At 
five days postinfection the fish were individually 
anaesthetized and the visible white spots (trophonts) on 
the caudal fin counted under a sterio microscope. 

Immobilization titres of 4 to 5-day old freshly-
dislodged trophonts were measured using the individual 
serum samples and pooled mucus samples collected from 
Groups B and C. The methods described by Sonneborn 
(1950) were slightly modified for these tests. 

Ochterlony double immunodiffusion tests were 
carried out using pooled serum and mucus collected from 
the fish of Groups B and C against killed sonicated /. 
multifiliis whole-cell antigen. Noble agar (Difeo) (1%) 
was used and tests were replicated four times. 

Results 

All fish in Groups A and B were visibly infected 
with /. multifiliis at four to five days postinfection. The 
number of visible parasites began to decrease rapidly from 
day 12 and by days 14-15 no parasites were visible. Skin 
smears revealed that the parasites had completely 
disappeared by days 17-19 postinfection. All fish 
remained free of /. multifiliis under infectious conditions 
until the experiment ended and were considered 
"efr'ectively immunized". 

Fig. 1 represents the relationship between the log e 
mean serum immobilization titres and time for the five 
group B fish exposed to a sub-lethal infection of /. 
multifiliis. The titres rose from day 0 onwards, with a 
maximum rise between days 5 and 10 postinfection. The 
titres from the two fish from Group B held for 270 days 
postinfection and kept under infectious conditions gave a 
loge titre of 6.09 ± 0.30 (Fig. 1). 

Table 1 describes the parasite immobilization 
strength of the mu~us and serum from the fish used in 
Groups B and C. The nonimmune control fish (Group C) 
serum resulted in less than 50% immobilization at all 
dilutions below 1:2. In contrast the immune fish (Group B) 
serum showed 50% or more immobilization at all the 
dilutions below 1: 1,024. The pooled concentrated mucus 
fom the nonimmune control fish showed no degree of 
immobilization while pooled concentrated mucus from the 
immunized fish (Group B) gave 50% immobilization at 
1:2 dilution. 

No precipitation arcs were observed for serum and 
mucus of nonimmunized control fish against /. multifiliis 
antigen in Ochterlony immunodiffusion tests. In contrast, 
both pooled immune serum and mucus from fish in Group 
B at day 35 postinfection gave precipitation arcs against 
the antigen. There were no indications of more than one 
precipitation arc between any serum or mucus sample and 
I. multifiliis antigen. 

The mean number of /. multifiliis counted on the 
caudal fin of group C fish was 113 ± 49. The Group D 
fish, injected with immune serum, showed a significantly 
lower (P > 0.05) number of parasites on the caudal fin, 
with a mean of 23 ± 11. 

Discussion 

Postinvasion immunity to /. multifiliis was first 
experimentally demonstrated in Cyprinus carpio L. by 
Hines and Spira (1974). Since then Ictalurus punctatus 
(Rafinesque) and Salmo gairdneri (Richardson) were also 
shown to develop immunity to the parasite by Beckert 
(1975) and Wahli and Meier (1985), respectively. This 
investigation demonstrates the presence of postinvasion 
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immunity in 0. mossambicus. It has clearly shown that 0. 
mossambicus, recovering from a sublethal level of 
infection of I. multifiliis, is refractory to a normally ·lethal 
level of infection and that the immunity was retained for at 
least 270 days (the duration of the experiment) in an 
infectious environment 

Hines and Spira (1974) noted that C. carpio, exposed 
to a sublethal level of infection, developed a heavy 
infection which peaked at 16 days after the initial 
exposure. The parasite had completely disappeared from 
the skin and gills by 21 days postexposure. According to 
Wahli and Meier (1985), the fish were heavily infected 
three weeks after the initial infection. However, they did 
not report the time the parasites completely disappeared. 
In this study the parasites completely disappeared between 
17 and 19 days. 

Another obvious difference between this study and 
the two previously mentioned reports is the temperature at 
which the fish were maintained. Wahli and Meier (1985) 
used 11oc, Hines and Spira (1974) 20-230C. The immune 
response in all ectothermic vertebrates is temperature-
dependent and lOw temperature delays or completely 
abolishes the antibody production (Ellis 1978). The life 
cycle of the parasite is also temperature-dependent 
(Subasinghe and Sommerville, unpublished data). Thus 
the level of infection and the pathogenicity of the parasites 
on the fish could also vary at different temperatures and 
affect the response rate. These factors could account for 
the differences in the length of time the parasites 
completely disappeared from the immunized fish as 
reported. 

Hines and Spira (1974) found a rise in serum 
immobilization titres in immunized carp between days 10 
and 22, the period when all the parasites diappeared. In 
this study, the most rapid increase in the serum 
immobilization titres was between days 5 and 10. The 
comparatively early immune response indicated by this 
early rise in serum immobilization titres may be associated 
with possible differences in the infection levels employed. 
The dose level used by Hines and Spira (1974) is not 
directly comparable with that used in this study due to the 
differences in measuring dose levels, but is considered a 
high dose compared to that of this study. 

According to Ingram and Alexander (1980), for 
teleosts in general, the average time for the appearance of 
the antibody-secreting cells (ASC) after antigen injection 
is about eight days, with maximum time about 16-18 days. 
However, Sailendri and Muthukaruppan (1975) found that 
the peak production of ASC in 0. mossambicus was in 
five days postimmunization. Although this difference 
could be attributed to the rearing temperature, it may also 
be due to specific differences between fish. 

The presence of precipitating antibodies has been 
demonstrated in various species of fish naturally infected 
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with intestinal parasites (Harris 1972; Cottrell 1977; 
McArthur 1978). However, these antibodies did not 
afford any protection. In contrast, this study clearly 
indicates the presence of specific precipitating antibodies 
in the serum and mucus which effectively protected 0. 
mossambicus immunized against/. multifiliis. The original 
suggestion of Fletcher and Grant (1969) that an active 
secretory system moves immunoglobulins out of the blood 
into the mucus is supported by this investigation. The 
mechanism of host protection appears to be based on the 
immobilization of the parasite by soluble antibodies at the 
site of host-parasite contact or perhaps even after the 
parasite has entered the epithelium. 

Although the immunization of fish by injection of 
killed /. multifiliis or related ciliate antigens has been 
demonstrated by Goven et al. (1980, 1981), no reports 
were found on the passive immunity by injection of 
immune fish serum. This study demonstrated that passive 
immunity by injection of immunized serum is possible. 
Similar protection was demonstrated by Harrell et al. 
(1976) in rainbow trout injected with trout anti-Vibrio 
angullarum serum against vibriosis. Although the present 
study did not cover an examination of the duration of the 
passive immunity in 0. mossambicus, the fish was 
evidently still strong at the 20th day postinjection when 
the challenge was presented. However, protection was not 
complete, as all five serum-injected fish sustained mild 
infection. In contrast, fish exposed to sublethal infection of 
I. multifiliis did not have parasites after 20 days. 
Therefore, the acquisition of immunity through exposure 
to sublethal infections was more effective than the passive 
immunity conferred by injection of immune serum. 

The ability of the fish to retain immunity over the 
observed nine-month period in an infectious environment 
could be of some importance to aquaeulturists. This 
suggests that when fish are kept in relatively poor 
husbandry conditions where recurrent host-parasite 
encounters are likely, they are able to remain refractory to 
I. mztltifiliis provided that the initial exposure was 
sublethal. Although there is no effective . vaccine 
developed yet, fish, especially valuable broodstock, could 
be protected by careful manipulation of well controlled 
infection regimes in environments where the parasite is 
enzootic. · 

This deliberate exposure of healthy fish and 
fingerlings to infection by /. multifiliis, however, would be 
a rather extreme measure. It would be effective in 
stimulating immunity, but the stress would inevitably 
adversely affect growth. The production of a vaccine 
which could be administered by bath, injection or orally is 
expensive and not cost-effecP.ve for most low-technology 
culture operations. At this stage, parasite control during 
natural outbreaks which can prevent lethal infections and 
enhance the fish's natural immunity would seem the only 
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realistic method. Research on the ability of immune 
females to protect their progeny, currently being 
undertaken by the authors, is a further development 
towards solving problems of fish parasitology. 
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Table 1. Parasite immobilization strength of the serum and mucus of five effectively immunized 0. mossambicus. 

Sample 

Non-immune 
serum 

Immune serum 

Non-immune 
pooled mucus 

Immune pooled 
mucus 

Dilution 

1 :1 
1 :2 
1 :4 
1 :8 

1 :128 
1 :256 
1 :512 
1 :1,024 
1 :2,048 

1 :1 
1 :2 

1 :1 
1 :2 
1 :4 
1 :8 
1 :16 
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Fig. 1. Pattern of change of mean serum immobilization titre ± 
(S.D.) of five 0. mossamblcus exposed to trickle sublethal infec-
tion of /. multifiliis. 

Fish 2 

*** 
** 

**** 
**** 
*** 
** 

Immobilization 
Fish 3 

*** 
** 
* 

**** 
**** 
**** 
*** 
* 

Fish 4 

*** 
** 

**** 
**** 
**~* 

*** 
* 

283 

Fish 5 

*** 
** 

**** 
**** 
**** 
*** 
* 



_j 



r 

L 
( 
I 
L.. 

' 
I..... 

L 

I..... 

L 

I 

L 

! 
l... 

I 
I ...... 

\ 
I 
'--

L 

Effects of Oil on Mangrove Organisms 

LAIHOICHAW 
School of Biol9gical Sciences 

Universiti Sains Malaysia 
Penang, Malaysia 

LAI, H.C. 1986. Effects of oil on mangrove organisms, p. 285-288. In 
J.L. Maclean, L.B. Dizon and L. V. Hosillos (eds.) The First Asian 
Fisheries Forum. Asian Fisheries Society, Manila, Philippines. 

Abstract 

The acute effects of oil on shrimp (Penaeus monodon), snail 
(Cerithidea sp.) and cockle (Anadara sp.) in mangrove forests under a 
wide range of ecological conditions, i.e., static, flow-through and in-situ 
habitats were monitored. These organisms were obseived to be more 
susceptible to chemically-dispersed than naturally-dispersed oil in static 
condition and less in in-situ condition. This is in stark contrast to the 
effects of dispersed and undispersed oil on mangrove flora; i.e., the 
chemically-dispersed oil was less toxic at all levels of the experiment. 
The overall growth of the suiviving shrimp in the oil-impacted habitats 
seems compatible with that in the unpolluted, aquacultural pond although 
the initial growth was slightly retarded. A hypothesis was offered to 
explain this discrepancy. The various experiment designs are detailed to 
provide a link between a highly-artificial laboratory condition and a 
realistic field situation. The article also attempts to answer: "To what 
extent has the oil polluted the mangrove environment in Penang?" 

Introduction 

There is good deal of debate on the types of system 
to monitor or test the toxicities of pollutants, including oil 
and dispersants. Biologists tend to look for a highly static 
system which will produce a very stringent set of 
standards. Usually, this highly static system may be 
reproduced easily in laboratories. Technologists and 
development-oriented planners would argue for a more 
open flow-through system closer to a "real world" 
situation. As a rule, this open system tends to yield a set of 
data quite variable, not to mention its reproducibility. The 
tone of such debate persisted as Lindblom (1978) 
criticized some of the static laboratory testing techniques. 
He opined that static laboratory tests were too artificial 
and the results should not be used as a basis to interpret 
field occurrences. The major fault of laboratory tests is the 
lack of water exchange. Southward (1982), on the other 
hand, rapped those who belittled the effect of oil and oil 
dispersants on the environment. To him the safety margin 
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in dilution factors cannot mitigate the subtle effects in the 
field. Results of laboratory investigations are borne out by 
evidence from the field. Due to the various criticisms 
directed at laboratory tests, some improvement of the test 
design, notably by Mackay et al. (1978), has been made. 

This study tried to devise a series of experiments 
ranging from a highly reproducible static to an 
exceedingly variable field trial. This desi_gn may seem 
time-consuming, but it enables planners and regulatory 
agencies to make appropriate decisions to lessen the 
damage of a particular chemical in an environment under a 
particular condition. 

Materials and Methods 

Experiments were carried out at five levels, namely: 
(a) static condition; (b) partially flow-through system; (c) 
fully flow-through system; (d) in-situ field condition; and 
(e) 'real world' situation. 

Experiments under the static condition were carried 
out in 10-1 plastic containers with oil and dispersed oil 
throughout the entire experiment. A total of 40-60 
Penaeus monodon postlarvae were conditioned for one 
day in the containers before the experiment. In the cockle 
experiment 10 carefully-selectedAnadara sp. were planted 
on the mud surface before the test. 

The partially flow-through system consisted of a 
series of 1-t circular fiberglass tanks. A mudflat was· built 
in each tank and seawater was flushed out manually 
whenever necessary. Only Phascolosoma were counted 
following the toxicity test of dispersed and undispersed 
~- . 

The fully flow-through system comprised four 6-t 
rectangular fiberglass tanks where a semidiurnal tide was 
simulated with ti~er-tontrolled pumps. A mudflat was 
also built in each tank. The LC50 at 48 hours of dispersed 
oil on Penaeus postlarvae was determined. 

A series of zinc enclosures were used in the in-situ 
experiments. Each enclosure had a volume of about 100 1 
at the high water spring in the mangrove swamp. A total of 
16 Cerithidea snails were placed in each enclosure. 

In the 'real world' oil spill experiment 901 ofoil was 
spilled over an area of 9 m2 in the mangrove swamp 1 
hour before high tide. This was repeated using 90 1 of 
dispersed oil in another similar area of 9 m2. 
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The crude oil used was Arabian light and the 
dispersant Corexit 9527. All the experiments were carried 
out at ambient temperatures. 

At levels 1-3, oil and dispersed oil were applied to 
the systems, imitating high water. At levels 4 and 5, oil 
and dispersed oil were spilled when the mangrove swamp 
was exposed at low. tide. 

The toxicitieS of oil and dispersed oil may be 
estimated in many ways. One of the most frequently used 
methods is to estimate the lethal concentration of oil, 
killing 50% of the organisms at 96 hours, i.e., Leso (96 
hours). The toxicity (LC50 at various exposure times) of 
dispersed and undispersed oil was estimated by the probit 
analysis similar to that of Roberts and Boyce (1972) to 
establish dose/mortality relationship between dispersed oil 
and cockle, .Anadara sp. (Fig. 1). The oil concentration in 
this article is defined as the volume of oil per volume of 
water (v/v), but not the amount of oil dissolved in water. 
For example, at 10,000 ppm (v/v) the actual dissolved 
hydrocarbon is estimated at about 50 ppm. 

Results and Discussion 

The merit of using multitiered experiments in 
determining the toxicities of oil and dispersed oil was 
discussed at length by Lai (1984). To issues are of primary 
concern. First, the impact of oil and dispersed oil qn 
mangrove itself was slight. For example, the toxicity 
(LC50 at 30 days) of Arabian light to Avicennia in the 
field was estimated at 1,400 ppm while the toxicity (LC50 
at 30 days) of chemically-dispersed oil was at 6,417 ppm. 
These toxicities were exceeded by those of oil and 
dispersed oil to the invertebrates, particularly shrimp, by a 
2:3 order of magnitude. That is to say by the time the oil 
or dispersed oil killed 50% of the mangrove, many 
invertebrates had long been killed. The alternative 
argument is that as long as the mangrove remains intact, it 
will recover through depuration and recolonization of the 
swamp by invertebrates will follow. 

Second, the present design of a multitiered approach 
enables one to observe behavior patterns of the mangrove 
fauna such as.vertical avoidance and emergence from oil-
impacted habitats. The design also clearly shows the 
changing environment from a purely static laboratory 
condition to field situation. 

Table 1 illustrates the impact of oil and dispersed oil 
on various groups of invertebrates in the mangrove 
swamp. At level 1 the LC50 of undispersed Arabian light 
on Anadara at 96 hours exceeded 50,000 ppm, while the 
toxicity (LC50 at 96 hours) of the chemically-dispersed .oil 
was about 12,000 ppm. The undispersed oil was at least 
four times less toxic than the chemically-dispersed oil in 
static condition. The ratio of toxicity between undispersed 

and dispersed oil to the same organism at 114 hours 
increased by almost 20 times in favor of undispersed oil; 
the LC50 of the latter remained at a level above 50,000 
ppm. At level 1, the toxicity of undispersed oil to Penaeus 
monodon was also about six times less than that of the 
chemically-dispersed oil. Thus, the toxicities of 
undispersed and dispersed oil to other organisms at the 
other levels of investigation can be compared. It should be 
mentioned that the toxicity (LC50) at 48 hours of oil to P. 
monodon approximates 13-25 ppm reported by Brodersen 
et al. (1977), Anderson et al. (1981) and Rice et al. (1977). 

In general, toxicity differences between undispersed 
and dispersed oil gradually narrowed to about 1.5 times 
from level 1 to level 5. In other words, the toxicity ratio of 
undispersed and dispersed oil approaches unity in the field 
condition. The gradual reduction in the differential 
impacts of naturally and chemically dispersed oil on 
mangrove fauna may also explain the astonishing growth 
recovery of Penaeus monodon at level 3 (Fig. 2). This 
seems to partially support the observation that as long as 
the mangrove vegetation remains intact, the invertebrates 
have a good chance to recover from the oil-impacted 
habitat. But if the toxicity results at level 1, especially 
those derived from tests on mangrove fauna, are 
considered, the impact will be frightening. 

This finding contrasts with observations on the 
toxicities (LC50 at 30 days) of undispersed and dispersed 
Arabian light on mangrove saplings (Table 2). Lai and 
Feng (1985) observed that the toxicity of undispersed oil 
to mangrove was consistently higher than that of the 
chemically-dispersed oil at all levels of investigation. The 
toxicity ratio of oil and dispersed oil varied from 0.1 to 
0.6; the mangrove flora became more tolerant to oil, both 
dispersed and undispersed, in the field rather than in the 
laboratory. 

The difference in the relative impact of oil and 
dispersed oil on mangrove flora and fauna were analyzed 
with the Kolmogorov-Smirnov goodness of fit to decide 
on the hypotheses: 

Ho: There is no difference in the relative impact of 
oil (a) and dispersed oil (b) on mangrove flora and fauna. 
HA: There is a difference in such an impact. 

The data (alb) are rearranged to facilitate the 
Kolmogorov-Smirnov analysis based on: 

Di= I rel Fi-rel Fi I andD{= I re1Fi_ 1 -re1Fi 

The test statistic D = max [(max Di),(max D'. i)], 
whichever is larger, will then be compared with the critical 
values Da,n in the Standard Table to decide whethe~ the 
Ho hypothesis should be rejected or not at the a level of 
significance. Ho was rejected when all the a/b ratios (0.1, 
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0.2, 0.5, . . . . . 4, 6, 19) in Tables 1 and 2 were tested 
together, as the observed D = 0.642 was greater than the 
critical value D0.05, 11 = 0.39122 at ex= 0.05; this implies 
that there is a difference in the relative impact of oil and 
dispersed oil on mangrove organisms. However, if the alb 
ratios (4, 6, 19) in the case of static treatment, i.e., level 1, 
of oil (a) and dispersed oil (b) to organisms are excluded 
from the analysis, Ho cannot be rejected as the observed D 
= 0.325 is smaller than the critical value D0.05, 8 = 
0.45427 at ex = 0.05 level of significance; this implies that 
the relative impact of oil and dispersed oil on mangrove 
organisms is not significantly different at levels 2, 3, 4 and 
5 of the present investigation. 

From the two analyses it appears that · the static 
condition represents the main source of disparity. 
Mangrove fauna are particularly susceptible to chemically-
dispersed oil under static condition (Table 1). 

The above data provide useful indication of the 
underlying impact mechanisms of dispersed and 
undispersed oil against fauna and flora. Perhaps some 
emphasis can be given to oil pollution on faunistic 
distribution in order to provide a balanced viewpoint. Oil 
affects organisms by either passive deposition and oiling 
(Chan 1977) or active absorption of the light fraction 
(Anderson et al. 1974). It appears that both modes of 
action operate on mangroves, especially on young ones 
(Lai and Feng 1985). For taller, apparently older, plants 
the second mode played a predominant role as the 
sensitive organs, leaves and roots, lie physically outside 
the smothering range of the oil and dispersed oil. The 
roots, are well below the 6-10 cm depth, the maximum 
absorption range of oil by the soil in our study. The 
chemically-dispersed oil has ample time to be drained out 
of the habitat and as such is less toxic than the easily-
trapped undispersed oil which slowly releases its toxic 
light fraction, leaving a lasting impact on the habitat. 
There is no evidence to support the argument that the 
pneumatophores are sensitive to the impact of oil as these 
organs were hardly formed at the time the oil spill 
occurred. When pneumatophores appeared in older plants 
there was hardly any mortality. 

Many invertebrates have no protective mechanisms 
like the mangroves because they inhabit the first 10 cm of 
the soil sediment. Passive deposition and active absorption 
act upon the limited surface of the organisms and reinforce 
one another. Very often the undispersed oil floats on the 
surface of the water and takes longer to release its toxic 
light fraction to impac~ the organisms. On the other hand, 
the chemically-dispersed oil sinks faster and smothers 
them quicker too. It was often observed that the 
chemically-dispersed oil killed these organisms faster than 
the undispersed oil. It is possible that the composition of 
the respective cellular membranes also acts differently as 
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physical barrier for the penetration of hydtocarbons. Steps 
are being taken to verify this hypothesis. 

It seems reasonable to presume that at present the 
effect of oil on mangrove environment in Penang is slight. 
This conclusion seems to tally well with the observation 
that the level of dissolved hydrocarbons in coastal water 
offMuka Head at about 8-10 ppb (Feng, pers. comm.), is 
about 0.0003 times the impact toxicities reported in this 
article with an assumed LC50 at about 30 ppm. 

Acknowledgements 

The author is indebted to Exxon Corporation, USA, for a grant-in-
aid support of this project; the School of Biological Sciences, Universiti 
Sains Malaysia, for unrestricted access to its research facilities; and the 
Asian Fisheries Society· and Universiti Sains Malaysia, for jointly 
financing his participation in the Forum in Manila. 

References 

Anderson, J.W., J.M. Neff, B.A. Cox, H.E. Tatem and G.M. Hightower. 
197 4. Characteristics of dispersants and water-soluble extracts of 
crude and refined oils and their toxicity to estuarine crustaceans 
and fish. Mar. Biol. 27:75-88. 

Anderson, J.W., S.L. Kiesser, R.M. Beam, R.G. Riley and B.L. Thomas. 
1981. Characteristics of chemically dispersed oil to shrimp 
exposed to constant and decreasing concentrations in flowing 
system, p. 69-75. In Proceedings of 1981 oil spill conference. 
American Petroleum Institute, Washington, D.C. 

Brodersen, C.C., S.D. Rice, J.W. Short, T.A. Mecklenburg and J.P. 
Karinen. 1977. Sensitivity of larval and adult Alaskan shrimp and 
crabs to acute exposures of the water-soluble fraction of Cook 
Inlet crude oil, p. 575-578. In Proceedings of 1977 oil spill 
conference. American Petroleum Institute, Washington, D.C. 

Chan, E.I. 1977. Oil pollution- and tropical littoral communities: 
biological effects of the 1975 Florida Keys oil spill, p. 539-542. ln 
Proceedings of 1977 oil spill conference. American Petroleum 
Institute, Washington, D.C. 

Lai, H.-C. 1984. A review of oil spills with special references to 
mangrove environnumt_. p. 5-19. In H.-C. Lai and M.-C. Feng 
(eds.) Fate and effects of oil in the mangrove environment. School 
of-Biological Sciences, Universiti Sains Malaysia, Pulau Pinang, 
Malaysia. 

Lai, H.-C. and M.-C. Feng. 1985. Field and laboratory studies on the 
toxicities of oils to mangroves, p. 539-546. In Proceedings of 
1985 oil spill conference. American Petroleum Institute, 
Washington, D.C. 

Lai, H.-C. and M.-C. Feng, editors. 1984. Fate and effects of-oil in the 
mangrove environment. School of Biological Sciences, Universiti 
Sains Malaysia, Pulau Pinang, Malaysia. 252 p. 

Lindblom, G.P. 1978. Oil spill control chemicals--a current view, p. 127-
140. In L.T. McCarty et al. (eds.) Chemical dispersants for the 
control of oil spills. Spec. Tech. Puhl. 659. American Society for 
Testing Materials. Philadelphia, Pennsylvania. 

Mackay, D., J.S. Nadeau and C. Ng. 1978. A small-scale laboratory 
dispersant effectiveness test, p. 35-49. In L.T. McCarty et al. (eds.) 
Chemical dispersants for the control of oil spills. Spec:, Tech Puhl. 
659. American Society for Testing Materials. Philadelphia, 
Pennsylvania. 



288 

Rice, S.D., J.W. Short and J.F. Karinen. 1977. Comparative oil toxicity 
and comparative animal sensitivity, p. 78-94. In D.A. Wolfe (ed.) 
Fate and effects of petroleum hydrocarbon in marine organi~ms 
and ecosystems. Pergamon Press, Oxford. 

Roberts, M. and C.B.C. Boyce. 1972. Principles of biological assays, p. 
153-190. In J.R. Norris and D.W. Ribbon (eds.) Methods in 
microbiology, vol. 7 A. Academic Press, New York. 

Southward, A.J. 1982. An ecologist's view of the implication of the 
observed physiological and biochemical effects of petroleum 
compounds on marine organisms and ecosystems. Philas. Trans. 
R. Soc. London (B Biol. Sci.) 297: 241-255. 

Tablt 1. To11lcltl11of oll 1nd dl1111rstd on on tht v1rlou1 lnv1rtebr1111 fn m1ngrov11W1mp1 

Dl!IPtrlld 
Leval 011111 oll lbl o/b 

> 50,000 ppm 12,342 ppm > • 
> 50,000 ppm 2,600 ppm > 19 

36.7 ppm < e ppm > • 

12,9i1 pp~ 7,778 ppm 1.7 

109 ppm 

6.320 i:ipm 4,190 ppm 1.6 

37,120 ppm 2i,7fl0 ppm IA 

T1bl1 2. To1tlcl!l11 ot oil ind dllptrstd oll on m1n11rov1 i.oplln111. 

'""'' 

100 
90 
eo 
70 
60 

il 
60 

~ 40 

I 30 

20 

77 ppm 
1,21115 ppm 

1,400 ppm 
2,7QO ppm 

17,020 ppm 

Dl1puud 
oll (b) 

770 ppm 
2.333 ppm 

2155 ppm 
7.U4 ppm 

6,417 ppm 
6,180 ppm. 

31,110 ppm 

ToxlcllV 
mod• 

LC so 
LCso 
LC so 

LCso•pprOIC. 

LCso 

LC so 

Timi 
lht) 

•• '" .. 
" .. .. 

LC50 1ppro1C, 6·7month1 

To1dcl1v 

'" modn 

01 LC., •• LCSO 

LCso 
LC50 

0,2 LC'° 

·~ LCSO . .. LC!o 

Timi 
fdtyd 

• 30 

30 
30 

30 
30 
30 

Or111nl1m1 
IU!td 

.4nlld•r• 
An1d1,.. 
l'.monodon 

l'h1scofosom1 

hn1.u1 monodon 

C.rfthfdH 

A multftud1of1ptcltt 
111cc1pt I'. monodon 

Sptcln 

.411fc.nnf1 
1'hfzophor1 

A.r!C111n,. 
1'hfzophOfl 

Arfelnnf1 
RhfitOphOfl 
lrv,uf1rs 

96 hr 

10*-~~~~~~~~-'-~~--'-~"""'~~~~J....-L--I~~~~~~ 

~00 21000 a.ooo ,,ooo a1000 10,000 

Conc1n1ta11on of dlspttud oll l ppm) 

Fig. 1. Graphic probit analysis of cockle mortality and concentra-
tion of chemically-dispersed oil. 114 hr (--..), 96 hr (•--11), 
76 hr(...___...), 

20 

16 

~ 

j 12 

o e 
~ 

4 

/.11.Tank1(0.005ml/cm2) ' .. . 
A ~ank3(0,5ml/cm2) 

gotank ~ _;. -· .---d Tank 4 (control) 

,•~ ~•.=- ..::::-.-- '-Tank 2 (0,05 ml/cm2) ... ~-o • •--- .--.-.• 

•-~~/ 
p:)Jf/ ~· 

.,/ 

[J 

40 eo 120 160 200 240 280 

(Daysi 

Fig. 2. Penaeus monodon impacted by various concentrations 
of chemically-dispersed oil. 



r~ 

L 

r 
L 

\ 
! 
\..... 

I 
!.... 

i 
L 

Species Composition and Early Development of 
the Benthic Marine Algae in Relation to Water 
Pollution in Si Racha Bay, Chonburi, Thailand 

IDSAO OGl\.WA 
Department of Fishery Science 

Faculty of Agricul'ture 
Tohoku University 
Sendai980,Japan 

KHANJANAPAJ LEWMANOMONT 
Faculty of Fisheries 
Kasetsart University 

Bangkok 10903, Thailand 

OGAWA, H. and K. LEWMANOMONT. 1986. Species composition 
and early development of the benthic marine algae in relation to 
water pollution in Si Racha Bay, Chonburi, Thailand, p. 289-292. 
In J.L. Maclean, L.B. Dizon and L. V. Hosillos (eds.) The First 
Asian Fisheries Forum. Asian Fisheries Society, Manila, 
Philippines. · 

Abstract 

The change in species composition and early development of 
benthic marine algae was investigated in relation to water pollution by 
the effluents from tapioca mills discharging into the coastal waters in Si 
Racha Bay, Chonburi, Thailand. The common species found growing 
along the. coastline are Enteromorpha flexuosa, Padina austral is, 
Graci/aria crassa and Hypnea cornuta, of which P. australis is most 
abundant. 

The tetraspores of P. australis showed nonnal gennination 
manner in seawater collected near the polluted area. The tetraspores 
genninate under broad ranges of salinity. Their germination rate is better 
in high salinities than in low salinities with the maximum of 31.8% at 
32.2 ppt salinity. It is also higher in aged seawater than in erode 
seawater. 

The effluents resulted in chronic effects on the species 
composition and early development of benthic marine algae growing in 
SiRachaBay. 

Introduction 

Many surveys and research projects on marine 
environments with emphasis on the aquatic resources in 
Thai waters have been made. They point out that change 
of algal composition and decrease of algal biomass by 
water pollution occur along the coast of Si Racha Bay and 
Bang Pra Bay, Chonburi Province. Because there are 
many tapioca mills in this province, large amounts of 
waste products are discharged daily into the coastal waters 
of these bays. 
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This Work investigated the changes in the species 
composition and the early development of dominant 
species of benthic marine algae growing on the coasts of 
Si Racha Bay and Bang Pra Bay with water quality and 
salinity as related ecological factors. 

Materials and Methods 

The surveys of species composition of the benthic 
·marine algae growing on the coast of Bang Pra Bay and Si 
RachaBay.were done in December 1976-September 1978 
and December 1982-March 1983. 

The most dominant species is Padina, especially P. 
australis Hauck (Phaeophyta, Dictyotales) which is widely 
distributed in warm waters and utilized as fertilizer or feed 
for domestic animals in South Asian countries (Zaneveld 
1955; Rao 1965; Mich~ek 1971). Fertile tetrasporic 
plants were observed for early development of P. australis 
were collected from the beach in front of the Si Racha 
Marine Biological Station, Kasetsart University, Si Racha, 
in January-March 1983. After collection they were 
immediately transported in a plastic container to the 
laboratory of the Faculty of Fisheries, Kasetsart 
University, Bangkok. Pieces with mature tetrasporangia 
were cut and rinsed several times with filtrated seawater, 
put in culture dishes containing filtrated seawater and set 
overnight under laboratory conditions. 

The tetraspores liberated were pipetted on glass 
slides in petri dishes (90-mm diameter) containing 40 ml 
of different salinities of seawater. The seawater used in 
salinity experiments was coll~ted near the outfall of the 
effluents from tapioca mills qischarging into coastal 
waters. The salinity of this seawater was 32.2 ppt. Lower 
salinities, 19.5, 22.0, 26.0, 28.0 and 30.0 ppt, were 
obtained by diluting with distilled water. Higher salinities, 
35.0, 38.0, 42.0, 44.5, 48.0 and 50.5 ppt, were obtained by 
mixing the seawater with seawater heated to double 
concentration. 

The salinity in each concentration was measured 
with a refractometer/salinometer, American Optical 
Coxporation, USA, with temperature compensation. The 
germination rate of the algae in each salinity was 
determined after seven days. Light intensity varied from 
130 to 260 ft-c and temperature from 24oc (December) to 
34oC (March). 



Results and Discussion 

The floral compone:nts of benthic algae· which 
populated the coast of Bang Pra Bay and Si Racha Bay 
before 1974, 1976-1978 and 1982-1983 are listed in Table 
1. The variations of floral components at each station of 
Bang Pra Bay and Si Racha Bay from December 1976 to 
September 1978 are listed in Table i 

Before 1974 (Velasquez and Lewmanomont 1975), 
there were one blue-green alga, four green 31.gae, 13 brown 
algae and 21 red algae with a total of 39 species. The 
herbarium specimens in 1976-1978 and 1982-1983, 
however, show a decrease in brown and red algae. There 
are obvious differences in· the floral components of the 
station at Bang Pra Bay and at Si Racha Bay. One species 
of blue-green algae, Brachyotrichia quoyi, gr9WS in Si 
Racha Bay, but not in Bang Pra Bay. The total number of 
species at Si Racha Bay is s~gnificantly smaller than that at 
Bang Pra Bay. . 

These results suggest that' some ecological changes 
occurred between 1974 and 1976, which greatly affected 
especially' the brown and red algae. In the herbarium 
specimens of 1976-1978 arid 1982-1983, there were. no 
Sargassum (brown !llgae) and Laurencia obtusa (red 
algae). Hirose (1977) mentioned that Sargassum spp. have 
the lowest tolerance to pollution. On the other hand, the 
species of Enteromorpha f/exuosa, Padina australis, 
Gracilaria crdssa and Hypnea cornuta were common and 
widely distributed on the beach of these bays tfuoughout 
the year. Padina australis was observed to· be most 
abundant indicating that these species have wide tolerance 
to pollution. · 

According t6 '.Phramsuthirak (1979), the water 
quality of Si Racha Bay is the same as that of the Gulf of 
Thailand during high tide, but that it deteriorates at low 
tide. He attributed the change to water pollut\lnts in the 
effluents from tapioca mills which influence the water 
quality up to 1,000 m from the coastline during the low 
tide. · 

Water pollution exhibited by the seawater collected 
near the outfall of the effluents ' from tapioca mills 
influenced the early development of P. australis. The 
germination is shown in Fig. 1 and the germination rate in 
Fig.2. 

The liberated tetraspores were spherical with one 
nucleus in the center · and many light brown 
chi-omatophores (Fig. 1, no. 1). The mean diameter was 
63.0 ± 5.8µm (N = 175). After becoming attached to the 
substratum the tetraspores germinated immediately with a 
protuberance (Fig. l, no. 2). This protuberance developed 
into a rhizoidal initial which devel0ped further into an 
uniseriate rhizoid (Fig. 1, no. 3). Some germlings 
developed two rhizoids running in opposite directions 
(Fig. 1, no. 4). Deep pigmentation and protoplasm 

290 

copcentra.tion occurred in some rhizoidal cells (Fig. 1, no. 
5). Periclinical divisions to the axis of the rhizoid 
followed, and initial shoots were formed (Fig. 1, nos. 6, 7). 
Cell divisions occurred in the remaining upper cell which 
was cut off by the first segmentation, producing a 
rhizoidal initial. This remaining cell developed into a 
nodule that formed an erec't shoot (Fig. 1, no. 8). The erect 
shoot from the nodule differentiated into two apical cells 
and the initial shoot. of the rhizoid also developed into an 
erect shoot with a meristematic cell (Fig. 1, no. 9). 

The germination manner of the tetraspores of P. 
australis in the seawater affected by the effluents from 
tapioca mills was much the same as for P. pavonia (Carter 
1927), P. japonica (Nishibaya8hi and Inoh 1959; Umezaki 
and Yoneda 1962); P. crassa (K.umagae 1976) and P. 
gymnospora (Mshigeni and Mkwizu 1978). The 
significant influence of the effluents on the germination 
manner of tetraspores of this species has not been 
observed. Primary shoots were formed not only from the 
nodule, but also. from the rhizoid. This observation 
suggests that the plants of P. australis can grow and 
increase in number not only by sexual reproduction, but 
also by vegetative reproduction, which plays a very 
important role in the propagation of this species 
tln:oughout the year. The species of Sargassum and L. 
obtusa which could not be found in the two bays in 1976-
1978 and 1982-1983 did not have such vegetative 
reproduction in their life history. 

The tetraspores of P. (lustralis did not germinate 
outside the salinity range of 19.5-50.5 ppt of the seawater 
collected near the outfall of the effluents from tapioca 
mills. The mean germination rates vari~ from 3.7% (at 
22.0 ppt) to 31.8% (at 32.2 ppt) and they were also better 
in higher than in ·tower salinities. On the other hand, the 
tetraspores of this species showed better germination rates 
in the same se&water which was stored over two months in 
the dark. 

The results of these salinity experiments suggest that 
the species of P. australis is capable of adaptation to a 
broad range of salinity variations. Such responses to 
salinity variations seem to reflect the development of a 
distinct character adapted to those environmental 
conditions in the tidal areas that undergo diurnal changes 
by tidal fluctuations and seasonal changes during the rainy 
or dry seasons. 

Better germination in aged seawater suggests that the 
pollutants which affect the germination of tetraspores 
decompose during storage. 
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Fig. 1. Germination of the tetraspores of Padina australis. 1: liberated tetraspore, 2: terminal protrusion developing from the tetraspore, 
3: rhizoid developing, 4: germ ling with two rhizoids, 5-9: further development of germ lings and shoot initials are formed on germling body 
and rhizoidal cells. 
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Fig, 2. Mean germination rate of the tetraspore of Padina austra/is in various salinities. 0-0: storaged seawater,•-•: crude seawater. 

Table 2. Comparison of floral components at each station of 
Table 1. Comparison of floral components on the beach of Si Bang Pra Bay and Si Racha Bay (December 1976 to September 
Racha Bay, 1978). 

Year Bang Pra . Si Racha 
Algae < 1974 1976-1978 1982-1983 Algae 1 2 3 4 5 

Cyanophyta Cyanophyta 1 1 1 
Chlorophyta 4 4 4 Chlorophyta 2 4 3 2 2 
Phaeophyta 13 7 6 Phaeophyta 6 6 5 5 5 
Rhodophyta 21 15 14 Rhodophyta 8 10 10 6 4 

Total 39 27 25 Total 16 20 18 13 11 
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Abstract 

The muumum salinity value for successful depuration of 
Crassostrea iredalei Faustino is 17.5 ppt. Lower than this, depuration is 
inconsistent and ineffective. The establishment of the minimum salinity 
value requires the adjustment of the salinity of the seawater for 
depuration to appropriate levels. 

Introd1,1ction 

Philippine oysters suffer from poor public health 
image in the international market. A few years ago, 
Singapore authorities were alerted by reports of 
gastrointestinal outbreaks in Singapore following 
consumption of oysters from the Philippines known to 
contain high levels of fecal coliforms, Salmonella and 
other pathogenic bacteria (J aranilla, unpublished data; 
Rosario et al. 1982). As a consequence, the demand for 
Philippine oysters had been reduced (BFAR 1982). 

Philippine oysters, usually grown in polluted marine 
waters, readily ingest Escherichia coli and other coliforms 
and concentrate these bacteria within their digestive 
system to exceptionfilly high levers (Fleet 1978). To 
overcome this predicament, the process of depuration is 
used. It is the natural capacity of the oysters to purify 
themselves of contaminating organisms through their 
feeding and excretory · activities when placed in clean 
waters. Although oyster depuration has been ·successfully 
practiced in many countries, the Philippines has yet to 
come up with a process that is unique to both the local 
oyster species and to the environment. 

Experiments were thus conducted to develop a 
depuration process suitable for the oyster Crassostrea 
iredalei Faustino and to the prevailing environmental 
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conditions, utilizing resources provided by · the Japan 
International Cooperation Agency. 

Materials and Methods 

An intake pipe directed seawater into an intake well 
from which it was pumped to a reservoir. Seawater from 
the reservoir was treated by primary and secondary filters 
(sand filter and cartridge filter, respectively) and then 
pumped into an elevated tank. From there, the filtered 
seawater underwent ultraviolet treatment by ultraviolet ray 
water sterilizer (Steritron Model SF-8 NSH) and became 
available in the Seafarming Research and Development 
Center (SRDC) Oyster Treatment Room, coded as SW3, 
at a flow rate of 30 l/min. 

Preparation of Oysters 

Oysters were harvested 16-18 hours earlier, from 
Lucao, Dagupan City, where they were grown by the 
hanging method. They were culled into the desired grade 
in the Oyster Treatment Room, placed in native baskets 
and brought to Dawel River, Dagupan City, for 
reconditioning for two days. After this, the oysters were 
brought back to SRDC and were washed with filtered 
seawater using a high pressure water spray to remove mud 
and adhering organisms and then arranged in single layers 
on plastic trays for depuration. The size and number of 
oysters per tray were noted. 

The trays were suspended in fiber-reinforced plastic 
(FRP) depuration tanks measuring 1.79 x 0.85 x 0.54 m. 
They had a meshed base to permit unimpeded flow of 
water over the oysters and to allow excreted oyster feces 
to sink on the tank bottom and not in the immediate 
vicinity of the oysters. 

SW3 was sprinkled over the oysters in a continuous 
system of depuration. The oysters were covered with 3- to 
4-cm deep seawater in the depuration tank. Water level in 
the tank was kept constant by a pipe which drained water 
from th.e bottom and which was held at the sanie level as 
that in the tank. 

The oysters in the depuration tanks were checked 
from time to time for mortality. Dead oysters were 
removed immediately and the number noted. 

During a 48-hour depuration period, the SW3 
temperature, salinity, dissolved oxygen and pH were 
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measured every 12 hours using a temperature-salinity 
bridge (Hamon Model 602), dissolved oxygen meter 
(Yellow Springs Instruments Model 58) and pH meter 
(Central Kagaku Company Model UC-22). 

Simultaneously, 20-25 pieces of oysters and 200-ml 
SW3 samples were collected for microbiological analyses. 
The most probable number (MPN) of total coliforms' and 
E. coli of oyster samples were established according to the 
modified American Public Health Association (APHA) 
procedures described by Cook and Dicharry (unpublished 
data). Those of SW3 samples were determined according 
to APHA (1977) procedures. Standard plate counts (SPC) 
were made on agar medium containing 0.5% peptone, 
0.5% tryptone, 0.25% yeast extract, 0.5% sodium chlori.de, 
0.1 % glucose and 2.0% agar. Plates were incubated' at 
350C for 48 hours. · 

The experiments were carried out with coliforms in 
general, and · E. coli in particular, since these 
microorganisms are widely used as indicators of sewage 
and human fecal pollution (Wood 1976). For convenience, 
the dimensional units for MPN and SPC are omitted in the 
presentation of data since levels for oysters are MPN/100 
g and SPC/g and for water samples, MPN/100 ml. 

Results and Discussion 

The results from the 13 experiments conducted fiom 
18 March to 24 July 1985 indicate that the oysters were 
capable of purifying themselves of contaminating 
organisms under certain salinity conditions. In Table 1, the 
experiments span through dry (March-May) and wet 
(June-July) seasons. Consequently, the effect of rainwater 
on depuration was observed, considering that the design of 
the seawater intake well allowed contamination by fresh or 
rainwater during very heavy rainfall. Temperature, 
dissolved oxygen and pH did not vary much in all the 
individual experiments. Overall, salinity proved to be the 
most crucial factor among all the water parameters 
monitored during the depuration experiments. 

When the oysters were exposed to salinity levels of 
17.5-31.1 ppt (Fig. 1), depuration was effective because 
the oysters (initial total coliform MPN = 8,260; initial E. 
coli MPN =4,863) were rendered microbiologically safe 
(total coliform MPN = 161; E.coli MPN = 50) within 48 
hours of depuration. E. coli alone was down to safe levels 
on the 12th hour. The basis for microbiological safety is 
United States' 230 standard. Total coliform and E. coli 
MPN levels of oysters were drastically reduced on the first 
12 hours of depuration, and then generally decreased until 
the 48th hour. In some cases, the MPN went up at soine 
periods between the 12th and the 48th hour. This was most 
likely caused by the ingestion of coliforms released when 

the biodeposits in the depuration tank..s were resuspended 
·in the water (Haven et al. 1978). 

Depuration was inconsistent and clearly ineffective 
when the salinity values were down to 9.9-14.4 ppt (Fig. 
2). Initial MPN levels did not change, or even increased 
until the 48th hour. Large oysters (4.3-14.0 cm, Table 1) 
were used in these experiments; however, it is improbable 
that the size had any bearing at all. In the studies by Haven 
et al. (1978) with oysters 5- to 13-cm long, no difference 
in depuration rate related to size was observed. 

Under natural conditions, C. iredalei thrive best at 
salinities of 17-26 ppt (PCARRD 1983). During 
depuration, very low water salinity causes stress to 
oysters. Weakened physiological activity • leads , to 
ineffective depuration and even death (Rowse and Fleet 
1984). Haven et al. (1978) found that when there is a 
difference of 10 ppt or greater between the salinity at the 
site of harvest and at the depuration tank, both the rate of 
water transport (through the gills) and the time the oyster 
remains open are decreased. Species differences occur 
regarding salinity requirements for effective depuration. 
For Crassostrea gigas and C. angulata, the minimum salt 
concentration was 20.5 ppt, and even lower for C. 
virginica (Rowse and Fleet 1984). The minimum salinity 
for successful depuration by C. iredalei based on this 
study is 17.5 ppt. 

It was intended that plate counts during depuration 
would provide a correlation of the decline of the coliform 
with the non-coliform bacteria. However, erratic results 
were yielded (Figs. 1 and 2). In some instances, the final 
plate counts were higher after depuration than initially. 
This corroborates the earlier observation that sometimes 
during the depuration process, the oysters might re-ingest 
bacteria released when the discharged oyster feces are 
again dissolved in water. In Souness and Fleet (1979), 
there is evidence that at temperatures of 250C and above, 
the feces undergo chemical and microbial degradation 
resulting in a release and multiplication of entrapped 
bacteria. 

With very rare exceptions, total coliform and E. coli 
MPNs of SW3 were maintained at < 2. 

Early in the study, mortality of oysters d~g 
depuration was rather high at 10.6% (Table 1). This is 
attributed to the possible stress which the oysters must 
have been subjected to during harvesting and during 
transport. In an attempt to deal, with a rather high mortality 
rate, only healthy oysters were used in the experiments. 
The oysters were brought back to the natural growing 
waters for reconditioning after selecting those suitable for 
depuration, i.e., in terms of size and species. For two days, 
the death of already weakened oysters was allowed. 
Consequently, mortality during depuration was reduced 
from 10.6% to 1.5-5.5%. 
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Throughout all the experiments, the number of 
oysters per tray ranged from 90 to 280 pieces (fable 1). 
The use of single layers for depuration was upheld to 
exclude the possible effects of crowding. 

Minimum water salinity during the depuration is a 
critical factor which, if left unattended, will result in 
unsuccessful depuration and possible public health risks. 
The establishment of the minimum salinity value for C. 
iredalei requires the adjustment of the salinity of the water 
for depuration to appropriate levels ( 17.5 ppt and above). 
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Abstract 

Sodium cyanide (NaCN) has been in use by tropical marine fish 
collectors in the Philippines since 1962. This paper reviews the many 
detrimental toxic effects of cyanide on fish which were published in the 
pet hobby and scientific literature. Interviews with scientists, fish 
collectors and aquarium industry personnel confinned that NaCN is 
contributing to the destruction of Philippine coral reefs and the decline of. 
aquarium and food fishes. About 71 % of Philippine reefs are in poor to 
fair condition due to excessive siltation due to deforestation and the 
widespread use of NaCN and explosives by fishermen. There is a high 
mortality of fish squirted with NaCN on the reef and delayed mortalities 
throughout the chain of middlemen to the marine hobbyist It is 
postulated that the "Sudden beath Syndrome" observed in aquaria is due 
to the conversion of thiocyanate in the blood back to hydrocyanic acid 
when the fish receives a mild stress. A program to train divers in the use 
of fine-mesh nets has been initiated to replace the use of NaCN. A pilot 
project in 1984 has demonstrated that nets can benefit the coral reefs, the 
collectors and the marine aquarium industry. 

Tropical Marine Fish Trade 

The export of marine fish from the Philippines was 
started by Earl Kennedy in 1957. The Philippines has the 
highest marine fish species diversity of all reef areas 
(Nybakken 1982). Of the 2,177 marine fish species found 
in the Philippines, about 200 species are commonly 
exported for the marine pet fish industry (Albaladejo and 
Corpuz 1981; Albaladejo, pers. comm.). No other country 
can match the diversity of colorful species desired by the 
marine aquarist This, in conjunction with low labor costs 
and favorable airline shipping schedules, accounts in part 
for why the Philippines is the source of 75-80% of tropical 
marine fish sold worldwide. 

Sodium cyanide (NaCN) was first used as a fish 
toxicant for fisheries work in Illinois (Bridges 1958). 
Bridges described the mode of action of cyanide as fast 
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acting but at certain co~centrations reversible. Fish which 
survived the initial exposure, when transferred into clean 
water were noted to revive with no apparent ill effect. 
These properties appealed to a Filipino marine fish 
collector named Gonzales (Robinson 1958b). 

Kennedy, while he was a fish exporter in Manila, 
was surprised by a sudden increase in the supply of marine 
fish from Lubang Island, off Batangas in 1962, which he 
later learned was due to use of cyanide (Robinson 1985b). 

The use of cyanide to collect fish spread throughout 
the Philippines. In the 1960s there were only three 
exporters in Manila (Robinson 1985a). Today there are 
about 35 companies which engage in cutthroat competition 
to export fish (Albaladejo, pers. comm.). The export of 
tropical marines rose from 845,000 kg in 1970 to 1.6 
million kg in 1979. In 1980, exporters shipped a record 2.0 
million kg of shipping boxes containing fish valued at 
US$3 million (Fleras 1984). Exports started declining in 
1981 to 1.8 million kg, although actual sales rose to 
US$3.1. In 1982 exports dropped another 16% to 1.5 
million kg. At present, the marine tropical fish trade has an 
export value of about US$10 million to the Philippine 
economy and a retail value of US$100 million worldwide 
(Robinson 1983c, 1983d). This does not include the 
additional revenues generated by aquarium supplies. 

Some pet industry spokesmen in the United States 
imply that anticyanide articles in aquarium magazines 
contributed to the recent decline in exports of marine fish 
from the Philippines (Gratzek and Hatch 1985; Goldstein 
1986); some aquarists did advocate such a boycott (Schlais 
1980; Robinson 1984a). 

Gratzek and Hatch (1985) acknowledged that the 
cyanide concentrations used by collectors on the reefs 
cannot be controlled. Affected fish may suffer mortalities 
as high as 75% at the point of collection (Dewey 1979). 
The collectors have 25-50% mortalities prior to the sale of 
the fish in Manila (Robinson 1984d). Exporters and 
wholesalers are suffering mortalities of 15-75% of their 
stock with 30% probably being about average (Dewey 
1979). Retail outlets in the United States may suffer 
mortalities of 30% or more (Hemdal 1984). 

Fish Collection Methods 

Noyes (1976) stated that sodium cyanide also does 
great damage to corals and other organisms in the area of 



298 

concentration. These conc~ms induced a British biologist, 
Alec R. Dawson Shepherd, to visit the PhiliJ)pines. · 

Dawson Shepherd (1977) interviewed exporters and 
directly observed the collection of marine fish. The 
collector uses a squeeze bottle containing NaCN powder 
or a tablet of NaCN which dissolves as fishing continues. 
Dawson Shepherd (1977) estimated that 90% of the fish 
from the Philippines were collected with NaCN. Reports 
by the Philippine Bureau of Fisheries and Aquatic 
Resources (BFAR) confirmed the widespread use of 
NaCN (Sy and Corpuz 1984; Albaladejo et al. 1984). 

Dawson Shepherd (1977) saw no evidence of 
damage to coral caused by NaCN collection; if areas of 
reef were locally damaged by cyanide it seems logical that 
the effects would not be widespread, and the reef left 
behind would recover. However, many good sources of 
aquarium fishes, particularly at the species level, are 
highly localized. Most species of aquarium fl.shes are 
found in collectible numbers in extremely limited areas. 
The areas are, in general, well known, and in most cases 
are already exploited Juvenile majestic angelfish 
Euxiphipops navarachus, for example, were not found all 
over the Philippines but in localized areas off the Island of 
Cebu. 

Because collectors with poison had a far higher 
collection success rate than those without, there was a real 
danger that areas of reef would be fished out of popular 
aquarium species (Dawson Shepherd 1977). 

Albaladejo.and Corpuz (1981) advocated that the use 
of NaCN should be stopped and its disposal regulated. 
Their report indicated cyanide was only used to collect 
certain high priced species of angelfish, triggerfish, ribbon 
eel and blue tang which could not be caught by nets. They 
advocated that BFAR develop a comprehensive resource 
management scheme to protect Philippine coral reefs and. 
thus guarantee the continuous supply of marine aquarium 
fishes. 

As Straughan (1959, 1973) noted, marine fish can be 
collected either with drugs or by the use of nets. Robinson 
(1981), a professional fish collector in the Sea of Cortez, 
Mexico, strongly advocated nets for collection purposes. 

In Hawaii and Australia the use of drugs is banned 
and nets are used routinely. Siri and Barnett {1980a, 
1980b, 1980c) described collection procedures in Hawaii. 
The diver is generally well equippped with nets, swimfins, 
mask, snorkle, wet suit and SCUBA gear which allows 
him to stay underwater at depths down to 30 m or more. 
Havecotte (1984) described a variety of techniques for 
collecting without drugs. Robinson (1983a, 1983b, 1983c, 
1984h) lived and worked with collectors on Santiago 
Island, Pangasinan, Philippines, where the only diving 
equipment consisted of bamboo goggles and wooden food 
paddles. Almost all fish were caught with cyanide by 

divers using Hookah apparatus. Robinson learned that 
exporters sold the cyanide to collectors. 

Studies of Cyanide Histopathology by Aquarists 

Dempster and Donaldson (1974) found that fishes 
exposed to a sublethal dose of cyanide exhibited no 
apparent adverse effect until one or two weeks after they 
had been collected. Fishes were usually received from the 
collector one or two weeks from the time of collection 
with cyanide, and ordinarily were not fed during this 
period An indication of liver damage appeared shortly 
after active feeding was resumed. Occasionally fishes with 
liver damage died immediately after their first large meal. 
However, death as a result of liver damage was generally 
delayed for a week or more. During this period the fishes 
displayed a noticeable loss of appetite and became 
lethargic. 

They suspected that cyanide was responsible for the 
many unexplained deaths of newly arrived coral reef 
fishes from the Philippines at the Steinhart Aquarium. 
Examination of the dead fishes invariably showed gross 
liver changes. Microscopic tissue examination also 
showed abnormalities of the kidney, spleen and brain of . 
the dead fishes. 

Dempster and Donaldson (1974) exposed various 
marine fish to various doses of NaCN. On microscopic 
examination, both surviving and succumbed fish showed 
gross liver abnormalities. In every instance, most of the 
parenchymal liver cells had been replaced by fat. The 
spleens were also found to be abnormal, evidenced by 
spotting with iron pigment. The kidneys and brains also 
contained excessive amounts of iron pigment. 

Bellwood (198la} reported histological damage to 
the intestine of domino damselfish, Dascyllus 
trimaculatus, experimentally exposed to 1 mg/I or to 5 
mg/I for 2-3 min. The observations included changes in 
the color of the liver and spleen and blotchy patches in the 
liver after 48 hours. Cyanide in the stomach resulted in 
sloughing of the gastric mucosa (inner lining) followed by 
cell degeneration. These observations would help explain 
the symptoms of the starvation syndrome of fish suspected 
of having been collected with NaCN (Herwig 1980a, 
1980b). 

Bellwood (1981 b} exposed three specimens of 
Pomacentrus violascens to 1.84 mg/I of radioactive 
potassium cyanide (K14CN) for about 2.5 min. The fish 
were then removed and sacrificed The specimens were 
dissected and the distribution of potassium cyanide in 
various organs estimated by measuring the radioactivity. 
The tissues with the highest radioactive counts were the 
spleen (2,284 dpm/mg}, the gills (1,187 dpm/mg), the liver 
(834 dpm/mg) and the brain (808 dpm/mg). This led 
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Bellwood to suggest that cyanide was rapidly taken up by 
the fish through the gills, with less taken up from the 
stomach (271-404 dpm/mg). The damage to the stomach 
and anterior intestine was attributed to the fish swallowing 
water containing cyanide, while the extremely high counts 
in the spleen and liver would be because these organs 
concentrate blood-home cyanide. 

Cyanide Toxicity 

The controversy within the pet industry concerning 
cyanide has raged without reference to the scientific 
literature (Goldstein 1982, 1986; Edel 1982; .(\non. 1985). 
Rubec and Pratt (1984) acknowledged that very little 
scientific research has been published on the effects of 
cyanide on marine fish. They summarized numerous 
papers which confirmed that cyanide is very harmful to 
freshwater fish. The early research found cyanide to be 
acutely toxic at concentrations generally greater than 0.1-
0.3 mg/l causing death within 96 hours (Doudoroff 1980). 
Chronic toxicity also occurs when fish exposed to cyanide 
do not die within 96 hours, but suffer damage and stress 
which leads to their subsequent death (Leduc 1984). Low 
concentrations in the range of 0.005-0.01 mg/l of 
hydrocyanic acid (HCN) were found on prolonged 
exposure to have many adverse effects on ·fish eggs, fry 
and adult fish, such as reduced growth, impaired 
swimming performance, increased metabolism, inhibition 
of reproduction due to alteration of lipid metabolism and 
increased respiratory rates (Leduc 1984); damage to 
reproductive organs (Ruby et al. 1979); and reduction of 
hatching success and survival (Cheng and Ruby 1981). 

Many of these effects can be traced to the fact that 
cyanide interferes with oxygen metabolism by blocking 
key enzyme systems such as cytochrome oxidase, reduces 
the capacity of hemoglobin to carry oxygen in the blood 
and blocks enzymatic pathways in the liver. Some of the 
effects, such as blocking enzyme function, are irreversible 
and hence lead to· the death of the fish. 

Bellwood (1981a) found that domino damselfish 
survived exposures at 5 mg/l of NaCN for 2-3 min. The 
fact that several specimens had "recovered" after 62 days, 
showed that the fish's intestine could regenerate after a 
low dose exposure. 

When NaCN is dissolved in water, it dissociates to 
hydrocyanic acid (HCN) which is rapidly taken up by the 
fish. Within a few hours after exposure, an enzyme called 
rhodanase (thiosulfate sulfur transferase) converts the 
HCN to thiocyanate (SCN). Until recently thiocyanate was 
believed to be relatively nontoxic to the fish (Leduc 1980). 
It is slowly excreted in the urine. 

Heming et al. (1985) observed anomalous deaths in 
brook trout (Salvelinus fontinalis) and rainbow trout 
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exposed to SCN characterized l)y convulsions, gasping, 
loss of equilibrium and buoyancy, flaring of the opercula, 
darkening of the skin epithelium and, within minutes, 
cessation of ventilation and extreme rigor. This "Sudden 
Death Syndrome" (SDS) could be triggered by strenuous 
exercise, abrupt changes in photoperiod and increased 
levels of spontaneous activity. The SDS may involve a 
direct effect of SCN ions on neuromuscular functioning or 
be due to the conversion of SCN to HCN in the blood. 
These symptoms are similar to the observed deaths of 
marine fish in dealers' and aquarists' tanks (Jimenez, pers. 
comm.). 

Dixon (pers. comm.) believed that fish exposed to a 
pulse dose ofNaCN become very susceptible to qny kind 
of stress. This may be because SCN forms in the blood 
due to action by the enzyme rhodanase on HCN. Any mild 
stress can cause an increase in blood pH which acts on the 
SCN converting it back to HCN. Dixon suspected that 
HCN in the blood induces the SDS. It may be fatal to the 
fish by acting on neurological centers in the brain. 

The Net Training Program 

Robinson (1984b) returned to the Philippines to 
participate in a program to train Filipinos in the use of nets 
for collecting marine fish. The Project Compassion 
training course sponsored by the Environmental Centre of 
the Philippines started in March 1984 (Robinson 1984c, 
1984d). The course gave three days of orientation and 
theory and seven days of practical skills training. The 
training also included economic, social and environmental 
arguments for better reef fisheries management (Robinson 
1984c, 1984d). 

Robinson (1984e, 1984f) summarized the success of 
the education and training of the first two classes of net 
fishermen from Santiago Island. A third training course 
was given near Tagbilaran, on the Island of Bohol. This 
course also succeeded in convincing some very hard core 
cyaniders that nets were a better way to collect fish. The 
three projects trained 30 cyanide users, plus members of 
their families, in net collection procedures during 1984. 
These persons indicated they would be willing to train 
others. 

Tropical marines which were certified net-caught 
were shipped from the Philippines in April and May 
(DeBemardo 1984; Smith 1984). These fish were shipped 
to Guaranteed Hawaiian in Pearl City, Hawaii. Fish were 
exported to demonstrate not ony that fish could be 
collected with nets, but a!So that this could be done as 
economically as with fish caught by cyanide. 

According to John Johnson of Guaranteed Hawaiian, 
the survival of cyanided fish collected in the villages was 
about 30%, while the survival of net caught fish into 



300 

Manila and being exported was approximately 98% 
(Smith 1984). During 1984, marine fish caught with nets 
were exported with about 95% survival (Robinson 1984g). 

Commercial Inshore Fishery 

Robinson (1983b, 1983c) observed that NaCN was 
used extensively for capturing food fish. The cyanide 
fishermen with a "production-at..fill-costs" mentality were 
noted to impoverish the non-collecting members of their 
own community (Robinson 1984b). The cyanider makes 
his living by raiding and damaging other people's fishing 
grounds as well. 

The Central Visayas (Philippines) Resource 
Management Project I (CVRMP) issued a report in 1984, 
which noted that there was widespread damage to the reefs 
due to dynamite fishing, sodium cyanide collecting as well 
as other destructive forms of fishing. Many reefs were 
barely recruiting fishes. 

Harmful Effects of Cyanide on Humans 

Cyanide is extremely hazardous to humans when it is 
inhaled, ingested or absorbed across the skin fY{ay 1981). 
There are reports that the deaths of several people from 
villages in Bolinao, Pangasinan, have been attributed to 
cyanide poisoning (Albaladejo and Corpuz 1981). Eating a 
steady diet of cyanide-poisoned fish does not appear 
harmful to adults but may harm children (Robinson 1983a, 
1983b, 1984e). Deaths from cyanide poisoning have 
occurred when fishermen have brought back food fish in 
the plastic bags used to carry NaCN tablets or when they 
ate fish which had cyanide poisoned baits still in· their 
stomachs (Carolino, pers. comm.). 

Effects of Cyanide on Coral Reefs 

The Danajon Banlc, in the Bohol Strait, between the 
islands of Bohol and Cebu until recently had fed the 
people of Bohol and Cebu for centuries. The decline of the 
Danajon Bank began in 1950s with heavy dynamite usage 
(McLarney 1986). Yet in the 1960s when the cyanide 
me~od began, the Danajon still represented a bonanza for 
the entire Philippine aquarium fish trade. Aquarium-sized 
fish tend to remain if there is enough living coral. 

Robinson (1984c) noted that each cyanide collector 
squirts about 50 coral heads per day and dives about 225 
days per year. He estimated that there were 600 full-time 
cyanide collectors and about 400 seasonal cyaniders. A 
simple extrapolation indicates that 1,000 collectors cover 
about 11 million coral heads per year. While it is not 

known what the rate of mortality of coral heads is from 
being squirted by cyanide, the figures give some idea of 
the potential magnitude of the problem. 

Robinson (pers. comm.) maintained that it is possible 
to distinguish between coral heads which have been 
dynamited and those which have been affected by cyanide. 
Coral heads exposed to cyanide are usually dead, but 
intact, while corals which have been dynamited are 
fragmented. On the other hand, Ferraris (pers. comm.) 
believed that cyanide has little impact on coral. He worked 
for the University of the Philippines on the Gomez et al. 
(1981) reef survey and conducted a survey of the fishes of 
Bolinao (Pangasinan Province) from 1976 to 1980. He 
squirted corals with cyanide and did not observe coral 
mortality on his return, days and several weeks later. 

The Coral Reef Research Team with BF AR has 
investigated the effects of squirting NaCN onto coral reefs 
in 1979 and 1980 (Miclat, pers. comm.). In the first study 
(1979), one dose of cyanide was given. Sceleratinian 
corals (Acropora, Pocilopora, Porites) reacted by 
retracting their polyps and exuding a mucoid substance. In 
a manner of minutes the polyps came out again positioned 
in the usual way. Octocoralion soft corals (Xenia, 
Anthelia, Sarcophyton and Lobophyton) retracted their 
polyps but were not observed to exude mucus. These 
species of soft and stony corats were observed feeding 
with their polyps extended 1-2 days later. 

In a second study (1980), a second dose of cyanide 
was given four months after the first. A day after the 
second application all corals appeared to have recovered. 
But when the stations were revisited three months later, all 
corals in the test cyanide quadrats were dead while those 
in the control quadrats remained alive, except for 25% of 

· the branching corals in one quadrat which showed signs of 
grazing by crown of thorns starfish (Acanthaster sp.). The 
cyanide exposed corals were distinct from the rest of the 
coral heads in the immediate vicinity being uniformly 
encrusted by brown-colored algae. While this study was 
marred by the Acanthaster predation, it appeared to 
indicate that NaCN kills corals. Former cyanide collectors 
also stated that coral heads exposed to cyanide die one 
week to one month after exposure (Carolino, per8. 
comm.). Initially, the coral heads ta1ce on a bleached white 
appearance and later become encrusted with algae. 

The International Marinelife Alliance 

In June 1985, a non-profit organization, the 
International Marinelife Alliance (IMA) was formed to 
conserve the diversity of sea life, protect marine 
environments and promote sustainable use of marine 
resources. Unlike other c01;iservation groups, it seeks 
protection for ecosystems rather than individual species. 
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The IMA is advocating a program to train divers in 
the use of nets for collecting marine fish and scientific 
research to test for cyanide residues in fish and define the 
toxicity of cyanide on marine fish, corals and crustaceans. 
A reliable test for thiocyanate in the blood of marine fish 
would enable the Philippine government and regulatory 
agencies of other countries importing marine fish to check 
whether the fish were caught with cyanide. 

The net training proposal of Robinson (1984c, 
1984d) would work with nucleus of 6-10 Filipino 
collectors who received training in 1984. They would 
conduct village-based courses to train the 1,000 cyanide 
fishermen in net collection procedures. The program 
would take 1-2 years to complete. 

Scientific organizations. such as the European 
Ichthyological Union and the American Society of 
Ichthyologists and Herpetologists have passed resolutions 
against the use of NaCN and other destructive fishing 
methods which are destroying coral reefs. Concern has 
also been expressed by the Federation of American 
Aquarium Societies, Windows To The Sea Aquarium 
Society and Ornamental Fish International. 

In June 1986, the Philippine Minister for Agriculture 
and Food pledged the support of his government, BFAR 
and regulatory agencies in publicizing and implementing 
the IMA's programs of net training and research. He 
authorized the IMA to seek funds on behalf of the 
Philippine government for these programs. 

On 25 August 1986, Fisheries Administrative Order 
No. 155 was issued, regulating the use of fine-meshed nets 
in fishing. The proclamation legalized the use of fine-
meshed nets (< 30 mm) for the capture of marine 
aquarium/ornamental fish plus other fish and crustaceans 
important for aquaculture. 

A number of international agencies concerned with 
marine resources and social development have expressed 
interest in supporting the net training proposal of 
Robinson (1985c, 1985d). Philippine scientists at the 
University of the Philippines and Silliman University are 
interested in joint scientific research with Canadian and 
American scientists to evaluate the effects of cyanide on 
coral reefs and on tropical marine fish. 

In October 1986, a joint agreement was obtained 
between the Ministry of Agriculture and Food, IMA and 
the Philippine Tropical Fish Exporters Association, Inc., to 
jointly sponsor and help finance a countrywide net training 
program. A pilot project in Pagbilao, Quezon, in 
November 1986 would be run with personnel from the 
Bureau of Agriculture Extension, Bureau of Fisheries and 
Aquatic Resources, Philippine Fish Development 
Authority, International Marinelif e Alliance, local 
coordinators and divers from Santiago Island All parties 
agreed that they would work together to help protect and 
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conserve the coral reef environment for the benefit of the 
Philippines and village fishermen. 
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Abstract 

Several chemical counteragents are used to prevent and to lessen 
the damage to fisheries resources and marine fanns by oil in Japan. 
These chemicals are chiefly classified into six categories according to 
their action modes: as emulsifying dispersants and gelatinizing agents 
legally pennitted for application in the sea and as de- and anti-emulsifiers 
that might be pennitted in the near future. The chemical counteragents 
permitted for use have low toxicity, and all of their 24-hour LASO for 

• Oryzias latipes, a Japanese killifish, are 3,000 mg/l and more; 
simultaneously, all of their toxicity on Skeletonema costatwn, a marine 
centric diatom, is 100 mg/land more. The other counteragents such as 
self-mixing dispersants, chemical oil fences and surface dispersants are 
so highly toxic that they are not yet pennitted to be used in Japan. 

Classification and Properties of 
Chemical Spilt-Oil Cleaners 

Emulsifying dispersants are the most popular agents 
in Japan and their constituents are one or more kinds of 
nonionic surfactants, 20-30% in a solvent (70-80%) which 
is usually a mixture of biodegradable hydrocarbons such 
as paraffin or rarely water. When they are poured onto an 
oil slick on the sea and agitated by propellers of a boat or 
by water jets through a nozzle, oil is emulsified and 
dispersed into the water column as small droplets, which 
then undergo microbial decomposition. 

Self-mixing dispersants are a kind of emulsifier, but 
do not need mixing operation because they contain 
amphiphilic substances as solvent When sprayed on an oil 
slick, these agents themselves mix with the spilt oil and 
disperse automatically the oil as minute droplets into the 
water column. Owing to their dissolving properties, they 
are usually applied on an oil slick over a wide area by an 
airplane. 

Chemical oil fences have strong surface-dispersing 
activity, and are capable of reducing an area of an oil slick 
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when applied on the surrounding area of an oil slick. Their 
chemical compositions are not disclosed. 

Surface dispersants can reduce surface tension of oil 
and disperse an oil slick into an invisible thin film, if 
applied directly on an oil slick. They are a kind of 
surfactant but their constituents are not disclosed. 

Gelatinizing agents consist of a solvent and a solute 
which is either an oil-soluble derivative of an amino acid 
or some other organic substances. They solidify by 
themselves when in contact with water. The spilt oil is 
trapped into gel structures of the agents, kept afloat on the 
water surface, and can thus be collected easily with a 
fishing net or a skimmer. 

The oil spilt on the sea easily absorbs the seawater 
and forms a highly viscous water-in-oil emulsion called 
oily mousse composed of 60-80% water. De-emulsifiers 
are the agents that break such an emulsion into oil and 
water again and anti-emulsifiers are the chemicals that 
prevent the formation of a water-in-oil emulsion by being 
preliminarily added to oil. Those compounds contain 
surfactants and a solvent. 

Among the chemical counteragents mentioned 
above, emulsifying dispersants and gelatinizing agents are 
already permitted legally for use in Japan and de- and anti-
emulsifiers might be legally permitted in the near future. 

Test Organisms for Oil Cleaners 

The toxicity test of environmental pollutants should 
be carried out on species of both animals and plants; it is 
indispensable for a test organism to be available anytime. 
A Japanese killifish, Oryzias latipes, a freshwater species 
commercially reared all year-round but easily acclimated 
to seawater, has been used as a test for some pollutants for 
a few decades in Japan (Japanese Industrial Standard 
1971), and is accepted also for the toxicity test of oil 
cleaners (Japan Association for Preventing Marine 
Accidents 1975). But there has been no plant species 
standardized for the toxicity test in Japan. Being easily 
maintained in a laboratory, microalgae or phytoplankton 
are more suitable than seaweeds. 

Marine green algae such as Chlorella sp. and 
Chlamydomonas sp. and marine diatoms such as Nitzschia 
closterium and Skeletonema costatum were preliminarily 
checked for their sensitivities to a surfactant and S. 
costatum was found the most sensitive. But its sensitivity 
to the surfactant was different from' those of its clones, and 
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a clone from the coastal waters at Kushiro in Hokkaido 
had less sensitivity. Consequently, Kushiro clone of S. 
costatum is accepted as the test organism among plant 
species (Japan Association for Preventing Marine 
Accidents 1975; Tokuda 1981). 

Toxicity of Emulsifying Dispersants 

The results of toxicity tests of 14 chemicals on 0. 
latipes and S. costatum are shown in Tables 1 and 2 (Japan 
Association. for Preventing Marine Accidents 1975; 
Tokuda 1981). In Table 1, 24-hour LASO means the added 
amount of the dispersants killing 50% of the fish exposed 
to a test liquid for 24 hours. Although the symbol LC, 
which means a lethal concentration, is ordinarily used in a 
toxicity test, the agents tested here are scarcely soluble but 
colloidal in water and, therefore, the amounts of the agents 
in a test Iiqu.id cannot be expressed as concentration. 

Only the products with 24-hour LA50 of 3,000 mg/I 
and more for 0. latipes and which simultaneously kill S. 
costatum at the added amount of 100 mg/I and more are 
legally permitted in Japan, and 44 products are approved 
by the Marine Safety Agency ,.,Ministry of Transportation 
ofJapan. 

Toxicity of Gelatinizing Agents 

The toxicity of two gelatinizing agents is shown in 
Tables 3 and 4, in which A and B indicate the test liquids 
containing gel structures formed upon contact with water, 
and Af and Bf indicate the filtrates of A and B, 
respectively (Tokuda 1979). The permissible toxicity 
limits of the gelatinizing agents to the test organisms are 
legally set up as the same ones with the emulsifying 
dispersants. Three products of gelatinizing agents are 
approved in Japan. 

Toxicity of De- and Anti-Emulsifiers 

As shown in Tables 5 and 6, the toxicities of de- and 
anti-emulsifiers are low like those of the emulsifying 
dispersants and geratinizing agents. Accordingly, they 
would be legally permitted to be applied in Japan in the 
near future. 

The other chemical count~ragents against oil 
pollution are more toxic than the agents mentioned above. 
Consequently, they are not yet permitted to be used in 
Japan. Several kinds of crude oils and oil products rutve 
been studied for their toxicities and exhibit higher 
toxicities than the chemicals described. 
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Table 1. The amounts of 14 products of emulsifying dispersants 
killing 50% of Oryzias /atipes in 24 hours (24-hrLA50 ) added 
respectively to the seawater. 

Product No. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

N.B.: Temperature 20°C, not aerated. 

24-hrLASO (mg/I)' 

24,000 < 
24,000 < 
24,000 < 
24,000 < 
13,000 
24,000 < 
24,000 < 
24,000 < 
24,000 < 
17,000 
24,000 < 
24,000 < 
24,000 < 
24,000 < 

Table 2. Growth of Shl•tonem~ costa~um In seawat1r containing 14 products of emulsifying dis· 
perS11nts It vinous 1mounts 120.0 ±0.6 C, 4.5 klux, 14-day cultur1), 

Product Amount 1dded lmg/f) 
No. 100 180 320 560 1,000 1,800 3,200 6,600 10,00() 

+ + ± 
+ + + ± 

3 + ± 
4 + + ± 
5 
6 
7 + + ± ± 
8 + + ± 
9 + + + + + 

10 + + ± 
11 + + 
12 + ± 
13 + ± 
14 + ± 

N.B.: +no effect;± no mort11ity but little or no growth;- culture kllled, 
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Table 3. The amounts of two products of gelatinizing agents 
killing 50% of Oryzias latipes in 24 and 48 hr (24-hrLA50 and 
48-hrLA50 ). 

Test 
liquid 24-hrLA50 48-hrLASO (mg/I) 

A 7.,400 7,400 
Af* 42,000 41,000 
B 4,700 3,900 
Bf* 7,100 6,800 

N.B.: Temperature 20°C, not aerated. 
* Af and Bf indicate the filtrates of A and B respectively. 

Table 4. Growth of Skeletonema costatum in seawater con-
taining two products of gelatinizing agents or their filtrates 
at various amounts (20.0° ± 0.5°C, 4.0 klux, 14-day culture). 

Amount added 
(mg/I) 

100 
180 
320 
560 

1,000 
1,800 
3,200 
5,600 

10,000 

Symbols as in Table 2. 

A 

+ 
+ 
+ 
+ 
± 

Product tested 
Af B Bf 

+ + + 
+ + + 
+ + + 
+ ± + 
+ + 
+ ± 
+ 
± 
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Table 5. Amounts of six trial products of de-and anti-emulsifiers 
killing 50% of Oryzias latipes in 24 and 48 hr (24-hrLA50 and 
48-hrLA50 ). 

Trial product 24-hrLA50 48-hrLA
50 

(mg/I) 

1 24,500 21,300 
2 32,000 < 32,000 < 
3 24,000 21,300 
4 32,000 < 32,000 < 
5 32,000 < 29,000 
6 32,000 < 32,000 < 

N.B.: Temperature 20°C, not aerated. 

Table 6. Growth of Skeletonema costatum in seawater con-
taining six trial products of de- and anti-emulsifiers at various 
amounts (20.0° ±0.5°C, 4.6 klux, 14-day culture). 

Amount added No. of trial products 
(mg/I) 2 3 4 5 6 

32 + + + + + + 
56 + + + + + + 

100 + + + ± + + 
180 + + + + + 
560 + + + + + 

1,000 + + + + + 
1,800 + + + + + 
3,200 + + ± + 
5,600 + + + 

10,000 + + 

Symbols as in Table 2. 
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Abstract 

Several toxic dinoflagellates which differ in habitat, life cycle and 
distribution have been found in Japan. 

Protogonyaulax tamarensis and P. catanella are widely 
distributed and produce paralytic poisons which pose a serious problem 
in the aquaculture of scallop and oyster. They form resting cysts which 
play an important role as seed populations for annual blooms and 
geographical dispersal. Dinophysis fortii and some other Dinophysis 
species produce toxins which cause diarrhetic shellfish poisoning. 
Gambierdiscus toxicus, the causative organism of ciguatcra fish 
poisoning, is found in sand or on seaweed which grows on coral reef. 
Other toxic species which occur together with G. toxicus are 
Prorocentrum lima, P. mexicanum, P. concavum, Amphidinium carterae, 
A. klebsii, Ostreopsis ovata and 0. siamensis. Some of them are 
common in the southern part of Japan, particularly the Ryukyu Islands. 

Mass mortality of marine organisms sometimes occurs along with 
the red tide of Gymnodinium nagasakiense • The ecology of the species 
is obscure. Resting cysts have never been found. Blooming mechanisms 
of some other Gymnodinium and Cochlodinium species, which are 
suspected to be toxic, are still unknown. 

Introduction 

More than ten dinoflagellate species in several 
genera are responsible for toxicity and/or mass mortality 
of marine organisms. Their economic impacts to the 
fishery industry have become more severe as aquaculture 
of fish and shellfish is promoted extensively all around the 
Japanese coast. 

In northern Japan scallop culture receives serious 
damage (Koganezawa and Kotani 1985) from paralytic 
toxin by Protogonyaulax and diarrhetic toxin by 
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Dinophysis , because trading of the scallops is stopped 
until the levels of toxin fall lower than certain permitted 
level. In southern Japan, Gambierdiscus and some other 
toxic dinoflagellates, which are common in tropical 
ciguatera-endemic area, were found (Yasumoto et al. 
1980a; Fukuyo 1981). Fortunately ciguatera is very rare in 
Japan, but those findings imply the possibility of 
occurrence of the poisoning. 

Mass mortality of marine organisms is sometimes 
associated with the red tide of unarmored dinoflagellates, 
such as Gymnodinium and Cochlodinium , although the 
toxic substances have been unclear so far. 

Research on biology of the toxic dinoflagellates and 
chemistry of toxins have progressed quickly in the last 
decade (see Steidinger and Baden 1984). The purpose of 
the present paper is to describe and update their taxonomy, 
morphology and ecology. 

Species Responsible for Paralytic 
Shellrish Poisoning 

The genus Protogonyaula.x contains some toxic 
species causing paralytic shellfish poisoning. Loeblich and 
Loeblich (1979) use Gessnerium, and Balech (1985) 
adopts Alexandrium instead of Protogonyaulax for the 
genus name. Fukuyo et al. (1985) identified six species in 
Japan using several taxonomical criteria, such as cell 
shape, chain-forming ability and some thecal plate 
characters. Among the six species, P. tamarensis (Fig. 1) 
and P. catanella (Fig. 2) are toxic (Oshima and Yasumoto 
1985), whereas P. affinis (Oshima et al. 1982) and P. 
fratercula (Noguchi et al. 1985) are nontoxic. Two other 
species, P. peruviana and P. compressa, have not yet 
been studied for toxicity. 

Protogonyaulax tamarensis is round and usually 
slightly longer than wide. The cingulum is equatorial, 
descending one cingular width. The sulcus is depressed 
and widened posteriorly. The apical pore plate is narrow, 
triangular to rectangular, and has a fishhook-shaped apical 
pore. A ventral pore is present on the suture between the 
apical 1' and 4'. Cells make a chain of two or four cells. 
After sexual conjugation a resting cyst (Fig. 3) is formed 
(Anderson and Wall 1978). The cyst is ovoidal to elongate 
cylindrical with rounded ends. Mucilaginous substances 
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excreted from the cyst cover the whole cyst surface. The 
species is widely distributed, mainly in northern Japan. No 
red tide has been recorded and the cell concentrations are 
usually less than 100 cells/I (Fukuyo 1985). 

Protogonyaulax catenella is round and usually 
slightly wider than long. Differences from P. tamarensis 
are so minor that it is impossible to identify the two 
species without dissection of the thecal plates. The apical 
pore plate of P. catanella is triangular. The ventral pore is 
lacking. The species is also widely distributed, mainly,in 
western Japan. Some cases of red tide have been recorded 
(Fukuyo 1985). 

Species Responsible for Diarrhetic 
Shellfish Poisoning 

Dinophysis fortii (Fig. 4) and D. tripos (Fig. 5) are 
confirmed as causative organisms of toxicity of shellfish 
by diarrhetic poison (Yasumoto et al. 1980b; Igarashi 
1985). Yasumoto et al. (1985) found the toxic substances 
from Dinophysis acuminata (Fig. 6) collected in northern 
Japan. However from the same species collec.ted at Tokyo 
Bay, Dr. M. Kodama (Kitasato Univ., pers. comm.) could 
not detect the toxin. Such difference of the toxicity seems 
to be due to variations of strains in a single species, and 
the similar phenomenon is known in P. tamarensis and P. 
catanella (Schmidt and Loeblich 1979; Oshima et al. 
1982). 

Dinophysis fortii is ovoid to ellipsoid in shape, 
deepest behind the center and compressed laterally. It is 
transported by the Tsushima.Warm Current and blooms at 
up to 10,000 cells/I in several coastal areas of northern 
Japan where the Current mixes with nutrient rich 
nearshore waters. 

Dinophysis tripos is large and has a peculiar shape. 
In hypotheca it has two projections, short dorsal and long 
ventral. Some taxonomists consider that this species is a 
synonym or one of the varieties of D. caudata, which is 
widely distributed and rarely makes red tide. 

Species Responsible for Ciguatera 

Gambierdiscus toxicus (Fig. 7) is the causative 
organism of ciguatera fish poisoning (Yasumoto et al. 
1977; Adachi and Fukyo 1979). It is round to ellipsoidal in 
apical view, strongly compressed anterio-posteriorly. 
Thecal plates are densely porous. The protoplast is yellow-
brown and contains a large transparent pusule ventrally. 
Fukuyo (1981) found it from the Ryukyu Islands, and 
Hara and Horiguchi (1982} from Izu Peninsula. 

Associated with Gambierdiscus toxicus are some 
species belonging to Prorocentrum, Amphidinium, 

Ostreopsis and Coolia (Fukuyo 1981; Hara and Horiguchi 
1982). Some of those species are known to produce toxic 
substances which may have a relationship to ciguatera 
(Yasumoto et al. 1980a). 

In the genus Prorocentrum, P. Zima (Fig. 8), P. 
concavum (Fig. 9) and P. mexicanum (Fig. 10) are toxic. 
P. Zima is ovoid, widest behind the middle and compressed 
laterally. The anterior margin is flat or slightly concave 
without spine. Valves, which cover the cell surface, have 
many trichocyst pores lined up inside the margin and 
scattered over the middle. P. concavum is broadly ovoid. 
The anterior margin is concave. Valves have fine 
depressions and many trichocyst pores all over the surface. 
This species closely resembles P. Zima in cell shape, but is 
distinguishable by the presence of clear fine depressions of 
the valves. P. mexicanum, which is a senior synonym of 
P. rhathymum by Loeblich et al. (1979), is oval in valve 
view. A short spine is clearly observable near an anterior 
concavity of flagellar insertion. Valves have many 
trichocyst pores, most of which lie in rows radially from 
the center and perpendicularly to the valve margin. 

In the genus Amphidinium, A. klebsii (Fig. 11) and A. 
carterae (Fig. 12) are known to be toxic. The latter 
species is smaller and rounder than the former. A. klebsii is 
ellipsoidal to quadrangular in ventral view, and narrowly 
ellipsoidal in lateral view. The epicone is very small and 
crescent-shaped. It is bent to the left in ventral view. 

Ostreopsis ovata (Fig. 13), 0. siamensis (Fig. 14) 
and Coolia monotis (Fig. 15) are also toxic. Ostreopsis 
ovata is ovoidal, and 0. siamensis is broadly ovoidal to 
ellipsoidal, pointed ventrally in apical view. They are 
compressed anterio-posteriorly in lateral view. Coolia 
monotis is small and lens-shaped. The apex goes back and 
the antapex is close to the ventral area. The three species 
have the same epithecal plate arrangement. The apical 
pore plate is eccentric, near the left dorsal margin, and has 
a slit-like pore. 

Species Associated With Mass Mortality 

Mass mortality of marine organisms sometimes 
occurs along with a red tide of some unarmored 
dinoflagellates. Gymnodinium nagasakiense (Fig. 16), 
which was called Gymnodinium sp. type '65, is one of the 
most harmful species. The first case of red tide with 
serious damage to cultured pearl oysters occurred in 1965 
at Omura Bay in western Japan. After that outbreak, mass 
mortality has not recurred, even though the red tide 
reappeared (Iizuka 1976, 1979). But in 1984 and 1985, the 
red tide appeared widely along the east coast of Kil 
Peninsula and Seto Inland Sea, respectively, and caused 
serious economic damage to fish and shellfish fisheries. 
Morphology of the species was studied in detail by 



Takayama and Adachi (1984) .. The epicone is round. to 
triangular; and tbe h.Y,pqcone. is oval to subquadrangular. 
The girdle is locatea slightly anterior to the middle andis 
displaced l/9 to .114 of the cell length'. The st1Jcus. runs 
from the epiconeto the posterior end of cell. The Cell has 
an apical groove w~ic}J runs across n.e~ tlie• apex 
(Takayama 198~) .. ·The .. species has ·. ft1qtphological 
similaritytQ Gyrodini~m.aureolum, ·\Vhichis known as a·· 
toxic species innortf):ern Europe (Tangen 1977), 

Gy11')nodinium sp. type '84K and Cothlodinium sp. 
type '78 Yatsushiro are a,lso toxic (Onoue et al. 198.5a .• 
1985b). The former species formed a red tide at 
Kagosbima Bay. The epiconeis hemispherical and has an 
apical lobe. at the apex. The girdle is wide. The sulcus is 
shallow and is .. restricted in the. hypocone. The latter 
species mak~s chains of 8 to 16 ce1ls. ]n .a single 
swimming .· .. f~ll ·• . .the. epicone . is .· s~J;>coutcal, aJ:ld . the 
hypocone has proniinent)obes. The.girdle goes around the 
cell twice. · 

Red tides dfNoqttluca miliartr~ one of tne rnost 
common dinoffagellates, are seldom iassodated with a flsh 
kill .. Okaichi and N~shio (1976) reported that the mortality 
is caused by ammonia accumulated inside the cell. 
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Figs. 1-16. Toxic dinoflagellates. Scale bar= 10 µm. 1. Protogonyaulax tamarensis; 2. P. catenella; 3. cyst of P. tamarensis; 
4. Dinophysis fortii; 5. D. tripos; 6 .• o. acuminata; 7. Gambierdiscus toxicus;8. Prorocentrum lima; 9. P. concavum; 10. P. 
mexicanum; 11. Amphidinium klebsii; 12. A. carterae; 13. Ostreopsis ovata; 14. 0. siamensis; 15. Coolia monotis; 16. Gymno-
dinium nagasakiense. 
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Abstract 

During a red tide episode caused by Pyrodinium bahamense var. 
compressa in Western Samar, Philippines in 1983, those who were taken 
ill after ingesting the green mussel, Perna viridis, resorted to drinking 
coconut milk (gata, Pilipino) with brown sugar or unpwified sugar 
lumps (tagapulot, Pilipino) as a temporaiy palliative, pending medical 
attention. Many victims felt relief after the drink. Ctude toxins (CT) were 
extracted ~rom P. viridis exposed to Pyrodinium using 0.1 N HCI and 
reacted with either or both 5% coconut milk (CM) and 5% brown sugar 
(BS) for an hour. The CT, CM, BS, CT+ CM, CT+ BS, and CT+ CM+ 
BS were assayed in duplicates for. saxitoxin using the standard mouse 
toxicity test. CT with initial toxicity of 2,114 MU/100 g meat \YaS 
substantially detoxified after a one-hour reaction. In CT + CM, the 
toxicity was 664 MU/100 g; in combined CT+ CM+ BS the toxicity was 
1,005 MU/100 g. In medium- (436-563 MU/100 g) and low-toxicity 
extracts (160-231 MU/100 g) no deaths in mice were recorded within one 
hour of injection. · 

Introduction 

On the third week of July 1983, red tide occurred in 
Maqueda and Villareal Bays, Western Samar and in Leyte, 
Philippines (Hennes 1983; Estudillo 1983; Hennes and 
Villoso 1983; Estudillo and Gonzales 1984). The causative 
dinoflagellate, Pyrodinium bahamense var. compressa 
(Steidinger et al. 1980) is the same organism that caused a 
series of blooms during the 1970s in Papua New Guinea 
(Maclean 1973, 1975a, 1975b, 1977; Worth et al. 1975), 
Brunei and Sabah (Maclean 1979) and, recently in Palau 
(Harada et al. 1982). 

At the height of and even a month before the bloom, 
several cases of paralytic shellfish poisoning (PSP) in 
humans were reported mainly due to the ingestion of the 
green mussel, Perna viridis L., the black-lipped pearl 
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oyster, Pinctada margaritifera, the squid, Loligo sp., and, 
at times, the giant clam, Tridacna sp. (Estudillo 1983; 
Estudillo and Gonzales 1984). Although the official tally 
stood at 21 deaths and 278 cases of hospitalization 
(Estudillo and Gonzales 1984), the number of fatalities 
and milder cases might have been more; reports were not 
coordinated. A newspaper report claimed a total of 49 
deaths and a large number of mild intoxications (Ensoy 
1983). 

There is no known completely effective antidote to 
P. bahamense var. compressa-caused PSP. However, 
many victims were relieved of the symptoms by drinking 
pure coconut milk (gata in Pilipino) with brown sugar, or 
sugar lumps (tagapulot in Pilipino) (Ensoy 1983; Estudillo 
1983). This study determines the extent of detoxification 
in crude extracts of PSP toxin from P. viridis when reacted 
in vitro with either coconut milk or brown sugar or both. 

Materials and Methods 

The extraction of crude toxin was patterned after the 
AOAC method (Association of Official Agricultural 
Chemists 1965). 

The treatments tested in the experiments were (a) 
crude toxin (CT), (b) coconut milk (CM), (c) crude toxin+ 
coconut milk (CT + CM), (d) crude toxin + coconut milk 
+brown sugar (CT+ CM+ BS), (e) crude toxin+ brown 
sugar (CT + BS), and (f) brown sugar (BS). The diluent in 
(b) and (f) was 0.1 N hydrochloric acid. In all cases, 5 ml 
of the crude toxin and of the acid were prepared. 

Prior to any dilution, the crude toxins were 
homogenized thoroughly. Several 5-ml volumes of each 
crude toxin were placed in four glass vials (for a, b, d and 
e). 

Into each vial intended to contain CM, 0.25 g of the 
powdered, desiccated coconut milk was added and mixed 
thoroughly. A similar weight was used for the brown 
sugar. The concentration of both CM and BS was 5% 
(w/v) in all cases. The mixtures were reacted under room 
temperature (280C) for one hour. 

With hydrochloric acid, the pH in each vial was 
adjusted to 3.0 just before the injections. It was at this pH 
value that extracts were most potent (Arafiles et al. 1984). 
Quantifications of the resultant toxin were made using the 
standard mouse bioassay (AOAC 1965). Whenever 
possible, three mice were injected for each treatment. 
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Results 

The results of the bioassays are presented in Table 1. 
All indications point tO a reduction in the toxicity of the 
crude toxins after a one-hour reaction with either CM or 
BS, or CM + BS. The crude toxin with an initial mean 
toxicity of 2,114 MU/100 g meat (CT-a), when reacted 
with CT + CM, had a resultant mean toxicity of 664 
MU/100 g. The reduction in toxicity was 68.5%. The 
resulting toxicity in CT + CM + BS was 1,005 MU/100 g 
meat. The reduction in toxicity in this case was 52%. 

CT-b, with a mean toxicity of 498 MU/100 g meat 
(436-536 MU/100 g) was also .detoxified judging from the 
results. One mouse died within 23 min. and 31 sec. in CT 
+ BS. Except for this, no other deaths were observed 
within one hour in the other treatments. CT (CT-c) with a 
toxicity of 183 MU/100 g (128-231 MU/100 g) also 
produced no deaths within one hour when reacted with 
either CM, BS, or CM+ BS. 

Discussion 

The toxicity of molluscs previously exposed to 
blooms of Pyrodinium bahamense var. compressa in 
Southeast Asian and western tropical Pacific countries is 
often high. This could be glimpsed from results with the 
standard bioassay. In Papua New Guinea, peak mouse 
death times were 1 min., 30 sec. withBarbatia paravillosa 
(Maclean 1975b) and 1 min., 18 sec. with Spondylus sp. 
(Maclean 1975b). These times should have placed the 
toxicities at 3,130-3,470 MU/100 g and 5,280 MU/100 g 
meat, respectively. The highest recorded toxicity in Brunei 
was 2,310 MU/100 g involving a lamellibranch (Jaafar and 
Subramanian 1984); in Sabah, it was 9,920 MU/100 g for 
a giant clam (Wong and Ming 1984). In the Philippines, 
the highest toxicity (9,620 MU/100 g) was obtained with 
Perna viridis collected in October 1983 from Balete Bay, 
Mati, Davao Oriental (Gacutan et al. 1985). All these 
values, however, would pale in comparison with the 
toxicity of Spondylus butleri (11,100 MU/100 g) collected 
from Arumizu Bay, Palau in May 1980 (Harada et al. 
1982). 

In this experiment, the toxicity of crude toxin 
extracts was sufficiently reduced after an hour's reaction 
with either coconut mijk or brown sugar or both. The 
reduction in a crude extract with toxicity of 2,114 MU/10.0 
g meat amounted to 68.5% when powdered desiccated 
coconut milk was added to the toxin at 5% (w/v); and 52% 
when brown sugar was added also at 5% (w/v). One could 
safely say then, that the humap. fatalities would have been 
more in the aftermath of the bloom in Western Samar and 

Leyte had the palliative properties of these products 
against PSP not been known. 

Filipinos prefer to eat molluscs raw, slightly cooked 
or blanched. A check with medical authorities in Western 
Samar and Leyte, as well as interviews with the populace, 
showed that a good number of the fatalities and of those 
hospitalized ate mussels and fish cooked in vinegar or 
mussels simply broiled or steamed and dipped in vinegar. 
The PSP victims also recovered faster with coconut milk 
and brown sugar when the mussels or fish were prepared 
and eaten without the use of vinegar. 

The phenomenon of potentiation similar to what was 
demonstrated by researchers (Harada et al. 1984) may 
have worked in the above cases. It was shown that one of 
the toxins present, normally a low toxicity component, 
was converted into a potent form in a dilute acid 
environment, increasing in toxicity by as much as 15-fold 
(Harada et al. 1982b). Other studies showed lower 
potentiation of toxicity (Nishio et al. 1982). 
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CT-a 
Replicates 

2 3 

CT 2,043 1,762 2,581 
CM dnd* dnd dnd 
CT+CM 481 847 
CT+CM+BS 924 882 1,198 
CT+BS 784 568 595 
BS dnd dnd dnd 

*Did not die within one hour after injection. 
**One mouse died after 23 min., 31 sec. 

CT-b CT-c 
Replicates Replicates 

2 3 4 2 3 

544 251 563 436 128 192 231 
dnd dnd dnd dnd dnd dnd 
dnd dnd dnd dnd dnd dnd 
dnd dnd dnd dnd dnd dnd 
91** dnd dnd dnd dnd dnd 

dnd dnd dnd dnd dnd dnd 
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Abstract 

A two-year study of trace metal concentrations in oysters 
(Crassostrea gigas Thunberg) marketed at Lau Fau Shan in Hong Kong 
is reported. Comparison of the data with previous studies reveals a 
decrease in the average concentrations of cadmium, copper and mercuiy 
in marketed oysters in recent years. However, the concentrations of lead 
and zinc have not altered substantially during this period. The long-term 
changes noted may be related to restocking of local oyster beds 
subsequent to a mass mortality in 1979, and/or to altered importation 
practices. With the exception of cadmium, no sample studied contained 
element concentrations exceeding the maximum permitted level under 
present Hong Kong legislation. However, the maximum permissible 
concentration for cadmium in foods (2.0µg/g wet weight in the case of 
oysters) was exceeded by 18.8% of the samples analyzed. The possible 
significance of this with respect to the protection of public health is 
discussed. 

Introduction 

The Pacific oyster (Crassostrea gigas Thunberg) is 
cultured commercially in Hong Kong and China. 
Information on the Hong Kong oyster industry is available 
in a variety of published reports, dealing with the culture 
itself (Bramhall 1958; Mok 1973, 1974a, 1974b; Morton 
and Wong 1978), biological and ecological aspects (Ko et 
al. 1975; Wong 1975; Morton 1977), fecal contamination 
of the beds (Morton 1975; Leung et al. 1975; Morton and 
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Shortridge 1976), and trace elements in the oysters (Wong 
et al. 1981; Phillips et al. 1982). 

The concentrations of trace metals in C. gigas 
cultured or marketed in Hong Kong are of importance, as 
previous studies have indicated that potential problems 
exist with respect to public health. In particular, the 
cadmium concentrations found in oysters marketed in 
Hong Kong during 1978 commonly exceeded the present 
local legislative limit of 2.0µg/g wet weight laid down in 
the Food Adulteration (Metallic Contamination) 
Regulations under the Public Health and Urban Services 
Ordinance. By contrast, C. gigas samples taken directly 
from the Deep Bay beds in mid-1978 contained lower 
levels of cadmium which were within currently 
permissible limits. This difference was ascribed to the 
effects of the importation of oysters more heavily 
contaminated by cadmium than the local product (Phillips 
et al. 1982). 

In 1979, oysters grown in the Hong Kong Deep Bay 
beds suffered a mass mortality estimated as 90% oi: more. 
The importation of oysters from China accounted for 
almost all of C. gigas marketed in Hong Kong in late 1979 
and early 1980. However, the local farmers restocked the 
beds in Deep Bay in 1980 with imported oysters (of a 
variety of sizes/ages) and local production resumed. The 
present studies were initiated to investigate the influence 
of these events on the trace element concentrations in C. 
gigas marketed in Hong Kong, and in particular to 
elucidate any long-term changes which may have occurred 
since 1978. 

Materials and Methods 

· Samples of oysters (C. gigas Thunberg), 9-33 
specimens depending on size, were purchased rr onthly at 
Lau Fau Shan retail market (northwest New Territories) 
from December 1981 for two years. The samples were 
representative of the oysters available at the market when 
visited, as on all occasions, one sample was purchased 
from each stall offering oysters. All samples purchased 
were shucked at the market by the stallholder, to reflect 
the normal conditions of purchase by the public. In the 
laboratory, wet tissue weights of the whole soft parts of 
each individual were recorded, and four subsamples (each 
containing several oysters) were taken. The subsamples 
were stored at-200C. 
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Upon thawing, each subsample was thoroughly 
homogenized using a commercial blender (shown in 
previous studies to be non-contaminating). Aliquots of the 
homogenate were taken for the analysis of cadmium, 
copper, chromium, lead, mercury and zinc. These aliquots 
were digested with nitric or nitric and sulphuric acids and 
suitably diluted thereafter. Samples were analyzed by 
atomic absorption Spectrophotometry, using a Hitachi 180-
80 Zeeman instrument in flame mode or a Perkin Elmer 
PE 4000 with graphite furnace. Mercury was analyzed on 
a Perkin Elmer PE 50A analyzer, using the cold vapor 
generation technique. Quality control was assured by the 
concurrent analysis of various reference and 
intercomparison materials; in particular, the albacore tuna 
RM 50 material supplied by the National Bureau of 
Standards (Washington, USA) was commonly employed 
during these studies. All final concentrations of elements 
are based upon wet tissue weights, as are the present Hong 
Kong legislative limits for trace elements in foodstuffs. 

Results 

Concentration-frequency plots for all elements other 
than mercury in the oysters sampled are shown in Figs. 1-5 
for the two years (December 1981 to November 1982 and 
December 1982 to November 1983) of the survey, in 
addition to the overall profile. For mercury, 86.7% of the 
samples were found to contain concentrations close to or 
below the detection limit of 0.02µg/g wet weight. The 
highest mercury concentration recorded was 0.07µg/g wet 
weight, in one sample purchased in October 1982. 

Concentrations of cadmium found in the oysters 
sampled ranged from 0.23 to 5.88µg/g wet weight. There 
was little difference between results from the two years. 
The percentage of samples exceeding 2.0µglg wet weight 
(the present legislative limit in Hong Kong) was 18.8%. 
Concentrations of chromium varied between 0.02 and 0.43 

µgig wet weight in sampled oysters. There was a tendency 
towards higher concentrations of this element in the first 
year of study, although this was . not marked. Copper 
concentrations ranged from 12 to 495 µgig wet weight. 
Concentration-frequency plots for copper were similar for 
the two years, with most samples containing 30-150µg/g. 
Levels of lead found in samples ranged from 0.01 to 1.0 

µgig wet weight; again, oysters from the first year of stu!;ly 
tended to exhibit higher concentrations. Finally, zinc 
concentrations varied between 106 and 1,360 µgig wet 
weight, and concentration-frequency plots were similar in 
each year. 

Discussion 

These studies demonstrate the great variability in 
trace element levels found in C. gigas marketed in Hong 
Kong. The concentrations of all metals other than mercury 
in this study varied by greater than an order of magnitude 
in overall terms. This variability is a common feature of 
metals in molluscs, and in particular bivalves (e.g., see 
Bryan 1976; Phillips 1977, 1980), and is caused by the 
general lack of metabolic regulation of trace elements 
amongst these species. Thus, the metal levels found in 
bivalves commonly vary not only with season and various 
other factors (e.g., size, position on shore line, sex), but 
also with location, in response to the variable ambient 
concentrations of elements in water and sediments. This 
has given rise to the use of bivalves as so-called biological 
indicators or "sentinel" organisms, to provide a time-
integrated picture of the degree of contamination of 
coastal waters by trace elements and other marine 
pollutants (Phillips 1980). 

The main causes of variability in the trace element 
concentrations present in oysters marketed at Lau Fau 
Shan are likely to be seasonal changes in metal levels and 
the influence of the location of culture. However, the 
effects of these two factors cannot be fully separated from 
each other in the present study. This is because data from 
retailers of oysters concerning the area of culture of their 
product are most unreliable. 

Phillips et al. (1982) reported that oysters sampled in 
mid-1978 from Deep Bay exhibited different 
concentrations of certain elements, particularly cadmium, 
from those in oysters purchased at Lau Fau Shan market in 
the same period. Samples from Deep Bay in 1978 
exhibited cadmium levels of 0.42 to l.12µg/g wet weight 
(mean± S.D. = 0.77 ± 0.18µglg), whereas oysters from 
Lau Fau Shan market contamed 0.6 to 5.4µglg wet weight 
(mean± S.D. = 2.79 ± 1.24µglg). This difference was 
ascribed to the importation of oysters more heavily 
contaminated by cadmium than the local product, and the 
dominance of the cadmium-enriched oysters in retail 
markets during the summer (when local oysters are rarely 
harvested; see Phillips et al. 1982). Results from the 
present studies show that the mean cadmium concentration 
in oysters marketed at Lau Fau Shan has decreased since 
1978; in 1981/82 the overall mean was 1.48µg/g wet 
weight and in 1982/83., 1.45µg/g wet weight. 

Significant decreases have also occurred since 1978 
with respect to the concentrations of copper and mercury 
in marketed oysters at Lau Fau Shan. In 1978, marketed 
oysters averaged 194 µgig wet weight for copper, in 
1981/82, 91µglg wet weight, and in 1982/83, 85µglg wet 
weight. For mercury, oysters from the market in 1978 
averaged 0.21µg/g wet weight with a maximum of 1.26µg/g 
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in one sample; however, no sample in the present study 
exceeded 0.07µ g/g wet weight. 

In contrast, the levels of lead and zinc remained 
similar from 1978 to 1983. Mean lead concentrations 
recorded in oysters purchased in 1978 were 0.22µg/g wet 
weight, compared to 0.34µg/g in 1981/82 and 0.24µg/g in 
1982/83. For zinc, oysters taken in 1978 exhibited mean 
concentrations of 419µg/g wet weight, in 1981/82, 338µg/g 
and in 1982/83, 380 µ g/g. No data for the levels of 
chromium in oysters were reported in the 1978 studies. 

The acquisition of accurate data on oyster marketing 
practices is extremely difficult, partly due to the 
complexity of the industry. It is believed that the oyster 
tonnage imported for direct marketing through Lau Fau 
Shan (as opposed to imports for transplantation into Deep 
Bay) has diminished considerably in recent years 
(unpublished data from Agriculture and Fisheries 
Department, Hong Kong Government). It is possible that 
greater emphasis has been accorded to marketing the 
locally grown (Deep Bay) product since the restocking of 
the Bay subsequent to the 1979 mass mortality. This 
hypothesis is supported by unpublished data on cadmium 
concentrations in oysters taken directly from Deep Bay in 
January and February 1984 which exhibited relatively low 
cadmium concentrations of 0.5 to 1.6 µgig wet weight, 
agreeing closely with 1978 data on locally grown C. gigas 
(Phillips et al. 1982). Oysters from Sha Tsing in the Pearl 
River Estuary at that time contained cadmium levels of 2.3 
to 2.6µg/g wet weight. 

The Food Adulteration (Metallic Contamination) 
Regulations under the Public Health and Urban Services 
Ordinance lay down maximum permissible concentrations 
for trace elements in foods marketed in Hong Kong, 
including marine products. The recent amendment to these 
Regulations (enacted in 1983) included limits for 
antimony, arsenic, cadmium, chromium, lead, mercury 
and tin. No maxima were set for copper and zinc levels in 
foods, as these are ofrelatively minor public health hazard 
although zinc levels considerably in excess of those 
reported here caused an emetic effect when Tasmanian 
oysters were ingested in any number (Ratkowsky et al . 
1974). None of the elements in marketed oysters exceeds 
the present legislative maximum concentrations for foods, 
with the exception of cadmium. Some 18.8% of the 
samples of C. gigas analyzed in this study contained 
cadmium concentrations which exceeded the limit .of ;2.0 

µg/g wet weight. The highest concentration recorded 
throughout the study was 5.88µg/g wet weight, almost 
three times the allowable maximum. Although these data 
compare favorably with the situation in 1978, there 
remains possible cause for concern with respect to the 
potential effects on public health. Although cadmium is 
known to be unusually persistent in humans (biological 
half-life of 16 to 33 years; Friberg et al. 1974) and 
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provisional allowable weekly intakes of the element have 
been proposed at 400-SOOµg (WHO 1972), epidemiological 
evidence from populations exceeding this exposure rate 
reveal no clear picture of toxic hazard (CEC 1978). · 

The data reported here show that some 18.8% of 
locally retailed oysters exceeded the present legislative 
limit for cadmium of 2.0µg/g wet weight. The arithmetic 
and geometric means for the data set are 1.49 and l.35µg/g 
wet weight, respectively, both significantly lower than the 
present public health limits. An Australian committee 
concerned with mercury in seafoods (AFC 1979) posited 
that public health limits could be treated in at least some 
cases as means across catches, rather ·than as maxima for 
individuals. It should be noted, however, that this 
approach involves assumptions not only ort the safety 
margins which are acceptable for public health limits, but 
also on the randomization of the highest contaminated 
items throughout the retail market. In addition, this 
approach is only a realistic option when sufficient b~line 
data are available on contaminant incidence in seafoods 
and when the major sources of variation are both known 
and controllable. It would be exceedingly difficult to 
administer the cadmium regulations with respect to Hong 
l).:ong oysters in this fashion, particularly in view of the 
problems of obtaining accurate information on oyster 
marketing procedures. 

The long-term changes reported here for trace 
element concentrations in C. gigas marketed in Hong 
Kong are significant in terms of public health. There is an 
argument for further monitoring, particularly because it is 
possible that the proportion of imported oysters may alter 
again in the future, with consequent changes in trace metal 
levels and because the trace element concentrations 
present in C. gigas from the different beds vary quite 
markedly. 
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Fig. 1. Concentration-frequency plot for cadmium in whole soft 
parts of oysters (Crassostrea gigas) purchased from Lau Fau Shan 
market between December 1981 and November 1983. One sample 
containing 5.88 µg/g not shown. 
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Fig. 2. Concentration-frequency plot for chromium in whole soft 
parts of oysters (Crassostrea gigas) purchased from Lau Fau Sh~n 
market between December 1981 and November 1983. 
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Fig. 3. Concentration-frequency plot for copper in whole soft 
parts of oysters (Crassostrea gigas) purchased from Lau Fau Shan 
market between December 1981 and November 1983. 
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Fig. 4. Concentration-frequency plot for lead in whole soft parts 
of oysters (Crassostrea gigas) purchased from Lau Fau Shan 
market between December 1981 and November 1983. 
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Fig. 5. Concentration-frequency plot for zinc in whole soft parts 
of oysters (Crassostrea gigas) purchased from Lau Fau Shan 
market between December 1981 and November 1983. 
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Abstract 

Perna viridis when exposed to a mixture of zinc and copper 
recorded enhanced toxicity of one metal in the presence of another metal. 
This reflects the increased permeability of the plasma membrane in the 
presence of toxicant combinations which, in turn, brings about elevation 
in toxic response. When the experimental medium contained 0.02 ppm 
copper and 2.37 ppm zinc, the test individuals recorded 50% mortality in 
96 hours. Elevation in copper concentration to 0.08 ppm in conjunction 
with 1.25 ppm of zinc caused 50% mortality in 96 hours. 

Introduction 

Available reports on the toxicity of heavy metals on 
marine invertebrates usually try to explain the toxicity of a 
single metal pollutant (Connor 1972; Calabrese et al. 
1973). In nature, pollutant emissions seldom, if ever, 
consist of a single toxicant. Such emissions usually 
contain a mixture of metals and, consequently, result in the 
exposure of the indigenous biota to several metals. The 
response of the biota to individual metals may differ from 
the response to stress from multiple metals as indicated by 
several studies (Mac Innes 1981; Murthy 1982; Mathew 
and Menon 1983; Prabhudeva 1983; Mohan and Menon, 
in press). The studies have evaluated the potential 
antagonistic, synergistic or additive interactions of metal 
mixtures. Antagonistic interactions refer to the protective 
effect of one metal on the toxicity of another and are 
probably a reflection of the competition between the two 
metals for sites of entry in the cell surfaces, with a 
reduction in the subsequent uptake and accumulation of 
both metals. Synergistic interactions refer to the enhanced 
toxicity of one metal in the presence of another and may 
reflect the increased permeability of the plasma membrane 

319 

when stressed by several toxicants. Additive interactions 
are neither antagonistic nor synergistic, and the final 
toxicity isc simply a sum of the individual toxicities. 

Materials and Methods 

Green mussels, Perna viridis were collected from 
rocky shores of Someshwara, South India. They were 
conditioned in the laboratory (water temperature, 31 ± 
1 OC; salinity 32 ±0.5 ppt; pH 8.2-8.4) for a period of 48 
hours, before being employed for the experiments. 
Mussels of 15-20 mm shell length were used. 

Individually prepared zinc (ZnCl2.2H20) and copper 
(CuS04.5H20) solutions formed the source of metals. The 
experimental vessels were cylindrical glass troughs of 5-
liter capacity containing 4-1 test solution prepared in aged 
seawater. Mortality tests were performed over 96 hours. 
The inability to close the valves upon mechanical 
stimulation and/or valve gaping of 5 mm were the criteria 
used to define the death of the test organisms. Dead 
individuals were removed from the experimental media at 
12-hour intervals. Ten mussels were exposed to each metal 
combination. 

The cumulative percentage mortality of P. viridis 
exposed to combinations of zinc and copper was estimated 
in two sets of experiments in duplicate, one with zinc 
concentrations ranging from 1.5 to 3.5 ppm in 
combination with a constant copper concentration of 0.02 
ppm and another where the same concentration of zinc 
was maintained along with 0.08 ppm of copper. All the 
concentrations reported here are the calculated levels of 
metal ion added at the start of the experiment and do not 
include natural levels. Actual concentrations of each metal 
in the test cultures were not determined. 

The experimental vessels were not aerated, but the 
oxygen level in the water was monitored. The pH levels 
after adding the metal salts in all vessels ranged from 8.2 
to 8.4 throughout the study. The lines of best fit were 
drawn after linear regression analysis. An additive toxicity 
index developed by Marking and Dawson (1975) was used 
to determine the toxicity of metal mixtures. 

Results 

The maximum mortality recorded was 90% in 
experimental media where the zinc concentration was 3.0 



320 

and 3.5 ppm with 0.02 ppm of copper. The 96-hour LC50 
was 2.37 ppm of zinc (95% confidence limits: 2.056-2.76 
ppm) with 0.02 ppm of copper (Fig. 1). 

In the next series of experiments, the same 
concentration of zinc was maintained and the copper 
concentration was increased to 0.08 ppm. Total mortality 
occurred in 96 hours at 2.5 and 3.5 ppm of zinc. This 
brought down the 96-hour LC50 to 1.25 ppm of zinc (95% 
confidence limits: 1.087-1.43 ppm) with 0.08 ppm of 
copper (Fig. 2). 

The joint action of the zinc plus copper mixture on 
mortality of P. viridis was worked out, and the results are 
both more than additive and less than additive in nature. It 
was more than additive (+0.42 additive index) with low 
concentration of copper (0.02 ppm) and less than additive 
(-0.033 additive index) with h~gh concentration (0.08 ppm) 
in combination with the same concentration of zinc. 

Discussion 

The toxicity of chemical combinations is usually 
assessed by adding the concerned chemicals in a definite 
ratio which is decided by the chemicals' individual 
toxicity. Although such a procedure is possible under 
controlled laboratory conditions, it is quite unlikely that 
such a situation exists in nature. Therefore, information 
from literature usually pertains to toxic mixtures where 
one of the chemicals will be retained at a definite constant 
concentration and the other treated as a variable. Similarly, 
in the present investigation two sets of experiments were 
performed where copper was administered to the medium 
at 0.02 and 0.08 ppm with different zinc concentrations. 

Discussing the combined toxicity of silver and 
copper on P. viridis, Mathew. and Menon (1983) stated 
that the metal concentration of 0.031 ppm of copper and 
0.031 ppm of silver brought about 50% mortality of this 
species in 96 hours. They also found that silver in 
combination with cqpper becomes more toxic. Similarly, 
Mac Innes and Calabrese (1978) in a detailed study on the 
effect of mercury and silver, and zinc and copper 
individually and in combination, on the embryos of 
Crassostrea virginica found that these two mixtures 
exerted a less than additive toxicity at low temperatures. 
Discussing the combined cadmium and zinc toxicity on 
embryonic development of Mytilus galloprovincialis, 
Pavicic (1977) opined that a combination of cadmium and 
zinc increased the toxic resistance of the embryos. 

The individual 96-hour LC50 for P. viridis was 4.74 
ppm (95% confidence limits: 5.36-4.20) of zinc and 
copper 0.105 ppm (95% confidence limits: 0.104-0.106 
ppm). Here, the presence of 0.02 ppm of copper in the 
toxicity test medium enhanced the toxicity of zinc twofo~d, 
while the presence of 0.08 ppm of copper increased the 

toxicity of zinc 3.79 times. It is common to find the 
toxicity of a mixture of metals synergistical, antagonistical 
or simple additive. These reactions could be species 
specific, or could be influenced by environmental 
alterations. It is evident that zinc, in combination with 
copper, becomes more toxic. Mac Innes (1981) noticed 
either antagonistic effect or simple additivity in lowest 
metal concentrations of copper + mercury, copper + zinc, 
copper + mercury + zinc, and mercury + zinc. But as the 
metal concentrations increased, the effect becomes 
synergistic, and this was so for copper and zinc. Mac Innes 
(1981) felt that this may be due to the complexing capacity 
of seawater, resulting in a low availability of heavy metals. 
Similarly, our results showed more than. additivity (+0.42 
additive index) at low concentration of copper (0.02 ppm) 
and less than additivity (-0.033 additive index) at high 
concentration (0.08 ppm of copper) in combination with 
the same concentrations of zinc. Mohan and Menon (in 
press) found a more than additive interaction ·between 
mercury and cadmium on P. viridis. Moulder (1980) 
proved the antagonistic nature of copper on mercury 
toxicity using synthetic seawater devoid of organic 
ligands. The alterations in toxicity recorded here could be 
due to the capacity of P. viridis to selectively block the 
binding site of such metals to which they have high 
resistance as suggested by Moulder ( 1980) and 
Breittmayer and Gutierrez-Galindo (1981). 
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Fig, 1. Lethal effects at 0.02 ppm of copper along with different concentrations of zinc. a. Progress 
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Abstract 

Jn March 1984, a new rhabdovirus was isolated from moribund 
cultured hirame (Japanese flounder, Paralichihys olivaceus) and from 
ayu (Plecoglossus altivelis) fry in Hyogo Prefecture. From February 
through May 1985, the virus was again isolated from hirame in seawater 
tanks in Hyogo and Kagawa Prefecture, and in Hokkaido, Japan. At 
temperatures between 5 and zooc the virus replicated and induced 
cytopathic effects (CPE), which progressed to eventual cytolysis in 
susceptible cell lines, including FHM, EPC, BF-2, RTG-2, STE-137, HF-
1, BB, YNK, CCO and EK-1. The CHSE-214, K0-6 and CHH-1 cell. 
lines were refractory. Maximum infectivity of cell culture-grown virus 
was about IQ9.3.IQ9.8 TCID5()/ml in FHM or EPC cell lines. The virus 
replicated optimally at 15 to 20oC. Virus particles were bullet shaped, 80 
nm x 180 to 200 nm. The isolate was sensitive to pH 3, to diethyl ether, 
and to heat (500C, 2 min.). The virus did not hemagglutinate human 0 
type erythrocytes. Viral replication was not inhibited by 10-4 M 5-
iododeoxyuridine. Jnfectivity was not reduced by antisera against 
infectious hematopoietic necrosis virus (INHV), viral hemorrhagic 
septicemia virus (VHSV), spring viremia of carp virus (SVCV), pike fry 
rhabdovirus (PFRV), eel virus-American (EVA) and eel virus-European 
(EVX). The viral isolate was pathogenic for hirame and rainbow trout 
(Salmo gairdneri) by injection but not for chum salmon (Oncorhynchus 
keta), coho salmon (0. kisutch), masu salmon (0. masou), or ayu fry 
by water borne exposure. From the evidence obtained thus far, this virus 
is a new pathogenic virus of fish, and is provisionally named HRV 
(hirame rhabdovirus). HRV is now considered to be an important 
pathogen of cultured hirame and salmonids in Japan. 

Introduction 

An unknown disease occurred during March 1984 
among pen-cultured hirame {Japanese flounder, 
Paralichthys olivaceus) held in pens in Fukun\ Bay, and 
among cultured ayu (Plecoglossus altivelis) fry held in 
seawater tanks at the Hyogo Prefectural Fisheries 
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Experimental Station, Hyogo Prefecture (Gorie et al . 
1985a, 1985b). The signs of disease in hirame were 
congestion of the gonads, focal hemorrhage in the skeletal 
muscles and fins, and accumulation of ascitic fluid. 
Infected ayu fry exhibited exophthalmia and pethechia on 
the gillcover. The following year, February to May 1985, 
the same disease occurred again among hirame cultured in 
seawater tanks at the Hyogo Prefectural Fisheries 
Experimental Station, Negi Island, Kagawa Prefecture and 
Yagishiri Island, Hokkaido. Examination of diseased fish 
failed to show any bacterial, fungal or parasitic agents. 

However, during the course of viral examination, 
infectious hematopoietic necrosis virus (IHNV)-like 
cytopathic effect (CPE) was observed in the RTG-2 cell 
cultures. This agent was not neutralized with antisera 
against the following fish rh,abdoviruses: IHNV, viral 
hemorrhagic septicemia virus (VHSV), spring viremia of 
carp virus (SVCV), pike fry rhabdovirus (PFRV), eel 
virus-American (EV A) and eel virus-European (EVX). 
Pathogenicity and virulence of the agent to the hirame was 
demonstrated by intraperitoneal injection (Gorie et al. 
1985a). 

This report describes the characteristics and 
pathogenicity of the new virus provisionally termed 
hirame rhabdovirus (HRV). 

Biophysical Characterization 

Biophysical characteristics of the HRV 8401H 
originating from diseased hirame and HRV A-8401H 
isolated from moribund ayu fry are summarized in Table . 
1. Ether treatment markedly reduced infectivity of the 
viruses. The BSS treated control had a titer of 106.05 
TCID 50/ml while the ether-treated· suspension had less 
than IQl.80 TCID 50/ml. This sensitivity to ether is 
evidence.that the virus has an essential lipid-containing 
envelope .. 

The deoxyuridine analogue IUdR was not effective 
in blocking viral replication. Control cultures and IUdR 
treated cultures had similar titers (IQ6.05 1CID50/ml). 
The lack of inhibition by halogenated pyrimidines is 
evidence that the virus possesses an RNA genome. 

Both isolates were inactivated by exposure to pH 3. 
No hemagglutination by HRV was observed with human 
0 type erythrocytes. 
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Electron Microscopy 

Virus particles were seen in ultrathin sections of 
HRV infected RTG-2 cells and the kidney tissue of HRV 
infected hirame. The particles were bullet shaped with one 
rounded end and a mean diameter of 80 nm and length of 
180-200 nm. These morphological and biophysical 
features are characteristic of viruses of the Rhabdoviridae. 

Serological Characterization 

The five strains of HRV used were isolated from two 
host species at three different locations over a two-year 
period. All were neutralized with anti-HRV 8401H rabbit 
serum. No neutralization of HRV infectivity by antisera 
against IHNV, infectious ,pancreatic necrosis virus 
(IPNV), Oncorhynchus masou virus (OMV), VHSV, 
SVCV, PFRV, EVA or EVX was observed. The 
infectivity of each control virus used was reduced over 
100-fold by the homologous antiserum. 

Cross neutralization tests indicated that HRV was 
clearly distinguishable from the five reference 
rhabdoviruses (Table 2). HRV was neutralized with 
homologous antiserum at a titer of 160 and not neutralized 
with the heterologous antisera testeci. Anti-IHNV, SVCV, 
EV A and EVX rabbit sera also had the highest titer against 
homologous virus. Cross reactions were not recognized 
except between EV A and EVX. 

Cell Line Susceptibility and Virus Replication 

The HRV was originally isolated using RTG-2 cells. 
Twelve other fish cell lines (FHM, EPC, BF-2, STE-137, 
HF-1, BB, YNK, CCO, EK-1, CHH-1, CHSE-214 and 
K0-6) were also tested for HRV susceptibility. The EPC, 
FHM, BF-2, YNK, STE-137, BB, EK-1, CCO and HF-1 
cell lines were susceptible to HRV infection. The EPC and 
FHM cell lines showed the greatest sensitivity, while no 
CPE developed in CHH-1, CHSE-214 and K0-6 cells 
(Table 3). These latter three cell lines were susceptible to 
IHNV, but the HF-1, BB, EK-1 and CCO cells were not. 

As judged by virus yield (Fig. 1), the FHM and 
RTG-2 cells were the most efficient at replicating HRV. 
An incubation time of 72-120 hours was required to 
observe CPE in EPC, HF-1, STE-137, BF-2 cells and the 
virus yields were greater than 1Q8.80 TCID 50/ml. No 
CPE developed in CHSE-214, CHH-1 or K0-6 cells after 
10 days incubation at 15oC. 

The temperature range for viral replication was 
determined to be 5 to 25oC. The RTG-2 cell line was used 
for those experiments performed at 5 to 20oC while the 
EPC cell line was used at 15 to 25oc because it tolerates a 

higher temp~ature. The extent of CPE correlated with the 
virus titer produced over the range of 5 to 20oC. At 10oc, 
viral replication was slower and CPE less extensive than at 
15 or 20oc. At 10oc, viral replication was slower and 
CPE less extensive than at 15 or 20oC. In the case of 
IHNV and IPNV, the optimal temperatures were 15oc and 
in the range of 15 to 20oC, respectively. 

Pathogenicity of HRV 

The pathogenicity of the virus was tested for specific 
pathogen-free chum salmon (Oncorhynchus keta), masu 
salmon (0. masou), coho salmon (0. kisutch), rainbow 
trout (Salmo gairdneri) and ayu. Ten rainbow trout (mean 
weight approximately 8 g), and masu salmon (6 g) were 
injected intramuscularly with 1Q4.0 TCID5()/fish of virus, 
and fish were held in 20-1 aquaria at 12-130C for 21 days. 
Fifty chum and coho salmon, thirty masu salmon, and 
fifteen ayu, weighing approximately 0.2, 0.5, 0.2 and 0.5 
g, respectively, were infected by the immersion method 
using 103.0 TCID50/ml. Fish were exposed to the virus at 
lOoC for 60 min and then held in 3-1 aquaria at 12-140C. 
Ayu were maintained at 16-170C for 21 days. After 21 
days, five fish, including one that died, were removed and 
examined for bacteria and virus. 

Mortality among rainbow trout began at six days 
post-injection and 60% had succumbed by day 12. 
Hemorrhages were commonly observed in muscle and fin. 
The cumulative mortality of control fish was 10% in 21 
days. For masu salmon 1 of 10 control fish and 0 of 10 
virus injected fish died during the experiment In coho 
salmon fry, no control or experimenial. fish died. Among 
chum salmon, 3 of 50 control fish and 5 of 50 virus 
exposed fish died. No control and 2 of 30 virus immersed 
masu salmon fry died during the 21-day period. Among 
the ayu no control or virus-exposed fish died in the 
experiment (Table 4). 

Virus isolation was carried out using five fish from 
each group, composed of mortalities or fish sacrified at the 
end of the experiment Virus was recovered from five 
individual rainbow trout (all mortality), one masu salmon 
fry (mortality), one masu salmon fry (sacrificed and three 
coho salmon fry (sacrificed). Signs of disease were only 
observed in rainbow trout. All the isolates were 
neutralized with anti-HRV serum. 

Virus titers in tissues of infected rainbow trout were 
determined for kidney and spleen pools, liver and pancreas 
pools, heart, intestine, airbladder and muscle. The virus 
was recovered from all tissues examined Kidney and 
spleen pools had the highest titer, reaching 106.05 to 
1Q6.90 TCID50/ml. 
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Discussion 

The virus isolated from cultured hirame and ayu 
appears to be a previously unreported pathogen of marine 
fish. No evidence of a similar agent is noted among recent 
listings of fish viruses. 

Fish rhabdoviruses, such as IHNV, VHSV, SVCV, 
PFRV, EVA and EVX are well known. Swim bladde1 
inflammation (SBI) virus proved to be morphologically 
and serologically identical to SVCV (Bachman and Ahne 
1973, 1974). HRV was not neutralized with the antisera 
against IHNV, VHSV, SVCV, PFRV, EVA or EVX. 
Cross neutralization tests indicated that HRV was clearly 
distinguishable from these reference rhabdoviruses. 

HRV shows IHNV-like CPE with eventual lysis of 
FIIM, EPC, BF-2, RTG-2, STE-137, HF-1, BB, YNK, 
CCO and EK-1. However, the CHSE-214, .CHH-1 and 
K0-6 cell lines, all with an epitheloid morphology and 
derived from salmonid fish, were refractive to HRV. The 
pattern of this cell susceptibility was clearly different from 
IHNV and VHSV, and distinguishable from the 
rhabdoviruses of cod ulcus syndrome (Jensen et al. 1979) 
or crab (Johnson 1984). 

Although the rhabdoviruses isolated from warmwater 
fish (SVCV, SBIV,PFRV, EVA, EVX), the virus isolated 
from grass carp (Ahne 1975) and from a North American 
cichlid (Malsberger and Lautenslager 1980) replicate at 
250C or above, HRV did not replicate at 25oc. A 
comparison between HRV and Rhabdovirus salmonis 
(Osadchaya and Nakonechnaya 1981) could not be made 
because of the limited information available. 

The pathogenicity and virulence of HRV for hirame 
was observed following intraperitoneal injection into 100 
to 250 g fish (Gorie et al. 1986). The cumulative mortality 
was 20%, but mortality was not observed at 150C or 
above. The mortality of hirame in natural outbreaks in 
Hyogo was 25% (1984) and 7.2% (1985). For Kagawa 
Prefecture it was 3.3% and greater than 90% in Hokkaido. 
The size of fish affected was 100 to 700 g. This high 
mortality among naturally infected hirame observed in 
Hokkaido may be caused by the lower rearing 
temperatures in the winter. 

HR V was lethal for rainbow trout and the cumulative 
mortality was 60%. The signs of HRV infection in 
rainbow trout were similar to those of VHS, with 
hemorrhaging in muscles commonly seen. 
Histopathologically, hematopoietic cells were pyknotic or 
necrotic in hirame (Kimura et al., unpublished data). 
Castric and de Kinkelin (1984) have reported that VHSV 
is pathogenic for sea bass and turbot, both marine species. 
The gross signs and histopathological data reported 
indicate a condition similar to that of HRV-infected 
hirame. In this study, chum, coho and masu salmon and 
ayu fry did not experience high mortality when exposed to 
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HRV by immersion method, but HRV was isolated from 
dead and surviving fish. A longer observation period may 
have resulted in a higher mortality. 

Evidence suggests HRV is a new and pathogenic fish 
virus which is considered to be an important pathogen of 
cultured hirame and salmonids in Japan. 
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T1bl11. Bloch1mle1l 1nd blophyslc11l cheracterlz1tlon of hlr1m1 rhebdovlrus. 

Cheract1rlstlcs 

Control 
Ether tre1tm1nt, 6°C, 18 h 
pH

0
3.0,3 hr 

:~og: ~ :~~: 
IUdR, 60 µg/ml" 
H1m1gglutln1tlon of hum1n 

O type erythrocytes• 

•s11text. 

Log. TC1D5ofm1 
HRV 8401 H HRV A-8401 H 

6,05 6.05 
<1.80 <1.80 

4.05 4.3Q 
<0.80 <0.80 
<0.00 <0.80 

6.05 6.30 
negative n1g1tlv1 
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Table2. Cross neutra,lization test of the HRVand IHNV, VHSV. SVCV, EVA, EVX and PFAV. 

Virus titer 1' ~t-J. 
Log Anti5era !No50 11 

TCIDso HRV IHNV VHSV SVCV PFAV EVA EYX 
Virus /well 8401-H HV-1 8 Hb Kc Ad H K K H H 

HfW8401-H 1.75 !Eio <17 <42 <42 <42 <42 <42 <17 <42 <42 
IHNV HV-1 2,00 <17 90 ND' ND ND ND ND ND No ND 
fHNVH 1.75 <17 ND 141 ;(42 <42 <42 <4;2 <17 <42 <42 
svcv H 2.00 <17 ND <42 <42 <42 141 ND <17 <42 <42 
EVAH 1.55 <17 ND <42 <42 ND <42 <42 No 2; 281 ~ 281 
PFRVK 2.25 <17 ND <42 ND ND ND ND ~ 112 ND ND 

8Provided by the Ministry of Agriculture and Fisheries, 
bProvided by Or. B.J. Hiii. 
cProvided by Dr. P, di'. kJnkelin; antiserum against VHS\/ was polyva)ent. 
dProvided by Dr. W. Ahne. 
8Not determined. 
1N050 ., 50% neutralizat\on titer$against 100 TCI050 virus. 

Table 3. Comparison of cell line susceptibility to HRV and IHNV infection. 

Cell line Cell 
Abbreviation Sou'rce morphology 

RTG-2 Rainbow trout Gonad f' 
EPC C.cp Epfth9Jioma .. 
F!:IM Fathead minnoW Caudal trunk f 
BF-2 B)uegill Ffn 
YNK Yamebe KidnS:y 
STE-137 Steellwadtrout Embryo 

CHSE-214 Chinook salmon Embr'{O E 
CHH-1 Chum salmon Heart ~ 

KD-6 Kokenee salmon Embryo E 

HF-1 'Hirlime Fln 
BB Brown bullhead Caudal trunk 
El<.·1 Eol Kidney 
cco Channelcatftsh Ovary 

~CytopathiC effect. 
Log. 'rCl0 50 /ml. 

3Fibroblast. 
4tpitheloid. 

, HRV S401H IH~V.ChAb 

CPE 1 Titer2 CPE Titer 

a.Jo 4.30 
7.30 6.30 
6,80 5.80 
5.55 4.55 
6.30 4.55 
5.05 4.80 

<2.80 5.55 
~3.05 6.30 
<2.$0 4.80 

5.80 <~.80 

5.30 <2.80 
3.BO <2.80 
4.55 <2.80 

Table 4, Cqmpatlson of mortality in raliibow trout, masu salmon, Coho salmoii, ch.um salmon a~ ayu artific,ially infected with HRV. 

Number offish 
Method employed 

Species of 
offish lnfection Experiment 

Rainbow trout IP' Ton 10 
(B.W.8.0gl Control 10 

Masu salmon IP Test 10 
{B.W.6.0g) Control 10 

Coho salmon is' To• 50 
(B.W.0.5g) Control 50 

Chul)'lsalmon IS Ton 50 
IB.W.0.2gl Control 50 

Masu salmon IS Ton 30 
(B.W.0.2g) Control 30 

Ay" IS Test 15 
(B.W. 0.5g) Control 15 

1 lntraperitoneal lrlje~tion; exposing do~~- 1.0 x 104 TC1050 /flsh. 
21mme!sion method; exposing dose, 1.0 x 103 TCID50/ml,60 min. 10°C. 

dieef' 
days after exposure 

6 9 12 

0 
0, 

Cumulative 
mortality 

:II (%) 

60 
10 

0 
10 

10 

Fi,g. 1. E;lectron micrograph showing large. numbers of bullet 
shaped vir.us particles in RTG-2 cell infected with HRV. St<1ined 
with 2% uranyl acetate, bar= 200 rim. 

9 

8 

E 7 

" 0 6 Ill 
Cl u 5 r 
°' 4 CHH-1 0 
_J K0-6 

3 

2 
3 7 

Days 
10 

Fig. 2. Replication of HRV in selected fish cell liries incubated 
at 15°C, M.0.1. = 0.1. 
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Abstract 

During the epizootic which occurred among the freshwater fish in 
Thailand in 1983 and 1984, the isolation of viruses was attempted. 
Various species of infected fish, e.g., snakehead fish (Ophicephalus 
striatus), serpent fish (Channa micropeltes), sand goby (Oxyeleotris 
marmoratus), three-spot gourami (I'richogaster trichopterus), striped 
croaking gourami (Trichopsis vittatus), siamese fighting fish (Betta 
splendens) and wrestling half-beak (Dermogenus pustillus) were 
examined for viral infections. The fish showed macroscopic lesions, 
scale erosion and deep ulcers on all parts of their bodies. Aeromonas 
hydrophila was the main bacteria isolated, while fungi and parasites were 
also detected. A probable new virus, designated snakehead fish virus 
(SHV), was isolated. The virus was not affected by ether or chloroform 
and was resistant at 6QOC for 30 minutes. SHV produced cytopathic 
effects, rounded cells and complete destruction of cell sheet, on BB, BF2 
and FHM cells. Experimental infectivity studies using snakehead fish 
showed that SHV elicited lesions similar to those seen in naturally 
affected fish. Cystoplasmic inclusion bodies were obvious and SHV was 
demonstrated in the membrane-pound body. The size of the virus is about 
100 nm, comparable to that of IPN virus. 

Introduction 

In the winter of 1982, the first fish epizootic occurred 
in Thailand. The epizootic spread over a quarter of the 
country and caused heavy economic damage. The affected 
natural and cultured fish, mostly scaled freshwater fish, 
showed typical lesions of scale erosion and deep ulcers on 
all parts of their bodies. Snakehead fish (Ophicephalus 
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striatus) was markedly infected. Aeromonas hydrophila 
could be isolated from ulcers and internal organs 
(Boonyaratpalin et al. 1983; Poonsuk et al. 1983) and are 
believed to be secondary invaders (Saitanu and Poonsuk 
1984). Epistylis sp., a protozoan, and various other 
parasites were also demonstrated (Tangtrongpiros et al. 
1983a;. Tonguthai 1985). Likewise, virus-like particles 
showing a different morphology were also observed by 
electron microscope (Wattanavijarn et al. 1983; 
Jhuingsamarnyat et al. 1984). Tangtrongpiros et al. 
(1983b) observed the cytopathic effect on EPC cell line 
after inoculation with cell-free filtrate from the liver, 
kidney and spleen of diseased snakehead fish. Insecticides 
were also believed by some scientists to be the cause of 
the epizootic, which occurs annually during the cool 
months from October to February. The authors believe 
that the disease was not related to other environmental 
factors except low temperature and that the virus may play 
a major role in infection. 

In order to elucidate the cause of disease, the 
isolation of viruses from affected fish was undertaken 
during 1983 and 1984. This report concerns the isolation, 
pathogenicity and physical properties of the snakehead 
fish virus (SHV). 

Materials and Methods 

Affected snakehead fish were collected during the 
outbreak in January to March 1983. Serpent fish (Channa 
micropeltes), sand goby (Oxyeleotris marmoratus), three-
spot gourami (Trichogaster trichopterus), striped croaking 
gourami (Trichopsis vittatus), siamese fighting fish (Betta 
splendens) and wrestling half-beak (Dermogenus 
pustillus) were also collected during the outbreak in 1984. 
All samples were kept at -200C, 

_Spleen, kidney and liver were taken from each fish. 
samples were ground with sterile sand in a mortar and 
pestle in 10 volumes of normal saline. The supernatant 
was collected and filtered through 0.22µm membrane filter. 
The cell-free filtrate was inoculated onto BF-2, BB, FHM 
cell lines in Eagle's MEM with 5% fetal bovine serum; 
100 iu/ml penicillin, lOOµg/ml streptomycin, lOOµg/ml 
neomycin and 100 in/ml mycostatin, in triplicates. The 
tubes were incubated at 25oC and examined for cytopathic 
effect (CPE) over 10 days. Tubes showing CPE were 
harvested and passed onto the corresponding cell lines. 
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The second passage of virus was kept at -200C for further 
studies. 

The effect of ether and chlorofonn was detennined 
(Christensen 1977). Heat tolerance was evaluated by 
keeping 5 ml of cultured virus at 60oC for 30 min. After 
the exposure, the virus was titrated in BF-2 cells. 

In Trial A, the third passage of SHV-1 in BB cells 
was used. Forty snakehead fish of 10-15 cm and 30-80 g 
were equally divided into two groups. One group of fish 
was intraperitoneally injected with 2 x 106 TCID50 of 
virus. The other, as a control, was intraperitoneally 
iajected with BB cells. The injected fish were separated 
and put in glass aquaria. Water was aerated and kept at 25-
28oC throughout the study. The fish were observed for 14 
days and those developing lesions were subjected to 
histopathological and electron-microscopic eXaminations .. 

Trial B was undertaken as described in trial A with 
slight modification. A fourth passage of SHV-1 and larger 
fish (21-26 cm) and 100-250 g were used. 

For histopathological studies, spleen, liver, muscle 
and intestine were fixed in 10% phosphate buffer fonnalin 
and processed according to conventional histological 
techniques. Paraffin blocks were cut at 5µ m thickness and 
stained with hematoxylin and eosin. 

Specimens were fixed with 4% glutaraldehyde in 
phosphate buffer at 7.4 pH for two hours and postfixed in 
1 % osmiu~ tetroxide for an additional hour. They were 
then dehydrated in a series of graded alcohol, cleared with 
propylene oxide, and embedded in epon Epoxy. Semithin 
sections were cut using glass knives mounted on a Porter 
Blum MT-2 ultra microtome, and stained with toluidine 
blue (Trump et al. 1961) for light microscopic examination 
and area orientation. Ultra thin sections were also cut with 
glass knives and doubly stained with uranyl acetate 
(Watson 1958) and lead citrate (Venable and Coggeshall 
1965). They were examined and photographed in a Hitachi 
H-300 elctron microscope operated at 75 KV. 

Results 

Viruses were isolated from most of the samples. The 
CPE in cell lines was observed 3-7 days post-inoculation. 
The infected cells were rounded and finally sloughed from 
the glass. 

SHV-1, a tested strain, was not affected by ether or 
chlorofonn. The infectivity of virus in cell line was 
slightly decreased after 30 min. exposure to 600C. 

In Trial A, 80% of injected fish develOped disease 
with no mortality observed throughout the study. They 
exhibited pathology similar to the natural infection, i.e., 
scale erosion and slight ulceration, but no visible lesions in 
the internal organs. All control fish showed no clinical 

signs. In Trial B, neither injected nor control fish was 
infected. 

The liver of infected fish showed congestion with no 
focal necrosis. The liver cells were swollen with granular 
cytoplasm. Vacuolar degeneration was observed in some 
liver cells. Acidophilic intracytoplasmic inclusion bodies, 
round to oval in shape, were detected in liver cells (Fig. 1). 
Most of the inclusion bodies were rimmed by a clear zone 
and were rather common in distribution. Pancreas, spleen, 
intestine and muscle showed no significant lesions. There 
was no histopathological change in tissues from fish of 
either trial B or the control. 

Under the electron microscope, the virus particles 
were demonstrated in infected BF2 cells (Fig. 2) and the 
hepatocytes of infected snakehead fish (Fig. 3). 

Discussion 

Results show that SHY is similar to infectious 
pancreatic necrosis virus in tenns of physical properties 
including morphology and size range (Adair and Ferguson 
1981). However, the infectivity of SHV in BF2 and FHM 
is different from some strains of IPNV. Our isolated virus 
could produce CPE in both BF2 and FHM in contrast to 
IPNV isolated from eels which failed to infect FHM 
(Hudson et al. 1981; Vestegard-Jorgensen and Kehler 
1971), while the reference strain, ATCC YR 299 IPNV 
could replicate in this cell (Nicholson et al. 1979). 

The infectivity of SHV probably depends on the 
number of passages and the age of experimental fish. The 
results were in agreement with other studies on the 
infectivity of IPNV (Franci and Savan 1971; Sano et al. 
1981). Our histopathologic and electron microscopic 
examinations showed similar figures to the natural 
infection (Ruttanaphani et al. 1983). Therefore, SHY may 
be considered as the primary cause of the disease. In order 
to elucidate the role of SHV in the epizootic, further 
pathogenicity studies should be undertaken under various 
conditions similar to those that occur during the natural 
outbreak, e.g., low temperature and using different kinds 
of fish. Likewise, comparison of the serological 
relationship of SHY with the other strains of IPNV is 
needed. 
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Discussion 

The virus isofated . from cultured hirame and ayu 
appears to be a previously 1.nrrepotted pathogen of n'larine 
fish; No evidence of a similar agent is noted among recent 
listings of fisll viruses, 

Fish rhabdoviruses, such as IHNV. VHSV, SVCV, 
PFRV, .EV A. and EVX are well. known. Swim .. bladde1 
inflammation (SBl) virus proved to be morphologically 
and serologically identical .. to SVCV (Bachman and Ahne 
1973, 1974). · HRV was .not neutralized with the antiseta 
against IHNV, VHSV, SVCV, PFRV, EVA or EVX. 
Cross neutralization tests indicated that HRV was clearly 
distinguishable from these reference .rhabdoviruses. 

HRV shows IHNV-like CPE with eventual lysis of 
FHM, EPC, BF-2, RTG~2. STE-137, BF~l. BB, YNK, 
CCO and EK-1. However, the CHSE-214, CHH-1 and 
K0-6 cell lines, all with an epitheloid morphology and 
derived from salmonid fish, were refractive to HRV. The 
pattern of this cell susceptibility was clearly different from 
IHNV and VHSV, and distinguishable from the 
rhabdoviruses of cod ulcus syndrome (Jensen et al. 1979) 
or crab (Johnson 1984). 

Although the rhabdoviruses isolated from warmwater 
fish (SVCV, SBIV, PFRV, EV A, BVX), the virus isolated 
from grass carp (Ahne 1975) and from a NorUi American 
cichlid (Malsberger and Lautenslager 1980) replicate at 
250C or above, HRV did not replicate at 250C. A 
comparison between HRV and Rhabdovirus salmonis 
(Osadchaya and Nakonechnaya 1981) could not be made 
because of the limited information available. 

The pathogenicity and virulence of HR V for hirame 
was observed following intraperitoneal injection into 100 
to 250 g fish (Gorie et al. 1986). The cumulative mortality 
was 20%, but mortality was not observed at 150C or 
above. The mortality of hirame in natural outbreaks in 
Hyogo was 25% (1984) and 7.2% (1985). For Kagawa 
Prefecture it was 3.3% and greater than 90% in Hokkaido. 
The size of fish affected was 100 to 700 g. This high 
mortality among naturally infected hirame observed in 
Hokkaido may be caused by the lower rearing 
temperatures in the winter. 

HRV was lethal for rainbow trout and the cumulative 
mortality was 60%. The signs of HRV infection in 
rainbow trout were similar to those of VHS, with 
hemorrhaging in muscles commonly seen. 
Histopathologically, hematopoietic cells were pyknotic or 
necrotic in hirame (Kimura et al., unpublished data). 
Castric and de Kinkelin (1984) have reported that VHSV 
is pathogenic for sea bass and turbot, both marine species. 
The gross signs and histopathological data reported 
indicate a condition similar to that of HRV-infected 
hirame. In this study, chum, coho and masu salmon and 
ayu fry did not experience high mortality when exposed to 
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HRV by immersion method, but HRV was isolated from 
dead and surviving fish. A longer observation period may 
have resulted in a higher mortality. 

Evidence suggests HRV is a new and pathogenic fish 
virus which is considered to be an important pathogen of 
cultured hirame and salmonids in Japan. 
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3.0, 3 ~r 

~~o~: ~ ~:~: 
IUdR, 50 µg/ml* 
Hemagglutination of human 

0 type erythrocytes"' 

*See text, 

HRV8401 H 

6.05 
< 1.80 

4.05 
<0.80 
<0.80 

6.05 
negative 
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4.30 
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<0.80 

6.30 
negative 
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Fig. 1, lntracytophasm1c inclusion bodies (arrows) in liver cells of snakehead fish experimentally 
infected with SHV. (H & Ex 1,000). 
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Fig. 2'. B.F 2 cells inoculated with SHV. Virus particles (arrows) with average diameter of 100 nm are seen in the cyto-
plasm of this culture .cell. Some are seen within the cisternae of rough endoplasmic recticulum. (M, mitochondria; x 
47 ,500l. 

Fig. 3. An electron .mic~ograph of a portion of snakehead fish hepatocyte showing several spherical virus particles 
(arrows) within Its c;ytoplasm, .The particle size ranges from 70 to 1;20 nm in diameter: (M, mitochondria; x 35,000). 
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Abstract 

Septicemic conditions were associated with several illnesses of 
high mortality and prevalence of infection among marine crabs and 
shrimp farmed or imported into Singapore. "Orange crab" disease was 
responsible for the loss of approximately 200 kg of mangrove crab 
(Scylla serrala) cultured in floating net cages within two weeks. Aseptic 
culture of crab hemolymph yielded variously Vibrio alginolyticus, V. 
f/uvialis, V. parahaemolyticus, Baclerionema sp. and Alteromonas sp. 
"White pleura" disease was the most commonly diagnosed disease of 
Pe nae us indicus and P. merguiensis in the postlarval and grow-out phase. 
Aseptic culture of hemolymph from diseased prawns consistently yielded 
gram-positive cocci arranged in tetrads. These were identified by 
biochemical tests as Micrococcus sp. "Red vein" disease of P. monodo; 
postlarvae is a major cause of loss for commercial hatcheries . 
Microscopic examination revealed the presence of large numbers of 
unidentified red-pigmented eukaryotic organisms, filling the entire 
ventral sinus and _hemolymph spaces extending into the appendages. 
Moderate mOrtalities and viral infection among newly-imported spiny 
lobster (Panulirus sp.) were linked to V. harveyi septicemia. 

Introduction 

Wyatt (1975) estimated that invertebrate blood or 
hemolymph constitutes 25 to 40% of an ins0ct's body 
weight. Crustacean hemolymph probably occupies the 
same proportion because both phyla utilize similar open, 
diffusive circulation systems. Adverse changes in such a 
large organ must have a significant effect on an animal's 
health. Blood poisoning or septicemia is characterized by a 
severe bacteremic infection, generally involving the 
significant invasion of the bloodstream by microorganisms 
from a focus or foci in the tissues and possibly the 
multiplication of microorganisms in the blood. Gaffkemia 
of lobsters is a classic crustacean septicemia, caused by 
the gram-positive bacterium Aerococcus viridans (var.) 
homari. This propensity to leak into or proliferate in the 
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circulatory system is not confined to bacteria. "Grey crab" 
disease is caused by systemic infection with the 
ameboflagellate Paramoeba perniciosa (Sprague and 
Beckett 1968), while dinoflagellates of the genus 
Haematodinium have been reported (Newman and 
Johnson 1975) in septicemia resulting in losses of blue 
crabs. , 

Bacteriological analysis requires aseptic isolation, 
whether from healthy or diseased animals. The only 
crustacean organ easily accessible to aseptic isolation is 
hemolymph. During routine postmortem analyses of 
crustacean diseases, several septicemic conditions were 
encountered. 

Materials and Methods 

Sterile, disposible tuberculin-type syringes with 
fitted 26-gauge hypodermic needles were used to isolate 
crustacean hemolymph. Live animals were anesthetized 
for assay by brief immersion in approximately lOOC cold 
seawater. Body areas for sampling were sterilized with 
95% alcohol, applied for approximately 20 sec. Crabs 
were penetrated through the integument between the 
propodus and carpus or alternatively between the propodus 
and dactylus of the chela. Shrimp hemolymph was 
withdrawn from the ventral sinus by inserting a needle in 
an anterior direction at an angle of 50 to a depth of < 2 
mm. Lobster hemolymph was similarly withdrawn from 
the dorsal sinus. Depending on the size of animal, between 
0.01 and 0.1 ml were withdrawn each time for bacterial 
isolation or microscopic examination. 

Standard bacteriological media were used for 
isolation: nutrient broth, blood agar, thiosulphate citrate 
bile salts (TCBS) agar, trypticase soy agar (TSA) and 
trypticase soy/0.1 % NaCl agar. Biochemical identification 
of bacteria was carried out by Bacteriology Unit I, Central 
Veterinary Laboratory, ·Primary Production Department, 
using standard reagents. Antibiotic sensitivity tests were 
performed by the multidisk method. 

Results and Discussion 

"Orange crab" is an acute disease of mangrove crab 
(Scylla serrata) with moribund crabs displaying orange 
discoloration of the ventral carapace and pincers. In this 
case study, crabs weighing 300-600 g were caught from 
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the wild, imported into Singapore, and stocked in floating 
net cages. During a two-week fattening period, almost 
100% morbidity and 70% mortality, equivalent to a loss of 
approximately 200 kg, occurred. Dissection of acutely sick 
crabs revealed copious milky-white hemolymph. 
Microscopic examination demonstrated very high 
concentrations of gram-negative bacteria of Vibrio spp. 
Bacterial culture of hemolymph from diseased crabs 
yielded predominantly Vibrio alginolyticus. Aseptic 
culture of hemolymph taken from clinically healthy crabs 
or crabs in the non-acute phase of the disease, i.e., still 
with clear hemolymph, yielded variously V. fluvialis, V. 
parahaemolyticus, Bacterionema sp. and Alteromonas sp. 

Based on in vitro antibiotic sensitivity tests on the 
two strains of V. alginolyticus and one strain of V. 
parahaemolyticus isolated from milky hemolymph, the 
farmer was advised to treat crabs with oxytetracycline or 
sulphadimethoxine-trimethoprim. Both drugs were 
administered at 0.1 g active ingredients per kg chopped 
trash fish, using fish mucillage and tissue exudate to bind 
the drugs. The farmer reported fewer losses in net cages 
receiving either treatment, compared to untreated net 
cages, although this report was not confirmed. 

Although a clear septicemic condition was evident in 
moribund crabs, possibly causing death, the diversity of 
bacterial types suggests a fundamental weakening of 
normal immunity. This could have been due to previous 
infection by a primary pathogen. Certainly, the 
transmission of diseases through this crab consignment is 
through healthy crabs observed to cannibalize moribund 
crabs. It is possible that this facilitates the spread of 
pathogens, whether primary or secondary. 

"White pleura" disease .was previously reported by 
AQUACOP (1977). This was found in this study to be the 
most commonly-diagnosed disease of Penaeus indicus and 
P. merguiensis in the postlarval and grow-out stages. 
Gradual lethargy, anorexia and moderate mortalities were 
the first indications. White patches, presumably due to 
cellular accumulations, were seen on the pleura and 
subshell membranes of the rostrum and swimmerets. The 
severity of outbreaks was variable but in the acute phase, 
most shrimp would display anorexia and about 5 to 10% 
would develop white spots and die. In contrast to 
AQUACOP, who implicated V. alginolyticus in the 
etiology of this disease, in this study, aseptic culture of 
hemolymph from diseased shrimp consistently yielded 
gram-positive cocci arranged in tetrads. These were 
identified by biochemical tests as Micrococcus sp. The 
specific involvement of Micrococcus sp. in "white pleura" 
disease is yet to be proven but from the relatively high 
recovery rate, its pathogenicity for shrimp is considerably 
less than, say, of A. viridans for lobster. In vitro tests 
indicate that shrimp strains of Micrococcus sp. are 
sensitive to penicillin, the tetracyclines, chloramphenicol, 

streptomycin, neomycin, bacitracin, gentamicin and 
novobiocin but are significantly resistant to 
sulphonamides, nitrofurans and kanamycin. Given that 
natural recovery starts soon after the disease is noticed, 
therapy is best given as a prophylactic to postlarvae. 

"Red vein" disease is a major cause of loss of 
Penaeus monodon postlarvae in commercial hatcheries. 
Nearly 100% mortalities are the rule. Sick shrimp display 
a continuous red vein on the ventral surface along the 
nerve chord. At night, such shrimp are reportedly 
luminescent. Microscopic examination shows complete 
occlusion of the entire ventral sinus and hemolymph 
spaces with a red-pigmented substance, suggesting a 
septicemia. Aseptic sampling of hemolymph was not 
possible due to the small size of P. monodori postlarvae. 
Tissue squashes, stained with lacto-phenol blue, revealed 
the presence of large numbers of freely-suspended 
eukaryotic cells. These could be a novel, red-pigmented 
eukaryotic pathogen or shrimp phagocytes that had 
consumed large amounts of red-pigmented bacteria. 
However, the disease was not susceptible to treatment 
with a wide range of antibiotics, suggesting a non-bacterial 
origin. 

Vibrio harveyi septicemia was encountered in 9ne 
batch of recently imported spiny lobster, Panulirus sp. 
Brown patches were observed on the soft integument 
between the cephalothorax and first abdominal segment. 
Moderate mortalities were sustained but the infection did 
not spread to other stocks. Lobster hepatopancreases were 
sent for histopathological examination, which revealed the 
presence of herpersvirus-like inclusion bodies. It is 
therefore not possible to say, in the absence of like cases, 
if viral infection or V. harveyi septicemia was the primary 
cause of lobster disease. 
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Abstract 

Erythromycin and oxytetracycline uptake by the giant freshwater 
prawn, Macrobrachium rosenbergii, was evaluated by the two-step 
osmotic infiltration technique. Test prawns were immersed in 7.5% NaCl 
conditioning (hyperosmotic) solution for 30 min. then transferred to a 
freshwater (hypo-osmotic) solution containing 10 µg/ml of antibiotic. 
Antibiotic uptake was determined in test and control prawns at 5, 10, 20 
and 40 min. Maximum concentration of erythromycin was observed in 
test prawns 10 min. after exposure, whereas the same concentration was 
not achieved in control prawns until 40 min. Oxytetracycline uptake was 
similar in treated and control prawns in that maximum tissue levels were 
observed after 40 min. in both cases. The uptake of erythromycin was 
significantly greater (p < 0.05) in prawns treated for 10 min. than in 
prawn treated for 5, 20 and 40 min. Osmotic infiltration did not 
significantly enhance oxytetracycline uptake (p > 0.05) at all time 
intervals tested. 

Introduction 

Fish populations maintained under crowded 
conditions inherent to aquaculture are subject to a variety 
of infectious diseases (Hanson and Goodwin 1977). 
Sometimes these diseases develop into epizootics, causing 
widespread mortality. Some of the more frequently 
observed agents involved in fish diseases are listed by 
Sindermann -(1970) and Johnson (1977). The economic 
effect of diseases due to these agents is often devastating. 
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Although antibiotic therapy has been widely used for 
animal diseases, the value of the technique in controlling 
fish and shellfish diseases has not been fully exploited 
because large quantities of certain drugs are sometimes 
needed to bring about therapeutic concentrations ln :issues 
and body fluid. Because of the similarity of physiological 
principles involved, optimum conditions for 
administration of antibiotics may be similar to those 
developed for administration of immunizing agents 
(vaccines) in fish. Incorporation of antibiotics into the feed 
often presents practical difficulties because the 
effectiveness of drugs is sometimes diminished during 
digestion and uniformity of dosage cannot be attained. 
Diseased fish are anorexic and tend not to eat the 
medicated diet (Roberts 1978). Parenteral administration 
(interperitoneal and intramuscular injection) has had 
limited use because of the stress and logistics associated 
with handling large numbers of relatively small 
individuals. Moreover, the method is labor-intensive and is 
restricted by the size of the fish being treated. 

Osmotic infiltration has been successfully used as a 
method of administering vaccines to fish (Amend 1976; 
Antipa and Amend 1977; Croy and Amend 1977; 
Alexander et al. 1981; Bowers and Alexander 1981). 
Because large numbers of aquatic animals of any size 
could be treated simultaneously, the technique would 
appear to possess considerable practical value in 
administering antibiotics or therapeutic drugs to fish. 

This study was designed to evaluate the use of the 
osmotic infiltration technique in administering antibiotics 
to the giant freshwater prawn, Macrobrachiwn 
rosenbergii. 

Materials and Methods 

Adult giant freshwater prawns 6 months old, 
weighing 18-40 g, reared at the Texas A&M University 
Aquaculture Research Center ponds were used in this 
study. During the holding period, the prawns were fed 
with Ralston Purina Experimental Marine Ration No. 25 
(Ralston Purina, Checkerboard Square, St. Louis, 
Missouri). 

The concentration of the conditioning solution was 
established by assessing the tolerance of prawns to sodium 
chloride (NaCl) in solutions containing 5, 7.5, 10 and 
12.5% NaCl maintenance water representing 1,630, 2,445, 
3,180 and 3,710 mosM, respectively. Osmotic pressure of 
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the solutions was estimated on the basis of freezing point 
depression using an osmometer. Five animals were tested 
in each concentration for 20 min. after which they were 
returned to 0.5% NaCl (104 mosM) solution and observed 
for 30 min. Mortalities were recorded and behavior 
indicative of stress observed. 

The two-step osmotic infiltration technique of Croy 
and Amend (1977) was used in the antibiotic uptake 
studies. Prawns were held at 280C in maintenance water 
48 hours prior to the test. Test animals were held in 
conditioning solution (7.5% NaCl) for 30 min., then 
transferred to freshwater containing the antibiotic at .a 
concentration of 10 µ glml. Samples from the abdominal 
muscles taken at 5, 10, 20 and 40 min. were weighed and 
diluted on a gram per volume basis using 0.1 M phosphate 
buffer 3 pH 8 for erythromycin and 0.1 M phosphate 
buffer 4 pH 4.5 for oxytetracycline. Each sample (12.5 ± 
3.5 g) was thoroughly homogenized in a high speed 
blender for 5 min. The resulting suspension was 
centrifuged at 2,500 x g for 30 min. and the supernatant 
retained for the assay. Control prawns, which were not 
immersed in the conditioning solution, were processed in 
the same manner. Three replicates were made for the 
experimental and control animals, using one prawn for 
each replicate. Antibiotic uptake was assessed by the 
microbiological assay technique· of Grove and Randall 
(1955) and that of the Association of Official Analytical 
Chemists (1975). Significant differences between the 
means of the control and the experimental animals at each 
time interval were determined with the t-test (Snedecor 
and Cochran 1980). 

The antibiotics erythromycin (Eli Lilly Co., 
Indianapolis, Indiana) anq oxytetracycline (Bristol 
Laboratories, Syracuse, New York) were used for the 
assay solutions and the preparation of standard response 
lines. Sarcina lutea ATCC 9341 was used to assay the 
antibiotic erythromycin and Bacillus cereus ATCC 11778 
for oxytetracycline. Antibiotic medium 1 (Difeo 
Laboratories, Detroit, Michigan) was used as the 
maintenance· medium and for the preparation of inoculum 
and assay medium for both organisms. 

Results 

Result of the tolerance test of M. rosenbergii to the 
different NaCl concentrations are shown in Table 1. 

Immediately after exposure to 12.5% NaCl (3,710 
mosM), the prawns showed erratic and violent movement 
followed by quiescence. One prawn displayed an inverted 
position. Mortality did not occur during the 20 min. the 
prawns were exposed to this concentration, but 60% died 
when returned to freshwater. The animals which survived 
were lethargic. Although mortality was not observed in 

prawns exposed to 10% NaCl (3,180 mosM), the animals 
showed signs of stress after they were returned to 
freshwater. All the animals preferred to stay at the surface. 
The highest concentration tolerated by the prawns without 
apparent signs of stress or mortalities was 7.5% NaCl 
(2,445 mosM). This concentration was therefore used as 
the conditioning (hyperosmotic) solution. 

Erythromycin and oxytetracycline concentrations in 
the abdominal muscles in treated and control prawns at 
different exposure times are shown in Figs. 1 and 2, 
respectively. The maximum concentration of erythromycin 
in treated prawns was 0.185µglg tissue at 10 min. exposure 
time. Uptake in control prawns had a maximum 
concentration of 0.185 gig tissue at 40 min. A significant 
difference (p < 0.05) was observed between the treated 
and control prawns at 10 min. Oxytetracycline uptake was 
high at 10 min. in treated prawns with a mean 
concentration of 0.099µglg tissue, but the highest was at 40 
min. (0.100 µgig tissue). A steady absorption rate was 
observed in control prawns, giving a mean concentration 
value of 0.070µglg tissue for 5, 10 and 20 min. exposure 
times. This value increased to 0.090µglg tissue after 40 
min. No significant difference (p > 0.05) was observed 
between the treated and control prawns at all time intervals 
tested. 

Discussion 

The osmotic infiltration technique employed in this 
study involved initial immersion in a hyperosmotic 
solution followed by . immersion in a hypo-osmotic 
solution containing the antibiotic. The first step has a 
dehydrating effect on the membranes of the animals 
(Amend and Fender 1976). Water is lost as it passes 
through a semi-permeable membrane from an area of high 
to low water concentration (Lockwood 1963; Prosser 
1973; Hill 1976). When the animals are returned to a 
hypo-osmotic solution after a period of dehydration, the 
antibiotic is absorbed when water is taken up until the 
"optimum" osmotic concentration for the particular animal 
is achieved (Prosser 1973). 

Amend and Fender (1976) proposed that the primary 
route of entry of bovine serum albumin (BSA) during 
hyperosmotic infiltration (HI) is through the lateral line of 
fish. However, Bowers and Alexander (1981) 
demonstrated that the point of entry of bacteria during m 
was primarily through the gills and not through the lateral 
line. This is because the gills are structurally weak and are 
the most vulnerable sites for entry of any foreign 
substance during osmotic stress. This observation was 
again demonstrated and confirmed by Alexander et al. 
(1981) . .+ccorcling to Schoffeniels and Gilles (1970), the 
mechanisms responsible for the active uptake of salts 



( 
I 
l... 

L 

' -

· ....... 

L 

L 

\ 
I 

L. 

' L 

L 
L 
! 
L.. 

appear to be located mainly in the gills among crustaceans. 
The structure of the gill membrane makes it penneable to 
many solutes. While uptake of antibiotic in M. rosenbergii 
may have also been through the gills, the exact route of 
entry is not known. 

Techniques for mass delivery of antibiotics should be 
practical, efficient, quick and cheap, not limited by the 
size or number of fish that can be handled, and must not be 
stressful to the fish. Results of this study indicate that 
osmotic infiltration may not be applicable to all types of 
antibiotics or drugs. While erythromycin uptake during HI 
was beneficial at 10-min. exposure, the technique was not 
beneficial as far as the antibiotic oxytetracycline was 
concerned. Therapeutics have to be administered over a 
certain period of time at regular intervals. Because of the 
stress involved in following the regimen in this study, the 
value of omostic infiltration in administering drugs or 
antibiotics may be limited. 
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Table 1. Tolerance of M. rostmbargll to v1r!ous N1CI concentrations 1t five anim1ls/concentration. 

(N1CI) Osmotic Cone. Survival 

" !mosMl " 
1,630 100 

7.6 2,445 100 
10 3,180 100 
12.5 3,7i0 40 
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Fig. 1. Erythromycin concentration (µg/g tissue) in treated (- - - -) and control 
( --- ) shrimp at 5, 10, 20 and 40 min. exposure time. Each point represents the 
mean of three replicates, while the vertical bars represent the standard deviation. 
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Fig. 2. Oxytetracycline concentration (µg/g tissue) in treated ( - - - - ) ana control 
( --- ) shrimp at 5, 10, 20 and 40 min. exposure time. Each point represents 
the mean of three replicates, while the vertical bars represent the standard deviation. 
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Abstract 

Artificial incubation of tilapia eggs is of increasing interest among 
aquaculturists. In 1983, in one of the experimental artificial incubation 
systems at the University of Stirling, considerable egg mortalities were 
encountered. The physicochemical and microbiological qualities of 
hatchery water such as dissolved oxygen, pH, temperature, total 
ammonia, un-ionized ammonia, total nitrite, total viable heterotrophic 
bacteria (TVHB), total viable fungal spores (TVFS) and total viable 
Saprolegniaceae spores (TVSS) were monitored closely. All the 
physicochemial qualities measured were well below the lethal levels for 
the developing eggs. The TVFS fluctuated between 10,000 and 35,000 
spores/1 and the TVSS increased from 700 to 900 spores/I over eight 
weeks. The hatchability of viable eggs was never above 67.2%, with a 
minimum of 47.2%. The pathogenic bacterial flora consisted of members 
of the genera Aeromonas, Pseudomonas, Flavobacterium, Bacillus and 
Micrococcus. The potentially pathogenic fungal flora consisted of 
species of Saprolegnia, Achlya, Pythium, Fusarium and Allomyces. 
Scanning electron microscopic studies were carried out on the incubating 
eggs. The major cause of egg mortality was found to be of bacterial 
origin, initiated by mechanical injuries to the egg surface. A hypothetical 
mechanism is discussed. 

Introduction 

The importance of a constant supply of quality fry in 
tilapia culture has generated considerable interest in the 
hatchery rearing oftilapia eggs and early fry. This has led 
to experiments on the development of various types of 
artificial systems which simulate special conditions 
characterizing oral incubation. Various researchers have 
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demonstrated such systems, most of which utilize 
recirculated water with varying success (Shaw and 
Aronson 1954; Rothbard and Pruginin 1975; Valenti 1975; 
Lee 1979; Rothbard and Hulata 1980; Rana 1986). 

The detrimental effects of water reuse on artificially-
reared fish have been well documented (Burrows 1964; 
Larmoyeux and Piper 1973; Mayer and Kramer 1973). 
During water reuse, the metabolic activities of the fish 
reduce the dissolved oxygen content and metabolic 
products are added to the water. Reduction of oxygen can 
be overcome by aeration · but metabolic products, 
especially nitrogenous compounds, continue to accumulate 
with deleterious result to the fish, eggs and fry. 

Artificial incubation of Oreochromis eggs has been 
carried out in the Institute of Aquaculture, University of 
Stirling for several years. In early 1983, heavy egg 
mortalities were observed in one of the experimental 
recirculatory · incubation systems. Preliminary 
investigations indicated that the heavy mortalities may 
~!tve been caused by reduced water quality. This 
experiment was therefore designed to examine and 
monitor the physical, chemical and microbiological 
qualities of hatchery water to understand the possible 
causes and mechanisms of egg mortality under artificial 
hatchery conditions. 

Materials and Methods 

Eggs were incubated in cylindrical plastic jars with 
rounded bottoms. A series of six jars were placed in a 
single 12-1 transparent perspex aquarium, eight such 
aquaria comprised the syste~. Water was gravity fed from 
a 250-1 header tank into the incubation jars. The water 
flow into the incubators was controlled to ensure gentle 
agitation of the eggs. The overflow water was collected in 
a 125-1 settling tank partially filled with plastic biological 
filter rings, via a common drain pipe. The settling tank 
was coupled to a 125-1 sump tank and the water was 
pumped back into the header tank by means of a power 
pump unit. The overflow water from the header tank was 
collected in the sump tank through a trickle-feed, gravel 
biological filtration unit. A temperature of 27 ± 1oc was 
maintained by thermostatically-controlled immersible 
heaters placed in the header tank. Small volumes of water 
were added periodically to compensate for water loss 
through evaporation. 
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Genetically pure 0. mossambicus (as identified by 
McAndrew and Mujumdar 1983) were used throughout 
the study. The individually-tagged broodstock were 
maintained in a series of square fiberglass spawning tanks 
supplied with recirculated water of good quality. They 
were stocked at a ratio of three females to one male. 

The carrying females were individually netted out 
between 12 and 24 hours postspawning. The egg clutches 
were removed with extreme care, opening the mouth of 
the fish under water so that handling would not damage 
the eggs. Prior to artificial incubation, the number of eggs 
in each clutch was estimated. A sample of 50 eggs from 
each clutch was preserved in Bouins' fixative to determine 
fertility rates. 

Two to four groups of 100 eggs each from a single 
clutch were randomly sampled depending on the clutch 
size and were incubated separately. The remainder of the 
clutch was also incubated in the same system and used for 
the scanning electron microscopic studies. Incubation 
generally took four days. Once the eggs were completely 
hatched, the number of hatched fry were counted within 
12 hours. Fry were left in the incubators for another eight 
days then discarded. No food was given during this period. 
The process was repeated for 51 days, during which 17 
clutches of eggs were incubated, thus simulating the 
normal cycle of events in a small-scale commercial 
hatchery over seven weeks. 

During the investigation, dissolved oxygen (DO) and 
pH of the hatchery water were measured daily with an 
oxygen meter (YSI Model 57) and a pH meter (Clandon 
Scientific). The total ammonia-nitrogen (NH3-N) and total 
nitrite-nitrogen (N02-N) were also measured at three-day 
intervals according to Stirling (1985). 

Total viable heterotrophic bacteria (TVHB) numbers 
in the water were estimated with the spread plate 
technique on Trypton Soya Agar (TSA) at three-day 
intervals. The method described by Iqbal and Webster 
(1973) was modified and used to estimate total viable 
fungal spore (TVFS) in the water. Total viable 
Saprolegniaceae spores (TVSS) were estimated using the 
methods described by Willoughby and Pickering (1977). 
The potentially pathogenic bacteria were isolated and 
identified from the hatchery water using the standard 
procedures d~scribed by Cowan and Steel (1974) and 
Frerichs (1984). The potentially pathogenic fungi were 
also isolated and identified using standard monographs. 

Samples of ten eggs were removed from each clutch 
after 12, 24, 48 and 72 hours of artificial incubation, fixed 
in cacodylate buffered osmium tetroxide through an 
alcohol series, dried in a critical point and coated with 
gold/paladium mixture in a sputter coater. The eggs were 
then examined with an ISI 600 scanning electron 
microscope. 

Results 

Table 1 summarizes the pattern of change of the 
physical, chemical and microbiological qualities of the 
hatchery water during the investigation. The physical and 
chemical qualities changed only . slightly. NH3-N and 
N02-N remained low and were still less than 0.5 mg/l and 
0.03 mg/l, respectively, at the end of the experiment 

In contrast, all microbiological parameters showed a 
gradual increase over the experimental period (Fig. la). 
TVHB increased from 1.41 x 103/ml to 4.49 x lo4/ml 
while TVFS showed an approximately threefold increase 
from 11,800 spores/I to 35,250 spores/I. The most 
dramatic increase, however, was TVSS which incresed 
from 750 to 9,000 spores/I, an increment of approximately 
12-fold. 

The percentage hatchability of the fertilized eggs was 
never above 67.2 with a minimum of 47.2 and fluctuated 
irregularly during the investigation (Fig . .lb). 

The potentially pathogenic bacteria consisted of two 
species of Aeromonas, including A. hydrophila, three 
species of Pseudomonas, including P. f/u0rescens, 
Flavobacterium sp. Chromobacterium violaceum, 
Micrococcus sp., and Bacillus sp. Pathogenic fungi 
consisted of Saprolegnia sp., three species of Achlya, 
including A. prolifera and A.flagellata, Pythium sp., two 
species of Fusarium and Allomyces sp. The major 
contributor to the large numbers of TVFS was 
Trichoderma sp. which was also abundant in the air. 

Scanning electron micrographs of the eggs 12 hours 
postincubation showed rupture of the chorionic membrane 
and herniation of the yolk sac. Deposition of foreign 
material was evident on the ruptured and/or other areas' of 
the ·egg surface. The foreign material appeared to consist 
of organic matter, probably debris. By 24 hours 
postincubation, localized bacterial colonies were evident 
on the egg surface, mainly centered around foci of organic 
debris. Between 24 and 36 hours postincubation, the 
localized bacteria spread over larger areas, almost 
covering the entire surface of some of the eggs. Samples 
examined 48 hours postincubation clearly showed fungal 
mycelial development on the egg surfaces already covered 
with bacteria. Fungal hyphae were found on the eggs only 
in association with bacteria. 

Discussion 

The results clearly indicate that the physicochemical 
quality of the hatchery water was not greatly reduced after 
continuous incubation of 17 clutches of 0. mossambicus 
eggs in 51 days. Despite the fact that approximately 50% 
viable egg mortality occurred, resulting in the 
accumulation of considerable amounts of nitrogenous 
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material in the water, there was relatively little increase in 
NH3-N and N02-N in the hatchery water. This indicates a 
high efficiency of the biological filter rings in maintaining 
a high chemical quality of reused water. Spotte (1979) 
defined systems of this nature as "conditioned systems" 
and described them as "ones in which the nitrifying 
bacteria are in dymµnic equilibrium with routine formation 
of their energy sources". 

It has previously been found that eggs and early yolk 
sac fry were generally less susceptible than adults to 
adverse physical and chemical qualities of the water, 
including ammonia and nitrite (Rice and Stokes 1975; 
Holt and Arnold 1983). Fish eggs and sac fry stages are 
also reported to possess a certain degree of resistance to 
various toxicants such as endrin and DDT compared to 
adults (Burdick et al. 1964; Wenger 1973). Holt and 
Arnold (1983) reported that the hatchability of red drum, 
Sciaenops ocellatus, eggs was 88-97% at on-ionized 
ammonia levels as high as 7.2 mg/I while 100 mg/I N02-
N did not significantly increase egg mortality. Although 
there are no published reports on the tolerance levels of 0. 
mossambicus eggs to NH3-N or N02-N, investigations 
carried out in this institute clearly indicate that their 
tolerance levels are well above the observed levels in the 
incubation system (Subasinghe, unpublished data). The 
observed egg mortalities were ,therefore unlikely to be 
related to the physical and chemical qualities of the 
hatchery water. 

The behavior of the heterotrophic bacterial 
populations in recirculated water systems for fish rearing 
is fairly well studied. For example Collins et al. (1975) 
demonstrated an increase in bacteria in a recirculatory 
system stocked with channel catfish, Ictalurus punctatus 
(Rafinesque). Jana and Barat (1983) found that fish 
biomass and the quantity of feed increased heterotrophic 
bacterial populations in aquaria. Although no food was 
given to the incubation system during the tests, 
accumulation of nitrogenous metabolic compounds 
resulting from continuous egg mortality increased the 
nutrient levels in the water causing an increase in TVHB 
numbers. 

The increase of TVFS numbers, and specially TVSS 
numbers, seems to be associated with the ample 
availability of suitable substrate for fungal propagation as 
a result of accumulating dead and decaying eggs. 
Willoughby (1962) reported that unconsumed fish food 
and dead fish constitute the most important substrate for 
Saprolegniaceae in fish hatcheries. 

Disease-related low egg hatchability and high early 
fry mortality under hatchery conditions have been reported 
frequently. However, the mortalities have been attributed 
to a variety of pathogens, such as Aeromonas liquefaciens 
(Wright and Snow 1975), A. hydrophilia (Colesante et 
al. 1981), Saprolegnia diclina (Taylor and Bailey 
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1979) and A. prolifera (Srivastava and Srivastava 1975). 
This study isolated and identified most of these pathogens 
as present in the water. Further, scanning electron 
microscopy revealed the presence of bacteria and fungi on 
the egg surfaces. However, damage to the chorionic 
membrane was observed prior to any microbial settlement. 

The trend in mouthbrooders is to produce a small 
number of large eggs which contain large amounts of yolk. 
Allowed to remain in one position, the yolk accumulates at 
one pole and disrupts the internal organization, resulting in 
development failure (Fryer and Iles 1972). ln nature, oral 
incubation is a gentle and delicate process. Further, during 
the natural incubation process the frequency of "churning" 
of the eggs by the female within the buccal cavity 
decreases gradually as development progresses (personal 
observations). However, in this study, the eggs were kept 
in continuous circulation. Although the round-bottom 
incubators provide a somewhat smooth and gentle surface, 
this agitation could cause mechanical stress on the eggs 
which could be high. This mechanical damage was evident 
from the injuries to the chorionic membrane observed 
within the first 24 hours of incubation. Rana (in press) has 
already suggested that greater mechanical stress on the egg 
membrane may result in premature hatching. Therefore, it 
seems possible that the observed egg mortality was likely 
to have been associated with mechanical injuries making 
the eggs susceptible to bacterial invasion. 

It is generally believed that the major cause of egg 
mortality in hatcheries is fungal infections caused by 
members of the Saprolegniaceae. However, the complete 
absence of fungal elements on the egg membranes except 
in association with bacteria, as observed in this study, 
strongly suggests that fungi, including the identified 
members of Saprolegniaceae, played only a secondary role 
in egg mortality. 

Artificial incubation systems for mouthbrooding 
tilapias should be designed to minimize mechanical stress 
to the eggs, which is very detrimental to their survival. 
The incorporation of ultraviolet water sterilization units 
reduces the numbers of potentially pathogenic bacteria. 
Thus hatchability could be improved, even where a degree 
of mechanical stress is unavoidable (Subasinghe and 
Sommerville 1985). 
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Fig. 1. The pattern of change of the microbiological qualities of 
the hatchery water and the fluctuation of the hatchability of 
viable 0. mossambicus eggs. 
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Abstract 

Iligan Bay, one of the important fishing grounds of southern 
Philippines, has been exploited for years by. small- ahd large-scale 
fishermen using different types of fishing gears. Speculations on the 
overfishing of the bay initiated this research project. This study aimed to 
assess the status and potential of the small-scale fishery of Iligan Bay and 
was carried out from February to November 1983 in four selected fishing 
communities along its coastline. 

Thirty-three types of small-scale fishing gears operated in the Bay 
were identified. The most commonly used by small-scale fishermen were 
handlines (pasol). Designs of this type of gear peculiar to a certain 
locality were observed and noted. However, they are generally similar. 
Fish catch data include volume of catch per type of gear per area. Of the 
fish caught and sampled, 22 families were identified, classified and listed 
for all fishing gears. Common fishery-related practices of municipal 
fishermen in the area such as marketing, sharing system and postharvest 
activities were also noted. 

Introduction 

Iligan Bay in Northern Mindanao is bounded by 
three provinces of two regions: Misamis Oriental and 
Misamis Occidental (Region X) and Lanao del Norte 
(Region XII). It is one of the most important fishing 
grounds in southern Philippines and as such has been 
exploited by fishermen using various types of gears. These 
fishing gears have been classified by the Philippine 
Bureau of Fisheries and Aquatic Resources into two 
categories: the "commercial" and the "municipal". By 

341 

definition, "municipal" category includes all fishing 
vessels and craft less than 3 tonnes (t) and all fishing gears 
that do not require any vessel, are considered small scale. 
All vessels over 3 tare considered "commercial". In Iligan 
Bay, only one type of "commercial" gear, locally known 
as kubkub or likum, a small type of purse seiner, is used. 

Few small-scale fishery-related studies have been 
conducted in limited areas of Iligan Bay. These are the 
studies of Herrin et al. (1978) on cooperative ahd sharing 
system. In the nearby Panguil Bay areas, fishery 
household conditions were observed by Hopkins and 
McCoy (1976). · 

Suspicion of overfishing the Bay and dissatisfaction 
among small-scale fishermen over their household 
conditions motivated this research. 

The study aims to document the status of small-scale 
fishery and the socioeconomic conditions prevailing in the 
Bay through selected communities. Specifically, the study 
aims to: (1) assess the status of fish resources; (2) identify 
small-scale fishing gears, their fishing method, catch and 
effort and catch economics; (3) examine the marketing and 
distribution systems; (4) identify income sharing systems; 
(5) examine household conditions and (6) identify other 
fishery-related activities. 

Materials and Methods 

Four fishing communities in Iligan Bay were 
designated study areas (Fig. 1). These are: Clarin, Cagay-
anon, Oroquieta, Misamis Occidental and Initao, Misamis 
Oriental. 

Volume of catch per boat per gear was recorded in 
each study area from February to November 1983. 
Records of catch for eight days per month were made. 

Separate interviews were conducted to determine and 
identify types of gear used per fishing operation. 
Information on marketing and distribution of catch was 
obtained from interviews and actual observations in the 
local markets and study areas. Household information was 
collected from 181 respondents, housewives being more 
responsive to most of the questions. 

Results and Discussion 

There are 33 types of small-scale fishing gears used 
in Iligan Bay (Table 1). Almost all types required the use 
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of a boat except for simple handlines and small types of 
gill nets and drag nets used in shallow waters. Each gear 
was constructed according to specific size, materials and 
fishing method applied. Each fishing method is generally 
intended for catching specific sizes and types of fish. 
However, some gears were used only during certain 
seasons. 

The most common type of gear used was the simple 
handline called pasol. Fishermen from each selected 
fishing community (study area:) used a peculiar or major 
type of gear (Table 1). This peculiarity of gear preference 
might be attributed to the kind of fish resources available 
in that particular community. 

lligan Bay is composed of several marine aquatj.c 
communities. Thus, the. Bay offers habitation for various 
species of fish and invertebrates. As no detailed survey of 
the fish community was conducted, only fish catches, 
mostly composed of commercial species, were identified. 
These fishes could be categorized into four groups: coastal 
pelagic (anchovy, sardine); oceanic pelagic (tuna, flying 
fish); hard-reef bottom demersals (reef fishes)and soft 
bottom demersals (slipmouth)~ 

Stock assessment of the entire fishery resources of 
Iligan Bay was impossible. From the available data, only a 
crude estimate could be made of the abundance Of 
availability of some of the important species like anchovy, 
flying fish and groups of demersal fishes caught with 
panti. Tables 2, 3 and 4 indicate that frequency of gear use 
determines the total volume of landed catch. However, 
increase in the number of gears used in the same period 
would not only mean an increase in total volume of catch, 
but also a decrease in yield in terms of average catch per 
gear per trip. Analyses of these data were limited to the 
catch of gears which was selective in terms of size. 
However, results indicate that: (1) some resources of the 
Bay would give profitable yield only to a definite number 
of gears used for some period of time and (2) some 
resources are beginning to experience the pressure from 
the increasing number of fishermen in the area that might 
lower their yield. 

Other significant observations that require serious 
consideration were those regarding the status of some 
fishery resources by the fishermen. The majority 
expressed that there was a considerable decrease in their 
catch as of 1983 compared to 5 or 10 years ago. They 
believed that this was due to the increase in the population 
of their respective communities. 

Varied ways of catch-income sharing are practiced in 
the Iligan Bay area. The common practice is the net-
income sharing which stipulates the deduction of expenses 
for engine fuel, lighting unit and other operating costs 
from the gross sales and the division of the net profit into 
three equal shares: one for the boat owner and the two to 
be divided equally among the fishermen operating the 

gear. Among the sari-sari fishermen, the common practice 
is a combination of gross-net income sharing (Fig. 2). 

The income of the fishermen (engine operator, arayis 
and ordinary crew) and the owner are presented in Table 5. 
This was calculated from the estimated catch per trip per 
gear and from the sharing system employed. The income 
of the owner and owner-operator, however, does not 
exclude the costs of maintenance which they themselves 
bear. 

The marketing of the fish catch is often managed by 
the female members of the family, usually by the wife 
who distributes and markets the fish while the husband 
maintains the fishing unit. The catch is distributed to, or 
sold by, several fish vendors (lab-asera) through a suki 
system to nearby towns and local markets. Suki is a kind 
of regular seller-buyer relationship between the lab-asera 
and the owner of the fish. 

The majority of the fishermen expressed 
dissatisfaction with their living conditions. They, however, 
were willing to stay in their communities and continue 
with fishing as their occupation. They realize that their 
lack of formal education disqualifies them from other 
employments (Table 6). 

Many of the households had other sources of income 
(Table 8), but these were temporary and contributed 
minimally to their total income. These income-generating 
activities include gathering of marine products (seaweeds, 
corals, shellfish, etc.) and operating a small retail store. 

A young boy of six already accompanied his father 
in some fishing trips and a fisherman as old as 70 still 
went fishing. 

Household information, gear ownership and 
fishermen's attitude towards fishing as a means of 
livelihood are presented in Tables 6, 7 and 8. 

Results of this study have significant implications. 
(1) Increase in the units of major types of gears is likely 
through added investment. (2) Such increase may not 
necessarily increase total catch, but may even ultimately 
reduce profits and subsequently the income of fishermen. 
(3) Technical improvements in sharing arrangements 
which determine the distribution of benefits, may probably 
be difficult. (4) Increased fishing hours and roles of 
household members in fishing may add only minimal 
income. 

Important problems identified by the research group 
and also expressed by the majority of the fishermen 
include: the increasing number of fishermen and gear, the 
apparent decline of yield of some important commercial 
fish, low earnings and illegal fishing. These problems can 
be overcome only if steps are taken to limit the increase of 
some gears and to formulate and implement effective 
management schemes of the fishery resources of Iligan 
Bay. 

__ , 
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Table 1. "Small-scale" fishing gears of lligan Bay. 
Ge1r type 

Lint (p1sol) 

Fish traps 

Bag net 1nd 
lift net 

Orig net ind 
seine nit ' 

Felling nit 1nd 
glll net 

Visayen neme 

"bundak" or "b1blt" 
"pahawln" 
"ilmbag" 
"1ranyes" 1 

"i1mporn1S"2 

"t1lonton" 
"pesol" 
"JJ1ngdiwit" 
"pai1gdes" 
"p1iengre" 
"paienghoy" 

''p1ngg11" 
"bu bu" 
"timing" 
"bungsod" 

"besnigen" 
"b1sni9" 
"n1w look" 

"sud·sud" 
"b11ing" 
"tlPSIY" 

"l1ya" 
"p1ntl1

'
3 

"p1tuloy"4 

''Slrl-ser1"5 

"pengs1l1Sa" 
"l1tek" 

Engllsh neme 

multiple hook-Jigging method 
singla hook-tune fishing 
artificial beit troll line 
ripper 
multiple hook troll llne 
simplt hind iln1 (2·5 hooks) 
simple hind line (slngl1 hook) 
b1ience line 
bottom set long llne-creb beit 
bottom set long line 
bottom set long llne-shuk c1tching 

besk1t type 
lerge b1Sk1t type 
sm11t b1sket type 
fish corral 

round h1ul seine 
single bo1t lih net 
stetion1ry lih net 

push net (2 types) 
b11ch s1lne (2 types) 
drive-in net-smell type 

czist net 
bottom sit glll net 
drlh glll nit (3 types) 
drive-in net-flying fish c1tchlng 
drlve·ln net-h11fbe1k e1tchin9 
enclrcllng glii nit 

Numer1I superscripts denot1 mejor types of 91ars used In selected localitllS in Misamis Occldentel: 
1 1nd 2 Oroquie11; 3 C1g1y-anon;4 Cl1rin;1nd 5 lnit10. 

Table 2. Catch and effort of "patuloy" (daily for 8 days/month). 

No. of fish landings/m.o. Total catch (kg) Catch/trip (kg) 

194 (November) 926.5 4.77 
173 (April) 1,617.0 9.34 
131 (May) 1,457.5 11.12 
125 (October) 819.2 6.55 
102 (March) 861.0 8.44 

99 (February) 1,015.0 10.25 
55 (June) 1,039.0 1S.89 
48 (July) 359.0 7.49 
47 (August) 174.0 43.71 
47 (September) 475.0 10.10 
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Table 3. Catch and effort of "sari-sari" (daily for 8 days/month). 

No. of fish landings/mo. Total catch (kg) Catch/trip (kg) 

30 (February) 1,717.2 157.24 
16 (October) 3,603.0 214.50 
11 (November) 3,680.0 333.54 
9 (March) 540.0 60.0 
6 (May) 797.0 132.84 
3 (April) 29.5 9.80 
3 (July) 486.0 156.00 
3 (August) 966.0 322.0 
1 (June) 255.0 255.0 

Table 4. Catch and effort of "panti" (daily for 8 days/month). 

No. of fish landings/mo. Total catch (kg) Catch/trip (kg) 

128 (November) 190.0 1.49 
62 (February) 87.3 1.40 
57 (March) 100.5 1.76 
54 (May) 127.0 2.35 
50 (October) 229.1 4.24 
31 (June) 88.4 2.85 
27 (August) 51.9 1.72 
25 (September) 25.4 1.01 
10 (July) 29.6 2.06 

Table 5. Catch and effort of major gears (February-November 
1983). 

Tou.lno. Toi.ti no. Tot11cutch 
G•< ofg11r1 Tripi/month oftrlp1 lkgi lncom1/manth 01) 

"SarlStrl" 12 "° 100,305 -0Wn1r"Ar1yl1'' 6,692 
- E1"11ln1 aptr11or 
- Ordlnuy crtw 

"Patulay·• 21 20 •~oo 36,700 - Own•raptr1tar '80 

"P1nll" 20 1,'400 2~00 - Ownuaptratar 212 

Table 6. Personal circumstances and households of fishermen. 

Avtr1111 Avtra;1 
Avar1Q1houM~akl IQIQf «lucttlan AVUIQI 

Na ol MHnhOUSI· warklo;m1mller h1.:lof fna,of IQIQf Hou11hald1 
Communl1v hau11ha1d haldslzt %ol llsh1rmen lam Uy y111nl lbhtrm1n wllhl1nd "" 

!nit.a .. 6,'49 1.196 I 28.'41 3e.o46 62' 30.'41 701 
Citrin "' ·~· 

200 I 10.i '4065 '4.73 32.65 13.7fit 
Clg1y anon 67 ,,. 2.22 I 6146 39.19 62• 33.3'4 2105 
Oraqul111 31 .... 2.oe I 6087 33.8'4 620 33.1'4 •£7 

Total 101 ·~1 203 I 69.63 31.62 32.26 • 37 1300 
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Table 7. Fishing activity, labor and gear ownership. 

Full-time fishermen Households owning gear Households owning boats 
Community (%) 

lnitao 90.63 
Clarin 56.09 
Cagay-anon 77.01 
Oroquieta 82.05 

Total 73.20 

Table 8. Living conditions and occupational attitudes of fishermen. 

% Have to remain in % Willing to 
Community the occupation change location 

lnitao 90.63 42.18 
Clarin 73.42 20.68 
Cagay-anon 66.66 21.05 
Oroquieta 83.88 38.70 

Average 78.64 30.65 

N 

t Scale 1: 460 1000 

'~'° 
Cagay-anon 

Fig. 1. Map of I ligan Bay, Philippines. MSU-IFR D is the site of the 
Institute of Fisheries Research and Development of Mindanao 
State University. 

(%) 

98.87 
100.00 
100.00 
93.52 

97.59 

% Dissatisfied with 
lfving conditions 

65.63 
82.76 
73.69 
69.30 

72.84 

Minus operoting expenses 
(P9,300) 

Net income 
(P12,240) 

50% 
Share of gear-boat owner 

(P6,120) 

46.5% 2.5% 29% 
(P306) (P360) 

Income of Income of 
genr·boat owner araylsc 

(P5,692)d (P666) 

(%) 

46.87 I 63.33 
87.09 I 14.81 
82.45 I 57.23 
48.38 I 90.00 

66.10 53.64 

Households with other 
sources of income (%) 

78.12 
72.41 
70.18 
83.87 

76.14 

Two shares One share 
of ranso• of ranso• 

per karahay• per reg, crew 

1% 5.8% 
(P122) (P720) 

Income of 2 
bont operators 

(P842) 

50% 
Share of crewmen 

(P6,120) 

41.2% 

Income of 
14crewmen 

(P5,040) 

Fig. 2. Sharing system of sari-sari fishermen of lnitao, Misamis 
Oriental. 

aShare in kind distributed to crews and karahay 
blndividuals hired for fishing trips but not crew members 
cGroup leader 
dBefore deducting repair and maintenance costs borne by 

owner 

-.-d 
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Abstract 

In fisheries, traditional emphasis of management programs and 
research has been on managing the resource rather than managing the 
people who make use of the resource. This emphasis has led to several 
misconceptions associated with objectives and mechanisms of fisheries 
research, training, development and management programs. In this paper, 
we discuss the nature and character of the fisheries management 
problem. We argue the need for, and present the basic requirements of, 
an integrated approach to fisheries management. 

Introduction 

In fisheries, especially small-scale fisheries, the 
traditional emphasis and concern of management has been 
on the resource component rather than on the social 
component consisting of the individuals and institutions 
which participate in the use of the resource (Emmerson 
1980). 

Scientific knowledge has developed with this 
emphasis on "getting to know the fish" their distribution, 
growth and mortality rates, food and migratory habits, 
taxonomy, morphology, physiology, pathology, genetics, 
etc. 

Much slower has been the development of scientific 
knowledge that would help explain the motivations and 
behavior of fishermen and fish consumers and the 
socioeconomic organizations which serve to 
"institutionalize" their actions, and the many, often 
complex, interrelationships between the main actors in the 
fishery. Most seriously, perhaps, little is known about how 
the various actors react to various fisheries management 
policies. 
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Thus, fisheries managers who are responsible for 
seeing that the highest sustained benefits from the 
exploitation of the fishery flow to society, face a difficult 
and frustrating task. In terms of managing the fishery, 
what they know most about (the fish and the catching 
technologies) is the least useful information, and what they 
know least about (the socioeconomic relationships within 
the fishery) is the most useful information. 

In this paper, we discuss the nature and character of 
the fisheries management problem. We argue the need for, 
and present the basic requirements of, an integrated 
approach to bridging this information gap. 

Nature and Character of Fisheries Management 

Natural resources provide a wide variety of benefits 
to society, from purely aesthetic values to the provision of 
physical inputs that satisfy our material needs. Some 
resources, such as minerals, are exhaustible (depletable) 
while others, such as fisheries and forests, are renewable 
(replenishable). Living aquatic resources are renewable in 
the sense that, within limits and after due lapse of time, the 
biomass has the natural capacity to regenerate itself 
towards its original environmentally stable equilibrium 
level after disruption due, for example, to harvesting or 
pollution. A fishery can provide a certain yield in 
perpetuity if fish removal does not exceed natural 
reproduction levels. Often the conditions under which 
yields can be maintained over time have been 
misunderstood in the sense that the resource has been 
regarded as so vast that no amount of exploitation could 
tip the balance between its natural ability to rejuvenate 
itself and its equally natural ability to be driven into 
extinction. 

But we know that in many unmanaged or improperly 
managed fisheries, particularly where population growth 
and/or economic development have increased the demand 
for fish, where there is free access to the resource, and 
where fishermen have responded to these conditions with 
new technologies and larger fleets, the results have not 
been more and cheaper fish in the markets, but economic 
overcapitalization, biological overexploitation of the 
resource, and a generally depressed and declining fishing 
industry. 

When faced with this kind of problem the usual 
management approach has been to attempt to identify the 
maximum sustainable yield (MSY) and its associated 
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parameters for selected species for the resource and, 
through various measures, to see that this limit is not 
exceeded. Moreover, by assuming that all harvested fish 
have some positive benefit for society, management 
attempts to achieve harvests at the MSY level with 
increased technical efficiency and least costs. The 
commonly applied mechanisms are laws, regulations and 
enforcement measures which deal exclusively with fishing 
effort and resource access· systems based on purely 
biotechnical considerations (Smith 1979). We maintain 
that the biotechnical approach treats the symptoms of the 
diseased fishery rather than the disease itself. 

From the resource management point of view, 
overfishing, overcapitalization, excessive effort and rent 
dissipation are undesirable results of the resource 
allocation mechanism. They are signals of a failure in the 
socioeconomic and institutional arrangements designed by 
society (the community) for resource use purposes: the 
resource property system (laws, regulations) with its 
associated access system, the incentives (social, economic, 
psychological) for resource exploitation, and the stable 
links (structure) established among the participants of the 
resource exploitation activity. 

Individuals, communities and the society define the 
value (benefit) of a resource and generally, also the 
measure of relative scarcity of the resource (Leuschner 
1984). The management problem arises when the resource 
becomes scarce, not scarce in absolute terms but scarce 
relative to society's use or demand for the resource. In 
developed countries the valuation ofresources is generally 
a function of the market or of a central planning authority. 
In developing countries, the market or central authority is 
important als6, but other factors such as tradition, religion, 
habits and beliefs may carry considerable weight (Ruddle 
and Johannes 1985). International trade contributes to the 
value equalization process through relative prices of 
tradeable goods but various externalities, trade unions, 
tariff and nontariff barriers to trade, exchange rate 
differentials and market atomization make national, 
regional and local social and institutional factors 
fundamental in assessing the value of resources. 

Thus "value" and "scarcity" are closely related 
concepts and trying to manage a scarce resource without 
consideration of its local, sectoral and spatial value is a 
futile excercise. This is especially important in the 
management of small-scale fisheries where markyt 
isolation, factor immobility, nonprofit maximizihg 
decisions, nonmarket transactions and many other social, 
cultural, economic, institutional and political 
considerations prevent simple extrapolations from the 
purely biotechnical rationale of fishery management 
(Panayotou 1982). Some of the key factors which must pe 
well understood before attempting to manage fishery 
resources are the relative values in predator-prey and fish-

environment relationships, the alternative uses of water for 
fisheries, agriculture, industry and others, the intricate 
market-taste-income determinants of relative scarcity, and 
the relative value of productive factors involved in 
fisheries. This is information about the people who use the 
resource, about the institutions people create for managing 
their resources, and about the links, rules, procedures and 
behavioral reactions of people in the procurement of 
goods. 

The Need for an Integrated Approach 
to Research and Management 

Management of a fishery usually involves interfeting 
in the fishery process with the object of changing the 
process towards the most desired social benefit from the 
resource. In doing this managers make use of 
contemporary social tool called "laws and regulations" 
which influence people's behavior in particular matters. 
Thus, an essential component of fishery management is 
people, and a necessary component for rational and 
effective management is the accurate consideration of 
people's reaction to the management program itself. 

Since the pioneering work of Gordon (1954), 
extensive and rigorous theoretical developments have 
taken place, aided by sophisticated mathematical models, 
which give more emphasis to bio- and technoeconomic 
relationships and allow practitioners to incorporate 
stochastic, dynamic and uncertainty elements into their 
analytical frameworks (Clark 1985) both at the micro and 
macro levels. Unfortunately, most of this scientific 
knowledge remains at the academic level and the 
empirical base for the models and their conclusions is still 
weak. Because of this, fishermen and fisheries managers 
are reluctant to make use of these findings and, although 
some models have been converted into simple, fast and 
efficient interactive computer programs and highly 
consistent mathematical models, they fear that by using 
them they might get involved in unrealistic and useless 
exercises. 

The gap between theoretical findings and practjcal 
applications remains wide and management decisfons 
continue to be based on limited and partial information 
which usually has a strong bias towards efficiency 
(technical) and biological (conservation) considerations. 
This situation implies that more research and information 
must be generated on the socioeconomic and institutional 
factors which govern the operation of a fishery. The nred 
is not only for more information but for a different kind of 
research and knowledge. The- fishery process consistS of 
interrelationships between many different elements and 
while each science (biology, physics, genetics, sociology, 
economics) specializes in developing certain kinds of 
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knowledge about some elements, none is able to explain 
the fishery system or process as a whole. 

The present need is for a set of testable propositions 
about the way each relevant element or component of the 
fishery is functionally related to the rest We can expect 
that these relationships will be quite complex to account 
for the stochastic, dynamic and multivariate nature of the 
relevant factors. The theoretical background whence these 
propositions should come certainly requires 
interdisciplinary effort to comprehend the _system as a 
whole. This alone is not capable of providing the needed 
knowledge. The synthesis will come only as the 
propositions are applied, tested and monitored in the field. 

Requirements for Effective Fisheries 
Management 

In the discussion so far we have shown some basic 
requirements for the avoidance of fisheries management 
failures. Three sets of requirements need emphasis. 

First is the need for feasible management programs. 
The feasibility of management programs is generally 
tested on financial and technical grounds and decisions are 
usually based on traditional indicators of profitability such 
as internal rate of return, cost-benefit ratios and break-
even point analysis (Campleman 1976). Unfortunately, 
these micro measures are often generalized to macro 
(industry or sector) levels without consideration of the 
dynamic elements of the fishery process. Project 
evaluation techniques must be developed to incorporate, in 
addition to "social" values, such dynamic variables as cost 
per unit effort (cost structure) and catch per unit effort 
(population dynamics) at different levels of effort in 
relation to market prices (income). Potential conflicts 
between industry and small-scale fishermen, market 
interactions that could adversely affect small-scale 
fishermen, and sociocultural and institutional impacts of 
technological changes should also be built into the 
evaluation of fisheries projects. 

Second is the necessity to accept the need for 
management in a fishery. Because scarcity and 
management involve problems of temporal and spatial 
aggregation and allocation, it is sometimes difficult to 
persuade fishermen and some professionals in 
management positions to accept that there is a need for 
management policies to improve the use of a resource 
which appears to be showing positive yields. The 
fundamentals of the biotechnoeconomic dynamic 
relationships and the sociocultural conditions preventing 
the attainment of the greatest possible benefit to society 
from the resource must be well understood and accepted 
by those who make the management decisions and those 
who are affected by them. Without a widespread 
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understanding of the basic issues and reasons for a 
particular management action, ways and means will be 
devised to avoid compliance and/or to weaken 
enforcement This is where training and extension can play 
an important part in fishery management. 

Finally, there is the need for a database and 
information system for management purposes. The present 
databases and information systems of most countries are 
inadequate for effective fisheries management purposes. 
Their weaknesses and deficiencies have been well 
documented and efforts are being made by leading 
institutions to correct this most fundamental and serious 
management problem. 

Considerable financial and technical resources would 
be required to design, set up and operate an information 
system that could adequately meet the needs of fishery 
management and research. While the purpose would be to 
collect and organize data clearly, rather than to presuppose 
particular cause-and-effect relationships a priori, the 
system also must have the capability for conceptualizing, 
planning and forecasting. Abundant literature now exists 
on database concepts, systems and construction and the 
recent worldwide expansion of the microcomputer 
industry offers magnificent (and cost effective) 
possibilities that were unthinkable a few years ago. While 
the costs of setting up an adequate management 
information system could be quite high, these costs should 
be weighed against the potentially substantial benefits of 
improved fisheries management. 
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Abstract 

Trawling provided insights into the characteristics of an exploited 
tropical shallow-water demersal fish community. A total of 6,565 fish 
specimens weighing 285 kg were caught at 20 sampling stations. Jn all, 
139 species belonging to SO families were recorded. The major families 
ranked by weight were Dasyatidae (19.7%), Synodontidae (18.3%), 
Paralichthyidae (8.9%), Dactylopteridae (8%), Nemipteridae (S.3%), 
Lagocephalidae (S.2%), Priacanthidae (5%); and Mullidae (4%). The 
overall fish trawled consisted of 53% food fish and 47% trash fish. The 
demersal fish community could be partitioned into four trophic groups, 
i.e., large zoobenthos feeders, intermediate predators, small demersal 
zoobenthos feeders and small demersal zooplankton feeders. Small 
crustaceans played an important role as food resources for all the trophic 
groups. They were the major food for small demersal zoobenthos feeders, 
the dominant group, and large zoobenthos feeders. Analysis of growth 
characteristics of ten common species using length-frequency data 
showed that Saurida elongata and Trachinocephalus myops 
(Synodontidae) and Dactyloptena orientalis (Dac.tylopteridae) had higher 
growth rates than the other fishes in the community. Exploitation rates of 
these three species by trawlers were also high although they have little 
commercial value. Annual recruitment patterns for the demersal fishes 
were generally protracted showing a single pulse, although some species 
have a second minor pulse. ' 

Introduction 

The management of tropical multispecies fisheries 
has long been seen as a challenge to fishery scientists. The 
constraints are numerous and well-defined (Pauly 1979; 
Marr 1982). Among some of the obvious constraints are 
lack of theory and databases. Larkin (1982) outlined the 
requirements for research ranging from basic data 
collection to development of theory applicable to 
multispecies tropical fisheries. 

349 

This study was designed to provide insights into the 
characteristics of an exploited demersal fish community. It 
had three major objectives: a) to provide information on 
the composition of the fish stocks; b) to determine the 
food habits among the demersal fishes; and c) to 
characterize the growth rates, exploitation rates and annual 
recruitment patterns for the common species. 

Materials and Methods 

Data were obtained through a trawling program 
conducted within 12 km off the coastline of Terengganu, 
Malaysia, where the depth of the water did not exceed 20 
m (Fig. 1). This area is suitable for trawling with respect to 
bottom characteristics (medium coarse to fine sand with 
some muddy patches) and is intensively exploited by small 
commercial trawlers and purse seiners below 40 gross tons 
and by artisanal fishermen. 

Trawling was conducted using an otter trawl net with 
an effective wing-span of 6 m and a cod-end mesh size of 
38.1 mm. Trawling was maintained for approximately 60 
min. at a tow speed of 2.3-2.4 knots. A total of 20 
sampling stations were covered in six trawl operations 
conducted between July 1984 and April 1985 (Table 1 and 
Fig. 1). Trawling was suspended during the northeast 
monsoon from November to March. 

Each haul was sorted to species and weighed. 
Samples for stomach content analysis were immediately 
preserved in 8% buffered formalin. Qualitative analysis of 
the stomach contents for the species caught enabled them 
to be partitioned into general feeding groups. 
Representative species from each group were also taken 
for quantitative stomach content analysis using the 
gravimetric method. Food groups in the stomachs were 
categorized as 1, intermediate predators; 2, pelagic fish; 3, 
small demersal zoobenthos feeders; 4, small demersal 
zooplankton feeders; S, heterotrophic benthos (octopus, 
cuttlefish and echinoderms); 6, large crustaceans; 7, small 
crustaceans; 8, small molluscs and worms; 9, 
meiobenthos; and 10, zooplankton. 

Length-frequency data were also recorded for ten 
common species. ELEFAN I and ELEFAN II programs 
described by Ingles and Pauly (1984) were used to 
estimate growth parameters (Loo and K), mortality (total 
mortality, Z; fishing mortality, F; and natural mortality; 
M), exploitation rates (E), length at first capture (Le) and 
annual recruitment patterns. 
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Results and Discussion 

The trawl data are shown in Table I. In all, 6,565 
specimens weighing 285 kg were obtained. The overall 
percentage contribution of food fish (53% by weight) was 
comparable to that of trash fish (47% by weight). These 
figures, although vasµy different from values in one report 
(Anon. 1967), do not differ much from figures given by 
Pathansali et al. (1974), Jothy et al. (1975) and Lam et 
al. (1975) from research trawl surveys conducted in waters 
10-20 m deep off the coast of Terengganu. However, the 
percentage contribution of food fish may be grossly 
overestimated since many of the food species caught were 
composed of small fish. 

Of the 139 species belonging to 50 families recorded, 
75 were food fishes. The most abundant species by weight 
were Dasyatis zugei (15.4%), Saurida elongata (10.2%), 
Dactyloptena orientalis (8%), Trachinocephalus myops 
(7 .8% ), P seudorhombus javanicus (5.9%) and Priacanthus 
tayenus (5%) (Table 2). The families are listed by weight 
in Table 3. 

In a virgin stock before the introduction of trawling, 
Leiognathidae and rays (Dasyatidae included) were the 
two most abundant food fish families followed by 
Tachysuridae, Carangidae, Nemipteridae and 
Pomadasyidae (Anon. 1967). Data from this study, which 
reflect the effects of 18 years of trawling, show certain 
deviations from the composition of a virgin stock. While 
Dasyatidae still dominates in biomass, Leiognathidae had 
decreased significantly, presently contributing only 2.78% 
of the total biomass, compared to 12.79% in a virgin stock. 
Pauly (1979) similarly found sharp declines in the 
abundance of Leiognathidae as a result of trawling. Trash 
fish families, Synodontidae, Paralichthyidae, 
Dactylopteridae and Lagocephalidae seem to feature 
significantly in an intensively exploited stock while 
important food fish groups include Nemipteridae, 
Priacanthidae, Mullidae and Carangidae. 

Qualitative stomach content analysis showed that the 
demersal species could be conveniently grouped into four 
feeding levels. These were large zoobenthos feeders (6 
species), intermediate predators (29 species), small 
demersal zoobenthos feeders (81 species) and small 
demersal zooplankton feeders (8 species). 

Food composition data for large zoobenthos feeders 
were obtained for three species, i.e., Dasyatis uarnak, D. 
zugei and Drepane punctata (Table 4). Small crustaceans 
featured as~ the major food group, making 66.4% of the 
diet by weight, followed by large crustaceans (26.3% ), 
small molluscs and worms (7%) and heterotrophic benthos 
(0.3%). 

The food groups of intennediate predators are shown 
in Table 5. Small demersal zoobenthos feeders constituted 
the most important food group (76.5%) followed by small 

demersal zooplankton feeders (8.4%), large crustaceans 
(7.7%) and small crustaceans (4.3%). Pelagic fish, 
intermediate predators and heterotrophic benthos 
contributed only minimally to the food items. 

The most important food group for small demersal 
zoobenthos feeders was small crustaceans which 
contributed about 53.6% of the diet, followed by 
heterotrophic benthos (15.4%), small molluscs and worms 
(11.5%), large crustaceans (9.9%) and small demersal 
zooplankton feeders (5.7%). Small pelagic fish and small 
demersal zoobenthos feeders were found only in the 
stomachs of Priacanthus tayenus and Nemipterus spp. 
and played a minor role as a food group (Table 6). 

Only three species of small demersal zooplankton 
feeders were included for stomach content analysis (Table 
7). These fed only on a small range of food groups, i.e., 
small crustaceans, small molluscs and worms and 
zooplankton. Daya jerdoni and Centriscus scuttatus fed 
exclusively on zooplankton while Pentaprion longimana 
fed on small crustaceans and small molluscs and worms as 
well, but retaining zooplankton as the major food group. 
The overall food composition ratios are shown in Table 7. 

Many species showed trophic similarities suggesting 
a certain degree of competition on the same food groups. 
Competition for the same food groups occurred within the 
same feeding level as well as. between different feeding 
levels. Small crustaceans seem to play a major role as a 
food resource and were found in the stomachs of most of 
the demersal fish present. They also constituted the m.ajor 
food group for small demersal zoobenthos feeders .and 
large zoobenthos feeders which made up 95% of the total 
biomass of the demersal fish present. The most abundant 
feeding group, i.e., small demersal zoobenthos feeders 
contributed largely to the food of intermediate predators 
and would account for the relative abundance of the latter 
(45% of the total biomass). Hacunda (1981) similarly 
found crustaceans to be the major prey group in all 
demersal predators present in a coastal area of the Gulf of 
Maine and concluded that predators rely on the Sl;Ulle 
major food sources. He also provided data to show that 
trophic partitioning by prey size occurred and this would 
help reduce intense competition on similar food groups. 
Differences in daily, seasonal and spatial patterns of 
feeding could provide another means of reducing 
interspecific competition. Keast (1973) found that food 
overlap occurs when a particular food resource becomes 
superabundant. This could be the case for siilall 
crustaceans in the shallow-water habitats off Terengganu. 

A summary of the growth parameters, mortality 
rates, exploitation rates and annual recruitment patterns of 
10 common species caught are given in Table 8. Higher 
growth rates, as indicated by the growth coefficient; k, 
were observed in Saurida 'elongata, Trachinocephalus 
myops, Dactyloptena orientalis and Gastrophysus 
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scleratus than in Priacanthus tayenus, Leiognathus 
elongatus and Daya jerdoni. Exploitation rates were also 
high for Saurida elongata, Trachnicephalus myops and 
Dactyloptena orientalis although these fishes have little 
commercial value. Annual recruitment patterns for the 
demersal fishes analyzed are shown in Fig. 2. Recruitment 
patterns were generally protracted, showing a single pulse 
as in Upeneus sulphureus, Gastrophysus scleratus, 
Saurida elongata, Trachinocephalus myops and 
Pseudorhombus javanicus. However, Pentaprion 
longimana had a second pulse, similar to that reported by 
Ingles and Pauly (1984) for this species in the Philippines. 
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Ttbl1 1. Summuv of trawl d•ta, Ter1nggBnu, M1t1vsl1, July 1984·Aprll 1985. 

To11lwt. 
Simpling offilh To11I no. Food fish Trnhllsh 

Sl1tlon d1t• (g) offish %bvno. %bvwt. %byno %bvw1. 

01 22.07B4 2,176 103 77 43 23 67 
02 22.07.84 28,"36 130 43 4g 67 61 
03 1608.84 36,604 841 67 66 33 34 .. 160884 22,336 606 63 45 37 65 
05 2308.84 23,831 383 44 66 66 44 
08 2308.14 6,900 388 6 3 95 97 
07 2308.84 16,138 36 20 82 80 18 
08 2308,84 1,870 128 30 64 70 48 
09 ]7.09.84 6,108 124 89 99 
10 17.09.14 34,135 831 18 16 82 86 
11 17.09.84 15,738 405 24 33 76 67 
12 17.09.84 12,090 284 26 16 74 •5 
13 22.10.8'1 Q,687 346 64 61 38 1• 
14 22.10.84 1,810 62 83 79 17 21 
16 07.04.86 18,.453 68 47 92 63 8 
10 07.04.85 2,226 122 14 20 86 80 
17 07.04.85 14,707 108 66 82 44 • 18 07.0•US 4,618 261 62 63 .. 37 
1Q 07.04.85 8,7Se 226 62 76 .. 26 
20 07.04.85 17,7'19 436 69 78 31 22 

To11I 264.897 6,665 m11n•44 m11n • 63 mun•66 metn •47 

T1ble 2. M1jor specl•s caught by dem1rs;I trawls listed Jn descending order by weight. 

Species Family Weigh! lgl %bywt. 

D•sY•tis zug~I D1syatidae 43,900 16.41 
S1urlch •longata Synodontldae 28,942 10.16 
D1ctylopt1n1 orlent•lis D11ctylopterlda1 22,890 8.03 
Trachlnoc11ph1/us myops Synodontldaa 22,343 7.84 
Ps.udorhombus /1v1nlcus P1ra1lchthyldao 16,820 6.90 
Pr/1c•nthu1 r.v•nus Prlacanthidae 14,358 6.04 
G1strophysus scl11ratus Lagocephalidao 9,724 3.41 
Dasy1tls sp. Dasvatidae 9,000 3.16 
Upen1us sulphur11us Mullidae 6,887 2.42 
Arius th1l1s:s/nus Ariidae 4,970 1.76 
D1y1 l•rdonl Pom11centridoe 4,622 1.62 
C.r1ngoki1s m1tab1ricus Carengidae 4,279 1.50 
l1/ogn1thus 1long1tus Leiogn1thld11 4,038 1.42 
Ps11udorhombus sp. P11r1l1chthyide1 4,038 1.42 
Scolopsls tunlopt1rus Nemiptlrldee 3,800 1.33 
G1strophysus sp1dtceus L1goceph11ldae 3,600 1.26 
Dr1panfl punctat1 Drep1nldae 3,315 1.16 
Gymnocranius grls1us Pentapodldee 3,135 1.10 
Sphyra11na sp. Sphyraenldee 3,100 1.09 
D1sy1tls u1rn1k Dasy1tide1 2,910 1.02 

T1bl1 3. Fish f1mlll11 In th• dlmltl'Sll lrlWIS lhtld ICCOrdlng lo 
w1111h1. 

F1mlly W1Jgh1!1I %byw1Jgh1 

OH'J1lld1t 65,170 19.711 
Synodon11d11 62.0311 11265 
Plr11ich1hVld•• 26,438 8.921 
01t1ylop11rld1• 22.1590 IOJ-4 
N1m1p11rldot 16.DJll 6.271 
Llgoc1ph1lldt1 14,734 6.171 
l'rl1C1n1hld11 14,3151 6,Q.4J 
Mullld11 11,71e '4.113 
Clr1r11kl11 7,151 2.710 
ltlogn1thldDI 7,918 2.779 
Arlldtt S.'470 Ullll 
l'om1e1ntrld11 6,Dl2 1.713 
Ptntopodldot 4,660 l.6J2 
Lu1!1nld11 3,51i1'4 1.281 
SPhvrunll1M 3~34 1.240 
Or1pinldt1 3,316 1.163 
l'l1tyc1ph1lld11 3,2JO 1.133 
Apogonld11 3,117 1.118 
l"om.:lnyldH 2,9'41 1.0J2 
G1rrld11 2,612 0.9'41 
901hldH 2,522 0.8115 
S~nldH 2,201 0.772 
l'stUodld11 2.D28 0711 
Or1etolobld11 1~00 0.631 
Cllllonymld11 1,5-47 0.643 
Monocan1hld11 1.D76 0.377 
Trl1e&nthld11 1.070 0376 
Scl11nkl11 743 0260 
l1thrlnkl11 72• 0.265 
!tllnld11 624 0.219 
Sol11d11 669 01118 
Slll11Jnld11 6A 0.1119 
Cynoglonld11 640 0.1111 
Onr11c11d11 .,. 0.1-411 
Corld11 360 0.122 
Olodonlldtt 340 0.121 
Ctnlrl&c:ldll 326 011'4 
T11r1odon11d1t 320 0.112 
Str11nid11 266 0.01111 
Th111ponld11 24" 0007 
Flnul1rlld11 1•5 006" 
Torpldlnldot 116 0.040 
Ephlppld11 109 0031 
SC1C1rP1enld11 60 0.017 
Syn1nctjld11 60 0017 
UllMOICOPlldll 60 0,017 
Goblld11 •5 0.016 
Formlonldtt 2i 0.009 
Pe;ukl11 16 0.005 
Trlllklt• 10 0.003 

To111w11gh1 29-4,1117 

Table 4. Food compos1t1c.n ratios for l1rge zoobenthos feeders. See text for food group deslgn1tlons. 

L1rge zoobenthos Food groups Weight (kg) R1l1t1ve 
feeders 6 7 e1ught friction 

Dasyatis uarnak 0 .88 .12 2,910 .058 
D1sy1tis zug1/ .30 .70 0 43,900 .876 
Dr1p1n1 punct1tt1 .05 0 0 .95 3,316 .065 

Ovuall ret10 .003 .263 .664 .070 

T1bl1 6. Food consump1lon r11los for lntermedl111 prtd11on. SH t1x1 {or food group dul11n1tlons. 

lnt1rmedl110 Food groups W1l11htlkgl Atl1tlvt 
pred1to11 4 e1u1ht fr1cUon 

S.urld• •longar• 0 .6'46 .120 234 0 2633 .304 
Pnudorhombus •PP 0 BOO .088 0 .112 23.11 277 
Tr•chfnoc1ph1/us myops 0 989 .011 0 21.U .268 
Arius rh1/asslnus 0 .700 0 .100 .200 4.97 .060 
Sphyr1.n1 spp. .100 600 .200 200 0 0 3.63 .0-42 
Lu1fanus spp 0 0 .728 .089 .179 .006 0 2.97 .038 
l'11rrod•s1rum•f 0 0 .700 .300 0 0 1.41 .017 
S.urfda undo1qu•mf1 0 B60 .120 ,030 0 .36 .004 
Fl1tuf•rl1 spp, 0 1.000 0 0 .18 .002 

Ovtr1llr11lo .004 021 .765 .08'4 .006 .077 .043 

T1bl1 e. Food C1C1nsumpUon 111101 for wn111 d1mu111 zoob1n1hos f11dus. St1111ict ror rood group d111gn111on1. 

Sm1lld1mu .. 1 
zoob1n1ho1flltd1r1 

Foodgroupt 
I 

W11ihl(kg) R1l1Uw 
10 CIUlhl h1ttlan 

O.ctylopr.r111 orltntalls 0 0 .108 ~92 0 0 II.ii .260 
/'rJ.c1nrhu1i.v1mu1 .131 .()91 0 .,, .721 OJO 0 7'0 .!197 
Up1n1e11,pp, 0 0 0 .1"4J J67 0 0 10.23 .131 
N1m/prtru11pp .101 216 205 ,J66 023 0 0 U7 .120 
G11rrophv1u1spp, 0 0 .lil1-'4 , .. 0 0 ..... .127 
L1/01narhu11pp, 0 0 0 •oo MO 0 6.-46 073 
Gvmnoc11nlu11rl11u1 0 0 1.000 0 2.M .O" 
Scol.,1/1 r11nlopr1ru1 .o:z• .20i 610 261 0 0 212 .035 
Engypro1opon 1pp, 0 0 JOO .200 0 0 2.16 "''" ApOfOn 1pp. 0 0 BOO 0 0 200 3.05 .041 
S/glnU1'1)p. 0 .100 0 ... 600 200 0 1~1 .O:Z• 
G1zumlnu11 .1143 0 0 .102 066 0 0 U3 026 

Ovsr1llr11la .01' .012 067 16• .09• $31 ,116 .005 001 

Table ? . Food consumption reties for small demersal zoopl1nkton feld1rs. See text for food group 
designetlons. 

Sm•ll dem1rsel Food groups Weight (kg) R1lativ1 
zoopl1nkton feeders 8 10 caught friction 

Panr.prlon longim•n,a .18 .20 .62 1.61 .308 
D1y1 Jerdoni 0 0 1.00 3.29 .629 
C1ntriscus scuttatus 0 0 1.00 .33 .063 

Overall ratio .055 .062 .883 

T1b1e 8, Growth, mort111lty end exploitation p1remeters for 10 common demers1I sp1cl1s. 

Species Loo lcml K z M E Le (cm) 

P11nt1prion longlm1n1 16.0 1.1 3.8 2.3 1.6 0.4 8.7 
D1ctylopt1n1 ori•ntalls 23.0 1.5 10.6 2.6 8.1 0.8 12.6 
Up1nflus sulphuraus 23.0 1.1 6.0 2,1 2.3 0.6 11.0 
D1y1JerrJonl 17.0 O.B 3.1 1.8 1.3 0.4 5.6 
Lelognathus 1lon91tus 13.6 0.8 2.4 1.9 0.6 0.2 8.2 
Pri11canthus t1yanus 27.0 0.6 2.9 1.3 1.6 0.6 13.0 
Gastrophysus scl•r•tus 18.0 1.5 42 2.7 1.5 0.4 10.9 
Saur/di along1t1 37.0 1.6 7.5 2.3 5.2 0.7 21.9 
Tr1chlnoc1ph1lus myops 36.6 1.6 8.0 2.3 6.7 0.7 17.4 
Ps1udorhombus /1vanicus 26.5 1.2 2.4 2.1 0.3 0.1 21.1 

-
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Abstract 

The inland fishery of Sri Lanka is essentially a fishery for the 
exotic Oreochromis mossambicus in reseivoirs. Recent changes obseived 
in the fishery of five reseivoirs in relation to indigenous (Etroplus 
suratensis) and other exotic cichlids (Tilapia rendalli and Oreochromis 
niloticus), introduced to Sri Lanka in 1969 and 1975, respectively, are 
described. In the reseivoirs of Udawalawe and Mahagama, E. suratensis 
catches registered an increase from 0.72 to 12.0% and from 0.46% to 
28.36%, respectively, during the last ten years. E. suratensis and T. 
rendalli together contribute 53.6% to the fishery in Mahagama, whereas 
their contributions to the fishery in Udawalawe, Chandrika.wewa and 
Kiriibbanarawewa are 19.5%, 18.6% and 21.0% respectively. The 
abundance of macrophytes, particularly lpomea aquatica, in Mahagama 
reseivoir may be seen as the cause for the overwhelming dominance of 
E. suratensis and T. rendalli, which are known to be efficient macrophyte 
feeders. In Soraborawewa, drastic reduction of 0. mossambicus in the 
fishery was obseived and 0. niloticus became the dominant species four 
years after it was introduced. In this reseivoir, the abundance of blue-
green algae not utilized by 0. mossambicus appears to have favored 0. 
niloticus. The abundance of blue-green algae in the phytoplankton of 
other reseivoirs in Sri Lanka suggests the desirability of judicious 
stocking of 0. niloticus for increased production from these waters. 

Introduction 

The inland fishery of Sri Lanka is essentially totally 
confined to the manmade lakes, and much has been 
written on these types of reservoirs, their relevance to the 
inland fishery and strategies for their development 
(Fernando and lndrasena 1969; Fernando 1977; Fernando 
and De Silva 1984). It is still artisanal with marginal 
scientific management. More recently, De Silva (1985), 
taking into consideration twenty major reservoirs, 
suggested a management strategy to optimize fish yield. 
All the earlier studies were on Oreochromis mossambicus, 
the dominant reservoir species. This paper describes 
changes in the fishery of five major reservoirs in relation 

to three macrophyte-feeding cichlids, the Asian cichlid, 
Etroplus suratensis (Bloch) and the exotic Tilapia rendalli 
and Oreochromis niloticus (Linne). 

Materials and Methods 

Fish catch statistics and published data have been 
utilized to show the changes in species composition of the 
five reservoir fisheries in Sri Lanka, the location and 
details of which are in Table 1, as reported earlier (Maitipe 
and De Silva 1984; De Silva 1985). These reservoirs were 
selected because of the availability of reliable and 
relatively long-term data on their fishery. 

Results and Discussion 

Changes in the species composition of the catches of 
two southern reservoirs, Mahagama and Udawalawe, in 
1973-1984, to the extent available, are given in Fig. 1 (a 
and b), and those of Chandrikawewa and 
Kiriibbanarawewa in 1974 and 1981-1984 in Table 2. 

Catches of E. suratensis from the Udawalawe 
reservoir have gradually increased from 0.72% (1973) to 
11.95% (1982) and from the Mahagama reservoir, from 
0.46% in 1973 to 28.36% in 1982. Species composition of 
fish catch ofChandrikawewa in 1981-1984, however, does 
not show appreciable increase in contribution of E. 
suratensis from the 1974 level which was 5.2% (Fernando 
1977). In Kiriibbanarawewa E. suratensis contributed 
7.6% in 1981-1984. 

The contributions of the exotic cichlid, T. rendalli 
(introduced in 1969 from East Africa) to the fishery of 
Udawalawe, Chandrikawewa and Kiriibbanarawewa 
appear to be similar to that of E. suratensis. In Mahagama 
reservoir the contribution of T. rendalli to the fishery in 
1981-1984 was 36.34% (range 23.2-57.9%), significantly 
higher than in Udawalawe (10.0%), Chandrikawewa 
(10.5%) and Kiriibbanarawewa (13.4%). In Mahagama E. 
suratensis and T. rendalli contributed 53.24%, and 
19.48%, 18.12% and 21.0%, respectively, in Udawalawe, 
Chandrikawewa and Kiriibbanarawewa. The relative 
contribution of T. rendalli in 1980 in the Udawalawe 
(27.8%) and Mahagama (57.9%) reservoir was 
significantly higher than in other years. 

T. rendalli is a macrophyte feeder. Macrophyte-
feeding cichlids have been reported to contribute 
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significantly to reservoir fisheries in years immediately 
following thell: introduction, as in the case of T. zillii in 
Teso Dams, Uganda (Lowe-McConnell 1982). T. zil/ii 
continued to dominate the Teso Dams fishery until the 
vegetation thinned out and S. leucostictus, introduced 
simultaneously, began to displace the former. Lowe-
McConnell (1982) related such changes to the food 
supply. , 

De Silva et al. (1984) reported that E. suratensis, 
which feeds on molluscs in a lagoon, its original habitat, 
feeds on macrophytes in freshwater reservoirs. De Silva et 
al. (1984) found similarities in dentition of E. suratensis 
and T. rendalli, and that dentition of E. suratensis is well 
suited to molluscs an.d ~acrophytes. Mendis (1965) 
reported a general paucity of molluscs in inland reserva,irs 
in Sri Lanka. 

Of the five reservoirs only Mahagama exhibited a 
luxuriant growth of macrophytes, particularly Jpomea 
aquatica. The dominance of T. rendalli and E. suratensis 
in Mahagama reservoir may be due to the presence of this 
macrophyte. The other reservoirs are either deeper or have 
more frequent and wide fluctuations of water level and a 
higher drawdown and do not support luxuriant macrophyte 
growth. In these tanks T. rendalli and E. su.ratensis mainly 
depend on terrestrial vegetation, which covers the exposed 
areas at lo'\V water levels, and is important food after 
flooding. T~is paucity of macrophytes possibly limits the 
contribution of T. rendalli and E. suratensis to the fishery. 

0. niloticus, a mouth breeding cichlid, was 
introduced in ·1975 (Fernando 1979), but concerted effort 
to stock it in the reservoirs was made only after 1978. The 
only reservoir stocked with appreciable numbers of 0. 
niloticus in 1978-1979 was Soraborawewa (personal 
observation). 0. mossambicus, which used to constitute 
95% of the fish catch, declined to 5% and 0. niloticus 
began to dominate the fishery in a short span of four years 
(Fig. 2a). Also, there was a dramatic increase in fish yiyld 
after the introduction of 0. niloticus, from 239.4 tin 1978 
to 787.3 t in 1982. This increase cannot Je attributed 
entirely to increase in fishing effort as the 
catch/craft/month also showed a fourfold increase from 
0.623 tin 1978 to 2.24 tin 1981 (Fig. 2 b). 

Similar displacing by 0. niloticus was reported by 
Lamarque et al. (1975) in Lake Itacy, Madagascar, where 
S. macrochir (introduced iQ 1958) prospered for several 
years before disappearing and was subsequently replaced 
by 0. niloticus (introduced in 1961-1962). Welcomme 
(1966) reported that in Lake Victoria, 0. niloticus, rarely 
in commercial catches before 1962, became the dominant 
species in some areas where 0. esculenta was dominant 
earlier. · 

Phytoplankton samples collected in 1983 revealed 
that blµe-green algae is the most dominant algae found in 

Soraborawewa, confirming the observations of Mendis 
(1965). 0. niloticus mainly feeds on blue-green algae in 
Lake George, Uganda, and Moriarty and Moriarty (1973) 
demonstrated that 0. niloticus could assimilate 70% to 
80% of the carbon in ingested blue-green algae. 

Costa and Abeysiri (1978) commented that 0. 
mossambicus in Colombo Lake in Sri Lanka does not 
utilize blue-green algae, although these form an important 
component of its food. According to them 0. mossambicus 
derives nutrition mainly from desmids and diatoms, so that 
large quantities of nutrients stored in the blue-green algae 
(which constitute a significant proportion of. the total 
phytoplankton) are not utilized by the fish. Maitipe and De 
Silva (1984) found that blue-green algae played only a 
minor role in the diet of both adult and juvenile 0. 
mossambicus in reservoirs. Dokulil (1983) reported a 
similar finding in Parakrama Samudra reservoir in Sri 
Lanka. Introduction of 0. niloticus in Soraborawewa is 
likely to have resulted in positive results to the fishery, 
where a preferred and a utilizable food of 0. niloticus 
existed in abunqance. 

Another important change in the species composition 
of Soraborawewa took place in 1983. As a result of a 
drought this reservoir dried up for about three months, 
December 1982-February 1983, leaving only a few pools 
of water. Once the reservoir filled up again, 0. 
mossambicus became the dominant species while 
contribution of 0. niloticus decreased to around 10%. 

Two factors could have caused this change: (a) 0. 
mossambicus, which is well established in almost all the 
freshwater bodies in Sri Lanka, could have gained access 
naturally through the various channels to Soraborawewa 
and (b) the superior ability of 0. mossambicus to thrive 
under adverse conditions over 0. niloticus. The 
contribution of 0. niloticus to the fish catch increased 
again and reached 30% in 1984. 

0. niloticus grows to a larger size than 0. 
mossambicus in Soraborawewa and is preferred by 
consumers (personal observation). In Lakes Turkana and 
Albert in Africa, 0. niloticus is larger growing and more 
abundant and in Lake Victoria, introduced 0. niloticus 
grew much larger than the indigenous tilapias (Lowe-
McConnell 1982). In Lake George, Uganda, 0. niloticus 
contributes up to 80% of the catch by weight (Gwahaba 
1973). 0. niloticus exhibits a superior growth rate and 
attains larger sizes than 0. mossambicus in seasonal tanks 
in Sri Lanka (Chandrasoma 1983). Fish catch : of 
Handapangala reservoir (199.6 ha), Sri Lanka indicates 
that the contribution of 0. niloticus to the fishery, only 
two years after its introduction, has reached 45%. 

Mendis. (1965) found blue-green algae in abundance 
in Sri Lanka reservoirs. Various workers (Dokulil et al. 
1983; Chandrasoma et al., in preparation) reported that 
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phytoplankton assemblage in various reservoirs in Sri 
Lanka is dominated by blue-green algae. 

On the basis of the above observations it is 
recommended that a few selected perennial reservoirs in 
Sri Lanka be stocked with appreciable numbers of 0. 
niloticus capable of utilizing blue-green algae found in 
abundance iQ"Sri Lanka reservoirs to increase production 
from these fisheries. 
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T1bl1 1, Som• fo11ur11 of 1h1 r111rvolr1. 

Conduc1lvl1v 
Surf1c111111 Mund1p1h 112s•c pH Aqu11lcm1crophyt1 

R1Se111olr !hi) lml fµmhosl lr1ng1) Vlllllltlon 

UdlWDll!Yt'I 3,454.0 203 17g• 1.5• Sctrcl 
17.3 -7.61 

M1h111tm11 168» 26 460" 1.a• Abunc:llnl 
17.2 -7.81 

Klrllbbon1111Wew1 31!18.0 42 2111" 7.11• Scare• 
171 -11.21 

Chondrlklwtwl '4'47.0 •• 183° 7.3· Scuc1 
17.o -7.71 

So11bor1WIWI 570D •» 200 73 Scare• 

"Fr.om Mtlllp1 ind DI Sliva 191!1'4. 

Table 2. Specl1s composition (%) of fish c1tch of Klrllbban1r11wew1 ind Chtmdrlk1wewa res11rvolrs. 

Reservoir Year O. moss1mb/cus T. r~nd1lll E. sur1nt•nsls Others 

Klri1bb1n1r1wew1 1981 71.7 9.4 8.5 10,4 
1982 73.6 7.6 11.0 8.1 
1983 72.B 18.B 2.9 6.4 
1984 70.3 18.0 8.3 2.2 

Chandrlkawewa 1974" 84.0 6.2 10.8 
1981 76.1 6.B 7.7 11.4 
1982 71.8 12,5 6.7 8.7 
1983 71.1 16.3 7.3 6.3 
1984 76.6 6,6 8,8 7.8 

•From F11rn1ndo 1974. 
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Fig. 1. Changes in the species composition of fish catches in Mahagama (1a) and Udawalawe reservoir (1 bl. 
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Fig. 2. Changes in the total catch and the species composi-
tion of Soraborawewa fishery (2a) and the changes in catch/ 
craft/month and average number of fishermen (2b). 
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Abstract 

In 1983, a project commenced at Wewak, Northwestern Papua 
New Guinea to evaluate gear and vessel design for artisanal fishermen. 
The PAO-designed Samoan dropline was used to catch demersal fish on 
the outer reef slope in waters of 80-400 m depth. This method has now 
been accepted by local fishermen. Close monitoring has shown that as 
experience in the fishery increases so does catch per effort and economic 
return. Associated with the commercialization of this fishery has been the 
modification of traditional vessels and the introduction of new vessel 
designs. Although new designs were initially poody received, their 
advantages became clear to the fishermen as they gained experience. 

Introduction 

Over the last 10 years; the South Pacific Commission 
(SPC) has encouraged many Pacific Island countries to 
develop artisanal fisheries which exploit demersal finfish 
resources associated with outer reef slopes. Crossland and 
Grandperrin (1980) reviewed the work of the SPC Deep 
Sea Fishing Development Project (DSFDP) which visited 
eight countries including Papua New Guinea (PNG). 

The DSFDP visited PNG in 1979 to encourage 
bottom fishing in deep waters (80-400 m) along the outer 
reef slope. The project fished on the West New Britain 
coast (Fig. 1) where encouraging fishing trials were 
completed. As a result of this survey, the Fisheries 
Division of the PNG Department of Primary Industry 
(DPI) commenced pilot projects in 1983, aimed at 
developing deep sea artisanal fisheries using proven 
fishing methods, gears and suitable small-scale fishing 
vessels. 

One such pilot project has operated in the East Sepik 
Province since 1983. This paper reports the findings of 
this project which had objectives of describing the nature 
of the demersal finfish resource in waters 80-400 m deep 
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on the outer reef slope, assessing the suitability of various 
sea craft as a fishing platform, and of reporting the results 
of experimentation with various fishing gears. 

Methods and Materials 

The project is based at Wewak, East Sepik Province 
and has concentrated field work in the area known as 
Turubu. Travelling distances between Turubu fishing 
villages and the fish purchasing depot based at Wewak, 
range from 30 to 50 km. The distances to the fishing 
grounds from the fishing villages range from 7 to 19 km. 
In the Turubu area the sea bed is gently sloping, with a 
fine muddy substrate and sparse coral patches due to its 
proximity to the mouth of the Sepik River. 

It has been demonstrated by DSFDP master 
fishermen in many Pacific Islands that the FAQ-designed 
Samoan wooden handreel is a suitable fishing gear for 
harvesting deepwater snapper (Crossland and Grandperrin 
1980). 

Local outrigger canoes were supplied with three 
handteels each containing 300-400 m of 68-136 kg 
breaking strain monofilament nylon line. The line 
terminated at a swivel connected to 1-1.5 m of 1-mm 
diameter multistrand wire trace with three tuna circle 
hooks (No. 39960 ST; size 5, 6 and 7 with a terminal 
weight of 1.5-2 kg). 

Because of the relatively unseaworthy nature of the 
local outrigger canoes, local fishermen fish on a day-trip 
basis'. Depending on the weather conditions one to four 
such fishing trips can be made each week. Two trips per 
week are normally made to the fish depot to sell the catch 
and to pick up fuel, ice mid supplies. The project fished on 
an extended basis and completed one or two trips per 
week, each trip lasting 2-4 days. 

Five different small-scale fishing vessels were used 
in the project. These were: 4-m aluminium dinghies, 11-m 
local single outrigger canoes, an 11-m FAO designed 
plywood, outrigger canoe, an 8.3-m Alia-catamaran and a 
7.3-m Sandskipper-style catamaran. 

Four of these vessels were powered by outboard 
motor engines of 15-25 hp. The Sandskipper was 
propelled by a long tail 13-hp diesel engine. The Turubu 
fishermen used local outrigger canoes. Each canoe carries 
a wooden ice box capable of carrying 200-300 kg of ice -
and produce. 
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Results 

Fig. 1 shows the annual landings of finfish from East 
Sepik Province from 1978 to 1984. There was a significant 
decline in annual catch from 1979 to 1982. Catches started 
to increase from 1983 after the introduction of deep sea 
fishing to the Province. Most of the increase was in the 
deep sea fishery. 

The deep sea catch contributed 57% while surface 
trolling contributed 13.5%, and combined gill net and 
handline, 24.1 %. The number of fishermen each month 
varied from one to 15 during 1983-1985 with no seasonal 
pattern. 

It was hypothesized that local outrigger canoes are 
seaworthy when used for extended deep sea fishing trips 
and relatively cheap to operate when powered by outbmtfd 
motors. Analysis of variance (ANQV A) was used to 
determine the . difference in fuel consumption between 
vessel types using 25-hp outboard motors. Data on fuel 
consumption for five vessel types were compared Fuel 
consumption showed a significant difference (p < 0.05) 
between local outrigger canoes powered by a 25-hp 
outboard motor and introduced vessels, the Alia-catamaran 
and the improved FAQ plywood outrigger canoe powered 
by the same outboard. The introduced outrigger canoe 
using a 15-hp outboard motor was found to be less 
expensive on fuel than the local outrigger canoe. 

Similar tests were carried out using ANQV A to 
determine the difference in fuel consumption rate between 
15-hp and 25-hp engines. It was found that 15-hp petrol 
outboard motors use less fuel than 25-hp models on the 
same hull types (p < 0.01). 

Fishermen are responding favorably toward the 
introduced technology. It has been reported that several 
fishermen have sold their 25-hp outboard motors for 15-hp 
motors. The lengths of the local outrigger canoes entering 
the fishery are decreasing from 11 m to 8 and 9 m due to 
the ability to beach smaller canoes. 

Local outrigger canoes were hypothesized to be 
seaworthy and to be able to fish all year-round irrespective 
of wind and weather conditions. A chi-square test used to 
determine the frequency of fishing trips in varying wind 
strengths found a highly significant difference (p < 0.01). 
Fishermen using local outrigger canoes were found to fish 
when the maximum wind strength was less than 10 knots. 
The results, however, do not necessarily mean that the 
local vessels are not seaworthy. 

Catch per effort has been increasing since the project 
began as fishermen gained experience. In the study area, 
average catch in 1983 was 34.5 kg/canoe day; in 1984 it 
was 41.4 kg/canoe day; and in 1985, 48.5 kg/canoe day. 
Similar increases were observed in nearby areas where the 
technology was being adopted. 

Table 1 shows generic composition of the Turubu 
fishery. From September 1983 to September 1985, 105 
species of deep sea fish belonging to 29 genera 
representing 13 families were caught. Six species from the 
Lutjanidae and one species from the Carangidae 
represented 80.7% of the total saleable catch. The fish are 
purchased from fishermen in two grades (A and B) 
according to market preference. Grade A accounts for 72% 
of the deep sea catch. 

Discussion 

The demersal stocks of the outer reef slope in PNG 
represent a virgin resource. that has, as a result of the 1979 
DSFDP survey in West New Britain, attracted the 
attention of local fisheries workers. However, only at 
Wewak have local fishermen actively exploited this 
resource with the result that now there is a rapidly 
developing commercial fishery targeting deepwater 
snappers in the area. 

The results of the survey ~ong the fishermen 
suggested that the size of the snapper resource is large 
enough to sustain the current level of effort as there has 
been a steady increase in catch with effort since the 
commencement of fishing. 

In order to develop further this resource, there is a 
need to improve the seaworthiness of the local outrigger 
canoes. Plans have been drawn up by FAQ (Gulbranson, 
pers. comm.) for an improved version of the present FAQ 
11-m plywood canoe. 

When suitable small-scale fishing canoes are 
available in the fishery, fishermen will have to be trained 
to fish more effectively with the fishing gear and build up 
knowledge of their fishing grounds. It has been shown that 
as new fishermen become engaged in deep sea fishing, the 
catch rate is initially low and increases with experience. 
Turubu experienced fishermen have now learnt to target 
high priced fish species such as the red snapper. This 
improves the economic return for the effort. 

The current trend in the fishery indicates that by 
1987, the number of experienced fishermen will more than 
double. Important questions, such as the size of the finfish 
resource, the robustness of the target species to constant 
fishing, seasonality of the fishery, and the ability of the 
local market to support this fast growing fishery will need 
to be answered. 
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Table 1. Species composition by generic taxa group for the Turubu fishery. 

Genus group 

Pristipomoides 
Lut)1nus 
Etelis 
Mecolor 

.__ Aphereus 
Aprlon 
Par.caesio 
Pin]alo 
Clrangoldes 
Ceranx 
Longlrostrum 
Serio la 
Ephinephelus 
Caphalopholis 
V1riola 
Lethrinus 
Gymnocr1nlus 
W1ttsi1 
Sphyr.11ena 
Argyrops 
Nemipterus 
Br.nchiostegus 
Plectropomus 
Ostichthys 
Arius 
Pomad1Sys 
Odo nus 
Gvmnosarde 

~ Chellinus 

L 

I 

i ._ 

L 
I 
L 

·-

L 

Totel 129) 

No. 
species 

17 
2 
1 

6 
1 
1 

19 
8 
2 
9 
4 
1 
2 
1 
2 
3 
2 
1 
3 
3 

105 

Total % 
individuals no. 

3,517 37.8 
2,329 25.0 

337 3.6 
6 0.1 

68 0.7 
1 0.1 

29 0.3 
373 4.0 
214 2.3 

1,768 19,0 
1 0.1 

65 0.7 
228 2.5 

20 0.2 
8 0.1 

138 1.5 
33 0.4 
38 0.4 
64 0.7 
20 0.2 
8 0.1 
8 0.1 
8 0.1 
2 0.1 

13 0.1 
8 0.1 

0.1 
0.1 
0.1 

9,309 

Total 
weight % 

lkg) by wt. 

5,725.18 35.8 
4,071.24 25.5 

572.21 3.6 
16.68 0.1 

187.44 1.2 
3.7 0.1 

35.16 0.2 
711.62 4.5 
217.54 1.4 

3,072.83 19.2 
1.6 0.1 

231,54 1,5 
485.33 3.0 

13,27 0.1 
3.4 0.1 

254.76 1.6 
56.85 0.4 
42.81 0.3 

165.91 1.0 
47.77 0.3 

4.09 0.1 
5.43 0.1 

14.98 0.1 
0.4 0.1 

16,33 0.1 
4.4 0.1 
0.3 0,1 
5.93 0.1 
1.20 0.1 

15,974.5 

359. 
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Fig. 1. Annual catch in East Sepik Province, Papua New Guinea, 
by gear type. 
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Abstract 

Anthocidaris crassispina is the only economically important sea 
urchin species hatvested in Hong Kong. Fishing pressure is especially 
intense on the eastern and southern coasts of the territory. The major 
spawning season was found to occur in autumn (October-November). 
The existing fishing season is from January to April and coincides with 
the active feeding period when gonads build up nutrient resetves for 
gametogenesis. Population studies confirmed that fishing activities 
remove the larger animals over 45-mm test diameter. Despite this, 
substantial recruitment is recorded annually in heavily fished areas in the 
south and east. In the sparsely populated southwestern quadrant of Hong 
Kong, there is only minimal fishing, a predominance of larger animals 
(over 50-mm test diameter) but no recorded juvenile recruitment. Salinity 
fluctuations in this estuarine area are postulated to be limiting. The 
overall decline in urchin population and the fishery is attributed to the 
destruction of suitable habitats due to extensive coastal reclamation and 
pollution. 

Introduction 

Anthocidaris crassispina (A. Agassiz) is the only sea 
urchin species of economic importance in Hong Kong. 
Fishery catch statistics have been kept since 1975 
(Thompson 1982), and these have shown a progressive 
decline in the volume of the catch since 1981. 

Changes in environmental conditions, such as 
pollution, leading to a decrease in suitable substrate or 
food, are possible causes of the decline. On the other hand, 
the depletion or elimination of urchin populations by 
overexploitation has been well documented (Southward 
and Southward 1975; Bernard 1977). 

Information on the population ecology of 
Anthocidaris crassispina is limited (Thomson 1982; Yoo 
et al. 1982). It was therefore not possible to postulate 
whether or not the decline in urchin populations and the 
industry is due to overfishing or to other changes in the 
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environment. Information on population structure, 
recruitment rates and the abundance of commercial-sized 
urchins in various parts of Hong Kong waters are 
important for the assessment of the potential for the urchin 
roe industry. 

Study Areas and Methods 

A general study of urchin distribution was conducted 
throughout the Hong Kong coastline. Four study sites (Fig. 
1) were selected for . a comparative study of the A. 
crassispina populations, based on colony size (Table 2), 
hydrographic conditions (Table 1), seasonal food 
availability (Chiu 1985), human activities and degree of 
fishing pressure (Table 1). Gemini Beach marks the 
westernmost limit of A. crassispina occurrence. 

The study period extended from January 1983 to 
December 1984. Sampling by SCUBA diving was carried 
out at monthly intervals. Preliminary line-transect studies 
at each station delimited areas with highest urchin 
abundance. Depending on the density of the animals, an 
area with an average of 50-70 urchins was demarcated 
(Table 2), and all the animals within it collected. Boulders 
were upturned and crevices examined to locate the 
juveniles. Test diameter and height were measured to the 
nearest 0.1 mm with Vernier calipers, and wet weight to 
the nearest 0.1 g. Apart from subsamples of different-sized 
urchins (at 5-mm test diameter class intervals) collected 
for gonad studies, all individuals were returned to the 
collection site. Specimens were preserved in 40% 
formaldehyde. 

In the laboratory, urchins were dissected and the dry 
weights of the gonads, test and viscera were obtained by 
drying at 600C for 72 hours. To minimize variations in 
gonad weight with size (Gonor 1972), the gonad index 
was calculated for animals greater than 40-mm test 
diameter. The formula is as follows: 

Gonad Index = Dry weight of gonads{fotal dry 
weight of urchin x 100. 

Results 

Destruction of urchin habitat. A. crasszspzna is a 
benthic grazer of the shallow sublittoral zone of rocky 
shores in Hong Kong. In a survey conducted from 1977 to 
1980, Thompson (1982) reported that urchins were 
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abundant on bedrock surfaces, at densities ranging from 
0.2 to 19.4m2. This study indicates that comparable 
densities are still recorded for most well-established 
colonies (fable 2). The major difference, however, is that 
there is a decrease in the number of colonies, in particular 
along the shores of Tolo Harbour and Channel in 
northeastern Hong Kong (Fig. 1). 

The A. crassispina fishery extends from Croo~d 
Harbour in the northeast to the Soko Islands in the 
southwest but has traditionally been centered upon the 
northeast (Tolo Harbour and Channel) and the eastern 
(Port Shelter and Rocky Harbour) quadrant. 

Since 1980, extensive foreshore reclamation for 
urban development has occurred within Tolo Harbour on 
virtually all of the northern, southern and western shores 
within this inlet. Reclamation has increased the silt loads 
of the waters of Tolo Harbour. and Channel (Morton 1982) 
which adversely affects algal growth. This has 
significantly reduced the available and suitable rocky 
substrates for tlie urchins. Hence, the decrease in urchin 
colonies on the formerly well-populated northeastern 
coastline. A. crassispina has never been established in the 
western parts of Hong Kong (Fig. 1) (Chiu 1985). 

Population structure. The size and characteristics qf 
A. crassispina colonies differ at the four sites (Table 1). Of 
the three sites on the south and the east, Cape D' Aguilar 
has the largest colony although a disease outbreak in June-
July 1983 decimated almost 80% of the population. Only a 
small colony of urchins is, however, present at Gemini 
Beach. 

Analysis of the size-frequency distributions (Fig. 2 
A-D), using the methods of Harding (1949), indicates that 
the three large urchin populations are polymodal. At Lung 
Ha Wan and St. Stephen's Beach, urchins range from 5 to 
70 mm test diameter, with 2 modes at 15-30 and 40-50 
mm. Two similar size groups dominated the population at 
Cape D' Aguilar before the disease outbreak. There was 
mass mortality of the smaller animals, and recovery took 
approximately 10 months. During the two consecutive 
years of study at the three sites, juvenile settlement was 
recorded from February to June. The influx of juveniles 
constituted 9-17% of the population. Larger urchins 
exceeding 55 mm were seldom found, as intensive 
harvesting of individuals greater than 45 mm occurs from 
January to April. 

Gemini Beach in west Hong Kong has a distinctly 
different population. The size-frequency distribution has 
been shown to be consistently unimodal, with the majority 
of urchins (54.0-90.5%) in the 50-65 mm size range. No 
juvenile recruitment was observed during the study period, 
and a fishery does not exist here because of low urchin 
densities and poor underwater visibility year-round. 

Gonad development. The gonad index (Fig. 3) 
indicates a well-defined annual cycle of gonad 

development. In general, the gonads progressively 
increased in weight from December or January to attain 
maximum values by April/May. The indices then declined 
to low values in October/November, suggesting that 
spawning had occurred during this period. The cycle is 
essentially similar at all stations, but the indices were on 
the average higher in the second year (1984). 

Despite the differences in population structure, the 
colony of larger urchins at Gemini Beach exhibited the 
same seasonal gonad development cycle and the gonadal 
indices are comparable with the other three stations. 

Discussion 

Aside from human activities, food and salinity exert 
important influences on natural urchin communities in 
Hong Kong. 

Annual intraspecific variation in g6nad growth has 
been attributed to habitat and food related differences 
(Ebert 1968; Keats et al. 1984). In Hong Kong, 
phaeophytic macroalgae, the preferred food of A. 
crassispina (Chiu 1985), shows a strong pattern of 
seasonal occurrence and abundance (Hodgkiss 1984). This 
is reflected in seasonal variations in the urchin diet (Fig. 
4), and subsequently structures the gonad development 
cycle. A. crassispina becomes sexually mature upon 
reaching 15 to 20 mm test diameter. Intensive feeding 
during peak algal abundance (January-May) results in a 
buildup of nutritive phagocytes in the gonads (Chiu, 
unpublished data) and an increase in gonad weight is 
recorded. The animals are ready to spawn from July to 
November, after which the spent gonads shrink and the 
feeding cycle starts again. Absence of suitable and 
adequate food would therefore liinit the development of 
well-established urchin colonies. 

In western Hong Kong, in addition to a lack of 
suitable food, wide salinity fluctuations become more 
important to the urchin. Thompson (1983) has shown that 
when urchins are under nutritive stress, gonad output is 
maintained at the expense of somatic production. This 
appears to be the case at Gemini Beach where the urchins 
maintain apparently normal gonadal development. 
However, juvenile recruitment had been unsuccessfUl for 
at least the two consecutive years of study. Echinoderms 
are generally considered stenohaline marine invertebrates 
intolerant of salinity fluctuations (Binyon 1966). When 
exposed to environmental stress, their colonies become 
patchy and recruitment is sporadic with populations in 
estuarine areas dominated by large individuals (Drouin et 
al • 1985). The urchin colony at Gemini Beach is therefore 
typical of an estuarine population at the limit of its 
hyposalinity tolerance. The heavy freshwater discharge 
from the Pearl River often causes salinity levels to fall 
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below 15 ppt at the western approaches of Hong Kong; 
Heavy mortality could be expected as salinity tolerance 
experiments on A. crassi.spina show that small urchins (< 
20 mm) become moribund at salinities below 20 ppt 
(Chiu, unpublished data). Successful recruitment at 
Gemini Beach is therefore not expected to be regular, and 
A. crassispina colonization of the areas to the west of 
Gemini is also precluded due to yet lower salinities. 

Where food and hydrographic conditions are not 
limiting, A. crassispina populations are still affected by 
human activities. Recreational activities affect certain 
populations. At Cape D' Aguilar, where access by road is 
restricted, a large population is maintained; but at popular 
swimming beaches like Lung Ha Wan and St. Stephen's 
Beach, urchins are frequently removed by swimmers and 
divers year-round. Intensive harvesting by fishermen has a 
more severe impact. It is estimated that fishermen remove 
between 10 and 20% of the total population and between 
10 and 35% of the reproductive population. Acceptable 
fishing rates have rarely been determined for sea urchin 
populations, but the rates in Hong Kong are low when 
compared with annu~l rates of 41 to 78% reported from 
Japan (Kawamura 1974). This study also shows that the 
remaining population still comprises a high percentage of 
smaller but sexually mature urchins, and that the 
magnitude. of annual recruitment is approximately 
equivalent to adult fishing mortality. Hence, the existing 
harvesting strategy does not appear to be detrimental to the 
total A. crassispina population. 

By far the most important factor contributing to the 
overall decline of the A. crassipina population in Hong 
Kong is the dramatic decrease in suitable urchin habitats. 
Extensive foreshore reclamations of the coastline which 
has traditionally supported an urchin fishery, with 
increased pollution and silt loads, have removed both 
suitable substrates and algal food. 

Despite evidence of intensive fishing, it is concluded 
that pollution through habitat destruction is the major 
factor limiting A. crassispina in Hong Kong. It is 
envisaged that if further depletion of the urchins from 
these pressures occurs, this will eventually result in the 
collapse of the commercial fishery. 
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Table 1. Ch21rscterlstlcs of A. crassispins study sites, 

Salinity (ppt) Macro1lgee 
Study site Tempereture (°C) occurrence 

Lung He Wan 29.0 - 35.0 All year round 
15.5 - 30.5 

Cape D'Agull1r 20.0 - 36.0 December-June 
14.5 - 29.5 

St. Stephen's Beach 27.0 - 35.0 December-June 
13.8 - 29.5 

Gemini Beach 15,0 - 36.0 January-February 
13.6 -29.5 (mainly drift algae) 

Table 2. Sizes of A. crasslspina colonies at sites. 

Area 
Site Estimated no, of urchins (m2) 

Lung Ha Wen 14,000 3,600 

Cape D'Agullar 176,000 (before July 1983) 14,000 
28,000 (alter July 1983) 14,000 

St. Stephen's Beach 15,000 5,000 

Gemini Beach 2,500 2,400 

CHINA 
8 KM. 

Fishing pressure Remarks 

Heavy SCUBA diving training 21rea 

Heavy 

Heavy 

Nil 

Average density 

Restricted access 

Very popular public swim· 
ming beach 

Not popular public swim· 
ming beecti 

Predetermined 
(no. of urchlns/m2) sample area (m2) 

3.8 16 x 16 

12.7 6 x 
2.0 20 x 20 

3.0 10 x 10 

1.0 10 x 30 

r ..... ~·-·-·-· 
_ .... '....._, ____ ,..... _._.J 

NEW TERRlTORiES 

~o 
~Soko Islands 

114°10' 114°20' 

Mirs Bay 

Fig. 1. Map of Hong Kong showing the study areas and the distribution of A. crassispina. Closed circles and triangles respectively denote the 
presence and absence of A. crassispina population. 
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Abstract 

The Sepik is Papua New Guinea's largest river system and 
supports an important subsistence fishery. Estimates have shown that the 
yield of the fishery is less than 10% of that expected by comparison with 
rivers in other continental regions. People inhabiting the Sepik catchment 
suffer serious problems of protein malnourishment. Over half of the 
present catch is introduced tilapia. The main reason for the low yield is 
the inadequacy of the native ichthyofauna from the fisheries point of 
view: for zoogeographic reasons, families of freshwater fish composing 
catches from other regions do not naturally occur in Australasia. Serious 
problems are envisaged if attempts are made to improve the yield based 
on native species. The improvement of the fish stocks by species 
introductions has been proposed. The procedure being adopted to ensure 
adequate safeguards is outlined. Each species considered will be 
appraised for its potential benefits and risks before final decisions on 
introduction are made. Assistance, advice and comments from scientists 
with relevant experience within the region are sought. 

Introduction 

In a recent review of floodplain river fisheries 
Welcomme (1979) made no significant mention of the 
New Guinea region. This is a testament to our previous 
lack of knowledge of this region. The island has three of 
the world's largest rivers: the Fly in the south and the 
Mamberambo/Idenberg and Sepik Rivers in the north. 

The fisheries yields of floedplain rivers in Asia, 
South America and Africa are broadly comparable 
(Welcomme 1976, 1979). The systems are similar and 
have ichthyofaunas that are long established and that show 
marked ecological convergence (Lowe-McConnell 1975). 
New Guinea, however, is part of the Australasian region 
and primary freshwater fishes or long-established 
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secondary freshwater fishes are lacking from the fauna. 
The region is east of "Wallace's Line" (Fig. 1), a faunistic 
barrier between Papua New Guinea (PNG) and Southeast 
Asia, as explained further by Coates (1985). Most native 
fishes found in freshwater in New Guinea are either 
diadromous (e.g., Megalopidae, Lutjanidae, Gobiidae) or 
freshwater representatives of essentially marine groups 
(e.g., Ariidae, Melanotaeniidae, Eleotridae). A similar 
situation occurs in Australia and New Zealand, and several 
other smaller areas. Within this region only the island of 
New Guinea has substantial freshwater resources that need 
to be exploited by people for subsistence food and as their 
sole major potential source of income. 

Coates (1985) estimated the yield of the floodplain of 
the Sepik River system to be between 3,000 and 5,000 
t/year. This is approximately 10% of the yield predicted 
with, for example, African rivers. About 50% of the 
present catch is composed of introduced tilapia 
(Oreochromis mossambicus). Considering the native 
species alone the present yield of the fishery is only about 
5% of that predicted. Fishing effort may be low by 
comparison with other regions but the low yield is mainly 
due to the depauperate native freshwater fauna. 

One obvious method of improving the Sepik fishery 
is to introduce further fish species. A lengthy discussion of 
the rationale for fish species introductions is presented in 
Coates (in press). The present paper serves to summarize 
the situation and explain the procedure being adopted. 

The introduction into and distribution of "exotic" 
fishes in PNG has been summarized by West and 
Glucksman (1976). Three species have established in the 
Sepik. The mosquitofish (Gambusia affinis) was 
introduced intentionally in the 1930s and has produced 
large populations in the Sepik, although its benefits for 
mosquito control are not known. Common carp (Cyprinus 
carpio) and tilapia were both brought to Papua New 
Guinea originally for aquaculture. Tilapia "accidentally" 
escaped from ponds in the drainage system in the early 
1960s and established wild populations in the Sepik; 
tilapia is now. the most important species in the fishery. 
Common carp escaped from ponds stocked in the 
highlands and entered the Sepik floodplain in 1979. Carp 
are still spreading but in regions where they are 
established species have produced large and valuable 
populations (Coates 1984). 

These past introductions illustrate that fish species 
properly adapted to the Sepik do well and produce large 
and useful populations. They also illustrate that past 
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introductions have been very haphazard and· insufficient 
attention was given to appropriate procedures, possible 
effects on the native fauna and risk/benefit analyses. No 
problems are known to have occurred. 

The Sepik River System 

Over 84% of PNG's population live inland and have 
no access to marine resources (Frielink 1983). Over 99% 
of PNG's fishermen are subsistence fishermen. The inland 
freshwater resources are centered on the major river 
systems. The Sepik River (Fig. 1) is PNG's largest river 
and supports an important subsistence fishery due to the 
relatively large population living there, although the yield 
is low (Coates 1985). The limnolqgy of the region has 
been studied by Coates et al. (1983). Nutrient levels are 
comparable to other similar river systems. 

Recent nutritional surveys have indicated that in 
many areas of the Sepik over 50% of children below the 
age of five years are malnourished (by PNG adopted 
definitions), in some areas the incidence is as high as 75%. 
The main problem is protein malnourishment. 

The Sepik floodplain fishery is broadly composed of: 
tilapia (about 50%); eight species of fork-tailed ariid 
catfishes (about 25%); two eleotrids (O:xyeleotris 
lineolatus and Ophieleotris aporos) (about 25%); tarpon 
(Megalops cyprinoides) (less than 5%); and less than 2% 
of all other species. 

Less is known about the hill stream regions (away 
from the floodplain) except that the fish fauna is poorer 
still in terms of species abundance and biomass. Ariid 
catfishes and tilapia are absent from these areas and 
eleotrids, melanotaeniids and theraponids become 
relatively more important. 

The main reason for low yields is probably the lack 
of species adapted to exploit floodplain conditions. The 
only species producing significant populations on the 
floodplain .are the two eleotrids and the rainbowfish 
Glossolepis multisquamatus which is too small to be.of 
importance to the fishery. The ariids are mainly restricted 
to the rivers. The majority of fish production in such rivers 
normally occurs on the floodplain (Welcomme 1979). The 
success of tilapia in the river system is attributed to its 
ability to exploit floodplain conditions. Tilapia grow 
rapidly, have a high reproductive rate and most of the 
production occurs on the floodplain during the flood. , 

A further problem with the native species is that 
most have very low fecundity. The ariids, for example, 
produce a maximum of 175 eggs per spawning from fish 
abput 1.0 m total length (Coates 1983). Most ariids 
produce 15-25 eggs per spawning. Only the two eleotrids 
and one rainbowfish mentioned above have a high 
reproductive rate. Most native Sepik fishes are, therefore, 

not adapted to cope with increases in mortality of adults 
and would probably be quickly overfished if fishing was 
intensified. This has already happened with Sepik ariids in 
some areas. It is well known that as tropical multi.species 
fisheries become fished the older, slower growing fishes 
with low reproductive rates tend to become replaced by 
younger, faster growing species with higher reproductive 
rates (Lowe-McConnell 1975; Welcomme 1979). The 
problem in the Sepik is that if the former are removed by 
increased fishing then there are few species in the latter 
category that could replace them. In other words, a 
substantial increase in yield based on native species could 
not be maintained. 

Alternatives to Species Introduction 

The basic objectives of fisheries development in 
PNG are to promote cash earning opportunities by rational 
exploitation of renewable fisheries resources, and to 
improve the subsistence diet and nutritional status of the 
people. Before species introductions to achieve these goals 
can be considered the alternatives should be investigated. 
These are: 

Transport fish from coastal to inland areas. The 
coastal resources of PNG are quite rich. It is possible to 
catch fish at the coast and transport them inland. However, 
the coastal fishery cannot at present provide fish 
efficiently and economically to coastal people let alone 
cover the cost of transportation inland. The majority of 
inland people have no money with which to buy fish from 
elsewhere. 

Develop the fishery based on existing species. Some 
improvements could be made in the present yield by 
increasing fishing effort and introducing new fishing and 
preservation techniques. However, as explained above, 
because of the problems with the native fauna, any 
improvements along these lines would be modest and at 
considerable cost. 

Aquaculture. There are few regions suitable for 
aquaculture and few, if any, waste foods to feed fish. The 
amount of fish that could be produced would not rival that 
which could be obtained via fishing new wild stocks. 
Aquaculture has never been a success anywhere in PNG, 
mainly due to the inexperience and lack of motivation of 
the people. Aquaculture would need to be based on 
introduced species since none of the species presently 
available are of proven use. 

Do nothing. If this option is taken then ' the 
government and the fisheries department are ignoring their 
main objectives and obligations. They will be denying the 
Sepik people of a cheap and large resource available 
through species introductions. 
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Potential risks vary with the species considered as do 
potential benefits. There are two distinct dilemmas: 

First, there will never be enough information 
available on the Sepik or on the species proposed for 
introduction, to be able to predict exactly what the 
consequences will be. Such information is not available 
for any ecosystem. Who will gather more information? 
Who will fund the work and would the expense involved 
be justified, given that we still would not know enough? 

Second, the greater the potential increase in fish 
stocks by the introduction of particular species the greater 
are the potential risks. The more "exotic" the species the 
more they might be expected to proliferate. 

The whole issue of species introductions depends on 
the question of "which species?" Much more thought is 
required on this subject and for this reason species are not 
suggested here. The following might serve as examples 
only: There could be little objection to transferring 
archerfishes or engraulids from other rivers in PNG to the 
Sepik. On the other hand, the introduction of primary 
freshwater catfishes (e.g., Claridae, Bagridae), despite 
their probable success in fisheries terms, would not be 
acceptable because of possible interference with native 
ariids (Coates 1983). 

A slow, cautious and well-planned approach to fish 
species introductions anywhere in PNG is needed. That 
approach should ensure maximum safeguards for the 
native fauna whilst attempting to improve the standard of 
living of the people in the area. A panel of experienced 
people would be established to recommend which species 
might be appropriate and what the dangers might be. That 
panel would include independent institutions and third 
parties. 

For each species considered, a synopsis of available 
biological information would be produced and related to 
known information on the native species. Potential 
benefits would be weighed against possible risks. After 
acceptable species are identified, quarantine 
considerations would be the responsibility of the PNG 
quarantine services. 

A protocol for the evaluation of species introductions 
would be developed and used for any freshwater organism 
entering PNG for whatever reason. A possible format has 
been suggested by Kohner and Stanley (1984) which 
needs minor alterations for PNG conditions. The 
procedure would ensure that decisions are based on all 
possible considerations. Final decisions regarding 
introductions would rest with the government. 

Discussion 

A full understanding of the rationale for fish species 
introductions into the Sepik River system requires 
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familiarity with all data available with an appreciation of 
the needs of the Sepik people that can only be obtained 
first-hand. Additional details are available in Coates (in 
press). 

There are few precedents, if any, for these proposals. 
Fish species introductions into the Sepik River are 
probably more justifiable than for any other natural water 
system in the world. More attention and thought has been 
given to this matter than for any species introduction (fish 
or otherwise) in Australasia. 

It should be noted that the project is a long-term one. 
Initially it is directed at benefiting the subsistence fishery. 
In the future, it is hoped that improved stocks will allow 
commercial fishery to develop. The project is also directed 
at alleviating the "fish problems" with the river not the 
"fishing problems". Once suitable stoks were established 
they would still need to be exploited. Many problems with 
the development of the fishery would still remain and 
these would be similar to those encountered in any remote 
and large tropical river system. But the prerequisite of any 
fishery is a suitable stock, without which further major 
developments would be hindered. 

A major function of this paper is to solicit help and 
comment from colleagues in the region who have 
experience in relevant fields. Comments for or against the 
project are welcome but all should preferably be supported 
by as much documentary evidence and data as possible. 
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Abstract 

Fish aggregation devices, commonly known as FADs or payaos, 
have been one of the most significant introductions to the commercial 
tuna fishery over the last decade. However, the depth and location at 
which they are deployed make them too expensive and too far from shore 
respectively, for exploitation by Papua New Guinea's artisanal 
fishermen. In this study two FADs were deployed in 160 m and 390 m, 
respectively, close to the coast (< 10 km). The shallower FAD proved 
unsuccessful both in the amount of fish it aggregated and the consistency 
with which they were aggregated. In contrast, the FAD in 390 m 
provided consistent troll catches averaging 12 kg/hr/vessel with several 
catches exceeding 40 kg/hr/vessel. The deeper water FAD tripled the 
annual harvest of tunas by artisanal fishermen in Wewak. Euthynnus 
affinis dominated the species composition around the FAD, while 
Thunnus albacares, Au.xis thazard, A. rochei and Coryphaena hippurus 
showed seasonal abundance. Katsuwonus pelamis, Thunnus obesus and 
Elagatis bipinnulatus were only caught in small amounts. With the 
exception of neritic E. affinis and A. thazard, these species were seldom 
caught in the artisanal fishery prior to the introduction of FADs. The size 
range of tunas caught at the FAD (15 to 35 cm caudal folk length) was 
consistent throughout the year regardless of the species involved. The 
size ranges were significantly smaller than the size range of fish caught 
in the artisan al fishery. 

Introduction 

The main direction of fish aggregating device (FAD) 
development has been aimed towards the commercial 
fisheries for skipjack (Katsuwonus pelamis) and yellowfin 
tuna (Thunnus albacares). The main advantage in the use 
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of FADs has been the guarantee of catches and fuel 
savings due to the shorter searching time. Shomura and 
Matsumoto (1982) found that the advantages of FADs 
could be passed onto artisanal and recreational fishermen, 
who were not only able to increase their catches but were 
also assured of making daily catches. 

Although Mathews and Butcher (1983) and Preston 
(1982) have shown that catches around FADs could 
indicate the possibility of commercial troll fisheries, their 
cost and deployment locations have put them out of reach 
of artisanal fishermen in many developing countries. Table · 
1 summarizes the water depths and the distance from shore 
where the most productive FADs have been deployed as 
reported by other researchers. 

In Papua New Guinea (PNG) the subsistence and 
artisanal fishermen primarily exploit shallow reef species 
or troll for neritic pelagic species. In the East Sepik 
Province of PNG, trolling for mackerel tuna (Euthynnus 
affinis) and frigate tuna (Auxis thazard) was the 
predominant fishing method prior to the recent 
introduction of deep bottom snapper fishing. Despite the 
presence of tuna schools throughout the year (Frusher, 
unpublished data) the expense of searching for schools has 
decreased the economical success of this method. 

To try to increase the harvest of these neritic tunas, 
the Fisheries Research and Surveys Branch of the 
Department of Primary Industry began evaluating F ADs in 
shallow water (< 500 m) and close to shore ( < 10 km). 

Materials and Methods 

In April 1984 two FADs were deployed in depths of 
160 m and 390 m along the northwestern PNG coastline. 
The FADs consisted of two or three 200-1 foam filled 
drums welded in an angle iron frame. Twenty-five meters 
of chain connected the float to the mooring rope and 
another 25 m of chain connected the rope to the anchor 
(disused engine blocks). The siting of the FADs made 
them equally accessible by research station staff and 
inhabitants from the main fishing villages. 

Results 

Table 2 gives a list of all the species caught at both 
FADs, their method of capture and their occurrence. 
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For the first four months after deployment, 1 x 1 x 
0.5 m wire traps were hung from 3-10 m under both 
FADs. Although these caught a number of small fish, their 
continued replacement and repair made them impractical 
and their use was discontinued. These traps mainly caught 
juvenile trevallies, Caranx tille (6-15 cm LCF); finny 
scad, Megalaspis cordyla (8-12 cm LCF); and rainbow 
runners, Elagatis bipinnulatus (18-35 cm LCF) at both 
FADs. 

Vertical longlining was undertaken at both FADs. 
These longlines consisted of 300 m of mainline (150 m at 
the 160 m FAD) with hooks clipped on every 15 m. Each 
branch line consisted of number 12/0 hooks connected to 1 
m of trace wire followed by 2mof150 kg breaking strain 
monofilament nylon line. Longlining was only successful 
at the deeper water FAD where it caught the silky shark, 
Carcharhinus falciformes. 

Jigging of baited lines to depths of 35 m caught E. 
bipinnulatus and C. tille at both FADs and the dolphinfish, 
Coryphaena hippurus, at the deeper water FAD. 

Trolling, using plastic squid or chicken feathers on 
number 12 hooks attached to 15 kg breaking strain 
monofilament nylon line, was the dominant method used 
around the FADs. This was the only method tried which 
captured tuna. 

From July 1984 to July 1985, 8,532 fish were caught 
around the FADs while only 2,096 fish were caught in the 
artisanal fishery. The FAD catch comprised mainly fish 
caught in routine sampling while the artisanal catch 
represented fish sold to the government fish purchase 
depot. During this period no other retail outlet was known 
to have purchased tuna. However, FAD caught tuna was a 
common sight in the local markets from October to 
February. 

Table 3 gives the species composition of FAD and 
non-FAD caught pelagic fish. Mackerel tuna dominated 
both the artisanal and FAD catches, although more so in 
the artisanal catch. Y ellowfin tuna, the second most 
commonly caught fish at the FADs, was absent from the 
artisanal catch. The other more oceanic tuna, skipjack 
tuna, while forming only a small proportion of the FAD 
catch, was absent from the artisanal fishery. Thus, the 
FADs gave artisanal fishermen access to a previously 
unexploited fish resource. In contrast, the more reef-
associated pelagic species such as the finny scad, doubled-
lined scad, Grammatorcynus bilineatus and black kingfish, 
Rachycentron canadus were absent from the FAD catch. 
Frigate mackerel formed a greater percentage of the 
artisanal catch and, to a lesser extent, dolphinfish formed a 
greater percentage of the FAD catch. 

Table 4 shows the species composition and catch rate 
by trolling at the 160-m and the 390-m FADs. The shallow 
water FAD mainly caught mackerel tuna with minor 
amounts of frigate and skipjack tuna, rainbow runner and 

dolphinfish. While mackerel tuna was the dominant 
species at the offshore FAD, yellowfin and frigate tunas 
were also caught in considerable quantities. The lack of 
yellowfin, and to a lesser extent, skipjack tuna at the 
shallow water FAD indicates the more oceanic preferences 
of these tunas. 

Fig. 1 shows the monthly CPUE data from the first 
catches of fish at the deeper water FAD in July 1984 to 
September 1985. From these data it can be seen that after a 
period of increased catches from August 1984 to March 
1985 there has been a gradual decrease in CPUE figures. 
Whether this is due to the FAD losing its effectiveness as 
an aggregator or seasonal differences is presently 
unknown. 

Table 4 shows the mean CPUE of each species 
caught at the shallow and deepwater FADs. The deeper 
water FAD caught approximately seven times the number 
of fish per hour than did the shallow water FAD. All 
species caught showed higher catch rates at the deeper 
water FAD. 

Mackerel tuna was the dominant fish caught at the 
FAD. Yellowfin tuna was the second most common fish 
caught and appeared to be seasonal from July/August to 
February. Frigate tuna were slow to start aggregating at 
the FAD and after March they became more important, 
dominating the FAD catch in September 1985. Of interest 
is the first positive identification of the wide corsetted 
frigate tuna A. rochei in September 1985, when it formed 
4 7 .1 % of the frigate tuna catch. The presence of A. rochei 
may be related to a seasonal parameter and may be 
responsible for the increased frigate tuna catches from 
March 1985. Skipjack tuna appeared in only minor 
quantities and was most abundant from July/August to 
December. Dolphinfish had a definite seasonal period of 
abunciru:ice at the FAD from ·November till April, While 
rainbow runners appeared as irregular visitors to the FAD 
from September to May. 

For all species, the FAD-caught fish were 
significantly (p < 0.01, t-test) smaller than fish caught in 
the artisanal catch. Only in the dolphinfish and the frigate 
tuna did the upper limit of the size range caught at the 
FAD include maturing fish. In all four tuna species the 
size range caught at the FAD was similar, irrespective of 
the maximum size of the species, its size at first maturity, 
or whether neritic or oceanic. Even though the shallow 
water FAD was placed in a region where adult mackerel 
tuna have been caught, only juveniles were caught in the 
vicinity of the FAD, although adults were still caught in 
the same region. Thus FADs deployed in depths of up to 
390 m in northwestern PNG'aggregated a select size range 
of fish, mainly juveniles. 
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Discussion 

While FADs appear as a bonus to PNG's artisanal 
fishennen their harvest of juvenile fish is of concern. In 
Fiji, Preston (1982) found a nearshore FAD often to have 
'very small tuna'. At the deeper water FAD, trolled 
skipjack tuna averaged 2.4 kg and 10% of the trolled 
yellowfin tuna were greater than 10 kg. Floyd·and Pauly 
(1984) consider the reduction in the commercial Philippine 
tuna catch to be associated with growth overfishing by 
using FADs. 

Kihara (1981) reports that juvenile yellowfin and 
skipjack tunas were seasonally caught by purse seiners at 
FADs in the Philippines, primarily during May and June. 
In Fiji, Preston (1982) found that the purse seine catches 
around FADs yielded slightly smaller skipjack tuna than 
the free-ranging schools fished by the pole and line 
vessels. While purse seining is a less selective method 
than pole and line fishing, the available data indicate that 
FADs aggregate tunas from juveniles to adults whereas 
free-ranging schools appear to be composed of larger adult 
fishes. Thus the harvesting of tunas at F ADs may remove 
a built in safety margin that prevents growth overfishing. 

Of importance to the artisanal fishermen is the 
increased harvest of juvenile mackerel and frigate tunas. 
These tunas also support artisanal troll fisheries. Little 
work is available on the extent of migrations and 
population structure of these species. Work on other 
scombrids has shown that neritic species may have more 
defined population structures than the oceanic species. 
Shacklee (pers. comm.) used electrophoretic techniques to 
demonstrate genetic differences in Scomberomorus 
commerson between PNG islands region (Kavieng) and 
the northern PNG mainland (W ewak and Tufi) as well as 
between eastern and western Australia. Wilson (1981) 
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using meristic, morphometric and electrophoretic evidence 
suggests that the neritic longtail tuna (Thunnus tonggol) 
has a PNG (samples from Port Moresby and Gulf of 
Papua) as well as a western population (western Australia, 
Malaysia). If mackerel or frigate tunas form discrete 
localized populations then artisanal exploitation of 
juveniles at FADs may have a deleterious effect. 
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Table 1. Summary of water depths and distance from shore where researchers have found their FADs 
most productive. 

Distance 
from coast Water depth 

Researchers Country (km) (m) 

Matsumoto et al. (1981) Hawaii not mentioned 2,000 
Kihara (1981) Philippines > 50 > 3,000 
Brock (cited PTDF 1979) Hawaii not mentioned > 1,600 
Preston (1982) Fiji 40 not mentioned 
de San (1982) Western Samoa 20 1,800 
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T1bie 2 Sp1cies list of fish caught et sheillow w1ter (160 m) and deepwet1r (390) FADS 1nd th1lr 
e1ptur1 mtthod end occurrence. 

160-m FAD 390-m FAD 
Cepturo· C1pture 

Species method Occurr1nce mathod Occurr1nc1 

Alut1rus monoc1ros T R T R 
A/uterus scrlprus T R T R 
D.c•pterus russ1/I/ T R 
M.g1l.spls cordyl• T R T R 
s.1., cr1mnopth1lmus T R T R 
Strlol• r/vul1n1 TL R 
Elag1tls blplnnulatus T,TL,J R T, TL,J M 
Ac1nthocyblum so/1ndrl TL R 
Sphyn1n1 barr.cud1 TL,J R 
C.ranx till• T,J M T, TL,J M 
Pstn1s cy1nophrys T R 
Lobotes surinam1nsis T R 
C1rch1rhinus ftllciform.s LL M 
Thunnus ob1sus TL R 
Thunnus 1/bac1,.s TL R TL c 
K1tsuwonus p1/1mls TL M 
Auxls roch1I TL M 
Auxls thezard TL R TL M 
Euthynnu11fflnis TL M TL c 
Coryph1.n1J hlppuru1 TL R TL,J M 

T =Tripping, TL= Trolling, J =Jigging end LL .. Vertical longlinlng. 
A .. R1re: tither <20 indlvldu1ls c1ught during the survey or > 20 lndlvldu1ls caught on 1 or 2 

occ1sions. 
M .. Medium: > 20 end < 600 lndivldu11ls c1ught during th• !Urv1y, 
C •Common: >600 lndlvlduels caught during the surv1y. 

T1ble 3. Sp11ci1s composition of FAD 11nd nonFAO trolled pel1g1c fish from July 1984 to Seiptember 
1985. 

FAD NonFAD 
Species No. % No. % 

Euthynnu.s 1mnis 4,871 57.1 1,503 71.7 
Auxis th1z.rd 1,009 11.8 371 17.7 
Thunnus 1/b1caras 2,122 24.9 0 0 
K1tsuwonu.s p1/1mis 223 2.5 0 0 
Coryphaen1 hippurus 188 2.2 8 0.4 
El191ti.s blplnnul1tus 119 1.4 65 3.1 
Me91/11pis cordy/1 0 112 5.3 
R1chycMtron c1n~us 0 16 0.8 
Gramm1torcynus billne1tus 0 16 0.8 

Table 4. Species composition and cntch rite (number of fish/hour) by trolling et the 160-m FAD 
and the J90·m FAD from July 1984 to Meiy 1985. 

160·m FAD 390-m FAD 
Species No. % No.lhr No. % No.lhr 

Euthynnus 1ffinis 72 80.0 4.06 4,637 56.4 20.85 
Auxis th1z1rd 4 4.4 0.23 937 11.4 4.21 
K1tsuwonus pel•mis 6 6.7 0.34 222 2.7 1.00 
Thunnus alb1c1r~s 0 2,116 25.8 9.61 
El1getis bipinnul1tus 4 4.4 0.23 119 1.4 0.54 
Corypha!n• hippurus 4.4 0.23 186 2.3 0.84 
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Fig. 1. Monthly CPUE data for the 390·m FAD from July 1984 
to September 1985. 
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Abstract 

Barramundi (Lates calcarifer Bloch) is a large catadromous 
centropomid fish exploited by recreational and commercial fishermen in 
rivers and estuaries of northern Australia. The Northern Territory 
commercial fishery for barramundi developed rapidly during the 1950s. 
Management regulations have been progressively introduced for the 
commercial fishery since 1940. Reviews of the status of the resource, 
based on surplus production models, have been undertaken since 1975. 
These have resulted in more stringent regulations including license 
limitation, seasonal and area closures, gear restrictions, and more 
recently a license buy-back scheme. Since the 1970s, the extent of 
exploitation by recreational fishermen has increased significantly along 
with population growth and development of previously remote areas. 
Also, an increasing awareness of the economic benefits of recreational 
fishing, particularly through tourism, has resulted in the active promotion 
of barramundi fishing as a tourist attraction. Although there is a high 
demand for the commercial supply of barramundi to the consumer, there 
is a growing demand for recreational utilization of the same resource. 
Consumer demand for barramundi may eventually be satisfied by 
aquaculture. 

Introduction 

Commercial exploitation of barramundi or seabass 
(Lates calcarifer Bloch) began in the Northern Territory 
soon after the establishment of the permanent settlement at 
Port Darwin, but it was not until the advent of postwar 
technology in the 1950s that the fishery provided for more 
than local market sales. 

The commercial fishery expanded rapidly from 1960 
to a peak in 1976-1977. This increase in total catch and 
number of fishermen and a decline in catch rate prompted 
the first of a series of reviews of the fishery from 1978. 
Stock assessment analysis based on the Schaefer surplus 
production model demonstrated that the resource was 
subject to excessive commercial fishing effort. 
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Management measures to address this problem were 
introduced progressively from 1978. Since then the rate of 
population growth in the Northern Territory has increased 
significantly with a concomitant increase in recreational 
fishing. With the perceived need for economic 
diversification and development of the Northern Territory, 
the Government has encouraged tourism including the 
promotion of barramundi angling. 

Because of the increase in recreational fishing there 
has been support within the community for the need to 
'allocate' proportions of the resource to both user groups. 
While to date this proportioning has been achieved by 
regulation of the commercial fishery for its own sake, 
increasing pressure from recreational fishermen could 
result in the introduction of measures to achieve formal 
resource allocation by area, and/or catch quota or other 
means. 

This would require detailed assessment of the 
recreational fishery, more reliable estimates of yield, a 
better understanding of the biology and life history of the 
barramundi and consideration of a wide range of other 
issues which have bearing on the management of the 
fishery (e.g., environmental fluctuations). 

This paper briefly outlines the biology and life 
history of barramundi; the commercial and recreational 
fishery; stock assessment; and future management of the 
fishery. 

Biology and Life History of Lates calcarifer 

Barramundi is a large centropomid fish, widely 
distributed in rivers and estuaries in tropical and semi-
tropical regions of the Indo-West Pacific (Greenwood 
1976). Studies on this species in northern Australia and 
Papua New Guinea have identified that it has a complex 
life history, being a protandrous hermaphrodite and 
catadromous (Moore 1979, 1980, 1982; Moore and 
Reynolds 1982; Reynolds and Moore 1982; Davis 1982, 
1985; Russell and Garrett 1983, 1985; Griffin, in press). 

In the Northern Territory, spawning occurs in August 
or September until February in brackishwaters (28-36 ppt) 
near the mouths of rivers. Movement to the spawning 
areas and maturation of gonads is thought to be triggered 
by an increase in water temperature which occurs at the 
end of the dry season (southeast monsoon). There is a tidal 
based monthly cycle of spawning, with postlarvae entering 
coastal swamps on the peak spring tides. As the wet 
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season (northwest monsoon) develops, these swamps and 
adjacent flood plains back up with freshwater and the 
young barramundi remain in this safe, productive 
environment until flood waters recede around March or 
April (Davis 1985). 

At this time, the young of the year fish move 
upstream to the upper reaches of the river where they 
generally remain until they are 3 to 4 years of age (60-70 
cm total length or 2.6-4.2 kg). At this time they reach 
sexual maturity as males and at the end of the next dry 
season will migrate downstream to spawn depending on 
access to tidal waters (Fig. 1). 

These fish remain in the tidal waters of the river, and 
each male will participate in spawning several times 
before changing sex at between 6 and 8 years to become 
female (protandry). At this age, the fish are 85 to 100 cm 
in length and between 7 and 12 kg (Davis 1982). 

Female barramundi have a high reproductive 
capacity, producing up to 10 million eggs at 100 cm and 
30-40 million at 120 cm (Davis 1984). 

This movement, and subsequent residency of older 
fish in tidal waters creates an age aggregated population, 
i.e., young immature fish up to 4 years of age tend to be 
found upstream and in freshwaters while the older larger 
fish are found predominantly in tidal and estuarine waters. 

Commercial Exploitation 

In the Northern Territory and the rest of northern 
Australia, barramundi are captured for commercial 
purposes by gill netting. Most fishermen use 
monofilament or multifilament gill nets of 150 mm or 180 
mm mesh size. These nets are set in rivers, estuaries and 
along the coast, in lengths of 25 to 1,000 m (and in 
previous years up to 4,000 m) depending on the locality. 

Fishermen generally base their operations in a 
particular river system and their vessels provide a work 
platform and have freezer capacity sufficient to hold 
catches taken over extended fishing periods. 

The size composition of commercially caught fish is 
generally within the range of 50 to 140 cm total length, 
with a mean between 66 and 85 cm (3.5-7.1 kg) depending 
on the river system (Rohan et al. 1981). 

Development of the commercial fishery began in the 
late 1930s but significant expansion of the fishery 
occurred from 1961 onwards, the catch increasing from 
less than 10 t liveweight in 1953-1954 to approximately 
118 tin 1959-1960 and to a peak of 1,162 tin 1976-1977 
(Fig. 3). 

Recreational Exploitation 

In Australia, recreational fishing is a very popular 
pasttime and the expansion of the recreational fishery for 
barramundi in the Northern Territory is being facilitated 
by the development of tourist infrastructure, fishing 
charter and safari operations and a vigorous tourist 
promotion program both within Australia and overseas. 

Recreational fishing for barramundi is predominantly 
from small outboard powered dinghys. The fishermen use 
rods and light monofilament line with lures or bait, 
although the casting and or trolling of lures are by far the 
most popular methods. The majority of recreational 
fishing takes place in the freshwaters of the major river 
systems and their tributaries or billabongs (seasonally 
isolated waterholes). 

The heaviest amateur fishing pressure is applied in 
rivers which are readily accessible from Darwin, e.g., the 
Alligator and Mary River systems. Other popular areas are 
the Daly, Finnis, Roper, Victoria and MacArthur Rivers 
(Fig. 2). 

A survey in 1978-1979 assessed the extent and 
success of amateur fishing in the Mary and Alligator River 
systems (Griffin 1982) and indicated that amateurs caught 
approximately 80 t of barramundi during the 12-month 
survey. A total of 2,205 anglers were interviewed; total 
catch was 3,602 with an average estimated weight of 3.1 
kg. 

Expenditure on equipment and related costs by 
amateurs fishing in that area was approximately A$1.9 
million. It was estimated that amateur fishermen captured 
10-20% of barramundi landed in the Northern Territory. 
These figures also suggested that the annual value of 
recreational barramundi fishing was of the same 
magnitude as the commercial catch (Griffin 1982). A 
survey of seafood consumption in Darwin in 1983 
revealed that over 45% of consumers engage in fishing for 
recreation and that 64% of households regarded 
barramundi as the most popular species taken 
(Bandaranaike, unpublished data). 

Stock Assessment 

In view of the lack of estimates of population 
parameters, the assessment of yield from the barramundi 
fishery has been based on the surplus production model 
(Schaefer 1954). Recently, modified surplus production 
models have been developed including that of Fox (1970, 
1975), and recent yield assessments for the fishery were 
undertaken using both methods. 

Initially, assessmentS of the state of the barramundi 
population were made with data from the whole of the 
Northern Territory, i.e., treating it as one stock. This 
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· approach was useful for determining theoretical total effort 
levels for the fishery as a whole. However, as there is 
substantial evidence that there are a number of stocks 
based on individual river systems (Shaklee and Salini 
1985), estimates have been made of yields and optimum 
effort for individual river systems as well as for the total 
fishery. The reliability of these estimates varies, and these 
estimates are only used as a broad indication of the status 
of the fishery. 

Data on catch and effort are collected from 
commercial fishermen through individual monthly returns 
and include catch by species, location of fishing 
operations, length of net used, mesh size and the number 
of days fished. Effort is measured in 100-m net day 
(HMD), a simple product of the length of net used and the 
number of days that it is set. 

Catch and effort data for the Northern Territory 
commercial fishery and the Mary River system are 
provided in Table 1. Estimates of yield only apply to the 
commercial sector of the fishery and it is not possible to 
provide an expected yield for the whole fishery with any 
level of confidence. 

While the level of recreational catch is low compared 
to the commercial catch it can be treated as part of the 
natural mortality component. However, in the last decade 
the level ofrecreational fishing has increased substantially 
in some areas and studies are being initiated to provide 
additional information to enable the incorporation of 
recreational catch and effort into a total yield assessment. 

Management of the Fishery 

The first specific management regulation for the 
barramundi fishery in the Northern Territory was issued in 
1962. This closed inland waters to commercial gill net 
fishing on a seasonal basis in the mistaken belief that 
barramundi spawned in freshwater. This was further 
extended to a total closure in 1966 and other regulations 
including mesh size limitations and a minimum legal 
length (58 cm) were imposed. 

In 1969, further regulatory measures were 
introduced, based on results of limited biological research 
undertaken in other parts of Australia. 

An assessment of the economic status of the 
commercial barramundi fishery was carried out in 1975 as 
part of an overall review of the Northern Territory fishing 
industry. A major recommendation was that the number of 
licenses issued for the barramundi fishery should be 
limited, based on economic criteria (Copes, unpublished 
report). Limitation was introduced in 1976, and at this 
time the number of licenses was set at 170 but 
subsequently reduced to 154 in 1977. 
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License limitation did not prove effective in 
controlling the fishing effort which increased rapidly from 
15,741 HMD in 1975 to over 90,000 HMD in 1978 and 
1979. As effort increased, a marked reduction in catch rate 
occurred resulting in industry concern. In 1978 a full 
review of the fishery was undertaken (Grey and Griffin 
1979), and the Schaefer surplus production model was 
applied to the catch and effort data for the period 1972-
1978. This analysis provided estimates of maximum 
sustainable yield (MSY) and optimum fishing effort (E), 
of approximately 1,000 t and 70,000 HMO, respectively. 
As the effort applied in 1978 exceeded this theoretical 
optimum, several new measures were introduced to limit 
fishing effort. Although it was recognized that the yield 
estimates were of limited reliability, these measures were 
imposed in the light of the potential increase in effort 
(through longer net lengths and increased fishing time). A 
maximum net length of 1,500 m was imposed and the 
three-month closed season (introduced in 1977) was 
extended to four months from 1 October to 31 January. 

Since 1979 the management of the fishery has been 
under constant review. Rohan et al. (1981) included 1979 
and 1980 data and gave a revised estimate of MSY of 
about 890 t and E of 61,500 HMO. 

In 1982-1983 ,management concentrated on reducing 
fishing effort by reduction of net length to a maximum of 
1,000 m (some were allowed up to 1,500 m) and reduction 
of the number of fishermen through a license buy-back 
scheme. Other measures were introduced to reduce 
potential and actual effort including increases in buy-back 
price and endorsement fees. 

A review of the fishery in 1985 indicated that 
although the license buy-back scheme had been successful 
in reducing the number of licenses there was still a need 
for further reduction (Grey and Griffin, unpublished 
report). This review included data from 1972 to 1984 
inclusive (Table 1). The Schaefer estimated MSY was 886 
t for 59,900 HMD effort, whereas the Fox estimate for 
MSY was 771 t for 61,300 HMO (Fig. 4). 

In addition, this review recognized the increasing 
impact on the resource by the recreational fishermen and 
additional measures were imposed to provide restramt on 
commercial fishing activities in the Mary River system in 
particular, as well as imposing a further reduction on the 
fishery in general through reduction in total net lengths 
permitted. 

In January 1986, 41 licensed fishermen were 
endorsed to operate in the barraffiundi fishery. 

Although the majority of the management measures 
introduced to date relate specifically to the activities of 
commercial fishermen, recreational fishermen are not 
permitted to sell their catch and a bag limit of 5 fish per 
person per day with a maximum of 10 fish in possession 
was introduced in 1980. 
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Future Considerations 

In recent years the question of the allocation of the 
barramuncli resource to the recreational and commercial 
fishermen has been subject of considerable debate. There 
is no doubt that the requirement by recreational fishermen 
for the resource will further increase with population, 
accessibility and increasing leisure time. At the same time, 
the demand for commercial product for the tourist 
consumer and the higher national demand for the species 
will require maintenance of the commercial fishery at a 
sufficient level to satisfy these demands. 

The demand for access to the resource has become a 
political issue to some extent, with both groups pressuring 
the Government for increased consideration. Recreational 
fishermen have put forward proposals to close specific 
rivers to commercial fishing. These proposals have been 
made on the premise that commercial fishing is having a 
detrimental effect on stocks and its removal would result 
in increased expectations of catches by amateur fishermen. 
There is no doubt that the groups are both competing for 
the same resource. This competition is likely to further 
develop into conflict unless the appropriate management 
measures are introduced, or the availability of the resource 
is increased. 

To date there have been a limited number of 
unsuccessful attempts to culture barramundi in the 
Northern Territory, although recently some progress has 
been made on aquaculture of this species elsewhere in 
Australia (Young 1985; Anon. 1986). When the 
aquaculture production of barramuncli reaches the point of 
commercial production, this will alleviate to some extent 
the commercial demand for the species to be taken from 
the wild stocks. 

Until this is achieved, the management of the fishery 
will require the careful adjustment of the exploitation 
levels by both groups in order to achieve the appropriate 
balance and maintain the long-term viability of the wild 
stock population. To this end an ongoing program of 
commercial and recreational fishery assessment must 
continue and monitoring of the status of the resource 
maintained. 
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Table 1. NT barramundi fishery catch and effort data, 1972-1984. 

Northern Territory Mary River 

Catch Effort Catch Effort 
Year (t) (HMD x 1.000) Year (t) (HMD x 1,000) 

1972 382.0 17.3 
1973 431.3 21.0 
1974 656.0 22.8 
1975 432.3 15.7 
1976 973.8 
1977 1,054.0 72.0 
1978 820.0 95.9 
1979 745.0 100.7 
1980 531.7 71.4 
1981 764.1 66.9 
1982 856.1 95.4 
1983 603.1 87.1 
1984 617.1 71.6 

N.B. 1976 Data not available. 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

178.5 
155.2 
239.1 
141.7 

270.2 
152.8 
137.5 
137.2 
191.1 
170.5 

72.2 
126.6 

8.8 
9.1 
9.5 
7.2 

22.0 
22.8 
18.5 
19.6 
16.0 
24.9 
17,7 
19.3 

Model Parameters Model Parameters 
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Fig. 1. Generalized life history of barramundi (Lates calcarifer). 
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Fig. 2. N.T. barramundi fishery landings by river system (mean 
1972-1984). 
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Abstract 

Thirteen stations throughout eastern Samar, Philippines, where 
specific groups of lobster fishennen operate, were monitored to derive 
baseline infonnation about the lobster resources in the area including an 
overview-of the marketing aspects involved. 

Six types of fishing gear were used for capturing lobsters: gill 
nets, fish traps, fish corrals, hook and line, local spear guns and lobster 
traps. Catches from the first four are mainly incidental while a deliberate 
spear and trap fisheiy exists. The peak lobster season generally occurs 
from May to August, coinciding with the calmest periods on the Pacific 
coast. 

Six species and subspecies were recorded from the area: Panulirus 
penici//atus, P. ornatus, P. /ongipes /ongipes, P. /ongipesfemoristriga, P. 
versico/or and P. homarus homarus. Of these, P. penici//atus which 
abounds in the surf areas on the Pacific coast, comprises the bulk of the 
landed catch. A general decline in catch per unit effort expressed as total 
catch Qobster tails in kg)/fishennan/fishing trip was noted during the 
peak lobster seasons in 1982 to 1984. 

Introduction 

Spiny lobsters are among the most expensive marine 
commodities with a high demand in both local and 
international markets. The total reported volume of 
harvested spiny lobsters from the Philippines amounte"d to 
as much as 1,457 t in 1979 but declined to 965 t in 1982. 
Total exports of frozen or chilled lobster tails amounted to 
66,388 kg in 1982 with an estimated value of 
'P.3,470,785.00 (BFAR 1982). However, little is known 
about the local spiny lobsters, much less their fishery. In 
1983, the University of the Philippines Marine Science 
Institute initiated a lobster research project to derive 
baseline information on aspects of the biology and ecology 
of local species (Panulirus spp.). Guiuan, eastern Samar, 
one of the regular buying stations for exported lobsters, 
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was chosen as one of the study areas for the local lobster 
fishery. 

Methods 

The daily landed catches at the buying stations were 
monitored regularly from November 1982 to November 
1983. As much as possible, the number of lobsters per 
species was noted from the available catch. Extensive 
interviews were conducted with fishermen in various 
localities throughout eastern Samar to derive information 
on the state of the fishery. In addition, questionnaires were 
sent out to gather information regarding the species 
caught, gear used and seasonality of the fishery including 
some aspects of marketing. 

Estimates of catch per unit effort (CPUE), expressed 
as the total catch (kg)/fisherman/successful fishing trip, 
were derived from the daily records of catches of 
fishermen in selected stations. Successful fishing trips 
refer to. trips when lobsters were caught. The individual 
average CPUEs were derived by dividing the total 
monthly catch of each fisherman by the number of 
successful fishing trips. The average monthly CPUE 
represents the mean of these individual CPUE for each 
month. The relative abundance of the various species was 
based on their frequency in the landed catch. 

The areas surveyed in eastern Samar extended from 
Dolores in the north down to Homonhon Island. Thirteen 
stations delineating general areas where specific groups of 
lobster fishermen operated regularly were identified. The 
general types of fishing areas were: rocky surf areas along 
the Pacific coast, coral reef areas and sandy muddy areas 
with a poorly-developed coral community in shallower 
portions. The thirteen stations and the respective general 
type(s) of lobster fishing grounds are indicated in Fig. 1. 

Results 

Six species and subspecies were recorded: P. 
penicillatus (kawakaw, badason); P. longipes longipes 
(buranting); P. longipes femoristriga (buranting); P. 
ornatus (tigbi-on); ·P. versicolor (dara-atan); and P. 
homarus homarus (badason). The distribution and relative 
abundance of each species in the various stations were 
related to the available habitats in the area (Fig. 1). P. 
penicillatus abounds in the rocky surf zones where there is 
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high wave action. Consequently, it is the most common 
species caught in the exposed areas along the Pacific coast 
(Stations 1-3). Both subspecies of P. longipes as well as P. 
versicolor thrive in coral reef areas with clear and calmer 
waters (Stations 4b and 11). The latter species, however, is 
also caught in more turbid waters with muddy sandy 
substrates where P. ornatus is commonly caught (Stations 
Sb, 12 and 13). P. homarus homarus is the rarest. 
Fishermen generally do not distinguish this as a distinct 
species and it is thought to be the female P. penicillatus. It 
was reported to be most commonly caught also in the surf 
areas. 

The overall species composition of lobsters landed in 
Guiuan can be seen in the monthly frequencies per species 
in the sampled landed catch from November 1982 to 
November 1983 (Table 1). P. penicillatus is clearly the 
most dominant species in tlie area comprising over 80% of 
the landed catch. P. longipes (both subspecies poolaj) is 
the second most common species (10.8%) followed by P. 
versicolor (4.7%) and P. ornatus (1.8%). The number of 
P. homarus homarus in the landed catch is negligible 
compared to the other species. 

Six types of fishing gear were found to be used for 
capturing lobsters: fish traps, fish corrals, hook and line, 
gill nets, local spear guns and lobster traps. Catches with 
the first four types of gear are incidental. It was however, 
reported that gill nets are used in Station 1 to deliberately 
catch lobsters during stormy times of the year when the 
northeast monsoon is prevalent. The nets are set along the 
edges of the surf zone in the afternoon and retrieved early 
in the morning the next day. The lobsters are thought to 
come out of their shelters to feed on organism caught in 
the nets and in the process get entangled themselves. On 
the other hand, a deliberate spear and trap fishery 
(discussed below) based primarily on P. penicillatus exists 
in the area during the "peak lobster season" which 
coincides with the calmest time of the year. This season 
generally extends from April to August when most of the 
stations are 'protected from the prevailing southwest 
monsoon. 

All species are caught by spear fishermen. Only P. 
penicillatus, followed by P. longipes, are commonly 
caught in lobster traps although P. versicolor was also 
reported to be rarely caught in traps in Station 6. The first 
is also the most common species caught by gill nets. P. 
versicolor and P. ornatus were reported to be ocassionally 
caught in fish traps and fish corrals and by hook and line. 

The gear of spearfishermen consists of improvised 
wooden spear guns, a flashlight sealed in strips of tire 
inner tubes and rubberbands, wooden fins and goggles. 
Activities of these fishermen are concentrated at depths of 
4-8 m in surf and coral reef areas. A few of the 
spearfishermen in Stations 1 and 2 used hookah with 
breathing hoses to catch lobsters at depths of 12-50 m in 

more protected areas (embayments in Stations 1and2). In 
addition to the abovementioned gears, divers use heavy 
chains as weight belts and an improvised mask with a 
plastic helmet to which a waterproof flashlight is attached 
at the center of the forehead (similar to a miner's helmet). 
While these spearfishermen go primarily for lobsters 
during the peak season when the prices of lobsters are 
highest, they also spear fish. 

Fishing effort varies with the physical capacity of the 
fishermen; however, most deliberate lobster fishermen go 
out at least 4-6 days a week during the "lobster season." 
They often dive for as much as 6 hours per night in two 
shifts from 9 p.m. to 12 midnight and from 2 to 5 a.m. 

A small-scale trap fishery for P. penicillatus exists in 
Stations 3 to 6. In each station, there are 5-10 fishermen 
with about 6-8 traps each. Cylindrical bamboo traps with 
openings at both ends which are lined with bamboo slats 
are used. These are baited with crushed sea urchins 
(Echinometra sp.) and set out in surge channels and 
undercuts in the surf zone secured in place by wooden 
stakes during low tide and retrieved the next day. 

While traps can be used throughout the lobster 
season when the Pacific coast is calm, they are used 
mainly only from March to May. As the activities of 
spearfishermen intensify, most trap fishermen stop their 
operations inasmuch as the former reportedly loot the 
catch at night and destroy the traps to discourage 
competition. Some in fact shift to spearfishing for, the rest 
of the season. 

Of the thirteen stations, sizeable data were available 
only from· Stations 6 and 7 as most spearfishermen from 
these stations take their daily catch directly to the buying 
stations where records were obtained. Only relatively 
complete records of some fishermen were used. Estimates 
of average CPUE for May-August (1982-1984) in these 
stations are shown in Tables 2 and 3. Over these years, 
there was a decline of about 100 g (lob~ter tails) in the 
average daily catch of spear fishermen in the area. 

For spearfishing with compressor, the only data 
available were from Station 1 in May 1984. Two teams, 
each composed of two divers, had an average daily catch 
of 5.3 kg lobster tails (S.D. = 1.46) mainly large P. 
ornatus. On the other hand, average daily total catch 
(whole lobsters) from 6-8 lobster traps of one fisherman 
was only .20 kg (S.D. = 0.63). 

Table 4 shows the total monthly shipments of 
lobsters from Guiuan, eastern Samar from 1973 to 1984 
based on Bureau of Fisheries and Aquatic Resources 
(BFAR) auxillary invoice reports. It should be noted that 
most of the shipments are lobster tails rather than whole 
lobsters. Based on yearly totals, shipments for export 
reached its peak in 1976, declining drastically in 1979 to 
1981 and picking up again thereafter. 
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Lobsters caught from various stations are brought to 
Guiuan where four exporting firms have buying stations. 
In stations far from Guiuan, spearfishermen sell lobsters to 
local brokers who bring them to Guiuan every 2-3 days. 
Spearfishermen from nearby stations (Stations 5-7 and 
11), on the other hand, bring their catch directly to the 
buying stations to get the best price. Usually, only tails are 
bought. Degutting and headpopping are done by the 
fishermen themselves. However, from March to August, 
whole uninjured lobsters caught by traps are bought by 
exporters. 

Lobster tails are sorted and priced according to size 
regardless of the species. During the "lobster season", 
prices increase due to competition between the buyers who 
try to outprice each other to get the largest lobster supply. 
In 1984, regular tails (90-300 g) sold from ¥15 to as much 
as :P150/kg. Oversized and undersized tails sold for half 
the price. Whole lobsters (150-400 g), on the other hand, 
sold for f'S0-60/kilo. Prior to transport to Manila either by 
ship or plane from Tacloban, lobsters are thoroughly 
cleaned and packed in crushed ice to a lobster weight ratio 
of 1: 1. Final processing, blast freezing and final packing 
for export are undertaken in export processing plants in 
Manila. 

Quoted export prices as of May 1984 ranged from 
$3.75 for 453 g (1 lb) of 28-57 g (1-2 oz) lobster tails to 
$6.00/lb for lobster tails > 300 g/piece. Prime cuts (100-
300 g/piece) fetched up to $14.85/kg. They were 
reportedly sold in outlets in the United States for about 
$26.00/kg. 

Discussion 

The general distribution of the species in relation to 
their typical habitats largely conforms with the 
observations of other workers (de Bruin 1969; Pyne 1970; 
Berry 1971; George 1974 and Bhatia 1974). In general, P. 
penicillatus has the lowest tolerance for turbid waters; thus 
it abounds in the surf zone where the waters are clear. P. 
homarus homarus favors a similar habitat. Both 
subspecies of P. /ongipes are associated with living coral 
reef areas where there is low to moderate turbulence and 
turbidity. P. ornatus lives in highly turbid waters up to 
depths of 50 m. P. versico/or is found in the widest range 
of habitats (turbid waters, surf areas, coral reef areas). 
However, based on field observations, this species is most 
commonly found in coral reef areas together with P. 
longipes. 

Similar studies in Ceylon (de Bruin 1969), the South 
Pacific Islands (George 1972) and Thailand (Bhatia 1974) 
reported that P. versico/or and P. ornatus never enter traps 
even in areas where they are abundant unlike P. 
penici//atus and P. longipes. It is therefore interesting to 
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note that these species are also occasionally caught in traps 
in eastern Samar. 

George (1974) noted that P. penicil/atus is the most 
likely species for commercial development in the Indo-
West Pacific. Results in the present study indicate that this 
is true in eastern Samar. This species comprises over 80% 
of the total landed catch in the area. Thus, the lobster 
fishery in the area is mainly based on this species. 

Although estimated CPUEs were higher in Station 7 
than Station 6, there is no significant difference between 
all the monthly mean CPUEs for the two stations (P < 
.05). A decreasing trend in the monthly average CPUEs in 
both stations each year is notable. The highest CPUE 
estimates for both stations was in May of each year 
followed by a progressive decline towards the end of the 
"lobster season". Higher catches of fishermen during the 
start of the season may be attributed to minimized fishing 
pressure from October to April when the coastal waters 
are rough. Unfortunately, there are no records of the 
number of lobster fishermen in the past years to allow 
estimates of CPUEs from the total yearly landed catch 
(Table 4). CPUE estimates in this study for 1982-1984 in 
two stations suggest, however, a steady decline in the 
natural stock. 

As mentioned earlier, there is a very competitive 
market for spiny lobsters. The fishery is an important 
source of income for many small fishermen throughout 
eastern Samar and revenue for the municipality of Guiuan. 
Thus, appropriate management measures must be 
considered immediately towards proper utilization of this 
valuable resource. 

Spearfishing is unselective and does not provide an 
opportunity to regulate the catch. Thus, the regulation of 
spearfishing !md at the same time the development of the 
existing trap fishery should be considered. In relation to 
the latter, better trap designs to increase efficiency should 
be looked into. A hand fishery for P. penicillatus exists in 
San Vicente, Cagayan (Gomez and Juinio; unpublished 
data) and it might also be worthwhile to assess the 
feasibility of adapting such practice in the area. Both the 
trap and the hand fishery will allow implementation of 
suitable management measures (prohibition on taking of 
egg-bearing females, minimum size limit) for the lobster 
resources in eastern Samar, Philippines. 
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Abstract 

The paper presents a brief account of a multidisciplinary study 
from 1979 to 1982 in the 840-km2 San Miguel Bay, Camarines Sur, 
Philippines, which covered the biological, economic and sociological 
aspects of the fishing industry. 

A total annual fish production of about 20,000 t was recorded from 
the Bay. About 64% of this was contributed by some 5;100 small-scale 
fishermen, while the rest was landed by 95 commercial trawlers of 
varying sizes. 

Economic analysis revealed the existence of strong competition 
among the different fishing sectors over the use of the Bay's resources 
and income is unevenly distributed in favor of the commercial trawlers, 
which miploy only 7% of the total number of fishermen in the area. 
Ownership and earning of the trawlers were concentrated in 35 families, 
while the small-scale fishing gears were distributed evenly among 2,000 
families. The sociological study revealed that there are very limited 
alternative employment opportunities around the Bay which results in the 
low income of the households and significant out-migration from the 
area. 

Several alternative management measures were analyzed to help 
resolve the growing conflicts between the small-scale and commercial 
fishermen, whose landings were declining while fishing effort was 
increasing. The project proposed the establishment of the "San Miguel 
Bay Fisheries Authority" whixh should be responsible for defining 
management objectives for the Bay, collecting background information 
necessary for selecting appropriate management measures, as well as for 
ensuring their implementation. 
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Introduction 

The present paper is based on the research project 
"Small-scale Fisheries of San Miguel Bay: A 
Multidisciplinary Analysis", which was conducted jointly 
by the Institute of Fisheries Development and Research 
(IFDR) of the University of the Philippines in the Visayas-
College of Fisheries and the International Center for 
Living Aquatic Resources Management (ICLARM) from 
November 1979 to 1981. 

The primary objective of the project was to conduct a 
multidisciplinary study in the 840-km2 San Miguel Bay 
with emphasis on the problems of the "municipal" fishery 
and the fishing communities around the Bay (small-scale 
fishermen are in the Philippines, licensed by their 
municipalities, hence the name). It was recognized that 
biological, technologk:al, economic and sociological 
factors all influence the income of municipal fishermen, 
and in order to fully understand their problems, the 
interrelationships of these factors must be determined. The 
project was the first attempt to use multidisciplinary 
approach in fisheries research in the Philippines. It was 
envisioned that such an approach could subsequently be 
used in other areas and that the results of the present study 
could serve as basis for government policymakers and 
planners to integrate the development of the fisheries of 
San Miguel Bay in its development program for the Bicol 
Region. 

The Bay is characterized by a sandy mud substrate, 
with average depths of 5.25 m. The whole area is 
trawlable. Fishing is carried out all year, using different 
gears seasonally. 

The overall project was divided into three distinct, 
but complementary modules: a) biology (stock 
assessment), which assessed physical constraints to fishing 
and the status of the fishery resources of the area; b) 
economics, which examined the catch, effort and incomes 
of the municipal and commercial fishermen as well as 
costs and returns for the major municipal fishing gears and 
economic efficiency of the marketing and distribution 
systems in the area; and c) .sociology, which determined 
the nature and extent of the flow of human resources 
between municipal fisheries and other rural sectors; 
assessed the potential of programs that seek to reduce the 
dependence of households on capture fishing; examined 
the factors that influenced sharing systems for major gear 
types; and described the sociological aspects of the 
marketing systems. 
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Materials and Methods 

Fourteen research personnel were fielded by the 
project, consisting of six members for the biological team, 
four for the economic team, and four for the sociology 
team. Three senior researchers guided the field personnel. 

Some biological and hydrographic data were 
collected as background infonnation on the assessment of 
the fisheries of the area. Available secondary hydro graphic 
data were also used to describe the Bay's ecological 
character. A portable echosounder mounted on a 
motorized banca was used for a one-day bathymetri,c 
survey of the Bay. 

The catch-per-effort by gear type was obtained by 
direct monitoring of fishing activities at selected landing 
places over a 12-month period. A team of research 
assistants also boarded trawlers twice each month to 
gather catch data during actual fishing operations. 

An inventory of the fishing gears being used in the 
area was conducted by actual physical count of the larger 
gears, e.g., fixed gears, "baby" trawlers, etc., and through 
household surveys, using questionnaires and personal 
interviews of respondent fishermen in the case of smaller 
gears, like push nets and handlines. 

Surveys of all possible sources of primary and 
secondary data, including published and unpublished 
reports, theses and raw data reports from various 
institutions were conducted to gather historical data on the 
Bay and its resources. 

The data collection activities of the economic study 
team were divided into four phases: household inventories, 
landing and market surveys, costs and return record-
keeping, and middlemen/processors survey. Either census 
or random sampling technique was used, depending on the 
size of the respondents. 

Data for the sociological study were gathered over an 
18-month period from 22 communities (total population= 
40,000 or 3,690 households) bordering the San Miguel 
Bay area, involving a sample survey of 641 households 
and in-depth interviews of respondent active fishennen, 
fishing consumers, middlemen and processors. Data 
analysis was conducted mainly through cross tabulations 
of variables. 

Results and Discussion 

Pauly (1982) grouped the fish fauna of San Miguel 
Bay according to their types of habitats into: 

a) Soft-bottom demersals inhabit the shallow, soft 
muddy portion of the Bay. This group of species 
predominates in the catch (55%). Examples are the 
Leiognathidae, Sciaenidae and Mullldae. 

b) Hard-bottom demersals are associated with 
reefy/rocky substrates. About 20% of the ichthyofauna 
identified are probably inhabitants of the reef areas and 
rocky outcrops near the entrance of the Bay. Examples are 
the Serranidae, Lutjanidae and Chaetodontidae. 

c) Coastal pelagics use the Bay as nursery area and 
comprise about 22% of the fish species found there. 
Examples are the Clupeidae and Engraulidae. 

d) Oceanic pelagics enter the Bay occasionally for 
food or shelter but their young do not use it as a nursery 
area. Only 3% of the fish species caught belong to this 
group. Example are the large Scombridae. 

The fish resources of San Miguel Bay are being 
fished by both commercial and municipal fishermen. The 
commercial fishennen mostly . use trawlers of varying 
sizes. Vakily (1982) found there were 30 large trawlers 
ranging from 27 to 117 gross tons {GT) (which operated 
only occasionally inside the Bay) and are excluded from 
further consideration here; 20 medium trawlers, ranging 
from 3 to 6 GT; and 75 small trawlers ("municipal baby 
trawls") ranging from 2.5 to 2.9 GT. 

The municipal fishermen were using a variety of 
non-trawl fishing gears {Table 1) and nearly 200 
minitrawls. During the one-year period covered by the 
investigation, 19,133 t of fish, molluscs and crustaceans 
were landed from the Bay. Among the catch of the 
municipal fisheries are sergestid shrimps locally called 
"balao". These small crustaceans, represented in 
Philippine waters by Acetes sp., possibly A. erythraeus 
(Omori 1975), are caught by a special gear, the minitrawl, 
operated mainly from December to May. The "balao" 
fishery contributes about 23% (4,470) of the San Miguel 
Bay fishery. 

About 64% (12,237 t) of the catch, including 
sergestid shrimps, were contributed by about 5,100 small-
scale fishennen, while the remaining 36% (6,896 t) were 
landed by 95 trawlers, owned by 35 operators. The 
average catch of small-scale fishermen was thus 2.37 t 
while each commercial trawl operator took some 197 t 
yearly. The trawler catch had a total market value of'P22 
million while that of the small-scale fishing gears 
amounted to about P31 million (Smith et al. 1982). 

The distribution of pure profits, defined as "resource 
rents above all costs" (Smith et al. 1982) from the catch 
(including "balao") by the different competing gear types 
in the Bay indicated that half the total pure profit of pg 
million was earned by the trawlers alone, and the other 
half was distributed among the scale-fishing gears with the 
minitrawls getting the biggest share of'Pi million, and the 
rest were shared proportionately by the gill netters 
(PJ.56,000), fish corrals {"216,100) and filter nets 
(P54,000). The Philippine government also earned a share 
of the resource rents amounting to PS.5 million in the form 
of its tax.es on fuel. This tax was higher on nontrawl gears 
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and minitrawls using regular gasoline than on trawlers 
which used diesel. . 

The study shows ~at the ownership and earnings of 
the trawlers were concentrated in only a few 
operators/families, while those of the small-scale fishing 
gears, including the mini-trawls were distributed rather 
evenly among a large number of families. Thus, the 
distribution of benefits from the Bay's fish resources is 
skewed in favor of the trawlers. The sociological study 
(Bailey 1982) revealed that there are very limited 
employment opportunities around the Bay, which results 
in low earnings of the households, prompting out-
migration from the area. An annual increase of 2% in the 
number of fishermen around the Bay, was estimated, 
nevertheless. 

Due to a rise in fuel costs, some commercial fishing 
boat operators shifted their operations to nearshore areas 
using smaller boats. It became apparent that the small-
scale fishennen are faced with competition both from 
amongst themselves, as their number increases, as well as 
from trawlers. 

Status of the San Miguel Bay Fisheries 

The earliest survey conducted on the fishery 
resources of San Miguel Bay was done in 1935 (Umali 
1937). Warfel and Manacop (1950) in their demersal otter 
trawl survey in 1947, found the highest density of fish 
among Philippine trawling grounds in San Miguel Bay. 
On this basis, they suggested that four to five trawlers 
could be maintained by the resources without any adverse 
effect. Following their survey, several fishing vessels 
started to operate in the Bay. Eventually, their number 
increased up to present levels, where the combined power 
of all crafts operating in the bay is 18,000 hp of which 
13,200 hp are small and medium trawlers and 5,600 hp are 
small-scale crafts, including minitrawls and gill netters. 
The trawlable biomass in the Bay has declined to only 
1,800 t, equivalent to a density of 2.13 t/km2, only about 
20% of the biomass that can be estimated from the data in 
Warfel and Manacop (1947) and Pauly (1982). 

Pauly (1982) concluded that there is "ecosystem 
overfishing"' in the Bay, a condition in which the decline 
through fishing of the originally abundant stock is not 
fully compensated for by the increase of the biomass of 
other exploitable species. Thus the sharks, rays and 
slipmouths, which were once the major components of the 
trawl catch in San Miguel Bay, have now been largely 
replaced by croakers, squids and shrimps (see Belnas 1980 
for catch effort data on the latter) which have smaller 
biomass than the group they replaced. 

The following threats to the viability of the fishing 
industry of San Miguel Bay were identified: 
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1. There is biological overexploitation of the 
resources of the Bay, in the sense that an increase in 
fishing effort would not produce a corresponding increase 
in total catch. 

2. Economic overfishing occurs in the Bay as 
evidenced by the fact that the rent represents only 6% of 
the gross value of the catch. 

3. There is growing competition between the 
different fishing sectors in the Bay, which are exploiting 
the same resource. The trawlers, representing only 3% of 
the Bay's fishing units and employing only 7% of the total 
fisheries labor force in the area, are getting the largest 
share of the catch and 50% of the profit. 

4. The entry into the fishery of both trawlers and the 
small-scale fishermen remains unregulated, resulting in 
declining catch per fisherman. 

5. There are very few alternative employment 
opportunities for the fishennen around the San Miguel 
Bay area. 

Management Options 

The study revealed that there is a pressing need for 
management schemes for the fisheries of the Bay. The 
growing problem of overfishing and uneven distribution of 
incomes can only be minimized by limiting the amount of 
fishing effort. Increasing the 2-cm mesh size used by the 
trawlers and banning of commercial trawlers from 
municipal waters are considered useful measures, but 
enforcement of these restrictions appears difficult 
Continued credit programs are unlikely to solve the 
problems of the small-scale fishennen unless steps are 
taken to regulate those gear types with which they 
compete. 

It is critically important in this fishery that a 
management partnership be forged between the fishennen, 
local officials and concerned national government 
officials. The research team proposed the creation of a 
"San Miguel Bay. Fishery Authority" (SMBFA) which 
would be responsible for setting management objectives 
for the whole Bay, collecting background infonnation 
necessary for selecting management steps as well as 
implementing, monitoring and enforcing them. All 
fishennen would be encouraged to participate in 
decisionmaking by the SMBFA. 
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Table 1. Small-scale gears used in the San Miguel Bay, with their Tagalog and Biko! names. 

Tagalog Name in San 
Gear type name Miguel Bay area 

Non-textile devices: 

Spear gun salapang, panibat anti para 
Fish trap bubo bubo 
Fish weir pangharang {sabay 
Stationary tidal weir ambak 
Fish corral baklad baklad, sagkad 

Textile devices: 

Lines 

Pole and line kawil banwit 
Longline kitang kitang 

Nets 

Lift nets panadiyok bukatot 

Scissor net sakag sakag 
Crab liftnet bintol bintol 
Filter net dayakus biakus 
Beach seine pukot sinsoro 
Minitrawl itik-itik 
Drift gill net {panke 
Drift gill net panti, paanod palataw 
Drift gill net pamating 
Crab aill net pangasag 
cottom-set gill net paiagiang-paningahan palubog 
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Abstract 

The biological and physical features, and the fisheries 
management of major reservoirs in Thailand are described. At present 18 
major reseivoirs ,with a total surface area of approximately 230,000 ha 
are used for th~ir fishery resources. The average annual yield was 
computed to be 73 kg/ha/year. Carps constitute a major group of the 
catches of all reseivoirs followed by catfish and murrels. Fish stocking is 
the only effective management measure practiced in the reseivoirs. 
Oreochromis niloticus, Labeo rohita, Pangasius sutchi and various types 
of Chinese carps are among stocked si>ecies which show a high degree of 
stocking success. Closed season, closed area, as well as limitation of 
damaging fishing methods are used in some reseivoirs to protect fish 
stocks and to ensure adequate recruitment each year. Also, fishing 
techniques that cause damage to fish populations such as poisoning, 
electrofishing and use of explosives are seriously restricted. These 
various management techniques are discussed. 

Introduction 

Large reservoirs have become a major fishery 
resource of Thailand in the last two decades. Before, 
freshwater fish crune mainly from flood areas of main 
river systems such as Chao Phaya and Maeklong. From 
1960 to 1965, fish production from flood areas was 
estimated to be about 90% of total freshwater fish of the 
country (Larimore 1965). Now flood fisheries no longer 
exist because of the construction of dams across rivers and 
their tributaries. At present there are 18 major reservoirs 
which cover a total surface area of about 230,000 ha. The 
freshwater fishery resource then changed from flood areas 
to newly built reservoirs. As ~hey are an important source 
of freshwater fish, the biological features as well as the 
fisheries of the reservoirs were studied to obtain necessary 
information for the formulation suitable management 
techniques. Management techniques have been practiced 
in some reservoirs as early as their completion. However, 
optimum yields from reservoirs have not yet been 
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achieved. The aim of this paper is to describe the fisheries 
and fishery management concerned with fish production in 
Thai reservoirs. 

Study Areas and Methods 

Reservoirs for hydroelectric power generation and/or 
major irrigation systems are classified as large reservoirs 
in this paper. The· reservoirs are located throughout 
Thailand (Fig. 1). Their surface areas range from 1,200 ha 
in Chulaporn to 41,000 ha in Ubolratana. Most are shallow 
and productive. There are ten reservoirs with mean depth 
not e:i,weeding 10 m and five reservoirs of 11 and 16 m. 
Deep reservoirs are those of the hydroelectric type. They 
are located in mountainous areas such as Bhumipol, Sirikit 
and Srinakarin. Mean depth of these reservoirs exceeds 37 
m (Table 1). 

Great fluctuation of water level is common in Thai 
reservoirs. The loss of water is ·mainly through electric 
power generation, irrigation and evaporation. In shallow 
reservoirs about half of the surface areas are dried and the 
bottom soil is exposed to the sun for at least three months 
each year. 

Water temperature of Thai reservoirs varies with 
climate. Normally, the temperature of northern reservoirs 
is lower than those in other parts of the country. It ranges 
from 20oc during winter in the north to 32oC during 
summer in the northeast. 

Water turbidity is a remarkable physical feature of 
Thai reservoirs. Soil erosion is the major cause of water 
turbidity. Turbidity was found up to 258 unit.s upstream of 
Ubolratana reservoir as against less than 1 unit during the 
normal period. High turbidity occurs after rainfall and 
remains for two months after the rainy season. All 
reservoirs, especially those in the northeast where forests 
in the watershed have been Iargerly destroyed, have 
turbidity problems. 

Results 

Thai reservoirs are productive, comparable to those 
of productive lakes in other tropical regions. The primary 
production of five reservoirs, ranging from 1,500 to 2,600 
mgC/m2/d (Srisuwantach and Soungchomphan 1981) is 
comparable to 1,700-3,800 mgC/m2/d in Lake Victoria of 
East Africa, 400-5,000 mgC/m2/d in Lake Lanao, 



390 

Philippines and 1,350-4,050 mgC/m2/d in reservoirs of 
East Java, Indonesia (Tailing 1965; Lewis 1974; Henard 
1979, respectively). Morphoedaphic indices (MEI) derived 
from conductivity and mean depth were from.4.1 in Sirikit 
to 24.1 and in Ubolratana (Table 2). The index was 
correlated with fish yields and the following equation was 
obtained. 

Y = 1.28 + 0.3696 X (r = 0.423) 
Y = log fish yield, X = log MEie 

where MEie = conductivity/mean depth. 

The yield of nine reservoirs was correlated with MEI 
derived from total alkalinity. The following yield equation 
was obtained with improved correlation coefficient: 

Y = 1.511 + 0.3698 X (r = 0.5246) 
Y = log yield (kg/ha/year) X = log MEia 

where MEia = alkalinity/mean depth. 

The number of species of fish in Thai reservoirs 
varies from 17 in Bangpra to 94 in Ubolratana (Table 2). 
Species of fish in the reservoirs depend on the original fish 
within the impounded area before being flooded. After the 
closing of the dam, the number of fish species may 
decrease as in many reservoirs; for example, eight species 
of barb and catfish were not present in the samples of fish 
fauna studied after four years of closing Ubolratana 
reservoir. Some species, such as Anabus, Botia, 
Trichogaster and Clarias Can survive in reservoir 
environments but with less degree of spawning success. 
There are minor groups of fish in all reservoirs. 

Of the. total native species of each reservoir, less than 
50% are frequently encountered in the catch and are 
economically valuable. There are four species commonly 
found in Thai reservoirs: Channa striata, Osteochilus 
hasselti, Notopterus notopterus and Mystus nemurus. The 
following species are found in all reservoirs of all regions 
except those in the south: Osteochilus melanopleura, 
Corica goniognatus, Puntius gonionotus, Morulius 
crysophegadion, Kryptopterus spp. , Oxyeleotris 
marmoratus and Cirrhinus jullieni. Carp were found to be 
the most numerous, followed by silurids and cobitids with 
respect to number of species in all reservoirs. 

Annual yields of Thai reservoirs are shown in Table 
2. Great variation of fish production, either among the 
reservoirs or within each reservoir from year to year is 
caused by many factors such as productivity of the 
reservoir, number of fishermen, fishing techniques and 
management policy. ShallQw reservoirs with wide 
fluctuations. provide high fish production. Normally, high 

fish yield is obtained one year after high water level 
(Bhukaswan and Pholprasith 1976). 

One remarkable phenomenon in Thai reservoirs is 
the explosive growth of the clupeid, Corica goniognatus. 
A considerable amount of this species was first observed 
in Ubolratana reservoir in 1974 when it contributed 450 t 
or 25% of the total catch of the reservoir. Cirrhinus 
jullieni is another pelagic species that plays a great role in 
fish production of the reservoirs. In Ubolratana reservoir 
this fish has comprised about 24 to 36% of total catch 
since 1976. Recently both species appeared in other large 
reservoirs. They contributed 18.4, 52.4 and 62.3% of total 
catches of Sirikit, Sirinthom and Lampao, respectively. 

Fishing techniques are similar in all Thai reservoirs. 
Partial removal of timber and underwater stumps 
necessitates fishing gears of the stationary type. Gill net is 
the most popular and effective. Other fishing gears include 
the long line hook, scoop net, dip net, cast net and giant 
lift net. The lift net is often operated in conjunction with a 
gill net to increase its harvest efficiency. Scoop nets with 
light attraction are used for Corica, a plankton feeder. 
Fishing for Corica is done in the morning when fish are 
schooling. Paddle boats and long-tailed motor boats are 
favorite transportation in all reservoirs. 

Several fishery management techniques have been 
introduced into Thai reservoirs to obtain optimum fish 
yield and to conserve fish. The following are most 
effective and suitable techniques for Thai reservoirs. 

Fish stocking. Millions of fingerlings of different 
desirable species have been introduced into Thai reservoirs 
since 1965. The main purpose of stocking is to increase 
fish production. Introduced fishes are those of fast 
growing species and those that occupy ecological niches 
not used by local species. Oreochromis niloticus, Labeo 
rohita, Pangasius sutchi, Puntius gonionotus and Chinese 
carp are favorite introduced species. The grass carp 
reached 12.4 kg in two years, silver carp 5.8 kg in one year 
and rohu 5.4 kg in three years. Only 0. niloticus and P. 
gonionotus have spawned naturally in the reservoirs of all 
regions. 

Up to 1985, over twenty species of fish have been 
introduced into Thai reservoirs. Ctenopharyngodon 
idella, Tilapia rendalli and Osphronemus goramy were 
introduced for weed control especially during the early 
stage of the reservoirs. However, the degree of weed 
destruction by fishes has not yet been determined. 
Probarbus jullieni, Pangasianodon gigas, Pangasius 
snitwongsei and Danoides microlepis were stocked for 
conservation purposes. The first three species are common 
in the Maekong river system. After the successful artificial 
breeding of natural stock, their fingerlings were introduced 
into water resources throughout the country. The fish 
showed a good growth rate but reproduction has not been 
reported. 
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Macrobrachium rosenbergii is the only invertebrate 
with good growth and recovery rate in large reservoirs. 
About 300,000 fry were stocked into Ubolratana reservoir 
in 1982. Over 2 t of market-size prawns (300-500 g) were 
recaptured one year thereafter (Pawaputanon 1983). The 
experiment was repeated by Benchakarn in 1985 and a 
similar result was reported. At present, giant prawn, 0. 
niloticus and L. rohita have become the daily landing 
species ofUbolratana reservoir. 

Control of fishing. Fishing in Thai reservoirs is 
carefully regulated. Gill nets, cast nets, long line hooks 
and lift nets need not be regulated because they cause no 
damage to fisheries. However, fishing gears that are very 
effective and may cause damage to fish populations such 
as trawling with a motor boat, purse seine, surrounding net 
and blocking net are prohibited. Electrofishing, poisoning 
and using explosives are very seriously restricted in all 
reservoirs. 

Closed season and closed area. Fishing is allowed 
with some restriction during the spawning season (16 
May-15 September). The duration of restriction varies 
with location and certain circumstances. Reservoirs where 
spawning areas are located are closed to fishing during the 
spawning period and the two months thereafter. This is to 
protect young fish in the nursery area until they grow large 
enough to leave the nursery. 

Discussion and Recommendations 

Large reservoirs are now a major freshwater fishery 
resource of Thailand. Fisheries in the reservoirs have not 
yet been fully developed although some fish of Thai 
reservoirs are large herbivores and carnivores of economic 
importance. Low fish yields of Chulaporn, Namoon and 
Krasiew are due to low fishing density; the reservoirs are 
located too far from villages and transportation is not 
convenient. Thus, fisheries in these reservoirs are not fully 
utilized. 

The status of the fisheries in Thai reservoirs cannot 
be analyzed collectively because necessary information is 
not available. Yield equations may not be valid because of 
inadequate data of fish landings. Widely dispersed fishing 
activities are the cause of the unreliability of data on the 
estimated yield of the reservoirs. The only reliable 
statistics are obtained from Ubolratana reservoir where the 
catch has been recorded daily since the opening of the 
reservoir. Similar recording was also made in Lam Pao 
and Kangkrachan bl;lt only in the first few years. The yield 
of other reservoirs (Table 2) was estimated from either 
creel census or area density methods which may differ 
from actual catches. However, the equations may be used 
to predict the production of any of the reservoirs of similar 
conditions. Fishing efforts should be recorded and 
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standardized to obtain catch per unit of effort to determine 
yield. 

The management of Thai reservoirs seem effective 
and economical at present. However, some techniques like 
water level manipulation can be improved. Normally 
water level cannot be manipulated only for fishery 
purposes which are secondary to other uses. Altering water 
level may affect water use downstream and flood control 
capacity. But maintenance of water at certain levels for 
some period of time to enhance survival and growth of 
commercial species is possible. This may require precise 
knowledge of the spawning period. 

The presence of too many species of fishes in the 
reservoir is another factor that makes fishery management 
difficult. Effective management of a particular" species can 
affect other valuable species. Too many species may reach 
their maturity at different sizes, which makes size 
selection impossible. Closing reservoirs to fishing during 
the spawning season may not work if the parent stock of 
valuable species is overfished during the fishing season, 
especially when water in the reservoir is at a minimum 
level. At such times fishes are easy to catch and need more 
protection, such as a fish sanctuary during the dry season. 

Fish stocking programs of Thai reservoirs are not yet 
well planned. The number and species of fish and the time 
to stock particular reservoirs are not clearly programmed 
in advance. Stocking is made whenever fingerlings are 
available. Thus, thousands of the same species of different 
size may be stocked in one reservoir several times during 
the year. The only evaluation for this type of stocking 
practice is to estimate the amount of fish recovered over a 
period of time. Growth and survival rates, however, cannot 
be computed from the recovered fish unless tagging or 
marking is carried out. 

The recovery rate of introduced fish has been less 
than 1 %, which may be due to the small size of fish 
stocked. In reservoirs where several carnivore species 
exist, the fish to be stocked should be larger than 13 cm. 
However, predator-prey relationship within the reservoir 
should also be clearly understood so that size, species and 
number of fish to stock can be effectively estimated. 
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Fig. 1. Map of Thailand showing the location of major reservoirs. 
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Abstract 

Catch statistics for M. rosenbergii were collected from the three 
main Macrobrachium fisheiy areas in Sri Lanka - Panadura, K.atunayake 
and Chilaw - for one year from Januaiy to December 1980. The peak 
catches were recorded during April to June and October to December. 
More females than males were present in the catches. Statistical analysis 
showed that the peak catches and the presence of a greater number of 
berried females in the catches were positively correlated with rainfall. In 
all the areas investigated the dominant sizes of prawns were 15 to 25 cm. 
The present production of M. rosenbergii from these areas was estimated 
to be about 6,000 kg/year. 

Introduction 

Although the bionomics and the fishery of 
Macrobrachium rosenbergii (De Man) have been studied 
by several workers in the South Asian region, such as in 
India (John 1957; George 1969) and in Bangladesh (Patra 
1977), attempts have not been made to assess the possible 
magnitude of the fishery of this prawn in Sri Lanka which 
is still not well organized and is mainly at a subsistence 
level. 

The fishing methods employed in the 
Macrobrachium rosenbergii fishery in Sri Lanka are more 
or less similar to those used in other countries of the Indo-
Pacific region and are based upon indigenous gears (Ward 
and Wyman 1975). 

These studies were undertaken to get an idea of the 
seasonal variation in abundance of this prawn, the sex 
ratios of the adult natural populations and the status of the 
present fishery in Sri Lanka. 
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Materials and Methods 

Catch statistics for M. rosenbergii were collected 
throughout 1980 from the three main fishing areas in Sri 
Lanka: Panadura, Katunayake and Chilaw in the southwest 
part of the island. The total weight, total length, carapace 
length and sex ratio were determined from random basket 
samples collected at landing sites. The rainfall data in 
respect to each sampling station were collected from the 
Department of Meteorology, Colombo. 

Results 

Total catches of male and female M. rosenbergii 
landed at Panadura, Katunayake and Chilaw from January 
to December 1980 by weight are shown in Fig. 1. 

The total catch shows two clear peaks around May 
and November. The minimum catches occurred during 
January to March and July to September. The number of 
females caught from all three areas was greater throughout 
the year than the males. The total catch, both males and 
females from Panadura, Katunayake and Chilaw was 
estimated to be 2,455, 2,485 and 1,049 kg, respectively, 
during the year of study. In all areas the highest catches 
coincided with periods of high rainfall (Fig. 1). Statistical 
analysis showed a positive correlation between total 
monthly catch and the amount of rainfall significant at 5% 
level (r = 0.38, n = 36) when the catches of all three 
sampling areas were considered together. 

The seasonal variations of the distribution in 
numbers of male and female prawns in relation to rainfall 
with respect to Panadura, Katunayake and Chilaw areas 
are shown in Fig. 1. In general the number of female 
prawns caught was greater during the rainy months, the 
average ranging from 60 to 90%. 

The numbers of berried females caught in relation to 
rainfall are given in Fig. 1. More berried females occurred 
during months of high rainfall. The statistical relationships 
are given in Table 1. 

For convenience the prawns caught were considered 
under seven length groups. The frequency of occurrence of 
these is given in Fig. 2. In all the areas sampled the catch 
consisted mostly of prawns ranging in length from 15 to 
25 cm. When the sexes are considered separately, 
however, the females in the catch generally ranged from 
10 to 24 cm while males ranged from 20 to 34 cm. 
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Discussion 

These catches were collected from the three main M. 
rosenbergii fishing areas in Sri Lanka on the southwest 
quarter of the island. There is no established fishery in the 
other areas of the island. The southwest part of the island 
receives rainfall during the southwest monsoon from May 
to September as well as intermonsoonal rains from 
October to December. The analysis of the catch shows that 
the peak catches coincide with months of high rainfall. 
During these times the salinity falls to almost zero levels 
in the lagoons (Costa and Fernando 1981; Silva 1981). 
The presence of a high percentage of females (about 60-
90%) including berried females in the landings during the 
rainy months tends to support a migratory movement 
towards the lagoons during these months. Such migratory 
patterns have been already described for M. rosenbergii 
and other Macrobrachium species (John 1957; Raman 
1967; Ling 1969; Hughes and Richards 1973; Costa 1979). 
Rainfall lc..wers the salinity downstream thus enabling the 
adult prawns to move closer to the mouths of the rivers 
resulting in greater numbers of prawns being caught. 

The minimum catches were recorded during the 
months of February-March and July-August. This could be 
associated with lower rainfall. During low rainfall periods 
the salinity of the waters downstream is higher, over 17 
ppt. The sex ratio was about 1 male to 3 females in the 
catches in all three areas. Smith et al. (1978) have 
indicated that the sex ratio of this species was generally 
biased towards females. Since the majority of the landirigs 
are in downstream areas closer to the mouths of rivers 
there is a greater chance of encountering females 
migrating seawards for spawning. 

The annual contribution of M. rosenbergii to the 
fishing industry in Sri Lanka seems to be very small. 
Although there has been a greater demand for M. 
rosenbergii in recent years there is a dearth in the local 
markets. Many reasons could be attributed to this 
situation. Lack of a well organized fishery for M. 
rosenbergii, small populations existing in natural waters, 
high predation both during juvenile and adult stages and 
variations in rainfall may all serve as possible contributory 
factors for this underdeveloped M. rosenbergii fishing 
industry in Sri Lanka. 
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Table 1. Statistical relationships between rainfall (X) and % of 
berried females in the catch (Y). 

Area Statistical relationship 

Panadura y = .0402 x + 11 .9319 

Katunayake y = .0471 x + 10.8417 

Chilaw y = .0652 x + 10.6190 

*Values significant at 5% level; n = 12. 

Correlation 
coefficient 

.8321 * 

.9116* 

.7854* 
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Abstract 

Lake Biwa with an area of 676 km2 is Japan's largest body of 
freshwater where various fishing gears have long been operated for its 
fisheries. One major fishery of the lake is the pot fishery which uses three 
types of pots designed for catching carp, crucian carp and prawns. Jn 
recent years, the catch of the pot fishery shows a decreasing trend and so 
with the total catch in the lake. Consequently, the number of licensed pot 
operators has decreased. With the pot target species also being harvested 
with the use of other fishing gears, the catch contributed by pot fishing 
has decreased relatively. The major lake fisheries are presented with 
emphasis on the pot fishery, using available statistical data to show how a 
traditional fishery has survived with increased fishing pressure on a 
freshwater lake. 

Introduction 

Lake Biwa, which is located in Shiga prefecture, is 
the largest lake (672 km2 with 103.8 m maximum depth) 
in Japan. Presently, 24 species of fishes (including six 
endemic species), five species of shellfish and two species 
of prawns are fished commercially (Maehata et al. 1984). 
The fishing gears used in the lake are trawl nets, dredge, 
bamboo screen, gill nets, cast nets, dip nets, pot, beach 
seine, small long line and others. 

The total catch in Lake Biwa has declined since 1973 
and further decreased since 1976 from the level of 5,000 t 
with exception in 1981. The catch by pot fishery has also 
declined in 1974 and in 1983, it is almost 50% of the 
highest in 1972. The catch by pot fishery is the fifth 
among the major fisheries in 1983, i.e., 1) trawl nets and 
dredge (1,947.8 t); 2) baniboo screen labyrinth (994.1 t); 
3) gill nets (807.2 t); 4) special type of dip net (428.4 t); 5) 
pot (397.8 t); 6) weir (269.8 t); 7) beach seine (184.5 t); 8) 
dip net (168.5 t). The pot fishery contributed about 8% to 
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the total catch (5,046.7 t). If the number of licensed fishing 
units is considered, the contribution of pot fishery to the 
total (2,856 units) is about 23%. Licensed units have the 
permission of the prefectural governor or the Minister of 
Agriculture, Forestry ·and Fisheries based on a prefectural 
rule or ministerial rule which is further based on the 
Fisheries Law and Fisheries Resources Protection Act of 
Japan. In Lake Biwa, the pot fishery is Qne of the 
important fisheries. This report provides information on its 
status. 

Fishing Gear and Methods 

Various sizes and designs of pots are used depending 
on the target species. Basically, these pots are classified 
into three types (Board of Education of Shiga Prefecture): 
(1) Prawn pot, "Ebi-tatsube", (2) Basket trap I, "Funa-
tatsube" and "Koi-tatsube", (3) Basket trap II, "Sen", "Ue" 
and "Moji". 

Prawn pot. Cylindrical pots are used extensively to 
catch oriental river prawn (Macrobrachium nippones) 
and striped prawn (Palaemon paucidens). A typical pot is 
usually made from split bamboo (Fig. 1). When pots are 
used to capture oriental river prawn, the opening of the 
funnel is larger than when used for striped prawn, but both 
depth and diameter of opening differ with each fisherman. 
Recently, the use of plastic material has increased, 
requiring less maintenance cost than bamboo. Generally, 
the construction of plastic pot is the same as the traditional 
bamboo pot. 

• In practice, 100 pots are fastened by ganging line 
(Fig. 1). The series of pots forms one unit or set. Many 
sets, often over 10, are employed in fishing. Baits vary 
according to the choice of the fisherman. Dumplings made 
of powdered chryslis mixed flour, salt fish flesh and fish 
viscera are generally used. 

The fishing period is mainly from April to August 
for striped prawn and September to November for oriental 
river prawn. 

Basket trap I. Traditional traps, used to capture carp 
Cyprinus carpio and crucian carps Carassius auratus 
grandoculis and C. auratus cuvieri are made from split 
bamboo, are cylindrical in shape and with one entrance at 
the side (Fig. 2). 

When traps are used to catch carp, they are called 
"Koi-tatsube". The traps are sank with bait (Fig. 2). The 
fishermen mainly use vegetable bait such as dumpling 
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made of rice bran mixed with flour, or boiled sweet potato 
and flour. Generally, the fishing season is July-November. 

When the traps are used to capture crucian carps, 
they are called "Funa-tatsube". The construction and the 
size are almost the same as "Koi-tatsube". The traps are set 
without bait. Because the operation is done mainly during 
the spawning season of the species, the traps are usually 
set inshore with the upper portion protruding from the 
water surface (Fig. 2), the entrance facing the shorelµie. 
Fishing period is from March to June which coincides 
with the spawning season of the crucian carps. 

Basket trap II. Originally, these traps often called 
"Moji", "Ue" and "Sen", were woven out of bamboo with 
similar basic construction but the size and operation 
method vary according to the sizes and habits of the target 
species (Fig. 3). Large types are also used to capture carp 
and crucian carps and small types to catch oily gudegeon, 
Sarocheilichthys biwaensis, bagrid catfish, Pelteobagrus 
nudiceps and lake goby Rhinogobius brunneus. In recent 
times, these small traps have not been used widely. 

Catch by Pot Fishery 

The total catch from Lake Biwa has gradually 
decreased since 1973 (Table 1) to 5,046.7 tin 1983, which 
is about 60% of the total catch at peak level in 1972. The 
catch of pot fishery shows decreasing trend in recent years 
(Table 1), although the gears have improved in the 
materials used and to a small extent new types of gears are 
being developed. 

For the last 10 years the catch by pot fishery has.also 
declined; the catch in. 1983 is less than 50% of the catch at 
the peak level. (Table 1). In tenns of catch by type of 
fishing gear, the drop in catch by prawn pot is 
considerably large. The catch contribution of prawn pot to 
the total catch of pot fishery is about 80%, thus the 
decreasing trend .is due to the decrease in the catch by 
prawn pot. 

In tenns of the main target species (Table. 2), from 
1975 to 1982 the catch contribution of striped prawn was 
considerably larger than of the other species. Thus, the 
drop in the catch due to the decrease in the catch of striped 
prawn is signilicant , 

As these species are also caught by other fi~hing 
gears, it is necessary to examine in detail the variation in 
the catch according to the type of fishing gear. Carp and 
crucian carps are caught mainly by gill nets (Fig. 4), so 
that the contribution of the catch by pots for these species 
is low. In recent years, the catch of these species has 
decreased and projection indicates this trend may 
continue. 

Prawns are caught by three types of fishing gears, 
i.e., bamboo screen, trawls and pot (Fig. 4). Almost all 

catches of oriental river prawn are by the use of prawn pot. 
It is necessary to keep this prawn whole and good body 
shape for higher sale value because, head on, it is one of 
the highest priced among prawns. For the last five years 
the market price of this species ranked third among the 
fish prices (yearly mean) in the fish market: 1) sweet fish 
(fry); 5,742 yen/kg; 2) sweet fish, 3,791 yen/kg (all of the 
catch is distributed as seed for aquaculture); 3) oriental 
river prawn, 3,326 yen/kg in 1982. 

On the other hand, the contribution of the striped 
prawn catch using pots is about 40% (Fig. 4). This species 
is also caught by other fishing gears, such as trawl and 
bamboo screen, contributing almost 60% to the total catch. 
It is very difficult to relate the catches by fishing gears 
because of the large variation in the trawl catches and the 
increasing catches by bamboo screen in recent years. The 
decrease of the catch by pot may be due to the catch by 
other fishing gears. 

As already mentioned, the pot fishery at present is 
not in a good state. The number of licensed pots has 
declined since 1980 (998 units) with the decrease in catch 
by the pot fishery; in 1985, the licensed pots number 483 
which is less than 50% of those licensed at the peak level 
in 1980. 
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Table 1. Catch by type of fishing geer, in tonnes, Lake B1wa, 1970-1983. (Source: Annuel Report on Fisheries, Shiga prefectureL 

Catch 
Total by pot Prawn pot Bas1eet trap I Small fyke net 

Year catch (ti (ti (%1 (ti (%1 hi (%1 

1970 6,459.B 352.6 262.5 (74.51° 6B.B (19.51 21.3 (6.01 
1971 6,3B3.4 401.0 273.4 (68.21 90.4 (22.51 37.2 (9.31 
1972 B.075.0 654.1 533.9 (B1.61 B6.7 (13.31 33.5 (5.11 
1973 6,742.6 561.0 47B.5 (B5.31 5B.6 (10.41 23.9 (4.31 
1974 6,415.7 B2B.B 705.B IB5.11 75.1 (9.11 47.9 (6.BI 
1975 6,002.6 723.9 613.7 (B4 Bl 69.7 (9.61 40.5 15.61 
1976 5,42B.B 69B.1 620.0 (BB.Bl 50.9 (7.31 27.2 (3.91 
1977 5,450.7 530.0 446.3 IB4.2l 57.7 110.91 26.0 14.91 
197B 5,491.6 471.B 392.3 (B3.11 53.0 111.21 26.6 15.71 
1979 5,2BB.4 359.5 2B5.1 (79.31 46.9 (13.0l 27.5 17.71 
19BO 5,1B9.2 326.4 255.3 l7B.51 46.2 114.21 23.9 (7.31 
19B1 4,91B.5 533.6 480.5 190.0I 37.B 17.1 l 15.3 12.91 
19B2 5,059.4 435.9 3B3.5 IBB.OI 35.4 (B.11 17.0 (3.91 
19B3 6,046.7 397.B 340.9 IB5.5l 56.9 114.51b 

:Numbers in parentheses represent the percantaga to the cetch by pot fishery. 
Including catch by basket trap I. 

Teble 2. Catch by pot for miiin target speclas ltl, 1975-1982. (Source: Annual Report on Fisheries, Shiga prefectureL 

Orlantal river 
Year Carp Cruci1n carps prewn Striped prawn 

1975 202.1 616.5 27.3 1,301.2 
. 6:24.1 B:3B.O P:24.3 P:5B9.3 

F:10.4 F:26.6 

1976 170.5 573.0 1B.4 1,445.9 
B:20.4 6:34.B P:15.6 P:604.4 
F: 5.6 F:20.6 

1977 149.4 693.3 15.B 1,0B0.3 
B:16.7 6:34.B P:11.9 P:434.3 
F: 6.1 18.5 

197B 142.7 577.5 25.4 B41.9 
6:12.3 6:34.1 P:21.0 P:371.0 
F: 3.9 F:19.7 

1979 14B.7 633.4 31.1 716.6 
6:142 B:29.1 P:2B.5 P:256.6 
F: 5.8 F:19.3 

19BO 164.0 791.1 20.5 704.0 
B:14.B B:26.4 P:1B.3 P:236.B 
F: 6.9 P:14.7 

19B1 163.0 B75.3 13.2 9B3.0 
B: B.1 B:25.7 P:12.0 P:46B.6 
F: 2.6 F: 9.7 

19B2 13B.1 741.B 1B.6 940.5 
ll:10.6 6:22.4 P:17.4 P:366.0 
F: 2.6 F:12.0 

The uppar column for each year shows total catch of each species; B, catch by basket trap; F, catch by fyke net; P, catch by 
Prawn pot. 

B 
buo 

14 ,5 

2-5m 
2,B 

unit:cm 
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stone 
anchor 

Fig. 1. Prawn potting operation: A. A prawn pot "Ebi-tatsube", made of split bamboo tor catching oriental river prawn Macrobrachium 
nippones and striped prawn Pa/aemon paucidens in Lake Biwa, Japan. (Photo reproduced with permission from the Board of Education 

1 of Shiga Prefecture. B. A series of prawn pots in operation, 100 pots make one unit or set. The buoys are placed at each end of a set. --
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unit:cm 

Fig. 2. Setting method of basket trap I: A basket trap I "Koi-
tatsube" or "Funa-tatsube", made of bamboo split for catching 
carp Cyprinus carpio and crucian carps Carassius auratus grahdo-
culis and Carassius auratus cqvieri. 

Fig. 3. Different sizes of basket trap 11, ''Ue", "Sen" or "Moji". 
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Fig. 4. The variations of percentage catch: A. Variations of per-
centage catch by type of fishing gear for fish. B. Variations of 
percentage catch by type of fishing gear for prawn .. (-·---) 
represents the oriental river prawn, (~--~-) represents the 
striped prawn. 
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Abstract 

This study presents a general situation of the fisheries education in 
the People's Republic of China. It recalls the emergence of the vocational 
school of fisheries at the beginning of the century and the evolution of 
various institutions for training fisheries personnel of different categories. 
A general picture of all the universities, colleges and technical schools is 
given with their scope, enrollment and specializations. Spare-time 
schools, adult education and other organizations involved in fisheries 
training are also mentioned briefly. This paper also summarizes past 
experiences in fishery education in China and discusses prospects. 

Historical Review 

Fisheries education in China can be traced back to 
the tum of the century. During that period, China suffered 
severely from external imperialistic aggression, as well as 
internal feudalistic · exploitation and oppression, and 
gradually changed into a semicolonial and semifeudal 
society. The people lived in destitution. Selfrenewal was 
impossible without developing the national economy and 
promoting education, two essential items in the 
Constitutional Reform and Modernization of 1898. 
Developing fishing enterprises meant exploiting marine 
resources, fortifying coastal defense and also advancing 
national economy and sea transportation. 

A famous scholar and industrialist, Zhang Qian (also 
Zhang Jishi), 1853-1926, ofNantong, Jiangsu proposed to 
the Governor of Jiangsu Province and the Minister of 
Commerce to start a fishing corporation in 1904. The 
proposal was approved and the Jiang-Zhe Fisheries 
Company was set up at Wusong township by the 
confluence of Yangtze and Huangpu Rivers. Two 
vocational schools, fishery and maritime, were founded in 
the same year. The former was the earliest institution of 
fishery education in China. As it was affiliated to a private 
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enterprise, its enrollment was very limited and of 
elementary level, mainly to supply workers for the 
company. 

Two years later, another enterprise, the Zhili Fishery 
Co., was formed in the northern province in Tianjin. Being 
short of qualified personnel to manage modem fisheries, 
the company sent several investigation groups to Europe 
and Japan. In 1911, these groups founded the Study and 
Training School of Fisheries in Tianjin. 

After the overthrow of the feudal reign of Qing 
dynasty in the revolution of 1911 led by Dr. Sun Yat-Sen, 
people were inspired to advocate education and to develop 
science and the economy. In the south, the Jiangsu 
Provincial Fisheries School was established at Wusong in 
1912. In the same year, the Study and Training School of 
Fisheries in Tianjin was upgraded to Zhili Provincial 
Senior Vocational Fishery School. These two were the 
earliest full-time regular schools of specialized middle 
education under the auspices of provincial governments 
and were no longer affiliated to any enterprises. 

These two schools were afforded with fishing ships 
for practice, experimental sites for aquaculture and 
workshops for aquatic products processing. In the first 
decade, foreign textbooks were used. From 1912 to 1922, 
the Jiangsu Provincial Fisheries School published a series 
of textbooks on the basis of their survey of fishery 
resources, fishing gears, navigation courses and main 
fishing grounds nearly all over the East China Sea. 

With the development of a deep-sea fishery industry, 
middle education was upgraded to higher education in 
1929. A two-year college course in deep-sea fishery was 
offered in Jiangsu Provincial Fishery School. Meanwhile, 
the Zhili Provincial Senior Vocational Fishery School in 
Tianjin was upgraded into Hebei Provincial Professional 
Fisheries School. 

Before the outbreak of the war of resistance against 
Japan (1937-1945), fisheries education in China enjoyed a 
fairly rapid development. Middle technical schools 
emerged in every coastal province such as the Zhejiang 
Provincial Senior Vocational School of Fisheries at 
Dinghai County, Zhoushan Islands in 1915; in Xiamen, 
Amoy, financed solely by the famous overseas Chinese 
industrialist Chen Jiagen, the Jimei Schools of Fishery and 
Navigation were formed in 1920; the Yantai Study and 
Training School was established in 1923; in .Liaoning 
Province, a fishery school was set up at Yingkao in 1924; 
Guangdong Provincial Fishery School was founded at 
Shantou in 1935. Junior fishery schools and other training 
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classes for fishermen also appeared in many towns in the 
early 1930s. 

During the war, 1937-1945, most fishery schools 
suffered damages. The only remaining school was the 
Hechuan Fishery School in Sichuan Province, organized in 
1941 for training technicians in freshwater pisciculture. 

In 1945-1949, fishery schools were rebuilt 
successively in Shanghai, Zhejiang (Zhapu), Jiangsu 
(Chongming) and Hebei (Tianjin). Those in Fujian, 
Guangdong and Liaoning were restored at their former 
campuses. Up to 1949, there were two professional 
fisheries schools (Wusong .and Hebei) and five senior 
vocational fisheries schools (Zhapu, Chongming, Dalian, 
Jimei and Shanwei) with a total enrollment of about 1,000. 

The establishment of the People's Republic of China 
in 1949 brought about great achievements on all fronts. 
After rehabilitation and development, the annual fishery 
yield in 1952 tripled that of 1949. In 1952, several famc;ms 
biologists went into fisheries education. The Wusong 
Professional Fisheries School and schools from Zhejiang 
and Jiangsu were amalgamated into the first higher 
educational institution named Shanghai Fisheries College 
(renamed Shanghai Fisheries University recently) which 
was muitidisciplinary and national in character and was 
under the auspices of the National Fisheries Ministry.· 

Another college was founded at Zhoushan Islands in 
1958 by the Zhejiang Province fisheries authority. In 
1980, the Central Government upgraded the technical 
schools in Dalian and Zhanjiang to two colleges and set up 
a new one in Xiamen, Fujian. Departments of Fisheries 
were established in the following colleges: Shandong 
Oceanography College, Central China Agriculture College 
and Tianjin Agriculture College. 

There are also middle technical schools distributed in 
the following proyinces and municipalities: Liaoning, 
Heilongjiang, Hebei, Tianjin, Shandong, Jiangsu, Fujian, 
Hubei, Sichuan, Shanghai, Guangdong, Guangsi, Beijing 
and Zhejiang. Furthermore, .some large enterprises have 
their own training classes, Academic societies of fisheries 
science sometimes offer special courses and 
correspondence schools. Middle .technical schools in 
fishery areas offer fishery lessons or open vocational 
classes. 

Present State 

Generally, education in China is of two kinds: 
regular and adult. 

Regular education is the principal means of 
cultivating scientific and technical personnel. There are 
four grade levels in regular fisheries education: the tasks 
of which are unde.rtaken by the fisheries university, 
fisheries colleges and middle fisheries schools. 

A university or college admits only the student who 
has graduated from an accredited middle school and 
passed an entrance examination. In most cases, a 
baccalaureate degree is granted after four years. Mastera! 
and doctorate programs will be offered soon. In order to 
train more technicians in a shorter period, one fisheries 
university and four colleges ip China concurrently offer 
two-year courses of senior-collegiate programs as well. 
Specializations include: Marine Fishing, Marine Engine 
Management and Fishery Economic Management. 

The list of courses for the undergraduate program 
include: Fishery Resources; Marine Fishery; Freshwater 
Fishery; Freshwater Pisciculture (Aquaculture); 
Mariculture (Marine Farming); Fishery Machinery; 
Fishery Electronic Instrumentation; Fishing Vessel 
Designing and Engineering; Fishing Vessel Power 
Engineering; Fishing Harbor Designing Construction; 
Aquatic Products Processing Technology; Refrigeration 
Technology; Canned Food Technology; Food 
Engineering; Food Science; Fishery Economics and 
Management; Marine Engine Management. 

The courses take four years, after which a student is 
granted a BPS or BFE degree and gets an appointment 
from the government. 

In the Shanghai Fisheries University, postgraduates 
of MPS programs have five specializations: Ichthyology, 
Aquaculture, Marine Products Processing, Marine Fishery 
and Fish Ecological Environment. 

Higher fisheries education has now a total enrollment 
of about 5,000. 

Middle fisheries technical schools in China are under 
the provincial or municipal governments. They supply 
medium-grade technicians for fishery production and 
management. Students who have finished junior middle 
school are admitted to a three-year training in practical 
technique and basic scientific knowledge. After 
graduation, students are taken in by the local government. 

There are 15 middle technical schools located along 
coastal cities. In addition, some agricultural schools in the 
inland provinces have also established fishery sections. 

In such schools, different specializations such as . 
Marine Fishing, Aquaculture, Marine Engine 
Management, Aquatic Products Preservation and 
Refrigeration are set up according to local requirements. 
Total enrollment in the middle fishery schools is about 
7,000. 

Adult education in fisheries is of the following types: 
Fishery cadre training courses. Run by relevant 

colleges, institutes or administratives. They are further 
classified into: (i) those that cultivate personnel for a one-
year schooling period and (ii) those that propagate some 
particular skills or technology for about a fortnight to three 
months at most. There is provision for all expenditures and 
students are paid salaries by their employers. 
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Evening schools. Affiliated to enterprises or 
institutions which offer two or three years of basic 
knowledge, as well as technical subjects for their workers. 

Correspondence courses. Run by academic societies 
or other organizations. 

Broadcasting or television program$. Sponsored by 
relevant fisheries institutions for the public, especially the 
fishermen, to spread new information and knowledge on 
fisheries in order to promote technological innovation. 

Prospects 

Fishery production has considerably developed since 
the founding of the People's Republic of China. In the last 
five years, total production increased by 60%. Although 
offshore fish resources exhibited a declining trend, the 
annual yield was steadily maintained. Aquaculture 
expanded rapidly; its yield in 1984 almost doubled that of 
1980. Demand for more and highly qualified scientific and 
technical personnel has grown. Consequently, fisheries 
education in China must respond to this need. 

The educational system is undergoing a national 
reformation. Every university, college or school aims to 
enlarge its enrollment; readjust the structure of courses 
and categories of schools; and improve its present system 
of education, teaching contents and teaching methods. It 
can be predicted that the number of middle technical 
schools will be greatly increased so as to gradually 
rationalize the personnel ratio of different grades. The 
number of colleges or universities will not sharply 
increase, but enrollment will certainly expand. In the 
inland provinces, some agriculture colleges will set up 
more departments of fisheries. 

In a few years, fisheries education in China will 
make some significant progress in both quality and 
quantity. 
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Abstract 

A microcomputer-based system for the analyses of small data sets 
of the sort encountered in fisheries stock assessment problems is 
presented. Applications software allowing over thirty-five kinds of 
analytical procedures were written in the Microsoft (TM) implementation 
of interpreted BASIC. A system architecture was formulated with the 
following characteristics: hardware transparency; a 'manual free' user 
interface; simple data entry and editing capability; a standard structure 
into which new or modified applications could be merged; a file 
management protocol consistent with proprietary spreadsheet software; 
and graphics options for appropriate procedures. 

Introduction 

This report describes a microcomputer-based system 
for solving numerical problems unique to fisheries 
science. At this time a manual, authored by S. Saila, C. 
Recksiek and M. Prager, which will include a system 
description, user's instructions and detailed examples of 
included procedures from the fisheries science literature is 
being prepared. This presentation will focus on design 
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aspects of the Fisheries Science Applications System 
(FSAS). 

The intent of the manual's authors was to build upon 
earlier work, principally that of Pauly (1984), in bringing 
analytical procedures from the literature into a 
computational environment where small data sets can be 
analyzed quickly without dependence upon mainframe 
computers and without specialized expertise in computer 
programming. Although many analytical processes from 
the life sciences have been translated into computer 
program code (review by Hensler 1984), a system 
designed for 'field' use by fisheries professionals was 
apparently lacking. However, the recent worldwide 
popularity of microcomputers, particularly of the IBM 
(TM) 'clone' types, indicated the high probability of 
acceptance of a system specifically designed for that 
hardware environment Hence, the authors have brought a 
variety of specialized computational tasks into a system 
for the Microsoft (TM) implementation of interpreted 
BASIC (BASICA). 

FSAS Features 

The FSAS was designed according to several 
perceived criteria, the primary overall criterion being. the 
provision of maximum computing power at minimum cost 
in the fisheries analysis setting: 

1. Hard.ward transparency~ In view of the popularity 
of the IBM Personal Computer (TM) and its many 
substitutes, it was decided to write program code which 
would run on the most fundamental of the currently 
marketed configurations. These days this amounts to a 
machine with two flexible diskette drives, graphics screen 
(an option with some systems but a 'stock' item with 
others), a printer, and a version of Microsoft's (TM) 
operating system (DOS) 2.1 or above. Today there are a 
variety of systems available, including the portables, 
which match these specifications. 

Running the FSAS amounts to: (a) turning on the 
computer with the system diskette in the left-hand drive; 
(b) running system programs GRAPHICS and BASICA; 
(c) exchanging the system (DOS) diskette for a diskette 
containing the FSAS programs desired for the work 
session; and (d) loading (via the LOAD statement of 
BASICA) the FSAS primary control and fil{ management 
program KEYSTONE.FSU and running it (¥ia RUN). 
Experienced microcomputer users could depart from this 
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straightforward procedure, e.g., by placing all the J;<'SAS 
routings on a hard disk, but the 'ordinary configuration' 
will allow the system to run. 

2. Ease of use. A major design criterion for the FSAS 
was minimizing dependence upon prior experience with 
computers and computer programming. To that end, a goal 
has been to create a 'manual free' user interface. This has 
been accomplished with all procedures being controlled by 
menus which direct the user in a step-by-step manner. 

The system consists of a primary switching program 
and a collection of applications programs. Both are coded 
in the BASIC programming language, Microsoft's (TM) 
BASICA, in this case. The switching program, called 
KEYSTONE, contains most of the menus. It allows the 
user to create, edit, save and retrieve data sets. In addition, 
it helps the user select the application program of interest. 
Essentially KEYSTONE helps the user gain access to an 
applications program without much .dependence upoq a 
manual. The FSAS system KEYSTONE and applications 
programs are summarized in Table 1. 

At this time the FSAS practically consists of 
microcomputer BASICA program files which fit onto four 
flexible diskettes (four sides). Each diskette ho~ds 
KEYSTONE and FSAS applications programs. A user 
simply uses the diskette containing the applications 
program of interest The user provides his own flexible 
data diskettes (or other medium of his choice such as a 
hard disk) which are initialized to receive data via the 
DOS FORMAT program. 

3. Simple data entry and editing capability. The 
FSAS system operates on a single two-dimension array of 
numbers, e.g., a set of 25 fish, lengths and weights (a 2 x 
25 array). KEYSTONE's menus direct the user to a simple 
editor which allows entry or editing of the numbers in the 
array. The system includes protocols for dealing with 
missing values. 

Once such array is defined, control is transferred to 
an applications program for analysis. This is done through 
BASICA's CHAIN and COMMON statements in the 
program code. The user is free to perform analyses and, 
afterward, 'return' to KEYSTONE for file management 
tasks, including directing co11trol to . other applications 
programs. 

A useful feature of most FSAS applications 
programs is, the property of being able to edit data while 
control remains within the applications program. This is 
done with a MINI-EDITOR which is similar ,to 
KEYSTONE's editor; indeed the editor subroutines are 
the same for KEYSTONE and those applications 
programs having the MINI-EDITOR. This is 
advantageous because a user may wish to change or 
remove a value and rerun an analysis. This feature allows 
doing it without switching control .back to KEYSTONE. It 
is also useful because each applications program may be 

run by itself. That is, KEYSTONE is not really necessary 
to run most applications programs. For instance, if the user 
wished to find the mean of 20 numbers and view a 
histogram, he need only, after having implemented 
BAS I CA, insert the diskette containing UNIST AT into the 
left-hand drive, load and run the program and use the 
MINI-EDITOR to enter the 9ata. After the data were 
correctly entered the user would execute the program 
which, in turn, would display the data set's statistics and, 
on option, a histogram. 

At this point, it should be mentioned that some FSAS 
routines do not operate on a data set, e.g., B-H3 (Table 1). 
In these cases, the applications programs simply calculate 
values of a complicated formula; so, no data editing 
capability is included (but formula parameter entry and 
editing are). 

One of the most important, and fairly unique, 
features of the FSAS applications programs operating on 
data sets is the provision of a sample, or test, data set 
embedded in the program code .. This capability was 
engineered to enable the user to become acquainted with 
the performance and output of the applications program. 
Most test data sets are drawn from the literature. To use an 
applications program, the user would, ideally, after 
becoming familiar with the literature cited in the manual's 
program description, simply run the program and invoke 
the analysis using the internal test data set. By having the 
data set built in, the user is free to concentrate on the 
analysis and its results, and not on the details of data set 
input. Some users, if using a data set the same size or 
smaller than the test set, could simply edit in their own 
data onto the test data with the MINI-EDITOR and rerun 
the analysis. Control change tO KEYSTONE for file 
management remains possible at any time. 

4. Standard code structure. Each applications 
program is coded in standardized sections or modules. 
There are three types of programs in the FSAS which, for 
convenience, are termed SHELL 1, SHEIL 2 and SHEIL 
3 programs (Table 2). SHELL 1 and SHELL 3 programs 
operate on data sets, while SHEIL 2 programs evaluate 
formulas, as discussed earlier. SHELL 3 programs have no 
MINI-EDITOR to save working space. The FSAS system 
at this time has only one SHELL 3 program, FISHPARM 
(Table 1). Since FISHPARM applications code is so 
extensive, there would be little room for the MINI-
EDITOR subroutines due to the 64-kilobyte restriction to 
combined program and variable space in the BASICA 
environment. The SHELL 3 programs, FISHPARM being 
the only case, need KEYSTONE to be operational, but 
SHEIL 1 programs may be run with or without· 
KEYSTONE. The latter is also true of SHEIL 2 
programs. 

So,· in translating a particular procedure from the 
literature into FSAS code, the appropriate shell modules 
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consisting mostly of original system subroutines have been 
merged with a code unique to that procedure. Individuals 
having programming experience may find it useful to 
modify existing or create a new applications program code 
because it is reasonably easy to locate in the program 
listings. 

5. File management protocol. Data set storage and 
retrieval as flexible diskette (or hard disk) files is 
accomplished only by KEYSTONE. Files are written in 
the standard Data Interchange Format (DIF). DIF files 
may be read or written by a variety of other software, 
particularly some of the recently developed proprietary 
spreadsheets. Therefore, a person acquainted with the use 
of a spreadsheet, e.g., Lotus 123 (TM), may use the latter's 
powerful data manipulation capabilities to create DIF files 
readable by the FSAS. In practice, a spreadsheet would be 
used to maintain a database and to create data subsets 
consistent with the requirements of a desired FSAS 
applications program analysis .. 

6. FSAS graphics. Several FSAS applications 
programs include graphics screen displays. For instance, 
program POWER which calculates parameters of the 
allometric equation, such as that which describes a length-
weight relationship, permits the user to display the data as 
a scatter plot onto which the derived function is graphed. 
Likewise UNISTAT, which computes univariate statistics 
of grouped and ungrouped data sets, includes an optional 
histogram display. Other application programs do not 
include graphics when they are not really useful, e.g., 
JOLLY, a population parameter estimation program 
operating upon tag-recapture data, includes no graphics 
capability. 

It should be mentioned that the FSAS SHELL 3 
program FIS HP ARM includes graphics capability which 
portrays bivariate data and derived functions but the code 
is in a separate program, transparent to the user, which is 
accessed via BASICA's CHAIN and COMMON 
statements. Again, this design is motivated by the desire to 
save working space. 

Incidentally, FSAS graphics subroutines allow the 
user to adjust the range over which data are displayed. 
Additionally, the user may save a hard copy of the screen 
display by having run the DOS system program 
GRAPHICS before BASICA during system startup. 

Discussion 

Perhaps the principal advantageous features of the 
FSAS are the simple data and parameter editors and, in the 
case of the SHELL 1 programs, the inclusion of test data 
sets. It is hoped that by using DIF files, the power of the 
proprietary spreadsheets may be used to enhance the 
capabilities of the FSAS. An additional advantage is that 

407 

some of the analytical routines are based upon direct 
nonlinear estimation procedures which facilitate error 
estimation. 

One of the possible disadvantages that has become 
more fully apparent during design and development of the 
system is the 64--kilobyte restriction of BASICA. This has 
certainly influenced many system design choices. Without 
this restriction there would be no need for SHELL 3 type 
programs since all the editor and graphics routiiies could 
otherwise have been inc1uded in one program. Indeed, the 
file management code of KEYSTONE could potentially 
be included as well. Also, interpreted BASIC programs 
doing a lot of 'number crunching' tend to be slow. As a. 
result, future plans call for creating a compiled version of 
the FSAS so as to take advantage of larger memories 
readily available today at modest cost and to enhance 
computing speed. 

In conclusion, the FSAS · is clearly useful in the 
analysis of 'small' data sets often. encountered in fisheries 
science and in a field-laboratory setting. It is hoped that 
the system architecture is easy enough to use so that the 
investigator may be free to concentrate on the application 
at hand and not be greatly concerned with running the 
computer. 
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Table 1. Fisheries Science Application System (FSAS) BASICA program file names with program 
procedures. 

KEYSTONE 

FISHPARM 

UNISTAT 

BIREG 

BA KCAL 

POWER 

PRINCOMP 

RAFAIL 

RICKER 

LCOH 

MARTEN 

BARTTR 

PROD2 

SINTAG 

SHEP 

LP 

HILLIS 

ZIPPIN 

FABGROW 

MESH 1 

MESH'2 

LOGIT 

OPT AGE 

B·H3 

TBH 

SEGREG 

LOGSER 

IVALUE 

CLUTES 

KTEST 

NETMED 

RECRUIT 

JOLLY 

SCHNUTE 1 

Primary control and file management 

Non-linear least squares parameter estimation for selected fisheries models 

Computation of univariate statistics for grouped and ungrouped data sets 

Bivariate regression analyses 

Back-calculation of length at age vie Fraser-Lee formula 

Power relationship calculated by ordinary least squares on log-transformed data 
with bias correction 

Finding a 95% equal frequency ellipse from principal components analysis 

von Bertalanffy growth equation 

Ricker's yield model 

Jones' length related cohort analysis 

Calculating mortality rates and optimum yields from length samples 

Bartlett's test for homogeneity of variance including four transformations 

Cohort production estimates with variance 

Weighted regression method for survival rates based on a single tagging experiment 
with continuous recaptures 

Length composition analysis using von Bertalanffy growth parameters 

Calculation of total allowable catch 

Assessing the rate of discarding commercial species when the total weight of dis· 
cards is known 

Population estimation using removal-depletion 

von Bertalanffy growth equation estimated by Fabens' method for tagging data 

Effects of gear mesh size on catches and immediate and long-term changes in catch 

Calculating yields by species and mesh size 

Calculation of L050 values, mesh selection, and percent maturity 

One variable minimization method to compute optimum age and siza 

Beverton·Holt YPR equation with constant parameters and yield maximization 
varying both F and age at first capture 

Bevarton-Holt YPR equation with variable (negative exponential) natural mortality 

Segmented regression analysis 

Estimation of log series peremetars 

Calculating tha value of a similarity matrix 

Tasting clusters for significant differences (using IVALUE output) 

Test statistic on K parameter of a negative binomial distribution (K is related to 
species abundance) 

Computation of confidence limits of medians for a series of nat catches 

Recruitment calculation by Bevarton·Holt's method 

Population parameter estimation from mark and recapture using Jolly's method 

Improved stock production model 

T1bl1 2. Properties of the FSAS appllcatlons progr1m1. The "+" lndle1tes en Included e1p1bllltv: 
the"-" lndlc1tes th1t a czip11blllty Is l1cklng, 

Appllc1tlons program typ11s 
Shill 1 Shell 2 Sholl 3 

OptratlS 0 n I d1t1 Sit + 
Includes the MINl·EOITOR 
lnclud111 test dat1 set + 
Abllltv to b1 fully functlon1I 

without KEYSTONE + + 
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Indigenous Fishing Crafts in Java, Indonesia 
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Abstract 

In 1984, a survey was conducted in eight coastal villages around 
Java Island on 175 fishing crafts by making 45 sectional measurements 
and 20 craft characteristic entries plus their detailed hull-line drawings. 
The representative crafts of each village surveyed are described 
according to their hulls, such as dugouts, semidugouts and planked hulls. 
The hulls of Java crafts as described have distinctive local variations. 
Statistical considerations including naval architectural data were 
examined by using discriminant and cluster analysis to compare the Java 
craft hull type with similar fishing craft in Japan, Korea, China and 
Thailand. The results show that the hull type of the Java planked crafts 
was developed independently using the local dugouts and semidugouts as 
the hllllic design. 

Introduction 

In 1981, 95% of Indonesian fishing crafts were of 10 
gross tons (Gl) or less; 98% of marine fish landings came 
from these crafts operating in coas.tal waters (Indonesian 
Directorate General of Fisheries 1981). Accordingly, the 
indigenous fishing crafts in coastal waters have a very 
important contribution to Indonesian fisheries. However, 
the motorization of fishing crafts has been accelerated 
since the declaration of the 200-mile Exclusive Economic 
Zone (Anon. 1982). Motorized crafts may displace the 
indigenous ones. The survey was carried out to record the 
current state of the indigenous fishing crafts in eight 
coastal villages around Java from July to August 1984, 
especially the hull-type crafts and their fishing and to 
consider their future modernization in comparison with 
those of other countries around Indonesia. 
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Methodology 

Fishing crafts and gears were catalogued and 
inventoried at the beginning of the survey. 

A manual for the survey was made for uniformity in 
recording the complex data. A special measuring comb 
consisting of movable teeth of wooden strips 900 x 15 x 2 
mm and a framework of 700 x 800 mm size was made for 
the hull measurements. 

The survey was divided into four stages: (1) 
recording general descriptions of the village; (2) 
interviews of fishermen by questionnaire; (3) 
measurements of 25 dimensional parts of around 20 crafts 
in each village; and (4) detailed measurements of hull lines 
on several crafts by village. 

The fundamental statistics consisted of frequency 
distributions of data, vectors of means and standard 
deviations, and figures of interrelations between crafts by 
various aspects. Cluster analysis was then applied with 
various dimensional data for comparing local differences 
among the crafts around Java. 

The CPU programs on the above analysis were from 
Tanaka et al. (1984). Various numerical characteristics of 
the naval architectural data were calculated by means of a 
hydrocalculation program in BASIC, coded by Jyanuma 
(unpublished data) for a microcomputer, PC-9801. 

Results and Discussion 

The location of the fishing villages and the fishing 
crafts surveyed are shown in Fig. 1. The 15 indigenous 
fishing crafts found around Java have various types of 
construction, sail, outrigger and local characteristics. 
Among them a dugout with a single-hold outrigger in 
Rembang was quite different from the others. 

Statistics on sail, drive engine, fishing gear, fish 
caught and hull material of planked craft are shown in Fig. 
2. 

There are three kinds of hulls amongst the crafts, i.e., 
dugout, semidugout and planked craft. The principal types 
around Java are shown in Table 1. Generally, the planked 
type is the largest among the three and the dugout and the 
semidugout are comparable in size. The semidugout is 
very narrow in beam with a 51 cm mean (range 21-88 cm). 

A series of comparisons was made of the dimensions 
of the principal Java types, i.e., length overall (Loa), beam 
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(B), and depth (D), with those of 58 Thai crafts (RACIC 
1967). 

The distribution of Loa and B is given in the 
following regressions: 

Java planked crafts (N=l13, r=0.8382) 
B = 0.222864 Loa+ 18.9378 

Thai planked crafts (N=58, r=0.8021) 
B = 0.257358 Loa- 22.7507 

Java semidugouts (N=43, r=0.5283) 
B = 0.067253 Loa+ 3.14267 

The correlatjons between them were significant at 
the tolerance level of 5% on the three kinds of crafts, but 
not the Java dugouts (r = 0.24). The linear regression lines 
for the Java and Thai planked crafts resemble each other; 
however, data on semidugouts were quite independent 
with narrower beam than the other two. Data on dugouts 
were scattered between the two kinds of planked crafts and 
the semidugouts. 

Significant correlations between B and D were not 
found between Java dugout and semidugout, as the data 
were concentrated within a narrow range in size. On the 
other harid, significant linear regressions at the tolerance 
level of 5% were calculated for the planked crafts in Java 
and Thailand: 

Java planked crafts (N=l 13, r=0.8553) 
D = 0.284896B+15.7797 

Thai planked crafts (N=58, r=O. 7790) 
D = 0.320658 B + 33.1318 

To compare the 113 planked crafts, cluster analysis 
applied with the group average method and Mahalanobis 
distance was made on Loa, B, D (in meters), volume L:BD 
(in cubic meters), and the ratios L/B, L/D and BID (Fig. 
3). 

As shown in this dendrogram, the clustering is 
generally not so clear because of the narrow range in 
Mahalanobis distance. The planked crafts were mainly of 
two major groups, GI and G2. The Gl of clusters I-IV 
was a group of smaller and intermediate crafts and G2 of 
clusters V-VIl was a group of bigger crafts. Thus, the 
planked crafts were widely scattered into seven clusters 
including a cluster of smaller and shallow crafts. 

The frequency distribution of crafts by cluster and 
'Village or fishing gear (Fig. 3) showed that all crafts from 
Toban, Rembang and Cilacap were classified as Gl. These 
smaller crafts used hand line, cast net, gill net, trammel net 
and long line while the bigger crafts (G2) used purse seine, 
Danish seine and gill net in Cirebon, Pasuruan and 
Pelabuhan ;Ratu. 

As shown in mean vectors, the G 1 were classified 
into cluster-I (CL-I) of fine but relatively deeper hull, the 
CL-Il of the smallest but rather fair hull, the CL-ill of the 
biggest but rather deep hull and the CL-IV of fair and 
deepest hull. The three clusters of G2 might be separated 
into shallow, deep and deeper. 

A comparison of various fishing crafts by three hull 
types from the results of hydrocalculations on load 
condition of crafts in various countries, i.e., Europe 
(Smyth 1929), Korea (Korea, Government General 
Fishery Experimental Station 1929), China (Takayama 
1938) and Japap (Shibata et al. 1976) is given in Table 2. 

In this table, d is a draft when loaded condition and 
D/W is the displacement in tons. HB/Loa is the position of 
the longitudinal center of buoyancy in relation to 
midships, expressed as a ratio; the minus value (-) 
indicates a position forward of midships. Thus, if a minus 
value, the immersed hull body is relatively bigger in 
forward of midships. KB is the distance of center of 
buoyancy above the bottom of the keel. KB/d is ideally 0.5 
for a box-type craft and 0.67 for a craft that is 1riangle in 
cross section. KM is an indicator of static stability of a 
craft 

The KM values in Table 2 show the higher stability 
of European sailing crafts, while the Japanese semidugout, 
Sabani in Okinawa and the river planked crafts in Sumatra 
had reJ.atively low stability. 
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Table 1. Principal dimensions of indigenous fishing crafts around Java in 1984 (cm). 

Loa B D 
N mean S.D. min max mean S.D. min max mean S.D. min max 

Dugout 19 757 73.3 604 917 83 10.6 61 107 54 9.4 43 73 
Semidugout 43 717 106.4 475 897 51 13.6 21 88 58 7.4 43 73 
Planked 113 801 214.5 422 1,280 197 57.0 100 345 72 19.0 30 122 

Table 2. Mean principal dimensions (cm) and naval architectural data of various crafts in various countries. 

N Loa B D d D/W Cb Cp Cw Cm HB/Loa KB/d KM/B 

Dugout 11 492 69 35 19 0.44 0.45 0.62 0.65 0.69 0.03 0.60 0.47 
Semidugout 

Java 4 662 56 49 25 0.52 0.53 0.67 0,76 0.79 0.83 0.60 0.52 
Japan 5 662 111 42 22 0.79 0.38 0.57 0.49 0.61 -2.59 0.61 0.39 

Planked 
Java-EC 9 560 142 52 26 0.84 0,38 0.57 0.55 0.67 0.31 0.59 0.47 

-W 7 935 262 85 42 4.78 0.38 0.56 0.54 0.67 1.04 0.56 0.50 
Sumatra 3 473 143 50 25 0.53 0.34 0.63 0.54 0.67 -1.80 0.64 0.39 
Europe 9 1,135 384 211 118 21.73 0.34 0.60 0.63 0.57 3.09 0.65 0.58 
China 10 1,285 326 103 62 24.00 0.43 0,58 0.59 0,75 5.48 0.58 0.48 
Korea 11 836 273 100 53 7.33 0.45 0.64 0.66 0.71 6.05 0.59 0.56 
Japan-N 17 573 157 51 36 2.34 0.49 0.67 0.67 0.73 0.68 0.63 0.48 

-W 9 550 143 51 37 1.35 0.44 0.63 0.67 0.65 9.12 0.61 0.48 

Note: Java-EC and -W are East, Central and West Java, and Japan-N and -W are Northeastern area of Honshu and Nagasaki 
Prefecture in Japan. 
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Fig. 1. Various fishing crafts around Java in 1984. Black spots are survey stations.· 
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Fig. 2. Frequency distributions on various catalogous data of Java 
planked crafts by fishing village in 1984. 
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Fig. 3. Cluster analysis on principals and proportionals of planked 
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Rajasthan, India, p. 413-416. In J.L. Maclean, L.B. Dizon and 
L.V. Hosillos (eds.) The First Asian Fisheries Forum. Asian 
Fisheries Society, Manila, Philippines. 

Abstract 

On account of the highly diverse nature of inland water areas of 
Rajasthan State of India, methods ranging.from catching fish by hand to 
the operation of large and indigenously-designed nets are adopted for 
fishing. This paper describes the various fishing methods used in the area 
along with the constructional designs of various types of fishing nets and 
their mode of operation. 

Introduction 

Knowledge of Indians concerning fish and fisheries 
is quite ancient (Hora 1951). Paradoxical as it might seem, 
the state of Rajasthan in India with its sprawling Thar 
Desert is fairly rich in fishery resources. A variety of 
habitats, e.g., mountains, plains and desert, contribute to 
the hill-stream, riverine, lacustrine and reservoir fisheries. 
Thus, fishing implements also vary in accordance with the 
hydrographical conditions in different areas of the state. · 

There is a paucity of literature on the inland fishing 
methods and gear. Hornell (1924) described the fishing 
methods of the river Ganga. Hora (1926) dealt with a 
fishing· implement from Punjab. Faruqui and Sahai (1943) 
gave the methods of catching fish in the state of Uttar 
Pradesh. Saxena (1964) dealt with the fishing nets and 
traps of the river Ganga near Allahabad. George (1971) 
had an account of the fishing gear and methods of India. 
Sehgal (1973) and Tandon and Sharma (1984) described 
the fisheries and the fishing methods of Himachal Pradesh 
state. 

An attempt has been made in this paper to describe 
and classify the various fishing methods with related gears 
traditionally used in the state ofRajasthan, India. 
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Classification of Fishing Methods 

Attempts to classify fishing methods and gears were 
made by Burdon (1951), von Brandt (1964) and Tandon 
and Sharma (1984). 

Based on the above the inland fishing methods of 
Rajasthan can be of the following five types: (1) disabling 
type, (2) traps and barriers, (3) filter type, (4) entangling 
type and (5) self-fishing type. 

DISABLING TYPE 

The main aim of this type is to render the fish 
incapable of swimming. The following are disabling types: 

Rod and line. This is one of the simplest methods of 
fishing. It essentially consists of a rod, a nylon twine and a 
hook. The hook is suitably baited to lure the fish and is 
kept in proper position by attaching a spoon or a stone. 
The most commonly-used baits are earthworm, wheat 
flour paste, small fish, frogs and insects. 

Long line. This is in fact a cross line. It ess~ntially 
consists of a main line with several pendant vertical lines 
called 'snoods' bearing hooks at equal distances. Th~ ends 
of the main 'line are tied to wooden pegs one on each side 
of the river or the long line may be shot from a slow 
moving boat. It is kept in position· by lead sinkers. In 
muddy or rocky bottoms, it is held off the gn;mnd by 
floats. The hooks are baited with bread, earthworm, wheat 
flour paste, small fish or frogs. Long lines are operated 
easily and are dropped into places where fishes are 
expected to be in some concentration. · 

Poisoning. The fish is disabled by 'the use of 
chemical powders or ground plant tissues. The result is 
indiscriminate killing of fish, which is illegal. The most 
commonly-used fish poison is rotenone obtained from the 
roots of the plants Derri;s elliptica, D. uligmosa and D. 
lagensis. However, fruit of bitter temru (Diospyros 
cordifolia Roxb.) found extensively distributed in 
Rajasthan is also generally used to stun fishes. 

Dynamiting. Fish are paralyzed by underwater 
explo!!ion. This method also results in mass mortality of 
fish and is illegal. 

Spearing. The hunter sits on the river bank with a 
spear ready in his hand. The spear consists of a bamboo 
staff 1.8-2.1 m long to which is attached a sharp, pointed 
and barbed instrument of steel. As soon as · a big fish 
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surfaces the hunter aims at it and throws the spear to stab 
it. 

Gunning. The man with a loaded gun sits on a stout 
branch of a tree or a cliff overlooking the river. As soon as 
a big fish comes near the surface of the water the hunter 
takes aim and fires. 

TRAPS AND BARRIERS 

Pot method. This is a primitive method of catching 
small fish. It consists of an earthen pot with a wide mouth. 
Some stone: pieces or pebbles are placed inside the pot to 
make it heavy. A bait of wheat flour paste is also put 
inside. The mouth of the pot is then covered with a piece 
of cloth in which a hole is cut Now the pot is fixed in the 
flowing water at a convenient place. Fishes tempted by the 
bait enter through the hole and thus get trapped. Small 
fishes like Barilius, Dania and Puntius spp. are caught by 
this method. 

Bundh method. In this method a bundh or barrier is 
put in the channel, drain or rivulet to stop its flow. A small 
outlet is then made to divert water. The outlet is covered 
by a gill net or wire gauze to stop the escape of fish. Tp.e 
fishes are thus trapped in the gill net or picked up from 
underneath the stones. 

FILTER TYPE 

Drag net. This net is extensively used in rivyrs 
since it gives maximum catch and is easy to operate. Five 
to ten pieces are connected to one another to cover a large 
area of water. Each net piece is 7-10 m long and 4-8 m 
wide with a mesh size of 10-20 cm. The nets are bordered 
by a head line studded with floats of wooden reeds or 
synthetic balls and a foot line provided with sinkers of iron 
or lead. The head and foot lines keep the net in position. · 

Different drag nets are used according to the 
condition of the river. Chhanta is employed where the 
river is narrow. It is a drag net having single or double row 
of pockets at the bottom. Mahajal and Chondhi are used 
by fishermen brought by fish contractors from Varanasi 
and Gorakhpur districts of Uttar Pradesh. The net is spread 
out from the river bank in a semicircle, then both ends are 
dragged from the bank. All the major carps and catfishes 
are caught by this net. 

Ghasita Jal. This net (Fig. 1) is used in the 
Jaisammand lake of Udaipur. It is a beach seine with one 
or more rows of peripheral pockets or folds towards the 
lower periphery of the net in which the fishes are 
collected. The pockets are formed by folding the lower 
periphery of the webbing along with the foot rope and 

sinkers and in turn secured at regular intervals. The 
mouths of the pockets are provided with sinkers. 

ENTANGLING TYPE 

Gill net. These are rectangular nets of a single wall 
made of fine nylon or cotton with a head rope but with or 
without foot rope. The .size of the mesh and the height of 
the net varies from place to place. Floats made from 
scirpus stems keep the net afloat. The net is laid at night 
by a plank-built canoe in the manner of a stretched wall. It 
is hauled up the next morning and the fishes are caught in 
the meshes by the thickness of abdomen rather than by the 
head. 

The gill net used in the Jaisamand Lake of Udaipur is 
locally called Phasula. It is a set net type and is made of 
terylene. There are 300 meshes in length and 20 meshes in 
depth with a mesh bar of 70 mm. The head rope is made of 
cotton 4 mm in diameter and 18.85 m in length. The 
fishing height of the net is 2.49 m. The floats are made of 
reed and number about 16-17 per piece. Tin cans, 30-40 in 
number, serve as buoys with a cotton buoy rope 4 mm in 
diameter and 0.5 to 0.8 m in length. The sinkers when 
used are of granite stone. Two sinkers, each weighing 
about 100 g are used per piece. The anchor is also made of 
granite stone weighing 10-15 kg. The anchor rope is made 
of hemp of 5-6 mm diameter and 15-16 m length. Thus 
30-40 pieces of net are joined together to make the total 
length of the whole fleet about 565-574 m. This net is used 
in the Jaisamand Lake at depths of 5-16 m generally from 
November to January with a haul of Catla catla, Labeo 
rohita, L. calbasu, Cirrhina mrigala, Tor tor, Silonia 
silondia, Mystus spp. and Wallago attu. 

Coverpot or plunge basket. These gears are cast on 
the fish which are collected from the top. They are usually 
made of wicker with the main opening at the top. Tapar 
(Fig. 2) used in the Jaisamand lake of Udaipur has the 
shape of a bell. The material used is bamboo strips secured 
by coir rope. Fishes generally caught with this type are 
Channa spp. 

Cast net. This is a light bell-shaped circular net and 
weighted around the perimeter (Fig. 3). The mesh size and 
the maximum diameter of the net varies from place to 
place. There are two types of cast nets in use. These are 
the stringless cast net and the stringed cast net. The 
stringless cast net is more primitive than the stringed one. 
The stringless net is a simple piece of netting circular in 
form with a strong cord running through the peripheral 
meshes of the net with iron and lead sinkers. The net is 
skillfully thrown by a fisherman on the water so that it 
lands horizontally and encloses the fish as it sinks. When 
the net is raised or pulled up the circumference is reduced 
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inward to fonn a pouch around the edge of the net to 
prevent the escape of the fish. 

In J aisamand Lake the cast nets used are with the 
closing string and without peripheral pockets. In these nets 
fishes are collected within a cavity of the net towards the 
lower portion while some of the fishes are gilled and 
entangled in the meshes. Three varieties of such nets 
locally called Dhaiya, Bariya and Kathariya are used in 
the Udaipur region. Dhaiya is made of cotton 20/5/2; mesh 
bar, 31 mm; height of net 2.9 m; peripheral circumference, 
12.2 m; number of closing strings, 12. Fish generally 
caught are carps, Mystus seenghala. and Channa spp. 
Bariya is made of cotton 20/3/2; mesh bar, 17.5 mm; 
height of net, 3.1 m; peripheral circumference, 11.6 m; 
number of closing strings, 12. Fish caught are small 
varieties of carps, catfishes and Channa spp. Kathariya is 
made of cotton 20/4/2; mesh bar, 7.5 mm; height of net, 
3.3 m; peripheral circumference, 16.0 m; number of 
closing strings, 12. Fish caught are fry of major carps. 

SELF-FISHING TYPE 

This fishing method is dependent upon the 
physiological reactions of the fish to various chemical or 
physical stimuli. For example, light has been used from 
time immemoriru to lure fish. Various sources of light 
have been used for the purpose. However, this method is 
illegal. 

Discussion 

A perusal of the fishing gear and methods 
traditionally used in Rajasthan, India, reveals that certain 
broad demarcations can be made regarding fishing gear of 
different water bodies. The topography of the area and the 
habit of the fish 'play a dominant role in the distributive 
use of fishing gear. 

In the ponds, cast nets, coverpots or plunge basket, 
gill nets, traps and hand lines are used in that order of 
importance. The shallow depth of the ponds and tanks 
make the above gears more effective. 

The various cast nets described by von Brandt (1964) 
are not found in India. However, he considers the cast nets 
originating from India. The stringless cast net is 
considered more primitive than the stringed one. While the 
coverpot or the plunge basket is limited to a certain depth, 
the cast nets are operated in relatively deeper water. 

The design of gill nets varies from place to place. 
Some of the salient features are the absence of the foot 
rope, mesh size and height of the net. For example, the 
Iacustrine gill net is higher than the riverine. However, the 
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design in its turn affects the mode of operation of gill nets 
at various places. 

In the lakes and reservoirs, the gill n~ts of the set 
type are the principal fishing gear because many 
underwater obstructions are encountered there. Beach 
seines are operated to a limited extent in areas where the 
bottom is clear such as Jaisamand Lake. In clear waters 
hand lines and long lines are not so efficient 

The fishing gear of the river system can also be 
divided into three sections: upper, middle and lower. In the 
upper reaches, where normally a swift current prevails, 
cast nets, coverpots and traps are common. In the pools, 
lines and gill nets of short depth are used. 

In the middle reaches of the river, seine nets and gill 
nets are quite effective. Small meshed nets and ·noose are 
reported (Hora 1926) as suitable. Cast nets and barriers are 
of secondary importance. 

All the beach seines like the Maha jal, Chhanta jal 
and Ghasita jal are operated in an identical manner from 
one boat. The net is payed in the form of an arc from the 
shore. The number of men required depends on the size of 
the net. However, the operational details of the Ghasita jal 
and Chhanta jal differ from other beach seines in that the 
head and the foot rope are not manipulated to concentrate 
the catch in the center unlike other beach seines. 
Occasionally the nets are operated as a drag net by paying 
the net parallel to the lake shore and dragging it from 
there. 
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Abstract 

Shrimp trawling in Palk Bay, Sri Lanka, is conducted in a 9-m 
mechanized craft with 30-hp inboard engine. Penaeus semisulcatus is the 
major species. An experiment consisting of twenty trawl operations 
employing the covered codend technique was carried out using 25, 30, 
and 40-mm codends . in the fish-cum-shrimp trawl nets for mesh 
selectivity studies. The codend with the 25-mm mesh size hardly released 
any, whereas others released a fair number of commercially valuable P. 
semisulcatus. The 50% retention lengths for P. semisulcatus were 1.96 
cm and 2.27 cm for the 30-mm and the 40-mm codend, respectively. 
When compared with the traditional trawls, the new fish-cum-shrimp 
trawl with larger mesh size perfonned better by bringing a slightly larger 
amount of shrimp and a greater quantity of fish. The instantaneous 
fishing mortality values during January to June 1984 ranged from 0.16 to 
0.38 for P. semisulcatus and 0.09 to 0.37 for the bycatch. Yield-per-
recruit analysis indicated no immediate threat from the new trawl to the 
shrimp resources in Palk Bay, but rather a beneficial effect because of the 
introduction of larger mesh size in tha codend. 

Introduction 

Fishing for finfish and shellfish in the Palk Bay 
region commenced centuries ago. This region has a 
shallow flat bottom, averaging 9-m deep, and has been 
identified as suitable for finfish and shrimp trawling 
(Malpas 1926; Berg 1971). Among the commercially 
important shrimp, Penaeus semisulcatus is the dominant 
species found in this region. The finfish catches obtained 
from Palk Bay are mainly small fish of low commercial 
value dominated by pony fish. 

An experimental trawling exercise was undertaken in 
April and July 1984 to find out whether the introduction of 
a new fish-cum-shrimp trawl by the Bay of Bengal 
Programme has benefitted Pesalai fjshermen and 
contributed to the increase in finfish and shellfish catches 
in this region. Moreover, it was intended to find out the 
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best mesh size for the codend and the biological impact of 
this new trawl on the finfish and shellfish populations. 

Three types of gear are employed in the shrimp 
fishery in Palk Bay. Trawling is conducted in a 9-cm 
mechanized craft with a 30-hp inboard engine, popularly 
known as a 3.5-t boat. The gill net and trammel net 
fisheries are carried out in 5 to 7-m fiberglass boats with 
8- to 15-hp outboard engines and nonmechanized log rafts. 
During the study period, there were 66 active craft based 
at Pesalai and 88 migrant crafts (from Jaffna) based at 
Talai Mannar. Each year, the migrant crafts remain at 
Talai Mannar from May to September, which is the peak 
season for shrimp. The main shrimp grounds exploited by 
the Pesalai fishermen are in the northeast (ground A) and 
the southwest (ground B) ofTalai Mannar. During May to 
September fishing activities are intense on ground A, 
while a fair amount of fishing takes place on ground B 
from October to March. The trawl fishing for shrimp is 
carried out mostly during the night, between 6 p.m. and 6 
a.m. During certain months when shrimp catches are low, 
daytime trawling is carried out for pony fish. 

Materials and Methods 

Three commercial shrimp trawlers of the same class 
from Pesalai were employed for the mesh selectivity, 
fishery and biological impact studies. The mean trawling 
speed of the vessels employed in the experiment was 
estimated at 2.93 km/hour, while that for the traditional 
trawl was 2.82 km/hour. 

The experiment used three fish-cum-shrimp trawls of 
the same dimension and construction but with nets of 
mesh sizes 25, 30 and 40 mm, respectively at the codends. 
The traditional trawl nets were slightly smaller in size and 
had different configurations of mesh sizes. The codend 
mesh size varied from 22 to 25 mm. The codend protective 
net or 'chafer' was removed before connecting the fine 
small mesh (10 mm) cover to the codend. There were two 
iron rings attached to the cover, with a distance between 
them, to keep ample space between the codend and the 
cover. 

The selectivity experiment was carried out on 24-26 
April and 10-13 July 1984. There were seven fishing trips 
with twenty hauls. The duration of each tow was 3 to 4 
hours. Trawling on fishing ground A was carried out at 9-
to 12-m depths throughout the experimental period where 
mos.t of the traditional trawls were engaged in shrimp 
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trawl fishing during this period. The catches in the cover 
and the codend were weighed and their lengths measured 
separately by species at the end of each haul. The 
traditional trawl catches were also sampled to collect the 
same information. The stretched mesh sizes of the codend 
and the cover of the experimental trawl were measured at 
the end of the day's trawling operation and were found to 
be uniform. 

Results and Discussion 

The 25-mm codend retained almost all P. 
semisulcatus, while the degree of escapement of P. 
semisulcatus increased as the codend mesh size increased 
beyond 25 mm. This was also true in the case of the 
bycatch. For instance, the escapement rites of 
Leoignathidae, Sillago sihama, Gerridae, Upeneus vittatus 
and Theraponidae increased as the codend mesh sizes 
increased (fable 1). 

Fig. 1 shows the selectivity curves drawn by eye for 
the 30-mm codend and the 40-mm codend, respectively. 
The 50% retention lengths and the selection ranges (25 
and 75% retention lengths) were evaluated following Pope 
et al. (1975). The selection ranges of both codends were 
large and had considerable overlap (fable 2), indicating no 
clear-cut selection process talcing place from those two 
mesh sizes as reported by Gulland (1983). Van Zalinge et 
al. (unpublished data) gave a selection range of 1.74-1.96 
cm carapace length, from a selection curve obtained by the 
alternate haul technique with a 43-mm codend net for P. 
semisulcatus in the Gulf between Iran and the Arabian 
peninsula. El Musa (1982) obtained a selection range of 
1.04-1.34 cm carapace length, for the Gulf 
Parapenaeopsis stylifera with a 35.2-mm mesh codend net 
using the covered codend technique. He speculated that 
this selection range is largely valid for P. semisulcatus. 
However, the present experiment gave higher selectivity 
length values for the two comparable codend mesh sizes. , 

Figs. 2a and 2b compare the monthly catch per unit 
effort values of shrimp and bycatch between the traditional 
and the new trawls of the 25-mm and 30-mm codend 
categories. The 40-mm codend catch rates were not 
considered because of a lack of data for this codend. The 
increase in catch per unit effort in the fish-cum-shrimp 
trawls was not observed to be as large for P. semisulcatus 
as one would expect. On the other hand, the catch rates of 
the bycatch in the fish-cwn-shrimp trawls of all three mesh 
sizes were substantially higher. 

The increases in the net earnings by the new trawls 
were marginal, probably with the exception of the 25-mm 
codend, when compared with the traditional trawls (Fig. 
2c). The reason is that both types of trawls (except the 25-
mm codend) catch comparable quantities of shrimp, thus 

providing the major share of the earnings. The higher 
earnings obtained by the fish-cum-shrimp trawls may have 
been mainly due to the higher catches of fish by these 
trawls. 

These results suggest that in terms of economic 
returns, the new high opening trawl performs better during 
the lean shrimp season by catching more fish and performs 
equally well or even a little better than the traditional trawl 
during the peak shrimp season. The species composition of 
the bycatch and the length distribution of the fish and P. 
semisulcatus did no show any substantial variation 
between the new and traditional trawl catches. 

The average stocks of P. semisulcatus and the 
bycatch on fishing ground A were estimated by the swept 
area method. The swept area method requires- data on the 
catch per unit effort, the area swept in a unit effort, the 
gear efficiency coefficient and the area inhabited by the 
stock to compute the size of the stock. 

The catch and effort data from January to June 1984 
were considered for the monthly catch-per-unit-effort 
estimation. The area swept in a unit effort was calculated 
from the speed of tow and the width of the horizontal 
opening of the trawl net while on tow. A value of 0.5 was 
assumed for the gear efficiency coefficient. The area of 
ground A was estimated at approximately 80,000 ha. The 
biomass estimates were made for each month from 
January to June 1984. Table 3 gives the estimates of the 
monthly catch per unit effort, density (kg/ha) and the 
average biomass for P. semisulcatus and the bycatch. 

Since the estimates of the average biomass 
concerned the stocks on ground A, it was possible to 
estimate the monthly fishing mortalities for the partial 
biomass on ground A. the seasonal fishing mortalities 
were estimated by the formula C = F x B where B is the 
monthly average biomass, C is the monthly catch and Fis 
the monthly instantaneous fishing mortality coefficient. 
The estimated monthly fishing mortality values are also 
given in Table 3. 

Though the 25-mm codend fish-cum-shrimp trawl 
performed better on catch rates, the introduction of this 
mesh size may have a long-term injurious effect on the 
valuable shrimp resource. This is because it retained 
almost all P. semisulcatus, thus, not allowing many of the 
juveniles and subadults to grow to maturity and spawn. 
Hence, the 30-mm and 40-mm stretched mesh codend 
selections were considered in constructing the yield-per-
recruit (Y/R) curves. The Y/R curves, based on weights as 
well as values, were constructed separately for each 
selection. The Thompson and Bell technique (Ricker 
1975) was employed in estimating the Y/R values. 

As a first approximation, the average growth rate, of 
P. semisulcatus was estimated from the modal progression 
of the April and July length-frequency data of the 25-mm 
net where both sexes were pooled. The modal length was 
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found to have increased from 2.25 cm (carapace length) at 
the end of April to 2.75 cm during the early part of July, 
giving an average value of 0.25 cm as the monthly growth. 
This result was assumed to be valid for the exploitable 
length range of 1.5 to 4.5 cm. The average weight at each 
length group was also calculated by estimating the mean 
weight from a sample of shrimp (both sexes pooled) in 
each length group. The price per grade was also related to 
the size range in order to estimate the price for each length 
group. 

In order to construct the Y /R curve, a value of 3 for 
M, accepted as a reasonable value in the Gulf region, was 
assumed (Van Zallinge et al., unpublished data; Anon. 
1982). The average monthly fishing mortality vector on 
this ground was assumed to be 0.16, 0.16, 0.16, 0.16, 0.38, 
0.38, 0.38, 0.38, 0.38, 0.16, 0.16 and 0.16 from January to 
December. This assumption was made by extrapolating 
the estimates of F obtained for January to June 1984 to 
other months, considering the intensity of fishing during 
those months. Different levels of fishing mortalities were 
assumed in estimating the Y/R values conforming to the 
above seasonal pattern. 

In the case of the 30-mm stretched mesh codend 
selection, the Y /R computation was performed assuming 
1,000 recruits of 1.25 to 1.50-cm carapace length range 
entering the fishing ground during March (spring recruits) 
and dying of natural causes until they attained the size 
range of 1.75- to 2.00-cm carapace length. Thereafter, 
fishing mortality acted along with natural mortality 
according to the mortality pattern given above. In the case 
of the 40-mm stretched mesh codend, the fishing mortality 
commenced when the recruits reached the length range 
2.25 to 2.50 cm. 

Fig. 3a refers to Y /R in weight, while Fig. 3b refers 
to Y/R in value. In both cases, the Y/R values for the 30-
cm stretched mesh codend were higher than those for the 
40-mm stretched mesh codend. The present fishing 
mortality vector 0.16 [4(1), 5(2.38), 3(1)] gives Y/R 
values at the rising limb of the curve, indicating that there 
is room for a slight increase in fishing effort without fear 
of growth overfishing with the new larger mesh codend 
trawls. It is also important to note that the Y /R curve in 
weight has no maximum as generally observed in shrimp 
populations (Anon. 1982). On the other hnad, the Y/R 
curve based on value for the 30-mm stretched mesh 
codend shows a maximum at the fishing mortality vector 
0.35 [4(1), 5(2.38), 3(1)]. Subject to further investigations 
of this type, it was tentatively recommended to use a 30-
mm codend in the fish-cum-shrimp trawl nets. 

419 

Acknowledgements 

The author wishes to thank the program manager of the Bay of 
Bengal Programme (BOBP) and the Director General, National Aquatic 
Resources Agency (NARA), Sri Lanka, for giving him an opportunity to 
undertake this study. The advice and help rendered by Mr. Pajot, 
Consultant Gear Technologist, Dr. K. Sivasubramanium, Senior Biologist 
of BOBP, in conducting the trials and critically reading through the 
manuscript are gratefully acknowledged. The author specially thanks Mr. 
MJ. Soosai of BOBP and Mr. M.G.K. Gunawardane and Mr. W. 
Sirisena of NARA for their help in collecting the data. Finally, the author 
wishes to thank his wife, Zeena, for critically reading through and typing 
the manuscript. 

References 

Anon. 1982. Report on the workshop on the assessment of the shrimp 
stocks of the west coast of Gulf between Iran and Arabian 
Peninsula (Kuwait, 17-22 October 1981). DP/RAB/015. 163 p. 
FAO, Regional Fishery Survey and Development Project, Doha, 
Qatar. 

Berg, S.E. 1971. Investigation on the bottom conditions and the 
possibilities for marine prawn and fish trawling on the north and 
east coast of Ceylon. Bull. Fish. Res. Stn., Ceylon 22 (1/2):53-88. 

El Musa, M. 1982. Mesh selectivity experiments in Kuwait, p. 155-156. 
In RepOrt on the workshop on assessment of the shrimp stocks of 
the west coast of the Gulf between Iran and Arabian Peninsula 
(Kuwait, 17-22 October 1981). DP/RAB/015. FAO, Regional 
Fishery Survey and Development Project, Doha, Qatar. 

Gulland, J.A. 1983. Fish stock assessment:a manual of basic methods. 
John Wiley and Sons, Chichester. 223 p. 

Malpas, A.H. 1926. The marine biological survey of the littoral waters of 
Ceylon. Ceylon J. Sci. (C Fish.) 11:13-165. 

Pope, J.A., A.R. Margetts and J.M. Hamely. 1975. Manual of methods 
for fish stock assessment. Part ill. Selectivity of fishing gear. FAO 
Fish. Tech. Pap. 4l(Rev.l). 65 p. 

Ricker, W.E. 1975. Computation and interpretation of biological 
statistics offish population. Bull Fish. Res. Board Can. 191. 382 p. 

T•ble 1. Percentlilge contribution of eech species of shrimp end fish in the codend and the cover 
catches for three mesh sizes of flsh·cum·shrimp trawl nets. 

26mm 30mm 40mm 
Specl•s Cod1nd Cover Cod1nd Cov1r Codend Cover 

P, semlsulc•tus 99.35 0.65 79.68 20.42 68.68 31.32 
P, l•tisulc•tus 100.00 0.00 0.00 100.00 29.41 70.59 
P. monodon 100.00 o.oo 100.00 0,00 
Sm1il prawn 71.57 28.43 4.38 95.62 48.51 51.49 
Lelogn1thlda• 94.95 6.05 70.78 29.22 27.68 72.42 
Slll•go slh•m• 89.74 10.26 7.95 92.05 54.31 45.69 
G1rrld11e 95.63 4.37 81.66 18.34 60.54 39.46 
Up1neus vltt1tus 100.00 0.00 92,19 7.81 63.87 36.13 
Ther1ponldee 53.65 46.36 40.61 59.39 31.34 68.66 
Ciup1idae 96.34 3.66 7.05 92.95 48.03 51.97 
S•l•roldes /1ptolep/s 77.70 22.30 100.00 0.00 100.00 0.00 
Sig1nldte 71.39 28,61 100.00 o.oo 
SclaenldH 100.00 0.00 70.48 29.61 
Lethrlnldta 100.00 0.00 100.00 o.oo 
Anchovi•lla spp. 4.47 96.63 0.00 100.00 16.67 83.33 
Pleuronectlformes 100.00 o.oo 100.00 o.oo 42.92 57.08 
Trygonldte 100.00 o.oo 100.00 0.00 100.00 o.oo 
Loll/go spp. 100.00 o.oo 100.00 o.oo 
Sap/• spp. 100.00 o.oo 100.00 o.oo 100.00 o.oo 
Octopus spp. 0.46 89.55 26.73 73.27 37.41 62.59 
Portunus pel•glcus 100.00 0.00 100.00 0.00 98.25 1.75 

Lerge shrimp (total) 99.35 0.65 78.37 21.63 68,21 31.79 
Merketable fish (tot11) 100.00 o.oo 100.00 o.oo 96.04 3.96 
Trash fish ltotell 76.02 23.98 49.40 60.60 39.11 60.89 
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T1ble 2. Retention ind selection d1t1 of the new trawl for P. s~mlsulcatus. 

60% 
Codtnd mesh rtt1ntlon l1ngth 

size (e1r1ptce) 

1) 30mm 1.96 cm 
40mm 2.26 cm 

b) 30mm 1.96 cm 
40mm 2.27 cm 

Selectlon r1ng1 
(c1r1p1c1) 

1.60 - 2.36 
1.70 - 2.76 cm 

Method 

Free hind drawing 
Free hind drawing 

Moving 1vel'8g1 
Moving 1ver1ge 

Ttble 3. Seuon1I varl1tlons of fishing mortliltY, blom1ss of P. s•mlsu/c1tus tnd bycetch in tht fishing 
ground b1tw11n Ptstil!!ll tnd Tai1l Mtnnar (ground A). 

P. nmlsulc1tu1 Bycatch 
CPUE Density Blomtss CPUE D1nslty Blom1ss 

1984 (kg/h1) (kg/ho) It) (kg/h1) (kg/h•) (I) 

J 1.61 1.10 0.16 BB.DO 4.26 2.91 0.16 232.80 
F 1.12 0.77 0.16 61.60 9.46 6.48 0.16 618.40 
M 1.06 0.61 0.20 40.SO lo.90 6.34 0.10 427.20 
A 1.47 0.72 0.16 67.60 14.BB 7.28 0.09 682.40 
M 1.60 0.73 0.38 68.40 11.oe 6.42 0.21 433.60 

1.92 0.94 0.37 76.20 11.41 6.69 0.37 447.20 
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Fig. 1. Selection ogives of P. semisulcatus for 30-mm stretched 
mesh codend (a) and 40-mm stretched mesh codend (bl. 
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Fig. 2. Comparison of seasonal CPUE values of P. semisu/catus 
(a), by-catch (b), from 25 mm and 30 mm codend mesh of the 
fish-cum shrimp trawl with the traditional trawl and comparison 
of seasonal net profit per running hour between them (c). 

7 

6 

~ 5 
~ ·; 
.5 
0: 
):: 

0.4 

¥ 03 
g. 
~ 
~ 
Ci 0.2 ,.. 
.5 
0: 
~ 0.1 

-x-x--x 30 mm ___.-x-• 
/' 

I --o--o--o~~-04omm 
o--" 0-0/ 

/ 

prt1!!11nl 11v11 F /month 

0.1 0,2 0,3 0.4 0.5 0.6 0,7 O.B 0.9 1.0 

pr111nt ltv1I F /month 

la) 

lb) 
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Abstract 

The catching mechanism of a fish pot is complex. In this report, 
attention is focused on the catching mechanism of small prawn pot 
widely used in Lake Biwa, Japan. To obtain the fundamental catching 
mechanism, considering the behavior of the target species, both 
theoretical and experimental studies were carried out The experimental 
method employed here was to record the ingress and escape of the prawn 
in a pot, vaiying the number of individuals per pot and its construction by 
changing the funnel shape. To assess the possibility of applying the 
laboratoiy results obtained in the lake prawn fisheiy, the ingress and 
escape of prawns were also observed in fishing conditions. Good 
coincidence of calculated and experimental values to evaluate the 
catching mechanism of small prawn pot is presented 

Introduction 

The catching mechanism of a pot is very complex. 
Research on the pot fishery was made on the relation 
between pot immersion time and catch (Shinoda and 
Kobayashi 1969; Bennett 1974), the relation between pot 
construction and catch (Thomas 1954; Koike and Ogura 
1977; Koike and Ishidoya 1978; Koike et al. 1979a, 
1979b, 1981; Shelton and Hall 1981) and the relation 
between ingress, escape, catch and soak (Munro 1974). To 
date there has been little research on the catching 
mechanism of a pot (Yoshihara 1957; Inoue et al. 1977, 
1978; Hirayama 1981; Yamane and Iitaka 1985). These 
studies mainly discussed the ingress of the creature into 
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the pot the pot is so made that the creature can go in and 
out freely. It is equally important to evaluate the escape 
behavior of the creature in this study. As a first step, 
through the variation of environmental conditions, mainly 
the change in population density in a given space, this 
study discusses outdoor observations and considers the 
logic and results of the laboratory experiments. 

Methods 

Escape is a problem that cannot be ignored in 
considering the catching mechanism. Escape is a problem 
related to the variation in the environmental conditions in 
a pot. Therefore, it is more comfortable to use the phrase 
"moving ratio" instead of "escape ratio" of the individual. 

The moving ratio of creature from a given space A 
(interior of a pot) to another space B (exterior of a pot) can 
be defined as: 

f (t + 1) - f (t) 

f (t) 
=-a 

.•. 1) 

This is known as a first order difference equation. If 
equation (1) is solved under the condition t = 0, N =·No. 
equation (2) is obtained as the solution: 

f (t) = (1 - a) = N0 ••. 2) 

Here, f(t) is the number in a pot and t is the elapsed 
time after asymptotic condition in a pot, No is the catch 
(numbers) at t = 0 and N is asymptotic catch where -a is 
the moving ratio. If there is no predation between the 
individuals captured in a pot, the variations in the number 
of creatures in a given space (interior of a pot) can be 
calculated through equation (2). 

In laboratory experiments, six models were 
constructed out of plastic basket with the body of an actual 
pot (Fig. 1). Six entrance funnels with 1.5-cm diameter 
neck were made using polyvinyl chloride 0.3-mm thick. 
Height of neck above base had six variations (Fig. 1). The 
experiments were performed without bait in a still-water 
tank 1 m x 40 cm high x 30 cm deep. The striped prawns 
(Palaemon paucidens), 25-50 mm in body length caught 
by commercial pots and bamboo screen were used as test 
animals. The numbers of prawns per pot were 50, 100, 
150, 200 and 250. Activities near the entrance were 
recorded with a video camera for 3 hours per experiment. 
The water temperature was maintained at 20 ± 2oc and 
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light condition was controlled at 300 lux on the water 
surface. 

A series of experiments was perfonned with six 
model pots in the fishing ground (2-3 m water depth) in 
Lake Biwa. Height of neck above base varied in six 
heights (Fig. 1). The pots used were the same as those 
used in the laboratory. The number of prawns per pot 
varied from 20 to 150 according to the number of prawns 
available (22-45 mm in bOdy length). Pots were set 
without bait at the bottom at intervals of about 2.5 m. The 
number of prawns per pot was counted every 2 hours (9 
a.m. to 5 p.m.) for each pot when hauled. A flap was 
attached to the base of the pot to prevent prawns from 
escaping. This flap was designed so that the opening was 
closed during hauling and setti.i1g of the pot. Water 
temperature duri.Ilg experiment was 18-290C. 

Results and Discussion 

In laboratory experiments, as first step to test the 
validity of the method proposed in this study, the 
experimental values and the calculated values of the 
moving ratios were compared (Fig. 2). The model 
equation satisfactorily fitted the changes over time in the 
number of prawns remaining in the pot after the beginning 
of the experiment in almost all cases. The mean moving 
ratios in Table 1 for 10 min. duration were used in the 
calculation. It seems obvious that the variations in the 
number of individuals in a pot could be represented with 
the use of equation (2). 

A series of field experiments tested the applicability 
of the evaluation method used under laboratory conditions 
and the results compared with theoretical values (Fig. 3). 
The variations in the number of creatures in a pot for a 
duration of 6 hours are well ~efined by equation (2). The 
mean moving ratios in Table 2 were used in the 
calculation. ' 

Next, a series of comparison of both the laboratory 
and field experimental values based on the moving ratios 
and height of neck above base, was done. The calculations 
were based on data from 100 and 150 individuals only as 
the results on other population densities in the field 
experiments under different conditions could not be 
obtained owing to unavailability of test animals (Fig 4). 
The moving ratios from the laboratory tests became large 
compared with the results obtained from the field tests. 
Although the plots in the graph are somewhat scattered, 
the values of field and laboratory experiments show 
almost similar trends. For the present study, the effect of 
the height of neck above the base to the escape behavior of 
individuals is minimal. 

The spatial behavior of the individuals in a given 
space may be one of the important factors in considering 

the catching mechanism. Research workers (Morishita 
1954, 1971; Shigesada and Teramoto 1978; Shigesada 
1980) have pointed out that there is a population pressure 
among individuals which accelerates dispersion. In 
equation (2), the value of -a represents a probability of 
movement of individuals from given space A (interior of a 
pot) to another space B (exterior of a pot). In this study, 
the relation between the value of -a and population 
pressure is not clear. 

The good coincidence of calculated and experimental 
values to evaluate the catching .mechanism of small prawn 
pot shows the validity of the method proposed in this 
study. 
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Table 1. Mean moving ratios of prawns in relation to the pots during laboratory tests. 

Height of neck above the base (cm) 
No. Prawns 2 4 8 10 13 16 

50 * 0.0056 0,012 0.022 * 0.044 
100 0.0056 * 0.0071 0.0069 0.0067 0.0067 
150 0.011 0.022 0.0035 0.0052 0.0031 0.0022 
200 * 0.0048 0.0052 0.0090 0.0022 0.0054 
250 0.0056 0.0021 0.0067 * 0.0029 0.0042 

*Moving ratio is zero. 

I Table 2. Mean moving ratios of shrimp in relation to the pots during field tests . ..._ 
Height of neck above the base (cm) 

No. Shrimp 4 6 8 10 12 14 

20 0.0059 0.0035 0.0083 0.0083 0.0045 0.0011 
40 0.0041 0.0023 0.0035 0.0041 0.0083 0.0011 
60 * 0.0083 0.0067 0.0019 0.0015 0.0027 
80 0.0096 0.0080 0.0029 0.0059 0.0050 * 

100 0.0033 0.00095 0.0033 0.0035 0.0019 0.0016 
150 0.0038 0.0036 0.0052 0.00063 0.0038 0.0020 

! - *Moving ratio is zero. 
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Height of a neck above the base ( cml 

Laboratory test 2 4 8 10 13 16 

Field test 4 6 8 10 12 14 

Fig, 1. Experimental prawn pot. 
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Fig. 2. Variation in the number of individuals in a pot at different 
prawn densities for laboratory experiments. h = the height of 
neck above the base. 
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Fig. 3. Variation in the number of individuals in a pot at different 
prawn densities for field experiments. h = the height of neck 
above the base. 

0.01 

0 

~ 
.[ 
0 
E 

Q..--------------0- ---..,0--,------- - ------o 0 

-----'--
• c 

5! 
::!: 0.001 

0 2 4 6 8 10 12 14 16 
Height of a neck above the base (cm ) 

Fig. 4. Comparison of mean moving ratios. Closed circles repre-
sent the results for field tests and open circles represent the 
results for laboratory tests. 



: 
i 

t 
L--

L 

i -

-
L 

L 

I 
l-

Computerized Literature Searches: Their 
Advantages and Limitations · 

BRYAN E. PIERCE 
Department of Zoology 
University of Adelaide 

G.P.O. Box 498 
Adelaide 5001 

Australia 

PIERCE, B.E. 1986. Computerized literature searches: their advantages 
and limitations, p. 425-427. In J.L. Maclean, L.B. Dizon and L.V. 
Hosillos (eds.) The First Asian Fisheries Forum. Asian Fisheries 
Society, Manila, Philippines. 

Abstract 

To obtain some measure of the effectiveness of computerized 
literature searches, relative coverage, overlap and cost were quantified 
for the ASFA and BIOSIS databases. Of the 7 ,800 baseline references in 
a bibliography on the carp (Cyprinus carpio L.), less than half were 
computer accessible. Although in recent years up to 85% of known 
publications were retrieved by the combined databases, the low overlap 
(14%-26%) between these two information systems meant that retrieval 
rates for either database rarely exceeded 50% of the pertinent articles 
published annually. The BIOSIS computer search required 15 minutes to 
perform, but 100 hours to replicate manually; thus manual citation 
retrieval would have been economically justified at labor costs of less 
than US$7 /hour. Citation errors, a considerable time-lag prior to database 
entry and little access to "grey" literature also reduced the value of these 
literature searches. 

Introduction 

Computerized database searches are now a key tool 
for fisheries scientists, providing instant access to the 
world's fisheries research and management information. 
Comprehensive literature searches have become 
imperative to avoid duplication of research. However, 
such searches are costly and may be difficult to arrange 
throughout Asia. Likewise, many workers regularly 
assume that such searches extract all the significant 
references on a particular subject. This may be far from 
true. Therefore, in order to provide a practical measure of 
the cost-~ffectiveness and efficiency of computerized 
searches, several major databases were quantitatively 
evaluated for coverage, overlap and cost. 
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Methods 

A "complete" bibliography of the scientific literature 
on the common carp (Cyprinus carpio L.) was compiled as 
a baseline for coverage evaluation. The two largest 
fisheries-related databases, BIOSIS (Biosciences 
Information Services, Philadelphia, Pennsylvania USA, 
1969+) and ASFA (Aquatic Sciences and Fisheries 
Abstracts, Cambridge Scientific Abstracts, Bethesda, 
Maryland USA, 1972+) were searched via computer 
through the DIALOG network (Lockheed Corporation, 
USA) employing the keywords "Cyprinus" and "carp." 
The hard copies of these databases (Biological Abstracts, 
1927+; Current Bibliography for Aquatic Sciences and 
Fisheries, 1958-1971 (PAO, Rome), Aquatic Sciences and 
Fisheries Abstracts, 1972+, respectively) were also 
searched manually through the printed indexes using 
traditional, noncomputerized methods and the same 
keywords. A similar manual search was performed on the 
Asian regional bibliographic journal, AGRIASIA 
(Agricultural Information Bank for Asia, SEARCA, 
College, Laguna, Philippines, 1977-1985). 

Additional references were obtained from citations 
listed in books and scientific articles which had been 
acquired following identification by computer or manual 
searches. 

Spurious references and citations referring solely to 
other carps (e.g., grass carp, Ctenopharyngodon idella 
Val.) were removed. For example, BIOSIS identified 
articles in the Ice Cream Makers' Journal (Miscitation 
of: Das and Subla 1964), Entomologische Blaetter fuer 
Biologie und Systematik der Kaefer (Dahlgren 1981).and 
Contraceptive Delivery Systems (Zhang and Liu 1982) 
which proved nonexistent or irrelevant to the carp. 

To test the completeness of the resulting 
bibliography, references cited in the then unexamined 
Hatchery Manual for the Common Carp (Jhingran and 
Pullin 1985) were checked for inclusion. No new scientific 
articles on the carp were found. Therefore, the compilation 
appeared to be reasonably complete for more recent 
scientific papers. No adequate benchmark could be 
identified to evalute the completeness of earlier references 
(i.e., pre-1945). 

The determination of "acceptable" articles was 
partially subjective in nature (i.e., should a passing 
reference to carp be sufficient justification for entry?) and 
a few additional unaccessed references are still being 
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identified, therefore, data should not be considered final, 
but as representative of the situation in January 1986. 

Results 

Slightly over 7 ,800 articles on the common carp 
were identified from over 1,200 journals. BIOSIS 
provided computer-based access to 2,900 of t.i'lese articles; 
ASFA · accessed 2,100 (Table 1). Manual retrieval 
techniques produced 84 articles from AGRIASIA. From 
1972 to 1984, BIOSIS and ASFA provided computerized 
access to between 71 % and 85% of pertinent articles 
published annually. For the same period, only 20% (range: 
14%-26%) of these computer accessed articles were 
shared by both databases (Fig. 1). 

Total cost of both computer searches was US$1,400 
(in 1985) for citations alone; printing of available abstracts 
would have increased the cost to US$2,000. 

Manual searches of both BIOS IS and ASP A returned 
identical references to those retrieved by computer for 
years when both methodologies existed. On average, 25 
citations per hour from either bibliographic journal could 
be manually retrieved. The BIOSIS computer search 
required approximately 15 minutes to perfonn, but about 
100 hours to replicate manually. 

Manual searching of the bibliographies revealed the 
presence of considerable numbers of articles pertinent to 
carp that had riot been access.ed by the keywords, either by 
computer or via the index of the bound bibliography. For 
example, even without comprehensive searching, such 
unaccessed articles still comprised 5-14% of the articles 
actually computer accessed by ASFA each year (Table 1). 

Spelling or copy errors were present in slightly l~ss 
than 1 % of the citations regardless of source or fonnat. 
Multiple citation of the same article also occurred 
regularly (e.g., ASFA Part 1, 1978 citations #1729 and 
#9313 both cite Nakamura and Kasahara 1977). Mis-
citation of page numbering occurred in approximately 
10% of the BIOSIS references. 

Neither bibliography, either in electronic or hard-
bound fonnat, provided access to articles earlier than six 
months after their publication, with the observed median 
entry time being a little more than one year. 

Unpublished institutional literature, the so-called 
"grey" literature, was seldom cited by either major 
database. Neither contained more than 10 items of grey 
literature pertinent to carp. 

Discussion 

Obviously, the results obtained here for literature on 
carp may require re-interpretation for application to more 

recently developed research areas having less pre-database 
material. 

Significantly, the combined computer searches of 
ASFA and BIOSIS failed to retrieve even half of the 
massive literature on this fish, due both to the presence of 
considerable material published prior to initiation of the 
databases and incomplete coverage of the modem 
literature. At first glance, the recent 71-85% coverage 
completeness appears promising, but at best each 
individual database accesses only slightly more than half 
the relevant articles published annually. This interpretation 
is conservative, since additional unaccessed literature is 
still being uncovered which is unlikely to be subsequently 
entered onto these computer systems. 

Considerable overlap between the major databases 
was originally expected. The relatively low level of 
citations held in common suggests dissimilar 
specialization by each bibliographic system. ASFA 
describes its area of expertise as "... an international 
infonnation journal for the science, technology and 
management of marine and freshwater environments" 
while BIOSIS contains "worldwide research in life 
sciences". These vague generalities suggest that ASFA 
should be a subset of BIOSIS and that BIOSIS should 
contain everything published on fish, including carp. 
ASFA tended to contain more practical and applied 
fisheries work while BIOSIS was oriented more towards 
"pure" scientific and theoretical material. One might also 
view this dichotomy as representing the basic difference 
between academic research versus task-oriented 
governmental or commercial research. 

Until the overlap between ASFA and BIOSIS 
fisheries citations is significantly increased, it appears that 
both databases must be searched to provide a reasonably 
complete current literature compilation. Unfortunately, the 
need for dual searches seems especially likely in 
aquaculture where many fields, such as nutrition and 
disease, tend to have both theoretical and applied 
components. 

Given the cost of these searches and the manual 
retrieval rate, it would be cost-effective to perfonn a 
search manually if available labor was priced below 
US$7/hour. Further, manual searching resulted in citations 
on index cards whereas the computer printout was 
unordered and required transfer to cards to be of 
continuing use. Thus, the ceiling cost for manual searching 
may actually be underestimated. 

The presence of many pertinent articles within each 
database which were not accessed was both surprising and 
disappointing. It would appear that the current system· for 
retrieving citations by entering keywords and taxa is 
imperfect. This implies that the problem of incomplete 
literature access, while apparently due to the breadth and 
effectiveness of journal coverage, is actually partially due 
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to incomplete internal retrieval of material which is 
already resident within the system. 

The quantity of citation errors noted suggests that 
authors of scientific articles would be unwise to rely on 
these bibliographic citations, as opposed to actual copies 
or reprints of articles, for compiling reference lists for 
publications. The problem of incorrect citation of page 
numbers by BIOSIS appears to be a result of obtaining this 
information from the table of contents of each journal, 
rather than from actual copies of the articles. ASFA 
material rarely exhibited this problem. 

Given the time-lag between research and publication, 
and publication and database entry, it appears that "recent" 
material available on databases actually represents, at best, 
the forefront of research three years prior. Short of the 
development of direct electronic database entry by the 
journals (or researchers) themselves, workers should view 
retrieved material as a means of identifying key 
researchers who can be contacted to determine the current 
state-of-the-art, rather than the last word on recent 
findings. 

With ever-increasing publication costs, it is 
becoming less common to see articles containing extensive 
data sets, despite the fact that data, not discussion and 
interpretation, represent the real findings in science. 
Routine data such as annual site-specific catch, age 
structure and species composition are increasingly being 
relegated to the "grey" literature. It is apparent from this 
work that these two databases are not accessing much of 
this material, especially since a worldwide survey 
conducted on the common carp yielded a considerable 
amount of grey literature (i.e., a 0.65-m stack). While this 
may be beyond the scope of operation of these 
repositories, it still denotes the omission of a major 
resource which is not being adequately addressed in any 
other vehicle(s). 

These results infer that computer database searches 
should best be viewed as partial subsamples of the existing 
literature. The primary advantage of computerized 
searches is their ability to provide a very rapid reference 
base as an introduction to a new research area, thus 
facilitating communication with key researchers. 
However, computerized database searches are no 
replacement for continuous and long-term comprehensive 
literature acquisition. 
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Tebl1 1. Tot1I numbu of computer eccesslble ertlcles on carp published In rec1nt yeus In ASFA, 
BIOSIS, or both, 1s w1ll 1s pertinent clUtlons pr1s1nt In ASFA which were not 1cc1ssed. Comp2ir1tlve 
clt1tlon rites for AGRIASIA end overl1p with the other two m1Jor dat1b1s1s u1 1lw pr1S1nted. 

Un1ccessed 
Year ASFA BIOSIS Ov1rlep (ASFA only) AGRIASIA Overl1p 

1984 285 301 122 (26%) 27 12 
1983 183 213 76 (23%) 20 10 
1982 133 204 60 (17%) 10 11 
1981 176 206 62 (19%) 19 10 
1980 181 211 71 (22%) 13 13 1 
1979 .159 208 65 (22%) 14 6 0 
1978 149 204 61 (17%) 14 6 0 
1977 202 173 65 (17%) 12 13 
1976 101 189 36 (14%) 7 
1976 145 200 64 (19%) 21 
1974 145 133 64 (24%) 7 
1973 168 160 44 (17%) 17 
1972 116 122 41 (21%) 13 
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Fig. 1. Total annual computer accesi;ible citations in either ASFA 
or BIOSIS (light shading) and the numbers held in common (dark 
shading). 
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Abstract 

Oysters (Crassostrea iredalei) from a commercial growing area in 
Capiz, Iloilo, Philippines, were purchased from the Iloilo City Central 
Market and used in a depuration trial within 24 hours of collection. Total 
coliform (TC) and fecal coliform (FC) levels were determined using the 
five-tube, most probable number (MPN) technique. Samplings were 
carried out in three areas in the tank: (a) near the water trickle area, (b) at 
the middle and ( c) near the water outflow area. FC proved to be a better 
and more consistent indicator of depuration efficiency than TC which 
gave erratic levels in the first 24 hours. The oysters with initial FC MPN 
of2.2 x HP/100 g meat depurated to acceptable levels (<230MPN/IOO g 
meat) after 48 hours except those in the middle of the tank ( 490 
MPN/100 g). This suggests the presence of an "indifferent" or "dead" 
spot. Nevertheless, the same oysters depurated successfully within 72 
hours. Ranges of chemical and physical parameters in the depuration 
water were: temperature, 27.0-29.SoC; salinity, 30.5-32.0 ppt: and 
dissolved oxygen, 4.0-6.2 mg/I. 

Introduction 

Bivalve molluscs such as oysters, mussels and clams 
accumulate and transmit many diseases to man when 
ingested raw. These diseases range from mild forms of 
gastroenteritis to the more serious ailments such as 
typhoid fever, cholera, caused by bacteria 
(Earampamoorthy and Koff 1975) and polio and hepatitis 
A, which are due to viruses (Gerba and Goyal 1978). 

Research during the past half-century has devised 
depuration systems for cleansing these bivalves of their 
potentially pathogenic microbial loads prior to sale and 
consumption. Bivalves are held in tanks of clean or 
sterilized water to induce them to eliminate with the feces 
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the microorganisms previouslf picked up or to reject other 
microbial loads With the pseudofeces . 

Most studies initially focused on the elimination of 
the common pollution indicator Escherichia coli before 
considering other bacteria and viruses. The processes of 
elimination of E. coli had been thoroughly worked out, 
e.g., in a hard clam, the northern quahaug, Mercenaria 
mercenaria (Cabelli and Heffernan 1970a; Heffernan and 
Cabelli 1970, 1971; Timoney and Abston 1984); in the 
soft clam, Mya arenaria (Cabelli and Heffernan 1970b); in 
the eastern oyster, Crassostrea virginica (Haven et al. 
1978); and in the Sydney rock oyster, C. commercialis 
(Fleet 1978; Souness et al. 1979; Eyles and Davey 1984; 
Rowse and Fleet 1984). 

The Philippine slipper oyster, Crassostrea iredalei, is 
known to cause various forms of gastroenteritis and other 
stomach ailments sporadically. This paper reports the 
results of a depuration run under normal conditions in 
Iloilo, Philippines, specifically in the portion of Guimaras 
Strait fronting the site of the Southeast Asian Fisheries 
Development Center (SEAFDEC). 

Materials and Methods 

Two sacks of oysters C. iredalei harvested from a 
culture farm in Pontevedra, Capiz were purchased from 
Iloilo City public market at 6 a.m. on 4 October 1984 and 
transported to the SEAFDEC shellfish depuration 
laboratory in Tigbauan, Iloilo. These were harvested from 
the growing area (salinity~24 ppt) at 4 pm of the previous 
day, put in moist jute sacks unwashed and trucked to Iloilo 
City. 

Upon arrival in the laboratory, the oysters were 
rinsed of mud and silt thoroughly with freshwater by 
means of a jet-spray hose. Adhering barnacles and other 
fouling animals were removed with a sharp scalpel. The 
cleaned oysters were arranged individually in 15 plastic 
trays (30 x 36 x 10 cm) at a density of 20 pieces per tray. 
The trays were loaded on a rectangular depuration tank 
and arranged in a 3 x 5 array. 

The tank (Fig. 1) was made of 20 mm marine 
plywood coated on the inside with fiberglass resin 
(volume::!: 790 liters). Water entered the tank at 7 I/min. 
and trickled through a perforated PVC pipe placed at the 
proximal end of the tank (Fig. 2). At the distal end, water 
is drained through a 2.5-cm overflow pipe located at a 
height level with the tank floor (Fig. 3). The volume of the 
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water during the depuration run (depth = 24 cm) w~ 
approximately 450 1. At this volume, the water volume to 
oyster number ratio was 1.5: 1. 

Water entering the tank was prefiltered with a P-5 
polypropylene cartridge of the dirt/rust type (Fig. 1) 
capable of removing particles of 5 µm (Ametek PS-S 1. 
USA). The filter was replaced with a clean and dry one 
every 24 hours. The water was disinfected further by 
passing it through a UV sterilizer (Oliphant Ultra-Flo 
Liquid Sterilizer, Australia). 

About 6-8 medium-sized oysters were picked at 
random and pooled for total coliform (I'C) and fecal 
coliform (FC) levels using the most probable number 
(MPN) method as advocated by the American Public 
Health Association (1977). For the 0 hour analysis, only 
one pooled· sample was used. Subsequently, oysters 
samples were picked from three different areas in the tank 
(Fig. 4). Sampling was done every 24 hours up to the 96th 
hour. Pre-filtered and UV-sterilized water as collected 
from the trickle before hitting the tank were also analyzed 
every 24 hours. 

On the 25th, 49th and 73rd hour or right after 
sampling, the depuration process was disrupted. The 
seawater was evacuated; the tank bottom and sides, the 
plastic trays and the oysters were sprayed thoroughly with 
freshwater to remove feces and pseudofeces accumulated 
on the bottom and on the sides. Depuration was then 
resumed immediately. 

Results 

The sample oysters were grossly contaminated 
judging from the initial total coliform (I'C) and fecal 
coliform ·(FC) most probable number (MPN) of 2.2: x 
105/100 g meat. It was rainy at the time the oysters were 
harvested, which partly explains the high initial MPN. The 
high initial MPN level may have been caused also by 
unsanitary handling. Between harvest and the initial MPN 
determination, apjlroxilliately 18 hours elapsed over which 
period the bacteriological load may have increased to the 
observed initial coliform MPN. The FC is known to 
increase considerably during the interval between harvest 
and arrival at the· wholesale market (Sbaih et al. 1984). 

The 24- and 48-hour data·(Fig. 5) show that oyster 
nearest the trickle area in the tank, A, cleansed themselves 
fastest;.those in the middle, B, the slowest (Fig. 4). These 
suggest the. presence, of a "dead" or relatively stagnant 
volume located in the middle. 

The MPN data in B on the 48th hour puts the 
appropriateness of the whole tank in question. Although 
the oysters on both ends were sufficiently cleansed to a 
level lower than the acceptable MPN 230/100 g. meat, 
those in the middle were not until 72 hours depuration. 

The ranges of chemical and physical parameters in 
the depuration water used throughout the experiment were 
as follows: temperature, 27.0-29.5oC; salinity, 30.5-32.0 
ppt; and dissolved oxygen, 4.0-6.2 mg/I. 

Discussion 

Up to the 48th hr, the acceptance level had never 
been reached when TC was used as the indicator of the 
depuration process. Future work therefore, should utilize 
FC levels instead of TC as the indicator. 

On the basis of the initial FC level of MPN 2.2 x 
105/100 g meat, elimination rates were calculated to range 
from 99.78 to 99.98% after 48 hours, up from 99.27 to 
99.91 % observed after 24 hours. Findings of Haven et al. 
(1978) from whom the present testing tank was patterned, 
generally showed elimination rates of between 93 and 
98% in the first 24 hours. · 

Experience in Great Britain and in the USA on 
Crassostrea virginica showed that a depuration time of 36 
to 48 hours is enough to cleanse oysters to acceptable 
levels (Haven et al. 1978). In Australia, with C. 
commircialis, the depuration process is for 36 hours as 
legislated (Souness et al. 1979; Rowse and Fleet 1984). 

In this depuration run, cleansing to the acceptable FC 
level was achieved with a very conservative flow rate of 7 
I/min. which.is less than 1/3 of the rating of 22.5 I/min. or 
a flow rate of 351/bushel (or 300 oysters)/min. for this size 
of tank (Haven et al. 1978). Only 420 1 of the water was 
used every hour of the 1,350-1 volume required when the 
full rates are fulfilled. In recirculating tank systems in 
Australia, flow rates are such that at least two complete 
water changes are effected in an hour (Souness et al. 1979; 
Rowse and Fleet 1984). 

The disruption in the depuration process on the 25th, 
49th and 73rd hour, or right after daily collection of 
oysters for sampling, was instituted to flush away 
biodeposits, feces and pseudofeces, which sedimented on 
the tank bottom or attached to the tank sides, or on the 
plastic trays. Any drastic change in tank conditions ~uch as 
slightly elevated temperatures eventually leads to the 
collapse of the binding fecal mucus, loosening apart the 
encased bacteria which may be rapidly bu9yed up and 
taken again by the oysters. This is generally indicated by 
an increase in the FC level, \\'.hich may be higher than the 
initial level ·(Gallego et al., unpublished data). This 
"rebound" had been observed by other workers (Furtari 
1966; Haven et al. 1978; Timoney and AbSton .1984) with 
C. virginica. It was· therefore recommended by some 
workers that depuration tanks be drained at 24-hour 
intervals, the oysters taken out and the tanks hosed down 
with treated seawater to remove such biodeposits (Furfari 
1966). Other workers such as Devlin and Eng (1973) and 
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the SYNCD (1969) do not agree to the washdown, 
however. It is argued that draining and flushing of tanks 
periodically may resuspencl the detritus during the 
refilling, leading to increases in bacterial levels in both 
seawater and oyster. 

The lag in the cleansing action among oysters located 
in the middle of the tank in the present experiment 
indicates a relatively stagnant or dead volume (DV) of 
water. This is basically an engineering problem, which 
may be remedied in many ways such as relocation of the 
trickier to another area, repositioning of water flow 
directions or alteration of water depth. A water evacuation 
and replacement study conducted by SEAFDEC engineers 
showed that the DV of this particular tank at a water 
volume of 5121 was approximately 801or15.7% without 
oysters and 128 1 or 27% with oysters (A.T. Vizcarra and 
P. Gavieta, pers. comm.) suggesting a "mixed" type of 
flow instead of "plug" flow. The depuration lag in a 
portion of the tank also explains why previous work done 
by our group on pooled samples showed unacceptable FC 
levels after 48 or even 72 hours (Gallego et al., 
unpublished data). 

With some minor alterations accorded the tank, the 
water flow patterns may be improved to assure cleansing 
of the FC to acceptable levels in 48 hours or less. 
Although bacteria are the target of depuration, other 
disease-causing microorganisms such as viruses are also 
depurated. A number of workers typified by Furfari (1966) 
and Gerba and Goyal (1978) believe that viruses are 
generally eliminated in the same manner and duration as 
the bacteria. 
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Fig. 1. Depuration tank of marine plywood used in the experiment. 
Fig. 2. Water trickles through this perforated pipe. 
Fig. 3. Overflow pipe where water is drained. 

3 

Fig. 4. Depuration tank areas: A, the inflow area nearest the water trickle; B, the middle area where oysters cleansed the slowest; C, ~he 
outflow end. 

101 A 
~ 

+-a 
Q) 

105 E 
a> 
0 
Q 
' 10

4 
z a. 
2 
E IOa ... 
0 
~ 
0 
0 

102 

a 
0 

~ 

·~ ., ..... ,- - \ ·--· ·-, • 10 1 

0 24 48 72 98 0 24 48 72 96 0 24 48 72 96 

Depuratlon time (hrs.) 

Fig. 5. Changes in the fecal coliform (FC) load (MPN/100 g meat) in the slipper oyster Crassostrea iredalei from three areas of a 4 x 8 m 
wooden tank during depuration over a period of 96 hours. The areas sampled and their respective depuration curves were: A, near the 
trickle; B, at the center; and C, near the outflow area. ThCJ horizontal bar at log 2.36 represents the acceptance level (or 230 MPN/100 g 
meat). 
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Abstract 

In 1982, live tilapia were introduced into the Kuwait maikets for 
the first time as part of a project to determine their aquaculture potential 
in Kuwait. Further market tests were held in 1983, 1984 and 1985. 
Various sizes (250-900 g) and two color patterns (natural coloration and 
red) of tilapia were sold and conswner. response measured. Kuwaitis 
were initially cautious because the fish were unknown to them. Other 
consumers, particularly Egyptians who were familiar with tilapia, 
enthusiastically purchased the fish. In the later years, Kuwaitis' 
acceptance of the fish increased substantially. Large tilapia were 
preferred by Kuwaitis while the Egyptians preferred smaller fish. 
Natural-colored tilapia were much more preferred than the red. Various 
maiketing strategies for new aquaculture products are discussed. 

Introduction 

The Kuwait fish catch remained relatively constant 
from 1975 to 1983 while the Kuwaiti and expatriate 
populations increased approximately 25% (475,000 to 
634,900) and 100% (531,000 to 1,036,800), respectively 
(Hopkins et al. 1984a; Central Statistical Office, Kuwait 
1983). Thus, the per capita fish catch has declined from 
5.1 kg in 1975 to only 2.1 kg in 1983. This decline 
concerns the Kuwaiti government because it increases the 
reliance of the local population on imp0rted food supplies. 

In an effort to increase local supplies of fresh fish, a 
substantial aquaculture research program was started by 
the Kuwait Institute for Scientific Research (KISR) in the 
mid-1970s. This research program used both native· and 
exotic species. A major question facing th~ program was 
the acceptability of aquacWture products by the Kuwait 
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populace. As tilapia was an exotic species in Kuwait and 
was not sold there prior to the start of the program, this 
question was of particular concern. 

Using tilapia grown during the course of experiments 
at a KISR fisheries station, market tests were started in late 
1982 and completed in early 1985. The emphases of the 
tests were: (1) general observations on consumer 
acceptance (1982); (2) preferences for size of tilapia, 
natural-colored (ranging from silvery to almost black) 
versus reddish-colored tilapia, and sales rates of tilapia in 
relation to other fresh fish (1983); (3) sales rates of tilapia 
in different neighborhoods, size and color preferences 
(1984); (4) sales rates in different neighborhoods and sales 
rates in relation to other cultured fish (1985). 

Methods 

All of the market tests were conducted in retail fish 
stores in Kuwait City. A store in Abdulla Al-Salem, an 
affluent district inhabited primarily by Kuwaitis, was used 
in all the tests. During 1984, a second store in a different 
district was included in the test while in 1985, three 
additional stores in other districts were used. Three tilapias 
were used in the tests, natural-colored Oreochromis 
aureus and 0. spilurus and a red tilapia "hybrid" from 
Taiwan. They were sorted by size into large (400-700 g), 
medium (200-300 g) and small (150 g) categones prior to 
delivery to the stores. As only limited amounts of tilapia 
were available for the tests (486 kg in 1982, 962 kg in 
1983, 824 kg in 1984 and 607 kg in 1985); advertising was 
restricted to small signs in the stores, a few telephone calls 
by the store managers to valued customers, and sales talk 
at the place of purchase. 

Tilapia were positioned by price in the prime fish 
category. To support this positioning, the market strategy 
emphasized high quality and freshness. Quality was 
ensured by carefully checking the fish for off-flavors 
while the fish were still at the fish "fann". If any off-
flavors were detected, the fish were held for several more 
days and were delivered to the store(s) only when off-
flavors could no longer be detected. Freshness of the 
product was ensured by· delivering the fish ·to the stores 
within 30 min. of removal from the holding tanks. Almost 
all of the tilapia were still alive upon arrival in the stores 
and some fish lived for several hours after being placed on 
ice in display cabinets. 
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Consumer response was observed by KISR staff 
stationed in the fish stores during the sales periods. Also, 
in 1982, 141 questionnaires written in both Arabic and 
English were distributed to all tilapia buyers. Infonnation 
regarding the sale rates of other fresh and frozen fish was 
obtained from the store managers or operators. Additional 
details of the me~ods used during the market tests are 
contained in reports by Hopkins et al. 1984b; Hopkins et 
al. 1985a; 1985b. 

Results and Discussion 

The sales of tilapia in 1982 were much more 
successful than had been expected, with each 
approximately 50-kg consignment being completely sold 
in one to two hours. Sales were often made from the 
delivery trays before the store personnel even had the 
opportunity to place the tilapia in the display cabinets. The 
enthusiasm of the Egyptian customers for "their fish" 
encouraged the Kuwaiti customers to overcome their 
reluctance to try an unknown fish. Egyptians comprised a 
majority of the respondents to the questionnaire followed 
by Kuwaitis and Iraqis (Ta,ble 1). A majority of the 
respondents preferred the medium-sized tilapia, although 
the Kuwaitis preferred the large tilapia. All buyers 
indicated that they liked the taste and were willing to buy 
again if the tilapia was sold live. 

In 1983, the percentage of Gulf Arab, presumably 
Kuwaiti buyers, increased substantially. As in 1982, 
Kuwaitis preferred the large tilapia and the Egyptians 
preferred the medium size. The Kuwaitis tended to 
purchase 5-10 kg of tilapia at one time while the Egyptians 
usually purchased only 2-5 kg at one time. The sales rate 
of red tilapia averaged only 15% of the sales rate for 
natural-colored tilapia. Red tilapia was often mistaken for 
red snapper which is considered to be a medium- or low-
class fish and is not very well liked in the Arabian Gulf 
area. However, when the customers were told that the fish 
was a tilapia, they were often willing to purchase at least 
one fish to try it. The ratio of the average fresh tilapia sales 
rate during the 1983 sales period to the average sales rate 
of other fresh fish sold in the store during the month when 
the test was conducted was 0. 72. Imported frozen tilapia 
was also available in the store at KD0.500/kg versus 
KD2.250/kg for fresh tilapia. However, only few people 
purchased the frozen tilapia. 

The 1984 sales perfonnance of tilapia at the store in 
Abdulla Al-Salem (where the previous tests had been 
conducted) was. outstanding while sales at a store located 
in the Salmiya district were not as successful. The 
percentage of Kuwaiti buyers remained high in Abdulla 
Al-Salem but was much lower in Salmiya. As a majority 
of the customers resided in the same district as the store 

where they purchased their tilapia, this difference in 
customers' nationalities could be a reflection of the 
character of the districts (Abdulla Al-Salem is 70% 
Kuwaiti while Salmiya is only 10% Kuwaiti). The 
Kuwaitis again preferred large tilapia but the size 
preference for tilapia by the Egyptians differed between 
the two stores, large in Abdulla Al-Salem and medium in 
Salmiya. Natural-colored tilapia were preferred by all 
nationalities with only 7-11 % of the customers purchasing 
only red tilapia. However, an increasing number of 
Kuwaiti customers (40%) purchased both colors of tilapia. 
The ratio of tilapia sales to other fish sales was 1:1 in 
Abdulla Al-Salem but only 0.17:1 in Salmiya. The major 
reason for the poorer response in Salmiya was resistance 
to high price. Many complaints about high price were 
heard in Salmiya but not in Abdulla Al-Salem, a much 
more affluent district. The preference for fresh versus 
frozen tilapia was again very pronounced with a 10.5:1 
ratio of fresh to frozen tilapia sales. 

An analysis of sales volumes of other fresh fish 
during the weeks immediately preceding, during and 
following the test showed that sales of all fresh fish 
increased when the live tilapia were present. This indicates 
that tilapia sales were not at the expense of other fresh fish 
sales. Instead, the presence of the tilapia attracted 
customers to the stores. 

The 1985 market test clearly demonstrated the 
potential for competition between fresh cultured tilapia 
and other fresh cultured fish (porgy, Acanthopagrus 
cuvieri and grouper, Epinephelus spp.). Cultured porgy 
was preferred by Kuwaitis in three of the four stores used 
in the test (Table 2) while Egyptians preferred tilapia. 
When all three species were present, over 50% of the 
cultured fish sold was porgy, 35% was grouper and 15% 
was tilapia. This species preference was not constant 
between stores or through time. Tilapia sales were very 
slow in Mishref and Omariya where almost all of the 
customers were Kuwaitis unfamiliar with fresh tilapia. 

At the Abdulla Al-Salem and Sharq stores, the tilapia 
sales percentage increased as the test progressed. Most of 
this increase in tilapia sales was at the expense of grouper 
sales. Small tilapia could not be sold at the same price as 
grouper (1,130 g mean weight), porgy (700 g) and large 
tilapia. However, when the price for small tilapia was 
halved, the market cleared in a few hours. In Abdulla Al-
Salem and Omariya where frozen tilapia are regularly 
sold, the ratio of live tilapia sales to frozen tilapia sales 
was 7:1 and 0.7:1, respectively. The lower ratio in 
Omariya reflected a reluctance by the Kuwaiti customers 
to buy the fresh tilapia which was being sold for the first 
time in that district. The frozen tilapia were purchased 
primarily by working-class Egyptians who indicated they 
could not afford the fresh tilapia. The ratio of total test fish 
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sales to total sales of other fresh fish ranged from 0.5:1 in 
Sharq to 2.5: 1 in Abdulla Al-Salem. 

The market tests conclusively showed that tilapia can 
be sold as a prime fish if it is sold alive and that large, 
natural-colored tilapia are more preferred than small or red 
tilapia. The extent of the potential tilapia market is much 
more difficult to estimate. In 1983 and 1984, one year 
after fresh tilapia were introduced into the market, the 
ratio of fresh tilapia sales to other fresh fish sales ranged 
from 0.72: 1 to 1: 1 at the store in Abdulla Al-Salem. Given 
an annual fresh fish catch of 3,500 t, the potential tilapia 
mark((t would be 2,500 to 3,500 t/year if: (a) the measured 
sales ratios can be maintained; (b) there is no competition 
from cultured grouper and porgy; and (c) the market can 
absorb the additional fish. 

The last assumption can probably be met because 
doubling the fish supply would increase per capita 
supplies of fresh fish to about 4 kg/year which is still less 
than the 5 kg/year level in 1975. But, given the results in 
Salmiya, it is most doubtful that the high sales prices used 
in the tests can be maintained if tilapia supplies increased 
to 2,500-3,500 t/year. Although the current potential for 
competition from other fresh cultured fish is minimal, 
economically viable culture systems are currently being 
developed and may be operational in just a few years. 
Given these uncertainties, a safe starting point for a 
commercial tilapia farm would probably be 10% of the 
3,500 t/year maximum estimated market. As data on sales 
are collected, revised estimates of the demand relationship 
.can be made. 

These marketing tests illustrate a number of points 
which should be considered when developing new markets 
for tilapia and aquaculture products, in general. First, as 
has been stated by Ray (1978), "Tilapia reputation will be 
dependent on the image the industry creates." As the 
Kuwaiti customers were not familiar with tilapia, they had 
no preconceived notions about the fish. Thus, when the 
tilapia were carefully presented as prime fish, the 
customers accepted them as such and were willing to pay 
prime fish prices. 

Second, introducing a new product takes time. 
Consumers are reluctant to try a new fish. In Abdulla Al-
Salem, Kuwaitis comprised only 17% of the tilapia buyers 
in 1982 but they composed 50% of the buyers in later 
years. The time required to introduce a new product will 
substantially increase if the customers have negative 
preconceived opinions about the product. These prejudices 
vary greatly throughout the world. For example, the 
response to red tilapia was initially very negative in 
Kuwait while red-colored tilapia are often preferred in the 
Far East. Buyer preferences should be carefully examined 
before introducing a new product. 

Third, only a small number of Kuwaitis purchased 
tilapia during the 1985 tests in the stores where tilapia had 
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not been sold previously. This indicates that each new 
market area will have to receive considerable market 
development before the tilapia are accepted there. 

Fourth, the product should be differentiated from 
potential competitors. We stressed a degree of freshness 
which only a local aquaculture operation could provide. 
While locally-cultured fish could still present competition, 
competition from low-priced frozen imports was 
minimized. 
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Tabla 1. Natlonelitles of customers, size Preferences end sales rates during 1982, 1983 and 1984 tilapia market tests In Kuwait. 

Nationality of tllapla buyers 1%) 

Abdulla Al·Selem store 
Kuwaiti 
Egyptian 
Other nationalities 

Salmlya store 
Kuwaiti 
Egyptian 
Other nationalities 

Size preference based on plurality 

Abdulla Al·Salam store 
Kuwaiti 
Egyptian 
Other nationalities 

Salmlya store 
Kuwaiti 
Egyptian 
Other nationalities 

Sales ratios 
Natural·colored: red tilaple 
Ail tllapla: all other trash fish 
Fresh tllapla: frozen tllepla 

3 Gulf Areb, presumably Kuwaiti. 

1982 

17 
56 
27 

large 
medium 
medium 

1983 

50a 
50 
0 

lerga 
medium 

7:1 
0.72:1 

Table 2. Composition of cultured fish sales in Kuwait during 1985 market test. 

% cultured fish sold by date1 

Store location March 
and fish type 3 4 5 6 

Abdulla Al-Salem2 

Tilapia 11 4 4 29 
Grouper 45 44 36 7 
Porgy 44 52 60 64 

Mishref3 

Tilapia 7 4 
Grouper 55 21 
Porgy 38 75 

Omariya4 

Tilapia 9 12 6 
Grouper 18 39 36 
Porgy 73 49 58 

Sharq 5 

Tilapia 18 15 
Grouper 52 23 
Porgy 30 62 

1% when all 3 types of fish were present with days when this condition was not.met, shown as"-" 

1984 

44 
38 
18 

22' 
60 
18 

large 
large 
large 

lerga 
medium 
large 

1:1 
10.5:1 

7 

38 
24 
38 

9 
24 
67 

27 
26 
47 

2The only district in this test where fresh tilapia was previously sold, Kuwaitis comprising 70% of residents. 
3 Kuwaitis comprised 57% of residents. 
4 Kuwaitis comprised 69% of residents. 
5 Kuwaitis comprised 9% of residents. 

-

5-day 
duratipn 

18 
32 
50 

7 
43 
50 

9 
30 
61 

20 
37 
43 



L 

L 

Effects of Storage on the Microbial Quality of 
Slipper Oysters, Crassostrea iredalei-1r 

ALCESTIS T. LLOBRERA 
l\11NVILU L. BULALACAO 

NINGSuNAZ 
Southeast Asian Fisheries Development Center 

Aquaculture Department 
P.O.Box256 

Iloilo City 
Philippines 

LLOBRERA, A.T., M.L. BULALACAO and N. SuNAZ. 1986. Effects 
of storage on the microbial quality of slipper oysters, Crassostrea 
iredalei, p. 437-442. In J.L. Maclean, L.B. Dizon and L.V. 
Hosillos (eds.) The First Asian Fisheries Forum. Asian Fisheries 
Society, Manila, Philippines. 

Abstract 

The effects of storage on the microbial quality of slipper oysters, 
Crassostrea iredalei, · were examined. Oysters were stored at room 
temperature (24oC), under a blanket of ice (3-4 C), chilled (4-C) and 
frozen (-25 C) until they spoiled. The shelf life of oysters ~tored at room 
temperature was only two days. Oysters held under a blanket of ice had a 
shelf life of 14 days and chilled oysters, 22 days. Frozen oysters 
remained in good condition over the 64 day storage period. 

The initial total aerobic bacterial count of oysters was HPcfu/g. 
Counts for frozen oysters decreased by 1 log (lo4) while counts for 
oysters stored at other temperatures increased by 2-4 log (107-109). 
Bacterial typing of 50 randomly-picked colonies made every four days 
showed Pseudomonas to be the predominant spoilage organism. Total 
and fecal coliform counts did not increase even for oysters held at room 
temperature. Typical Staphylococcus aureaus colonies were isolated but 
were shown to be non-pathogenic by the coagulase tesL Analyses for the 
presence of other organisms of public health concern revealed that 
Salmonella, Shigella, Vibrio cholerae, V. parahaemolyticus, Lactose + 
Vibrios (V. vulnificus) and fecal streptococci were present in very low or 
undectectable levels. Thus, hazards or risks associated with these 
organisms may be considered minimal 

Introduction 

Oysters are transported, stored and marketed live to 
preserve their unique flavor and texture. During storage 
and subsequent phases of marketing, quality changes 
occur even when the shellfish are still alive (Warwick 
1985). The rate and extent of these changes depend on the 
temperature at which the oysters are handled and stored 
(Boyd and Wilson 1978). One of the major problems 
facing the industry relates to postharvest handling: how to 
prevent or minimize quality changes and how to lengthen 
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the short shelf life of the product. The other problems 
relate to public health safety, oysters being grown usually 
in areas subject to pollution from sewage and farm ·run-off. 
There is growing concern that these shellfish may pose a 
risk or hazard to the consuming public because many 
people are used to eating oysters raw or partially cooked 
(Chai et al. 1984; Fernandez 1985). 

Appropriate methods of shelf life extension can be 
developed only if the postharvest quality changes are 
known and well understood. Thus, this study detennined 
the effects of storage on the microbial quality of the 
slipper oysters, Crassostrea iredalei. It addressed the two 
major problems of the industry, the quality (spoilage 
organisms) and the safety (public health organisms) of 
oysters. 

Materials and Methods 

Samples were obtained from Lutod-Lutod, Capiz, 
Philippines, and transported live to the SEAFDEC 
laboratory in Tigbauan, IloiJo, Philippines, where they 
were washed and cleaned of mud and dirt. The oysters 
were divided into lots and then stored on shellstock at 
room temperature (240C), under blanket of ice (3-40C), 
chilled in the refrigerator (40C), and frozen (-250C) up to 
the time they spoiled. Oysters stored under a blanket of ice 
were placed in a Styrofoam box. To prevent them from 
having direct contact with the ice, a layer of clean sack 
cloth was placed over them before they were covered with 
ice. Water from melting ice was drained regularly, and the 
ice continuously replenished to maintain the temperature 
of 3-40C. Sampling for bacteriological analyses was made 
at day 0, then daily for. oyters held at 24oc, every two 
days both for chilled and iced oysters, and every four days 
for frozen oysters. 

Microbiological examinations for total aerobic plate 
count (200C), total and fecal coliforms, fecal streptococci, 
Staphylococcus aureus, Salmonella, Shigella, Vibrio 
cholerae, V. parahaemolyticus and Lactose+ vibrios were 
performed according to the procedures described in the 
Bacteriological Analytical Manual for Foods (FDA 1976) 
and the Compendiwn of Methods for the Microbiological 
Examination of Foods (Speck 1976). Where applicable, 
initial dilution was made on a weight basis recommended 
by Cook and Dicharry (1984), using 1:1 sample diluent. 
This was then homogenized in a Stomacher-Lab-Blender 
(Seward Medical Lab House, Balckfriars Road, London) 
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for two minutes. From this homogenate, 20 g was obtained 
and added to 80 ml of diluent to make the 1:10 dilution. 
Subsequent higher dilutions were made from the 1:10 
dilution on a volume basis. 

Representative colony types (50) were randomly 
picked from countable plates every four days. Isolates 
were identified up to the genus level with diagnostic 
procedures and identification schemes described by 
Vanderzant and Nickelson (1969), Lewis (1973) and 
Buchanan and Gibbons (1974). 

Chemical indicators of spoilage, total volatile 
nitrogen (TVN) and trimethylamine (IMA), were also 
determined each sampling time with the modified Conway 
diffusion methods of Cobb et al. · (1973). Saturated 
Na3P04.KOH was used as releasing agent and 3.1 % boric 
acid with Conway indicator as trapping agent. Samples 
were allowed to diffuse for two hours before back titrating 
with 0.02 N H2S04. The same procedure was used for 
TMA determination except that 0.5 ml of 40% 
formaldehyde was added to the sample prior to reaction 
with releasing agent. 

Results and Discussion 

Bacterial flora. Table 1 shows that fresh oysters had 
an initial aerobic plate count (APC) of 105 cfu/g, 
increasing to 107-109/g, during spoilage, consistent with 
results of other studies (Liston 1980). Depending on the 
water temperature where they are grown, oysters may 
carry a resident population of bacteria ranging from lo4 to 
106 cfu/g tissue. During spoilage, the population may 
reach 107 cfu/g or higher, with Pseudomonas as the major 
spoilage bacteria. Vanderzant et al. (1913) and Hood et al. 
(1983) found that the initial bacterial count of Crassostrea 
virginica (Eastern oysters) ranged from 105 to 107/g, 
while (Vasconcelos and Lee 1972) found that of C. gigas 
(Pacific oysters) to be lo4/g. An initial count of only 
103/g was observed by C. commercialis (Sydney rock 
oysters) by Eyles and Davey (1984). Counts for frozen 
oysters showed a decrease of log lo4 during the 64-day 
storage. 

The initial microflora observed in oysters (Table 2) 
were predominantly (57-72%) gram negative rods 
consisting of Pseudomonas, Vibrio, Aeromonas, 
Flavobacterium, Acinetobacter/Moraxella and 
enterobacteriaceae. Gram positive populations of 
Micrococcus, Bacillus, Staphylococcus, Streptococcus and 
coryneform bacteria were also present (28-43%). These 
results are in agreement with the findings of Colwell and 
Liston (1960), Vanderzant et al. (1973) and Vasconcelos 
and Lee (1972). Except in chilled oysters where 
Micrococcus dominated, P seudomonas was likewi.Se 
found to be'the major spoilage bacteria (Table 2). Studi'es 

have consistently shown that bacterial load during spoilage 
of fishery products is usually dominated by the gram 
negative, aerobic, psychrotrophs, particularly the 
P seudomonas group. This indicates that spoilage is more 
closely related with the growth of specific type of bacteria 
than with the total bacterial load present. Pseudomonas 
was found to be more closely correlated to the cold storage 
(ice/chill) keeping time of fishery products (Martin et 
al.1978). 

Indicator organisms. Fresh or frozen oysters are 
considered acceptable if the fecal coliform (FC) counts of 
10% of the sample do not exceed 2.3 MPN/g (Speck 
1976). The initial MPN counts for total (TC) (240-
1,100/g) and FC (110-400/g) of the oysters used in this 
study (Table 1) were higher than the acceptable level, 
which might be a reflection of the quality of growing 
waters and the climate (rainfall). Samples w~re obtained 
on November 1984, shortly after a major typhoon 
(Undang) hit the area. A study by Qadri et al. (1975) 
showed that heavy rainfall may vary from no effect to 
marked direct effect on oyster pollution. A significant 
increase in FC in C. gigas was observed by Brown and 
McMeekin (1977) after heavy rainfall in the area where 
the oysters were collected. Table 1 also shows that the TC 
and FC counts did not increase even in oysters held at 
room temperature. Qadri et al. (1975) suggested that there 
might be some antimicrobial factors present in the oysters 
which inhibit the multiplication of coliforms during 
storage. This implies that cold storage does not increase 
the risk associated with these organisms. 

Public health organisms. Staphylococcus counts in 
oysters were initially lo4 cfu/g (Table 1). Counts for 
frozen oysters decreased by 1 log (103) after 20 days, 
while samples held under a blanket of ice, and chilled 
increased by 1 log (105) during storage. There was no 
significant increase in counts in oysters held at room 
temperature for two days. Typical S. aureus colonies were 
isolated but were found to be non~pathogenic by the 
coagulase test. 

Isolation for other public health organisms, 
Salmonella, Shigella, fecal streptococci, V. cholerae, V. 
parahaemolyticus and Lactose + vibrios were also 
performed at day 0. Of the 50 presumptive Salmonella 
colonies recovered from bismuth sulfite (BS), brilliant 
green (BG), and salmonella-shigella (SS) agar, none was 
confirmed as Salmonella. Oyster samples were also 
negative for fecal streptococci and Shigella. Typical 
Vibrio colonies from thiosulfate citrate bile sucrose 
(TCBS) and gelatin agar were found to be non-pathogenic. 
Reports of increasing incidence of diseases associated with 
the consumption of raw oysters have attributed the causes 
to these public health organisms, particularly Salmonella 
and the Vibrios (Liston 1980). Since oysters are filter 
feeders, they are able to concentrate microorganisms, 
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including pathogens, in their tissues. There is concern that 
these organisms may pose a potential hazard when they 
survive or increase during normal handling and storage. 
Salmonella has been observed to sllrvive for 10-14 days in 
oysters during cold storage (Hood et al. 1983; Fraiser et al. 
1984). Hood et al. (1983) further observed the increase in 
levels of V. cholerae and Lactose + Vibrios in cold-stored 
oysters. While these organisms were not detected in the 
oyster samples studied, future investigations should 
evaluate the changes and behavior during storage 
whenever these pathogens are found present. 

Total volatile nitrogen and trimethylamine. At 
present, no simple and reliable tests for oyster quality are 
available. Among the chemical indicators of quality 
developed for fish and shrimp, TVN and TMA have been 
suggested as chemical indicators of quality of oysters. The 
TVN contents (in mg N/100 g tissue) of oysters stored at 
different temperatures are shown in Fig. 1. High increases 
were observed in oysters held under ice (from 4.67 to 
49.76 after 12 days) and chilled (from 3.93 to 37.37 after 
22 days). Oysters stored at room temperature had TVN 
value of only 5.9 after two days. After freezing for 64 
days, TVN value of oysters remained low at 5.9, with 
highest value of 15.4 at day 48. The suggested TVN 
values for evaluating the quality of fish are: 12 mg for 
fresh fish; 12-20 mg for good quality and slightly 
decomposed; 20-25 mg for edible and acceptable; and 25 
mg for decomposed and unacceptable/inedible fish 
(Stansby 1963). Based on these values, oysters stored at 
room temperature would have been considered still fresh 
after 2 days, while oysters held under ice and chilled 
would have been considered spoiled by day 10 and 20, 
respectively. Frozen oysters never reached values of 16 
mg indicating that they remained in good condition during 
storage of 64 days. 

The TMA values (in mg N/100 g tissue) of oysters 
stored at room temperature progressively increased for two 
days as shown in Fig. 2. However, there was no particular 
trend in TMA values in oysters at other temperatures. 
Cobb et al. (1973) suggested a 1MA value of 5 mg/100 g 
as the limit of acceptability in fresh shrimp. Using this 
value, the oysters would not have been rejected even when 
they were obviously spoiled. 

Values obtained both for TVN and TMA suggest that 
these indices might not be suitable in evaluating the 
quality of oysters. This was also pointed out by Lartigue et 
al. (1960) and Liuzzo et al. (1975). 

Shelf life of oysters. The storage life of oysters 
under different storage conditions is shown in Table 3. 
Oysters were considered spoiled when the APC reached 
107-109 cfu/g and the odor was objectionable. Oysters 
held at room temperature spoiled in two days, under a 
blanket of ice in 14 days and chilled by day 22. Frozen 
oysters remained in good condition over the 64-day 
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storage period. While chilled oysters were still acceptable 
by day 20, based on the rejection criteria mentioned, the 
oyster meats were already dehydrated and dried when they 
were rejected (day 22). 

The most effective and practical storage condition 
observed was under a blanket of ice. The oyster meat 
remained moist and wet throughout storage. The ice-
blanket method was originally developed for mussels and 
scallop (Boyd and Wilson 1978; Brooks and Harvie 1981; 
Thrower 1983; Warwick 1985). The 14-day shelf life of 
oysters held under a blanket of ice closely parallels the 
results obtained for mussels by Boyd and Wilson (1978), 
Brooks and Harvie (1981) and Warwick (1985) who 
reported that mussels remained in good condition in 9-14 
days. 

Provided that clean ice from potable water is used 
and the melt water drained regularly, storage of oysters 
under a blanket of ice may prove to hav~ practical and 
economic applications. It can extend _the keeping quality of 
oysters up to 14 days, thereby extending its marketing 
possibilities. 
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Table 1. Total aerobic plate counts (APC). total coliforms (TC). fecal coliforms (FC) Staphylococcus counts of oysters at different 
temperatures. 

Storage APC TC FC Staphylococcus 
temperature Day (cfu/g) (MPN/g) (MPN/g) (cfu/g) 

A 0 1.4 x 105 1, 100 100 1.5 x 104 
Room temperature 2.0 x 106 1,100 110 7.0 x 104 

24°C 2 7.8 x 107 1,100 110 2.0 x 104 
0 5.5 x 105 1,100 460 1.8 x 104 
2 2.0 x 106 1,100 240 3.5 x 104 

8 4 5.4 x 105 460 460 2.0 x 104 
Under blanket of ice 8 3.9 x 105 240 4.0 x 105 

3-4°C 10 7.3 x 107 3.6 x 105 
12 7J3 x 1011 460 150 
14 > 1011 9.8 x 105 

0 5.7 x 105 1.100 110 3.0 x 104 
2 8.2 x 105 460 240 1.6 x 103 
4 7.5 x 107 240 240 

c 6 3.9 x 106 240 240 3.6 x 104 
Chilled 8 1.9 x 105 4.5 x 104 

4°c 10 7.2 x 105 930 8.9 x 104 
12 1.9 x 107 240 240 1.0 x 104 
16 1.1 x 1011 460 4.0 x 104 
22 3.9 x 109 23 23 3.4 x 104 

0 1.7 x 105 240 110 1.3 x 104 
4 1.7 x 105 4.4 x 104 
8 1.2 x 105 430 240 1.8 x 104 

12 5.3 x 105 210 210 3.0 x 103 
16 5.0 x 104 29 240 1.4 x 104 
20 1.4 x 105 1.0 x 103 

D 24 4.2 x 104 93 43 4.0 x 103 
Frozen 28 2.7 x 104 2.0 x 103 
-25°C 32 2.1 x 104 93 93 

36 7.9 x 104 
40 3.1 x 104 9.1 3.6 
44 1.0 x 105 21 15 
48 1.8 x 104 9.1 3.6 
52 5.2 x 104 23 23 
56 1.7 x 104 11 3.6 
64 3.7 x 104 9.1 9.1 

_ _) 
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I- Table 2. Percentage distribution of the microbial flora of oysters stored at different temperatures. 
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'- A 0 10.3 6.9 13.8 6.9 1.3.8 10.3 6.9 6.9 3.4 13.8 
Room temperature 2 30.4 19.6 13.0 6.5 8.7 4.3 10.8 6.5 

24°C 

1.- 0 12.6 2.5 22.5 12.5 7.5 37.5 2.5 2.5 
B 4 20.0 20.0 10.0 10.0 40.0 

Under blanket of ice 8 66.6 33.3 
3-4°C 12 71.4 28.6 

,_ 14 68.4 10.5 5.3 10.5 5.3 

0 7.7 18.0 38.5 7.7 23.1 5.0 
c 4 12.5 12.5 6.3 31.2 37.5 

'-- Chilled 8 28.6 14.3 21.4 14.3 7.1 7.1 7.1 
4°C 12 14.3 14.3 28.6 14.3 28.6 

22 100.0 

'-- 0 36.8 7.9 13.2 7.9 5.3 26.3 2.6 
4 23.5 17.6 5.9 5.9 29.4 17.6 
8 14.3 21.4 14.3 28.6 7.1 14.3 

12 8.3 33.3 8.3 8.3 25.0 16.7 

L 16 36.3 9.1 18.2 18.2 18.2 
D 20 20.0 6.6 46.7 26.7 

Frozen 24 16.6 16.6 66.7 
-25°C 28 25.0 16.6 41.7 16.6 

32 18.2 18.2 36.4 27.3 
36 6.7 6.7 13.3 13.3 46.7 13.3 
40 25.0 43.8 18.8 6.2 
44 66.7 6.7 13.3 13.3 
48 26.3 10.5 52.6 5.3 5.3 

:._ 52 21.0 5.3 21.8 26.3 10.5 10.5 
56 31.7 26.3 10.5 21.0 
64 30.8 15.4 20.5 5.1 10.2 5.1 7.7 5.1 
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Table 3. Shelf life of oysters at different storage conditions. 

I Storage temperature Shelf-life L (oC) (days) 

Room temperature 24 2 L Under blanket of ice 3-4 14 
Chilled 4 22 
Frozen -25 64 

'--

L 
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Fig. 1. Total Volatile Nitrogen (TVNl value in oysters during storage at different temperatures (A = room temperature, 24 C; B = under 
blanket of ice, 3-4 C; C =chilled, 4 C; D = frozen, -25 Cl. 
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Fig. 2. Trimethylamine (TMAl values in oysters during storage at different temperatures. (A = room temperature, 24 C; B = under blanket 
of ice, 3-4 C; C =chilled, 4 C; D =frozen, -25 Cl. 
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Abstract 

Cooked rice and minced round scad (Decapterus macrosoma 
Bleeker) mixture was fermented in an anaerobic system. Commercial 
shrimp paste was used as inoculum to ensure that lactic acid bacteria 
found in traditional fermented fish were present in the mixture. 
Fermentation was carried out for 25 days at 300C. The development of 
the microbial population and the physicochemical properties were 
observed. The lactic acid bacteria isolated from 12 sampling periods 
were characterized and screened for their starch hydrolyzing properties. 
The mixture appeared and smelled like the traditional product. The pH 
dropped from 6 to 3.4 in 48 hours. Most of the isolates were lactic acid 
bacteria. Two groups of bacteria similar to l.actobacillus plantarum and 
to l.actobacillus casei subsp. pseudoplantarum dominated throughout. 
Both showed varying degrees of starch hydrolysis brought about by the 
action of these organisms. 

Introduction 

Fish preservation in rural areas, especially during 
inclement weather, is always a problem. Lack of ice and 
refrigerating units on board small fishing boats lead to the 
spoilage of much of the catch before landing. Preservation 
is mainly by drying, salting, smoking and biological 
fermentation. In inclement weather, only fermentation and 
salting are applicable. Salted fish has limited consumption 
because of high salt content. Currently, there is an interest 
in the use of bacterial fermentation not only for food 
preservation but also for fish silage. 
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There are various types of · rice-fish or shrimp 
fermented sauces. Most of the studies conducted, however, 
are on the development and understanding of the process 
(Orillo and Pederson 1968; Arroyo et al. 1978; Guevara et 
al. 1978; Vatana and Del Rosario 1983) and only a few 
deal with the enumeration and identification of the 
organisms present (Solidum 1979; Uyenco and Ajon 
1982). Slow acid production results in poor quality 
product and greater health risk. Success in fennentation 
lies in the knowledge of the microorganisms involved, in 
this case lactic acid bacteria. 

The ability of ·lactic acid bacteria to initiate 
fermentation of rice-shrimp mixture has not been clearly 
demonstrated In rice-prawn sauces, no sugar or amylase is 
added and yet the mixture ferments successfully. It is 
strongly suspected that lactic acid bacteria are directly 
involved in the breakdown of starch, resulting in the 
formation offermentable sugar. 

This study aims to investigate the nature and role of 
lactic acid bacteria in rice-fish fermentation, using the 
commercially important pelagic round scad· Decapterus 
macrosoma. 

Materials and Methods 

Fig. 1 shows the preparation of the rice-fish mixture. 
The mixture was packed in 26 bottles (150 ml capacity) 
and 5 g solid C02 was placed inside to displace the air 
before fitting the fermentation lock. The bottles were 
incubated at 300C for 25 days. Balao-balao, fermented 
shrimp paste, was used to ensure presence of lactic acid 
bacteria. 

Microbial counts, pH values and titrable acid were 
determined Two bottles were examined after every 13 and 
30 hours, 2-8, 11 and 25 days of incubation. 

The following media were used to enumerate the 
following: APT (Difeo) and MRS (Oxoid) agar or broth 
for viable counts; TGYE-CaC03-Carbonyl-Methyl-
Cellulose as modified from Keston and Rosenberg (1967) 
for acid producing organisms; and malt extract agar 
(Oxoid) for yeasts. An appropriate dilution in 0.1 % 
peptone water was spread on agar plates, overlaid with 
similar medium and incubated at 300C for 48 hours. 
Representative colonies (30) were randomly picked from 
one APT agar plate using a Harrison's disc (Harrigan and 
McCance 1976) as guide. The colonies were grown in 
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APT broth and purified, after which they were stored in 
yeast-glucose-chalk-litmus-milk. 

Morphological and biochemical test procedures 
followed were those described by Sharpe et al. (1966) 
unless otherwise stated. APT medium was used for 
general cultivation since some isolates showed long lag 
phase in MRS medium; however, when thick cell 
suspensions were required the latter was used because of 
its stronger buffering capacity. 

Gram reaction, catalase formation and ability to grow 
in deep shake cultures (Stanier et al. 1976) were used to 
screen lactic acid bacteria. Gas production from glucose, 
deamination of arginine by lactobacilli (Briggs 1953) and 
streptococci (Abdel Malek and Gibson 1948) and dextran 
production (Garvie 1960) were examined. 

Lactic acid bacteria were further characterized by 
their ability to grow at 10, 15, 45 and 480C; survive at 
60oC for 30 min.; and grow at various pH values and 
NaCl concentrations. The last two tests were conducted in 
Microtitre plates developed principally for tests requiring 
several replicates (Mendoza, unpublished data). 
Hydrolysis of starch (Dunican and Seeley 1962), gelatin, 
fat and esculin (Naylor and Sharpe 1958) were also 
examined. Fermentation of sugar followed the method of 
de Mann et al. (1960) except for the addition of 0.1 % 
Nobel agar (Difeo) as thickening agent in the MRS basal 
medium. The medium was dispensed mechanically into 
Microtitre plates (0.24 ml/well). A 48-hour culture in 
MRS broth was harvested, washed and resuspended in 
MRS basal wash (omitting chlorophenol red and agar). A 
Pasteur pipette drop of this suspension was inoculated into 
each Microtitre well. The plates were incubated at 300C 
and examined after 24 and 48 hours. Acid formation was 
indicated by a change in red to yellow. 

Twenty-one suspected lactic acid bacteria samples 
grown in APT-starch were dispensed in test tubes and 
autoclaved at 121oC for 15 min. before sterile glucose 
(0.05-1% w/v) was added. The tubes were inoculated with 
a drop of 48-hour culture in APT broth and incubated for 
five days. The hydrolysis of starch and acid· production 
was shown by the change in color with iodine solution and 
chlorophenol red. 

Results and Discussion 

The rice and minced meat were cream and reddish 
brown, respectively. During fermentation the mixture 
became moist and gas was evolved. After seven days the 
fishy odor disappeared and was replaced by a sour-cheese 
like odor similar to the traditional products. 

The average total viable organisms increased rapidly 
during the first two days and decreased gradually until 
they became stable on the 6th day (Fig. 2). The counts in 

MR.SA and APT A were similar, an indication that MR.SA 
did not inhibit the microbial population. A selection of 360 
isolates was taken at random from APT A plates and 
subjected to a characterization process. 

The acid producers in TGYE-CMC-CaC03 agar 
plates increased at 108 organisms/g in 2 days (Fig. 3). 
Nonacid producers also incresed but were rapidly 
overtaken by the acid producers on the fourth day. All 
colonies considered as nonacid producers in TGYE-CMC-
CaC03 agar plates were actually weak acid producers. 
This was confmned by their ability to produce acid after a 
three-day culture in APT soft agar tubes. Yeasts appeared 
on the 8th day which might be due to the leakage in some 
fermentation locks. 

The pH decreased from 6 to 3.4 in two days (Fig. 4), 
an indication of rapid fermentation. Titrable acid as lactic 
acid increased gradually but on prolonged incubation, 
higher values (2.75% after 25 days and 4.2% after 60 
days) without corresponding decrease in pH were 
observed. To some extent this was attributed to the 
buffering capacity of the mixture. 

Isolates (total of 360) were obtained from 12 samples 
distributed over 25 days. The isolates were presumptive 
lactic acid bacteria (98%) and yeasts (2%). The lactic acid 
bacteria were divided into six groups based mainly on the 
production of C02 from glucose, fermentation of 
carbohydrates, growth at 10oc and failure to grow at 
45oC. No obligate aerobic bacteria were isolated, 
presumably due to the displacement of air and the 
inhibitory effect of C02. 
· The strains showed many similar characteristics. 
They were gram positive, catalase negative, produced acid 
from glucose and failed to produce dextran from sucrose. 
All groups showed ability to grow in deep shake cultures; 
at lOOC'to 370C but not at 450C; and in 4 to 6.5% NaCl, 
but weak at 10% and negative at 18.5% NaCl 
concentration. Growth was also initiated at pH 3.5 to 8.75 
but failed to surVive a 30 min. heat treatment at 60oC. All 
strains failed to hydrolyze gelatin and tributyrin but 
showed various degrees of starch hydrolysis. They all 
fermented fructose, galactose, lactose and maltose. Other 
differentiating properties are listed in Tables 1 and 2. The 
differences between strains are mostly in their ability to 
ferment the different sugars. The strains showed typical 
characteristics which cannot be identified with known 
species. 

The development of the microflora during 
fermentation is shown in Fig. 5. Lactobacilli were isolated 
throughout the fermentation processs and the product 
fermented successfully even in the absence of other types 
of lactic acid bacteria. Groups I and II which are similar to 
Lactobacillus casei subsp. pesudoplantarum and 
Lactobacillus plantarum, respectiyely, were present 
throughout the incubation period. Because of this and 
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especially their presence during the initial stage of 
fermentation, they are believed to have played an 
important role in fermentation. Coccal rods (Group III) 
were isolated during the first three days but disappeared 
altogether in the later stages of fermentation. This might 
be an indication of their low acid tolerance. The 
heterofermentative groups appeared to be less dominant 

One distinct characteristic shown by these isolates 
was their ability to hydrolyze starch and convert it to 
assimilable form. This was not reported in previous studies 
on fermented fish. Most of the isolates hydrolyzed starch 
under the colonies except 12 isolates of Group II which 
showed clear zones around the colonies (Table 1) in APT-
starch agar. Further examination of this property in liquid 
medium showed that strains in Group II and half of Group 
m can hydrolyze the starch even in simple media 
containing starch and NaCl only. Upon the addition of 
0.05% glucose to the same medium, the other half of the 
isolates in Group ill hydrolyzed the starch. Finally, 
isolates in Group I showed this property only when gtown 
in complex medium (APT) containing 2% starch and 1 % 
glucose. 

This study deviates from the general impression that 
lactic acid bacteria are not capable of hydrolyzing starch 
into assimilable form. These strains might be unreported 
species or just strains that could have developed 
characteristics to survive in their present environment that 
were not shown before. 
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T1ble 1. Properties where i1ctob1cllll .isoletes showed dlfferences.1 

Groups 
Properties II Ill IV v VI 

Shape rod rod COCCI! rod rod rod rod 
NH3,1rglnln1 D + + 
col from glucose + + 

Hydrolysls of 
sterch 51 +(12),51 sl 51 sl 51 
esculln + + 

Total lsolated2 273 36 '22 14 

1The results of 111 other properties examined were slmllu~ 
2Numb1r lsol1ted out of 360; D, som1 positive; sl, cleulng under th• colonies only. 

Tebla 2. A summary of the Cllrbohydrate fermentation results in Mlcrotltre pl1t1s, 

Groups 
C1rbohydr1tes II Iii IV v VI 

Ar1binos1 + + + + 
Ribose · D + D 
Xylose D 
M1nnos1 + + + D w 
C1llloblos1 + + + + 
M11iblose + + + 
Sucrose + + w + 
M1llz1tos1 + D D + 
R1fflnos1 + D D 
M1nnltol + + + D w 
Sorbitol + w D + 
Rhim nose D D 
Amvgdalln D + + 
Saiicin D + D 
Glucon11te + D w + 

D, some negativ1; W, wetk re1ctions; +, strong f1rm1nt1tlon; -, no f1rm1nt1tion. Ali groups 
fermented fructose, gel1ctose, lecto1e ind maltose. 

Rica 
t 

Thawed round scad washed and drained 
+ t 

eviscaroted, weshed and minced 1 part rice boiled In 2.36 parts l w~r 
Blended Cooled very wall 

+ t . 
620 g (wet wt.) weighed 2,480 g (wot wt.) weighed 

~Mixed vary wall< 

93 g NaCl ~ l 30,1 g bolao-balao 

Packed In 150 ml containers 
fitted with fermentation locks 

Fig. 1. Preparation of rice and minced round scad mixture. 
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Fig. 2. Changes in the microbial counts of fermenting rice-minced 
fish mixture. · 
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Fig, 3. Changes in the number of acid and nonacid producers, 
and yeasts in fermenting rice-minced fish mixture. •, acid pro-
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Fig. 4. Changes In the titrable acid as lactic acid and pH during 
the fermentation of cooked rice and minced roundscad in an 
ai;iaerobic system,•,% titrable acid; .... pH values. 
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Fig. 5. Development of the mlcroflora of rice and minced round-
scad during fermentation. Homofermentative Lactobac.illi: I, 
similar to Lactobacillus casei subsp. pseudoplantarum; II, similar 
to Lactobacillus plantarum; 111, unidentified caecal rods; IV, un-
identified rods. Heterofermentative Lactobacilll: V, closely 
resembles Lactobacillus brevis; VI, unidentified. Fungi: VII, un· 
identified yeasts. 
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Abstract 

Microbial analysis of estuarine waters in four sites in Pangasinan 
province, Philippines, showed them to be, by foreign standards, 
prohibited and unfavorable areas for oyster-growing because the 
concentration of colifonns and &cherichia coli generally far exceeded 
the microbiological limits set by the United States, Italy and France for 
approved and satisfactory oyster-growing areas. This study underscores 
the need to depurate the oysters harvested from these areas prior to raw 
consumption, and to identify clean, although non-traditional, sites for 
oyster growing, if oysters are to be pursued as products for export. 

Introduction 

The sanitary quality of oyster-growing areas is 
assessed by analyzing for fecal indicator organisms, 
Escherichia coli, although coliform analyses are 
successfully used in some countries. In the United States, 
growing areas are classified as approved, conditionally 
approved and prohibited. Approved areas are those with a 
coliform Most Probable Number (MPN) of~ 70/100 ml; 
moreover, not more than 10% of samples taken during the 
most unfavorable hydrographic and pollution conditions 
must have an MPN of> 230/100 ml. Prohibited areas are 
those that do not comply with the above criteria. 
Conditional areas are those which receive intermittent 
pollution from one or more sources. In Italy, approved 
areas are those with E.coli MPN of~2/100 ml in 90% of 
samples taken in one year; not more than 10% of samples 
taken in one year must contain > 6 E. coli/100 ml. Source 
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waters of oysters in France are categorized as class I 
(satisfactory, no E. coli); class II (acceptable, 1-60 E. 
coli/100 ml); class III (suspicious, 60-120 E. coli/100 ml) 
and class IV (unfavorable, over 120 E. coli/100 ml) (Wood 
1976; Hunt 1979). 

Oyster-growing areas in the Philippines are of 
unknown sanitary quality, hence, not classified. It is 
known, however, that oysters are grown. in polluted 
waters. Apparently, there is little or no sanitary regulation 
to protect public health from the possible hazards of 
consuming contaminated oysters. Since oysters are an 
important export commodity, cultivation areas should be 
clean, considering that most potential buyers of oysters 
impose strict requirements with regard to cleanliness of 
the source waters. 

This study determines the sanitary quality of four 
traditional oyster-growing areas in Pangasinan: Dawel in 
Dagupan City, Salapingao and Gayaman in Binmaley and 
Nibali\\' Central in San Fabian. Pangasinan is one of the 
major producers of cupped oysters (Crassostrea) in 
Luzon. 

Materials and Methods 

The sources of pollution in each study area were 
identified. Dawel, Salapingao and Gayaman were sampled 
in the morning and Nibaliw Central in the afternoon. 

Water samples for microbial analysis were coJlected 
within 1 m from the surface of the water using sterile glass 
bottles which were kept inside an ice box until arrival at 
the laboratory. The MPN of total coliforms and E. coli 
were established according to procedures recommended 
by the American Public Health Association (APHA 1977). 
For convenience in the presentation of data, the 
dimensional unit, MPN/100 ml, is omitted. 

During sampling, water temperature, salinity and 
turbidity were measured using a temperature-salinity 
bridge (Hamon Model 602) and turbidimeter (Toho 
Dentan Model FN-5), respectively. Cloudiness and tide 
level were also noted. 

Results and Discussion 

Dawe! lies in a tributary, approximately 1 km from 
the mouth ofDagupan River. It is 3.4-m deep with sandy-
muddy bottom. It receives pesticides from surrounding 
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fishponds, garbages from homes and a nearby restaurant, 
wastes of domestic animals and human feces from about 
70 inhabitants. The area produces an average of 86.6 t of 
oysters every year (Vidal, pers. comm.). Data from this 
study indicate that total colifonn and E. coli f\.1PN ranged 
from 170 to;;;.24,000 and 2 to 16,000, respectively (Fig. 1). 

Salapingao similarly lies in a tributary and is about 1 
km away from the mouth of Dagupan River. It is 2.7 min 
depth and the bottom is sandy-muddy. The area is 
residential, receiving garbage, animal and human wastes 
and oil slicks from passenger boats. Salapingao and Dawel 
are on opposite sides of Dagupan River. An average of 
266.5 t of oysters are harvested from Salapingao per year 
(Abalos, pers. comm.). From available results, total 
coliform f\.1PN ranged from 350 to ;;.24,000 while E. coli 
11PN, from< 20 to 16,000 (Fig. 2). 

Gayaman is further inland about 7 km from the 
mouth of Dagupan River. It is 3.8-m deep with sandy-
muddy bottom. The area is lined with nipa and mangrove 
swamps on one side and rice paddies on the other. There is 
a single house along the. river. Gayaman produces an 
average of 85 t of oysters every year (Gregoria, pers. 
comm.). Data show that total colifonn and E. coli f\.1PN 
ranged from 8 to 9,200 and < 2 to 5,400, respectively (Fig. 
3). 

Nibaliw Central is part of a small winding river and 
is about 1 km from the sea. It is 2-m deep with sandy-
muddy bottom. The area is thickly populated, producing 
an average of 28 t of oysters every year (Quirimit, pers. 
comm.). Available data indicate that total colifonn and E. 
coli f\.1PN ranged from 110 to;;;. 24,000 and < 2 to;;;. 24,000, 
respectively (Fig. 4). 

Hydrographic parameters such as salinity, 
temperature and turbidity were monitored to detennine 
their influence on the colifonn density. The ro~es of tidal 
level and incident sunlight were also considered. 

The phenomenon of salinity exerting a bactericidal 
effect on fecal bacteria was revealed by Wood (1976) ~d 
is corrobrated in this study. The lowest total colifonn and 
E. coli counts were observed during high salinities (28-31 
ppt) in all study areas. Some lowest counts were noted 
when salinities were low (3.8 ppt in Salapingao; 12.6 ppt 
in Nibaliw Central). Under these circumstances, turbidity 
of the water was rather high (21 ppm in Salapingao; 11 
ppm in Nibaliw Central). Turbidity which is a measure of 
the amount of suspended particles in the water column 
may also influence bacterial density. Highly turbid waters 
may contain large amounts of phytoplankton, the 
metabolic products of which can exert a bactericidal effect 
on fecal bacteria (Wood 1976). Furthennore, fecal bacteria 
are known to adhere to suspended particles and thereby 
their population is reduced (Wood .1976). This probably 
explains the low total colifonn and E. coli counts observed 
from water samples in spite of low water salinity. 

The highest total colifonn and E. coli counts were 
noted at low salinities (1.5-12.3 ppt) during the wet 
months (July-October) when the rivers were diluted with 
freshwater runoff. 

High water temperature and incident sunlight can kill 
coliforms and E. coli (Wood 1976). Also, bacterial levels 
in the water vary with changes in the tide (V~sconcelos et 
al. 1969). Figs. 1-4 indicate that these parameters have no 
valid significance to the total colifonn and E. coli 
populations. 

On the whole, Dawel, Salapingao, Gayaman and 
Nibaliw Central are, by foreign standards, prohibited and 
unfavorable areas for oyster growing because the coliform 
and E. coli f\.1I'Ns generally far exceeded the 
microbiological limits set by the United States Public 
Health Service, Italy and France for approved and 
satisfactory oyster-growing areas. This study underscores 
the need to depurate the oysters harvested from these areas 
prior to raw consumption, and to identify clean, although 
non-traditional, sites for oyster-growing, if oysters are to 
be pursued as export products. 
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Abstract 

A suivey of 336 households in Iloilo City, Philippines, produced 
the following patterns of fish consumption 'behavior: Households are not 
very sensitive to increases in the price of various fish species; households 
purchase less milkfish when the price of other fish species rises; the 
demand for other fish species falls when the price of milkfish rises; the 
demand for fish decreases as the prices of beef and chicken increase; the 
price of pork does not significantly influence the demand for fish; when 
their incomes increase, households increase purchases of fish; big 
households do not necessarily consume more fish than small households, 
except for milkfish; households with higher formal educational 
background consume more fish than beef and pork; male and female 
household members consume similar quantities of fish; and households 
with better access to fish buy relatively more fish, except milkfish. The 
policy implications of these findings are discussed. 

Introduction 

This study seeks to understand Ilonggo households 
as consumers of fish as a paradigm for Philippine 
households. Families which depend on fish as primary 
protein source maximize satisfaction from their 
consumption of certain quantities and species of fish under 
certain conditions. Understanding such behavior will 
enable government and private enterprise to formulate 
policies according to their respective objectives. 

Specifically, this study aims to: (1) identify the 
factors affecting the demand for fish by households in. 
Iloilo City; (2) analyze the fluctuations of household 
demand for fish in this city; and (3) derive data that can be 
bases of policy implications appropriate to the fishing 
industry. 
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Methodology 

The behavior of households in Iloilo City as 
consumers of fish was studied from 18 February to 18 
March 1983. A cross-section of 336 households in 173 
barangays of the six districts of Iloilo City was surveyed. 
The methodology used here has a socioeconomic 
conceptual framework. 

The household demand for fish was considered 
determined by the following factors (Bell 1958; Nash 
1969; Callaghan 1977; Arief 1980; Coslit et al. 1980; 
Posadas 1985; and Posadas et al. 1985): 

•Normally, households tend to buy more fish when 
it is cheap. 

•Households tend to buy more fish if beef, chicken, 
or pork is relatively more expensive. 

• When households earn more income, they seem to 
buy more fish. They also shift to better or other 
commodities. 

•The quantity of fish consumed tends to be higher in 
households with more adults. 

• The average education of husband and/or wife 
determines the extent by which the household can accept 
new species or new ways of preparing fish. The more 
tolerant heads of families are to changes, the more 
households tend to consume fish because of its inherent 
low calories and fat content and high-quality protein. 

• Males and females consume approximately the 
same quantity of fish. 

•The accessibility of fish in terms of distance, fare 
and purchasing convenience encourages households to buy 
more fish. 

•Household desire and preferences for fish lead to 
consumption of more fish than meat. 

In estimating household demand for fish, the 
significant ratio found was the constant elasticity of 
demand (CED) or the double-logarithmic transformation. 
The estimated coefficients measure the sensitivity of 
household fish demand to a change in any of the 
determinants. For example, the absolute value of the 
estimated coefficient for the price of fish may be less or 
greater than unity. If it turns out to be less than one, then 
households are not sensitive to a price increase. 

If the estimated coefficient of the income of 
households is less than zero, households reduce fish 
consumption when their income rises; they tend to shift to 
other goods of better quality. When the coefficient is 
positive, they consider fish as a normal commodity. To be 
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more specific, fish to them is a necessity if the income 
elasticity coefficient is positive but less than unity. Should 
it exceed unity, fish becomes a luxury. This information is 
vital to fisheries development planning. Only those fish 
species with positive income elasticities exhibit economic 
potential. Translated into a policy option, it means these 
fish species deserve more attention for further research 
and development. 

To determine the sensitivity of household demand 
for fish to a change in any of the determinants, the concept 
of demand elasticity is generally used. The price elasticity 
is the sensitivity of fish demand to price changes. The 
cross-price elasticity of demand is the responsiveness of 
fish demand to a given change in the price of another 
commodity. The same procedure applies to the other 
determinants of household fish demand. 

In this paper, three demand functions are presented: 
demand for all species; demand for milkfish; and demand 
for all other species, namely, yaito tuna, nemipterids, 
goatfish, anchovy, Spanish mackerel, sand whiting, small 
slipmouth, shrimp fry, yellowfin tuna and others. 

Results and Discussion 

The results (Table 1) indicate that daily income 
positively determines the quantity of all species, milkfish 
and other fish species bought by households. All the fish 
species are considered normal goods with an income 
elasticity of demand of 0.42. The income elasticity of 
demand for milkfish was estimated at 0.25. An income 
elasticity of 0.37 was estimated for the other fish species. 
In short, milkfish and other fish species are considered 
necessities by the households interviewed. 

The price of all fish species is a negative determinant 
of household demand for fish. The coefficient of price 
elasticity of demand for all fish species is -0.28, which 
indicates that households were not very sensitive to 
increases in the price of all fish species. The coefficient of 
price elasticity of the demand for milkfish is -0.73, which 
implies that the demand for milkfish is not strongly 
affected by its price. The price of other fish species 
showed insignificant influence over their quantity 
demanded by households. 

The coefficients of cross elasticity of demand of all 
fish species and other fish species in relation to beef are -
0.95 and -0.90, respectively. These indicate that the 
demand for all fish species and other fish species were 
influenced by the price of beef. This means that when beef 
became more expensive, households also tended to reduce 
fish purchases. Presumably, this phenomenon was due to 
the negative income effects of a general price increase 
which reduced purchasing power for the purchase of fish. 

In relation to the price of chicken, households tended 
to consume less fish when chicken became more 
expensive by as much as 125% and 109% than all fish 
species and other fish species, respectively. The demand 
for milkfish was not significantly affected by the price of 
chicken. 

Household demand for fish did not manifest 
significant responses to price fluctuations of pork. 

Except for milkfish, household size did not show an 
important influence over household fish demand. Milkfish 
consumption increased by as much as 26% in response to 
doubling household size. 

Education played a vital role in purchases of fish 
except for other fish species. When all members of the 
household have formal education, demand· for all fish 
species and milkfish was 35% and 36% higher, 
respectively. The same amount of fish was consumed by 
both male and female members of the household. 

The household demand for all fish species and other 
fish species would respond to a 100% improvement in 
their accessibility by as much as 9% and 14%, 
respectively. The demand for milkfish, however, seemed 
unaffected by any improvement in its accessibility. 

The· price of milkfish showed strong influence over 
the household's purchases of other fish species. When 
milkfish price doubled demand for other fish species 
dropped by 15%. In like manner, the price of other fish 
species played a significant role in purchases of milkfish. 
Households decreased milkfish consumption by 8% when 
other fish species became more expensive. These results 
imply that milkfish and other fish species were considered 
by the households to be complementary sources of fish 
protein. 

With an average of all fish species purchased per 
week estimated at 1.38 kg and an average of 6.07 
purchases/week, a household bought 8.29 kg of all fish 
species/week. Computed from the 1980 census, the 42,640 
households bought a total of 353.65 t of all fish 
species/week. On a per capita basis, the average weekly 
fish consumption was 1.44 kg. Approximately 50.36 t of 
various fish species, therefore, were consumed by the 
residents of Iloilo City per day. 

By the same analysis, each household bought 3.13 kg 
of milkfish/week or 0.54 kg/household member. On a 
daily basis, this amounts to 18.88 t of milkfish purchased 
by households. This estimate was around 32% of the 
average daily production of Iloilo fishponds in 1979. 

Each household purchased 5.17 kg of other fish 
spcies/week. On a per capita basis, the weekly 
consumption of other fish species was 0.90 kg. A total of 
31.48 t of other fish species were bought in the city every 
day by households. This figure is less than 25% of the 
average daily landing of commercial fisheries in Iloilo 
City in 1979 and 1980. 
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These findings can be the bases of policy formulation 
by government and private enterprise, but periodic studies 
should be made to update economic data and sociological 
trends because of changes in production, marketing and 
population. 

With a relatively inelastic demand for fish, an 
increase in production of milkfish and landing of other 
species could lead to a substantial reduction in their selling 
prices. This could be advantageous to fish consumers but 
disadvantageous to fish producers. This situation requires 
further government support for the industry. 

To improve the diets of households, those fish 
species with higher elasticities should be selected for 
further development. Milkfish, a cultured species, has both 
the economic potential and a higher consumer preference. 
Efforts should be taken to further develop milkfish and 
other species with desirable biological qualities and 
economic potentials. 

To raise household purchases of fish, better 
distribution outlets and expanded storage facilities would 
make fish more accessible to households. 
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Table 1. Regression results with quantity of household fish consumption as dependent variable. 

All fish Other fish 
Independent variable species Milkfish species 

Intercept 25.03 0.56 39.25 
Price of al I fish species -0.28* 
Price of milkfish -0.73** -0.15** 
Price of other fish species -0.08* -0.19ns 
Price of beef -0.95* 0.72ns -0.90* 
Price of chicken -1.25** -0,26ns -1.09* 
Price of pork 0.05ns 1.37ns 0.2,0ns 
Household income 0.42** 0.25** 0.37** 
Household size 0.16ns 0.26* 0.08ns 
Education 0.35** 0.36** 0.20ns 
Sex ratio 0.02ns -0.11ns 
Accessibility of fish 0.09** 0.04ns 0.14** 
Desire and preference 0.16ns -0.28ns -0.01ns 
A-squared 0.45 0,33 0.31 
Standard error 0.51 0.44. 0.69 
F-ratio 26.47** 8.59** 11.11** 
Number of households 331 206 284 

* Significant at 5%. 
** Significant at 1%. 

Not applicable. 
Negligible value. 

ns Not significant at 1 or 5%. 





I 

L 

' L 

"·-

' ! 
'-

I 
'-

I 
I ,.._ 

L 

'--

.__, 

Postharvest Spoilage of Shrimp 
(Penaeus monodon) 

A.REILLY 
Tropical Deveiopment and Research Institute 

56-62 Gray's Inn Road 
London WCJX 8LU 

England 

E.DANGLA 
A.DELACRUZ 

Philippine-German Fisheries Project 
College of Fisheries 

University of the Philippines 
Diliman, Quezon City 

Philippines 

REILLY, A., E. DANGLA and A. DELA CRUZ. 1986. Postharvest 
spoilage of shrimp (Penaeus monodon), p. 455-458. In 1.L. 
Maclean, LB. Dizon and L.V. Hosillos (eds.) The First Asian 
Fisheries Fonun. Asian Fisheries Society Manila, Philippines. 

·Abstract 

Quality losses occur during postharvest handling of pond-cultured 
shrimp. This paper describes the chemical, sensory and microbiological 
changes which occur when shrimp are iced insufficiently and improperly 
and stored at elevated temperatures. As a general rule, for every I oC 
above zero at which shrimp are stored, storage life at zero is reduced by 
one day. Recommendations for the elimination of quality losses during 
primary handling, with a view of meeting standards for export markets, 
are included. 

Introduction 

Shrimp are amongst the most valuable export 
products of the Philippines and the potential for increased 
production from pond culture is considerable. Over the 
past few years, there has been a gradual change from 
extensive to semi-intensive systems with harvests of up to 
8 t/ha/year. With the increase in the volume of production 
arises the need to improve primary on-site handling of 
shrimp. The market for premium quality, head-on shrimp 
is currently undersupplied and such products can be 
obtained with immediate washing and icing upon 
harvesting and freezing with minimum delay. 

Most of the brackishwater ponds in the Philippines 
are situated close to coastal areas where roads are poor or 
nonexistent and electricity supply erratic. As a result, 
insulated containers and ice have to be handcarried to 
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harvesting sites and the produce similarly transported to 
the nearest road. Shrimp are frequently not iced 
immediately or insufficiently iced. In a previous report the 
effects of delay in icing on the quality of brackishwater 
shrimp were determined (Reilly et al. 1984a). This study 
simulated commercial chilling methods where shrimp 
were stored at temperatures above OOC prior to freezing to 
compare spoilage characteristics of Penaeus monodon 
during storage in ice/water slurries at 0, 5 and lQOC. 

Materials and Methods 

Two storage trials were carried out on brackishwater 
shrimp from ponds close to Manila Bay. Samples of 15-20 
shrimp/kg were harvested as previously described (Reilly 
et al. 1985) and ice-killed. , These were immediately 
divided into three lots and transferred to ice/water slurries 
at 0, 5 and lQOC, kept in insulated boxes and transported 
to the laboratory of the University of the Philippines in the 
Visayas, College of Fisheries, where analyses were carried 
out within eight hours after harvest Throughout the 
storage period the insulated boxes were kept at room 
temperature where ice was added twice daily and mixed to 
achieve uniform temperatures. Eight to ten shrimp were 
taken for sensory, chemical and microbiological analysis 
on each sampling day as previously described (Reilly et al. 
1985). 

Results and Discussion 

The storage life of shrimp was based on cooked 
flavor scores assessed py five trained taste panelists. 
Linear regression analyses for the different storage 
temperatures are presented in Fig. 1. The storage life, 
based on a sensory score of 4, was 16, 11.5 and 6.5 days at 
0, 5, lQOC, respectively, which approximated a loss of one 
day for every degree above ooc at which shrimp were 
stored. At all temperatures, samples were rejected because 
of soft texture, ammoniacal odor and a bitter to strong 
sulphide taste. At OoC heads remained firmly attached for 
two days, after which shrimp lost their value as prime 
quality head-on produce. Melanosis was delayed up to 
seven days by iced water at OoC, because of the low 
concentration of oxygen in the chilling medium. When 
shrimp were stored in ice, melanosis occurred more, 
rapidly (Reilly et al. 1984) than in chilled water at ooc . 
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The results of the standard plate counts (SPC) are 
presented in Fig. 2. There was a significant decrease in the 
initial SPC when shrimp were stored at OoC due to 
suppression of mesophilic growth which did not occur at 
the other two storage temperatures. Irrespective of the 
storage temperature, shrimp were considered spoiled when 
the SPCs at 200C increased to 107 Colony Forming Units 
(cfu)/g and the hydrogen sulphide producers to 105-106 
cfu/g. The latter group comprised4.7, 3.7 and 2.2% of the 
SPC at 0, 5 and lOoC, respectively, when shrimp were 
spoiled, which are considerably lower values than those of 
a similar study on pelagic fish (Barile et al. 1985). 
Contamination of the chilling medium with gut contents 
was the reason for the high percentage of H2S produced 
during storage· of pelagic fish, which did not happen 
during storage of shrimp. 

The changes in bacterial flora during storage are 
presented in Fig. 3. The initial flora were mesophilic and 
dominated by Enterobacteriaceae (20%), Aeromonas 
hydrophila (20%) and Achromobacter sp. (20%) and to a 
lesser extent by Acinetobacter sp. (13.3%), Pseudomonas 
sp. (13.3%), Chromobacterium sp. (6.7%) and Vibrio 
cholerae (67%). All the Enterobacteriaceae were 
identified as species of the genus Enterobacter • It is not 
unusual to find such high numbers of Enterobacteriaceae 
as animal manure is commonly used to fertilize ponds. 
This contrasts with the initial microflora of marine shrimp 
where Enterobacteriaceae are rarely isolated as part of the 
initial flora. 

A. hydrophila forms part of the natural flora of 
brackishwater and under certain environmental conditions 
is a fish pathogen. It has also been reported as a human 
pathogen causing "travellers diarrhea" (Kipperman et al. 
1984). The presence of V. cholerae as part of the natural 
flora is a cause for concern. The main reason for rejection 
of shrimp from Southeast Asia by Japanese health 
authorities is the presence of this organism. Table 1 shows 
the quantity of rejected shipments between 1980 1985 by 
Japan (Kitamur, pers. comm.). The figure for the 
Philippines amounts to about 0.1 % of total export of 
shrimp. At all storage temperatures A. hydrophila was the 
principal spoilage organism. Similar results were obtained 
with storage of pelagic fish in chilled seawater (Barile et 
al. 1985). During ice storage trials with Penaeus monodon 
(Reilly et al. 1985), Alteromonas putrefqciens and 
Pseudomonas sp. were the dominant spoilers. , 

The changes in percentage ofK-value during storage 
at different temperatures are shown in Fig. 4. Very fresh 
shrimp had a value of 2.03% which steadily increased to 
43.5, 50.6 and 35% at 0, 5 and 10oc, respectively, when 
samples were rejected. These values are very much lower 
than those reported for mackerel (Barile et al. 1985) or 
tilapia (Saluan-Abduhasan 1985). Similar values were 
obtained when brackishwater prawns were stored in ice 

(Reilly et al. 1985). The rate of freshness loss as expressed 
by K-values was twice as fast at lQOC than at ooc. 

Values for total volatile nitrogen (TVN) during 
storage are shown in Fig. 5. At rejection the TVN values 
were 19, 21.4 and 20 mg/100 g at 0, 5 and 10oc, 
respectively, although values fluctuated during storage. 

The increase in TVN levels was due to bacterial 
metabolism and shrimp had spoiled before they reached 
rejection limit set by Japanese and Australian marketing 
systems of 30 mg/100 g (Montgomery et al. 1970). The 
low TVN values are most likely due to the leaching effect 
of the ice water. 

Recommendations 

This study shows the presence of pathogenic bacteria 
as part of the natural microflora of pond-reared shrimp. As 
these organisms are mesophiles, storage at elevated 
temperatures can permit their survival and growth. The 
most effective method of removing the bacteria is washing 
in clean running water. Most of the bacteria contaminating 
freshly-harvested shrimp are surface contaminants which 
are readily removed by effective washing. It is 
recommended that shrimp are washed with clean iced 
water immediately after capture. If possible chlorine 
should be added to a concentration of about 20-50 mg/I. 
This method will have the dual effect of removing in 
excess of 90% of surface bacteria and instantly killing the 
shrimp to preserve their fresh quality. Special care should 
be given to shrimp which have been handpicked from the 
bottom of ponds after draining as experience shows that 
these are heavily covered with mud. 

If shrimp are to be sorted and graded at the pond site, 
portable sorting tables are required, and the temperature 
must be maintained below 5-lOoC. The common practice 
of dumping shrimp onto the muddy banks of ponds for 
sorting only leads to further contamination of produce. 

Shrimp should be immediately packed in ice or ice-
water at OOC and transported with minimum delay to the 
processing plant. Harvests should be scheduled to allow 
processing and freezing within 24 hours after harvesting. 
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Table 1. Samples of raw frozen shrimp rejected by Japan, 1980-
1985, due to contamination by Vibrio cholera. 

Country Quantity/t 

Philippines 36.43 
Thailand 58.6 
Indonesia 28.8 
India 58.14 
Taiwan 23.97 
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Fig. 1. Correlation between cooked flavor scores of shrimp at 
different storage temperatures and storage time. 
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Fig. 2. Changes in the Standard Plate Count (SPC) and hydrogen 
sulphide producers (H2S) count at 20°C during shrimp storage 
at different temperatures. 
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Abstract 

Nearly 85% of the fish landed in Sri Lanka are consumed fresh. 
The relationship between the total quantity of fish landed and the actual 
amount of fish protein available to the population depends on a number 
of factors such as the composition of the catch, methods of processing 
and preparation, and eating habits of the population. Katsuwonus 
pelamis, Thunnus albacores, Lutjanus malabaricus, Leiognathus sp., 
Amblygaster sirm, Anchoviella indica, Scoliodon palasorrah, 
Oreochromis sp. and Penaeus monodon were studied for their dressing 
losses, cooking losses, table waste and nutrient availability. The highest 
total protein availability was observed in Thunnus albacores (149. 7 g/kg) 
while Leiognathus sp. showed the lowest (83.l g/kg). Amblygaster sirm 
recorded the highest fat content of 35.7 g/kg. A. sirm and Anchoviella 
indica showed a veiy high level of available calcium (296 and 357 
mg/kg, respectively). This study also revealed the inadequacy of the fish 
protein intake of the population, the protein intake from fish amounting 
to only 70% of the minimum recommended intake of fish protein, 
calculated on the basis of PAO recommended protein intake. The flesh 
recovery rate was found to be approximately 55% of the total quantity of 
the fish landed. · 

Introduction 

In the devefoping countries of South and Southeast 
Asia fish forms an important source of animal protein in 
the diet (Guha 1962). However, data available on fish 
consumption are based on statistics of production, exports 
and imports and are of limited value in assessing the role 
of fish in the nutrition of the population. The relationship 
between total fish landed and actual amount of fish 
protein, as well as other nutrients available to the 
population, depends on a number of factors including the 
composition of the catch, methods of processing and 
preparation, and eating habits of the population. 

This study examines the physical losses and wastage 
during processing arid preparation of fresh fish marketed 
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in Sri Lanka and attempts to quantify the intake of the 
major nutrients --· protein, fat and calcium -- by the 
population through the fish consumption. 

Materials and Methods 

Samples were collected from nine different species 
representing groups A-F (Table 1). Fish of uniform size 
were used, the number of fish sampled varying from 3 to 
15 depending on body size. 

The length, total weight and weight of the major 
body constituents (head, viscera and fins) of individual 
fishes were recorded. Samples of fish flesh were collected 
from the dressed fish and homogenized and subsamples 
were analyzed in duplicate for moisture, protein, fat and 
total ash. · 

The dressed fish were cooked for 15 min. in a known 
volume of water sufficient to cover the fish completely. In 
keeping with the culipary practices in Sri Lanka, the large 
food fishes representing groups A, B, D and E of Table 1 
were diced into pieces of less than 4-cm thickness prior to 
cooking. 

The volume of cooking water was noted and samples 
analyzed for protein. The weight of the edible and 
nonedible constituents of the cooked fish were recorded 
separately. 

Samples of cooked fish flesh were collected and 
homogenized and subsamples analyzed in duplicates for 
moisture, protein, fat, total ash and calcium. 

Moisture content of the raw/cooked fish flesh was 
determined by drying a known weight of flesh to a 
constant weight in an oven at 1050C. To determine the 
total ash content, a known weight of the moisture-free 
sample (approximately 3-5 g) was charred and incinerated 
at 5500C for 20 hours in a muffle furnace (AOAC 1975). 
The sample was cooled in a desiccator and weighed to 
determine the total ash content. A portion of the ash was 
extracted with concentrated HCl and· the extract used in 
the determination of calcium (AOAC 1980). Total 
nitrogen was determined by the Kjeldhal method. Fat was 
determined by the method of Bligh and Dyer (1959). 

Results 

Nearly 85% of the fish landed in Sri Lanka consist of 
marine species, mainly small pelagics (Table 1) which 
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form nearly 40% of the total fish landed. The balance 
consists mainly of nearly twenty species of large food fish. 
The major freshwater species are tilapia (Oreochromi.s sp.) 
and carp (Cyprinus sp.). The species of fish landed have 
diverse body shapes and vary in chemical composition. 

The major loss in large food fish takes place dwing 
dressing prior to storage, transportation or retailing. The 
small food fish are marketed as whole fish and are 
normally dressed prior to preparation for cooking. 
Dressing losses are generally low in small food fish with 
the exception of silverbelly (50%). Among the large food 
fish studied, shark showed the highest dressing loss of 
35.9% (Table 2). 

Protein and fat contents of cooked flesh were higher 
than that of raw flesh. This increase could be attributed.to 
the lower moisture content of the cooked flesh (Tables 4 
and 5). The recovery of cooked flesh was highest in 
sardine followed by yellowfin tuna and anchovy. 
Silverbelly and tilapia recorded lowest recovery of cooked 
flesh. · 

Table 6 shows the available nutri.ents in cooked fleSh 
expressed as the quantity available in a kilogram of whole 
fish. Availability pf protein was highest in yellowfin tuna. 
In general, blood fish species and small pelagic fish 
showed relatively high levels of protein availability with 
the exception of silverbelly which had the lowest recovery. 
The slightly higher level of protein observed in shark 
flesh, compared to other species studied, could be 
attributed to the presence of non-protein nitrogen in the 
flesh. The flesh of elasmobranchs has been shown to 
contain very · high levels of non-protein nitrogenous 
compounds accounting for 34-38% of total nitrogen as 
compared to 9-18% in other varieties of fish (Stansby 
1953; Geig~r and Borgstrom 1962). 

The amount of protein appearing in cooking water 
varied from 7.4 .to 14.3 g/kg of whole fish in the species 
studied. The relatively high level of soluble prot~in 
observed in shark could again be attributed to the presence 
of non-protein nitrogen in cooking water. Hence, protein 
values for shark in Table 6 have been multiplied by a 
correction factor of 0.8 to allow for the non-protein 
nitrogen, in calculating the available protein in Table 7. 
The sardines had the highest level of available fat followed 
by the freshwater fish species tilapia. 

The edible flesh content of the cooked fish varied 
widely and depended on the amoµnt of table waste. When 
expressed as a percentage of the weight of the whole fish, 
tilapia showed the highest plate waste while the small food 
fish were generally shown to have a plate waste lower than 
that of large food fish with the exception of blood fish 
species (Table 3). 

The small pelagic species were also rich in available 
calciwn with anchovy and sardine recording high valu('.s. 
The availability of protein, fat and calcium of fish listed in 

Table 1, is given in Table 7. In estimating the nutrient 
availability in group B2, the values obtained for the 
recovery rate and the chemical composition of the cooked 
flesh of snapper (Bl) was used. Similarly for group D2 
fish the values obtained for shark (Dl) were used. 
However, skates and rays had a recovery rate of 41.5% for 
raw fish flesh with skin (Kizevetter 1972). In this study the 
recovery of cooked flesh for group D2 species was 
assumed to be 32%, leaving an allowance of 9.5% for the 
weight of the skin and the weight loss dwing cooking. 

The average of the values obtained for the percentage 
recovery of cooked fish flesh and the chemical 
composition of the cooked flesh of the various species 
were used in calculating the available nutrients in group 
Glfis~ . 

Discussion 

The total fish supply of a country depends on the 
level of fish production, the quantity of fish exported and 
the quantity imported. Per capita availability of fish 
depends on total fish supply, population size and 
postharvest losses in the trade. Thus, to obtain a more 
accurate estimate of fish availability, allowance has to be 
made to cover both. qualitative and quantitative losses of 
fish. 

Loss in fish quality could be either due to chemical 
changes in fish or to microbiological activity. The most 
serious loss in nutrients occurs dwing sun-drying of fish 
and chemical changes which decrease the biological value 
of fish protein. 

Over 85% of the fish landed in Sri Lanka are sold 
fresh; thus, fish availability is mainly influenced by the 
physical wastage during processing and preparation. Table 
7 presents the average daily per capita consumption, of 
protein, fat and calcium by the population through fish 
consumption. 

The results in Table 7 can also be used to estimate 
the percentage recovery of fish flesh from fish landed. The 
total protein availability of fish landed in 1983 has been 
shown to be around 24,320 t and is equivalent to 121,600 t 
of fish flesh with 20% protein. Thus the recovery of fish 
flesh from the total quantity of fish landed in 1983 could 
be assumed to be around 55% of the total weight. 

In this study the average daily per capita production 
of fish was estimated at 40.2. g (Table 7). The actual 
protein intake from this amount of fish has been estimted 
to be 4.4 g. The World Health Organization recommended 
minimum intake of protein for an adult is around 55 g/day. 
This value is based .on a mixed dietary protein with a New 
Protein Utilization (NPU) value of 60 (PAO 1957; FAO 
1973). Thus, assuming animal protein to provide 15% of 
the total protein requirement of the national diet, the total 
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animal protein requirement will be around 8.0 
g/person/day. In Sri Lanka, fish provides around 70% of 
the animal protein intake of the population and as such, 
based on the PAO-recommended protein intake, the 
minimum fish protein requirement of the nation is around 
5.6 g/person/day. However, assuming a NPU value of 90 
for protein in the cooked fish flesh, the fish protein intake 
of the population falls short of the minimum fish protein 
requirement by nearly 30%. 

An examination of the results in Table 6 and 7 also 
points to the similarity in protein availability of the large 
food fish such as yellowfin tuna and skipjack and the 
small pelagic species such as sardine and anchovy in Sri 
Lanka. The small pelagic species and freshwater fish 
species such as tilapia often have a lower market value 
than large marine food fish and are less popular among 
consumers. The low market value of the small pelagic 
species has been attributed to a number of reasons such as 
their high perishability, the beliefs that they are less 
nutritious and that they contain less edible flesh. Shrimp, a 
relatively high-priced seafood, ranked very low in protein 
availability. 

The small pelagic species and tilapia were also 
shown to be rich in calories due to their high fat content 
and thus could provide, in addition to protein, extra 
calories to the diet. This is very significant as far as the 
nutrition of the low-income groups is concerned where 
malnutrition is prevalent. The small pelagic species were 
also shown to be rich in calcium because of the presence 
of edible bones in the fish flesh. 
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Table 1. Major species landed In Sri Lanka grouped by habitat and taxonomy. 

Group 

(A) Blood fish; pelagic, 
medium·large, elllp· 
tical body 

(B) Large food fish, 
flattened body 

(C) Small pelagic species, 
elliptical body 

(D) Elasmobranchs 

(E) Freshwater fish 
species 

(F) Shellfish 

(G) Miscellaneous species 

Species 

1 Skipjack (Katsuwonus pelamis) 
2 Yellowfin tuna (Thunnus 

a/bacares) and other Thunnidae 

Trevally (Carangidae) 
Other species of Mullidae, Leth· 
rlnldae, Serranidae, etc. 

1 Silverbelly ( Leiognathidae) 
2 Sardines (Sardine/la sp.), 

trenched sardine (Amblygaster 
sirm), mackerel (Scrombidae), 
anchovy (Anchoviel/a sp.) etc. 

1 Sharks (Carcharinidae) 

2 Skates (Rajidae) and rays 
(Trygonidae) 

1 Tilapia (Oreochromis sp.) 
and carp (Cyprlnus sp.) 

1 Prawns, crabs and lobsters 

1 Spanish mackerel (Scombero· 
morus commersqn) and few 
other species 

Species represented 

Skipjack (Katsuwonus pe/amis) 
Yellowfin tuna (Thunnus 
a/bacares) 

Red snapper (Lut/anus malaba· 
ricus) 

Silverbelly (Leiognathus sp.) 
Trenched sardine (Amblygastar 
sirm) and Anchovy (Anchoviel/a 
lndica) 

Grey dog shark (Scoliodon 
pa/asorrah) 
Sting my (Himantura uarnak) 

Oreachromis niloticus 

Penaeus monodon 

none 

% landed 
in 1983 

6.4 (A 1) 
9.2 (A 2) 

3.9 (B 1) 
10.7 (B 2) 

12.5 (C 1) 
26.B (C 2) 

4.0 (D 1) 

4.7 (D 2) 

16.3 (E 1) 

3.0 (F 1) 

2.5 (G 1) 
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Abstract 

Postharvest histamine content and microbial count of dolphinfish 
(Coryphaena hippurus) stored at various temperatures and periods were 
evaluated. Results show that the histamine content (HC) of a live and a 
dead dolphinfish caught from the sea of southern Taiwan and two 
samples iced commercially for 20 hours were 16, 20 and 35 mg%, 
respectively. The HC of the fishes chilled at 5 and lOOC for six days and 
the fishes frozen at -20oC for 14 days did not increase rapidly in the 
initial several hours but increased to a level of 100 mg% after 20 hours. 
Although the microbial counts of the fishes stored at 30oC for 12-16 
hours increased to 106 CFU/gm, the HC did not increase and remained 
the same as the original level of the iced samples. On the other hand, the 
histamine fonnation in fishes treated with antibiotics, citric acid and 
acetic acid (pH 5) solution before storage at 15-20oC for 20 hours was 
inhibited significantly. The histamine fonnation rate is suggested as the 
function of free histidine content, pH of flesh, storage temperature, 
microbial count and specific surface area exposed to the atmosphere. 

Introduction 

The growth of histamine-forming bacteria (HFBs) on 
tuna, mackerel, dolphinfish (Coryphaena hippurus) and 
other fishes can lead to generation of histamine which can 
cause food allergy and idiosyncrasy when the histamine 
level increases to 100 mg% (Federal Register 4 September 
1982). Freshly caught dolphinfish contains little histamine 
but possesses large amounts of free histidine. When the 
dolphinfish are spoiled by the growth of bacteria, such as 
Proteus morganii, Eriterobacter aerogenes, Klebsiella 
pneumoniae and Edwardsiella sp. (Arnold et al. 1980; 
Niven et al. 1981; Okuzumi and Awano 1983; Yamanaka 
et al. 1984; Okuzumi et al. 1984a and 1984b; Frank 1985) 
the histamine would be decomposed by the decarboxylase. 
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Recently, the FDA established a histamine level in tuna at 
50 mg% as the health hazard level. The frozen dolphinfish 
fillet is an important export to USA from Taiwan. To 
understand the optimal postharvest treatment of 
dolphinfish, this experiment studied: (1) the histamine 
formation rate in the dolphinfish under different 
temperatures, and (2) the development of appropriate 
technology for fishing boats in developing countries and 
areas with poor chilling equipment by spraying with, or 
immersion into, acidic buffer solutions as antimicrobial 
agents to slow down bacterial growth and decrease 
histamine levels. 

Materials and Methods 

Dolphinfish, 2-3 kg each, caught live from the 
southern sea of Taiwan near the ports of Kaohsiung and 
Cheung-Kung were iced immediately on board the fishing 
boat with crushed ice. Fish were chilled to a low of soc 
within 1 hour and were carried to the laboratory within 6-
20 hours. Individual fish were placed in separate 
polyethylene bags and incubated in temperature-controlled 
incubators for the desired period at 5, 10, 15, 20 or 300C. 
Three fishes were treated for each temperature-time 
combination. About 2 x 2 x 2 cm flesh cubes with skin 
were sampled with sterilized knives from dorsal, ventral 
and tail tissue of each treated fish for measurement of 
histamine content and microbial counts. 

For microbial counts, sampled flesh cubes, about 5 g, 
were homogenized with 1 part sterile 0.8% NaCl solution; 
aliquots of 0.1 ml were inoculated on triplicate plates of 
nutrient agar medium and kept at 350C for 48 hours in an 
incubator before colonies were counted. 

To measure histamine content, sampled flesh cubes, 
5 g, were homogenized with 40-ml de-ionized water and 5 
ml 1 % trichloroacetic acid (TCA) and filtered. An aliquot 
of 1 ml of filterate was neutralized to pH 4.5-4.7 with 1 % 
NaOH solution, to which was mixed 1 ml of 0.4 N acetate 
buffer (pH 4.6). One gram of amberlite CG-50 (100-200 
mesh) ion-exchange resin suspended in 1 ml 0.2 N acetate 
buffer ( 4.6) was slurried into a 1.2 cm (internal diameter) 
chromatography column. The column was washed with 80 
ml of acetate buffer to remove interfering substances and 
the histamine was eluted with exactly 8 ml 0.2 N HCl 
solution. A similar volume of 1.0% TCA was treated in 
the same manner to act as a blank. The eluate was mixed 
with 1.5 N NaHC03 to neutralize the pH, added with de-
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ionized water to a total of 10 ml, 2 ml of which was added 
with 2 ml of chilled diazo reagent, mixed and allowed to· 
stand for 10 min. prior to absorption measurement at 510 
nm using distilled water as the reference. Histamine 
content was calculated from the standard curve and 
dilution coefficient in mg% (Association of Official 
Analytical Chemists 1980). 

To measure free amino acids, dorsal flesh 10 g was 
homogenized with 80 ml de-ionized water and 5 ml 20% 
TCA solution, filtered and measured with amino acid 
analyzer. 

Results and Discussion 

Fresh dolphinfish taken to the laboratory contained 
8-25 mg% of histamine. Live and dead dolphinfish from 
the sea contained 16 mg% and 23 mg%, but when iced 
commercially for 20 hours levels increased to 20 mg% and 
35 mg%, respectively. Preliminary experiments revealed 
that the dolphinfish treated with 250 mg% of ampicillin 
and chlortetracycline solution on the surface of fish and 
frozen or stored at 5, 20 and 350C for 4-14 days did not 
increase in histamine content (Fig. 1). Thus, it can be 
proved that microorganisms play important roles in 
histamine formation from histidine. 

Fig. 2 shows the rate of bacterial growth and 
histamine formation of dolphinfish at temperatures of 5, 
10, 20 and 300C at 0-140 hours. Although the microbial 
counts of the samples stored at 5 and lOOC for 120 hours 
increased to 106-107 CFU/g, the histmine content did not 
increase. In samples stored at l50C for 70 hours, the 
bacterial count increased to 5 x 105 CFU/g and histamine 
began to increase to maximum (150 mg%) at the 88th 
hour. In samples stored at 200C, the histamine content 
increased rapidly in the initial hours to a level of 100 mg% 
after 20 hours. Microbial counts of fishes stored at 30oC 
for 12-16 hours increased to 106 CFU/g and the fish were 
spoiled, but histamine content increased more slowly and 
remained the same as the original level of the iced 
samples. 

The results reveal that the main decarboxylase 
producing bacteria belong to the psychrophilic type. The 
effect of spoilage of mesophilic bacteria on the muscle is 
more important than the postharvest histamine formation 
of psychrophilic bacteria in dolphinfish. Arnold and 
Brown (1978) classified the histamine-producing bacteria 
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into two types. Type I bacteria produced histamine very 
fast at 20-250C when pH .is 5 but slower at pH 7. Type II 
bacteria produced histamine rapidly at pH 6-7 at 20-250C. 
The main HFB at 20oc is Proteus morganii which does 
not produce histamine at temperatures higher than 35oC. 
Arnold et al. (1980) reported that P. morganii, P. vulgaris 
and Hafnia alvei produced more histamine in anaerobic 

than in aerobic conditions. The histamine-forming bacteria 
from Scomber japonicus produced histamine at 5-20oC 
(Okuzumi et al. 1981). However, Yoshi~aga and Frank 
(1982) reported that the HFBs are Clostridium 
perfringens, Enterobacter aerogenes, Klebsiella 
pneumoniae, Proteus mirabilis and Vibrio alginolyticus 
and the optimal temperature for histamine formation is 
380C. The HFBs in fresh fish at 20oC are P. morganii, P. 
vulgaris, Hafnia alvei, Citrobacter spp., Vibrio spp. and 
Aeromonas spp.; P. morganii are found most frequently 
during the whole year and can grow in temperatures of 5-
300C (Okuzumi et al. 1984a, 1984b). 

Yamanaka et al. (1984) revealed that the higher the 
temperature the more histamine is produced.by HFBs. The 
main HFBs in the early spoilage stage are identified as 
psychrophilic and halophilic, but the mesophilic bacteria 
dominate in the later stage. The decrease of the histamine 
content of dolphinfish stored at 150C for 90 hours from its 
maximum concentration may be due to the decomposition 
of diaminoxidase (histaminase) (Douglas 1975). Arnold et 
al. (1980) found the same phenomenon in histamine of 
skipjack tuna and reported that P. morganii lost its 
histamine-forming ability on the third day in contrast with 
P. vulgaris andHafnia alvei because the histaminase could 
be formed from P. morganii. 

The growth of microorganisms was reported to be 
inhibited by acids (Blocher and Busta 1983). To ascertain 
this, fresh fish in this experiment were treated by spraying 
or immersing them in citric or acetic acid. Microbial 
growth was inhibited and the histamine formation rate 
decreased to one-fifth of the control at the same storage 
temperature of 20oc (Fig. 3), while the critical period for 
histamine at 100 mg% extended from 20 to 70-90 hours 
(Fig. 4). Results show that immersion is more effective 
than spraying, probably because of the contact of bacteria 
with the acid. 

Most bacteria do not grow well in an acidic medium; 
the HFBs grow well in pH 5.5-6.5 (Arnold and Brown 
1978). 

Rosenthaler et al. (1965) reported that the optimal 
pH of decarboxylase from Lactobacillus 30a and 
Micrococcus spp. are 4.8 and 5.8, respectively. A similar 
report showed that N-group bacteria except Pseudomonas, 
Vibrio and Moraxel/a can tolerate the low pH of 4.5 and 
grow. It seems that the HFBs are not inhibited by the 
acidic solution but the decomposition of tissue would be 
slowed down due to low pH. The intolerant bacteria are 
inhibited, and less histamine diffuses out of the tissue as 
substrate for decarboxylation. If this is true, the rigidity of 
the fish flesh is the other factor that influences the 
histamine-formation rate. It can be concluded that 
acidification treatment is valuable for postharvest 
preservation on fishing boats with poor chilling equipment 
as is common in developing countries. 
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From the kinetic view of the decarboxylation of 
histamine, there are three main factors that can influence 
the equilibrium of reaction, i.e., the concentration of 
histidine, the substrate; the activity of decarboxylase, the 
catalyst; and the temperature for bacterial growth and 
enzymatic reaction (Fig. 5). The histidine content of fresh 
dolphinfish measured in this experiment was 611.1 mg%, 
higher than in other strong histamine producers such as 
595 mg% of juvenile mackerel (Sakaguchi et al. 1984) but 
lower than 1,125 mg% of yellowtail. Ferencik (1970) 
concluded that the minimum histidine concentration 
required for decarboxylase activity appeared to be 100 to 
200 mg%. This study found that the histamine content of 
the dead dolphinfish (30.9-55.4 mg%) from the sea is 
higher than that of the live one (18.0-20.7 mg%) when 
both are iced for 20 hours. 

That the higher histidine diffusivity of autolyzed or 
microbially destructured tissue would enhance the 
histamine-formation rate is proved. The concentration of 
decarboxylase would increase the histamine-formation 
rate as the enzymatic source (HFBs) increased when the 
special bacteria species had propagated at their optimum 
pH (5.5-6.5) and optimum temperature (15-250C) on an 
autolyzed flesh which was rich in free amino acids. The 
reason for this is that the optimal reactive temperature of 
decarboxylase (from P. morganii) is about 370C 
(Eitenmiller et al. 1982). The higher temperature would 
enhance the histamine-formation rate in the later 

· postharvest period. The storage temperature is thus a 
critical factor that influences the formation of histamine in 
dolphinfish. Rapid and uninterrupted refrigeration after 
catch is necessary for postharvest preservation of 
dolphinfish. 
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Fig. 1. Effects of antibiotics (ampicillin and chlortetracyclin) on 
the inhibition of histamine formation in dolphinfish. (o; dorsal, 
•;tail, o; ventral). 
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Fig. 5. Overall view of histamine formation in fish muscle tissue . 
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Abstract 

Bycatchlanding in Thailand has increased from 787,000 tin 198.0 
to 803,000 tin 1984 accounting for 40% of total marine production. 
Increased landings, in combination with the overexploitation of marine 
fisheries and declaration of the 200-mile exclusive economic zone of the 
neighboring countries have had a disastrous effect on domestic fish 
supply in Thailand. Bycatch and other underutilized species need to be 
better utilized for human consumption. Problems encountered in 
utilization of such species include poor quality of fish upon arrival at the 
landing places, small size and variation in shapes and species which have 
different flesh characteristics. Because of lhnitation in product storage 
life of bycatch handled onboard, sorting and icing should be confined to 
the last two weeks of the trip lasting 22 days. Studies on yield and 
storage life of minced sorted bycatch show that approximately 50% is fit 
for human consumption. The storage life of minced bycatch at 7oC is 
seven days; mince washed with diluted salt solution (0.2-0.3) has a 13-
day storage life. A number of products from bycatch have· been 
developed. Also, its potential for industrial ·processing is demonstrated. 

Introduction 

Total annual fish production of Thailand has 
fluctuated from 1.51 to 2.26 t x 1()6 over the past decade. 
The figiire for 1983 of 2,225,433 tis only slightly above 
the 1977 figure of 2,189,907 t (see Table 1). Since the 
introduction of the otter board, trawler bycatch landing has 
increased to 803,000 t in 1983 comprising around 40% of 
the total marine fisheries production. Bycatch is mostly 
converted to fishmeal for animal feed. A great amount of 
pelagic fish, such as sardines and many other low-value 
fish species as well as the undersize fish such as small 
bonito, are also used for fishmeal production. 

The production from the sea has reached the 
maximum sustainable yield and increase in bycatch 
landing has had a disastrous effect on domestic fish 
supply. The Government has realized the problem and has 
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encouraged the expansion of aquaculture, as well as the 
utilization of fish bycatch and underutilized species. 

Bycatch for Human Consumption 

Fish by catch is a mixture of small fish over 10-15 cm 
caught by otter board trawlers, pair trawlers and push nets. 
It mostly comprises juveniles of economic demersals and 
pelagics, as well as invertebrates. In the past decade, it 
made up 37-55% of the total marine production. 
Meemeskul (1985) reported in a survey by the government 
trawler, Pramong 2, in the Gulf of Thailand that 40% of 
the bycatch are juvenile commercial species. Bycatch 
obtained from commercial trawler fishing out of the Gulf 
of Thailand consists of 55% young economic species and 
43% trash fish (Eiamsa~ard, unpublished data). The 
dominant species are threadfin bream (Nemipterus sp.), 
goatfish (Upeneus sp.), lizard fish (Saurida sp.), trevally 
(Caranx sp.) and pony fish (Leiognathus sp.). 

Pelagic fish, in many cases, are sold as trash fish for 
fishmeal production. Their total production was 5,671 t in 
1971 and 512,603 tin 1983. Pelagic fish resources in the 
Gulf of Thailand and the Andaman Sea are fully exploited. 

The restrictions on number of trawlers and size of 
mesh to protect juvenile species are underenforced. 
Consequently, improvement will have to come in the form 
of better utilization of the catch, reduction of wastage and 
losses, greater efficiency and productivity on all levels of 
fisreries and development of new products of higher 
value. 

Supply of fresh raw material is a problem if bycatch 
is to be used in commercial scale. Sorting, heading and 
gutting are labor intensive. Supichayangure (1985) 
demonstrated that improvement of handling bycatch 
onboard can be done by sorting during towing of each 
catch. Economic species are usually sorted onboard and 
kept for 15 days in ice. Up to 57% of the catch can be 
sorted out and sold at higher value. The price difference 
between sorted and mixed bycatch is not distinct It is 
believed that the price will increase when its utilization is 
encouraged. Minced· bycatch is 10 baht/kg (US$0.40); 
filleted fish cost 13-18 baht/kg. Minced yield is 
approximately 24% (Yamprayoon 1985). 
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Minced Fish from Bycatch 

A study on bycatch use in the fonn of minced fish 
product was supported by the International Development 
Research Centre of Canada. Fishball, a popular gel 
product processed widely in Thailand, was chosen. The 
fundamental steps involved grinding the meat with sodium 
chloride to fonn a gel. Salt is used to increase ionic 
strength of the mince and dissolve actomyosin in fish 
muscle to fonn a sol. Heating of actomyosin sol until it 
reaches 900C produces a network structure with an elastic 
texture. The fish must contain protein suitable for gel 
fonnation, kept at low temperature but not frozen and 
processed as soon as possible after landing. 

A survey by SRG (1978) revealed at least 40 fishball 
factories in the Bangkok metropolitan area alone, most 
relying on traditional methods. At least 64 factories 
outside Bangkok utilize 3,466 t of raw material annually 
(Department of Fisheries 1986). Common species used are 
shark, barracuda, bigeye, eel, whic\l are filleted. Since 
1980, the manufacturers have been faced with the problem 
of price and supply of raw material. 

Last-day bycatch produce was also considered. 
Species were sorted and kept in ice. Storage life in ice 
varied from species to species at 9-15 days. Gel strength of 
fishball produced from stored bycatch kept in ice for 10-12 
days is fairly good (Suwansakornkul 1983). Ice retards 
degradation of salt~soluble protein responsible for gel 
fonnation. 

Fig. 1 presents the method for fishball production. 
Fish must be kept cool at a temperature not exceeding 
lOoC. Grinding temperature should be controlled to 
prevent denaturation of protein. Suwanrangsi and 
Kiatkungwalkrai (1983) recommend a double step heating. 
When the gel passes the 600C mark, part of it is destroy~ 
due to alkaline protease which is active at 60-700C 
(Suzuki 1981). 

Flat fish, flathead, threadfin bream and goat fish 
sorted from ten species in the bycatch have the suitable 
flesh characteristics for raw material (Suwanrangsi and 
Kiatkungwalkrai 1983). The fishball produced was 
acceptable but did not compare with the commercial 
produce in texture and appearance. 

Improvement of gel strength (elasticity) of products 
can be made by leaching or washing the mince with 
diluted salt solution. The method has shown improvement 
both in texture characteristics and color. Minced fish is 
washed in 0.2% and 0.3% at pH of 6.5-7 for 15 min. 
Soluble protein which interferes the gel fonnation is 
washed away as well as blood. Leaching causes the 
removal of fat from fatty mince up to 70% (Suwanrangsi 
1985). The pilot-scale production showed that leaching 
does not have a distinct effect on improved gel texture. 

Leaching lessens the interference but does not affect the 
amount of gel protein. 

Gel-fonning ability of bycatch varied among species 
(Suwanrangsi and Kiatkungwalk:rai 1983). Yamprayoon 
(1985) showed that the texture quality of fishball also 
varied according to species composition of bycatch. 

Minced bycatch can be kept for seven days at 1oc. 
Storage life could be extended to 13 days if the mince is 
leached with salt solution. Fishballs produced from non-
leached mince have poor quality on the first day; fishballs 
from leached mince have good and acceptable texture 
quality for up to nine days. 

The price of the sorted bycatch should fall between 
the price of bycatch and economic species. At least 1 t/day 
of bycatch is needed by factories. Minced bycatch should 
be frozen for long-tenn use. The technology of Surimi 
production could then be applied to maintain the gel-
fonning ability of frozen minced fish. In the process, 
minced meat is washed at control pH at least three times. 
Sugar alcohol such as sorbitol and manitol and 
polyphosphate are added. Frozen minced fish block 
(Surimi) has a storage life of not less than one year 
without changes in texture quality. 

Other Promising Products from Bycatch 

Fish protein concentration (FPC type B) is a high 
protein product with the minimum content of 60% (Protein 
Advisory Group specifications). Yamprayoon and 
Kiatkungwalkrai (1983) have developed a processing 
technique to improve the sandy texture and water 
absorbency of the product FPC produced from bycatch 
has met the standard requirement of the Protein Advisory 
Group. Yield of FPC is 4.55:1. The FPC is well accepted 
in the market. 

Fish satay is another bycatch product using low-cost 
fish, mostly lizard fish, which has low gel-forming ability. 
It is a minced dried fish product containing 14.0% protein, 
10% fat, 64% carbohydrate and 12% moisture. This type 
of product does not require elasticity. The processing 
involves deboning the fish, mixing with salt, sugar, flour 
and sesami seed, spreading into a round sheet, drying for 
4-5 hours and then deep frying. The product can be kept 
for at least five months. Due to its high protein and 
calories, the Department of Fisheries encourages the use of 
this product to alleviate malnutrition especially in school 
children. Fish satay is produced also for export. 

Bycatch can also be used in canned products because 
of the long storage life. Local recipes have been used to 
appeal to a wider circle of consumers. 
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Fish 

- washed, headed and gutted 

- mechanically d1bonad 

minced fish 

0.2% salt 

- washed with 0.3% 

salt solution 

- excess water removed 
leached mince 

ground for 25 min. 

o - 0.2% Polyphosphata 
5 - % of 3% salt 

10 - 1nothar half of 3% salt 
15 - iced weter 
20 - other ingredients 
25 

Fish paste 

~ 
formed to ball 

~ 
Set in 40°-45° C. 20 min. 

i 
heat In 90°-100° C. 20 min. 

l 
Fish ball 

Fig. 1. Fishball production. 

Table 1. Production of Thai fisheries, 1971-1983 in tonnes. (Source: Fisheries Statistics of Thailand, 1971-1983). 

Freshwater fish Marine fish Bycatch 
Total %of % of %of 

Year production Quantity Total catch Quantity Total catch Quantity Marine production 

1971 1,587 117 7.36 1,470 82.64 655 44.57 
1972 1,679 131 7.82 1,548 92.18 719 46.45 
1973 1,678 140 8.39 1,538 91.61 804 52.31 
1974 1,510 158 10.52 1,351 89.48 690 51.01 
1975 1,555 160 10.33 1,394 89.64 634 45.53 
1976 1,699 147 8.67 1,551 70.86 620 39.99 
1977 2,189 122 5.59 2,067 94.41 836 40.46 
1978 2,099 141 6.74 1,958 93.26 847 43.28 
1979 1,946 133 6.84 1,813 83.16 784 43.25 
1980 1,793 144 8.09 1,647 91.91 786 47.75 
1981 1,989 164 8.27 1,824 91.73 796 43.67 
1982 2,120 133 6.30 1,986 93.70 812 40.91 
1983 2,225 155 6.89 2,099 93.11 803 38.25 
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Abstract 

Brackishwater tilapia (Oreochromis niloticus) was prepared for 
smoking immediately after haivest (0 hour) and after holding for 3, 6, 9, 
12 and 15 hours at ambient conditions (""290C; 71 % RH). Quality 
assessment of the smoked products was done through sensoiy and 
physicochemical tests (determination of water activity, total volatile 
nitrogen, moisture and salt contents). Results showed that tilapia is 
considered acceptable for smoking even after 15 hours at ambient 
temperature. Delays in processing up to 9 hours gave good quality 
smoked products. 

Introduction 

Recent reports on the economics of tilapia culture 
stress demand-related problems including poor quality and 
perishability (Smith et al. 1983). Improvement of 
commercial handling methods is the most effective way to 
avoid wastage and to have products of better quality and 
nutritional value. 

Studies by the Department of Fish Processing 
Technology at the UPV College of Fisheries on the 
spoilage patterns of this fish at ambient conditions 
(Estrada et al. 1984) and stored in ice (1\.bduhasan 1985) 
showed that tilapia is still acceptable even after 15-18 
hours at ambient conditions. When stored in ice, it keeps 
for 26, 20 and 16 days if icing is delayed for 0, 4 and 8 
hours, respectively. Fish dealers claim that after only a 
day's storage in ice, the color of tilapia fades, lowering its 
market value. 

This preliminary investigation was designed to find 
out the maximum time that this species can be kept at 
ambient conditions and still be acceptable for smoking. 
Fish were delayed or held at prevailing conditions (,,.29oc 

and 71 % RH) for 0, 3, 6, 9, 12 and 15 hours before 
smoking. Quality was assessed by a taste panel and 
physicochemical tests. 

Materials and Methods 

Tilapia samples (Oreochromis niloticus) were 
obtained from a brackishwater pond in Bulacan during the 
month of May. The fish were iced immediately after 
harvest, packed in · styrophore box and remained in this 
condition for approximately three hours until they reached 
the Department of Fish Processing Technology 
laboratories in Quezon City, Philippines. They were then 
removed from ice, washed with tap water and maintained 
moist while exposed to ambient conditions ("'woe and 
71 % RH) throughout the sampling period. 

Fifty to sixty pieces of fish, each 16-18 cm long and 
200-250 g, were withdrawn every three hours, washed and 
prepared for sm9king. Preparation involved gutting, 
eviscerating, washing, brining (20 min. in 20% salt 
solution) and dipping in boiling weak brine (5-10%) for 8-
10 min. The precooked fish were kept at lOOC while 
waiting for the sampling period to be completed. Smoking 
of all samples was done at · the same time inside a 
mechanized smokehouse (Afos Torry Kiln Model 20) at 
400C for 30 min. then at 830C for a total of2 hours. 

Samples were presented raw and fried to a panel of 
30 to 40 consumers for acceptability testing. Scorecards 
with a scale of 1 to 6 (very poor to excellent) and 2 as the 
rejection point were used in rating. Analysis of variance 
and Duncan's multiple range test were used to gauge 
significant difference among samples (Gatchalian 1981). 

Moisture content and water activity (aw) were 
measured by using OHAUS infrared moisture balance and 
Lufft's aw meter, respectively. 
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Salt content was analyzed using a modified Volhard 
method and total volatile nitrogen was determined by the 
Conway microdiffusion technique (1969). 

Results and Discussion 

Fig. 1 illustrates the results of the preference test 
conducted. Tilapia held at ambient conditions for 0, 3 and 
6 hours did not differ significantly in terms of 
acceptability. Fish held for 6 and 12 hours also did not 
show significant difference although those held for 9 hours 
were significantly different at the 5% level. The samples 
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held for 15 hours were the least preferred in all t~e 

parameters tested; those held for 0, 3 and 6 hours obtained 
higher scores. 

Although flavor was unacceptable after 15 hours, the 
raw odor, salt flavor and texture of the products were still 
acceptable to the taste panel. Tilapia held for 15 hours 
were rejected due to strong rancid, stale and slightly 
sulfidy taste attributed to lipid oxidation from the fat 
content of 9.1-10.1 % (Watanabe et al. 1980). Smoke did 
not mask the rancidity of the fish. Furthermore, the 
process could have increased its susceptibility to 
oxidation. 

Table 1 presents the results of other tests. The salt 
content increased as delays were extended, although it was 
only on the 15th hour when the change was significant 
This could be partly accounted for by the fact that the raw 
material was in the postrigor state at this point. During this 
period, the water binding capacity of fish muscle decreases 
and salt uptake is faster (Voskresensky 1965). This would 
also explain the lower salt content of the smoked product 
from the raw material processed immediately after receipt 
at the laboratory (0 hour). 

The moisture content and aw of the products changed 
from 69 to 67% and 0.94 to 0.93, respectively. The 
decrease in these components may be due to the extended 
delays which made water diffusion from the fish more 
rapid. 

The total volatile nitrogen (TVN) increased 
exponentially with values of 4.2 to 11.3 mg % (Table 2). 
The TVN content upon rejection wa.s much lower than the 
reported freshness limit for other fish which is 30 to 40 mg 
% (Connell 1980). Estrada et al. (1984) reported the same 
low value of TVN upon rejection of tilapia at ambient 
storage. TVN is always associated with odor and these 
preliminary results showed that even if the TVN content 
of the smok~d products were low, the odor was sulfidy and 
slightly putrid upon rejection which is typical of spoiled 
fish. 
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Table 1. Proximate composition of tilapia (Oreochromls nllotlcus). 

% Moisture % Protein % Lipid %Ash 

71.6 14.7 9.4 3.6 
70.1 14.4 9,5 3.9 
70.6 14.0 10.1 3.9 
70.9 14.7 9.1 4.1 

Source: Watanabe et al. 1980. 

Table 2. Salt INaC1 ), total volatile nitrogen (TVNI, moisture 
content end water activity tawJ of smoked tilapia held at ambient 
conditions before processing. 

Holding time NaCl TVN Moisture 
(hr) (%) (mg%) (%) "w 

0 1.5 4.2 69 0.94 
3 2.12 4.48 69 0.94 
6 2.20 4.96 69 0.93 
9 2.35 6.32 67 0.93 

12 2.50 6.55 67 0.93 
15 4.32 11.03 67 0.93 

---"·2 Poor 

o..L~!.l.l.!Jllll:llfL...f!-L~IL:ml_L.Ill~~--1..lll!0011,,. 
tedure 

Very poor 

0 .l.§ .... ~_12 IS 

Fig. 1. Acceptability of smoked of tilapia with delays of 0-15 
hours at ambient conditions before processing. Horizontal broken 
line shows the rejection level. Samples connected by a bar beneath 
the figure were not significantly different. 

*Significant at 5% level. 
**Significant at 1% level. 
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Abstract 

A procedure for smoking Spanish mackerel (Scomberomorus 
commerson) of tangigue, using a mechanical smokehouse was 
developed. Changes in the physical, chemical and microbiological 
properties of the fish muscle during the smoking process were 
determined. Storage stability at refrigeration temperature (O-SOC) of 
vacuum and non-vacuum packed products was studied. There was no 
significant difference in the storage life between vacuum and non-
vacuum packed smoked tangigue. Packaging this product hygienically in 
medium density polythene films is cheaper than vacuum-packaging. 
Smoked samples, both vacuum and non-vacuum packed, develop a more 
acceptable flavor after one week storage at O.SoC. Storing smoked 
tangigue at refrigeration temperature packed in flexible plastic films, 
both under vacuum or not, results in products with no marked change in 
pH, moisture content and water activity after 30 days. Histamine 
increases in both packs although the concentrations after storage do not 
reach significant levels. There is no risk of growth of pathogenic 
microorganisms in smoked Spanish mackerel if one starts with very fresh 
fish and contamination during processing and handling is kept to a 
minimum. Storage temperature must also be near ooc. 

Introduction 

Spanish mackerel, locally known as tangigue, is a 
species which is abundant in Philippine waters where the 
annual catch is approximately 20,000 t. The price of this 
fish ranges from US$1.50 to US$2.50/kg depending on the 
proximity to the source. This species is usally marketed 
fresh or iced and is used for sashimi and pickled recipes. 

A smoked product with a high market value for both 
local and export markets was developed from different 
smoking procedures with varied brine concentrations, 
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smoking time and temperature. From 100 kg of fish, 40-48 
kg were obtained as fillets suitable for smoking, 35-40 kg 
for human consumption and the remaining 17-20 kg for 
animal feed. 

This paper discusses the results of a study conducted 
on the smoked product stored at 0-50C. A water vapor 
gas-impermeable film and a medium density polyethylene 
pouch were used for packaging. The objective was to 
market a product with a high consumer appeal and 
hygienic presentation. 

Materials and Methods 

Spanish mackerel caught off the Tayabas and Lamon 
Bays in Quezon Province, Philippines, were obtained 
through a fish dealer at the Farmer's Market in Cubao, 
Quezon City. The fish were bought whole (8 to IO 
kg/piece), un-iced but chilled and transported to the 
Department of Fish Processing Technology laboratories. 

The smoking procedure developed is as follows. 
Very fresh raw material is required, otherwise poor quality 
products are obtained. The fish were filleted, skinned and 
washed thoroughly. The time for brining varied according 
to the fillet size. The salt content of fillets measuring 25 x 
9 x 4 cm and weighing 450 g saturated in brine for 30 min. 
was the most acceptable to the consumer taste panel. After 
brining, the fillets were washed in freshwater to remove 
surface salt and drained for one hour at 10 to 150C to 
remove surface moisture and to equilibrate salt in the fish 
flesh. Fish were smoked for 8 hours at 450C inside a 
mechanized kiln (Torry kiln model 20) after which they 
were cooled, packed and then stored at refrigeration 
temperature. 

Fig. 1 outlines the storage experiments conducted on 
the smoked products. The samples were stored both as 
fillets and slices (around 3-mm thick) in a household 
refrigerator with temperature maintained at 0-5oC. One lot 
was heat sealed in polyethylene (0.003-mm thick) bag and 
another was vacuum-packed (using a MULTIVAC sealer), 
wrapped in flexible oxygen barrier film prepared from 
nylon/ionomer/PE copolymer layers with a WV1R of 0.3 
g/100 in2/24 hours and oxygen permeability of 0.37 
cc/100 in2/ATM/24 hours at 360F. A polyfoam backing 
was provided in the pouches with sliced samples. Two or 
three packs of the samples measuring 14 x 18 cm and 
weighing approximately 100 g each were withdrawn every 
3 to 4 days for analyses. 
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All samples were prep&red in duplicate and tests 
done in two trials. At least two packs (chosen randomly) 
per lot were opened and composite sampling observed. For 
histamine determination, during the second and third trials 
care was taken to ensure that samples came from one fish 
and that the portion analyzed was uniform for all lots. 

Chemical tests include: salt analysis by a modified 
Volhard Method; total protein determination by the 
Kjeldahl-Gunning method; and determination of histamine 
content through the fluorometric method of Taylor et al. 
(1978). 

Moisture content was determined by direct reading 
using an infrared moisture balance (OHAUS) and waw 
activity (aw) was measured using Lufft's water activity 
meter. 

Standard plate count was at 20oc. The number of 
organisms expressed as cfu (colony forming units) per 
gram of sample was determined following the spread plate 
technique on plate count agar (Oxoid). 

Two media (Perfringens Agar and Cooked Meat 
medium, Oxoicl) were used to check for Clostridium 
botulinum and C. perfringens spores. 

A panel of 25 to 35 members assessed the 
acceptability of the samples. The choice of panelists was 
limited to possible consumers/buyers of the product. The 
samples were presented in a ready-to-eat manner, sliced 
thinly and chilled (approximately 200C). Flavor (salt and 
smoke), texture and appearance, particularly color, were 
analyzed. Evaluation of stored samples was done by a 
regular panel of 5-8 members composed of teaching and 
research staff. They were asked to rate the products based 
on the same attributes as the consumer-type panel 
although during the first trial assessment was limited to 
appearance and odor. A scale· of 1 to 6 (very poor to 
excellent) was used. Analysis of variance, t- and Tukey's 
tests were used to determine significant differences among 
samples (Larmond 1977; Gatchalian 1981). 

, Results and Discussion 

The proximate composition of smoked Spanish 
mackerel is presented in Table 1. This species is classified 
as a low fatty fish. Thus problems of rancidity or fat 
oxidation during storage are minimal. Salt content was 
about 4%, the level mo&t acceptable to the taste panelists; 
moisture content was around 66% and water activity (aw). 
0.94. Unless the products are stored at refrigeration 
temperature, bacteria will grow and spoil the product. 

Table 2 shows how some parameters changed during 
the smoking process. Moisture content was reduced by 
brining and . smoking. Salt had the effect of removing 
water from the fish flesh and fish were characteristically 
dried during smoking. There was little change in pH and 

histamine levels. Spoiled scombroid fish generally contain 
about 10-50 mg histamine per 100 g flesh, and can have as 
much as 1,000 mg per 100 g. The US FDA established a 
level of 20 mg per 100 g in tuna as representing health 
hazard (Wood and Bostock 1984). Fish implicated in 
outbreaks of food poisoning contain elevated histamine 
levels usually in excess of 100 mg per 100 g (mg %) of 
fish (Wood and Bostock 1984). Values presented from the 
smoked product were below these significant levels. The 
number of microorganisms were reduced by about 95%. 
Overall, no significant quality deterioration took place 
during the smoking process. 

There was no difference in spoilage patterns between 
sliced and filleted samples, both vacuum and.non-vacuum 
packed, although the former obtained slightly higher 
scores than the latter. Fig. 2 shows changes in the mean 
taste panel scores for the sliced smaples. In terms of 
appearance, odor and flavor, the vacuum-packed samples 
obtained higher scores. An interesting observation was 
that after almost a week of storage the flavor of the 
samples improved, hence the increase in the mean scores. 
The smoke and salt flavor imparted during the process 
must have fully diffused and ,equilibrated through the 
flesh. After 30 days, a decline in the scores was observed 
and samples were rejected based on flavor with the mean 
score of the vacuum-packed samples still slightly above 
the acceptable limit The appearance of the samples was 
still acceptable despite rejection of taste. The golden 
brown color on the surface and creamy white inside 
remained the same. Odor was slightly sour to acidic and 
flavor less smokey, stale and slightly itchy. The texture of 
the vacuum-packed samples was softer, soggy and wet; 
those non-vacuum packed were more fibrous and slices 
tended to break easily. The resiliency or elasticity of the 
flesh was lost during storage. Statistically, the keeping 
quality of the two products packaged differently did not 
vary significantly. Both had a shelflife of 30 days at 0-
5oc. 

Table 4 shows the histamine accumulation in the 
smoked samples during the storage period. Histamine 
concentration increased in both packages, although the 
values did not reach toxic levels. Increase in histamine 
content may be related to the increase in the aerobic 
counts during storage. Vacuum-packed samples had lower 
microbial counts at the middle stage of storage, but in the 
end, the difference between the two was negligible. Cl. 
botulinum and Cl. sporogenes were not detected in the 
packs. 

Other physical parameters like pH, moisture content 
and aw of the samples did not change significantly during 
storage. This shows that the packaging materials used in 
the study acted as physical barrier for the evaporation of 
water from the packs. The constant pH could mean that the 
microorganisms in the packs were not acid-producers. If 
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they were, the storage conditions inhibited their activity. 
The buffering capacity of the fish flesh might have also 
controlled the pH. 
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Table 1. Proximate composition of smoked Spanish mackerel. 

% Fat 
% Protein 
% NaC1 
% Ash 
% Moisture 

1.37 
24.96 

3.96 
2.31 

65.50 

Table 2. Changes in fish muscle during processing at 45°c. 

Processing 
stages 

Raw material 
Brined 
Smoked 

Moisture 
(%) 

75.0 
69.5 
65.5 

pH 

5.37 
5.27 
5.25 

Histamine 
(mg%) 

0.54 
0.57 
0.60 

SPC 
(log cfu/g) 

4.94 
3.76 
3.51 
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Table 3. Changes in histamine content (mg %) of sliced samples 
during storage at 0-5°C. 

Storage day 

0 
14 
30 

Vacuum packed 

1.120 
2.185 
3.187 

Non-vacuum packed 

1.120 
2.980 
4.200 

Table 4. Changes in aerobic plate count (log cfu/g) of sliced 
samples during storage at 0-5°C. 

Storage day 

0 
14 
30 

Under vacuum 
I 

Chemical 
1. Histamine 
2. Moisture 
3. pH 
4. Aw 

Vacuum packed 

4.91 
5.96 
7.60 

Smoked fish 

I 
Packaged 

(sliced and filleted) 

I 

I 
Stored at 0-5°C 

I 
Analyzed regularly 

I 
Microbiological 

1. Aerobic plate count 
2. Anaerobic count 

Non-vacuum packed 

4.91 
6.28 
7.75 

Non-vacuum 
I 

Sensory 
1. Flavor 
2. Texture 
3. Color 
4. Odor 

Fig. 1. Schematic diagram of storage experiments conducted on 
smoked Spanish mackerel. 
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Abstract 

Past utilization of Papua New Guinea's coral reef resources has 
been low in comparison with other countries which possess similar 
resources. This does not appear to be due to resource limitation but to 
social and economic factors. Although the government has actively 
encouraged increased exploitation of the coral reef resources, fmfish 
harvests have only increased slowly to an estimated 8,344 t/year of which 
7 ,235 t is subsistence catch. The only industrial fishery in the coralline 
areas is a supportive live-bait fishery for a pole-and-line tuna fishery 
which has developed since 1970. This fishery specifically targets 
previously unexploited stocks of pelagic anchovies and sprats and caught 
on average 1,223 t/year during the first 11 years of operations. 
Approximately 420 t/year of benthic invertebrates such as pearl shells, 
spiny lobster and sea cucumber, are harvested each year for export. 
Annual harvests of pearl shells have declined markedly from a mean of 
748 t/year during the 1950s to 333 t during the present decade. The 
reasons for this and other trends associated with the exploitation of 
organisms from coralline areas are discussed. · 

Introduction 

The exploitation of coral reef organisms in Papua: 
New Guinea (PNG) can be broadly classified into three 
categories: · first, subsistence fishing for food that has 
occurred since pre-history (White and O'Connell 1979); 
second, commercial artisanal fishing for a cash return 
(Wright et al. 1983; Frielink 1983; Wright and Richards 
1985; Lock 1986a 1986b, 1986c, 1986d); and third, a 
supportive live-bait fishery for pole-and-line tuna fishing 
(Dalzell and Wankowski 1980; Dalzell 1984). This paper 
reviews the present fishing practices in PNG' s coral reef 
areas, estimates the size of their current yield and 
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discusses the levels of exploitation of the reef resources 
with respect to social and economic factors. 

The Coralline Areas of PNG 

PNG consists of the eastern half of mainland New 
Guinea and the island groups that lie to the east and north 
in the Bismarck, Solomon and Coral Seas. Most accounts 
of PNG's coral reefs are unsatisfactory and in some cases 
erroneous. Whitehouse (1973) stated that the northeastern 
coast of PNG was devoid of active reefs. However, Kojis 
et al. (in press) found large areas of fringing reef along the 
northeastern coast of mainland PNG of a diversity and 
continuity comparable to the Australian Great Barrier 
Reef. 

Frielink (1983) estimated approximate areas of coral 
reef to a depth of 30 m around the PNG coast from 
hydrographic charts. The estimates are given in Table 1 
with estimates of shelf area calculated by Munro (1976). 
The greatest concentration of coral reefs is in the Milne 
Bay Province which has 1,287,000 ha or about 30% of the 
total. The Gulf and Western Provinces are virtually devoid 
of coral reef and are combined as a single area whilst the 
Torres Strait region of Western Province is listed 
separately in Table 1. Areas of high freshwater influx in 
the Gulf and Western Provinces, and the mouths of the 
Sepik and Markham Rivers on the north coast, are 
similarly devoid ofreef-building corals. 

Artisanal Fisheries 

The subsistence catch in the coralline areas of PNG 
was estimated to be 7,235 t/year, based on population 
densities and consumption rates of fish given by Frielink 
(1983). 

The volume of fish landings that pass through outlets 
other than Government Fishing Plirchasing Centers 
(GFPCs) is unknown. The total annual catches of fish 
landed at the nine GFPCs within PNGs coralline areas are 
summarized in Table 2. Over this period, the total landed 
catch has increased by 63%. ' 

Only two artisanal commercial reef fisheries in PNG 
have been studied in any detail. Wright and Richards 
(1985) investigated a lightly exploited reef fishery in the 
Tigak Islands of northern PNG, whilst Lock (1986a, 
1986b, 1986c, 1986d) studied the intensively exploited 
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reef associated fishery in proximity to the capital city Port 
Moresby. In both instances, fish are caught principaily by 
gill netting and hand lining with spearing and trolling 
contributing lesser amounts to the catch. The composition 
of the catch of both fisheries is given in Table 3. Mullets 
(Mugilidae) made the largest contribution to the Tigak 
Islands fishery of which 19.1% was Valamulgil seheli. By 
contrast, Lethrinidae or emperors dominated the Port 
Moresby catch and accounted for about 29% of the total. 

The catch rates for different artisanal reef fisheries in 
PNG are presented in Table 4. Wright and Richards (1985) 
estimated that the total yield of the Tigak Islands 20,765 
ha of coral reef and associated environments was 4.2 
kg/ha/year of which 0.63 kg was caught for subsistence 
purposes. Lock (1986c) calculated that yields for the 
various fishing grounds in the Port Moresby fishery varied 
between 3.5 and 83.0 kg/ha/year with a mean of 50 
kg/ha/year. Lock ascribed these differences to variation in 
fishing effort and estimated that the maximum sustainable 
yield (MSY) for 11,600 ha of reef which made up the Port 
Moresby fishery was in the region of 70-75 kg/ha/year. 

The Live-Bait Fishery 

The domestic pole-and-line tuna fishery and 
supportive live-bait fishery in PNG commenced in earnest 
during 1971. The total catch of bait-fish from 1971 to 
1981 was 13.451 t with a mean annual catch of 1,222.8 t. 
Fishing operations were suspended in 1981 and did not 
recommence until August 1984. Although bait catches 
were made at 11 sites in PNG's coralline regions, over 
60% of the total catch came from two locations, the 
Ysabel Passage and Cape Lambert (Dalzell 1984). 

Details of the species composition of the Ysabel 
Passage and Cape Lambert baitfish catches are given by 
Dalzell and Wankowski (1980) and Dalzell (1984). The 
catches of baitfish at the Ysabel Passage were dominated 
by two anchovies, Stolephorus heterolobus and S. devisi, 
and a sprat, Spratelloides gracilis. At Cape Lambert Sp. 
gracilis was virtually absent from the catch and the 
dominant species were S. heterolobus, S. devisi and the 
oceanic anchovy, S. buccaneeri, which was subdominant. 

Surplus yield models (Schaeffer 1954; Fox 1970) 
could not be fitted to total catch and effort data from either 
the Cape Lambert or Ysabel Passage bait fisheries (Dalzell 
and Wankowski 1980; Dalzell 1984). Dalzell (1983), 
however, showed that data on combined catches of S. 
heterolobus and S. devisi could be fitted by a simple 
Schaeffer curve. The annual MSY for both species was 
estimated to be 0.61 t/ha of bait ground or 204 and 208 tat 
the Ysabel Passage and Cape Lambert, respectively, 

Other Fisheries 

Between 1950 and 1984, a total of 17,004 t of pearl 
shell was exported from PNG with a mean annual shell 
harvest of 485.8 t. A summary of pearl shell type and 
quality exported in five year groupings is given in Table 5. 
About 84% of the total shell harvest was trochus (Trochus 
niloticus), with green snail (Turbo marmoratus) and black 
lipped pearl shell (Pinctada margaritifera) making up the 
remaining 12 and 4%, respectively. 

Virtually all pearl shell production in PNG comes 
from the coralline areas but little is known about regional 
production or of the effects of sustained harvesting on the 
various mollusc populations. Glucksman ai:id Lindholm 
(1982) suggested that overfishing of trochus and green 
snail has occurred in the past in certain areas such as the 
south coast of Manus. These authors based their 
conclusions on anecdotal information on yield and the 
small size of trochus and green snail shells from this area 
compared with shells from unexploited areas. 

A total of 137 t dry weight of sea cucumber was 
exported from PNG between 1960-1984, with a mean 
annual production of 5.5 t. The figures for total production 
in five-year groupings are given in Table 5. Dry weight 
can be converted to approximate wet weight by 
multiplying by a factor of ten (Anon. 1979). 

Ito (1983) and Ito and Selemet (1984) gave the only 
details of regional production of sea cucumber in PNG. 
Between 1982 and 1984, all sea cucumber production 
from the North Solomons Province came from three 
oceanic atolls, the Nuguria, M6rtlock and Cartaret groups, 
and consisted solely of the teat,fish Microthele nobilis (Ito, 
pers. comm.). There was a marked decline in production 
from the three atolls from 14.1 tin 1982 to 1.2 tin 1984. 
As 63% of the total harvest came from the Cartaret 
Islands, Ito and Selemet (1984) suggested that decline in 
production from this location may have been due to 
overfishing. The reduction in harvest from the Cartaret 
Islands was also accompanied by reduction of mean size. 

The major crustacean fishery in PNG's coralline 
areas is the ornate rock lobster, Panulirus ornatu;;, at the 
extremes of the Gulf of Papua. At Darn and the northern 
Torres Straits in the west and Yule Island in the east, 
artisanal diver fisheries produced 386.6 t of lobster tails 
between 1973 and 1984 (Anon. 1985). P. ornatus makes 
an extensive spawning migration during August and 
September from the Torres Strait reefs, across the Guif of 
Papua to the Yule Island reefs (Moore and MacFarlane 
1984). Since 1973, this migration has given rise to a trawl 
fishery which by 1984 had caught 902.1 t of lobster tails 
(Anon. 1985). 

Other edible crustaceans in PNG's coralline areas are 
rock lobsters such as Panulirus homarus and P. versicolor, 
mantis shrimps (Stomatopoda), reef crab (Carpilius 
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maculatus) and hennit crabs (Coenobita sp.). Wright et al. 
(1983) estimated that about 8.0 t of rock lobsters were 
harvested annually from the Tigak Islands reefs or a yield 
of 0.39 kg/ha/year. 

Discussion 

The current fish and invertebrate harvests associated 
with coral reefs in PNG are low compared with coral reef 
fisheries elsewhere. The total accountable catch of all 
organisms during 1984 from PNG's coralline areas, 
including the empirical subsistence estimate, was 8,344 t, 
or a yield from 4 x 106 ha of reef of 2.3 kg/ha/year. As 
some catches are not accounted for, such as market and 
store sales, this figure is an underestimate. 

Munro (1978) estimated the yield of neritic pelagic 
and demersal fish and crustaceans from coral reefs and 
coralline shelf within the 200-m isobath in the Carribean 
to be 44 kg/ha/year. Wass (1982) detennined that fishing 
in American Samoa occurred almost exclusively in depths 
less than 8 m, the majority taking place on the reef flat 
where the annual yield of all marine animals was 
estimated to average 266 kg/ha/year. The finfish 
component averaged 160 kg/ha/year with a range of 69-
355 kg/ha/year for different areas fished by the villages in 
the study site. Alcala (1981) and Alcala and Luchavez 
(1981) reported yields of 80-237 kg/ha/year for reefs 
extending to depths of 60 m surrounding Apo and Sumilon 
Islands in the Philippines. 

Wright and Richards (1985) suggested that the low 
yield of finfish of 4.17 kg/ha/year from the Tigak Islands 
was likely to be indicative of most reef fisheries in PNG. 
The high yield of 50 kg/ha/year observed by Lock (1986c) 
for the Port Moresby reef fishery is a combination of the 
high population densities of people there which represent a 
large concentrated market for fresh fish and that the 
villagers involved in fishing are full-time fishermen. These 
villagers are residents of a low, agriculturally poor island, 
and have few alternative means of acquiring cash or food. 

Most coastal villages in PNG are not fishing villages 
and fishing is only one activity in village life (Tiller 1984; 
Wright and Kurtama, in press). Time is also devoted to the 
raising of food and cash crops such as cocoa and copra. 
When the buying price of copra is high, this can act as a 
disincentive to catch fish for a cash return (Anon. 1985). 
Further, the ready availability of cheap canned fish and 
meats reduces the need to go fishing, even for subsistence 
purposes (Tiller 1984). 

The same factors are likely to apply to pearl shell and 
sea cucumber harvests, although these products command 
much higher prices than finfish. Further, the marketing 
infrastructure for such products has contracted since the 
1950s; the number of traders willing to visit outlying 

479 

productive areas has dropped because of high overheads 
(Glucksman and Lindholm 1982). Shell collection and 
distribution is now centralized in urban areas and 
production has declined. 

Bait fishing during 1984 and 1985 in PNG waters 
was much reduced due to the smaller revitalized pole-and-
line fleet. The mean number of vessels operating between 
1971 and 1981 was about 45/year compared with nine 
fishing boats operating in 1985. As long as pole-and-line 
tuna fishing persists in PNG waters, baitfish will continue 
to be caught in the coralline areas of the country. 
However, the large-scale reduction of the fleet size 
between 1981 and 1984 is indicative of the effects of 
economic constrain.ts on this industry discussed by 
Doulman and Wright (1983). 

It appears from the foregoing that most of PNG's 
coral reef associated fish and invertebrates are only lightly 
exploited. Yields are effort limited rather than resource 
limited. The same is probably true of PNG's other coastal 
fisheries, particularly where artisanal fishing methods are 
used. 
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Table 1. Estimated reef (Friallnk 1983) and shelf (Munro 1976) · 
areas of PNG Provinces. 

Shelf area Reef area 
to a depth to a depth 
of 200 m of 30m 

Province/Area (x 103 ha) (x 103 ha) 

Torres Strait 3,378 1,042 
Western/Gulf (A,B) 4,578 
Central (C) 582 187 
Milne Bay (D) 4,115 1,287 
Oro (E) 1,652 517 
Mo robe (F) 246 77 
Madang (G) 89 29 
East Sepik (H) 63 21 
West Sepik (I) 61 20 
Manus (J) 737 230 
New Ireland (K) 446 139 
East New Britain (L) 216 68 
West New Britain (M) 439 137 
North Solomons (N) /68 240 

Table 2. Annual landings (tonnes) at 9 GFPCs in PNG coralline 
areas, 1981-1985. 

Station 1981 ·1982 1983 

Samarai 49 90 209 
Kimbe 57 34 53 
Kupiano 16 12 17 
Lorangau 16 
Tufi 17 3B 53 
Madang 6 13 15 
Lae 14 23 35 
Kavieng 48 34 ~6 
Kieta 30 

Total 207 244 464 

Table 3. Catch composition of the Tigek 
Moresby artisanal rnef fis~eries. 

%of 
Tigak Islands 

Family catch8 

Mugilidae 212 
Carangidao 14.0 
Lutjanidae 13.3 
Lethrinidae 10.4 
Serranidaa 9.1 
Scaridae 8.1 
Acanthuridae 4.7 
Haemulidae 3.3 
Scomberomoridae 2.7 
Chanidae 2.3 
Balistidae 1.6 
Slganidae 1.3 
Albulidae 1.0 
Hemiramphidae < 1.0 
Belonidae <1.0 
Gerridae < 1.0 
Mullidae < 1.0 
Other families 7.0 

"From Wright and Richards (1985). 
bFrom Lock (unpublished data). 

19B4 1986 

236 265 
66 45 
32 30 
10 16 
35 35 
18 20 
40 46 
40 40 
55 €0 

532 555 

Islands end Port 

%of 
Port Moresby 

catchb 

4.0 
8.3 
4.7 

29.3 
2.6 
5.2 
6.8 
3.9 

10.1 
< 1.0 
<1.0 

5,5 
< 1.0 

1.1 
5.2 
1.7 
4.6 
7.2 
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Table 4. Catch per unit of effort (CPUE) for handline, spear, 
net and troll fishing in PNG waters. 

Table 5. Pearl shell and sea cucumber production (in tonnes) from 
PNG's coralline areas between 1950 and 1984. 

CPUE Green Black lip 
Hand line Spear Net Troll Years Trochus snail pearl 

Location kg/line/hr kg/man/hr kg/man/hr kg/line/hr 

1950-1954 3,154 869 35 
Tigak lslandsa 1.2 2.4 3.6 4.0 1955-1959 2,789 569 61 
Bougainvilleb 1.8 4.2 1960-1964 1,406 98 85 
Port Moresbyc 2.5 2.4 2.5 6.9d 1965-1969 2,024 78 111 

1970-1974 2,326 175 250 
aFrom Wright and Richards (1985). 1975-1979 1,323 214 104 
bFrom Ito (1983). 1980-1984 1,279 27 27 
cFrom Lock (unpublished data). 
dPort Moresby troll catch may contain some handline caught 

fish. 
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Fig. 1. Sketch map of Papua New Guinea showing all places named in text. Letters represent provincial 
areas listed in Table 1. 1. Torres Strait, 2. Gulf of Papua, 3. Port Moresby, 4. Tigak· Islands, 5. Milne Bay, 
6. Markham River Mouth, 7. Ramu River Mouth, 8. Sepik River Mouth, 9. North Solomons Province, 
10. Nuguria Islands, 11. Cartrets Islands, 12. Mort locks Islands, 13. Manus Province, 14. New Ireland, 
15. Samarai, 16. Kime, 17. Kupiano, 18. Lorengau, 29. Tufi, 20. Madang, 21. Lae, 22. Kavieng, 23. Kieta, 
24. Daru, 25. Yule Island, 26. Ysabel Passage and 27. Cape Lambert. 
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Abstract 

Analyses of published data from 28 demersal trawl stations in the 
Samar Sea, Philippines, sampled 11 times in a 16 month-period revealed 
the existence of two subcommunities divided approximately along the 
30-m bathymetric line. TWINSPAN classifications indicated that about 
half of the dominant species in each subcommunity were depth 
preferential, while the other half were common to both subcommunities. 
Although thirteen families of fish contained both ubiquitous and depth 
preferential species, no families included both deep and shallow 
preferentials, indicating that the division was not related to competition 
between sister species. Shallow catches were characterized by 
Leiognathus splendens and L. equulus. Deep catches generally included 
Saurida undosquamis and Nemiplerus nematophorus. L. bindus 
dominated throughout. 

Introduction 

In classifying communities of soft-bottom fishes in a 
previously unstudied biogeographical region, it is 
important to establish whether the results obtained from a 
given survey are merely transitory, or are meaningful over 
a reasonable period of time. To investigate this problem, 
this author conducted exploratory analyses (McManus 
1985) on a set of research trawl data published by the 
College of Fisheries of the University of the Philippines in 
the Visayas (Armada et al. 1983). The researchers had 
trawled a set of 28 selected sites during eleyen trips to the 
Samar Sea over a 16-month period. A ban on commercial 
trawling had gradually been imposed on the fishery over 
the previous few years, but it is not known how much 
impact this ban had on the local species composition. 
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Methods 

On the basis of recent discussions and comparisons 
of available clustering methods (Gauch and Whittaker 
1981; Gauch 1982; Greig-Smith 1983; Pielou 1984), the 
TWINSPAN method of Hill (1979b) was chosen as that 
most likely to yield a variety of useful information when 
applied to previously unanalyzed trawl data sets. 
TWINSPAN incorporates interrelated divisive hierarchical 
clusterings of sites and species in conjunction with 
correspondence ordinations; which can yield a table 
showing the relationships between any set of sites and the 
distributions of the component species. Whereas many site 
cluster approaches are difficult to interpret in terms of 
component species, TWINSPAN results reveal precisely 
what species distributions are responsible for each site 
grouping. The divisive approach also has the advantage 
over aggregative methods that the higher classifications 
are determined first, thereby avoiding effects of 
compounded errors on the classifications most likely to be 
important in generalized interpretations. 

Because TWINSP AN is based on divisions of 
ordination axes, the method can be highly influenced by 
anomalous samples (outliers) which strongly distort the 
primary axes on which each division of samples and 
species is made. Interpretation of the clusterings was 
facilitated by comparisons with an ·ordination method 
which clarified the effects of outliers. Detrended 
correspondence analysis (Hill 1979a) was selected because 
of its ability to clearly display the TWINSPAN divisions 
and its correction of certain nonlinear problems (the arch 
effect and end point compression - see Pielou 1984). 

Results and Discussion 

The classification studies revealed that the Samar 
Sea fishery could be divided into subcommunities above 
and below the 30-m bathymetric line (Fig. 1). 
Approximately half of the dominant species in each 
subcommunity were depth preferential and the other half 
were ubiquitous with respect to depth (Table 1). Separate 
analyses of the tables of sites by species from each 
sampling period revealed a tendency for the primary 
division to be occasionally displaced by outlying samples, 
but depth stratification was apparent in all cases. This 
would suggest that for future analyses of similar 
communities, classifications based on single sample 
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periods should be treated cautiously, and wherever 
possible, data from more than one sample period should be 
compared or combined before analysis to minimize the 
effects of outliers. 

Gradient analyses were performed in the form of 
individual graphs of the depth distributions of 101 fish 
species for each sampling period. None of these species 
changed its status with respect to depth preference during 
the 16-month study. Sixteen families of fish were 
represented by two or more species each, including eighty-
three species (Table 2). Thirteen of these families included 
ubiquitous species. None of the families had both shallow 
and deep preferential species. Thus, while the depth 
division appears to relate to higher taxonomic 
classifications, it does not appear to be related to 
competition between closely related sister species. 

An important management implication of the depth 
stratification concerns the imposition of commercial trawl 
bans. For at least half of the major species in the fishery, 
fishing activities below 30-m depth are unlikely to have 
any major impact on fishing above this transition zone. In 
order to determine whether or not this holds true for the 
major ubiquitous species, it would be desirable to 
determine the nature of the stock boundaries or gradients 
over depth. Attempts are now underway to determine 
community structure in other parts of Southeast Asia. If 
both the stock boundaries and subcommunity boundaries 
tend to break predictably at some reasonable depth in each 
region, it may eventually be possible to permit commercial 
trawling within restricted depth limits without disrupting 
small-scale fisheries. This would presuppose, however, 
that an effective means of monitoring and enforcement 
could be developed beyond those currently available in 
these regions. 
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6 
7 
a 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 

Shallow subcammunlty ( <40 m) Deep subcommunlty (40+ m) All stetlons 

Tucon % range Texan % renge Texan 
cum.% trend cum.% trend 

L•logn1thus blndus 9 9 u 0 L1/ogn•thus blndus 28 28 u 0 Lelagnathus bindus 
Lelogn1thus splend•ns 8 17 s 0 Pentaprlon longlm•nus 7 35 u 0 Loi/go spp. 
Lo/Igo spp, 7 25 u 0 Saur/di undosqu•mls 6 41 D 0 Pentaprlon long/menus 
Lelognllthus equulus 6 31 s 0 Lo/Igo spp, 5 45 u 0 Seurida undosquam/s 
Rsstr1/llger brachysoma 4 34 u 0 Nemlptorus n•m•tophoros 4 49 D' 0 Saurlda tumbil 
Trlchlurus l1pturus 4 38 u 0 S•urld• tumbll 4 53 u 0 Up1neus su/phuraus 
S.ur/ds tumbll 41 u 0 Upeneus su/phuT1us 66 u 0 Nemlptorus nematophorus 
Apogon spp. 44 u + Decapterus m•crosom• 59 u 0 Lelogn1thus sp/endens 
Up1n1us sulphur1us 46 u 0 Apogon spp. 62 u + R•strelllger brachysoma 
A/apes dfedsbs 49 s + Fistul•rla spp. 64 D + Apogon spp, 
Pent•prlon long/manus 61 u Q Prl•canthus macrac•nthus 66 D + Decap taros macrosoms 
Seleroldes leptolepls 54 s 0 S•PI• spp. 69 u + ~plaspp. 

~pl• spp. 66 u + L•gocephalus /unar/s 2 71 u 0 Trlchiurus lepturus 
Lelogn•thus brevlrostrls 2 58 s 0 Rastralliger b,.chysome 2 73 u 0 Lelognathus equulus 
Stolephorus lndlcus 2 60 u 0 Rastr•lllg•r kanagurts 2 75 u 0 Lagoceph•lus /unarls 
Rastrall/ger k1n•gurta 2 62 u 0 Pri•c1nthus tayenus 2 77 u + Rastra//lger kanagurta 
D1c•pten1s macrosome 2 64 u 0 Trlglldaa 2 78 D + F/stularls spp, 
Stolephorus tr/ 2 65 s 0 Trlchluros lopturus 80 u 0 Prlecenthus tayenus 
Lagocephalus lunarls 2 67 u 0 Upenaus molluccensls 81 D 0 Pr/acanthus m•cracanthus 
Namlpteros /1pon/cus 2 68 u 0 Stolephorus lndlcus 82 u 0 Stolephorus lndlcus 

Tatel texa s 169 Tot1I t1xe 166 Tote I taxa 
Total catch (kg) N 18,400 Tatel catch 37,100 Tatel cetch 
No. tows (1 hr, equiv.) 107 No. tow& 201 No.tows 
Catch rate (kg/hr) 172 Catch rete 185 Catch rate 
Sh1nnon Index (bels) H' 3.9 Sh1nnon i,ndex 3.3 Shannon lndax 
Eveness H'/ln (S) 0.77 Evenass 0.66 Evenass 

Table 2. Subcommunity preferences of species by families. Included are all families with two or more 
species (excluding rare species). None of the families with shallow preferential species also included 
deep preferential species. There was no evidence that the depth gradient had been divided because 
of competition between closely related species. 

Family Shallow Deep Ubiquitous Total 

Clupeidae 2 2 4 
Engraulidae 2 3 
Carangidae 9 11 21 
Leiognathidae 10 11 
Lutjanidae 1 2 
Gerridae 5 1 6 
Pomadasyidae 2 2 4 
Scombridae 3 4 
Teraponidae 2 2 
Scaenidae 3 3 
Synodontidae 1 2 3 
Serranidae 3 4 
Priacanthidae 2 
Nemipteridae 1 4 5 
Mullidae 2 3 5 
Sphyraenidae 4 4 

% 
cum.% 

22 22 
27 

6 33 
37 
41 
44 
47 
49 
52 
54 
57 
59 
61 
63 
65 
67 

2 69 
2 71 
2 72 

74 

172 
55,600 

308 
180 

3.7 
0.71 

renge 
Trend 

u 0 
u 0 
u 0 
D 0 
u 0 
u 0 
D 0 
s 0 
u 0 
u + 
u 0 
u + 
u 0 
s 0 
u 0 
u 0 
D + 
u + 
D + 
u 0 
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Fig. 1. Map of study area indicating subcommunities of demersal fishes based on 172 taxa. Each number 
represents the lower depth limit of a trawl site (x 10 m) and its approximate location. Sites were divided by 
TWINSPAN analysis based on mean weights of species at each site. The primary division among the sites is 
indicated by the thick solid line. This division was arrived at naively with respect to depth, but coincides 
geographically with the 30 to 40 m bathYmetric line. Dashed lines indicate secondary divisions within, each 
primary subcommunity. Analyses of the sites by species table from each sampling time indicate that the 
division into deep and shallow subcommunities is relatively constant, while further subdivisions are unstable 
and geographically inconsistent. Map modified from Armada et al. 1983. 
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Abstract 

A project was started in 1983 with the primaty objective of 
assessing the formation, distribution and systeJT1atics of corals and 
determining the utilization of the coral reefs of Iligan Bay, Philippines. 
Seven stations were established and monitored. The west coast of the 
Bay is characterized by pseudobarrier reef types, the rest by fringing 
reefs. Species composition varied considerably from one station to 
another. However, live coral formations generally concentrated along the 
reef slopes, becoming lesser towards reef flats closer to the shoreline. 
This could be due to excessive exposure during low tides and to some 
degree to natural coastal siltation. A total of 204 species of reef-forming 
corals belonging to 46 genera were collected and classified. Massive 
Porites ranked first in dominance followed by ramose Porites, ramose 
Acropora, massive Favia and Galaxea. Fifteen species of shellfish were 
identified to be of commercial importance. Five species of echinoderms 
and three species of algae were also identified to be of economic value to 
local reef fishermen. Twenty fishing gears used in reef areas were 
identified and classified. Observed perturbations from the sampling area 
included coral and shell collection, blast fishing, fishing with cyanide and 
rotenone, anchor damage and Acanthaster plancii infestation. However, a 
major cause of coral destruction may be the heavy siltation resulting 
from excessive deforestation, agricultural malpractice, quarrying and 
land-based structural development. 

Introduction 

The Philippine Islands are rich in coral reef 
resources, but most are showing evidence of degradation 
under stress from natural catastrophes and man-induced 
interference (Montecillo 1980). This led the government to 
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enforce a ban (Presidential Decree 1219) on the gathering 
and exportation of ordinary or stony corals. There is a 
need for the adoption of effective conservation measures 
as well ·as a search for measures of wiser management of 
their high productivity (NMRC 1979). Conservation, on 
the other hand, requires a nationwide assessment of the 
current coral reef status (Gomez et al. 1981). 

This research project was primarily aimed to assess 
the status of the coral reefs in Iligan Bay. Secondary 
objectives were to assess the distribution, systematics and 
status of corals in the study areas; to determine the 
existing coral reef utilization and fishery; and to reevaluate 
the status of corals with ecological parameters and other 
coral reef-related marine activities. 

Methods 

The project started in February 1983 with the survey 
of probable sampling stations based on maps and 
navigational charts. Seven stations in Iligan Bay were 
established. The transect-quadrat method was used and 
data were gathered by skin diving and SCUBA diving. 
The transect was calibrated using 5-mm nylon. rope 
stretched from the shoreline to the reef edge. Quadrat 
samplings for every 5-m interval were limited to points 
where coral growth started and ended on areas where 
corals were almost zero and where depth limited sampling 
activities. Samplings for every station were done for three 
days every month for three months. Corals and other 
distinguishable flora and animal associates were quantified 
usi.ng a 1 x 1 m brass quadrat, which was divided into 
twenty-five 20 x 20 cm subquadrats. 

The data gathered were: percentage of live and dead 
coral; percentage of live coral per genera and per growth 
forms; number of colonies; plants and animal associates; 
substratum types; and identification of corals near the 
transect line not covered by the quadrat. For species not 
identified, collections were made. Quantification of the 
number of colonies for species growing extensively like 
Acropora and huge Porites, was done by modified 
counting (Scheer 1978). Environmental parameters were 
also monitored. Data on reef fishery and utilization were 
gathered through field and market survey and interview. 

Statistical analyses of the species composition and 
distribution of coral species followed the formulae of 
Odum (1971) and Shannon and Weaver (1974). The 
degree of abundance was determined by using importance 
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values (IV) computed for each coral genera per growth 
form and the formula adapted from Randall et al. (1975). 

Results and Discussion 

The survey established that the coral reefs of Iligan 
Bay are of fringing types except for a few pseudobarrier 
types formed by islets wi~1 wide reef flats separated by 
deep channels in the southwestern coast of the Bay. 

Fig. 1 shows a general reef profile of the seven 
stations. Reef areas with wide reef flat tend to follow a 
uniform trend. The shoreline is bordered by sandy muddy 
substratum followed by a wide stretch of sandy rocky and 
rocky substrate. 

Coral colonies growing extensively in herds or beds 
along the reef sites of the Bay are plotted in Fig. 2. 
Arborescent or ramose type corals represented by genera 
Acropora and Porites were the most active growing 
corals. However, Station 3 showed massive Euphyllia 
fimbriata growing in large herds extending over an area of 
about 1,000 m2. Station 5, located within the industrial 
portion of the Bay, had large thickets of very fragile and 
slim Anacropora puertogalerae. 

Based on computed IV, .massive Porites ranked first 
in dominance with IV of 373.37. This was followed by 
Porites ramose, 216.61; Acropora ramose, 143-69; Favia 
125.56; and Galaxea, 116.24. While massive and ramose 
P.orites were very prominent in almost all stations, the 
branching Acropora and massive Euphyllia were dominant 
only in Stations 2, 3 and 4. Massive Favia, Favites and 
Galaxea were evenly distributed in all stations. 

Table 1 shows the summary of estimates of live and 
dead coral cover. Four stations showed fair live coral 
cover and three were poor· compared to the results of 
Gomez et al. (1981). 

Stations 1, 2 and 3 showed signs of Acanthaster 
plancii infestations. Station 2 had a density of 43.3/1,000 
m2 while Stations 1 and 3 had an average density of 15.6 
and 27.5/1,000 m2, respectively. Endean (1977) indicated 
that a mean density of 14 adult A. plancii per 1,000 m2 is 
sufficient to kill hard cover of an average reef. 

Within the coralline area, several species of algae, 
sponges and polychaetes were recorded. Halimeda 
opuntia, Gelidium sp. and blue-green algae were observed 
to be the most common associates of corals growing 
primarily on dead corals. 

In Table 2, the ranges ofphysicochemical parameters 
of the seven sampling stations are shown. Water 
temperatures and salinities were almost uniform. Salinities 
were within the limiting range for coral growth based on 
the works of Nybakken (1982). Turbidity readings were 
no~ consistent with live coral status. 

A coral collection totalled 1,231 specimens. 
Laboratory identification of growth forms, calice sizes, 
septa! structures and other features revealed 204 species 
belonging to 46 genera. 

Table 3 shows a list of fishing gears operated in the 
reef areas in lligan Bay. Popular among the reef fishermen 
were spear fishing, hook and line and fish traps. Due to 
low income of fishermen, some shifted to a more efficient 
but destructive method of fishing, such 'as to a gear called 
bahan-bahan or lamba-lamba (modified set gill net) in 
Station 6. This type of gear 'is simil¥ to muro-ami as 
reported by Carpenter and Alcala (1977) in which a 
vertical scare line with stone weight is used. The weight 
damages coral. 

Illegal methods, like blast fishing, were common in 
Stations 2, 3 and 6. From interviews, the average number 
of illegal fishing operations was about three blasts a day. 
This was confirmed by several observations in the area. 

Coral quarrying was observed in Stations 2, 3 and 6. 
The coral is used as construction and filling material. 

Discussion 

The corals of Iligan Bay showed a relatively poor to 
fair condition. This may be due partly to manmade and 
natural interferences, such as unlimited coral and shell 
collections, blast fishing, anchor damage, effluents from 
industrial plants and A. plancii infestation. However, there 
were strong indications that natural siltation brought by 
river tributaries around the Bay contributed to the 
condition of the corals. Filtration is accelerated by 
deforestation, agriculture malpractices, quarrying and 
land-based structural developments. It is recommended 
that a quantitative study and evaluation of some active 
environmental parameters suspected to have adverse 
effects on coral growth and ecological balance be 
conducted in the near future. Ipformation on the quantity 
of exploitable reef resources is wanting. A quantitative 
assessment is recommended. Furthermore, the national 
government should seriously· enforce the coni;ervation 
laws affecting the natural resources, specifically the 
renewable coastal resources. 
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Fig, 2. Bargraph showing distribution of coral colonies among stations established along lligan Bay from Jan. 1983 
to Dec. 1984. 
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Abstract 

The relative yield-per-recruit (Y' /R) model of Beverton and Holt 
estimates Y' /R values based on few inputs, i.e., c = mean length at first 
capture/asymptotic length, ratio of natural mortality to growth (M/K) and 
exploitation rate (E = F!Z). However, when used in conjunction with high 
M/K values and/or a wide selection range, which frequently occur in 
small, short-lived tropical fishes and invertebrates, the model fails to 
estimate the optimum level of E for a given fishery. A number of 
approaches are presented to correct for this and related deficiencies. 

Introduction 

Following the development of an age-structured 
theory of fishing by Beverton and Holt (1957), these 
authors subsequently developed (Beverton and Holt 1964) 
a length-structured version of their yield-per-recruit model 
ideally suited for use in data-sparse, tropical setups. 

The length-structured yield-per-recruit model of 
Beverton and Holt (1964) had only three variables (c, M/K 
and E: see below for definitions), against seven in the 
1957 model (Woo, K, to, fc, tmax, M, F; see below), the gap 
between the two models being bridged by a set of 
assumptions that seemed reasonable enough, and lots of 
serious algebra. 

Since its publication, the length-structured, "relative" 
yield-per-recruit model has been applied widely, notably 
in the tropics, and formed the base for a number of useful 
generalizations in fishery management (see e.g., Gulland 
1971; Sinoda et al. 1979; Pauly 1984). 

Sometimes, unwary users have interpreted results in 
ways not intended by the authors, the most common 
misinterpretation being that predicted yields per recruit 
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(Y/R) are perceived as yield predictions (Y), without 
regard to recruiunent. Also the decline in catch per effort 
concomitant with increased yield per recruit is often not 
considered. 

In this paper, a number of concepts and equations are 
presented which help in interpreting results obtained using 
Beverton and Holt's length-structured yield-per-recruit 
model. These concepts and equations parallel those 
developed for use with the age-structured version(s) of 
yield-per-recruit models such as 

-Kr1 -(Z+K)r3 3e (1 -e ) 

Z+K 

-2Kr1 -(Z+2K)r3 3e (1 -e ) e (1 - e ) 
+~~~~~~~~-

-3Kr1 -(Z+K)r3 ] 

Z +2K Z + 3K 

... 1) 

where Z = F + M, n = tc-to, l'2 = tr-to and r3 = tmax-
tc. 

The model assumes isometric von Bertalanffy 
growth, natural, fishing and total mortality rates (M, F and 
Z, respectively) expressed by negative exponential curves 
and also assumes that all fish of a given cohort enter the 
fishing ground or become catchable by the gear or leave 
the fishery at the same ages through "knife-edge" 
recruitment (tr), selection (tc) and "derecruitment" (tmax), 
respectively. These latter assumptions are reasonable with 
long-lived fishes, in which the biomass above tr or tc 
forms the overwhelming part of stock biomass, but not 
necessarily with small animals, in which, e.g., the 
selection range may span the entire size distribution (see 
below). De-recruitment, on the other hand, can usually be 
ignored (especially when Z is high), by setting tmax = 00 

nd simplifying equation (1) to 

-Mr2 [ -Kr1 -2Kr1 :!'. = F • e Woo·• 2 - 3e + _3_e __ 
R Z Z + K Z + 2K 

. .. 2) 

(Jones 1957) 
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From this, assuming an isometric iength-weight 
relationship, Beverton and Holt (1964) derived the length-
structured, "relative" yield-per-recruit model. 

Y' M/K 3 (1 - cl 3 (1 - c} 2 

- = E(1 -c) • 1 - ---- +-----
R (1 - E} 2 (1 - E) 

1+--- 1+----
(M/K} (M/K} 

(1 - c} 3 

3(1 - E} 
1 +__L_ 

(M/K} ..• 3) 

in which Y' /R is the relative yield per recruit, E = 
F(Z, c = Le/Loo, where Le is the length corresponding to tc. 
where tr is set at zero, and where Loo is the asymptotic 
length, corresponding to Woo in equation (1) and (2). The 
relationship between Y /R as expressed by equation (2) and 
relative yield per recruit as expressed by equation (3) is 
given by 

Y/R = (Y1/R} • W00 • exp - (M (tr - t 0 }} 

... 4) 

Model Extension I: Derivation of a Biomass Per 
Recruit Index 

Because unwary model users equate yield per recruit 
and yield, and also in order to predict relative ca.tch per 
effort, biomass-per-recruit curves are often drawn as a 
function of F along with yield-per-recruit curves. Such 
biomass curves can be derived by dividing equation (2) by 
F. 

Tables with computed relative equivalents of BIR 
(i.e., B '/R) are given in Beverton and Holt (1964). Since 
the equation· they used was not given explicitly, an 
appropriate eq'1ation is presented here, i.e., 

3(1 -cl 3(1 - cl 2 

''-"'~ [- + 
(1-El (1 -El 2(1 -El 3(1 -El 

1+-- 1+-- 1+--
B' (M/Kl (M/Kl (M/Kl 
R 

3(1 - cl2 "-,'''] 3(1 -cl [- + 
2 

1+-- 1+-- 1+--
(M/Kl (M/Kl (M/Kl 

: .. 5)' 

which has the useful property of being equal to unity 
when E = 0 and equal to 0 when E = 1. Conversion of'this 
biomass index to absolute biomass per recruit can be 
performed, in analogy to equation (4) by the relationship 

B/R = (8 1/R) • W00 • exp - (M(tr - t 0 )) 

..• 6) 

Note that MSY is generated when relative biomass is 
50% or 37% of virgin stock,· at least in terms of the 
Schaefer (1957) and Fox (1970), models, respectively. 

Model Extension II: E0.1 Concept Analogous to F0.1 

Identification, in the context of rapid assessment, of 
the values of F generating Maximum Sustainable Yield 
("Fopt") is not easy, and practitioners have therefore 
developed a number of rules of thumb, the most used of 
which is Fopt = 0.5. Another definition is Fopt = Fo.1. 
the latter term being defined as the fishing mortality at 
which the marginal increase of yield per recruit is 1/10 of 
its value at F = 0 (Gulland and Boerema 1973). Since the 
first of these rules of thumb has been shown to 
overestimate Fopt (Beddington and Cooke 1983), ·an 
equation is given below which 1allows estimation ofE0.1, 
the exploitation rate at which· the marginal increase of 
relative yield per recruit is 1/10 of its value at E = 0. 

The first derivative of equation (3) is 

where 

d (Y
1
/R} = [ ( 1 _ c}M/K 

= • (Y 1/Rl,,) 
dE 

1 + M/K 
+ [ 

3E (1 - c} 
• A ] 

M/K 

A=2(1-c} • (1+ 2(1-.E))-2 -(1-c}2 • 
M/K 

3(1 - E}) _ 2 

M/K ( 
1 - E) _2 1+--
M/K 

... 7) 

.•. 8) 
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which can be solved for any value of E, including E 
= 0 and E = 1. Using equation (7) it is simple matter to 
identify using an appropriate search algorithm, for a given 
pair of M/K and c values, the value of E generating a value 
of d(Y'/R)/dE equal to 1/10 of the value of d(Y'/R)/dE at 
E = 0. Equation (7), obviously, can also be used to 
estimate the value of E at which yield per recruit is 
maximized, i.e., the value of E at which d(Y' /R)/dE is 
equal to zero. 

Model Extension ID: Relationship Between 
Exploitation Rate and Mean Length of the Fish in the 

stock 

Beverton and Holt (1956) showed that, given the 
same assumptions as those used in the derivation of the 
yield-per-recruit model, 

Z/K=(L00 -L)/(L -L') 

••• 8) 

where [ is the mean length computed from L' 
upward, the latter being a length "not smaller than the 
smallest length of fish fully represented in catch samples." 
Note that Le < L', except in the case of knife-edge 
selection, where Le= L'. 

Equation (8) can be solved for L (J. Hoenig, pers. 
comm.), in which case we have 

L = (Loo+ (L' • Z/K)) I ( (Z/K) + 1 ) 

... 9) 

Now since E = F/(F+M) and E = 1 - (M/K)/(Z/K), we 
also have 

- [ M/K ] [ L= L00 + (-- • L') I ( (M/K)/(1-E))+1] 
1 - E 

... 10) 

for 0 !5; E < 1. Thus, one can, when performing a 
relative yield-per-recruit assessment, also assess 
straightforwardly the reduction of mean length brought 
about by an increase of E. 
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Model Extension IV: Compensating for the Effects of a 
Wide Selection Range 

In large, long-lived fish such as cod or plaice, the 
selection process usually takes place over a relatively 
narrow range of sizes, such that the assumption of "knife-
edge" selection is acceptable. In some small animals such 
as shrimps caught by trawls, the selection range may cover 
most size classes represented in the population. In such 
cases, yield-per-recruit. computations involving the 
assumption of knife-edge selection may involve a large 
bias. A simple method is developed here to show the 
extent of and to help overcome this bias. 

Selection curves provide a probability of capture (Pi) 
for catch-length class (i) between Lmin. the smallest, and 
Lmax. the maximum length represented in the available 
catch samples. In the unmodified model, it is assumed that 
Pi= 0 when L <Le and Pi= 1 when L >Le (hence also L' 
= Le). The implicit assumption here is that, if selection is 
not knife-edged, the yield from the fish caught below Le 
will compensate for the yield losses due to the fact that not 
all fish larger than Le are caught. 

Although some compensation may occur, the 
assumption of knife-edge selection does generate a large 
bias, especially for high values of E, as can be shown by 
reformulating Beverton and Holt's method for 
computation of yield per recruit for different E values over 
the lifespan of a fish (section "f' in Beverton and Holt 
1964) such that E is assumed constant, but P variable. This 
gives 

Loo 
Y 1/R = L Pi ( (Y 1/R)i • Gi.-1) - ( (Y'/R)i + 1 • Gil) 

i = Lmin 

... 11) 

in which (Y' /R)i and (Y' /R)i+ 1 refer to relative yield 
per recruit as computed from ihe lower limit of length 
class (i), Pi refers to the probability of capture between Li 
and Li+l (see Table 1), while G1 is defined by 

... 12) 

and where ri is a factor expressing the proportion of 
recruits of length Li which survive, grow and reach length 
Li+l, which is computed, forO<E < 1, from 

(1 _ C·)(M/K) ( E/(1 - E) )Pi 
1 ·r =1;rloo=O 

ri = (1 - C· 1) (M/K) ( E/(1 - E) )P; Lmin-1 
I-

... 13) 
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which is analogous to Beverton and Holt's 
"reduction factor", but considers P as a variable and has 
the exponent (M/K)(E/(1-E)) instead ofF/K. 

Replacing the (Y'/R) terms .in equation (11) by 
(B '/R) as given by equation (5) is straightforward and will 
lead to estimates of biomass per recruit independent of the 
knife-edge assumption. 

Table 1 gives probabilities of capture for selection 
gives with increasingly large ranges, from knife-edge 
selection in case 1 to a selection range spanning most of 
the range between 0 and L .. in case 3. In Fig. IA, departure 
from knife-edge selection has a profound impact on yield-
per-recruit estimation, particularly at high values of E; 
similar results are obtained for relative biom&Ss. per recruit 
(Fig. lB). 

. ,I I 

Model Extension V: and Empirical Equation to Predict 
M/K 

Beverton and Holt (1964) presented their relative 
yield-per-recruit model in the form of yield tables at a time 
when microcomputers and programmable calculators did 
not exist. That they were able to include in their table a 
realistic range of M/K values is due to. a previous review 
of the growth and mortality of fish (Beverton and Holt 
1959), in which they showed that M/K varies less between 
stocks than either K or M alone. Pauly (1980) used their 
data and a number of other data sets to demonstrate the 
existence in fish of strong partial correlations between M 
on the one hand and L 00 and mean environmental 
temperature on the other. Here, the data compiled in Pauly 
(1980) (see Pauly 1985 for correction of 4 outliers), were 
used to show that M/K in fishes is affected by the 
temperatures of their habitat, i.e., 

loge (M/K) = -0.22 + 0.30 loge T 

... 14) 

where T is the mean water temperature, in oc (r = 
0.308, 173 d.f., P < 0.001; s.e. of slope= 0.07; range 3-
30oC). 

Equation (14) implies that the values of M/K 
commonly used for stock assessment in temperate waters 
(say JOO) should be used in the tropics (say 300) only after 
multiplication by a factor ofabout 1.4. 

Model Extension VI: An Alternative for Plotting Yield 
Isopleth Diagrams for High Values of M/K 

In the tropics, and/or when dealing with small 
animals, use of the relative yield-per-recruit model often 
implies use of high M/K values.(<2 see above). 

In such cases, however, yield per recruit have 
maxima occurring at values ·of E (> 0.5) and often 
corresponding to extremely high values of fishing 
mortality. When Lc/L .. is near 0.5, yield isopleth diagrams 
based on equation (3) then usually consist of 4 quadrants 
(A-D) with properties as given in Table 2. 

Discussion 

The various extensions of the length structured yield-
per-recruit model presented here should help make its 
applications to tropical fish and invertebrates considerably 
easier, and lead to results that will be less biased and 
straightforward to interpret. These extensions also 
illustrate how "classical models" rather than being rejected 
out of hand can be adapted to better fit situations for which 
they may not have been originally intended. 

The listing of a BASIC program implementing the 
equations presented in this paper is available on request 
from the authors. 
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T1bl1 1. Probebllltlu of capture for 1 simul1tlon of affects on rei1tlv1 yl1id Plr recruit of Increasing 
tha 51f1ction r1nge (for Loo• 10, M/K ""2). 
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T1bl1 2. ProptrtlH of the 4 quedrants of rel1tlv1 Isopleth dlagr1ms, when M/K > 2, crltle11I size ratio 
(Le/loo) • 0.6 1nd critical explolt1tlon rate E • 0.6. 
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reglm•' Assusment 
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c • 0.6 to 1 luge fish 1r1 caught underflshlng lit effort lncrt11se 
at low effort strongly or 

E•Oto0.5 levels do nothlngc 

c•Oto0.6 small fish are caught eumetrlc fishing do nothing, but 
at low effort note that m1sh 

Ea 0 to 0.6 lev1ls d1veioplng fishery slzts will h1v1 to 
b1 lncr11sed as 
effort mcr11ses 

c=Oto0.5 /1rge fish are caught eumetrlc fishing effort must ba 
1t high effort steblllzecl and 

E = 0.6 to 1 level dev1loped fish•rv posslbiv reducedb 

ca 0 to 0.6 small fish ue c1ught ov1rflshlng lncr11se m1sh size 
at high 1ffort and decr11s11 

E •0.6to1 iev1is effort 

11n terms of yield per rtcrult onlv. 
bconsidarlng that op1n·eccess fisheries will become ov1rc1plt11lzecl If not probtblv managed. 
cBtc1use the f11hery ls probably gentratlng maximum economic yl11ld. 
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selection) 

0 :c 0.3 
Cl> .::: 0.2 c 
qj 0.1 a:: 

0 0. 2 0.4 0.6 0.8 1.0 

Exploitation rate 

Fig, 1. Effect of an increasingly wide selection range on relative yield per recruit (A) and relative biomass per 
recruit (B) as assessed through application of equation (11) to the data in Table 1. Note that the knife-edge 
assumption leads to overestimates of yields and of optimum effort; based on Table 1. 
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Abstract 

Data on daily fish catches from the l.8-km2 coral reef and 
surrounding deepwater of Pamilacan 'Island, Bohol, were recorded by 
fishermen-volunteers living on the island during the study period 1 April 
1985-31 March 1986. Reef fish yield including gleaning of 17.9 
tfkm2fyear was higher than expected given the inferior quality of the 
coral reef as determined by line transects and snorkeling surveys. High 
nonreef catches totalling 26 t/year, compared to 19.3 t/year of finfish 
from the reef, reflect the fishermen's preference for large pelagic fishes, 
e.g., manta and sting rays, sharks, mackerel and tuna. Seventy-four per 
cent of the island's income came from the nonreef catch. 

Introduction 

Recent reviews of fish yields from coral reefs (see 
Marten and Polovina 1981; Munro and Williams 1985; 
Alcala and Gomez 1985) report harvests ranging from 1 
tfkm.2/year to 30 tfkm.2/year. Munro (1984) suggests that 
"a figure for demersal and neritic pelagic fish production 
of 4-6 tfkm.2 of coralline shelf seems to be valid as a 
generalization of what can be taken by moderately heavy 
exploitation" and that the maximum harvests may be in the 
10-20 tfkm.2 range. He goes on to discuss the findings of 
Wass (1982) in Samoa, where an average 26 tfkm2/year of 
fish and invertebrates was taken on intensively exploited 
shallow reefs (to 8-m isobath). 

The "productivity" of coral reefs depends on which 
organisms one decides to count, as well as on the 
topography of the reef, its substrate and depth, the 
methods used to fish it and the fishing intensity. In this 
paper yields from fishing and gleaning are presented for 
Pamilacan Island, a coralline island in the central 
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Philippines. There are about 180 households on the island 
and an estimated 180 fishennen. Although some farming 
is done, the main source of livelihood is the sea. 

Methods 

Local fishennen-volunteers compiled daily lists of 
fish catches, gear and price per kg from AJJril 1985 to 
March 1986. The number of gleaners present on the reef 
was counted during each low tide. 

Ten fishing families provided prospective data on 
yields per unit effort, average earnings and disposition of 
fish catch. General demographic data and data on the 
number of fishing boats and other gear were obtained 
through baseline survey interviews with 50% of the island 
household heads. 

Coral reef ~ubstrate data were gathered along 60-m 
line transects randomly placed on the gradual and steep 
slope habitats (White 1984). Six transects were made, 
three in each habitat type. A check on this substrate data 
was obtained by snorkeling surveys. 

Fish diversity and abundance were measured by 
counting species and numbers within a 750-m2 area (Russ 
1984). Fifteen replicates were done, and those fish counted 
were limited to a preselected list of about 120 common 
and important species. 

Environmental 'ii'eatures 

Pamilacan Island is a low (50-m) coralline island less 
1an 200 ha in area. Pamilacan's 180 ha fringing coral reef 

(l.80 km2 to the 20-m isobath) is mostly flat and gradually 
sloping. Soft coral accounts for 12% of the substrate 
cover, hard coral for less than 5%, while rubble (23%) 
from disturbances such as dynamiting, blocks (23%) and 
sand (32 % ) dominate. This substrate pattern contrasts 
dramatically to that of Apo Island, another small Visayan 
island, which displays a coral cover in excess of 64% 
(32% hard coral). Butterflyfish species richness and 
abundance, ind! ~ators of coral quality' are both low (34 
individuals/750 m2) at Pamilacan compared to Apo 
(120/750 m2). 

Systematic fish counts showed an average of 34 
species and 1,353 individuals/750 m2 (Table 1), figures 
not significantly different from those for Apo Island. The 
most abundant food fishes were fusiliers, surgeonfishes, 
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goatfishes and parrotfishes. The wide seagrass areas on the 
east side of the island harbor numerous invertebrates, 
small fish and algae. 

Base. Yield Figure and Adjustments 

Table 2 presents the annual fish yield of Pamilacan 
Island. The 'market' figure is the total weight counted 
daily, and is comprised of fish sold through island 
middlemen, plus some locally consumed fish. Adjustments 
for those fish not included in the volunteers' fish lists were 
made as follows: 

a) Consumption. Ten families followed for one 
week during each monsoon were found to eat from 4.3 
kg/family/week of reef fish in the southwest monsoon 
(May-October) to 1.6 kg/family/week in the northeast 
monsoon (November-April). Almost all families ate 
substantially more reef fish during the southwest monsoon 
when pelagic fish were scarce. A conserva_tive estimate of 
1 kg/family/week was used to compute total reef fish 
consumed. 

b) Outsiders. Reef fish captured by outsiders were 
calculated on a case-by-case basis. During the study year, 
muro-ami fishermen came to Pamilacan once (June 1985) 
and took an estimated 1,000 kg. Dynamiters came nine 
times (July 1985; January, February and March 1986) and 
took an estimated 500 kg altogether. 

c) Gleaning. Organisms gleaned included sea 
urchins, sea cucumbers, crabs, eels, algae, fish and 
molluscs. the amount harvested per gleaner was estimat.ed 
by measuring the wet weight of material gleaned for 55 
randomly selected gleaners. The mean weight, 3.0 
kg/gleaner, was halved to eliminate inclusion of rocks, 
broken corals, and water. Gleaning took place on average 
15.8 days/month by an average of 45.2 gleaners. 

Locality, Seasons, Income 

Reef and nonreef fish. Reef fish are those caught on 
the reef as measured to the 20-m isobath (see Table 3). 
Nonreef fish are pelagic fishes not associated with the 
island and its reef (Table 3). 

Seasonal variation. The overall catch was higher in 
the northeast monsoon, when fishermen pursue rays, 
sharks and tuna (Fig. 1). During the southwest monsoon 
when these are not abundant, the majority of the cateh 
comes from the reef. On a yield/area basis, reef catches are 
highest in the peak of the southwest monsoon, declining 
through the northeast monsoon (Fig. 2). 

Income. During the study year, the value of each 
daily catch was listed by the fishermen-volunteers at the 
prevailing prices. The per family mean annual inoome of 

P.1,991 (= US$100) (Table 4) was similar to that of Apo 
Island. However, unlike at Apo, the Pamilacan fishermen 
depend on nonreef fish for most (74%) of their earnings. 

Discussion 

The Pamilacan reef yield (including gleaning) of 
17.9 t/km2/year was computed from acmal daily counts of 
gleaners and fish taken and from conservative estimates of 
additional consumption. Bec~use catches have been 
inadvertently overlooked by the fishermen-volunteers and 
no measure has been made of catches from ten fish traps 
owned by outsiders, the yield figure presented for 
Pamilacan should be read as conservative. 

If gleaning is included, this compares favorably with 
those found in the earlier mentioned studies. However, it is 
considerably lower than the heavily gleaned Samoan reef 
reported by Wass (1982) unless the Pamilacan reef area 
were reduced to only that portion gleaned. Perhaps the 
most significant comparison is with nearby Apo Island, 
with a reef yield of 22.1 tfkm2/year (Table 2). 

The physical nature of Pamilacan's reef clearly 
influence$ its yields. The large, gradual sand and seagrass 
slope offers a rich area for gleaning, which contributes 7.1 
t/km2/year, or 40%, of the total reef yield. Little gleaning, 
in contrast, is done at Apo Island. Pamilacan's relatively 
poor coral reef community provides a suboptimal habitat 
for reef fishes; ,this is exacerbated by destructive fishing. If 
gleaning and jacks (which in many studies are considered 
pelagic fish) are not included, Pamilacan's reef yield is 9.8 
t!km2/year. 

Fishing strategy also influences reef yields at 
Pamilacan. While Apo Island fishermen obtain 80% of 
their cash income from reef fish, Pamilacan fishermen 
obtain only 26% of their income from reef fish. They seem 
to fish the reef primarily for subsistence, and they increase 
their efforts on the reef only during June-September, when 
runs of pelagic fish are light Their gear reflects this 
predisposition, since capture nets for manta and sting rays 
are common, while specialized nets for catching fusiliers 
are rare. Underwater fish counts suggest some reef fishes, 
such as fusiliers, may be underexploited on Pamilacan 
(Tables 1 and 3). 

The implication of the Pamilacan data is that reef 
yields reported elsewhere may underestimate true reef 
yield potentials, especially on those reefs of good quality. 
The Philippines, with an extremely high fishing intensity 
by small-scale, local fishermen, is a logical place to 
discover high yields, even on inferior reefs. 
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Pamilacan 

n = 15 
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0.5 
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+ . Censuses made between 6 and 15·m deep in both steep and 
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++Pomacentrids not included in total because a large standard 
deviation and absolute value tends to obscure the results. 

*p < .05. ** p < .01. 
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Table 2. Summary of reef and nonreef fish Yields (catch for 
market and consumption, gleaning and outsider catch) for 
Pamilacan and Apo Islands, April 1985-March 1986. 

Reef catch (kg) 

Market 
Consumption* 
Outsider 
Miscellaneous gleaned 

Total 

Nonreef catch (kg) 

Total 

Total catch (kg) 

Reef yield (t/km2 /year 

Reef area (km2 )** 
Total reef 
Reef yield without gleaning 

Carangids in non reef catch*** 

Market reef 
Total reef 
Total nonreef 
Reef yield (t/km2 /year) 
Reef yield without gleaning 

Pamilacan 

8,464 
9,360 
1,500 

12,872 

32,196 

25,996 

58,192 

1.8 
17.9 
10.7 

6,703 
30,435 
27,757 

16.9 
9.8 

Apo 

11,334 
4,160 

n/a 
0 

15,494 

4,874 

20,368 

0.7 
22.1 
22.1 

7,551 
11,711 

8,657 
16.7 
16.7 

*Kg consumed determined to be approximately 1 kg/ 
family/week of reef fish on each island. 

**To 20-m isobath. 
***An alternative calculation including carangids in the 

non reef catch since they are semi-pelagic fishes. 
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Table 3. Weights and composition of major fish families caught 
on reef and nonreef areas surrounding Pamilacan and Apo 
Islands, April 1985-March 1986. 

Pamllacan Apo 
kg % kg % 

Market reef catch 

Carangids (jacks) 1,761 21 3,783 33 
Cephalopods 1,447 17 400 4 
Acanthurids (surgeons) 1,126 13 3,866 34 
Lutjanids (snappers) 1,096 13 425 4 
Scarids (parrotfishasl 1,006 12 453 4 
Caasionids (fusiliers) 602 7 1,617 14 
Sphraanids (barracudas) 340 4 145 1 
Lathrinids (emperor 

breams) 273 3 17 <1 
Sarmnids (groupers) 188 2 92 <1 
Pomacenthrids 

(damsels) 102 192 2 
Kyphosids (rudder-

fishes) 84 <1 117 1 
Namipterlds (breams) BO <1 51 <1 
Plectorhynchids 69 <1 0 
Mullids (goatfishes) 66 <1 29 <1 
Sigenids (rabbit-

fishes) 23 <1 3 <1 
Miscellaneous 200 2 145 1 

Market nonreef catch (kg) 

Scombrids (tuna) 7,018 27 3,869 79 
Stingrays 3,764 14 52 
Exocoetids (flying-

fish) 3.479 13 3 <1 
Scombrids (mackerel) 2,856 11 478 10 
Belonids (needle-

fishes) 2,809 11 316 6 
Sharks 2,601 10 2 <1 
Mobulids (manta 

rays) 2,528 10 0 
Swordfishes 279 1 0 
Eloplds (Tarpon) 254 96 2 
Whale shark 210 0 
Coryphaenids 

(Dolphinfishl 184 <1 24 <1 
Miscel lanao us 15 <1 46 1 

Table 4. Summary of cash income derived from fish catch on 
reef and nonreef areas and precious shell collection at Pamilacan 
and Apo Islands, April 1985-March 1986. 

Pamilecan Apo 

Fish 

Reef fish catch 84,037" 116,488 
% of total 26 80.1 

Nonreef fish catch 238,148 27,516 
% of total 74 19.1 

Total fish income 322,195 144,004 

Precious shells** 

No. collected 180 0 
Mean value 200 0 

Total shell income 36,000 0 

Total cash income 358,308 144,004 
Mean income/family 1,991 1,800 

•All figures in Philippine pesos (1'20 = US$1). 
""Most common shells include Conus g/oria·maris, Conus 

spp. and Strombus spp. 

7,000 

6,000 

15,000 

0 
~ 4,000 
.i::: 
l! 8 apoo 

2POO 

1poo 

D Nonreef (beyond 20-m lsobath ) 
al) Caraitgld1 
~ Reef ( market) 
Im Reef ( consumed l 
- Reef ( gleanetl l 

A M J 

1985 

11 

A S 0 N D F 

1986 

M 

Fig, 1. Total catch per month from the reef and nonreef areas 
surrounding Pamilacan Island. 
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Fig. 2. Reef fish yields per month, Pamilacan Island, April 1985-
March 1986. 
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Abstract 

Growth parameters (Loo and K) of the von Bertalanffy equation 
and mortality coefficients (Z, M and F) of the exponential decay model 
are presented for ten trawl-caught fishes from the Samar Sea, Philippines. 
These parameter estimates were utilized in yield-per-recruit analyses to 
evaluate prevailing exploitation rates and the impact of 2-cm cod-end 
mesh size used by trawlers in the area. 

Relatively high growth rates and mortality coefficients typical of 
most short-lived tropical fish species were obtained. They imply 
relatively fast turnover rates allowing fishing pressure maintained at 
relatively high levels. It is shown that the cod-end mesh size of 2 cm is 
much too small for the mix of ten species studied. 

Introduction 

The Samar Sea, off the western coast of Samar island 
in the eastern Visayan region, is an important traditional 
fishing ground in the Philippines. In 1976, approximately 
27 ,000 t of fish and invertebrates were landed from the 
area, about 22% of which were caught by commercial 
trawlers, i.e., by craft of more than 3 t. In the latter part of 
1976, commercial trawlers and purse seiners were banned 
by the national government from operating in areas less 
than 13-m deep and/or within 7 km from the coast. 
Statistics indicate that total production from the area 
subsequently went down by 29% from the 1976 total to an 
average of 19,200 tin the 1977-1981 period. Catches by 
the commercial fisheries similarly declined to 16% of the 
total (Armada et al. 1983). The partial closure was in 
response to sociopolitical considerations. However, 
management of the fishery resources in the Philippines 
suffers from lack of appropriate biological information. 
For instance, the only studies done on Samar Sea are those 
by Warfel and Manacop (1950) and Legasto et al. (1975). 
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To help fill the need for appropriate biological 
information, the College of Fisheries, University of the 
Philippines in the Visayas, in coordination with the 
National Science Technology Authority and the German 
Agency for Technical Cooperation (G1Z), conducted a 
trawl survey of Samar Sea from March 1979 to May 1980 
(Armada et al. 1983). This paper presents the results of an 
investigation of the population parameters qf the more 
abundant species in the catch during the survey. With 
methods of analysis of length distributions improved in the 
last several years, the growth parameters (L and K) of the 
von Bertalanffy equation and mortality coefficients (Z, M 
and F) were estimated for ten trawl-caught fish species. 
These ten species (Table 1) comprised approximately 43% 
of the total catch of approximately 52,000 kg of fish and 
invertebrates during the survey. The parameter estimates 
were subsequently utilized in yield-per-recruit (Y/R) 
analysis to evaluate prevailing exploitation rates and to 
assess the impact of the 2-cm cod-end mesh size 
commonly used by trawlers in the area. 

Methods 

Fish growth is conventionally described in fisheries 
work by the von Bertalanffy growth equation, i.e., Lt = Loo 
(1-e-K(t-t0 )), where Lt is the length at age t; Loo the 
asymptotic length; e the base of Napierian logarithm; K 
the growth coefficient, and to the theoretical age at zero 
length. In turn, the decrease in number through time of a 
cohort/population is described as an exponential decay 
process, namely, Nt = Noe-Zt = N0 e-(F+M)t, where Nt is 
the number surviving at time t; N0 the initial number; and 
Z the total instantaneous mortality coefficient of which F 
and M, respectively, are its fishing and natural mortality 
components. In this study, Loo and K were estimated using 
ELEFAN I (Pauly et al. 1983a) with to taken as equal to 
zero for all species. The parameter Z was estimated via 
ELEFAN Il (Pauly et al. 1983b), while M was computed 
from the empirical equation of Pauly (1980a) relating M, 
L .. , K and mean environmental temperature. The estimate 
of F was obtained by subtraction of M from Z. The 
exploitation ratio, E (Beverton and Holt 1966), was then 
computed from the expression E = F/Z. 

Y/R was calculated by the expression of Paulik and 
Gales (1964) which accounts for nonisometric growth and 
involves polynomial approximation of the incomplete beta 
integral. Y /R response surfaces for each of the species 
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were generated with the following considerations: (1) F 
and c variables (c = lc/L oo , le being the length 
corresponding to the mean age at first capture, tc); (2) to = 
0, and; (3) tm, the maximum relative age, infinitely large 
(i.e., e-K <tmm-lo) = 0). The eumetric fishing line (EFL) B 
- B' in the graph of Beverton and Holt {1957) was then 
subsequently identified for each species. 

Conversions from c to mesh size (Ms) were made by 
using selection factors (SF.), computed for each species, 
i.e., Ms = Lc/S.F. (Gulland 1969). The S.F. for the frrst 
three species in Table 3 were estimated from covered cod-
end selection experiments in the Samar Sea (Silvestre 
1984). The rest were taken from the average of SF. values 
for the species from other areas in the South China Sea 
(Jones 1976; Sinoda et al. 1979). The W values were 
obtained from Loo using the length-weight relationships 
given by Villoso and Hennosa (1980). 

Results 

Estimates of Loo and K from ELEFAN I are given in 
Table 1. Relatively high K and low Loo values typical of 
most short-lived tropical fish were obtained {Pauly 1978). 
Good fits to the length distributions and restructured 
frequencies (ESP/ASP ratios of 0.55-0.91, see Pauly and 
David 1981) were produced by the growth parameter 
estimates for the species considered. 

The number of recruitment pulses (i.e., peaks in 
recruitment), based on the cohorts that can be followed in 
the length distribution, was either one or two per year 
{Table 2). Two peaks per year were observed for L. 
bindus, L. splendens, P. tayennus and U. moluccencis. 
Single annual peaks were observed for the other six 
species. 

The mortality rates computed from ELEFAN II for 
each of the ten species are also given in Table 2. Good fits 
to the descending right-hand limb of the catch curves were 
obtained, with correlation coefficients for the regressions 
varying between 0.97 and 0.99. Relatively high mortality 
rates were obtained for the species investigated. Estimates 
ofZ varied between 1.27 (Nemipterus japonicus) and 4.28 
(Leiognathus bindus) while M ranged from 1.05 (N. 
japonicus) to 2.21 (L. bindus). Such high values of M 
imply relatively fast turnover rates allowing maintenance 
of F at similarly high levels. The highest estimated values 
of F were those on L. bindus, Upeneus moluccencis and 
L. leuciscus. The lowest were those on the nemipterids N. 
japonicus andN. nematophorus. 

The Woo , Kand M values utilized in Y /R calculations 
for the ten species are given in Tables 1 and 2. The EFLs 
for all species investigated show the lack of a distinct 
point at which Y /R is maximized. Along the EFL for each 
species, Y/R theoretically increases with increasing F until 

E is approximately equal to 1. The lack of a distinct 
maximum is commonly addressed by taking E = 0.5 as the 
optimum level of exploitation. This is under the 
assumption that Y /R is maximized without undue risk to 
the stock when F is approximately equal to M (Gulland 
1971; Pauly 1980b). The E values for each of the ten 
species are given in Table 2; they varied.between 0.15 and 
0.53. Based on the E = 0.5 optimization criterion (and 
categorically setting 0.40 .;;:; E < 0.55 as sufficiently close 
to the optimum, 0.20 .;;:; E < 0.40 as moderately 
underexploited, and E < , 0.20 as considerably 
underexploited), the fishery operating in the Samar Sea 
was: (1) considerably underexploiting Nemipterus 
japonicus; (2) moderately underexploiting Pentaprion 
longimanus, N. nematophorus and L. splendens, and (3) 
exploiting at or close to the optimum the rest of the other 
six species. 

The range (hatched area) of the EFLs in the F,c plane 
for all the ten species is shown in Fig. 1. The range is 
bounded by the EFL of L. splendens (lower) and 
Priacanthus tayennus (upper). The points in the plane at 
prevailing Fs in Table 2 and cs corresponding to Ms = 2.0 
cm for all the 10 species are plotted as numbered circles in 
the figure. It is apparent that growth overfishing occurs for 
all species at 2-cm mesh size given prevailing Fs. 

The optimum F (F0pt) values corresponding to E = 
0.5 for the ten species are given in Table 3, the range of 
which (0.64-2.14) is marked on the F-axis of Fig. 1. The 
optimum c (copU values corresponding to Fopt are also 
given in Table 3 with the range (0.42-0.46) marked on the 
c-axis of Fig. 1. The copt range in the figure emphasizes 
the inappropriateness of the 2-cm mesh size. Conversion 
of copt's to mesh size (Msopt) using S.F. 's further 
emphasizes the point. Msopt varied between 3.0 and 6.9 
cm, implying that a mesh size of 2 cm is unjustifiable for 
the mix of ten species considered in the study. 

Estimates of M from Pauly's (1980a) empirical 
equation are acknowledged to be approximate. An attempt, 
hence, to consider variations in Mis given below. 

Values of M for each of the ten species were 
incremented and decremented by 25%, respectively. 
Increasing M depresses the location of the EFLs and vice 
versa. Figs. 2 and 3 show the consequent range of EFLs 
and location of the ten species in the F,c plane at 25% 
decrement and increment, respectively, on M. Table 3 
gives the corresponding optimum mesh sizes when M is 
decremented (Ms' opt) and incremented (Ms" opt) by 25%. 
Ms' opt varied between 3.3 and 7.8 cm while Ms"opt 
ranged from 2.7 to 6.3 cm. Despite the imposed variation 
on M, it is evident that a mesh size of 2 cm is 
inappropriate. 

The pennissible variation on M (decrement and 
increment) to allow conclusions as to prevailing 
exploitation status made in the previous section are given 
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in Table 4. Permissible M increments varied between 
4.8% and 28.5% while decrements varit'.d between -3.6% 
and -21.4%. Conclusions as to prevailing exploitation on 
L. equulus and L. leuciscus are more sensitive to 
underestimation of M. Conclusions as to prevailing 
exploitation state are valid to the extent that variability of 
M remains within such bounds. 

Discussion 

All available information confirms that the mesh size 
of 2 cm presently used by Samar Sea trawlers is too small. 
The optimum range of mesh sizes so far identified is 3-6 
cm (see also Silvestre 1984, 1986). The newly proposed 
model of Pauly and Soriano (this vol.) and the fact that 
most Samar Sea fish caught by trawlers are rather small 
suggest that the optimum mesh size for the multispecies 
stock discussed here, and probably for other stocks in the 
Philippines, is in fact nearer to the upper than to the lower 
limit of this range. 
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T1ble 1. Relative 11bund1nc1 end growth par1meters of ten trewl·caught species from th• Sam11r S11a, 
Phillpplnl!ls. 

Al!llatlve 
11bundance Leo K Woo 

Species name 1%) IFL,cml lennual) lg) 

L1logn1thus blndus 24.1 12.1 0.98 44 
P~ntaprion /onglmanus 5.6 14.1 0.70 72 
N1mlp t1rus n•m•tophorus 3.0 26,6 0.43 294 
L~logn•thus spt1ndmis 2.8 13.1 0.90 63 
L1/ogn1thus ~quulus 2.2 24.0 0.66 380 

6 Prl1e1nthU$ r.y1nnu$ 1.8 29.0 0.65 293 
7 sm1ro/d1J$ /1Jpto/ap/$ 1.0 19.9 0.63 168 
8 Namlpt1rusj1ponlcu$ 0.9 26.6 0.46 340 
9 Upan~U$ mo/ucc1ncl$ a.a 24.1 0.76 276 

10 L1logn1thu$ /t1uclscus 0.6 13.7 0.93 39 

Table 2. Number of r11crultment puls11s, mort•lity param11tus ind exploitetlon ratio for ten trawl· 
c1ught spacll!ls from Samu Sea, Philippines. Species nl!lmes as in Table 1. 

Species z M F E 
no. NRP !annual) l1nnu11l) lennual) (annual) 

4.28 2.21 2.07 0.48 
2 2.53 1.69 0.84 0.33 
3 1.60 1.05 0.45 0.30 
4 3.13 2.02 1.11 0.36 
6 2.20 1.26 0.94 0.43 
6 2.47 1.34 1.13 0.46 
7 2.64 1.29 1.35 0.61 
8 1.27 1.08 0.19 0.16 
9 3.47 1.62 1.85 0.63 

10 3.86 2.12 1.74 0.45 

Teble 3. Seltctlon f11ctors and optimum F, c and Ms for ten trawl·caught spl!lcles from Sam•r Sea, 
Phllippinl!ls. Specil!ls names as in Table 1. 

Specl11s M'opt Ms~pt M>;;pt 
no. Fopt Co pt S.F. (cm) !cm) !cm) 

1 2.21 0.46 1.66 3.6 4.0 3.3 
2 1.69 0.46 2.00 3.2 3.4 2.7 
3 1.05 0.42 2.25 4.8 6.2 4.1 
4 2.02 0.42 1.68 3.3 3.7 3.0 

1.26 0.42 1.69 6.3 7.2 6.7 
6 1.34 0.46 1.94 6.9 7.8 6.3 
7 1.29 0.42 2.45 3.4 3.9 3.1 
8 1.08 0.42 2.24 6.0 6.6 4.3 
9 1.62 0.44 2.37 4.5 6.3 3.9 

10 2.12 0.44 2.05 3.0 3.3 2.7 
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Table 4. Limits to permissible variation on M, for 
(see Table 1) in the Samar Sea, Philippines. 

Species 

u ... 
::J ... c. c u 

no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

... ~ 
I!! g 
~...I 

a~ 
...I 

:!: II 
"iii u 

.~ ... c 
"ii 
0:: 

1.00 

0.75 

0.50 
0.46 
0.42 

0.25 

0 

Lower 
limit 
(%) M 

-12.9 2.21 
-10.0 1.69 
-14.1 1.05 
-6.9 2.02 

-21.4 1.26 
-17.1 1.34 
-7.9 1.29 
-5.8 1.08 
-3.6 1.62 

-18.1 2.12 

2 3 4 

Fishing mortality 

1 O species 

Upper 
limit 
(%) 

22.5 
19.8 
14.3 
24.0 

4.8 
10.6 
22.8 
17 .6 
28.5 

9.2 

Fig. 1. Range of eumetric fishing lines (hatched area) and location 
of the 10 species in the F, c plane. Species as in Table 1. 
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Fig. 2. EFL range (hatched area) and location of the 1 O species 
(see Table 1) in the c, F plane with M decremented by 25%. 
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Fig. 3. EFL range (hatched area) and location of the 10 species 
(see Table 1) in the c, F plane with M incremented by 25%. 
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Abstract 

Catches of several major penaeid shrimp fisheries in the Gulf of 
Carpentaria, northern Australia, have shown steady decline over the past 
decade. One aspect of the research on recruitment of these shrimp has 
been aimed at separating the effects of natural from man-induced 
changes in these.populations. In the case of the banana shrimp, Penaeus 
merguiensis, in the southeastern Gulf, the decline appears to have been 
mainly environmentally induced. High rainfall stimulates a large 
proportion of the juvenile shrimp resident in the mangrove estuaries to 
emigrate offshore into the commercial fishery and good catches follow. 
The underlying stock-recruitment changes have also been examined 
using simple stock-recruitment models. Less is known about the tiger 
shrimp, P. esculentus and P. semisulcatus, but these species are presently 
under investigation. The juvenile nursery areas of both species are 
seagrass/algal beds and long-tenn sampling of juvenile shrimp and 
seagrasses have been initiated. Population dynamics of offshore stocks 
are also being studied and should assist in detennining the role of 
environmental changes, if any, in these declining stocks. 

Introduction 

The major fisheries for penaeid shrimp occur in the 
tropical regions of Australia, centered around the Gulf of 
Carpentaria. Three species groups make up the bulk of the 
tropical catch. These are the banana shrimp, Penaeus 
merguiensis, the tiger shrimp, P. esculentus and P. 
semisulcatus, and the endeavor shrimp, Metapenaeus 
endeavouri and M. ensis. Two distinct fishing modes 
occur for these species groups. In the first, schools of 
banana shrimp are located by searching with echo 
sounders or spotter aircraft and then fished intensively by 
all boats in the region, usually during daylight. In the 
second fishery, more traditional trawling is carried out, 
usually at night, on recognized productive tiger/endeavor 
(mixed species) shrimp grounds. The two fisheries are 
partially separated in both space and time allowing fishing 

sos 

vessels to operate in both sequentially. The banana shrimp 
fishery season lasts only a few weeks after a 
predetermined opening date. The mixed species fishery 
operates for much of the year with a seasonal peak in catch 
occurring approximately six months later than that of the 
banana shrimp fishery. Both fisheries operate under a 
limited license management regime and employ seasonal 
closures to optimize yield. 

The shrimp fisheries commenced in the late 1960s, 
and for the first decade, banana shrimp catches dominated 
the total catch. With increasing effort and discovery of 
new fishing grounds, tiger shrimp catches increased in 
relative importance and now form the main component. 
Fishing effort in the banana shrimp fishery has remained 
fairly constant since the early 1970s but catches have been 
characterized by wide interannual fluctuations with a 
downward trend. The total catch of banana shrimp is a 
good index of recruitment because of the very high 
exploitation rate and short season of fishing. Changes in 
annual effort affects the length of time that it takes the 
fleet to catch the available shrimp but does not affect the 
total catch. Both effort and catches in the mixed species 
fishery increased steadily during the 1980s (Fig. 1), but the 
catch per unit effort has been declining steadily since the 
mid-1970s. Neither total catch nor recorded landings 
adequately reflect recruitment dynamics of the component 
species. In a preliminary yield-per-recruit analysis, 
recruitment was shown to be declining only during the last 
three to five years, the decline varying in different areas of 
the Gulf and also varying for the different species making 
up the fishery (Somers, pers. comm.). 

In Australia, prior to 1975, little was known 
concerning even the basic life history dynamics of the 
major species. A major program by the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) 
was set up to explain factors which affect fluctuations and 
trends in production and commercial yield (Dall 1985). 
The research has been team oriented, covering ecological 
studies on all life history stages, stock assessment, 
behavior and physiology along with aspects of the biotic 
and abiotic environment. In this paper, the present status 
of our knowledge with respect to interannual variability 
and longer-ternl. trends in the fisheries and their relevance 
to management policies are presented. 
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Banana Prawn Fishery 

Life history studies. Penaeus merguiensis spawns 
offshore, followed by a juvenile nursery period in 
mangrove estuaries and an offshore spawning migration to 
complete the cycle. Each of the major life history stages 
has been studied by different members of our team. A 
synthesis of these results are given by Rothlisberg et al. 
(1985). The life history of P. merguiensis is rather 
complex and does not appear tp follow the typical Penaeus 
pattern hypothesized by Garcia (1985). Spawning occurs 
throughout the year but with two periods of increased 
activity in spring (March-April) and autumn (September-
November) (Crocos and Kerr 1983). However, because of 
seasonal differences in the transport of larvae as well as 
differences in the settlement success of postlarvae, it is the 
spring generation which contributes most offspring into 
the commercial fishery in the southern Gulf (Rothlisberg 
et al. 1983; Staples and Vance 1985). The generation time 
of P. merguiensis is six months but because of seasonal 
changes in larval and postlarval survival, coupled with the 
effect of only one wet season each year, commercial 
fishing is confined to autumn. The life history in the 
northern Gulf is not as well known. The species also 
spawns twice a year in this region, but in contrast to the 
southern Gulf, postlarvae from both the spring and the 
autumn generations recruit into the estuaries and 
contribute to the fishery. A much wider size and age range 
of shrimp exists offshore, therefore, and the dynamics of 
the population are much more complicated than in the 
south. 

Environmental correlative studies. In a first attempt 
to detennine the likely causes of the large interannual 
variation in catches, the relationships between catches and 
several environmental variables in six major regions of the 
Gulf were examined by Vance et al. (1985). Rainfall was 
found to be positively correlated with catch in the southern 
(Fig. 2) but not in the northern Gulf. Using stepwise 
multiple regression techniques it was found that 
temperature and wind parameters became more highly 
correlated with catches in more northern regions. 

Population ecological studies. Detailed ecological 
studies on recruitment processes of juvenile and subadult 
shrimp were first studied in the Nonnan River estuary 
located in the southeastern Gulf. A four-year study by 
Staples and Vance (1985, 1986) examined the dynamics of 
postlarval immigration and emigration of juveniles to the 
offshore region over a range of time scales. Interannual 
variation in the spring recruitment of postlarval P. 
merguiensis was found to be associated with changes in 
the amount of rainfall recorded in the previous,' year's 
rainfall (possibly effected through nutrient influence on 
larval survival and growth) and the number of adult 
shrimp present offshore in spring. Despite these changes in 

postlarval recruitment and subsequent juvenile population 
numbers, however, the number of emigrants from the 
estuary each year was largely independent of juvenile 
densities but closely associated with changes in rainfall 
(Fig. 3). Rainfall was found to stimulate emigration, the 
effect being size dependent. 

Population modelling. To extend the observations 
during the four years of ecological studies in the 
southeastern Gulf, a further five years of juvenile 
abundance estimates plus 10 years catch statistics were 
incorporated into the de:velopment of a multistage model 
by Staples (1985). The model provided an excellent 
conceptual framework to describe why rainfall is the 
driving force in the system and why factors affecting the 
abundance of earlier life history stages have little effect on 
the commercial catch (Fig. 4). Provided the escapement of 
adult shrimp from the autumn fishery is sufficient to 
produce enough juveniles somewhere along the plateau of 
the flat-topped curves in Fig. 4c, the rainfall during the 
juvenile life history stage will detennine the subsequent 
adult catch. Spawning stock and juvenile numbers only 
become important if they drop to levels where they fall on 
the ascending arms of the curves. By comparing the 
observed and expected catches estimated on the basis of 
each year's rainfall in the southern Gulf, the downward 
trend in catches observed since 1974 can be adequately 
explained by the trend in rainfall over the same period. 

Stock assessment and biological management. 
Knowledge of the basic parameters of growth, mortality 
and exploitation (Lucas et al. 1979) has enabled the 
estimation of the optimal date for opening the fishery to 
provide the maximum yield and value per recruit (Somers 
1985). The optimum opening date has been determined for 
several years and areas in the Gulf and preseason surveys 
have been carried out to examine the size composition of 
shrimp in two successive years in order to assess the 
feasibility of fine tuning the bpening date to allow for 
year-to-year differences in the timing of recruitment. 
Although there is no strong biological evidence for 
recruitment overfishing at present, the fishery is 
overcapitalized, and a buy-back scheme has been 
introduced to reduce boat numbers anci effective fishing 
effort. In the banana shrimp fishery, hqwever, total catch 
will probably not be affected. 

Mixed Specie~ Fishery 

Life history studies. Life 'history studies on the four 
main species making up this fishery (P. esculentus, P. 
semisulcatus, M. endeavouri and M. ensis) have not been 
as extensively stUdied as P. merguiensi~. A study on the 
habitat requirements of the juveniles of these species has 
demonstrated that all, with the exception of M. ensis, have 
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very restricted habitat requirements, the majority of 
juveniles being found on seagrass/algal beds (Staples et al. 
1985). The broad scale distribution of the different species 
in the Gulf was also found to be closely linked to the 
distribution of these preferred juvenile habitats. Like P. 
merguiensis, regional differences appear to exist in the life 
history dynamics of these species. In the northeastern 
Gulf, postlarvae of both P. esculentus and P. semisulcatus 
recruited into seagrass beds in two major pulses, one in 
spring (September-November) and the other in autumn 
(March-April). Metapenaeus ensis and M. endeavouri 
occupied the estuary during the summer wet season 
months. In contrast, in the Groote Eylandt area in the 
northwestern Gulf, both species of tiger shrimp showed 
only one main period of spring-summer postlarval 
recruitment. Offshore, spawning and recruitment to the 
fishery of P. esculentus is more prolonged compared with 
the very seasonal dynamics of P. semisulcatus (Buckworth 
1985). A more detailed study on the seasona! dynamics of 
population fecundity will soon be published (Crocos, in 
press). 

Population ecology studies. The population 
dynamics of P. esculentus and P. semisulcatus have 
recently been examined in detail. Data .on postlarval 
recruitment, growth and survival of juveniles, and offshore 
emigration have been collected on several seagrass sites 
around Groote Eylandt. Four major seagrass communities 
were chosen for future study from the types recognized by 
Poiner et al. (in press) for the whole Gulf of Carpentaria. 
These are: (1) reef flat communities characterized by 
Thalassia; (2) beach profiles characterized by Cymodocea 
and Syringodium; (3) sheltered embayments characterized 
by Enhalus; and (4) river mouth areas dominated by 
Halophila andHalodule. Preliminary analyses have shown 
that the abundance of juvenile prawns is lowest on river 
mouth communities and highest in the sheltered 
embayments (Fig. 5). The differences in relative 
abundances appear to result from differences· in both the 
settlement of postlarvae to these areas and subsequent 
survival of juveniles. These in tum are related to both the 
height and amount of seagrass as well as substrate type. 

Offshore, it has been possible to determine the 
substrate preferences for the two tiger shrimp species 
(Somers, in press) as well as estimates of growth 
parameters (Kirkwood and Somers 1984). Hill and 
Wassenberg (1985) have shown that streamer tags did not 
affect growth but affect mortality and catchability. 
Temperature and moulting effects on catchability must 
also be considered in analyzing trawl data (Hill 1985). 
With this information, it has been possible to examine the 
long-term trends in recruitment into the adult stocks of 
both species in different areas of the Gulf using 
commercial catch statistics which do not distinguish 
between the two species. More detailed studies of the 

507 

stock-recruitment relationships for both species have 
recently been carried out by Somers (pers. comm.). Penn 
and Caputi (1985) have demonstrated a recruitment 
overfisbing of P. esculentus in Exmouth Gulf, which has 
greatly reduced yields in that fishery. New management 
regulations are presently being introduced to reduce 
fishing effort in the Gulf of Carpentaria fishery. 

Conclusions 

In all these species, the most important biological 
problem lies in determining the nature of the stock-
recruitment relationships, preferably between each of the 
major life history stages. This is not possible without 
knowing the seasonal dynamics of each stage so that the 
correct stock index can be related to the correct 
recruitment index. Although traditionally, recruitment has 
been assumed to be independent of stock sizes in many 
penaeid populations, this would appear to be an extrem~ly 
rash assumption to base the management of one of the 
world's major fishery resources. Models incorporating 
both density and environmental effects will play an 
important role in the understanding of penaeid shrimp 
dynamics .. These, unfortunately, require a long-term 
commitment of research funds and personnel. In the Gulf 
of Carpentaria, for example, despite the relatively large 
investment of time and effort, major gaps in our 
understanding still exist. The time has come for a more 

. cooperative line of research involving comparative studies 
of recruitment processes across the geographic range of 
the species. If several research teams in different 
countries, all using standardized methods, could be 
established, the accumulation of our knowledge of penaeid 
shrimp dynamics could be greatly accelerated. A truly 
international collaborative effort is required. Because most 
of the species are found in many of the countries 
throughout the Indo-West Pacific, it is hoped that this 
forum can facilitate the setting up of these studies. 
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Abstract 

Based upon purse seiner catch data and water temperature, fishery 
oceanography and biological characteristics of mackerels and scads were 
analyzed for both northeastern (NE) and southwestern (SW) offshore 
areas of Taiwan during 1979 to 1985. Mackerels, Scomber australasicus 
and S. japonicus, were the most dominant species, which contributed 
approximately 70% of the total catch. The scads, Decapterus akaadsi 
and D. macrosoma, contributed 20-30%. The size composition of S. 
australasicus and D. akaadsi was significantly different between the NE 
area and the SW area. In the NE area the mackerel and scad fishing 
grounds were in the coastal waters along the boundary to the Kuroshio 
current during their overwintering migration. The fishing grounds in the 
SW area were also located in the coastal waters along the boundary to the 
Kuroshio current during their spring spawning season. The catches of 
Scomber spp. in the NE area were significantly inversely correlated with 
water temperature. 

Introduction 

Mackerels (Scomber japonicus, S. australasicus) and 
scads (Trachurus japonicus, Decapterus spp.) are the most 
important pelagic commercial fishes in the coastal waters 
of Taiwan. Their catches have varied from year to year 
between 20,000 and 40,000 t. Before 1977 most of the 
mackerels and scads were caught by handliners. Since 
1977 most of the handliners have been replaced by large 
purse seiners. The fishing grounds of mackerels and scads 
have also extended from the nearshore waters of Taiwan to 
offshore waters near to Pengchiahsu and Fishing Islands 
off northeastern Taiwan and near Pratas Islands off 
southwestern Taiwan. 

A large purse seiner consists of five boats: a netting 
boat, two light boats and two transport boats (Tzeng 
1984). Although the large purse seiner is an efficient 
fishing gear, fishermen spent most of their time searching 
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for fishing grounds. If predictable, the fishermen can save 
much time searching for fish schools. The formation of the 
fishing ground of mackerels and scads was known to be 
related to oceanographic conditions i~ the Yellow Sea and 
East China Sea (Tsujita and Kondo 1957; Mori 1978). 
This paper describes the fishery oceanography, biological 
characteristics and the fluctuation of the catch of 
mackerels and scads in the waters adjacent to Taiwan. 

Materials and Methods 

Beginning 1979, the daily catches, location of fishing 
ground, fish species, water depth, surface temperature, 
current direction and velocity and weather were recorded 
by the captains or crew of the large purse seiners. Based 
on these data, species composition of the catch and catch 
per haul (CPUE) were computed for the northeastern area 
(NE) and southeastern area (SW) off Taiwan. 

Fork lengths of 100 to 500 individuals of each 
sp~cies were measured monthly at the Su-Ao fish market 
from July 1981 to October 1983. 

Monthly CPUE and water temperature anomalies 
were computed. The water temperature was measured at 
Pengchiahsu by the Taiwan Fisheries Research Institute 
and at Fishing Island by Nakasaki's Marine 
Meteorological Observatory of Japan. 

Results 

The annual catches of mackerels from different 
fisheries during 1963 to 1984 are shown in Fig. 1. The 
catch increased from 1963 and reached a peak in 1970. 
From 1970 to 1974, the catch declined rapidly to a very 
low level. In 1977, an efficient large type of purse seiner 
was introduced to Taiwan. The catch of mackerels rapidly 
increased and reached the 1970 level in 1984. 

The annual catches of scads from different fisheries 
are shown in Fig. 2. 1963 to 1977, most were caught by 
otter trawl, bull trawl and small purse seiner. After the 
introduction of the large purse seiner in 1977, the total 
catch of scads rapidly increased. 

The currents, water masses and oceanic boundaries 
in the East and South China Seas and the fishing grounds 
of mackerels and scads in the NE area and the SW area are 
shown in Fig. 3. The fishing grounds of mackerel and scad 
in the NE area were distributed in coastal waters along the 
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boundary with the Kuroshio current. The Kuroshio 
penetrated into the lower layer of the coastal waters in the 
continental shelf of China. A similar situation was found 
for the SW area. The fishing ground of mackerels and 
scads in this area was also located in the coastal waters 
along the boundary to the warm Kuroshio current. 

Mackerels included Scomber japonicus and S. 
australasicus. These two species are fairly similar in 
morphology and difficult to distinguish in the fieJd. 
Therefore, they were combined into a species group as 
Scomber spp. In this study, Scomber spp. usually made up 
about 70% of the catch. The scads included Trachurus 
japonicus and five species of Decapterus and made up 20-
30% of the catch. A small number of Etrumeus teres was 
taken in the NE area and M ene maculata in the SW area in 
April-June 1983 and 1985 (Table 1). 

Monthly length-frequency distributions of the four 
dominant species, Scomber australasicus, S. japonicus, 
Decapterus akaadsi and D. macrosoma, are shown in 
Figs. 4-7. 

The monthly CPUEs were computed for Scomber 
spp., D. akaadsi and D. ma.crosoma. The peak catch of 
Scomber spp. in the NE area occurred during December-
January. The peak catch of D. akaadsi occurred in 
November. The peak catch of D. macrosoma occurred 
during the September-October period, about two months 
earlier than that of Scomber spp. The fishing season of 
purse seiners in the SW area was short, from February to 
May. 

The relationship between the catch and water 
temperature was studied for Scomber spp. The pealc catch 
appeared to be from autumn to winter (September-
January) when water temperatures were low. The peak 
catch seemed to be related to the temperature gradient 
between Fishing Island and Pengchiahsu. The greater the 
gradient the stronger the oceanic front. As shown 
previously, the fish schools aggregated near the oceanic 
front (Fig. 3). CPUEs of Scomber spp. were significantly 
negatively correlated with water temperature (r = -0.3823, 
P < 0.05), suggesting that more Scomber spp. immigrated 
into the NE area when the water temperature decreased 
(Fig. 8). 

In addition, the monthly CPUE anomalies (t.CPUE) 
and monthly water temperature anomalies ( t.OC) in the 
NE area were computed and compared. The trend of the 
frequency distribution of CPUE was opposite to that of 
t. oc in the corresponding year. t. CPUE was lower when 
water temperature was higher at the coast of Pengchiahsu 
and Fishing Island in 1983 and 1984 and vice versa in 
1982 and 1985. 

Discussion 

The peak fishing season of mackerels and scads in 
the NE area was from September to January, 
corresponding to the period when water temperature 
decreased. Jn general, mackerels and scads migrate 
southward in the autumn and vyinter and northward in the 
spring and summer in the East China Sea. Their fishing 
season in the SW area from February to May was their 
spawning season (Ku and Tzeng.1985). 

The length-frequency distribution of mackerels and 
scads was significantly different between the NE area and 
SE area, especially for S. australasicus and D. akaadsi 
(Figs. 4 and 6). S. australasicus in these two fishing areas 
might belong to different stocks (Chang and Chen 1976; 
Ku and Tzeng 1985). However, D. akaadsi may belong to 
the same stock (Chang et al. 1976). 

The fishing grounds of Scomber spp. were 
distributed in the coastal waters along the boundary to the 
Kuroshio current (Fig.3). Acc~rding to Chu (1970), the 
China coastal current comes from north China. It flows 
toward south along the coast when northeast winds prevail 
during the winter, and retracts' back when the southwest 
monsoon prevails during the summer. A boundary 
between the Kuroshio current apd coastal current develops 
in the offshore waters of northeastern Taiwan, particularly 
in the winter. The boundary is characterized by the 
difference in water properties between the Kuroshio 
current and coastal current. Its 'position shifts with season 
and changes according to the intensity of flow on both 
currents. The Kuroshio water ,has high temperature and 
salinity, while the coastal water has low temperature and 
salinity. The water temperature anomalies near the coast of 
Pengchiahsu and Fishing Island were higher in 1983 and 
1984 possibly causing the low catch of mackerels and 
scads in the NE area at that time. 

Mackerels and scads always aggregated at the 
oceanic front (Fig. 3). If fishermen know the location of 
the oceanic front, they may easily locate the fish schools. 
Now, the oceanic conditions can be determined quickly by 
remote sensing techniques and· the fishing ground can be 
predicted. 
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Abstract 

A study on some aspects of the biology of Hampala 
macrolepidota (Van Hasselt) with emphasis on its food, feeding habits 
and reproduction was carried out at Zoo Negara Lake, Kuala Lumpur, 
Malaysia. The length-weight relationships of male and female adult fish 
are: LogeW = 3.144 LogeL-11.9034 and LogeW = 3.461 LogeL-13.8770, 
respectively. The mouth and its action, dentition, gill rakers, alimentary 
canal and stomach are described. The gape determines the size of prey 
eaten. Both juvenile and adult fish have similar gill raker selection. The 
relative gut indices of the juvenile and adult fish ranged from 1.20 to 1.02 
which is typical of carnivorous species. Food analyses of the gut indicate 
that the food of adult fish is less varied than that of the juveniles and that 
they feed primarily on crustaceans and fishes. The analyses of the 
maturity stages, gonadosomatic indices and oocyte diameter patterns 
show that this fish is able to spawn throughout the year. However, 
physicochemical and environmental factors determine the actual 
spawning time. Spawning activity is associated with decreasing 
temperatures and day-lengths, rising water levels and increasing 
turbidities. Spawning is protracted and coincides with the rainy season 
which extends from November to March. 

Introduction 

Information on the general biology of Hampala 
macrolepidota (Van Hasselt), and in particular its 
reproductive biology, is scarce, even though the species is 
a major food and sport fish in South-east Asia. It is also a 
major component of the fish fauna in the Malaysian 
freshwater ecosystem (Bishop 1973). This work was 
carried out to describe some aspects of the biology of this 
fish. Furthermore, it was anticipated that this study would 
be useful for the management of large-scale alterations of 
the aquatic environment, which have severely threatened 
the fish fauna in most of the water bodies where changes 
have already occurred. 
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Materials and Methods 

A total of 225 H. macrolepidota, consisting of 115 
males and 110 females, were caught in a one-day period 
from December 1978 to November 1979, at fortnightly 
intervals, from Zoo Negara Lake, Kuala Lumpur, 
Malaysia. The lake has a surface area of 2.5 ha. The fish 
were caught at random with cast nets of 5-cm mesh. The 
total lengths were measured and body and gonad weights 
were recorded with a triple beam balance (Model Ohaus 
4004). 

In the laboratory, samples of about ten fishes were 
selected each month from two successive fortnightly 
samples. The stomach contents from each fish were 
removed and preserved. For food analysis, each stomach 
was cut open, its fullness noted and the contents emptied 
into a clean petri dish for examination under a dissecting 
microscope (Model SMZ-2-Nikon). For minute particles, 
the food items were transferred to clean glass slides and 
viewed under compound microscope (Model BHC). Each 
item was identified to the lowest possible taxon. 

Before preservation in Bouin's fixative the gonads 
were first cut into small portions of approximately 5 mm3 
for easy penetration of the fixative. Twenty-four gonads 
from gravid fish were used for the estimation of fecundity 
by the gravimetric method (MacGregor 1957) whereby 
each preserved ovary was weighed individually and the 
number of eggs from three 10-g subsamples were counted. 
The means of the total number of eggs in the subsamples 
were determined. The total number of eggs per ovary was 
estimated by extrapolation. Regression analysis was done 
to find the relationship of fecundity to the length and 
weight (Zar 1974). 

Gonads were processed in an automatic duplex 
processor (Model Shandon Southern CE 0540). They were 
then embedded in Paraplast R plus, sectioned at a 
thickness of 6 microns and then stained with Mayer's 
hematoxylin and alcoholic eosin (Pantin 1969). 
Gonadosmatic index (GS!) was computed by the formula 

GSI = 
gonad weight 

weight of fish - gonad weight 
x 100 {Meien 1927). 

Ova diameters were measured with a graduated 
microscope which had been standardized using a 
micrometer. The number of ova measured per ovary 
varied between 250 and 300. Monthly means and the 
range of the ova diameters were recorded. An ocular 
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micrometer was also used in measuring the oocyte 
diameters. 

Results and Discussion 

The length-weight relationships of male and female 
Hampala macrolepidota expressed logarithmically are: 
LogeW = 3.144 LogeL-11.903 and LogeW = 3.461 
LogeL-13.877, respectively. , 

Fish weight tended to increase curvilinearly with 
length and the exponent b describing the rate of change of 
weight with length is 3.114 for male fish and 3.461 for 
female fish. 

The condition factors of both male and female fish 
decreased markedly just before the onset of the spawning 
season. The condition factor then increased during the wet 
months, i.e., in November to March coinciding with the 
spawning period. The condition factors of the female fish 
were lower during this time as compared to the male fish. 

The dentition is composed of fine villifonn teeth 
present on both jaws. The fonnula for the pharyngeal teeth 
in H. macrolepidota was 5, 3, 1 - 1, 3, 5. Similar results 
was found by Smith (1945). As in most fishes, the 
pharyngeal teeth are used in handling material with tough 
exoskeleton, in particular crustaceans, and to some extent 
fishes which account for a fair proportion of the diet of 
this fish. The pharyngeal teeth also kill the prey. Food 
items are swallowed whole, thus suggesting that the 
pharyngeal teeth are used for grasping rather than for 
grinding. The mouth is tenninal, large and protractible. 
The gape is wide, being 20 m2 in a 150-m2 fish. The 
tongue is muscular, unmovable and rather triangular in 
shape. 

The jaw dentition of this fish is quite weak, present 
in two rows of small conical. teeth. Such dentition is of 
little use in seizing the prey. However, these teeth are 
important in retaining the prey once in the mouth. Seizure 
of the prey is achieved primarily as a result of the rapid 
protrusion of the premaxilla, the prey being sucked into 
the buccal cavity. 

There are four parts of gill arches and all of them 
bear. rakers, two rows on each pair. The gill rakers are 
small and are of simple conical shape. Gill rakers at the 
bend of the arches are slightly longer. 

Stomach fullness was first observed macroscopically 
and allocated points according to fullness (Table 1). Fish 
have full stomachs during the· dry season and most gravid 
females have empty stomachs during the wet months, 
which correspond to the spawning season. 

The food contents of 120 adult individuals and 47 
juveniles collected during the study period are presen,ted in 
T~bles 2 and3. Of the stomachs, 47 or 39.2% were empty. 
Distended stomachs were mainly observed during the dry 

season, which is also the nonb~eeding period. Most fish 
stop feeding during the breeding period. 

Gut contents were entirely of crustaceans and 
teleosts. Teleosts consisted mainly of fishes belonging to 
species of Osteochilus and Tilapia. Macrobrachium made 
up the crustaceans. Adult fish are entirely carnivorous and 
slightly piscivorous. Fish bon(iS, scales, mud, sand and 
debris were the major items found in fish stomachs. 

The relative gut index for H. macrolepidota is shown 
in Table 4 which suggests that the adults are carnivorous 
in their feeding habits while the juveniles are omnivorous 
on the basis of Odom's (1970) classification of feeding 
habits. The ratio of the alimentary tract length to the total 
body length tends to decrease with the increase in fish 
length. 

Oogonia cells occurred singly in all the ovaries. Each 
oogonium was about 15-20 microns in diameter with a 
single nucleus and one large nucleolus which stained 
deeply with hematoxylin. 

First growth phase oocytes were larger than 
oogonia. Primary oocytes were distinguished from 
oogonia by the presence of distinct chromosomes in 
various stages of meiotic prophase. First growth phase was 
subdivided into two definite' stages; the chromatin 
nucleolar stage and the perinucleolar stage. 

The first stage after the development of oocytes was 
the chromatin nucleolar stage. These oocytes had a 
nucleus with a single conspicuous nucleolus. Chromatin 
threads were attached to the nucleolus. These oocytes (20-
30 microns) were slightly larger than the oogonia. 

The perinucleolar stage oocytes were distinguished 
by the peripheral arrrangement of small nucleoli at the 
inner side of the nuclear membrane. The nucleus was 
enlarged and the chromosomes· 1ost their distinct nature. 
Oocytes at the perinucleolar stage had diameters of 30-90 
microns. The cytoplasm of oocytes in this stage strained 
deeply with hematoxylin. 

Second growth phase oocytes was characterized 
by the fonnation and accumulation of yolk. The larger 
yolk vesicles were about 12 microns while the smaller 
gr~ules were about 1 micron in diameter. These two 
types of yolk were fonned sequentially, with yolk vesicles 
preceding yolk granules. 

The first indication of yolk fonnation was the 
presence of vesicles in the periphery , of the oocytes' 
cytoplasm. Oocytes at this stage measured about 150 
microns and the vesicles about 12 microns in diameter. 
Initially, each vesicle was fonned as a minute body, but 
later they increased in both sii;e and number until they 
occupied the whole cytoplasm. The yolk vesicles appeared 
as vacuoles when sections were stained with hematoxylin 
and eosin. At this stage of oocyte development, the 
follicular layer was fairly well developed. The zone radiata 
started to develop during this stage. 
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The yolk granule stage (360-380 microns) was the 
final stage of vitellogenesis and oocyte development. Yolk 
granules formed only in oocytes with fully developed yolk 
vesicles. The granules first developed close to the zone 
radiata. They were not very distinct when stained with 
hematoxylin and eosin. Ripe stage oocytes measured about 
800-850 microns in diameter. 

Seasonal changes in GSI support the conclusion that 
March is the month when most fish start to breed. There 
was a positive correlation (r = 0.4584; P > 0.005) between 
the GSI and rainfall, the gonads being heavier when 
rainfall is more abundant. Two peaks were observed in a 
one-year cycle and both peaks coincided with the rainy 
season: that in August coincided with the second rainy 
season brought about by the southwest monsoon. 

The means and ranges of oocyte diameters for each 
month indicate the presence of spawning individuals 
throughout the year. 

Of the 202 adult specimens caught, 102 were males 
and 100 were females, the overall ratio being not 
significantly different (x2 test) from the hypothetical 1:1. 

From 24 specimens with total lengths ranging from 
205 to 373 mm and weights ranging from 97.2 to 750.0 g, 
the number of eggs per female ranged from 7,132 to 
62,031, with a mean of 29,495 eggs. The results for H. 
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macrolepidota are similar to those of Tandipayuk and 
Pandang (1982) who found that the fecundity of fishes 
213-422 mm in fork length and 187-1,752 g in body 
weight was 9,743-47,812 eggs, with a mean of24,558. 
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Table 1. Number of fish in each fullness category and mean fullness per month. 

Fullness Number of fish in each category per month 
(points) J F M A M J J A s 0 N D 

0 11 12 15 11 6 7 3 5 10 
y. 4 5 10 8 2 2 5 5 2 
1 2 6 9 5 4 3 4 
2 3 2 2 5 2 
3 4 2 2 3 
4 4 3 2 2 
5 2 

Fish 17 18 31 40 15 6 12 7 16 11 15 14 

Total 
points 4 3% 11 52 37 18 37 y. 12 5% BY. 4 

Mean 0.2 0.2 0.4 1.4 2.5 3.0 3.1 0.1 0.8 0.5 0.6 0.3 
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Table 2. Diet composition for all juvenile Hampala macro· 
/epidota as determined by percentage occurrence and points 
method (no. examined - 47; no.with food -47). 

Food category 

Plankton 

(Phytoplankton) 
Microcystis 
Selenastrum 
Melosira 
Anabaena 
Coe/astrum 
Oscil/atoria 
Cosmarium 
Gleocystis 
Glosterium 

(Zooplankton) 
Copepods 
Cladocera 

Crustaceans 
Macrobrachium sp. 

Teleostei 
Tilapia sp. 
Osteochilus sp. 
Fish scales 
Fish bones 

Plant materials 
(Highly digested) 

Occurrence Points 

42.6 2.4 
53.2 1.8 
29.8 1.0 
85.1 5.2 
25.5 0.8 
48.9 1.6 
38.3 0.8 
74.4 1.0 
21.3 1.5 

89.4 2.0 
53.2 3.5 

95.7 55.0 

87.2 60.0 
68.1 30.0 
95.7 20.0 
80.9 10.0 

63.8 25.0 

Sand particles are found in about 60% of the stomachs 
examined. 

Table 3. Diet composition for ai"I adult Hampala macrolepidota 
as determined by percentage occurrence and points method 
(no. examined - 120; no. with food - 73). 

Food category 

Crustaceans 
Macrobrachium sp. 

Teleostei 
Tilapia sp. 
Osteochilus sp. 
Fish scales 

Occurrence 

65.8 

72.6 
68.5 

100.0 

Points 

25.0 

40.0 
32.0 

5.0 

Debris and sand particles are found in about 10% of the 
stomachs. 

Table 4. Relative gut index (RGI) of Hampa/a macrolepidota. 

Size of fish (mm) 

Up to 60 mm 
60-120 mm 
Above 120 mm 

RGI (Range) 

1.20 (1.05 
1.12 (1.02 
1.02 (1.00 

1.30) 
1.25) 
1.08) 
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Abstract 

A study was conducted to determine the effects of 1: 1 ratio of 
several dietary fat sources added in semipurified diets at 10% level on 
milkfish fingerlings. Results showed that the cod liver oil + coconut oil 
diet promoted significantly the highest growth rate. However, beef tallow 
+ coconut oil and pork lard + coconut oil also gave good growth, feed 
conversion and suivival. The hepatosomatic index of milkfish did not 
differ significantly among treatments. Proximate analysis of whole 
milkfish body showed that as body fat increased, body protein, ash and 
moisture levels decreased. Weight gains were positively correlated with 
body faL Also, the various groups of fatty acids in diets and in milkfish 
have positive correlations. Diets containing high levels of saturated fatty 
acids resulted in low levels of milkfish polyunsaturated fatty acids. 

Introduction 

The formulation of artificial diets depends upon the 
economical energy provided by fats as dietary fats save 
protein in the diet from being used as an energy source. 
Fish oil serves as an excellent source of w 3 fatty acids, 
whereas soybean oil and corn oil contain high amounts of 
w·6 fatty acids. Although coconut oil and animal fat are 
low in both w 3 and w 6 fatty acids and are more saturated 
than fish or vegetable oils, these are also good sources of 
energy. 

In this study, various combinations of dietary fat 
sources were incorporated in semi-purified diets. The 
objective was to test these dietary fat sources for growth, 
feed conversion, hepatosomatic index, survival, proximate 
and fatty acid composition of milkfish fingerlings. 
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Materials and Methods 

Milkfish fingerlings were obtained from a nursery 
pond and acclimated to laboratory conditions for ten days 
before the start of the experiment. During this period, the 
fish were fed with the control diet (Table 1). Twenty fish 
(mean weight p.95 g; mean total length 52 mm) selected at 
random, were stocked in each of the 60-1 oval fiberglass 
tanks containing 50 1 of seawater. Each tank was provided 
with continuous aeration and flow-through seawater (0.5 
to 1.0 I/min.). The average water temperature was 280C 
and the salinity was 33 ppt. 

A completely randomized design with three 
replications per treatment was followed. Each of the 
eleven experimental diets was fed at a rate of 10% of the 
biomass per tank daily. Every morning, feces were 
siphoned out. Feed allowances were adjusted after 
biweekly sampling. 

Ten isocaloric (340 kcal/100 g diet) and 
isonitrogenous (40% crude protein) semipurified diets 
containing 1:1 ratios of various dietary fat supplements at 
10% level were prepared (Tables 1 and 2). Table 3 shows 
the percentage fatty acid composition of the dietary lipids. 
The control was a fat-free diet made isocaloric to the other 
diets by the substitution of dextrin. Metabolizable energy 
was estimated based on fish physiological values (Brett 
and Groves 1979). After thorough mixing, each diet was 
pelleted, oven dried at 600C, crushed to obtain 425µm 
particle size and kept refrigerated at -5 to ooc. 

After eight weeks of feeding, whole fish samples 
were collected for proximate analysis. Moisture was 
determined by evaporation in the oven at lOOOC until 
constant weight was obtained. Total nitrogen was analyzed 
with the Kjeltec Auto System and converted into total 
protein by 6.25 as factor. Crude fat was determined by 
Soxtec extraction with anhydrous diethyl ether. Ash 
content was determined from the residue remaining after 
incineration of samples at 5500C in a muffle furnace. The 
total lipid of whole milkfish body was extracted and 
purified by the method of Bligh and Dyer (1959). The 
fatty acids of total lipids were esterified by the 
saponification-transesterification method of Metcalfe et al. 
(1966). 

A Shimadzu GC-4C Gas Chromatograph equipped 
with a flame ionization detector was used to analyze the 
fatty acid methyl esters (FAME). The column was of 
stainless steel, 2 m long, 3 mm I.D. and packed with 10% 
di-ethylene glycol succinate (DEGS) on a 120-mesh 
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Chromosorb support, operated isothennally at 1800C with 
30 mVmin. flow of nitrogen. FAME was identified and 
quantified with an electronic integrator Hewlett Packard 
3390 A. Authentic standards and literature for published 
oils were used for identification of FAME. 

Results and Discusslon 

The dietary fat sources influenced the grow~ and 
feed conversion ratios of milkfish fingerlings. As shown in 
:fig. 1 and Table 4, the diet containing cod liver oil + 
coconut oil promoted significantly the highest growth 
among the diets tested. Pork lard + coconut oil and beef 
tallow + coconut oil diets also promoted high growth rates. 
The growth rate of milkfish fed a fat-free diet was 
significantly the poorest, although no physical signs of 
fatty acid deficiency were observed. The efficiency of the 
diets as expressed in feed conversion ratios reflected the 
growth rates of milkfish fingerlings. 

The w3 fatty acids are known to be more effective as 
essential fatty acids for Salmo gairdneri (Lee et al. 1967; 
Castell et al. 1972) whereas w6 fatty acids are effective (or 
Tilapi~ zillii (Kanazawa et al. 1980) and Oreochromis 
niloticus (Teshima et al. 19~2; Takeuchi et al. 1983). 
B:owever, Cyprinus carpio (Watanabe et al. 1975) and 
Anguillajaponica (Takeuchi et al. 1980) seem to require 
not only 18:3 w 3 but also 18:2 w6 for their good growth. 
Ictalurus punctatus appears to have much lower essential 
fatty acid requirements (Stickney and Andrews 1971, 
1972; Murray et al. 1977). Although milkfish had the 
highest growth from cod liver oil + coconut oil diet with 
an w3/w6 ratio of 5.5, the good perfonnance of milkfish 
fed beef tallow + coconut oil and pork lard + coconut oil 
diets showed that its requirement for essential fatty acids 
was not very exacting. 
. In all treatments, survival ranged from 90 to 100%. 

There was no indication of toxic effects being produced by 
any diet since the survival rates . were high. No 
pathological abnonnalities were observed among the fish 
during the feeding trial. · 

High relative liver weights and discolored livers 
often give an indication of unfavorable feed. This effect is 
often associated with the dietary fat. In this study, these 
traits in livers of milkfish fingerlings were not 
significantly different. The ~epatosomatic index (liver 
weight x 100/body weight) did not differ significantly 
among treatments (Table4). . 

The proximate composition of milkfish fed various 
fat sources is presented in Table 5. The presence of l~ge 
~ounts of fat compared to the initial content means that 
fat rather tluj,n carbohydrates is the favored energy reserve 
for milkfish. The fish expend, little energy for the capture 
of food, a condition which is conducive to deposition of 

fat. As the body fat of milkfish increased, moisture, 
protein and ash levels decreased, with correlation 
coefficients of r = -0.82, r = -0.87 and r = -0.61, 
respectively. The significant inverse correlation between 
body fat and moisture contents demonstrated the diluting 
effect of fat on moisture levels. · 

Correlation analysis of weight gain data and body 
composition showed that rapidly gz:owing fish had 
decreased body protein (r = -0.68) and moisture (r = -0.68) 
levels. A significant positive correlation existed between 
weight gain and body fat (r = 0.80). This indicated that the 
more rapidly growing fish were fatter. 

The composition of fatty acid deposition of milkfish 
(Table 6) reflected that of dietary fat (Table 3). The 
positive correlations between the fatty acid composition of 
diets and milkfish for the various groups of fatty acids are 
as follows: w3, r = 0.66; w6, r = 0.76; PUFA, r = 0.85; 
saturated, r = 0.80 and w 3/~6 ratio, r = 0.93. Diets 
containing high levels of saturated fatty acids resulted in 
low levels of milkfish polyunsaturated fatty acids (r = -
0.82). Although most diets contain high saturated fatty 
acid contents, the saturated fatty acids of milkfish did not 
exceed 48% level. Like trout (Yu et al. 1977) and channel 
catfish (Stickney and Andrews )971), milkfish appears to 
have a mechanism that regulates and maintains a proper 
level of lipid saturation. 
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Table 1. Composition of milkflsh diets. 

P11r cent in the diet 
Composition 2·11 

Casein 20.00 20.00 
Gel1tin 20.00 20.00 
Oextrin 48.50 24.30 
F1t8 0.00 10.00 
Vitamin mixb 3.00 3.00 
Mineral m ixc 4.00 4.00 
B.H.T. 0.05 0.05 
C.M.C. (Gelatimzed) 3.00 3.00 
a-clliiulose 1.45 10.95 

9See Tiable 2. 
bVit1mln mix (mgf100 g diet): P·amino benzolc ecid, 72.24; Biotin, 1.09; Inositol, 725.34; Nico-

tinic 1cld, 145.06; C1..p1mtothenate, 60,78; Pyridoxin1 HC1, 8.64: R1bof/11vin, 36.26;Thiamine HC1, 
10.88; Men1dione, 8.64; Vit. A, 18.14; O:Hocopheroi, 72.65;Cyanocobalamlne, 0.02;Calciferol 1.82; 
Choline chloride, 1482.65; Ascorbic acid, 362.66; Folic Acid, 2.72: a.cellulose, 0.51. 

CMi~ml mix (mg/kg dlotl: N•~1, 147.04; Mgso •• 6.48.00; N•2HP0,.7H2_0. 348.80; K_,HPO<'. 
929.20, CalH2Po,1,.H20• 543.20, F•C.H,,01, 118.BO, C•·l•ct•I•, 1308.00, AIC1~.6H20, 0.72, 
ZnS04 .7H2 0, 14.32; CuC1 2 .2H2 0; 0.40: MnS04 .H 20; 3.20; Kl, 0.64; CoCl 2 .6H2 0; a-cellulose, 
3.68. 

T•ble 2. Composition of dlet1ry fat. 

Diet 

3 
4 
6 
6 
7 
8 
9 

10 
11 

T11blo 3 Ptrc11n1og1f111v1cld comPOs1t1on ofd11111ry llplcll 

F111v1c1d 

12 0 27 6 
"0 13.1 w 23 3.6 
,. 0 126 132 1-4.4 263 
181W7 " 71 63 37 
"0 17 IS ·~ 322 
111:1wg 170 24.2 30.1 16 3 
unwl5 22 32£ 25.4 2A 
11S.3W3 1.1 3.1 38 1.1 
20:1wg 7.3 66 83 62 
20.5W3 96 •2 •• 6£ 
22:1W9 02 0.1 02 OA 
22·6W3 16 1.1 12 ·~ 

W3 12.1 12A 13.2 OS 

"'' 22 3a 25A 2.• 
!'UFA 14.3 '"" 39£ 113 

Sa1ur1ted 6'£ 111.0 186 621 
W3fW6 6£ OA 06 37 

0111 

20~ 

1U 
177 
17 

29,7 
160 
2£ 

2£ 
2£ 

790 

Per cent di1t1ry fat 

No fat 1dded 
5% cod liver oil + 5% coconut oil 
6% cod liver 011 

6% cod liver 011 
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Fig. 1. Mean body weight of milkfish fingerlings fed various diets. 
BT = beef; CLO = cod liver oil; CoO = coconut oil; CO = corn 
oil; PL= pork lard; SO= soybean oil. 
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Abstract 

Nile tilapia (Oreochromis niloticus) fmgerlings were fed Azol/a 
pinnata (Bangkok strain) in varying fonns and states and at varying 
percentages in fonnulated feeds. A standardized 28-day assay was used. 
Fed on fresh Azolla alone, fmgerlings lost 24-28% body weight. With 
solar-dried pellets and powder fonn, tilapia also lost weight although fed 
ad libitum. Although pellets with 75% driedAzolla generally enabled the 
fish to grow positively, growth rates were still significantly lower than 
those for the control diet mix of marine fishmeal, rice bran, com starch, 
com meal and micronutricnt premix. Results indicate. lowered growth 
perfonnance and worsening FCRs with increased dried Azolla 
incorporation in the diet. Ll.kewise, adult males fed ad libituin with fresh 
Azolla and dried pellets had growth rates 'ower than those fed the control 
diet. The Azolla pinnata used in this study was deficient as a feed for 
Nile tilapia. However, further studies still have to be made on the 

possible reasons. Ways to improve the nutritional value of such diets are 
discussed. 

Introduction 

Nile tilapia (Oreochromis niloticus) is the most 
. important tilapia cultured in the tropics and there is need 
for low cost feeds to increase its production in culture 
systems. Jauncey and Ross (1982) have summarized the 
available information on tilapia feeds. 
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The aquatic fern, Azolla, fixes atmospheric nitrogen 
through its symbiotic relationship with the blue-green alga 
Anabaena azollae. Azolla has attracted attention as a 
nitrogenous fertilizer (Peters et al. 1982) and as a source of 
dietary nitrogen for herbivorous fish and livestock 
(Subudhi and Singh 1978; Edwards 1980; Lumpkin and 
Plucknett 1980). It has been assumed that feeding fresh 
Azolla to 0. niloticus and other tilapias in fishponds and in 
integrated rice-fish culture is beneficial. Its popularity has 
stirred a rush among fish farmers for its propagation and 
use for fish culture. 

This study assessed the use of fresh and dried Azolla 
as feeds for 0. niloticus fingerlings and adults, including 
the possible replacement of a fish meal-based pelleted diet 
with diets containing Azolla. 

Materials and Methods 

An inoculum of Azolla pinnata (Bangkok strain), 
obtained from the· International Rice Research Institute 
(IRR!), Los Banos, Philippines, was initially cultured in a 
nutrient solution (Ramirez et al. 1979) for propagation. 
The plant was subsequently stocked into 1.5 m diameter, 
0.5 m deep outdoor plastic pools where it was cultured in 
fertilized water over a thin soil layer. 

Proximate analyses of sun-dried Azolla and other 
experimental diets were performed by the Department of 
Chemistry, University of the Philippines in Los Baiios, 
following standard feed analysis procedures (Table 1). 

The Institute of Aquaculture, University of Stirling, 
Scotland, also carried out a proximate analysis of Azolla · 
(Table 2) and determined the essential amino acid profile 
of a freeze-dried sample of the plant (Table 3). 

Nutritional assays for fingerlings were conducted in 
aerated 68-1 aquaria, 20 fingerlings/aquarium. Test diets 
were assigned at random to duplicate or triplicate aquaria. 
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In all cases, fingerlings were first acclimated to asi;igned 
experimental feeds prior to the start of actual feeding 
experiment which ran for 28 days. Daily rations were fed 
at 9 a.m. and 5 p.m. Feeding levels were adjusted 
following weekly weighing and measurements of all fish. 
Daily cleaning of aquaria and .water exchange minimized 
the development of extraneous feeds. Surface water 
temperature ranged from 24 to 300C. 

Assays on adult males were performed in 225-1 
aquaria each stocked with 10 fish. Routine care of the fish 
and conduct of the experiment, which ran for 30 days, 
followed those for fingerlings. Surface water temperature 
ranged from 27 to 31 oc. 

Results were evaluated with standard parameters. 
Daily specific growth, G%, feed conversion ratio, FCR, 
and essential amino acid index, were calculated with 
formulae developed by Jauncey and Ross (1982). 
Statistical analyses followed those described by Steel and 
Torrie (196Q). 

Fresh Azolla was fed at 10% and 20% body 
weight/day and excess (some always present) levels using 
triplicate aquaria. Daily rations of the plant were removed 
from cultures, flushed with water to remove extraneous 
materials, drained and weighed. Adjustments to the rations 
were made following weekly weighings of all fish. 

Table 1 lists the test diets used with dried Azolla. 
Pure dried Azolla, prepared in powdered (diets 1 and 2) or 
pelleted (diets 3 and 4) forms, was assessed alongside 
other pelleted experimental feeds (diets 5 to 9) which 
include dried Azolla at varying levels, 90%, 75%, 50%, 
25% and 10% of the control (diet 10). This reduced the 
proportions of the complete mix used in the control except 
for Afsillin which was kept constant at 1 %. The control is 
pelleted diet used in routine feeding at the Institute of 
Fisheries Development and Research, University of the 
Philippines in the Visayas. 

All diets were supplied to the fingerlings at the rate 
of 5% body weight/day except for diet 2 which was given 
in excess and diet 4 given at 10% body weight/day. All 
diets, including the pure dried Azolla were evaluated 
against the Azolla-free control and against each other. 
Fingerlings were acclimated to the diets in the aquaria (or 
three days before the experiment 

Adult male 0. niloticus received three feeds: fresh 
Azolla, dried Azolla pellets and the control diet The fish 
were fed the test diets ad libitum except for the ~ontrol 
which fed at the rate of 5% body weight/day, adjusted 
weekly. 

Composition and preparation of the. dry feeds were 
identical to those for fingerlings and their respective 
proximate analyses were .presumed to approach closely the 
analyses in Table 1. 

i 
Result~ 

All feeds, including fresh and dried Azolla, were 
readily accepted by the fish. Daily rations were normally 
consumed a few minutes after they were given, except 
where feeding was intentionally.at excess levels. 

All the fish fed fresh Azolla suffered loss of weight 
(Table 4). There were no signifj.cant differences in weight 
loss and survival between different feeding rates. When 
offered A.zolla in excess (40~ body weight/day), fish 
consumed about 20% body weight/day. 

Results of the nine test diets with dried Azolla and 
the control are summarized in Table 5. Negative growth 
rates resulted from treatments 1, 3 and 4. Treatments 2, 5 
and 6 gave positive but unacceptably slow growth. The 
control diet resulted in better ,growth than all levels of 
Azolla incorporation up to and. including 50% (treatment 
7). Despite high variability, the results indicate a trend in 
lowered growth performance and worsening FCRs with 
increasing Azolla incorporation, The FCR for treatment 2 
was very poor due to excess feeding. 

Azolla, whether fresh or in dried pelleted form, 
caused loss of weight of adult males, despite feeding to 
satiation (Table 6). Negative growth from these diets 
affirmed similar results with fingerlings. The adult fish on 
the control diet grew more slowly than the fingerlings. The 
FCR (5.18) was also poor, ~uggesting that 5% body 
weight/day feeding rate was n<;>t efficient for the size of 
fish. Jauncey and Ross (1982) citing Macintosh and De 
Silva (in press), conclude that by the time tilapia have 
grown to 50 g they will not generally accept feed more 
than 3 % of their .body weight daily. 

Discussion 

This study reveals the inadequacy of an all-Azolla 
pinnata (Bangkok strain) diet for 0. niloticus. The high 
water content of the fresh A. p~nnata (average 94%) may 
be a deleterious factor, but body weights were not 
maintained on a diet of fresh Azolla even when an excess 
was provided. Moreover, dried Azolla with a water content 
of about 11 %, was of negligible nutritional value, as 
growth experiments confirmed.: Poor growth responses to 
dried all-Azolla diets were obtained whether they were fed 
as powder or as pellets. , 

The proximate analyses of Azolla (Tables 1 and 2) 
indicate its nutrient deficiencies. First, the protein content 
of the high-Azolla diets was below accepted values for 
tilapia nutrition which range from 20% to 30%. But fcir the 
low protein level of the Azolla used, its essential amino 
acid (EAA) profile appears favorable as a tilapia feed. 
Table 3 compares its BAA levels with the quantitative 



' L 

i 
) -

I 
! 
i.... 

L 

I 
I.... 

i 
L. 

requirements of 0. nwssambicus as reported by Jauncey et 
al. (1983). The requirements of 0. niloticus are likely to be 
si'milar. The EAA index of Azolla protein was calculated 
to be 71.75%. The three EAAs most frequently limiting in 
plant protein, lysine, methionine and phenylalanine, were 
present in especially high quantities. However, this Azolla 
pinnata strain was limiting in tryptophan and slightly 
deficient in threonine. Hence, it is suggested that 0. 
niloticus fed here all-Azolla or high-Azolla diets suffered 
from deficiencies in.these two EAAs. However, the 
biological availability of the various amino acids was not 
determined. The results suggest that an Azolla 
species/strain with a higher protein content would have to 
be developed to utilize its favorable ·EAA profile in fish 
feed formulation. 

The all~Azolla and high-Azolla diets also had low 
lipid values. In these diets, a substantial portion of the 
protein supplied by the plant was conceivably used for 
energy rather than for growth. Jauncey and Ross (1982) 
suggest a dietary lipid level of 6-10% for fish of the size 
used in this study to allow maximum utilization of protein 
for growth. 

Further, certain fatty acids, notably polyunsaturated 
fatty acids of the ..,6 series are known to be essential to 
fish. The efficiency of theAzolla diets used may have been 
limited by inadequate quantities of essential fatty acids. 
These were not quantified in this study. 

Tables 1 and 2 disagree on the size of the unavailable 
fraction of carbohydrates. Table 1 lists the crude fiber 
content of dried Azolla and high-Azolla preparations as 
about 7% of dry matter. Table 2, on the other hand, shows 
that the difference between total and available 
carbohydrates would give a fiber content of about 53% dry 
matter. The discrepancy between the two estimates cannot 
be accounted for. However, other published data show 
similar problems (Singh and Subudhi 1978; Subudhi and 
Singh 1978). If the true level of indigestible fibrous 
compounds is indeed very high, then this could adyersely 
affect the nutritional value of Azolla for 0. niloticus. High 
percentages of indigestible components have been cited as 
causes for poor digestibility and lowered availability of the 
energy content of plant feeds as well as reductions in fish 
growth, feed conversion efficiency, net protein utilization, 
condition and carcass fat (Buddington 1979; Appler and 
Jauncey 1983; Anderson et al. 1984). 

Based on assumed digestibilities of 80% for protein, 
90% for lipid, and 60% for available carbohydrate, the 
likely digestible energy of dried Azolla was estimated to 
be 1.05 kcal/g. According to Jauncey (pers. comm.), this 
digestible energy level is too low even for a supplementary 
feed. 

This Azolla contained only half the level of 
phosphorus required for tilapia feeds, a deficiency 
probably worsened by the high calcium content, which can 
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reduce availability of dietary phosphorus (Jauncey, pers. 
comm.). High calcium levels can also inhibit the 
assimilation of essential dietary trace elements such as 
zinc. The high calcium levels reflect the high ash content 
which is in itself a negative factor. No analyses were made 
for other minerals. 

Dietary protein and lipid levels, growth rate, feed 
conversion and degree of Azolla inclusion in the control 
were apparently correlated. The fish meal control diet 
contained near-optilllum levels of protein and lipid for 
tilapia and its efficiency was confirmed by the assays. 
Feeds where Azolla replaced only 10% to 25% of the 
control formulation probably also met the requirements of 
0. niloticus fingerlings for protein and lipid. The adult fish 
also grew well on the control feed and would probably 
also respond favorably to low-Azolla feeds, as did the 
fingerlings. Larger fish generally tend to have lower 
qualitative nutrient requirements, but the results here show 
that 0. niloticus adults did not utilize the all-Azolla diets 
any more efficiently than did the fingerlings. 

On the evidence_ presented, inclusion of dried Azolla 
in 0. niloticus diets at any level may not be recommended. 
However, supplementation may make inclusion possible. 
A. pinnata with a higher protein content can be obtained 
and deficiencies in the essential amino acids, tryptophan 
and threonine, could be supplied from a variety of sources. 
However, the availability of other essential animo acids, 
particularly those that are commonly limiting, must be 
established. The low energy content of Azolla and its 
possible limitations in essential fatty acids may be 
remedied by providing alternative energy sources. 
Increasing its energy content would then spare the 
proteinaceous component for fish growth. 

Additional work on Azolla as a: fish feed component 
should include determination of the digestibilities of its 
energy and protein constituents and a more accurate 
determination of its fiber content or measurement of 
specific components such as the celluloses. Finally, it 
would be worthwhile to replicate this work with the 
macrophyte-feeding tilapias T. rendalii and T. zillii which 
may be better adapted to deal with fibrous plant materials 
than 0. niloticus. 
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Table 1. Composition (g/100 g) end proximate analyses (%) of test diets offered to Oreochromis niloticus fingarlin~s. 

Treatment/diet no. 
2 3 4 5 6 7 8 9 10 

(control) 

Dried Azolla• 
powder 100 100 95 95 90 75 50 25 1'0 

Fish meal 4 10 20 30 ~6 40 
Rice bran 4 10 20 30 36 40 
Corn meal 1 2.5 5 7.5 '9 10 
Corn starch .5 5 0.9 2.25 4.5 6.75 8.1 9 
Afsillin .. 1 1 1 

Moisture (%) 11.21 1121 10.14 10.14 9.89 10.74 13.82 14.58 1,4.26 11.92 
Ash(%) '33.46 33.46 27.91 21:91 27.81 27.46 19.91 14.89 1°2.98 10.14 
Crude fat (%) 3.30 3.30 3.38 3.38 2,89 3.22 5.41 7.31 7.45 12.41 
Crude protein (%) 15.38 15.38 14.34 14.34 13.71 15.71 20.78 21.58 23.32 3:.> 37 
Crude fiber (%) 7.16 7.16 7.63 7.63 7.52 6.98 4.54 4.26 3.24 4.57 
Nitrogen-free . 

extract (%) 29.49 29.49 36.60 36.60 38.18 35.89 35.54 37.38 ~6.75 27.09 

•Azol/a pinnata (Bangkok strain) . 
.. (Micronutrient premix: E.R. Squibb and Sons, Manila). 

Table 2. Proximate analysis of sun-drjed Az~//a pinnata (Bangkok strain) grown in soil-water cultures 
in the Philippines. ' 

Analyses Content Procedure 

Moisture 9.62% 
Crude protein 18.16% Kjeldehl N x 6.26 

. Crude lipid 1.31% Ether extract 
Ash 21.68% Residue after ignition at 460!C 

for 12 hours 
Total carbohydrate 58.85% By difference 
Total (gross) energy 3.51 kcal/g By calculation 
Acid-Insoluble ash 4.8% Residue after ashing followed 

by digestion with 10% HCL 
Total carbohydrate 6,0.1% Phenol/sulfuric acid method j 
Available carbohydrate 6.4% As glucose after amyloglucosi· 

dase digestion 
True protein 17.6% Lowry method 
Calcium 1.64% Gravimetrically 
Phosphorus 0.56% Ammonium molybdeta method 
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Table 3. Essential amino acid (EAA) profile of Azol/a pinnata (Bangkok strain)* and quantitative 
requirements of Oreochromis mossambicus (from Jauncey et al. 1983). 

O. mossambicus 
EAA content of A. pinnata EAA requirements 

Amino acid % of sample % of crude protein % of dietary protein 

Arginine 1.93 11.14 2.82 
Histidine 0.38 2.19 1.05 
lsoleucine 0.63 3.64 2.01 
Leucine 123 7.10 3.40 
Lysine 1.00 5,77 3.78 
Methionine 0.22 1.27 0.99 
Phenylalanine 0.80 4.61 2.50 
Threonine 0.49 2.82 2.93 
Tryptophan 0.04 0.23 0.43 
Valine 0.89 4.62 2.20 

Total 7.61 43.39 

*The EAA analysis was performed on a freeze-dried sample which contained 17 .32% crude protein 
(Kjeldahll. 

Table 4. Weight losses suffered by Oreochromls nllotlcus flngerllngs fed on fresh Azo/11 p/nn1t11 (Bengkok strain). Me1ns In any 
column followed by the Sime letter ere not slgnlflcently different ind • Indicates significant weight loss (p = 0.05). 

Feeding rate lnltl1I Flnel lnltl1I Fln1I Tot1I 
(%body length length weight weight weight % 

welght/dey) (cm) (cm) (g) (g) loss (g) Mortellty 

10 6.9(0.08)a 6.9(0.18)e 5.80(0.IO)e 4.41 (0.27)1 -1.39(0.17)' 6.7(3.3)• 
20 6.9(0.10)• 6.9(0.05)e 6.72(0.40)1 4.1210.20)1 -1.60(0.39)' 6.0(2.9)1 

Excess 6.9(1,73)• 7.0(0.00)e 5.96(0.31 )e 4.60(0.30)e -1.46(0.10)' 1.7(1,7)e 

Table 6. Results of test diets containlng•drled Azolls fed to Ormichrom/s nilot/cus fingerlings In duplicate 68·1 aquaria (20 fish/ 
equerium) for 28 days: CP ... control feed mix; OAP = dried Azo/11 powder; DA =dried Azolls~· FCR = feed conversion ratio; G a 

specific daily growth rate (%1; means 1nd standard errors(±). 

Treetment no./dlet/ lnltlel Fln1I lnltlel Flnel 
feeding rote (% body length length weight weight G FCR Mortality 

welght/d1y) (cm) !cm) (g) (g) (%) (%) 

1. DAP/6% 4.2(0,12)1 4.110.ll)d 1,38(0.03le 1.26(0.04)e -0.34(0.06)d 
2, OAP /excess 4.3(0.06)a 4.3(0.66)d 1.18(0.23)a 1.45(0.04)de 0.83(0.76)cd 117(106)' 
3, DA pellets/6% 4.1(0.19)• 4.1(0.18)d 1.37(0.09)e 1.23(0.08)e -0.40(0.01 )d 
4. DA pellets/I 0% 4.4(0.07)e 4.4(0.21)d 1.52(0.12)a 1.36(0.0l)e -0.39(0.26)d 
6. 90% DA: 10% 

CP/6% 4.0(0,31)e 4.0(0.30)d 1.06(0.01 )a 1,29(0,18)e 0.65(0.71 )cd 
6. 76% DA: 26% 

CP/5% 4.1(0.ll)a 4.2(0,09)d 1.40(0.09)• 1.40I0.04lde 0.00(0.IO)d 
7, 50% DA: 50% 

CP/6% 4.0(0.06)e 4.7(0.07)cd 1.32(0.11)1 2.04(0.06)cd 0.58(0.41 )be 3.31 (0.80fe 2.5 
8. 26% DA: 76% 

CP/5% 4.1 (0.27)a 6.2(0.40)bc 1.32(0.28)1 2.32(0.49)bc 2.01 (O,OO)abc 2.34(0.13)b 
9. 10% DA: 90% 

CP/6% 4.0(0.11)e 6.6(0.06)ab 1.34(0.16)e 2.85(0.13)1b 2.71(0.69)eb 1.77(0.27)ab 
10. Control pell1ts 

6% 4.2(0.13)1 6.olo.23le 1.46(0.13)e 3.39(0.36)1 3.03(0.06)e 1.48(0.05)b 

Me1ns In any column followed by the same letters are not slgnlflcently dlfferant (p > 0.05): 'very high due to axcess feeding, 
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Table 6. Results of feeding feed pellet and two Azolla pinnata (Bangkok strain) feeds to male Oreochtomis niloticus in duplicate 
225-1 aquaria (10/aquarium) for 30 days. G =daily specific growth rate(%); FCR =feed conversion ratioi means and standard errors 
(±)means in any column followed by the same letter are not significantly different (p >0.05). 

Mean Mean Mean Mean 
initial final initial final 

Diet and length length weight weight G 
feeding rate (cm) (cm) (g) (g) (g) FCR Mortality 

Dried Azolla pellets 
fed ad libitum 13 .9(0.72)a 14.2(0.92)a 45.96(9.48)a 40.51 (7.84)a -0.42(0.04)a 0 

Fresh Azolla fed 
ad libitum 15.4(0.13)a 15.6(0.16)a 61.35(1.75)a 52.98(1.01 )a -0.51 (0.03)a 5 

Control fed at 5% 
body weight/day 15.0(0.19)a 16.7 (0.33)a 58.01 !1.80)a 76.12(1.86)b 0.91 (0.03)b 5.18(0.20) 0 
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Abstract 

Golden perch (Macquaria ambigua) fry released into rearing 
ponds at the yolksac resorption stage conesponding to the stage when 
feeding begins, feed only on small cladocerans (mainly Moina micrura) 
of 350-860µm although rotifers are often the most abundant zooplankton. 
Variability of Moina density is great and probably accounts for. the 
marked variability in survival rate of fish fiy. It is proposed that after the 
yolksac resorption stage, the fiy be fed in the laboratoiy/hatcheiy for two 
to three days on an appropriate diet before release· into the nurseiy 
rearing ponds. 

Diet trials showed that the fiy survive and grow better on an 
artemia nauplii diet than on a size-selected Moina-supplemented diet. 
After laboratoiy feeding for three days, the fiy are more robust and feed 
on copepods in addition to small cladocerans. This awroach may 
decrease variability in and increase survival rate ofthefiy. 

Introduction 

Fry rearing in ponds can be difficult because of the 
problems of the "critical period" and "point of no return" 
inherent for some fish fry (Fabre-Domergue and Bietrix 
1897; Hjort 1914). These problems appear to be inherent 
in the golden perch (Macquaria ambigua), an Australian 
native freshwater fish. Roland (unpublished data) found 
that the survival rate of golden perch fry was proportional 
to food density. Arumugam (1986) found that the fry at 
initial feeding were weak and slow and fed mainly on 
small cladocerans of about 350-860 µm (mainly Moina 
micrura and first instar Daphnia carinata), although 
rotifers were often abundant when the fry were released 
into the ponds (Arumugam and Geddes 1986). Moina, the 
main food item of the fry, is common at this period but its 
density is highly variable because of the successional 
pattern of zooplankton in the pond. This variability 
probably accounts for the marked variability in survival 
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rate of frY, from 1 to 80 % with an average of about 48% 
(Roland, pers. comm.). 

This paper proposes an initial feeding technique so 
that fry will pass the period of high fry mortality. The 
technique involves feeding the fry stage when initial 
feeding commences with a suitable feed for two to three 
days in the laboratory/hatchery before release into the 
nursery ponds: (a) to increase survival rate of fry and 
hence increase production; (b) to lower the variability in 
survival rate of fry, ensuring a more consistent supply; and 
(c) to ensure that the fry are better prepared for release into 
ponds. This technique or its modification has been used 
successfully for larval/fry rearing (Alikunhi 1957). 

The golden perch spawn are kept in hatchery tanks 
up to the yolksac resorption stage when initial feeding 
commences (five to six 'days) and are then released into 
the pond (Roland 1983). The fry at this stage eat very little 
food, about' 7-21 artemia nauplii per day (Arumugam 
1986), making the technique economically feasible. The 
exorbitant cost of artemia may make the initial feeding 
technique uneconomical. 

The choice of starter feed is of prime importance. 
Artemia nauplii were used beeause of their extensive 
usage for feeding frY (Cheah et al. 1985). An artificial 
trout feed was also tested because it was relatively cheap 
and easily available. These two starter feeds were 
compared with pond zooplankton supplemented with 
cultured Moina micrura and against a control (no food 
added).· Fitness of the fry when released into the pond is 
important and was assessed by comparing unfed and fed 
fry using prey preferences and daily food consumption as 
criteria. 

Materials and Methods 

The golden perch fry used were about 4.6 mm 
standard length and were visual predators that generally 
attacked moving objects. The experiments were carried 
out at the Inland Fisheries Research Station, Narrandera, 
NSW, Australia (NIFRS).~ 

Three starter feeds were used: trout feed, artemia 
nauplii and zooplankton 'and as a control, no food was 
added. Trout feed pellets were ground, sieved and those 
200-500 µm in size were used. Freshly hatched artemia 
nauplii (about 400 µm) were prepared from commercial 
artemia cysts. Zooplankton were collected from ponds at 
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NIFRS, sieved to obtain a size of 200-500 µm and 
supplemented with laboratory cultured M. micrura. 

For each starter feed and the control, five replicates 
of ten fry each were randomly assigned in separate 
beakers. Each beaker contained 300 ml of filtered river 
water that was constantly being aerated. The water in each 
beaker was changed daily and the fcy were fed twice daily. 
The expe~ent was run for five days at 20-220C upder 8-
hour light and 16-honr dark conditions (fluorescent 
lighting). 
' The survival rate of fry in each replicate w~ noted 
daily and the means plus standard errors for each: starter 
feed were determined. At the· end of the experiment the 
standard length (mm) and dry weight (Qg dried at 6boC for 
24 hours) of the surviving fry were determined and their 
respective means for each starter feed were calculated. A 
one-way analysis of variance was used to test for 
differences between starter feeds. For the variates which 
showed significant differences between starter: feeds 
(length and weight only), Duncan's multiple range test 
was used to determine the differences between starter 
feeds (Steele and Torrie 1980). 

The common microcrustaceans in the fry rearing 
ponds, M. micrura (350-500µm), D. carinata (780-860µm) 
and calanoids (430-960µm)· ~ere used to determine the 
species preferences of the unfed and fed fry. The prey 
lengths used were within the size range that the fry could 
engulf (Arumugam 19S6). Thjlty individuals of each .prey 
species were placed in a beaker containing a fry 
individual. The number of individuals remaining for each 
species after 24 hours was i;ecorded. Ten such feeding 
trials were carried out simultaneously in an experimental 
chamber (Arumugam 1986) at 20-220C for both the unfed 
and fed fry. Species preference of the fry was determined 
using the ,prey preference index for limited density 
(Chesson 1983). 

Five unfed fry were placed in separate beakers in ,an 
experimental chamber (Arumugam 1986) at 20-220C. 
Forty freshly hatched artemia nauplii were.placed in each 
beaker and the number eaten after 24 hours was recorded. 
The same procedure was carried out for the fed fry. The 
daily food consumption was expressed as µg dry weight 
~onsumed per day. · · 

Results 

' The survival rate of the fry using different. starter 
feeds.(Fig. 1) showed that fry fed with artemia nauplii had 
~e highest survival rate. A marked decrease in s:urvival 
i;ate occurred on day 2 and day 3 for zooplankton arid trout 
feed, respectively. Survival rate remained high after the 
earlier marked decrease in survival for both zooplankton 
and trout feed. Statistical analysis showed that the mean 

length of fry fed with artemia nauplii was significantly 
longer than the fry fed with the other two starter feeds and 
the control (Table 1). The mean weights of fry were 
similar for. fry fed with artemia nauplii and zooplankton 
starter feeds but significantly heavier than the fry fed with 
trout feed and the control. , 

The comparisons of prey preferences showed that the 
fed fry had a higher prefereqce for copepods than the 
unfed fry (Table 2). The , unfed fry had a daily 
consumption of 33.7µg/day; the fed fry, 53.0µg/day. 

Discuss~on 

Artemia nauplii were suitable as a starter feed. The 
fry of the golden perch had good survival and grew well 
during the four-day period. Fry fed on zooplankton had 
good growth but a lower survival rate than those fed with 
artemia which was probably due to initial feeding 
problems. Cheah et al. (1985) found a significantly lower 
survival rate on Moina diet as compared to artemia nauplii 
diet for Helostoma temmincki. lfhe poor growth of fry fed 
on trout feed indicated that the feed formulation as a 
whole was nutritionally inadequate as a starter feed for 
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golden perch. 
The use of the trout feed for the unfed fry 

emphasizes the importance of the initial feeding period in 
the laboratory to improve fitness of the fry. The fed fry 
had a wider spectrum of prey species to capture; they were 
capable of feeding on the fasteJ," moving copepods and also 
had a higher daily food consumption than the unfed fry. 
This suggests that after an initial fee.ding period in the 
laboratory the fry improved their capture efficiency 
(Braum 1978; Arumugam 1986). As such the fed fry had 
better probability of survival when released into the ponds 
than the unfed fry. It is important that the timing of release 
into the pond of fry at first feeding stage coincides with 
abundance and availability of the appropriate size range of 
prey species. Also, weak fry 'are prone to predation by 
insect predators. 
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Table 1. Comparisons of mean lengths and mean weights of fry for the three starter feeds and the 
control using the Duncan's multiple range test. (N.B. a line joining 2 or more values indicate that 
these values are not significantly different;*= 5% probability). 

Starter feeds 
Control Trout feed Zooplankton Artemia nauplii 

Length (mm) 4.77 4.79 

Weight 161.5 161.8 

Table 2. Comparisons of prey preference index values (mean ± 
standard error) of fry at first feed (unfed fry) and fry fed on a 
trout feed diet for three days (fed fry) for Moina, Daphnia and 
calanoids. 

Moina 
D1phnl• 
Celano Id 

Unfed fry 

0.66 ± 0.10 
0.43 ± 0.10 
0.01 ± 0.01 

Prey preference Index 
Fed fry 

0.27 ± 0.07 
0,54 ± 0.08 
0.19 ± 0.05 

4.76 4.92* 

173.0 175.5* 

100 

90 

80 

~ 70 

60 

50 
0 3 

No. of days 

Fig. 1. Percentage survival (X ± S.E.; n = 5) of fry for the three 
starter feeds and the control. 
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Abstract 

Oreochromis niloticus fingerlings were stocked at densities of 50, 
100, 150 and 200 fish/m2 in fixed net cages in Laguna Lake, Philippines. 
These were reared without supplemental feed on 1 April-30 July 1980, 5 
August-3 December 1980 and 19 December 1980-19 April 1981. Water 
temperature, dissolved oxygen, chloride level and pH for the thtbe 
periods were measured outside the net cages. Growth rates were highest 
at 50 and 100 fishfm2 reared between April and July when phytoplankton 
biomass was high with a peak production observed in June (65.5 gfm2), 
and zooplankton biomass ranged from 9.3 to 32.68 gjm2. Under these 
conditions, fish initially weighing 1.6-1.7 g grew to a marketable size of 
106-124 g in four months. Those stocked at 150 and 200 fishfm2 had 
lower weights but still we.ighed over 80 g. None of those in the other two 
rearing periods exceeded 50 g after four months. Survival and fish yield 
during April-July were also higher than for those reared during the other 
periods. 

Introduction 

The tilapias are fast becoming important culture 
species in developing countries. In the Philippines, 
Oreochromis niloticus, introduced from Thailand in 1972 
(Balarin and Hatton 1979), is now one of the favorite food 
fishes and is cultured extensively in lakes and ponds. 

The cage culture of 0. niloticus in Laguna Lake is a 
relatively new development in the Philippines but it has 
prospered into a major industry. Delmendo and Baguilat 
(1974) were the first to report on. the cage culture of 0. 
niloticus in the Philippines. In 1981, about 1,000 ha of the 
90,000-ha lake were devoted to tilapia culture in small 
pens and cages (Pullin 1981). Nile tilapia is easy to breed 
and economical to grow in this lake. There are reports, 
however, of slow growth in some net _cage farms during 
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certain months of the year. Growth data are apparently · 
lacking in spite of the proliferation of tilapia cages in: .: 
Laguna Lake. · -

This study compares the growth, survival and yield ; 
of 0. niloticus fingerlings in fixed net cages at various 
stocking densities and different periods of the year. 

Materials and Methods 

The tilapia fingerlings came· from the lake-based 
nursery of the Binangonan Research Station, Aquaculture 
Department, Southeast Asian Fisheries Development 
Center. The parental stock was a cross between a 
Philippine selection that originally came from Thailand 
and a strain from Singapore (Bautista, pers. comm.). 

The net cages were suspended in fixed bamboo poles 
and spaced 1 m apart at the west side of Tapao Point in 
Laguna Lake. Each cage was 1 x 1 x 1.5 m and made of 
polyethylene netting with 5.4 mm mesh size: The 
submerged portion of the net cage was 1 m3. 

Water quality parameters (temperature, chloride, 
dissolved oxygen content, pH) and phytoplankton and 
zooplankton biomass were measured weekly using 
standard procedures. 

All the three experiments were carried out in the 
same site and culture net cages. Details of the 
experimental design are shown in Table 1. There were 
four stocking density treatments with four replicates each 
in a completely randomized design. The total length and 
weight of ten randomly sampled fish were measured at 30-
day intervals over a period of 120 days. No artificial feed 
was given during the experiments. At the end of each 
experiment, bulk weights and total counts of fish per cage 
were recorded. 

All data on growth, the arc sin square root 
transformation of survival rates were subjected to one-way 
analysis of variance. Duncan's new multiple range test 
was employed to compare the significance of the means of 
the growth parameters among the stocking densities tested. 

Results 

In experiment 1 (1 April-30 July 1980), the mean 
fish weight at stocking density of 50 fishJm2 was 
significantly higher than those at 100, 150 and 200 fish/m2 
(P < 0.05, Table 2) after 120 days. Mean fish weight at 
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100 fish/m2 was also significantly higher than those at 150 
aQd 200 fish/m2. The difference between those stocked at 
150 and 200 fish/m2 were statistically insignificant (P > 
.0.05). The average growth rate of fish stocked at 50/m2 
was 1.03 g/day, while growth at 100 and 200 fish/m2 
ranged from 0.70 to 0.87 g/day. High survival rates (91-
98%) were obtained all stocking densities and were not 
significantly different (P > 0.05, Table 3). Total yield of 
harvested fish increased with the increase of the stocking 
density. Highest yield was at 200 fish/m2 (15.6 kg/m2) 
and lowest at 50 fish/m2 (5.2 kg/m2). The diffe.rence 
between total yield at 100 and 150a fish/m2 was 
insignificant. 

In experiment 2 (5 August-3 December 1980), 
stocking density at 50 fish/m2 showed significantly faster 
growth than higher densities of 150 and 200 fish/m2 (P < 
0.05, Table 2). No significant difference was found 
between 50 and 100 fish/m2 and among 100, 150 and 200 
fishfm2. Mean survival rates were 74-84% and had no 
significant difference (P > 0.05). Like experiment l, total 
yield was highest at 200 fish/m2 (3.9 kg/m2) and lowest at 
50 fish/m2 (1.6 kg/m2). No significant differences were 
found among 50, 100, 150 and among 100, 150 and 200 
fish/m2. 

In experiment 3 (19 December 1980-19 April l981), 
mean fish weights at 50 and 100 fish/m2 were 
significantly higher than those at 150 and 200 fishfm2 (P < 
0.05, Table 2) after 120 days. Differences between those at 
50 and 100 fishfm2 and between those at 150 and 200 
fishf m2 were insignificant. Mean survival rates were 68-
93% and showed no significant differences. Compared to 
Experiments J and 2, total yields were very low (0.47-0.78 
kg/m2) and had no significant differences. 

The physical and chemical parameters of the water 
measured outside the cages from 1 April 1980 to 15 April 
1981 are shown in Table4. 

Discussion 

Marked differences in growth and survival of 0. 
niloticus fingerlings grown in cages in Laguna Lake were 
noted in the three experiments conducted during different 
parts of the year (Table 2, Fig. 1). Fish reared in April-July 
showed better growth than those . reared in August-
December or December-April. Fish stocked at the lowest 
density showed significantly faster growth within four 
months than at higher densities. Although smaller, fish 
stocked at higher densities of 100, 150 and 200 fish 
fishfm2 were of marketable size (> 80 g) in July. The 
ef,fect of population density on the growth of some fish has 
been demonstrated by other workers (Cache 1976; Chua 
and Teng 1979). · 

The fast growth of fish in April-July may be 
attributed to the high primary productivity which reached 
its peak of 8.8 gC/m2/day in June 1980 and remained high 
(2.7-6.0 gC/m2/day) in July (Nielsen et al. 1981). 
Phytoplankton biomass at the experimental site was 
comparatively high with a Peak production observed in 
June (average of 65.6 g/m2, Fig.' la). Prior to the increase 
in primary productivity, there was a significant increase in 
chloride concentration (Table 4 ),: an indication of seawater 
intrusion from Manila Bay. Chloride level had a maximum 
of 1.192 g/l in May and remained high (0,356-1.079 g/l) in 
June. This was followed by impx;oved clarity of water that 
stimulated an increase in primary production (Nielsen et 
al. 1981). Highest water temperature was recorded in 
April-July, varying from 29 to 33oc. The fast growth and 
very high yield of fish suggest that the available natural 
food was enough to meet the requirement of fish stocked 
as high as 200 fishfm2. 

1 

The stunted growth of fish observed in the other two 
experiments could be accounted for by the relatively low 
phytoplankton biomass during ~e period (Fig. la). The 
phytoplankton biomass in August-December 1980 
(Experiment 2) and in Dec~mber 1980-April 1981 
(Experiment 3) were 4.7-11.4 and 5.1-8.9 g/m2, 
respectively. Primary productivities of water in August-
December 1980 and in Decem~er 1980-April 1981 were 
0.2-5.9 and 0.5-1.5 gC/m2/day, respectively (Nielsen, 
pers. comm.). These were relatively low compared to the 
observation in April-July 1980; Perhaps the amount of 
natural food during Experiments 2 and 3 was not sufficient 
to sustain optimum growth even1 at a low stocking density 
of 50 fish/m2. As observed by 'Hepher (1972), when the 
natural food is sufficient only 1 for maintenance, growth 
ceases entirely. According to Almazan and Boyd (1978), 
when gross primary production is below 0.48 gC/m2/day, 
growth of tilapia stops. Aquino and Nielsen (1983) have 
likewise shown that the primary production rate of 0.5 
gC/m2/day is the lower limit for tilapia growth in 
Sampaloc Lake. However, fish growth was better in 
August-December than in December-April, probably 

I ' 
because of the higher zooplankttjn biomass during August-
December (Fig. lb) and the low water temperature in 
December 1980-April 1981(Tabie5). 

Mouthbrooding females (about 19 g) ·were observed 
in some cages in Experiments 2 and 3 ·during the third 
mohth of chlture. Precocious breeding of tilapia in natural 
waters has been associated with inadequate food (Lowe-
McConnell 1982 ). ' 

This study showed that the growth of tilapia in the 
cages of Laguna de Bay is: greatly influenced by 
seasonality of natural food and' temperature. For proper 
management, the level of production of natural food items, 
mainly plankton, has to be known. This figure determines 
the fish yield which may be harvested without affecting 
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the system in a negative way. Artificial food may be 
required during about eight months of the year when the 
concentration of plankton is below the level for maximum 
growth of tilapia in Laguna de Bay. 

A continuous study of environmenal conditions in 
Laguna Lake is necessary now that a barrier between the 
Lake and the Pasig River, into which it drains (the 
Hydraulic Control Structure) is operational. Changing 
patterns of productivity should be monitored to determine 
the rearing period for 0. niloticus under the new 
conditions. 
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Table 1. Experimental design, initial stocking density, initial biomass and size of fish stocked. 

Initial Initial Size of fish stocked 
stocking biomass Mean Mean 
density stocked weight length 

(fish/m2 ) (kg/m2 ) (g) S.D.* (mm) S.D.* 

Experiment 1 
(1 Apr-30 July 1980) 50 0.08 1.69 0.74 47.40 7.40 

100 0.16 1.55 0.61 48.20 8.29 
150 0.26 1.71 0.68 47.82 6.62 
200 0.28 1.40 0.68 45.42 6.55 

Experiment 2 
(5 Aug-3 Dec 1980) 50 0.07 1.36 0.56 42.73 5.32 

100 0.12 1.25 0.42 41.85 4.22 
150 0.18 1.22 0.41 42.08 4.56 
200 0.27 1.37 0.43 42.82 4.79 

Experiment 3 
(19 Dec 1980-19 Apr 1981) 50 0.04 0.90 0.44 37.88 6.44 

100 0.09 0.88 0.44 38.95 6.14 
150 0.10 0.68 0.20 35.02 3.57 
200 0.13 0.63 0.20 33.90 4.16 

* ± Standard deviation. 
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'• ._· ,. ' 

Table 2. Experiments 1·3: mean weights (g) of sampled 0. niloticus cultured at three different periods of the year. Means followed 
,_) 

• I ~ '\'; - 'by the same Jetter(s) are not significantly different (P > 0.05). 
•• ,-,- < !; ' 

~I} ", r, I ~ ~ .·' ·«'' Stocking - \• 

•!.· :.'1•, _.•I.)'"' density Days 
(fish/m2 ) 0 30 '60 90 120 -' 

r:... ', :t: 
'I', f L -, . 

':i ·: · ·•Experiment 1 
, '" '· " (Aprfl-30 July 19SO) 50 1.69a S.50a 20.61a 6S.528 124.S38 ~ 

. \ .,~ ' 100 1.55a 6.S7b 17.17b 67.66a 106.02b 
•'J '\•I: 1'1,,r =.f: 150 1.55a 6.37b 15.SSbc 62.148 S5.53c 
~ •,\ I '.', • ;•, : ' t ~ 200 1.408 6.30b 14.97c 49.65b S4.31c 

·• ( 
. ~'~ . : 

Experiment 2 
.. : .-(5.August·3 December 19SO) 50 1.36a 9.658 17 .74~ 2S.90~ a ·•, 32.40 b 

'' 100 1.258 7.70b 14.91b 25.33 31.46~ 
150 1.22a s.22b 14.36 21.03c 29.12b 

-, II' 200 1.378 7.30b 11.73c 1S,SSc 2S.5S 

,.-. ... ' : Experiment 3 ·'-
,, ·. ·.-L· (19 December 19SO· 
I ' ' 1 ~ ' > • I 19 April 19S1) 50 0.908 2.9S8 4.908 7.268 9.66a 

~ :: '~ 100 o.SS8 2.998 4.S98 6.738 S.748 

·,f:-1 150 0.6Sb 2.52b 3.54b 5.06b 6.72b 
. , ~ ' 200 0.63b 2.15b 3.23b 4.79b 6.34b 

__j 

Table 3. Mean initial weights, final weights, mean daily growth rate, survival rate and total yield of 0. nilotlcus fingerlings cultured 
at three different periods of the year. Means followed by the same latter(s) era not significantly different (P > 0.05). __, 

Stocking Mean weights Mean daily Mean daily Total 
(no. of Initial Final growth growth rate Survival yield 

fish/m2 ) (g) (g) (g/fish/day) (%) (%) (kg/m2 ) 

Experiment 1 
(April-30 July 19SO) 50 1.69a 124.S3a 1.03 61.14a 9S.5a 5.21c 

100 1.55a 106.02b O.S7 53.13a 95.5a 9.52b 
150 1.71a S5.53c 0.70 49.368 b 91 :1 8 11.70b 
200 1.40a S4.31c 0.70 41.33b 97.9a 15.64a 

Experiment 2 
1.57b (5 August-3 December 19SO) 50 1.36a a 0.26 19.56a S3.5a 32.40 b 

100 1.25a 31.46a 0.26 20.378 S4.08 2.S3ab 
150 1.228 29.12b 0.23 19.20a 74.5a 3.04ab 
200 1.37a 2S.5Sb 0.23 16.54a 77.Sa 3.92a 

Experiment 3 
(19 December 19SO· 

19 April 19S1) 50 0.90a 9.66a 0.07 S.06a SO.Oa 0.478 

100 a a 0.07 7.43a SS.S8 0.6S8 
o.ssb S.74b 

150 0.6Sb 6.72b 0.05 7.608 92.5a 0.7Sa 
200 0.63 6.34 0.06 7.648 6S.4a 0.76a 
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Table 4. Changes in the water temperature, chloride level, dissolved oxygen content and pH outside the net cages. Each value is the 
monthly measurement taken weekly over the period of the experiments (1 April 1980·15 April 1981). Values in parentheses indi· 
cate the ranges. 

Water temperature Dissolved oxygen Chloride 
Months (oC) content (mg/I) pH (g/I) 

April 29.7b 6.8b 7.8b 0.20b 
(29.0-30.0) (6.1-7.2) (7.3-8.0) (0.201-0.210) 

May 32.4b 9.1b 8.4b 0.629b 
(31.5-33) (4.6-11.8) (7.4-8.9) (0.200-1.192) 

June 30.3b 6.4b 9.0b 0.675 
(29.0-31.0) (1.7-10.2) (8.8-9.2) (0.356-1.079) 

July 32.0a 3.0a 8.2a 0.573a 

August 31.0c 5.6c 7.8c 0.340c 
(30.0-32.0) (3.8-9.7) (7 .3-8.4) (0.309-0.395) 

September 29.1c 4.7c 7.55c 0.269c 
(27.0-32.0) (2.6-6.2) (7.3-7.9) (0.228 -0.297) 

October· 29.9c 4.7c 7.97c 2.287c 
(28.0-31.0) (3.9-5.6) (7.4-8.7) (0.273-0.297) 

November 27.5c 5.1c 7.1c 0.213c 
(26.5-28.5) (3.1-6.7) (6.9-7.5) (0.273 -0.297) 

December 27.0b 5.6b 7.2b 0.192c 
(26.5 -27 .5) (4.9-6.3) (7.1-7.5) (0.185-0.196) 

January 23.3c 6.8c 7.3b 0.192c 
(22.5-24) (6.4-7 .2) (7.1-7.5) (0.181-0.194) 

February 25.0c 5.4c 8.1c 0.187c 
(24.0-26.8) (5.0-6.3) (7.6-8.6) (0.181 -0.194) 

March 25.8d 5.5d 7.9d 0.186d 
(24.0 -27 .0) (5.0-6.1) (7.7 -8.4) (0.185 -0.188) 

April 28.0a 6.1a 7.9a 0.188a 

~~~:;::~u~:::;~ments. 
~~::~ ~~: ::::~~:::~::·. 
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Fig. 1. Phytoplankton and zooplankton biomass in relation to tilapia growth in net cages in Laguna Lake, Philippines. 
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Abstract 

Utilization of locally available material suitable for feeding carps 
is one of the easy means to reduce the cost of production. With this 
objective, two new fish feeds were formulated: deoiled soya flour (pellet 
SB) and squilla meal (pellet SM). These diets were evaluated in relation 
to a fishmeal-based diet (pellet FM) by the growth performance of rohu, 
common carp and silver carp. Each treatment was tried in triplicate in 
cement cisterns of 25-m2 area each over 133 days. The fishes were 
stocked at a total stocking density of 7,200 fingerlings/ha and fed once a 
day at 5% body weight. The average growth of all the three species 
grown on fishmeal-based diet was marginally superior to that obtained 
with the other two diets, without any statistical difference at 5% level of 
significance. The relative conversion rate was better with pellet FM 
(1.23) than with pellet SB (1.37) and pellet SM (1.31). The absolute 
conversion rate (ACR) and specific growth rate (SOR) studies confirmed 
the results of field observations in all the three diets in the case of silver 
carp, while in rohu pellet SB yielded slightly better ACR and SOR than 
the other two diets. In the case of common carp, the ACR and SOR were 
highest with pellet FM feed. Although the net return was highest with 
pellet FM due to better survival and growth, the nearly similar relative 
and absolute conversion rates of the three diets indicate that the two new 
sources of protein evaluated could be ·used for partial ·replacement of 
fishmeal rather than its complete replacement. 

Introduction 

Use of locally available material for feeding carps is 
an easy way to. reduce feed production costs. This report 
attempted to evaluate comparatively one animal protein 
source (squilla meal) and one plant protein source 
(soyabean meal) with fishmeal. The squilla meal was 
selected for its low cost, abundance and local availability, 
while the soyabean meal was selected for its high protein 
content and increasing availability. The performances of 
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squilla meal-based diet (pellet SM) and soyabean meal-
based diet (pellet SB) were compared with the fishmeal-
based diet (pellet FM) developed earlier at the College, 
through feeding trials on silver carp, rohu and common 
carp. 

Materials and Methods 

The feed ingredients were procured from the local 
market. Their proximate composition was detennined by 
·the methods of AOAC (1975) to estimate moisture, crude 
protein and crude fat, Pearson (1976) for crude fiber and 
Hastings (1976) for nitrogen-free extract. The quantity of 
ingredients in each type of pellet was regulated in such a 
way as to obtain a protein level of about 31 %. The 
percentage of the ingredients in the three feeds is indicated 
in Table 1. The required quantities of the ingredients were 
mixed with water at a ratio of 1:0.8 and kneaded well to 
obtain a consistent dough which was autoclaved at 1050C 
for 30 min. The cooled dough was passed through a 
pelletizer to obtain pellets of 3-mm diameter, then 
sundried and stored in heavy duty plastic bags. 
· The experiment was conducted for 133' days in nine 
cement cisterns, each 25 m2 (5 x 5 x 1 m) and provided 
with a soil bed of 15 cm. Before the experiment, each 
cistern was dried, the bottom soil raked and limed at 500 
kg/ha. Five days after liming, all the cisterns were filled 
with water and uniformly fertilized with poultry manure at 
2,000 kg/ha a week prior to stocking. Each cistern was 
stocked with fingerlings of silver carp 
[Hypophthalmichthys molitrix (Val.)], rohu (Labeo rohita) 
and common carp [Cyprinus carpio (Linn.)) at the ratio 
1:1.2:1.4 and total stocking density of 7,200 
fingerlings/ha. The fishes were fed daily at 5% body 
weight which was determined by sampling every fortnight. 

To determine the absolute conversion rate, a short-
term experiment. of 42 days was conducted in nine cement 
tubs, each measuring 60 ·x 60 x 90 cm, without soil base. 
Three tubs were utilized for each species of fish, with one 
tub having only one specimen of that species and receiving 
·only one type of feed. The fishes were fed at 5% body 
weight. Water in the tUbs was renewed every other day. 

The stability of feeds was determined by the wet 
durability test of Hastings (1964) over a period of seven 
hours. · 

Water samples were collected fortnightly from 'the 
cisterns and analyzed for pH, dissolved oxygen, dissolved 
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carbon dioxide, dissolved organic matter, total alltjtlinity, · 
phosphate-phosphorus, nitrate-nitrogen and ammonia-
nitrogen by APHA (1975) methods. 

The two-way analysis of variance technique 
(Snedecor and Cochran 1968) was employed to find the 
~ignificant difference, if any, in the final average growth 
attained by the three species of carps fed on different feeds 
~t 5% level of significance. 

Results and Discussion 

The proximate compositions of the ingredients and 
the formulated feeds are presented in Tables 2 and 3, 
respectively. These findings proximate those of earlier 
workers (Jayaram and Shetty 1981; Mathew et al. 1982; 
Viola and Ariell 1983). In terms of caloric content, SB had 
the highest Kcal/g while SM; had the lowest. The low 
carbohydrate and high fiber content of squilla m~ could 
be responsible for the slightly lower caloric value o{SM. 

In the diets of catfish, a fiber content of 21 % reduced 
the nutrient intake and impaired digestibility, while a 
lower fiber content of les~ than 8% resulted in; good 
growth· (National Research Council 1977). However, in 
this study, SM with a fiber content of 16.62% yielded 
better growth than SB with rohu under field conditions. 
· .Simiiar ob~ervations were made by Anil (1981) and 
Nandeesha et al. (unpublished data) with rohu only. 

The three diets differed in stability in seven hours. 
After one hour, SM and FM were found to have slightly 
higher stability (91..55% and 91.46%, respectively) than 
SB (88.42%)~ The stability of all ·three declined 
progressively with time. Bec~use of the slow feeding habit 
of carps, feeds stable for at least one hour, without, much 
Qisintegration, are required. All the three newly-devyloped 
feeds possess this quality. 
' Silver carp showed initially a more positive response 

to SB than to the other two diets (Fig. 1). However, after 
the 98th day, its growth with FM proved to be decidedly 
better. The. response of silver carp to SM remai.ned poor 
throughout. ';['he average daily increment in growth for the 
entire period was Jrlghest with FM 1.99 g/day, while it was 
~.85 g/day and 0:91 g/day with SB and SM, respectivelY.. 
The short-term experiment ascertained similar growth 
increment and absolute conversion rate of the feeds (Table 
1). 

In contrast, rohu showed comparatively' good growth 
with SM till the 98th day; after which it grew bett¢r with 
EM but poo~ with SB (Fig. 2). The overall daily increase 
in weight of rohu was 1.08 g with FM, 1.04 g with S'.M and 
1.01 g with SB, without any statistically significant 
variations. However, the pattern was a little differen~ in the 
laboratory experiment where SB recorded better 
conversion rate and specific growth rate. (Table 5). 

I 

i 
Like rohu, the common, carp did not show any 

marked difference in growth between the diets. Although 
FM ultimately proved superipr, lead in growth rate 
alternated between FM and SB '(Fig. 3). The daily growth 
rates were 2.68 g with FM, 2.58 g with SB and 2.51 g with 
SM. The difference in final average weight between the 
treatments and average daily &iowth rates obtained in the 
short-term experiment to .determine the absolute 
conversion rate were insignificant. However, in terms of 
specific growth rate, SM and SB proved equal. The 
absolute conversion rate obtain~d with SM was found to 
be slightly better than that of s:a (Table 6). 

In general, the growth of all the species of carps 
studied was found better with PM. Fishmeal-based feeds 
have been known to yield good :growth in fishes, fishmeal 
being rich in all dietary essentials (Andrews and Page 
1974). On the other hand, soyahean meal is known to be 
deficient in lysine and methionine, two of the essential 
amino acids. Viola et al. (198i) succeeded in achieving 
good growth of carps by partially replacing fishmeal with 
soyabean meal and adding 5% oil and methionine. Further 
studies in Israel (Viola et al. 1982) indicate that to obtain 
the same growth with fishmeal~based feed, the soyabean 
meal-based feed has to be supplemented with methionine, 
lysine and 10% oil. Although the activity of trypsin 
inhibitors in soyabean meal is also considered a factor in 

I ' growth depression, Viola and ¥eli (1983) opined that in 
properly heated soyabean-based diets, inadequate lysine 
not the trypsin inhibitors is the main reason for poor 
growth. Recent studies (Wilson et al. 1981; Wilson and 
Poe 1985) suggest that other than the activity of trypsin 
inhibitors and lysine deficien'cy, soyabean meal also 
contains additional antinutrition

1

al factors which are yet to 
be elucidated. 

The lower growth rate of fishes: obtained in the 
present study with soyabean meal-based diet could be 
· attributed to lysine and methionine deficiency and 
unknown antimitritional factors; but not to the activity of 
trypsin inhibitors, since the food was adequately cooked 
before pelletization. Smith (1977) indicated that complete 
destruction of antinutritional factors is possible at 175-
1950C, at which temperature, however, amino acid 
availability may decrease, according to Dabrowski and 
Kozak (1979). The better absolute conversion rate 
obtajned in rohu with SB indicates its suitability for 
incorpof<ttion in the diet for this. herbivore. Rohu is known 
to grow well with plant protein sources (Anil 1981) but 
this needs confmnation in the light of growth-depressing 
factors in soyabean meal. · 1 

The lower growth rate of fishes obtained with the 
squilla meal-based diet appears mainly due to its low 
energy value and high chitin content. Oke et al. (1977) 
investigated the nutritional value of shrimp wastes as 
animal feed and reported a protein efficiency ratio of 2: 1 
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when fed to rats at 10% level. Their investigation 
indicated that shrimp wastes contained 78.7% digestible 
protein and were rich in lysine and methionine. Shrimp 
meal is known to promote growth when present in the feed 
at 5% level and to inhibit growth at 20% level (Fowler and 
Banks 1976). 

In this experiment, squilla meal constituted 30% of 
SM and the growth data and absolute conversion rate 
obtained do not indicate severe inhibition of growth. This 
could be due to the use of whole squilla (Squilla sp.) in the 
meal as compared to shrimp waste, which consists of only 
inedible portions of the shrimp. This view is further 
supported by the findings of Mathew et al. (1982) who 
obtained a protein efficiency ratio for squilla protein equal 
to that of casein in rats. 

The data on overall survival, cost of feed, relative 
conversion rate, net fish production and economics of 
production are presented in Table 7. Survival was highest 
with FM and lowest with SM. Water analysis revealed that 
dissolved oxygen (DO) became the limiting factor in all 
the treatments after the 70th day and its depletion was 
more pronounced and prolonged in the SM treatment, 
causing mortality in that treatment. The decline in DO 
could be due to the high biochemical oxygen demand of 
accumulated organic matter. Other parameters of water 
quality were not deterimental to fish-life (Table 8). Water 
temperature varied from 26 to 300C during the 
experiment. 

The estimated annual net fish production was 
decidedly higher with FM (fable 7). The relative 
conversion rate was also best with FM. In respect of cost 
of feed SB was costliest followed closely by FM while SM 
the cheapest. The same trend was seen in cost of 
production per kg. Even though the cost per kg of fish 
produced was decidedly lowest with SM, in terms of 
overall economics, FM proved to be clearly superior. It is 
clear that due to the low cost of production of SM the 
production economy with it could be improved if better 
survival can be ensured. 
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Table 1. Proportion of ingredients in formulated feeds. 
P'trctnt111oflntrldllnll 

SOylb11n Squllll T1ploca Groundnut 

Typ1offeed F11hme.1I m•I Alc1br1n mHI I lour ollcakl 

FM 25 •O 10 25 

•• 23 " 10 25 
SM 30 30 10 30 

Table 2. Composition of feed ingredients. 
f'trctnlf!Qlcompo11llonbvw1lgh1 

N1trog1n lrtt ca1orlcconl1nt 
lngrldltnll Orym111u Crud1pro111n Crud1f1t Crud1f1bu llClrlCI A>h lkail/gl 

Fllhmnl 1167 61.12 "" 090 509 2010 3 65 
SOylb11n 
m•I 97.07 62.41 1.-41 0,42 2736 5'7 . " 

Squlll1 
mul 15.78 41!1.04 263 1363 6,6SI 17.Q9 2.78 

Alctbr1n ..., 920 135 31.05 28.23 11Hl4 171 
Groundnut 

ollc1k1 12.05 64.2U 7.69 •52 19.43 002 4.11 
T1ploc1 

flour SIS.90 7.1!0 130 0'3 73.22 13.16 313 
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Table 3. Proximate composition of feeds. 
l"ltfctnl11ltcompo1l1lonbyw11tht 

f'1llt111d Clrbahydflll 
fffd Dry mllttr Crud' pro1tln Crud1 111 INFEI Crud1 l1ber 

FM 
51 
SM 

111.12 
Q0.37 
le,1!1 

31.60 
31.12 
31.02 

... 
293 
2•3 

27.30 
3166 
21.112 

11.6-4 
12111 
1U2 

.... 
1il2 
1121 
18111 

C;ilorlccon11n1 
(kctl/gl 

3.11 
3.12 
2.11 

Table 4. Absolute conversion factor of feed pellets for silv,er carp. 

FM 

SI 

SM 

D1y1 Fttd Wtlthl 
1lm conwmlld/ olll~ 

stocking w••klgl f1I 

320 
IJ,8 36.6 

,.. 101 -41.6 
21 120 -47.0 
21 1-4,.4 i3.0 
35 16.2 51.6 
42 17..4 84.5 

7 

" 21 
21 
35 

" 
0 
7 

" 21 

" 36 

" 

10~ 
12» 
13' 
1'4 
16.8 
17A 

OD 
102 
10• 
120 
13' 
1-4.36 

360 
39D ,,. ... 
62.i ". 036 

300 
330 
30J 
40.0 
44.0 
•u 
13.0 

Growth Convtr11on ConVlralon Awr .. 1 
lncr..,..1nt/ l1ctor/ l1C1or 1rowth 
WHk (11 wttk for -42 d1y1 dty fg) 

'4.6 2.13 
6.0 2.11 
6 i 2.18 2..46 0,77 
1.0 2..40 
6.i 2.96 
e.o 2.uo 

<D 
u 
OD 
•o 
50 
00 

3.0 ,. ,. 
<D .. .. 

2,70 
U7 
214 
350 
3.12 
2'0 

300 
2S1 
3.0I 
3.00 
293 
3.19 

2.1-4 0.0I 

3.02 005 

Sptdflc 
growlh AVl1'911I 

r111 SGR 
'"/d1yl l"/d1yl 

1 .. 
U3 
170 1.1'7 
1.72 
1.-41 
1.'40 

1•• 1.5(S 
1.50 
1.13 
1.30 
1.42 

1.36 
1.<4 ,,, 
1~~ 
1.311 
1 27 

IA2 

130 

Table 5. Absolute conversion factor of feed pellets fqr rohu. 

FM 

SI 

SM 

210 

''° 

1- 110 ; 

IO 

•• 

D1y1 
1hor 

11ock1ng 

0 
7 .. 

21 
21 
35 

" 
0 
7 

" 21 

" 35 

" 
0 
7 

" " 21 
35 

" 

FHd 
con1umld/ 
wHkl1I 

•o 
102 

"4 
126 
14.4 
102 

IA 
UD 

102 
IW 
13.5 
150 

,. 
00 
1.0 

102 
11' 
12.5 

Wt!ijhl 
ofU1h ,,, 
29.0 
33/J 
37J .,. .,. 
53.6 
69.0 

'70 
30• 
3 .. ,.. 
45.0 
500 
560 

260 
290 
31.0 ,.. ,.. .,. 
47.0 

Silver carp 
, __ ,,. 
0-051 
•-SM 

Orowlh 
1nc1em1n1/ 
Wtekl1I 

•o ..• 
50 
50 
1.0 
5.5 

300 •.oo 
50 
5.5 
50 
o.o 

30 
2.0 
u 
•.o 
•O .. 

Conv111lon 
f1c1or/ 
Welk 

225 
227 
2.28 ,., 
2.40 
2•s 

2'0 
2.26 
20< 
211 
2.71 
250 

250 ... 
2.74 
2 55 
2'S ,.. 

Conv1r1lon 
f1ctor 

lor42d1y1 

2'5 

230 

301 

150 

120 

40 

AVlf'!ll 
growth 
dlylgl 

071 

0.69 

0.60 

5pecl11c 
grow1h 

rttl 
l"/dtYI 

1515 
113 

"' 1.59 
1.70 
1.40 

"' 175 
103 ... 
1.51 
1 i2 

1.55 
oos 
U3 
157 
1AI 
1A< 

Rohu 

1.69 

1,. 

1'1 

Table 6. Absolute conversion factor of feed pellets for common 
carp. 

Ptllet 

FM 

SI 

SM 

D1y1 FHd 
1hu cdn1umed/ 

11ocklnt1 w11kl1I 

0 
7 

" 21 

" 35 

" 
0 
7 

" 21 
21 
35 

" 
0 
7 .. 

21 

" 35 

" 

10• 
12.5 
1« 
16.6 

"' 112 

11.4 
126 
13.5 
15D 
11~ 

·11.1 

102 
11.4 
12~ 

13~ 
15• 
111.1 

35.0 
'1/J 
<15 
51• 
575 
5',5 ,,. 
37.0 
"5 
'55 
500 
55' 
51/J 
61/J 

34.0 
300 ... 
<10 
51 0 
510 
IU 

Grow1h j Convtulon 
incr1m1n1/ f1C1or/ 
WHklll I 

50 ., 
5,0 
00 
7D 
10 

., 
4.0 .. 
5• 
55 
1.0 

•O ,. .. 
5D 
50 5• 

2.10 
22• 
2.11 
2.60 

"' 2.<o 

U3 
3.16 
3D7 
2.73 
3.05 
3.10 

2'5 
320 
~·o 
2.76 
3.12 
3.05 

Corrv1r11on Avt1'8!11 
ltctor growth 

for42d1y1 d1vl1I 

2'7 0'7 

,., 0.71 

2.92 0.55 

SPKlllt 
ll'CIWlh Avt1'8!1t 

n11 SGR 
1%/dlVI l"/dlVI 

UI 
1'3 
1.41 
U7 
IM 
U7 

1 .. 
1.32 
1~· IAI 
1.35 
1~• 

150 
121 
1 '7 
1.47 
1~4 ... 

1.57 

1A1 

1'1 

Table 7. Fish survival and relative conversion rate and economics of produc-
tion of feeds. 

F•ol 

FM 

S• 

SM 

To11I 
llldulld 

lkgl 

2.01 12.sl4 

223 11.52 

1.41 ""' 

"" lncrusoln 
w1lgh1 

lk1l 

10.51 

IM 

53' 

R1l1llv1 
mnV11ralon 

r111 
l~I 

123 

1~7 

131 

To111cost 
IRtl 

26.111 

25.19 

••O 

Co1tol 
prt1du1~~on/k11 

IR~I 

2,5' 

IAS 

Pucan1 
wrvlvtl 

Nrt 11111 
produC11on 
lkg/h1/yrl 

V1lu1 
ofll"1 

C.nof yl1ld/h11Yr 
l11d/h1/vr 11R1 I/kg 

!Rt.I !Rt.I 
"" lncom•/ha/yr 
IR1.I 

5820 3.147.23 1,717.U 111,23515 g_471.41! 

611.00 3,0l7.43 9,397.41 15,437.15 5,03g 66 

1,954 31 3,62210 IJ,771.55 5,1411 OS 

Table 8. Range and average value 'of chemical parameters of 
water with feed pellets. 

Puomlltr 

pH 

Oxyg1nfppml 

Ctrbon dl0Kld1lppm} 

Alk11lnl1Vlppml 

Dlnolvld Ofllnlc m11111 !ppm) 

Pho1ph1ll•Pho1phorou1lmg/ll 

Nhrll1·nluogonlµg11 NII) 

Ammon11 nluo11n !µ111 Niii 

•--•FM 
•--•SB 
•-SM 

FM 

5.00 - 117 
15.46) • 

2.i3 - 7.47 
14.1121 

000 - 1.67 
14.MI 

4217 - 72,57 
151731 

5.03 -1657 
112.751 

005 - 0,30 
I0.151 

2,07 -13.71 
17.241 

1.08 -21.30 
IQ,311 

350 

•oo 

~ 240 

" f 
f 110 

~ .. .. ~ 120 

00 

I 

S• 

1.00 - 5.57 
11.271 

1.17 - 7.20 
14551 

257 - 733 
14.711 

44.17 -73.33 
111.401 

573 -1120 
113091 

o.o3 - 032 
f0.1il 

O.i5 -11,72 
15.191 

1,62 -26.81 
110011 

SM 

1.00 - IJ.00 
II.ill 

1.eo - 1.20 
11311 

o.oo - 11.20 
{2.211 

39.oo - 11 eo 
(&1841 

320 -17.40 
(12111 

0.02 - 011 
10.121 

2.51 - 773 
liOll 

1.14 - 3507 
111131 

Common carp ~ 

/ , __ .,M 
o--os• 

I e-•SM 

I !/' ' !/ 
~/-· 
I 

I 

14 21 42 M 

Doy• 

91 112 12' 133 28 "42 e6 70 "" 98 112 126 133 
Doy1 

~ ~ ~ ~ ~ M M ITT ~~ 
I 

Ooy1 

Fig. 1. Average weight of silver 
carp fed different pelleted feeds. 

Fig. 2. Average weight of rohu fed different 
pelleted feeds. 

Fig. 3. Average weight of common carp 
fed different pelleted feeds. 
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Abstract 

The ability to utilize crystalline amino acids varies among 
different species of fish. To assess this ability in mil.kfish fry, a study was 
conducted to determine the response of the fish to amino acid 
supplementation of a com-gluten meal-based diet containirig 40% 
protein. Two practical diets, one supplemented with vitamins at moderate 
levels and the other with high levels of vitamins, were used as controls. 
Growth and the efficiency of feed conversion were significantly 
improved (P < 0.01) when com-gluten meal was supplemented with the 
most limiting amino acid, lysine. Supplementation with five other 
essential amino acids, deficient relative to the amino acid profile of 
whole milkfish fry, did not further improve both parameters of measure 
after 16 weeks of exposure. Growth, survival and efficiency of feed 
conversion were not affected by the level of vitamins in the diet No 
significant difference (P > 0.05) in the survival of milkfish fry was 
observed in any of the treatments but growth and efficiency of feed 
conversion of fish receiving the com-gluten meal diets were significantly 
lower (P < 0.01) than those receiving the practical diets. It is concluded 
that milkfish fry can efficiently utilize crystalline amino acids. 

Introduction 

Milkfish (Chanos chanos Forskal). is a major 
cultured species in the Philippines, Taiwan and Indonesia, 
where over 300,000 t are produced annually. At present, 
almost all the fry supply come from the wild. With the 
increasing needs of growing populations in the region for 
food, milkfish culture has intensified through the years 
with corresponding demand for milkfish fry. Major losses 
of milkfish fry occur in the fry dealer's warehouse and 
nursery ponds where the fish is most vulnerable to 
predation and adverse environmental conditions. Thus the 
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development of a technology for rearing milkfish fry in a 
controlled environment while providing for a nutritionally 
adequate diet has become a major research thrust. 

Many attempts have been made to develop artificial 
diets for milkfish fry, but until now, improving the 
survival rates of fry fed artificial diets remain a big 
challenge (Benitez 1984; Camacho and Bien 1983). 
Recently, Alava (unpublished data) obtained .a survival 
rate of more than 90% of milkfish fry reared in more than 
a month. It appears that the major difference between the 
diets she used and those used by others is the 
tremendously higher vitamin levels. It is possible that the 
high survival rate resulted from an allowance provided for 
vitamin leaching, a serious potential problem because 
feeds for fry, which weigh only a few mg, are prepared in 
very fine particles. 

Different species of fish vary in their ability to utilize 
crystalline amino acids. Many researchers have 
demonstrated the positive growth response of various 
salmonid species to amino acid supplementation and to 
amino acid test diets (Rumsey and Ketola 1975; Ogata et 
al. 1983). Salmonids fed various protein sources 
supplemented with amino acids have comparable growth 
as those receiving a fishmeal diet. Carp, on the other hand, 
is unable to grow on diets with protein component 
replaced by a mixture of amino acids similar in amino acid 
profile (Aoe et al. 1970). When the crystalline amino acids 
were coated with casein, growth was comparable to that of 
a casein-gelatin diet (Murai et al. 1981). A recent study by 
Murai and co-workers (1982) suggests that the poor 
utilization of crystalline amino acids by carp is due to the 
excretion, rather than catabolism, of these amino acids. 

Knowledge of the ability of fish to utilize crystalline 
amino acids are of primary importance in formulating 
diets for experiments and for commercial fish production. 
The ability of fish to utilize crystalline amino acids helps 
in the determination of the requirement level for essential 
amino acids and improves the use of various protein 
sources through amino acid supplementation, thereby 
reducing reliance on expensive fishmeal. Since fishes 
differ in their ability to respond to the supplementation of 
diets with crystalline amino acids (Cowey and Sargent 
1979), it is of great importance to determine the effect of 
amino acid supplementation on the ability of milkfish to 
utilize a plant protein source. 

The effect of supplementing com-gluten meal with 
the most limiting amino acid and with a combination of 
amino acids, to proximate the amino acid profile in 
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milkfish fry itself, was iqvestigated. Furthennore, the 
effect of megadoses of vitamins on a practical diet as 
control was examined. 

Materials and Methods 

Milkfish fry from the wild averaging 7 mg were 
reared in 59-1 rectangular glass tanks. The friY were 
acclimated for a week during which they were fed a 
practical diet at 3% of body weight daily. Each tank was 
supplied with aerated recirculating water at 2~oc at the 
rate of 1.5 I/min. The water, maintained at 18-22 ppt 
salinity, was sand-filtered and passed through a 75-cm 
aeration column consisting of 1.28-cm PVC rings 
compacted in a 10.5-cm PVC tube. Tanks were cleaned 
everyday by siphoning off food particles and feces and 
replacing the siphoned water. 

Fish were fed to satiation ten times daily during 
weekdays and eight times daily during weekends, between 
8 a.m.and 4 p.m. The amount of feed given was about 10% 
of body weight. Mortalities during the first three days 
were replaced. Fifty fish, randomly selected from each 
tank, were weighed every two weeks. 

Five experimental diets (Table 1) were prepared and 
each fed to four groups of 220 fish. Diet 1 consisted of 
only corn gluten meal as source of protein; diet 2 was 
similar to diet 1 except for the supplementation of the 
most limiting amino acid, lysine; and diet 3 contained a 
supplement of lysine and five other essential amino acids 
found to be more than 10% less than the level of these 
amino acids observed by Coloso et al. (1983) in milkfish 
fry. Glu and Glu.HCI were added to make the diets 
isonitrogenous and isochloridic. 

A practical diet similar to the one fonnulated by Lim 
and Aiava (unpublished data) was used as control. This 
diet was observed to sustain a survival rate of m0re than 
90% of milkfish fry reared in a controlled environment for 
over a month. Two experimental treatments were Qased on 
the practical diet: diet 4 contained relatively high levels of 
vitamins, similar to the one used by Aiava (unpublished 
data), while diet 5 contained a vitamin mix simil~ to the 
one used by Chiu et al. (1984). 

Proximate analyses showed that the corn gluten meal 
diets contained 40.8% protein, 14.9% fat and 6.7% ash, 
while the practical diets contained 28.5% protein, 6.7% fat 
and 24.5% ash. 

Results 

Growth and efficiency of feed conversion were 
significantly improved (P < 0.05) by adding the most 
limiting amino acid, lysine, to com-gluten meal in diet 2 

(Table 2). Supplementing with:other essential amino acids 
that were more than 10% lower than levels found in 
milkfish fry (diet 3) did not further improve both 
parameters of measure (P > 0.Q5). Differences between the 
growth of fry fed the basal coj:n-gluten meal (diet 1) and 
the amino acid-supplemented diet (diet 2 and 3) started to 
show only after 10 weeks of ~xposure to these diets (Fig. 
1). No pathological symptoms resulting from the lysine-
deficient diet (diet 1) was observed after 16 weeks. 

No signifiqmt difference
1
(P > 0.05) in survival rates 

resulting from the dietary treatments was observed (Table 
2). Although percentage survival at the end of 16 weeks 
ranged from 41 to 50%, it appears that this is not an effect 
of the dietary treatments. Fig. 2 sh9ws that up to nine 
weeks of exposure to the diets, survival in all treatments 
were above 90%. It appears that the drastic drop in the 
survival rates in all treatments. after nine weeks of rearing 
was due to bacterial infection,' evidenced by the arrest of 
mortalities for several days after a 2.5-ppm antibiotic 
(oxytetracycline-based) treatment on week 13. Subsequent 
mortalities occurred after a sampling day, as the weighing 
of fish may have resulted in stress. 

Growth and survival of fish fed diets 4 and 5 (Table 
2) did not significantly (P > 0.05) improve both 
parameters of measure. Figs. l!and 2 show that the growth 
and survival pattern of fish fed high (diet 4) and moderate 
(diet 5) levels of vitamins wer~ very similar. 

Fish fed com-gluten meal-based diets (diets 1-3) did 
not grow as well as those fed the practical diets (P < 0.05). 
Within two weeks, fish fed the practical diets were 
schooling particularly during feeding. In contrast, no 
common group behavior was observed in fish fed the com-
gluten meal-based diets. One or two distinctly larger fish 
were observed in tanks under this treatment. On the other 
hand, fish fed practical diets held a relatively homogeneous 
size distribution, probably a consequence of their 
schooling behavior. 

Discussion 

It appears that milkfish dan utilize crystalline amino 
acid better than carp. This finding provides a basis for 
developing test diets for amind acid requirement studies of 
milkfish and for supplemen'ting protein sources with 
crystalline amino acids. 

Supplementation of corn ;gluten meal-based diet with 
the most limiting amino acid, ~ysine, improved the growth 
of milkfish fry by more than 70%. Supplementing with 
other essential amino acids les~ than the level found in the 
tissues of milkfish did not further improve growth. In 
contrast, Atlantic salmon ruid rainbow trout did not 
respond to diets supplementdd with the first or second 
limiting amino acids, while a marked improvement in 
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growth was observed when the diets were provided with 
multiple supplements of amino acids to simulate the amino 
acid pattern of isolated fish protein or of trout egg 
(Rumsey and Ketola 1975). 

Milkfish fry did not appear to require megadoses of 
vitamins for maximum growth and survival. The fry were 
fed ten times a day so that the feed provided was 
consumed within a minute. Feeding many small meals 
spread in a day may be more advantageous in improving 
the utilization of nutrients and minimizing the leaching of 
vitamins and crystalline amino acids in fry feeds. Yamada 
et al. (1981) observed better utilization of free amino acids 
when carp fry were fed diets containing large amounts of 
free amino acids at 18 feedings over 24 hours compared to 
three feedings. 
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T;ble 1. Composition of experlmental diets. 

lngredl1mts 

Corn-gluten me1I 
Fish meal 
Shrimp heed meal 
SoybHnmeal 
Ric• br1n 
Wheet flour 
Amino 1cld mix/CMc" 
Soybe1n oll 
Cod I Iver on 
Vitamin mlxb 
Mlner1i mixc 
Corn starch 

Corn-glut_1n me11l·b.sed 
(Diets 1·31 

g/100 g diet 

65 

12 
5 
6 

4 
6 

Control 
(Dlets4·51 

g/100 g dlot 

10.2 
30 
16 
10 
12 
10.8 

9COnslsted of: L·amlno eclds in g par 100 g diet: diet 1-none: diet 2-Lys, HC1, 2.8; diet 3·Lvs, 
HC1, 2.8; Arg. HC1, 1.0; His, HC1, H2o, 02; 111, 0.3; Thr, 0.3; Trp, 0.3; Glu,HC1 and Glu were 
1dded to m1k1 the diets lsonltroganous end lsochiorldlc. Cerboxymelhylcellulose was used.,• filler. 

bSupplled In mg/kg: thlomln.HC1, 218 (501: rlbofl1vln, 725 (601; pyrldoxine.HC1, 173 (401: 
vlt•mln B12, 0.3 10.2); nlcotlnlc acid, 2901 (2001: D-c1lclum p1ntothenete, 1016 1200); O·blotln, 
21.8 (41; inositol, 14507 (20001; follc ecld, 54.4 (15); choline chlorlde, 29653 (3000); L·ascorblc 
•cid, 7263 130001; retlnyl paimltata 8-carotene, 363 (10);cholecalclferol, 36.6 110);di·O:·tocophuol, 
1461 (3201; men1ctlon1, 173 (201. Levels shown In parenthesis ara those used In diet 5. 

0suppllcd In g/kg of diet: CaHP0 •. 2H20, 30; N1Hco,. 1.2: Fe50 •• 7H20, 0.6: AIK 1so.1,. 
12H2D, 0.02: Zn504.7H2D, 0.36; Cu504.6H20, 0.06; MnS04.4H20, 0.30: Kl, 0.012; CoC12' 
6H20, 0.02; N12Seo,. 0.012; KH2Po •• 1.2; Mgso •. 7H20, 2.4. 

Table 2. Effect of 1mino •cid supplement and various vitamin levels on tho growth, survival ind 
feed conv1rs1on In milk fish fry, 

Diet Weight gain"'•• Feed conversion•• Survival 
No. Treatment (mg/fish) (g feed/g gain) (%) 

Basil corn-gluten 272 ± 369 1.06 ± 0.06a 44.7 ± 2.1 1 

meal (CGMI diet 

Basal CGM diet+ 468 ± 64b 0.86 ± 0.04b 50.2 ± 2.28 

iyslna 

Basal CGM Olet + 499 ± 19b 0.84 ± 0.03b 42.6 ± 1.9° 
lysine + 5 amino 1clds 

Practical diet with 679 ± 20° 0.68 ± 0.02° 46.0 ± o.6° 
high vit, supplement 

Practical diet with mode· 626 ± 26° 0.66 ± 0.05° 41.1 ± 6.31 

rate vit. supplement 

• Aver1ge initial weight 9.3 mg, 220 fish/1quenum, 
••values represent the meen ± SEM of four tanks of fish. Values with th1 same letters ln the 

superscript are not slgniflcantly different (P > 0.051. Data from o sixteen-week growth period. 
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Fig. 1. Effect of amino acid supplemimt and vitamin levels on the growth of milkfish 
fry. 1. Corn-gluten meal (CGM); 2. cqM + Lys; 3. CGM + Lys + 5 amino acids; 4. Prac-
tical diet with high vitamin; 5. Practical' diet. 
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Fig. 2. Percentage survival of milkfish fry, 16-week experimental period. 1. Corn-gluten 
meal (CGM); 2. CGM + Lys; 3. CGM + Lys + 5 amino acids; 4. Practical diet with hi~h 
vitamin; 5. Practical diet. 
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Abstract 

Milkfish raised in brackishwater fishponds have been observed to 
be daytime feeders. Feeding activity· is characterized by a single peak, 
which correlates with the intensity of sunlight, the levels of dissolved 
oxygen (DO) and water temperature and the activity of digestive 
enzymes. Three experiments were conducted to investigate the effects of 
DO, artificial feed and light on the feeding rhythm of milkfish. Fish were 
reared in covered and uncovered circular canvas tanks supplied with 
water flowing through at different rates from an adjacent pond and were 
either fed or not fed with artificial feed. Varying flow rates resulted in 
different DO patterns, with the dawn DO differing by at least 2 ppm. Fish 
were sampled at regular intervals for 24 hours and feeding index (FI = wt 
of intestine with content/wt of fish x 100) determined. The three 
experiments consistently demonstrated feeding behavior patterns: (1) 
regardless of any of the experimental parameters, peak feeding occurs 
during the day and the gut is completely devoid of food between lOp.m. 
and 2 a.m.; (2) in the presence of both natural and artificial food, natural 
food is preferred during the light hours while artificial feed is preferred 
during dark, suggesting preference for photosynthesizing algae; (3) 
below a certain limiting DO of about 1.5 ppm, milkfish stop feeding; (4) 
the feeding activity of milkfish is not completely dependent on the 
presence of light or completely correlated with temperature and DO 
levels. 

Introduction 

In the Philippines fish production through 
aquaculture is dominated by the milkfish industry which 
contributes some 14% of the total 1.7 x 1()6 t fish 
produced. 

Extensive milkfish culture methods involving the use 
of pesticides and fertilizers, are widely practiced. Stocking 
densities range from 2,000 to 3,000/ha. At this level the 
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profitability of culturing milkfish has been decreasing 
through the years (Smith and Chong 1984) and fish 
farmers have shown great interest in shifting to the culture 
of luxury species like shrimps. In Taiwan, the profitability 
of milkfish farming has been tremendously improved by 
intensification, which involves feeding milkfish a diet 
containing 24-29% protein and increased stocking 
densities (Chen 1981). Intensification, although to a lesser 
extent, has become a major . research thrust in the 
Philippines (Chiu, in press) to improve the profitability of 
milkfish culture and to increase the supply of milk.fish for 
the growing population. 

To develop a rational feeding program for milkfish, 
it is important to know the feeding habit of the fish and the 
factors affecting feeding. Milkfish have been observed to 
be daytime feeders, characterized by a single, intense 
peak, shortly after noon, similar to the diel pattern for 
dissolved oxygen, temperature and intensity of sunlight in 
ponds (Lin 1969; Chiu and Benitez 1981). It is not clear 
whether the apparent correlation between the milkfish 
feeding index and dissolved oxygen, temperature and 
sunlight is actual or coincidental. It is possible that 
sunlight alters temperature and photosynthetic rates which 
at the same time alters dissolved oxygen levels and 
palatability of the natural food in ponds. The purpose of 
this investigation was to determine the effect of: (1) 
dissolved oxygen which is altered by changing water flow 
rate through a tank, (2) the continuous provision of 
pelleted diets in addition to natural food and (3) the total 
exclusion of sunlight from the tank, on the diel pattern of 
feeding. 

Materials and Methods 

Experiment 1. Two canvas tanks, 4.57 m in diameter, 
were stocked with 150 milkfish about 50 g each. The tanks 
were continuously supplied with water from an adjacent 
fishpond, flowing at 50 l/min and 10 l/min, respectively. 
Different flow rates were used to effect two different 
oxygen regimes in the tanks. The fish were fed 24 hours a 
day at 10% body weight, using automatic feeders, and 
were acclimated to the experimental condition for at least 
ten days. Ten fish were sampled from each tank and from 
an adjacent pond every four hours for 24 hours starting at 
6 p.m. Dissolved oxygen (DO) and temperature were 
monitored immediately before each sampling. The fish 
with intestines and contents were immediately weighed 
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and feeding index detennined. Feeding index (FI) is 
defined as: FI = wt ofintestine + contents/wt of fish x 100. 

Experiment 2. This test further investigaed the 
effects of DO and pelleted diets on the feeding rhythm and 
food preference of milkfish, particularly during the 
transition hours between dark and light. Sampling ofeight 
fish was done at 4, 6 and 8 a.m. and 4, 7 and 10 p.m. Three 
canvas tanks were s'tocked with milkfish as in experiment 
1. Tanks 1 and 2 were provided with pond water with flow 
rates of about ten times less (15-351/min) than that of tank 
3 (250 I/min). 

Experiment 3. This study was conducted to 
detennine the effect of light and DO on the feeding 
activity and food preference of milkfish. Tanks were either 
exposed or not to sunlight and provided with water at two 
different flow rates in an experiment with a 2 x 2 factorial 
design. The tanks with fast flow rate had water flowing 
frc;>m an adjacent pond ~t 40-80 I/min while those with 
slow flow rate had water flowing at 20-25 I/min. Two 
hundred milkfish, averaging- 5.4 g, were stocked in each 
tank. Sampling of seven fish from each tank was done at 6 
and 9 p.m., l, 5, 6 and 10 a.m. and 6 p.m. Temperature and 
DO were monitored prior to sampling. The method for 
feeding and evaluating feeding activity were similar to 
those of the other experiments. 

Results 

In experiment 1, the diel pattern of DO was very 
different when water flow varied by at least fivefold in the 
two tanks. In tank 2, the diel pattern of DO and 
temperature had a distinct single peak at 2 p.m., coinciding 
with peak sunlight intensity (Fig. 1). DO in tank 2 was at 
its lowest levels (below 1 ppm) between 2 and 6 a.m. In 
contrast, DO was above 3 ppm throughout 24 hours in 
tank 1. 

Fig. 1 shows that in tank 2 -the feeding rhythm of 
milkfish was well correlated with the diel pattern of 
temperature and oxygen. The intestines of fish in tank 2. 
w((fe completely empty at 10 p.m., 2 and 6 a.m. At 6 p.m., 
the feeding index was already drastically reduced. In 
contrast, the intestines of fish sampled from tank 1 were 
full at 6 a.m. and empty at 2 a.m. The diel pattern of the 
feeding index showed a broad peak occurri.I,lg betwyen 6 
a.m. and 2 p.m. Intestinl;ll content during the dark ~ours 
WqS brownish, indicating the dominance of the pelleted 
feed. 1 During the light hours, intestinal content was 
greenish, indicating the domi,nance of natural food, 
although pelleted feed was contilluously provided. 

Fish from an adjacent pond were s~pled 
simultaneously with those in the tanks. DO and 
tempe:rature peaked at 2 p.m. as in tank 2 but low, DO 
levels were above 3 ppm (Fig. 2). As in tank 1, fish were 

observed to have initiated feeding by 6 a.m. But unlike 
fish in tank 1, feeding peaked between 10 a.m. and 2 p.m., 
during which time peak sunlight intensity and 
photosynthesis occur. Also, unlike that of tank 1, the 
feeding index was significantly lower at 6 p.m. and the 
intestines were completely empty by 10 p.m. although DO 
levels were about 5.5 ppm. 

Sampling in experiment 2 1 was done between light 
and dark hours. Since coefficients of variation were 
relatively high, the significance of variance used for each 
sampling hour wereP<0.05 and,P,,;;,0.10 (Table 1). Fish in 
tank 3 had consistently higher feeding index in the 
morning samples. The fish fed ori artificial feed at 4 and 6 
a.m. and shifted to natural food at 8 a.m. DO levels were 
above 4 ppm during all sampling periods. At the lower 
flow rate, feeding on a natural food commenced after 6 
a.m. The feeding index did not ~ff er significantly whether 
or not artificial feed was provided for (tanks 1 and 2). DO 
levels in tank 1 were above 3.5 ppm during all sampling 
periods but no pellet was provided. 

A significantly higher (P < O.OS) feeding index was 
observed in fish sampled at 7 p.m. from tank 3. Fish 
provided with pellets in tanks. 2 and 3 reflected the 
dominance of pellets in their intestines. Fish sampled from 
tank 1 had the lowest feeding index, their intestines 
containing only remnants of natural food. Although no 
significant difference (P > 0.05~ in feeding indices was 
observed among .fish sampled at 10 p.m., fish intestines 
still contained remnants of the al;tificial feed, while those 
of other treatments were empty. : 

In experiment 3, covering tanks 1 and 3 to eliminate 
sunlight resulted in difference in'. temperature of no more 
than 0.50C in any of the four 'tanks. Temperature was 
lowest at 24.80C at 5 a.m. and )lighest at 30.5 at 6 p.m. 
(Table 2). Tests in tank 3 resulted in a significant 
difference in the diel DO pattern with minimum DO levels 
between 5 and 6 a.m. at 1.5 ppm compared with the 
uncovered tank 2. DO levels in tanks 1 and 4 were above 4 
ppm. The feeding indices of fish ~eared in 'these tanks were 
significantly higher (P<0.05) than those in tanks 2 and 3. 
Fish in all tanks, except in tank 3, started to feed on the 
pellets at 6 a.m. Consistent witl1 the earlier experiments, 
gut analysis of fish at daytime suggests a shift to natural 
food. A shift back to artificial feed in all treatments is 
evident at 6 p.m. when natural food is observed in the 
posterior intestine and feed is in the anterior. Regardless of 
exposure to sunlight, peak feeding is observed between 10 
a.m. and 6 p.m. At 6 p.m. the feeding index of fish in tank 
3 was significantly lower (P<0.01) than those of the others 
although DO was above 4 ppm. 
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Discussion 

The tanks were supplied with water from an adjacent 
natural pond so that various biological and chemical 
parameters could be simulated; specifically, the diel 
profile of DO and temperature and natural food would 
abound just as in the pond. In relation to the biomass of 
fish, DO was apparently the major parameter affected by 
water changes. Flow rates, defined as slow or fast, had a 
wide range because of the fluctuating electrical power for 
the pumps. For the same reason, and because of the 
varying biomass in the tanks, the DO profile was not 
clearly defined. Instead, water flow rate was adjusted to 
attain certain ranges of DO and differences of at least 2 
ppm in the early morning DO of tanks exposed to slow 
and fast flow rates. 

The three experiments consistently demonstrated a 
number of points regarding the feeding habit of milkfish. 
(1) Regardless of any of the experimental parameters, the 
whole digestive tract of milkfish is completely devoid of 
food between 10 p.m. and 2 a.m. which indicates the 
absence of feeding during this time and even earlier. Even 
the absence of light in the covered tanks did not change 
this pattern. (2) In the presence of both natural and 
artificial food, natural food is preferred from 6 a.m. to 6 
p.m. and artificial feed shortly before or after this period. 
The light hours coincided with the occurrence of 
photosynthesis. It is possible that photosynthesizing algae 
is more palatable and therefore preferred. (3) Below a 
certain limiting DO, 1.5 ppm, milkfish stops feeding. (4) 
The apparent biological rhythm of feeding is not 
completely dependent on the presence of light completely 
correlated with DO and temperature levels. Feeding 
activity diminishes faster than the decrease of temperature 
and DO levels after dusk. Moreover, feeding activity can 
start before dawn and continue after dusk if DO is 
adequate and artificial feed is provided. These conditions 
result in feeding characterized by intake over a longer 
duration. 

Various physical and chemical conditions and 
availability of food affect the amount and fate of food 
consumed by fishes. An understanding of these factors can 
provide a rational basis in influencing the fate of food 
consumed to attain the highest possibJe growth rate. The 
effect of oxygen in this experiment is similar to that 
observed in a study on coho salmon, in that food 
consumption increased with increasing DO concentration 
(Warren 1971). In coho salmon, growth rate increased 
slightly with increasing availability of oxygen, but not as 
much as food consumption rate because respiration 
increased primarily as a result of increased specific 
dynamic action. Excessively high DO levels, on the other 
hand, has been found to depress growth (Warren 1971). If 
this phenomenon occurs in milkfish culture, the removal 
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of highly supersaturated oxygen, which occurs at the peak 
of the day with a plankton bloom, may significantly 
decrease production. This may be reduced by using 
equipment like paddlewheel aerators, which can be 
simultaneously used to maintain DO above limiting levels 
before dawn. This study suggests that changes in DO 
levels resulting from such interventions and the 
availability of food can change the pattern of feeding. An 
experiment needs to be conducted to determine if such 
management practices improve the efficiency of food 
utilization and consequently fish growth. For the fish 
farmers, it would be of tremendous interest to determine 
the economic advantage from the energy inputs invested in 
feeding and in certain water management practices. 
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Fig, 1. Effect of water flow rate i~ tanks on the diurnal pattern 
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Abstract 

Newly hatched brine shrimp nauplii from decapsulated cysts' were 
fed to Metapenaeus ensis from mysis to postlaiva (PL) 14 in various food 
concentrations. The daily ingestion rate was determined every other day 
by measuring the decrease in number of nauplii in experimental vessels. 
The ingestion rate of postlaivae was found to increase with food 
concentration up to a saturated maximum rate. The maximum ingestion 
rate was not evident in the mysis stage and increased gradually from PL 2 
to PL 14. The weight-specific maximum ingestion rate appeared to 
stabilize after PL 6. The results give an estimate of the daily optimal food 
concentration for cultured shrimp. The effect of staivation on ingestion 
rate was investigated by feeding the shrimp every other day. The 
ingestion rate of the staived shrimp was not significantly different from 
that of the shrimp fed daily. Staivation, however, increased mortality, 
which may be due to cannibalism. 

Introduction 

Successful rearing of penaeid shrimp larvae depends 
on supplying suitable live foods to the shrimp as 
development proceeds. Cultured shrimp at their mysis and 
early postlarval stages are usually fed freshly hatched 
nauplii of brine shrimp (Liao et al. 1983). However, the 
use of this expensive food source can seldom be optimized 
as little is known about the feeding behavior of shrimp on 
artemia nauplii. A number of reports on this aspect of 
penaeid shrimp have appeared in ' recent years 
(Gopalakrishnan 1976; Emmerson 1984; Yufera et al. 
1984). The present work investigated the effects of food 
concentration and starvation on the ingestion rate of 
artemia nauplii by the shrimp Metapenaeus ensis 
currently cultured in Southeast Asia. 
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Materials and Methods 

Gravid Metapenaeus ensis females were obtained 
from local fishermen and maintained in individual 500-1 
fiberglass tanks containing well aerated filtered seawater 
treated with 10 mg/I ethylene-diamino tetra-acetic acid, 
disodium ·salt (EDT A). The shrimp spawned in the early 
hours of the following day. After a single spawning, the 
spawner was removed to avoid a second spawning and to 
obtain a larval stock with synchronized development. 

Nauplii from a single spawner were stocked in three 
500-1 tanks at a density of about 30,000 larvae/tank. 
Larvae from nauplius 6 to mysis 2 were fed a mixture of 
BP diet ("Nippai" brand at 2 mg/I) and unicellular algae, 
which consisted of the blue-green alga Microcystis 
(species unknown) and mi.iced diatoms. From mysis 3 to 
PL 14, the shrimp were fed freshly hatched artemia 
nauplii from dry cysts ("San Francisco Bay" brand). 
Shrimp in two of the tanks were fed a ration gradually 
increasing from 10 to 100 nauplii/larva/day. This ration 
was based on results of preliminary feeding experiments. 
Shrimp in the third tank were fed nauplii at the same ration 
every other day. The ingestion rate of animals in this tank 
was determined on the day after they had been starved. 
Experiments on daily-fed animals from one of the 
previous tanks were run simultaneously. Daily-fed animals 
in the other tank were not taken for any experiments and 
acted as control for the effect of handling on shrimp 
mortality. The survival rate of the shrimp from mysis to 
postlarva 14 was estimated in each tank at the end of the 
culture period. Throughout the culture period, seawater in 
each tank was renewed every other day. The range of 
temperature and salinity in the tanks was 26-320C and 25-
33 ppt, respectively. 

Daily ingestion rate of shrimp on artemia nauplii was 
determined by estimating the decrease in density ofnauplii 
in experimental vessels containing shrimp taken from the 
culture tanks. Artemia nauplii hatched from decapsulated 
cysts were used as prey as the nauplii could easily be 
separated from unhatched and empty cysts so that a 
reasonably constant concentration of nauplii could be 
maintained in control vessels. The decapsulation cysts 
were prepared with a method modified from Sorgeloos et 
al. (1977) and Bruggeman et al. (1980). Aliquots of the 
nauplii stock were diluted to 1 1 with finely filtered 
seawater to give the desired food concentrations, range 2-
30 nauplii/ml. This initial food concentration, Ci, in each 
experimental vessel was determined by counting the 
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number of nauplii in 10 x 5 ml samples. One ~undred 
shrimp were then transferred from the culture tanks to 
each vessel to give a density of 100 shrimp/I. Two 
controls, containing artemia nauplii but no shrimp, were 
run simultaneously. 

After 24 hours, the concentration of nauplii, Ct. was 
measured with the same sampling method. Shrimp were 
returned to the original culture tanks after experiments. 
The decrease in concentration was corrected for the 
change in nauplii number in shrimp-free controls. This 
correction, which was mainly due to sampling error, 
seldom exceeded 10%. 

Ingestion rate, I, was calculated from the equation 
(Paffenhofer, 1971): 

where (Ct - Ci) is the decrease in concentrapon of 
nauplii within the experimental period, t; V is the volume 
of the experimental vessel; and n is the number of shrimp. 

Results and Discussion 

The daily ingestion rate as a function of food 
concentration for shrimp at various developmenta~ stages 
is shown in Fig. 1. The ingestion rate by mysis 3 was low, 
below 20 nauplii/larva/day. In later stages, the ingestion 
rate increased with food concentration up to a mmc.imum 
which remained relatively constant with further increase in 
food concentration. This maximum ingestion rate 
gradually stepped up as the postlarva aged. The rate in 
nauplii/larva/day was about 10 for mysis 3, and increased 
by 10 to 15 every two days to 100 for PL 14. This gives an 
estimate of the optimal ration for these stages at a stocking 
density of 100 shrimp/I. 

Fig. 1 also shows that at all food concentrations 
tested, ingestion rate of starved shrimp was essentially 
similar to that of daily-fed shrimp. Starvation, however, 
might affect survival of shrimp in the culture tank. The 
percentages of survival from mysis to PL 14 were 53 in 
the tank where no animals were taken for experiments, 68 
in the tank where daily-fed animals were taken for 
experiments and 41 in the tank where animal~ were 
starved. Although these estimates are subject to sa,mpling 
error, it seems that feeding shrimp every other day i,:educes 
the survival of shrimp, showing that daily feeding with 
artemia nauplii is necessary. 

A possible explanation for an absence of starvation 
effect on ingestion is the competition between the ~hrimp 
in capturing. artemia nauplii at low food concentration. The 
less competitive shrimp might starve and die in the culture 
tank, so that they could not be selected for feeding 

experiments. It is also possible that the weaker shrimp 
might have been eaten by the others on the day they were 
not fed. The death of shrimp due to either food deficiency 
or cannipalism could account for the increase in mortality 
in the culture tank. In any case, the animals taken for 
feeding studies might have ntjt been starved before the 
experiments and thus exhibited:an ingestion rate similar to 
those fed daily. 

The maximum ingestion rate per unit body weight of 
shrimp is shown in Fig. 2. This weight· specific ingestion 
rate appeared to increase with ~evelopment from mysis 3 
to about PL 6, after which the rate stabilized. The data 
imply that stages before PL 6 ingested less nauplii per unit 
body weight than the later stages. It is likely that these 
earlier stages may rely on microalgae as part of their diet 
when gradually shifted td raptorial feeding on 
zooplankton, as illustrated by the rapid increase in 
ingestion rate on artemia nauplii during this period. 
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Abstract 

The food, feeding and fecundity of M. rosenbergii (De Man) were 
studied from specimens caught from the three main Macrobrachium 
fishery areas in Sri Lanka. The food of the prawns of all size groups 
studied consisted mainly of detritus, plant and animal matter of which 
detritus formed the main food componenL Of the food 20-40% was of 
animal matter while 10-20% was of plant matter. Sand particles, possibly 
ingested accidentally, formed about 3-5%. Some selective feeding was 
observed in different size groups. The fecundity ranged from 19,000 to 
137,000 in prawns measuring 12-31 cm. Fecundity showed a linear 
relationship to body length, carapace length and body weighL The egg 
diameter enlarged with increase in body length of the spawner. 

Introduction 

Macrobrachium rosenbergii (De Man) is a common 
freshwater prawn species in the Inda-Pacific region. This 
prawn is an esteemed food item and commands an 
excellent market price. It inhabits both brackishwater and 
freshwater areas in the lowland. It is becoming rare now 
due to overexploitation, effects of pollution and 
conflicting demands of other water users, thus 
necessitating its restocking even in natural waters. 

Because of its potential in aquaculture most of the 
recent work on this prawn has been confined to studies on 
large-scate farming. However, knowledge of the biology 
of natural populations and the fishery of this prawn in the 
Asian region is meager and is limited to a few studies such 
as those of Rajyalakshmi (1961), Rao (1967) and Patra 
(1976). 

Little or no work has been done on the biology and 
the fishery of this prawn· in Sri Lanka except for Costa 
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(1979). The present investigation was carried out to obtain 
information on the food, feeding habits and fecundity of 
natural populations of this prawn in Sri Lanka. 

Materials and Methods 

The study on food habits was performed on animals 
collected from three different areas in Sri Lanka: Bolgoda 
lake (Panadura area), Dandugam Oya (Katunayake area) 
and Lunu Oya (Chilaw area). Immediately on capture the 
prawns were killed by injecting them with 5% formalin 
with a syringe through the mouth and anus. The stomachs 
were preserved in 10% formalin. 

In the laboratory the excised stomachs were weighed. 
Volumetric estimates (Windell 1971) were made for the 
major categories of stomach content components 
categorized under fine particulate matter, macroflora and 
macrofauna. Individual components of the macrofauna 
were identified to the nearest possible taxon. 

Fecundity studies were carried out on berried 
females taken from the collecting sites. In the laboratory 
the total weight, total length and carapace length of each 
prawn were measured. The eggs of individual prawns 
were stored in tubes containing Gilson's fluid. Fecundity 
was determined by volumetric methods. The diameter of 
the eggs was measured under a . microscope with an 
eyepiece micrometer. 

Results 

Volumetric analysis (% V) of the macrofaunal dietary 
components of various size categories of prawns collected 
from the three different habitats is presented in Table 1. 
The distribution pattern of the food components of prawns 
from all the three habitats is given in Fig. 1. River detritus 
formed the major components in all four size groups. 

Macrofaunal components were present in the 
majority of the stomachs examined from each of the three 
areas sampled. The volumetric contribution was 23.1, 
36.4, 25.0 and 32.7%, respectively, for size groups of 
prawns sampled from all the areas (Fig. 1). Differences 
were less clearly defined between the size groups. The 
macrofaunal components consisted mainly of crustacean 
appendages, remains of both aquatic insects and insect 
larvae, small worms, scales of fish and gastropod 
fragments. It was also interesting to note that the smallest 
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prawns collected did not contain even a single fragment of 
gastropods while molluscan fragments were frequently 
encountered in the stomach contents of the bigger size 
groups. 

The macro- and microfloral components forrqed the 
third largest food components. These consisted of: pieces 
of leaves and stems of macrophytes, benthib and 
planktonic algae and plant seeds. In some, pieces of 
Salvinia, Eichhornia and Chara were clearly dic.ernible. 
Small amounts of sand were found in almost all the 
stomachs examined. 

The fecundity of 86 prawns of varying sizes from the 
three localities was determined. The mean fecundity of 
specimens of various size groups from 12 to 31 cl)l, was 
18,933-136,727 (fable 2). The fecundity was observed to 
increase with body length. The maximum size of berried 
females encountered in this study was 28.9 cm with a 
fecundity of about 170,000. 

Table 3 shows the correlation coefficients, regression 
equations and the significance of correlation of fecundity 
with total length, carapace length, body weight and gonad 
weight There is a significant linear relationship of 
fecundity to body length, carapace length, body weight 
and gonad weight. 

The egg diameter distribution of length grqups is 
shown in Fig. 2. The diameter of the eggs ranged from 
0.455 mm to 0.665 mm. There was an increase ,in the 
diameter of the eggs with increase in size of the prawns. 

Discussion 

Examination of stomach contents showed that 
organic matter is the major food of M. rosenbergii as it 
formed about 40-45% of the total food taken by the 
prawns in all the areas studied. These results confirm the 
observations of Darnell (1974) and Fenchel and Jorgensen 
(1977). These workers observed that M. rosenbergU which 
live in the epibenthos like other decapod crus~ceans, 
derive their major nutrition from their environment 
through various forms of detrital ingestion. Accoriling to 
Barnes (1974) detritus is a major food source of esJ;Uarine 
animals. The importance of detritus in riverin,e and 
(!Stuarine ecosystems results from the microbes associating 
with the dead organic particles (Odum and Heald 1972). 
Feeding anatomy and habits lend themselves well to this 
sort of detritivory (Patwardhan 1935). 

Specimens of M. rosenbergii collected from ~l three 
areas studied contained varied amounts of detritus (44%-
$5%), animal matter (21 %-36%) and plant matter,(11 %-
24%). Rao (1967) who examined stomach conten~ of M. 
1:0senbergii in the field observed that this species ingests a 
wide variety of food of both plant and animal otjgin as 
well as detritus thereby functioning as a primary 

consumer, secondary consum'er and detrivore in the 
aquatic system. Ling (1969) and Malecha et al. (1981) 
indicated that M. rosenbergii '.could be classified as an 
omnivore because of its ready acceptance of a variety of 
food 'types which include worms, insect larvae, adult 
aquatic insects, small molluscs, other crustaceans, fish, 
grain seeds, nuts, fruits, algae, l~aves and stems of aquatic 
plants. I 

The amount of sand contained in the stomachs varied 
in specimens collected from different areas and showed an 
average range of 3.7-6%. Th~ sand particles may have 
been ingested accidentally with other food items. 

Among the macrofaunal elements in the food 
examined in this study were mblluscan fragments, mostly 
observed in the larger specimens. The bott01n-inhabiting 
gastropods undoubtedly fall easy prey to the larger prawns 
in search of food. Subraman~am (1963) indicated that 
gastropods and bivalves formed about 11-90% of the food 
of Metapenaeus affinis, with the older shrimp appearing to 
prefer mainly a molluscan diet. George (1972), who 
analyzed the food contents of these prawns in the 
backwaters of Cochin, states that as size increased 
selective feeding becomes more evident. 

A general increase in the animal matter and a 
decrease in the amount of plant matter observed in larger 
prawns may be a reflection of t1ieir relative preference for 
animal food items. As Georg(! (1972) and Ling (1969) 
have remarked, the nature of the food ingested will be 
dependent on relative abundance of types of food present 
in the habitat 

Studies on the fecundity of wild M. rosenbergii have 
shown a linear relationship to body length, carapace 
length, body weight and gonad weight. These conform to 
the observations made by Patra .(1976) rn specimens from 
Bangladesh. Similar linear relationships between the 
length of the female and the qumber of eggs have been 
described in other Macrobrachium species, such as M. 
rude (Shakuntala 1976). A linear relationship between the 
number of eggs carried by berried females and carapace 
length has also been shown in M. dayanum, M. lamarrei 
and M. lanceifrons (Rasalan et JI. 1980). 

I 
The mean fecundity of wiJd M. rosenbergii of 12-31 

cm length varied from 20,000 to 137,000. This number is 
similar to the values reportM by Patra (1976) who 
estimated the mean fecundity of 20 specimens of M. 
rosenbergii from Bangladesh td be around 130,000 with a 
range of 54,000-276,000 depending on the size and 
condition of the individual. 

1 

Ling (1969) observed that a female M. rosenbergii 
weighing about 80 g and 18 '"'l in length can produce 
about 60,000-100,000 eggs. Th~ wild specimens from Sri 
Lanka measuring 17-18.9 cnj and weighing 75-85 g 
produced around 36,000-75,000 eggs with a mean 
fecundity of 59,422. Chacko (1955) showed that in prawns 
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the number of eggs extruded at a time depends mainly on 
the size of the individual. It was estimated by 
Rajyalakshmi (1961) that a female 20 cm in length 
produces around 111,400 eggs while a female 13.6 cm in 
length produces only 7 ,000 eggs. 

The largest egg diameter observed ·was 0.665 mm. 
Ling (1969), however, described the maximum egg 
diameter of M. rosenbergii as only 0.570 mm • 
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Table 1. Macrof1unal components in the stom1ch of M. rosenberg;; of v1rlous size c1tegories. 

M11crofaunal 
Prewn size compon&nt % Chilaw P1n11dura Katun1yeke 

category (cm) c p K Components % % % 

10.0·14.9 20 26 23 Crust1cean eppendages 11.3 15.9 13 9 
Insect remains 3.4 3.1 2.1 
Gutropod fragm1mts 
Small worms 2.1 2.0 3,2 
Fish scales 32 1.5 4.2 

16 0· 19.9 31 36 40 Crustacean eppendages 18,7 29,7 30,2 
Insect remelns 5.3 3.4 4,0 
G1stropod fragments 
Sm1ilworms 3.5 1.7 2,6 
Fish scales 4.2 2.1 3,8 

20.0·24.9 30 29 16 Crustacean appendag11s 7.9 16,3 6.4 
Insect rem1lns 3.1 2.6 1.4 
Gastropod fragments 142 7,2 5,1 
Smell worms 1.8 2,0 
Fish scales 3.0 3.0 2.1 

25,0·29.9 26 30 40 Crustece1n epp11ndoges 10.5 9.8 116 
Insect rem1lns 4.2 3.4 6.4 
Gastropod fragments 7,9 15,3 17.6 
Smell worms 2.3 
Fish scales 3,4 2.4 3.1 

Table 2. Rang• 1nd mean fecundity in different size groups of Macrobrachlum rosMbergii. 

Number of 
Length group (cm) observetions 

13.0-14.9 10 
16.0·16,9 16 
17.0-18,9 11 
19,0-20,9 10 
21.0-22,9 8 
23.0·24.9 11 
26,0·26.9 10 
27.0·28,9 10 

Fecundity r1nge 

3.431 - 61,600 
7,968 - 69,250 

36,000 - 75,400 
48.436 - 84,250 
45,800 - 106,875 
50,932 - 130,660 

107,040 - 163,500 
44,950 - 170,350 

Mean 
fecundity 

18,933 
29,185 
59.422 
62,782 
74f)27 
83,487 

130,317 
136,727 

Table 3. Correlation coefficient, regression equ1t1on ind significance of correl1tion of fecundity with 
tot1l length, carepace length, body weight end gonld weight of M. rosenbergii. 

Correlation Regression Significanc11 
Reletionsh1p coeff1c1ent equation et 6% level 

1. Fecundity (y) end totel 
l11ngth lxl 0.80195 v. 651026 x --64442.27 

2. Fecundity (yl end c1u1· 
pace length (xi 0.81494 v. 26371-737 x -58006.16 

3. Fecundity (yl ind 
body weight lxl 08428 y Cl 662.38 x +23351,78 

4. Fecundity (yl ind 
gon1d weight lxl 0,9332 v • 6270.74 x +21100,9 
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Fig. 1. The main food items of different length groups of .M. 
rosenbergii caught from the Panadura, Katunayake and Chilaw 
areas. 
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Fig. 2. Relationship between eg~ diameter of different length 
groups and the distribution fre~uency (%) of M. rosenbergii. 
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Abstract 

Experiments were designed to evaluate the optimum ration and 
feeding frequency for Oreochromis nUoticus young of four size groups. 
The mean starting weights of the experimental groups ranged from 0.87-
1.07 g (Gr. I), 3.23-3.64 g (Gr. II) and 6.28-6.84 g (Gr. Ill) and 16-17 g 
(Gr. IV). All experiments were carried out for 70 days in closed, 
recirculating systems, and as far as possible for each variable, in 
triplicate. The composition of the test diet was 30.8% protein, 17.48% 
total lipid and 16.5% ash and 19.6kj/g of energy. 

The performance of the fish was assessed on the basis of the 
specific growth rate, food conversion ratio and protein efficiency ratio. 
Results indicate that the optimal ration as well as the optimal feeding 
frequency differs between size groups. For example, in Gr. I the highest 
SGR was obseived when on a ration of 4% body weight/day while in Gr. 
ill which were fed a ration of 3% body weight/day but at different 
frequencies there was no apparent difference in the performance. 

Introduction 

Studies on finfish nutrition have been directed 
mostly towards developing low-cost feeds, especially by 
substitution of the animal protein ingredients with plant 
protein substitutes (Cruz and Laudencia 1977; Jackson et 
al. 1982; Viola and Arieli 1982). In aquaculture the feed 
cost is often the highest recurring cost Apart from 
providing a suitable diet and reducing the ingredient cost, 
proper husbandry practices also could provide a 
considerable saving (De Silva 1985). It is known that in 
poultry and mammals proper husbandry techniques have 
been responsible, in part at least, in making the enterprises 
cost-effective. 
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This paper presents an evaluation of the optimal 
ration and feeding frequency in four size groups on 
Oreochromis niloticus (L.) young. 

Materials and Methods 

0. niloticus bred in the outdoor pond of the 
University of Ruhuna were studied. Each experimental 
systems except one, consisted of circular tanks of 30 cm 
diameter and 20 cm depth with a central outflow leding 
into an intermediate tank of capacity 15 1 connected to two 
reservoir tanks (150 1) with a biological filter. Water was 
pumped from the reservoir tanks into the experimental 
tanks by Eheim pumps at a minimum rate of 0.5 I/min. 
Further details are given by De Silva and Perera (1985). 
One system consisted of fiberglass tanks of 165-1 capacity 
and was used for the largest size group. In these tanks 
there was no flow-through system and 1/3 of the water 
was replenished daily. 

All experimental tanks were provided with 
continuous aeration and a 12:12-hours light:dark cycle was 
maintained. In all the experiments fish were weighed 
individually, after anesthetization at the commencement 
and the termination of each experiment after 70 days. In 
addition the 'total weight of all the fish was obtained 
fortnightly. All experiments were carried out at 26 to 
280C. 

The composition of the experimental diet is given in 
Table I. The particle size of the diet varied from 400µm to 
3 mm particles, depending on the size of experimental 
fish. The details of the individual experiments performed 
on each size group of 0. niloticus young are summarized 
in Table 2. All experiments, unless otherwise stated, were 
carried out in triplicate and the results are expressed as the 
grand mean of the replicates. 

Results 

The daily food consumption in 0. niloticus young of 
three size groups, fed ad libitum but at different 
frequencies, is given in Table 3 and Fig. 1. The daily 
consumption varied considerably within a group, as well 
as between groups, when fed at different frequencies. In 
general a day of high intake was followed by a day of low 
intake, irrespective of the number of times fed. The 
weekly mean intakes, on the other hand, were 
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considerably high at the commencement of an exp~riment 
but the variability appeared to be reduced after a fortnight 
or so. Also, the weekly variability was less at lower 
feeding frequencies. 

The overall mean intake was mostly independent of 
the feeding frequency with one exception in that the intake 
differed significantly when fish were fed once a. day as 
against four times a day. Also the mean intake per day 
decreased markedly with increasing body weight initially, 
and thereafter the decrease was of smaller magnitude. The 
mean consumption was significantly related to the mean 
wet body weight (Fig. 2) and the mathematical 
relationship between these two parameters is expressed by 
the equation: 

Y= 2.378+ 1·8; 9 (F =3,037.58; SE=0.81; p <0.01) x 

where Y = mean consumption per day as a 
percentage of the body weight and X = mean body ,weight 
in g. 

For clarity and convenience it is more appropriate to 
consider the growth performance in relation to: (a) the 
feeding frequency and (b) the ration size. 

The mean fortnightly weights of 0. niloticuS; young 
of starting weight 0.8760-1.0810 g and 6.8464 g are 
shown in Fig. 3. The rates of growth measured as ,the per 
cent average daily gain (% ADG) of the ~fferent 
experimental groups are given in Table 4. Of, the 0. 
niloticus young fed ad libitum the best growth 
performance was observed in those fed four times a day 
(size Grs. I and III), but those fed a predetermined ration 
once or twice a day performed best (size Gr. III). 

The mean fortnightly increases in weight of 0. 
niloticus young of two size groups (Gr. II-3.0374 to 
3.3609 g and Gr. IV-14.4 to 17.8 g) fed twice a day but at 
predetennined rations or ad libitum are shown in Fig. 4. In 
size Gr. II 0. niloticus fed 6% body weight per d1).y grew 
best, and those fed ad libitum fared better than those given 
only a 2% ration. The best %ADG was 1.66. · 

In general there was a decrease in the %ADG, as size 
increased. In size Gr. II the treatments pennitted the 
relationship of consumption to the %ADG to be 
investigated (Fig. 5). The relationship between 
consumption and %ADG is expressed by the equation: 

Y = -0.0015X + 0.1451X2 -0.4459(p <0~05) 

' where X = consumption in mg per g fish per <:lay and 
y = % daily gain. 

From this relationship the following parameters were 
deduced: (a) the maintenance ration (the point of 
intersection of the X axis by the curve) was 3.18 mg; (b) 

I 
the optimal ration (point of intersection of the tangent with 
the curve) was 16 mg resulting in a %ADG of 1.52; and 
(c) the ration at which the maximum perfonnance was 
obtained (the asymptotic point} was 42 mg. 

The FCR and PER ranged from 1.52 to 3.79 and 0.86 
to2.14. The bestFCR (1.52) aqdPER (2.14) was observed 
in the smallest size group l of 0. niloticus fed ad 
libitum/day, whereas the poorest were observed in 0. 
niloticus young of size Gr. III (ed ad libitum/day. Within a 
size group between treatments however, the FCR or the 
PER differed significantly fro~ each other only in a few 
instances. 

Generally, the efficiency of food and protein 
conversion into fish flesh decreased with increasing size. 
Also, The FCR and PER were more favorable in fish 
maintained on a predetermined ration fed once or twice 
daily compared to those fed thrice or four times a day. 
However, the above trends were not that clear cut when 
fish were fed ad libitum (Fig. 6). 

Discussion 

Changes in daily food, consumption have been 
reported for most species rind variations have been 
correlated to size and/or age (Pandian 1970; Birkett 1972; 
De Silva and Perera 1983), sali'nity (Kinne 1960; De Silva 
and Perera 1976; Dendrinos and Thorpe 1985), and 

I 

temperature (Boehlert and Yo~avich 1983) among other 
factors. Grayton and Beamish (1977) also observed that 
the intake of rainbow trout was higher during the initial 
week or two of the experimental period, as in the present 
study. The pattern of this varll!.bility in food consumption 
has been investigated only superficially (De Silva and 
Perera 1983) and, as pointed o~t by these authors, it could 
be even related to daily changes in protein metabolism and 
the like also resulting in daily variability of the 
digestibility of the ingested material. Charles et al. (1984) 
observed that the feeding frequency increased 
consumption in Cyprinus carpio fry up to a point and 
thereafter further increases in frequency did not result 
either in an increase or decreas~ of intake. The findings of 
the present study also indic*e that feeding frequency 
influences intake but the trends: are not that clear cut. 

Feeding frequency is knOWn to affect fish growth 
(Kono and Nose 1971; Graytoh and Beamish 1977; Brett 
1979) and food conversion efficiency (Andrews and Page 
1975; Greenland and Gill 1979; Charles et al. 1984). It is 
evident from the present study that the performance in 
terms of per cent average daily :weight gain (%ADG), food 
conversion ratio (FCR) and prdtein efficiency ratio (PER), 
all important arid reliable inditators of perfonnance, was 
not only affected by the feeding frequency but also by the 
ration size. For example, in 0. niloticus of body weight 



L 

-

i 
'--

! 
L.... 

! 
L-· 

\ 
~ 

I 
j -

6.84-8.08 g the % gain in weight increased with increasing 
feeding frequency when fed ad libitum each time. 
However, when a ration of 3% body weight was dispensed 
at different frequencies the %ADG was maximal in those 
fish receiving the ration once a day in the morning. 
Furthermore, the %ADG in the latter case was better and 
the FCR and PER in the two instances did not differ from 
each other significantly (p > 0.05). These observations 
point to the fact that within the same species, fish of 
varying sizes could perhaps react differently. 

Restricted feeding is known to improve the growth 
performance in mammals (Leville 1970). Jobling (1983) 
has pointed out that feeding fish to satiation at a particular 
feeding frequency can minimize food wastage compared 
to ad libitum feeding, provided that full feeding 
opportunity is available to every individual, thereby 
preventing any growth depensation due to social 
interactions (Jobling and Wandsvik 1983). In. these 
experiments however, obvious effects of growth 
depensation where individuals lost weight were not 
evident. In addition, feeding time is also kt1own to affect 
performance in certain species of fish (Noeske et al. 1981; 
Sundararaj et al. 1982). There is increasing evidence that 
most fish species have a preferred feeding time and 
according to Noeske and Spieler (1984) the optimal 
feeding rate is likely to differ depending on feeding time. 
The present experiments were not designed to test the 
optimal feeding time for 0. niloticus young. Also to the 
authors' knowledge, experimental studies on cichlids to 
test the optimal feeding time have not been carried out. It 
was also evident that the effect of feeding frequency on 
conversion was less marked in 0. niloticus . fed a 
predetermined ration unlike in the case of Cyprinus carpio 
(Charles et al. 1984; Goolish and Adelman 1984). 

The present experiments also provide evidence that 
proper husbandry practices may help save on feed (also 
see Jobling 1983; Andrews and Page 1975). It is clear that 
in 0. niloticus young ad libitum feeding could be wasteful, 
that comparable or better tesults can be obtained by 
feeding restricted rations at proper frequencies and that 
different size groups of 0. niloticus might respond 
differently to different feeding frequencies. 
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'.able 1. Composition of the test diet. 

Ingredient 

Fishmeal 
Soyabean 
Coconut meal 
V\fheat flour 
f'.ish oil (cod liver oil) 
Plant oil (soya oil) 
\(itamin mixture 
Mineral mixture 
qr203 
~aopex 

Proximate composition 
~rotein 
Lipid 
Ash 
Cal, value Kcal g-1 

Tabl1 2, Nature of hur.b1ndrv 1r.p1e11nd d111il1 l±S.D.J. 

% (dry wt.) 

40.0 
16.0 
13.0 
19.0 

3.0 
6.0 
0.265 
1.0 
1.0 
0.73fi 

30.78 
18.02. 
16.45 

4.6925 

SLn1roup 
Ill IV 

W•lttulgl 

Munr1ntH 0•1&0 -1.oa10 3 037'4 -3 3609 IJ.411'4 -tM12 1'4.'41-17.10 
lndMdu11wi: rtntH 0.5416 -1.'1713 U627-D.D217 &.1031 -1.12-ta 

±o.2171 :1:0.11 ±1.i071 

N•.•flllhper11nk 20 " 10 .. 
F'-i1nourat11v 

Fr1qu1ncy 1 /D, 2/D, lfD, '4/D 2/D 1/0m, 1101, 3/0, "" '4/0,2/D 
R11lon Adlfbltum 2~'.:.d:'!.f~;!" 3"'11odvw1.d1v-1 1nd 

•dli"blrum 
Adlfbltum 

«/llbltum 1110;2/0;'4/D) 

1/Dm, 1/01 • onct uch day In mornlnt ind 1f11rnoon, rt1PK1lnly. 

!:~v3~~=~::r~l~d~I~~ 1f~:,:~h~::.t~~~::;,:~~:~d: :::,:r~p~-~~:r ,v:u:~~ea~· 17:~o!!u~;:::::~~· d~I:·,~~ 
lrom11Choihtr1tth15"iev1I. ' 

Ff«!UlllC'f 

~/d1y ...... • 0•2 
12..a - ..... 311 

'Ud1Y 3JIO<t1b ± OJll 2~7 
12..443 - 7.2141 11.772 

3/d1y 4.2 .. 21b :t: 0119 
12.121 - 8.IHI 

<t/dsy <t.71b • 0•2 
12.il<t -10.3211 

Ill 

1.637' • o~• 
11.0..<t - 2.2711 

t 0.60 2.121"' t o~ 

- l.0311 11.lli - 2.IOll 

2.3701b t 0.1< 
IUlli - 2.Bl<t) ·-· • 0.03 
11.lot - 5.3111 

'Y 

2..40 t 0.44 
11.13"' - 2.158) 

Tabl1 4. Avtrtt• d1l1y 11Tn lADGl1, food convculon r1110 IFCRl2 •\u pro111n 1fllcltncy ratio !PERI' of Ot'fOdl,.ml• nll•tlt:u1 
you~ In thrtt 11 .. 1Nup1 und1r dllf1rant hulbandry r111lmu. For •~Yant HPtrlm1n11I group p.1r1m111r1 with th111m1 IUPtr• 
acrlpt lte nal 1lgnlnr;entlv dlftot1nt fp < 0.051. I 

s1 .. 1r. Rlllan Frequ111cy1 
IM11nwtlght,1I '" _,dv w1./d1vl 1t1m11/davl' "ADG FCR 

Gr.I Adlibl1um 1/D 3.111 u2' 
I0.1760-1.QltOI 2/D &.obc 1.641 

3/D 4.77b l.73b 

"" 120c 1.17•b 

Gr.II 2/D 1.621 1.911 

13.0074-3.JIO!I 2/D 2.67b 2.02• 
2/D 3.21b 2.611 

2/D 3.17b 3.21b 
2/D 2.lib .... 

Adlibltum 2/D 2A4b 1.691 
Smved 0.41 

Gr.Ill I 2.•-: lllJ.41M_..Dl12l 1/Dm I 2.271 
1/01 ;!~b 2.131 

2/D 2.101 

3/D 1.13' 2..421 

"" 2.01' 2.291 

Adlibl1um 1/D 0441 

~~:= 2/D ~~: 3/D 2.611 

"" 2.14c , .... 
Or.IV Adl1bllum •ID 1.61 UI 

11441-1710) 

1 EllJ)rtued "p1rc1n1111, :afoad con1umld/lncr1111 In w11tht f1I. 3 l~crt111 In w1lght/prot1ln C9nwmld lg). 

c 
0 
~ 
E 
:I 

"' g 
0 

I/Om 1nd 1/01, fed onc1 doily In th• mornlngond 1fu1noon, rHP1Ctlv11y. 

4/d 
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1/d 
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o.._~~~-.-...... ~~~~~~-.-...... ~~ 
0 10 25 40 55 70 

Days 

PER 

2,14: 
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60 

Fig. 1. Daily food consumption of size groups 1-111 (see Table 2) 
of o. niloticus young maintained under different dietary regimes. 
+denotes the mean weekly intake. 
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Abstract 

Poultry manure is the best among the commonly used organic 
manures in India. Urea in terms of nitrogen, is more economical than 
other nitrogenous fertilizers. This work studied the effects of fertilization 
of fishponds with a combination of poultry manure and urea and 
determined the most economical dose of urea to be used with poultry 
manure. 

Twelve uniform-sized cement cisterns of 25 m2 each were used 
for the experiment which was conducted in 133 days. Three different 
doses of urea (46% N) at 100 kg/ha, 300 kg/ha and 500 kg/ha, in 
combination with a constant quantity of poultry manure (2,000 kg/ha) 
were tried. All the cisterns were fertilized twice during the experiment. In 
the second installment, the dosage was reduced to half for both poultry 
manure and urea. Fish were stocked a week after the initial fertilization at 
8,000/ha, using uniform-sized silver carp, calla, rohu and common carp 
fingerlings in the ratio of 1: 1: 1: 1. Fish growth was assessed fortnightly. 
Final growth attained by the fishes was significantly different between 
treatments as well as between species. High concentration of ammonia 
(2.4-3.0 ppm) in medium urea treatment and high urea treatment resulted 
in mass mortality of all the fishes stocked by day 14. The cisterns were 
restocked with fishes of identical size on the same day. The overall 
survival was highest in medium urea treatment. Total net fish production 
was highest in low urea treatment because of better growth of silver and 
common carp. It appears that poultry manure and low dose of urea give 
the best results for carps. Therefore 100 kg/ha of urea, with 2,000 kg/ha 
of poultry manure is the safe and economical dose for carp culture. 

Introduction 

Fertilization is the cheapest and simplest means of 
increasing aquatic productivity. Poultry manure is the best 
among the commonly-used fertilizers and is popularly 
used in China, Philippines, India, Israel and other 
countries. Urea is a biocomponent nitrogenous fertilizer 
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containing approximately 46% pure nitrogen. It is a 
physiologically neutral fertilizer as aquatic plants 
assimilate both ammonia and carbon dioxide released out 
of urea by urease hydrolysis (Wolny 1967). Urea is 
reported to be the most economical nitrogenous fertilizer 
per kg of nitrogen. A combination of organic and 
inorganic fertilizers has been reported to be better than the 
application of only one of them (De Bont 1965; Rabanal 
1967; Shankar and Varghese 1981). Hence, this study of 
the effect of pond fertilization with a combination of 
poultry manure and urea. However, urea being a costly 
fertilizer, it was necessary to determine its most 
economical dose to be used with poultry manure. 
Therefore, the effect of different doses of urea in 
combination with a constant dose of poultry manure was 
studied. 

Materials and Methods 

Twelve cement cisterns of uniform size (5 x 5 x 1 
m), 25 1n3 in area, each provided with soil bed of about 15 
cm thick, were used for the experiment which lasted 133 
days. The cisterns were drained and limed with quicklime 
at 400 kg/ha and dried for about a week. Later, water from 
an adjacent perennial well was pumped into all the cisterns 
to about 70 cm. 

Nine cisterns were fertilized with a combination of 
poultry manure and urea (46% N), while the remaining 
three only with poultry manure to serve as controls and 
were designated as PM treatment. All the twelve cisterns 
were fertilized twice during the experiment. In the first 
application poultry manure was applied at a rate of 2,000 
kg/ha dry weight in all the cisterns. In addition to poultry 
manure, three doses of urea were applied in nine cisterns, 
a set of three cisterns receiving one dose. The dosages of 
urea added were 100, 300 and 500 kg/ha and were 
designated as low (PL urea), medium (PM urea) and high 
(PH urea), respectively. In the second application, applied 
82 days after the first, dosage was reduced to half that of 
the first for both poultry manure and urea. 

Each cistern was stocked with five fingerlings each 
of silver carp, Hypophthalmichthys molitrix 
(Valenciennes); catla, Catla catla (Hamilton); rohu, Labeo 
rohita (Hamilton) and common carp, Cyprinus carpio var. 
communis (Linnaeus), a week after the initial fertilization. 
The total stocking density reached 8,000 fish/ha. 



566 

Water and plankton samples were collected, from 
each cistern weekly. Water samples were analyzed for pH, 
free co2. dissolved oxygen, alkalinity, dissolved organic 
matter, ammonia, nitrate-nitrogen and phosphate-
phosphorus. Plankton samples were an~yzed 
quantitatively and qualitatively. Soil samples 1 were 
c;ollected monthly and analyzed for various parame~rs. 

Fish growth was assessed fortnightly by colleeting a 
minimum of 50% of the stock to record the individual 
l~ngth and total weight of each species. At the endi of the 
experiment, . the cisterns were drained and the individual 
l~ngth and the total weight of each species from each 
cistern recorded. Air and water temperatures were opted at 
each sampling day. Two-way analysis of variance was 
applied to find out the significance of difference in fish 
growth and survival among treatments. 

The average final weight attained by each $pecies 
differed significantly among treatments. But there was no 
significant difference in growth of each species among 
cisterns under the same treatment; the data from the 
triplicate cisterns were pooled and the average ·values 
calculated. Average weight increased in all treatments. 
Growth of silver carp was remarkably better with PL urea 
than in the others (Fig. 1). Growth of catla was highest 
with PM followed by PH urea, PM urea and PL i.µ-ea in 
that order (Fig. 2). Rohu attained the highest grow.ii rate 
with PH urea and the lowest with PM urea. This svecies 
attained average weights of 114.0, 90.6, 130.44 and rn5.43 
g with PL urea, PM urea, PH urea and PM, respectively. 
Average weight of common carp incresed from 4.0 g in all 
treatments to 181.0, 181.46, 145.0 and 162.0 gin PJ+, urea, 
PM urea, PH urea and PM treatments, respectively. 

During the first fortnight of the rearing period, .in one 
of the cisterns under PM urea treatment and in all th~ three 
cisterns of PH urea treatment, mass mortality of all the 
stocked fishes was observed. These four cisterns were 
restocked with fishes of identical size on the 14th day after 
initial fertilization. In these cisterns restocking day was 
taken as the day of stocking and the experiment was 
extended for 14 days to maintain a uniform rearing period 
for all the cisterns. 

Percentage survival of different species in the 
various treatments is given in Table 1. There is si~ficant 
difference in total survival among treatments, ~ut no 
significant difference among species at 10% leyel of 
significance. 

Average net production of silver carp was hig~est in 
PL urea (Table 2), while the net production of catla was 
the highest with PH urea. Total average net production 
was highest with PL urea and lowest with PH urea. The 

cost of producing 1 kg of fish, dking into account only the 
cost of fertilizers, was Rs.1.46 for PM, Rs.1.59 for PL 
urea, Rs.2.41 for PM urea and Rs.4.30 for PH urea 
treatments. 

i 
Discussfon 

I 
Silver carp is phytoplanktophagic in its food habit 

(Hora and Pillay 1962). 1 Average phytoplankton 
production was highest in PL urea treatment and this 
obviously was the reason for the remarkable growth of 
silver carp in this treatment. Phytoplankton, in· terms of 
number per liter, was more abundant in combination 
treatments. Silver carp grew better in combination 
treatments, except with PH ur~. The average ammonia 
content was the' highest (0.3864lppm) with PH urea which 
could have adversely affected the growth of silver carp in 
this treatment. 

The growth trend of catla in the different treatments 
was observed to be the rever$e of that of silver carp. 
Average dry weight value of total plankton (35.16 mg/100 
ml), and the the number of zooplankton was the highest 
with PH urea. Thus, the quantity of total plankton and the 
high number of zooplankton available appear to have 
influenced the growth of catla. The high concentration of 
ammonia with PH urea did not appear to have adversely 
affected the growth of catla. Zooplankton production with 
PM was fairly good, which could have influenced the 
growth of catla in that treatment. Natarajan (1976) 
recorded fastest growth of catl~ in poultry manure treated 
cisterns compared to cattle dung and sewage sludge 
treatments. The above results indicate that poultry manure 
alone is sufficient for good growth of catla. 

The difference in gro~th of rohu among the 
treatments was not marked. Harish (1979) reported better 
growth of rohu in a combination of organic manure and 
NPK as compared to NPK alone. The poor growth of 
common carp with PH urea dould be due to the high 
ammonia content (Reid and Wood 1976). 

The mass mortality of all the fishes in one of the 
cisterns with PM urea and in all the three cisterns with PH 
urea during the first fortnight was due to the high 
concentrations of ammonia (ranging from 2.4 to 3.0 ppm) 
in those cisterns. Reid and Wo~d (1976) stated that free 
ammonia in concentrations ove~ 2.5 mg/I in neutral and 
alkaline waters is apt to be hannful to many freshwater 
species. During this study, wat~r was alkaline in reaction 
with the pH range of 8.0 to 9 .6. 

The low average survival df silver carp with PH urea 
was due tci total mortality in o~e of the cisterns and very 
poor survival (20%) in another cistern. Total mortality in 
one of the cisterns with PL urea led to poor average 
survival in this treatment also. When mortality occurred, 
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thick blooms of Anabaena sp. appeared in the cistern with 
PH urea and those of Microcystis sp. and Anabaena sp. in 
the cistern with PL urea. The thick phytoplankton blooms 
leading to the reduction of dissolved oxygen concentration 
to lethal levels in the early morning hours (Banerjea 
1967), could have been the cause of the mortality. Further, 
the toxin released by Microcystis sp. could have also 
contributed to the mortality (Phillips et al. 1985). Similarly 
the thick blooms of phytoplankton, especially Anabaena 
sp., Ankistrodesmus sp., Coelastrum sp. and Mougeotia 
sp., in one of the cisterns with PH urea on the 70th day 
could have caused total mortality of catla. Because of low 
survival of catla with PM, in comparison with PH urea, the 
net production was low in spite of almost the same rate of 
growth in both. Inversely, because of the high survival of 
catla with PM urea, it 'gave greater net production than 
with PM treatment. 

Average survival of rohu was very poor with PL urea 
because of the total mortality of this species in two 
cisterns under this treatment. The highest survival and the 
highest net production were recorded with PM urea. The 
low net production of rohu with PH urea was due to low 
survival in two cisterns under this treatment. 

Common carp showed the best survival among the 
four species, except with PH urea. Total mortality of 
common carp in one of the cisterns with PL 'urea, observed 
on the 42nd day, could· be attributed to phytoplankton 
bloom. The low net production of common carp with PH 
urea was due to poor survival. PM urea gave the highest 
net production. PM urea and PL urea gave almost the 
same and the highest net production. 

On the whole, common carp contributed largely to 
net production with all the treatments, except with PH urea 
to which catla contributed the highest. The least 
contribution to net production in all the tratments was by 
rohu. 

Total net fish production was the highest with PL 
urea because of the better growth of silver carp and 
common carp, followed by PM urea, PM and PH urea 
treatments, in that order. 

The cost of production per kg of fish was highest 
with PH urea. The slightly higher cost of production with 
PL urea than with PM can probably be ignored since the 
total production, as well as the total profit obtainable in the 
former treatment, 'Yas significantly greater than with PM. 

It can be concluded that poulty manure with low 
dose of urea gives the best results for silver carp and 
common carp culture. There is no distinct difference in the 
rate of growth of rohu due to the fertilizer effect and 
poultry manure alone is sufficient for good growth of 
catla. Higher doses of urea not only fuiled to increase the 
productivity but also resulted in high fish mortality within 
the first fortnight of rearing due to excessive release of 
ammonia from urea. Occurrence of this heavy mortality 
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suggests that urea should be used with caution as a 
fishpond fertilizer. Being a costly fertilizer, excessive use 
of urea will also adversely affect the economics of fish 
culture. Therefore, 100 kg/ha of urea in combination with 
2,000 kg/ha of poultry manure is the safe and economical 
dose for carp culture. 
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Tabl1 1. P1rctnt1g1 survival of different specl1s In the vulous tr1atm1nts. 

Species 
Tre1tm1nt Cistern No. Sliver carp Cula Rohu canimon c1rp 

nil 20 nil 'nil 
PL Uree 80 60 nil 100 

60 80 60 100 , 
Average survival 46.66 53.33 20.00 66.66 

80 100 100 100 
PM Ur88 40 80 40 100 

60 60 100 100 

Average surviv1i 60.00 BO.DO 80.00 100.00 

nil nil 20 20 
r PH Ure• 20 100 20 40 

60 100 60 60 

Aver1g1 survlval 26.66 66.66 33.33 40.00 

1 20 60 100 100 
PM 2 so 80 60 1100 

3 60 20 40 100 

Average survival 63.33 53.33 66.66 100.00 

250 
Silver carp 

b. PL urea 
200 0 PM urea 

0 PH urea 

• PM 

150 
"' 
1: 
"' ·a; 
3: 
.,; 
~ 100 

50 

0 14 28 42 56 70 84 98 112 126 
Days after stacking 

Fig. 1. Average weight (g) attained by silver carp in different 
treatments. 

T1ble 2. Aver1ge fish production 1n different treatmen,s. 
, 

Av1r1ge net prodw;:tlon Aver1ge net Taul 1ver1ge 
in 126 d1ys 1 fish production fish production 

Tre1tment Species g/clst1rn kg/ho kg/h1/yr kg/ho/yr 

PL Urea Silver corp 842.66 337'.06 976.40 
C1t11 334.00 1331.60 387.01 
Rohu 332.00 132'.80 384.70 
Common carp 885.00 354:.oo 1.026.48 2,773.59 

225[ 13 
_., 

PM Urea Sliver c1rp 665.33 656.06 
C1tl1 542.00 216.80 628.03 
Rohu 342.00 1361.BD 396.28 
Common carp 887.33 364

1
.93 1,028.17 2,707.64 

PH Urea Silver corp 260.99 100iAO 290.84 
C1tl1 989.65 395c86 1,146.74 
Rohu 201,33 ao'.63 233.28 
Common carp 293.00 111;:io 339.61 2,010.37 

PM Sliver corp 350.33 140'.13 405.93 
Cat la 499.99 199'.99 579.34 
Rohu 337.80 136f 12 391.42 
Common carp 790.00 316100 916.40 2.292.09 

210 
200 Cat la 

6, PL urea 

D PM urea , 
~' 

!50 0 PH urea 

• PM 

"' 
1: 
"' ·a; 
3: 100 
Gi 
> <( 

50 

_; 

0 14 28 42 5~ 70 84 98 112 126 

Days after stacking 

Fig. 2. Average weight (g) attained ~y catla in different treatments. 
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Abstract 

Diaphus suborbitalis has feeding periodicity, with more intensive 
feeding from midnight to dawn than at dusk or early evening, and 
without intensive feeding at daytime. Intensive feeding time differs with 
fish size; a high percentage of stomach fullness appears before sunrise in 
smaller fish, at midnight in larger fish and twice (one at midnight and one 
before sunrise) in medium-sized fish. This phenomenon in medium-sized 
fish appears to be an efficient strategy before the summer breeding 
season in terms of energetics. 

Composition of stomach contents differed somewhat from season 
to season. Copepods composed the most diverse category, constituting 
97% of the prey. Medium-sized fish fed selectively on euphausiids and 
Ca/anus. The food and feeding habits of D. suborbitalis and sergestid 
shrimp reveal that these two organisms do not have a prey-predator 
relationship; rather, they are competitors for food. 

Introduction 

Research on mesopelagic micronektonic fish has 
recently increased because of their role in biological 
production and food chains and great potential as fishery 
resources, thus necessitating the development of collecting 
methods. 

Diaphus suborbitalis is the most important organism 
of about 35 species of Myctophidae found in Suruga Bay, 
Japan, and plays an important role in biological 
production. This paper describes the food, feeding habits 
and the ecological niche of J). suborbitalis in Suruga Bay. 

Materials and Methods 

Samples were collected mainly in Suruga Bay by 
RN Tansei Maru of the Ocean Research Institute, 
University of Tokyo, and a commercial shrimp fisheries 
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vessel from May 1973 to June 1977. Samples were taken 
with a 1.8-m Isaacs-Kidd midwater trawl (IKMT, 5 mm x 
5 mm mesh), a shrimp midwater trawl, 163-m long by 75-
m wide (13 mm x 13 mm mesh at cod end) and a Motoda 
plankton net with a mouth diameter of 56 cm (MTD, 0.33 
mm x 0.33 mm mesh). 

The stomachs of 498 fish were dissected from 
formalin-preserved specimens. The amount of food (state 
of fullness) was assessed visually: state 0, empty; state 1, 
partly full (< 1/2 full); state 2, relatively full (1/2 folk); 
state 3, very full. To investigate the feeding rhythm by 
time a day was divided into eight time zones; dusk, early 
night, midnight, late night, dawn, early part of the day, 
middle part of the day and late part of the day. The Ivlev 
index E was calculated as a measure of selectivity in 
which 

E = (ri - pi) I (ri + pi), 

where ri is the portion of the food items identified in 
the stomach, and pi is the portion of the food items caught 
inMTD net. 

Results 

Fig. 1 shows the diel variation of stomach fullness by 
collecting time. Although the seasonal variation was not 
considered in Fig. 1, the results by season were similar to 
that in Fig. 1. These data indicate that the species has a 
feeding cycle, with more intensive feeding from midnight 
to dawn than at dusk or a little later. 

For convenience, fish length was divided into small 
fish (15-30 mm SL), medium-sized fish (30-50 mm) and 
large fish (> 50 mm), and the relationship between the fish 
size and the diel feeding activity was dealt with (Table 1). 
Medium-sized fish have two peaks of feeding activity, one 
at midnight and one at dawn, but large fish have only one 
peak. Consequently, with the passage of time (Fig. 1) the 
two peaks are mainly influenced by medium-sized fish. 

To complement the insufficient day-materials in this 
bay, day-materials from neighboring Sagami Bay were 
used. Seven specimens were caught: 2 were in state 1 of 
unidentifiable stomach contentS, 3 in state 0 condition, and 
2 collected at dusk, in state 1 of identifiable stomach 
contents. The findings suggest that this species has no 
intensive feeding at daytime. The depths of main feeding 
activity can be presumed by the appearance of state l, by 
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collecting layer and by the variation of stomach fti.llness. 
Considering the result of diel migration (Go 198p), the 
feeding activity is vigorous when this species sµrt'aces 
above the 100-m layer at night, but is feeble at the 200-m 
layer at daytime. The feeding rate was calculated from the 
$tomach contents after two hours tow netting, as$uming 
that all the stomachs of the fish were empty when tow 
netting began. The number of food organisms and their 
individual weight tended to increase with fish si~e. The 
average feeding rate of medium-sized fish w~ 0.65 
individuals/min. and 0.16 mg/min. Considering that 
stomach fullness is low in early night real values ijiay be 
underestimated from the average feeding rate. 

The frequency of food organisms in the storqach is 
shown in Table 2. The number of identified food 
organisms was 8,739, of which 99.1 % were Crustariea. Of 
ihe Crustacea, copepods made up 97%. 

Food organisms varied somewhat by fish size, 
Oncaea and Paracalanus occurring frequently in. small 
fish, Paracalanus and Calanus in medium-sized fish and 
Calanus in large fish. It appears, despite the small samp1e, 
that the feeding habits of large fish seem to change from 
copepods to large organisms (e.g., euphausiids). 

Generic composition of stomach contents djffered 
somewhat from season to season. In winter Oncaea and 
Paracalanus were mostly consumed as food, in spring 
Calanus and Paracalanus, in autumn Euchaet(l and 
euphausilds. Such a seasonal change of food organism .js 
consistent with the variation of food organisms according 
to fish size: small fish in winter, medium-sized fish in 
spring, and large fish from summer to autumn. 

The gill raker interval was 0.20-0.35 mm in: small 
fish, 0.30-0.50 mm in medium-sized fish and O.S0-0.75 
mm in large fish. Small fish with 0.23-mm gill raker 
interval on the average fed mainly on less than 1-mm sized 
food, medium-sized fish with 0.40-mm interval on.1-mm 
sized food and large fish with 0.63-mm interval on' 2-mm 
sized food. 

The relationship between the fish size and the largest 
size of food organisms was 

Pm = 0.02 x 11.78 (r = 0.98) 

where Pm is the largest food size (mm), 1 is tjie fish 
size (mm), and r is the coefficient of correlation. The 
l,argest food organism eaten by this species was a sergestid 
shrimp of 37 mm (0.18 g), corresponding to mote than 
I ' 
half the size of the 67-mm predator and to 5%~ of its 
weight The relationship between the food weight for 
~atiation (state 3) and the fish weight was: · 

Sw = -7.66 + 0.04 Fw (r = 0.84) 

I 
where Sw is the wet weight (mg) of food, and Fw is 

the wet weight (mg) of fish. 1 

Specimens collected sim\iltaneously by IKMT and 
MTD (22nd, 2201--23rd, 0005, April 1977) were used to 
ascertain food selectivity (Table 3). Medium-sized fish 
had high food selectivity for euphausilds (E = 0.60), and 
low food selectivity for Calan~s (E = 0.21). An analysis 
by simultaneous towing of IKMT and MTD nets was 
attempted, but only one towing time was used. Thus, few 
data are available on food sel<';Ctivity of small and large 
fish. 

Discuss~on 
I 

Hopkins and Baird (197?) gave a comprehensive 
review of the feeding of mesopelagic fish. This review and 
the results of this study show that migrants which ascend 
above 200 m at night have a feeding cycle, while small-
scale migrants or non-migrants appear to have no feeding 
cycle. 

There are instances of variations of feeding cycle 
according to ontogeny even in the same species (Gorelova 
1975). This phenomenon w~ also displayed in this 
research: This feeding phenomenon in the medium-sized 
fish appears to be an efficient strategy before the breeding 
season, summer, in terms of energetics (Go 1981). 
According to recent research, food organisms vary with 
ontogeny. Nonetheless, Cr\istacea like copepods, 
euphausiids, amphipods and sm~l shrimp are composed of 
important food organisms. 1 

Little work has been done on the seasonal variation 
of food organisms of mesopelagic micronektonic fish 
(Cailliet 1972; Gj saeter 1973). Such seasonal variation of 
feeding ecology depends on fish species and size. Its 
important cause may be the slaJ1ding stock of zooplankton 
and the seasonal variation of zcx?plankton biomass. 

D. suborbitalis tends tP feed on larger food 
organisms with increasing fis~ size. Evidence of this 
feeding pattern appeared in Marlrolicus muelleri (Okiyama 
1971), Sternoptyx diaphana (Hqpkins and Baird 1973) and 
,myctophids in the tropical western Pacific (Gorelova 
1975). It is postulated that m~ctophids are filter-feeders 
and food size is controlled by th:e gill raker interval used in 
filtering (Okiyama 1977). Fo~ fish which live all day 
below 200 m, where zooplanMton biomass is small, the 
size of food organisms is not important. Food ranging 
from small to even bigger than ~e fish is taken. It suggests 
that such fish are well adapted tb poor environment, taking 
any food organism regardless or food size. 

As a filter-feeder, myctophids tend to ingest food 
organisms of a wide size range depending on their gill 
raker interval (Okiyama 1977), ;indicating food selectivity 
according to size. Apart from 1:he present paper, Merrett 
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and Roe (1974) reported food selection from the results of 
simultaneously-collected materials. 

There have been a few reports on prey-predator 
relationships in Suruga Bay's biological community 
(Kubota 1973; Hogetsu and Taga 1977). The diagram of 
food relationship centering around D. suborbitalis 
obtained from the above findings and the present research 
is shown in Fig. 2. This figure indicates that this species is 
in the middle position which connects the primary or 
secondary consumer, zooplankton, and the high-level 
consumer, nekton, in food chains. Although this species 
and D. watasei have been known as the major consumers 
of sergestid shrimp, an important fisheries resource in 
Suruga Bay (Omori 1969), only one species of shrimp was 
identified in the present investigation. This shrimp lives on 
Calanus, Paracalanus, Clausocalanus and Euchaeta in 
spring and Calanus, Euchaeta, Candacia, Oncaea and 
euphausiids in summer and autumn and also feeds actively 
from sunset to sunrise (Omori 1969). Comparison of food 
and feeding habits of these two species indicates that D. 
suborbitalis is not so much a consumer of sergestid shrimp 
but is rather its food competitor. 
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T•ble 2. Food orgirnlsms in stom•chs of 406 specimens, D/1phus 
suborbit11lls collected In Surug21 B•v. M•Y 1973-Jun• 1977. 
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Fig. 1. Stomach composition in the four ditferent categories of 
fullness (State 0-3) over the diel period for 498 specimens. 
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Fig. 2. Food web in Suruga Bay in relation to Diaphus suborbitalis. Present data modified after Kubota (1973) and Hogetsu 
and Taga (1977): (1) Sergestid shrimp, Sergestes /ucens (2) Jack mackerel, Trachurus japonicus (3) Japanese mackerel, Scomber 
japonicus (4) Japanese barracuda, Sphyraena iaponica (5) Cutlassfish, Trichiurus lepturus (6) Lanc~tfish, Alepisaur_us ferox 
(7) Japanese bluefish, Scombrops boops (8) Anglerfish, Crytopsaras cousesi and (9) Cephalopod. 
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Abstract 

The feeding habits of Siganus guJtatus larvae were detennined in 
laboratory rearing studies at 23.8-30.30C by examination of digestive 
tract contents of larvae given rotifers and/or brine shrimp. Larvae were 
initially fed on rotifers at a total length (TL) of 2.6 mm (day 2 from 
hatching), and on brine shrimp at 4.4 mm TL (day 12). A change in 
feeding habits, seen as the flexion point in the relationship between larval 
TL and maximum amount of prey, occurred at about 7.0-9.5 mm TL with 
rotifers as prey, and at 7 .2 mm TL with brine shrimp. Higher preference 
for brine shrimp over rotifers was seen in larvae 8-9 mm TL and larger. 
These changes in habit coincided with the full osteological development 
of the feeding apparatus in larvae at 7-8 mm TL S. guJtatus larvae 
exhibited a diurnal feeding pattern at day 9 (mean 3.7 mm TL), day 15 
(5.8 mm TL) and day 21 (7.9 mm TL). The percentage of larvae with 
food in the digestive tract decreased in the evening and became zero at 10 
p.m. in all ages. Active feeding, when more than 50% of larvae had food 
in the digestive tract, shifted earlier in the day with larval growth. 
Satiation, when feeding first reached a plateau in the morning when food 
was available round the clock, occurred at 8-10 a.m. in larvae at all ages. 

Introduction 

Siganus guttatus is a highly esteemed food fish in the 
Philippines and other Asia/Pacific countries. It attains a 
large adult size, occurs in a wide variety of habitats and 
has been considered a promising aquaculture species (Von 
Westernhagen and Rosenthal 1976; Tahil 1978; 
Carumbana 1983). Spawning and larval rearing have been 
attempted (Palma 1978; Alcala and Luchavez 1980; Juario 
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et al. 1985) and have recently attained a measure of 
repeatability with consistent survival rates (Hara et al., in 
press). Von Westernhagen (1974) studied the food 
preferences of S. guttatus juveniles, but there has been no 
study yet on the feeding habits of the larvae as related to 
seed production. In this paper, we describe prey 
preference, diurnal feeding patterns and changes in the 
feeding habits of larval S. guttatus under laboratory 
conditions. 

Materials and Methods 

To study feeding amounts and prey preference of 
Siganus guttatus, about 100,000 hatched larvae from 
broodstock in the Southeast Asian Fisheries Development 
Center (SEAFDEC) Aquaculture Department in Iloilo, 
Philippines, were stocked in a 5-t concrete tank on 28 July 
1985 and reared until day 8 with mtifers as food at a 
density of about 10 rotifers/ml. On day 8, 2,000 larvae 
were transferred to each. of three cylindrical plastic tanks 
containing 500 1 of water for experiments with three 
feeding treatments: (1) rotifers only at density of about 
10/ml; (2) artemia nauplii only at density of about 1/ml; 
and (3) combination of rotifers' and artemia nauplii at the 
same respective densities as above. 

In all cases, feeding was done at 9 a.m. daily. One 
hour after feeding, samples of 10 larvae were removed 
from the 5-t tank from 'day 2 until day 8, and from each of 
the three treatments thereafter until days 25-28. The tank 
bottom was cleaned and the water changed starting day 5, 
with the volume increasing gradually from 20 to 60%/day 
(Hara et al., in press). Water temperatures were 23.8-
28.1 oc during the rearing period. 

In a related experiment on the feeding pattern, 
310,000 hatched larvae were stocked in a 5-t concrete tank 
on 6 November 1984 and reared in the same manner as 
above. On each of days 9, 15 and 21, 600 larvae were 
transferred to cylindrical black-painted plastic tanks 
containµig, respectively, 20, 50 and 100 1 of water, with 
mean rotifer density of 10-14/ml, at water temperatures of 
26.4-30.30C. Every hour over 24 hours, illumination in the 
tan1c was recorded (Minolta T-1; ± 2% lx), samples of ten 
larvae were measured and their digestic tracts disseeted for 
rotifer counts. In addition to the hourly samples, ten larvae 
were sampled every 10 min. between 5 and 6:30 a.m. to 
monitor feeding during the first break of light. 
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Results 

Siganus guttatus larvae initially fed on rotifers (lorica 
width about 130µm) at 2.6 mm TI, (day 2). The amounts of 
rotifers/hours increased as a power function of 'IL in 
larvae and juveniles (2.6-14.8 mm 'IL, n = 247). B~secl on 
the log-log plots of the maximum amount of rotifers (R) 
and the n,', a flexion in this relationship occurs at about 
7.0-9.5 mrq TI,~ when R suddenly becomes much higher 
(Fig. lA). . 

Siganus guttatus larvae initially fed on ~emia 
nauplii (width 236 µm) at 4.4 mm 'IL. The m~imum 
number of artemia nauplii in 1 hour increased as a power 
function of 'IL in larvae and juveniles (4.4-15.9 mm 'IL, n 
= 146). Based on the log-log plot of the maximum amount 
of artemia nauplii (A) against 'IL, a change in the 
relationship occurred at about 7 .2 mm, when the rate of 
increase of A decreased (Fig. lB). 

The percentage of artemia nauplii over rotife~s taken 
by Siganus guttatus larvae (3.1-21.l mm 'IL, n = 1200) is 
shown in Fig. 2. The larvae showed preference for ~emia 
nauplii over rotifers starting 4.4 mm 'IL. The nauplli made 
up an average 19% of prey taken in by larvae up to 8 mm 
'IL. This preference became stronger in larvae 8-9 mm TI, 
and larger, when nauplii constituted an average 73% of 
prey taken. The preference for artemia is remarkable since 
the density of artemia was only l/ml, against ·that· of 
rotifers at 10/ml. 

The feeding incidence (% larvae with' rotifers in the 
gut) and the average number of rotifers in the dlgestive 
tract of Siganus guttatus during the period 5-6:30 a.m. 
showed that feeding started (10% incidence and about 1 
rotifer/gut) at 4 a.m. in day 9 larvae (3.7 ± 0.3 mm 'IL, n = 
156) and day 15 larvae (5.8 ± 0.9 mm 'IL, n = 228) and at 
3 a.m. in day 21 larvae (7.9 ± 1.2 mm 'IL, n = 242), when 
illumination was about 0 Ix. Active feeding, when 50% or 
mor(i larvae had fed, occurred at 6:20 a.m. (878 Ix) in day 
9 larvae, at 6 a.m. (69 Ix) in day 15 larvae, and a:t 5 a.m. 
(about 0 Ix) in day 21 larvae, with average numbers of 
rotifers in the digestive tract, respectively, 1.8 (range 0-6), 
2.9 (0-15), and 1.5 (0-4). 

The per cent feeding incidence and the average 
number of rotifers every hour during the 24-hour period 
are shown in Fig. 3 with the measured illuminatio.n levels 
for Siganus guttatus larvae of different ages. Satiation, 
when feeding first reached a plateau in the diorning, 
occurred at 10 a.m. for day 9 larvae, and at 8 a.m .. for day 
15 and day 21 larvae. Larvae of the same age cdnsumed 
about equal nwnbers of rotifers throughout the daylight 
hours (6 a.m.-6 p.m.) averaging 12 rotifers/larva * day 9, 
68 at day 15, and 205 at day 21. Feeding i~cidence 
'decreased during the evening and became zero at.IO p.m. 
for larvae of all ages. No feeding occurred until 3-4 p.m. 
the next day in day 9 and day 15 larvae, but day 2[ larvae 

had a few rotifers in the gut at ~1 p.m. Thus there is a clear 
diurnal pattern in the feeding habits of S. guttatus larvae 
and juveniles in the laboratpry. Moreover, the daily 
feeding period becomes wider with growth. 

I 

Discussion 
I 
I 

The maximum amount of prey taken increases as a 
power function of the larval siz~ in Siganus guttatus and in 
several other marine fishes as :Well (Kitajima et al. 1976; 
Fukusho 1979). The flexion in the 'IL-R relationship in S. 
guttatus signifies an increase in the requirement for 
rotifers by 7.0-9.5 mm n,' larvae. Under hatchery 
conditions, such increase in :rotifer intake necessitated 
doubling the amount of rotif~s given to larvae at this 
stage (Hara et al., in press). · 

The flexion in the 'IL-A relationship, i.e., the 
decrease in slope, is not so easy to explain. It does not 
seem due to limitation in gut! capacity, as the intake of 
rotifers continues to increase a~ this time. It may be due to 
prey size selection· by the larvae which seek out and 
capture the larger (though fewer) older artemia left over 
from previous days' feeding while ignoring the smaller 
(more abundant) fresh nauplii. Prey size selection is seen 
in the preference of larvae for low-density artemia over 
high-density rotifers. Various studies have shown that fish 
larvae select larger, though rarer, prey as they grow, 
presumably becausf'. larger prey have much higher energy 
contents (Hunter 1981). 

The observed changes in feeding habits of Siganus 
guttatus all occurred at larval sizes 17-9.5 mm, which 
coincides well wiili the full osteological development of 
the feeding and swimming apparatus at 7-8 mm 'IL 
(Kohno et al., this vol.). Similar changes in feeding habits, 
particularly food preference, . have also been shown in 
other species, although these occurred at different sizes, at 
> 10.5 mm TI, in Pagrus major (Masumura and Fushimi 
1972), and at 5.1-5.5 mm 'fl'.., in Oplegnathus fasciatus 
(Fukusho 1979). 

Sig anus guttatus larvae· exhibit a diurnal feeding 
pattern similar to larvae of Olupea pallasi, Paralichthys 
olivaceus and Chanos chanos (Kurata 1959; Yasunaga 
1971; Hara et al. 1983). Vision is important to S. guttatus 
larvae, and the development of the visual apparatus along 
with the other sense organs with growth probably accounts 
for the ability of older larvae to feed earlier and for longer 
periods, as has generally been shown for fish larvae 
(Kawamura and Hara 1980; Hunter 1981). 

I 
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Fig. 1. Maximum number of prey/hr taken by Siganus guttatus 
larvae and juveniles in relation to growth: A, rotifers and B, 
artemia nauplii. 
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Abstract 

Rawa Pening is extensively utilized as a hydroelectric, irrigation, 
fishing and recreational resource. A major constraint to the efficient 
resource management is the extensive (60%) cover of water hyacinth on 
this lake. The use of water hyacinth as a feed for cage cultured fish was 
investigated as a possible solution to this problem. Java catp, Puntius 
javanicus; common catp, Cyprinus carpio; tilapia, Oreochromis 
mossambicus; and Sepat Rawa, Trichogaster sp., kept in cages 
suspended in the lake were fed four diets including: 2.5% composted 
water hyacinth; 10% composted water hyacinth; 2.5% non-composted 
water hyacinth; and 10% non-composted water hyacinth. All diets were 
kept at a 25% protein level and contained the same carbohydrate and fat 
constituents. Feeding frequency was twice a day at 5% body weight per 
day. Stocking density was 45/m 3 with an initial stocking weight of 10-
20 g. Results showed that in P.javanicus, C. carpio and 0. mossambicus 
substitution of up to 10% by weight of either composted or non-
composted water hyacinth in the diets did not significantly decrease the 
growth rates. Trichogaster sp. showed a significantly decreased growth 
rate at the higher levels of substitution. 

Introduction 

Rawa Pening, a man-made lake in Central Java, is 
extensively utilized as a hydroelectric, irrigation, fishing 
and recreational resource. A major constraint to efficient 
resource management is the extensive (60%) cover of 
water hyacinth, Eichhornia crassipes, on this lake. 
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Water hyacinth production came to an estimated 255 
t/ha/year in 1976. Water hyacinth in Rawa Pening reduced 
total fishing production from 398.21 t/year in 1975 to 287 
t/year in 1978. Additional water evaporation 'is estimated 
to be 2.34 g water per g wet weight of water hyacinth per 
day (BIOTROP 1978). The indigenous fishes of Rawa 
Pening are not able to utilize the freshwater hyacinth. 
Some attempt to control the spread of the weed has been 
made using chemical and mechanieal methods but with 
limited success. · 

This study investigates ihe use of water hyacinth as a 
possible feed source for cage cultured fish at Rawa 
Pening. Previous studies had indicated that water hyacinth 
hruibetween 7 and 13% dry weight protein content; its use 
as an alternative feed resource would in tum contribute to 
its environmental control. 

Trichogaster sp. (Sepat Rawa) and Puntius javanicus 
(Java carp) were used in this study as representative of 
indigenous fish and Oreochromis mossambicus and 
Cyprinus carpio as introduced species in Rawa Pening 
(Goltenboth 1978). 

Materials and Methods 

The cage construction is shown in Fig. 1. The frame 
was made of bamboo with polystyrene floats and nylon 3-
mm mesh netting. 

Each species was fed on four diets: Diet I, containing 
2.5% dry weight composted ·water hyacinth; Diet II, 
containing 10% dry weight composted water hyacinth; 
Diet III, containing 2.5% dry weight finely cut water 
hyacinth and Diet IV, containing 10% dry weight finely 
cut water hyacinth {Table 1). All diets were kept at a 25% 
protein level and contained the same carbohydrate and fat 
constituents. Growth measurements for each diet were 
carried out in triplicate, giving a total of 48 cages. The 
stocking density in each cage was 45/m3. The individual 
body weights of a ten-fish subsample were measured from 
each cage once per week. A ration totalling 5% body 
weight per day was fed twice per day. This ration was 
calculated on the basis of the previous week's body weight 
measurements. Specific growth rates of the different 
species under different diets were calculated from the 
coefficients of linear regressions of the natural logarithm 
of the individual fish weights with time {Table 2). 
Significant difference between coefficients was tested by 
analysis of variance of the residual variations about the 
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separate and merged regressions, (Mead and C,urnow 
1983). 

Results and Discussion 

Water temperature remained within the range iof 28-
:fooC and dissolved oxygen of 7.5-9.1 ppm. Increases of 
mean individual weight with time for the four speqes are 
given in Figs. 2-5. Regressions of natural logarithm of 

, I 
weight with time are given in Table 2. 0. mossainbicits 

' I 
~xhibited a small but significant decrease in specific 
growth rate when fed composted and non-compost~ 
water hyacinth at the 10% level. Cyprinus carpio again 
showed significant but small decrease in specific growth 
rate when fed water hyacinth at the 10% level. Ho:Wever, 
the non-composted form gave significantly better growth 
rates than the composted water hyacinth. The best growth 
rate measured in Puntius jav'anicus was in fish fed with the 
10% non-composted diet. No significant differepce in 
bowth rate was seen in fish fed the 25% anc;l 10% 
composted water hyacinth diet Trichogaster sp. was the 
only species to show significant marked decreased growth 
tate with increase of the proportion of water hyaqinth in 
the diet. , 
i 

The present results show 1that both composted and 
noncomposted processed water hyacinth are suitable 
ingredients (up to a 10% level) for the carps Cyprinus 

I 
carpio and Puntius javanicus. ijowever, it is important to 
note the severe decrease in ispecific growth rate in 
Trichogaster sp. when fed at th~ higher per cent diet Each 
species needs to be tested prior! to the inclusion of water 
hyacinth in the diet. ' 
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Table 1. Composition and proximate analysis of experimental diets. 

Ingredients(%) 

Composition: 

Water liyacinth 
Fish meal 
Corn meal 
Rice bran 

Corrjposted by urea 2% 
Diet I Diet 11 

2.5 
35.o 
10.0 
5~.5 

10.0 
35.0 
10.0 
45.0 

Proximate analysis (dry weight) (in%) 

Diets Protein Fat , COH 

I 28.05 9.01: 45.38 
II 27.86 9.05 45.06 

Ill 25.57 9.49 45.51 
IV 25.51 9.24 45.24 

' 

Ash 

11.02 
11.09 
12.06 
12.24 

Non-composted 
Diet Ill Diet IV 

2.5 
35.0 
10.0 
52.5 

I 10,0 
35.0 
10.0 

I 45,0 

crude fiber 

I 6.54 
6.94 
7.37 
7.77 
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T1bl1 2. R1gr111lons or n1tural log of w1lght lncr1m1nt with time In Or.achromls mommblcus, 
Cyprlnus c1rplo, Puntlus/1nnlcu1 ind Tr!chog1sr.r sp, 

Or1ochromls mosumbicus 

Ol1tl lnwt - 0.097t + 
Diet II lnwt - O.OB4t + 
Ol1tlll lnwt - 0.094t + 
Ol1tlV lnwt - 0.09h + 

Cyprl~us c•rplo 

Dlltl lnwt - 0.097t + 
Oletll lnwt - 0.094t + 
Ol1tlll lnwt - 0.113t + 
OlltlV lnwt - 0.106t + 

Puntfus /1v1n1cus 

Dl1t I lnwt - 0.088t + 
Dl1tll 1nW1 - 0.088t + 
Ol1tlli lnwt - 0.067t + 
Ol1tlV lnwt - 0.101t + 

Trfchogestfr sp. 

Dl1tl lnwt -0.199t + 
Olttll lnwt - 0.1051 + 
0111111 lnwt - 0095t + 
OlttlV lnwt - 0.065t + 
1SGR • spaclflc growth ratl. 

3.07 0,76 
2.98 0.97 
3.18 0.91 
3.04 0.97 

2.94 0.94 
2.96 0.92 
2.96 0.99 
2.96 084 

3.07 0.91 
3.04 0.74 
3.03 0.71 
2.99 0.69 

2.30 0.66 
2.45 0.29 
2.46 0.32 
2.38 0.47 

SGR1 

%d-1 

1.38 
120 
1.34 
1.30 

1.38 
1.34 
1.61 
1.61 

1,27 
126 
0.96 
1.44 

2,84 
1.60 
1.36 
093 

bp - significant dlff1r1nc1 b1twnn rtgrtsslon co1fflcl1nts. 

<.001 

<.001 

<.001 

<.001 

<.001 
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Fig, 1. Cage construction. 
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Fig. 2. The relationship of weight increment of Saroth'wodon 
mossambicus (g) with time (weeks) in the different diets. 
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Abstract 

Although various artificial shrimp diets have been fonnulated, 
they are either too expensive or limited in commercial availability. On 
the other hand, natural food organisms are difficult to maintain and are 
often inconsistent in supply. This paper presents research attempts to 
develop a suitable artificial diet for shrimp lar\'ae with locally-available 
materials. Fresh and dry Acetes are relatively cheap and available in large 
quantities in tropical waters. Larval rearing experiments using finely 
ground Acetes tissues conducted under various climatic conditions and 
hatchery systems were completed. In the dry season, larvae in outdoor 
tanks fed dry Acetes had the highest survival rate (68%) compared to 
larvae fed Chaetoceros. (48%) or fresh Acetes (39%). The larvae in 
outdoor tanks molted to postlarval stages within eight to nine days. In 
contrast, larvae from an indoor hatchery reared with Chaetoceros had 
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higher survival rate (52%) than those fed with Acetes (35%) and fresh 
Acetes (24% ); however, the molting period from eggs to postlarvae 
took 1 H2 days. 

During rainy months, the survival of larvae reared with 
Skeletonema, dry and fresh Acetes in outdoor tanks was 72%, 52% and 
38% and in indoor tanks 62%, 40% and 23%, respectively. However, the 
molting period from eggs to postlarvae was 9-10 days and 12-13 days in 
outdoor and indoor tanks, respectively. 

Introduction 

At present, natural food organisms such as 
Chaetoceros sp., Skeletonema sp., Chlorella sp., 
Brachionus sp. and brine shrimp Artemia salina are still 
the major feed in marine shrimp larval rearing. However, 
the culture of live food organisms for mass production of 
shrimp larvae is costly in terms of manpower, 
infrastructure requirements, equipment and fluctuations in 
the nutritional value of rotifers and brine shrimp, aside 
from the fact that their dietary value for shrimp larvae may 
not be optimal (Simpson et al. 1982). Furthermore, 
diatoms and other algae can bioconcentrate potentially 
hazardous chemicals like pesticides from the seawater and 
sediments. 

While it has been possible for many years to feed 
Penaeid postlarvae successfully on artificial diets 
(Shigueno 1975), problems of nutrient leaching, particle 
breakdown and water fouling have prevented the use of 
such diets for early planktonic larval stages. Only recently, 
it has been demonstrated that the larvae of Penaeid 
shrimps from the first protozoa substage to postlarvae can 
be reared on a microencapsulated diet (Jones 1984). 
However, the price of this microencapsulated diet may be 
high and the supply limited. On the other hand, it has been 
reported that the exclusive use of crustacean wet tissue 
suspension as feed for all larval stages is possible 
(Hameed 1982). 

Crustaceans which have been successfully processed 
into a wet tissue suspension for larval feeding include 
paste shrimps Acetes sp. and Metapenaeus sp., stomatopod 
Oratosquilla sp. and mantis shrimp (Squilla sp.). The 
advantages of using crustacean tissue as a larval feed are 
that the raw materials are locally available and relatively 
cheap in sufficient quantities. In addition, it is a simple 
feeding system, which can be easily adopted by small-
scale or backyard hatcheries so that the use of live food 
organisms can be dispensed with. However, there are no 
reparts comparing the effects on survival and growth of 
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postlarvae in relation to seasonal variations and natchery 
systems when the larvae are fed on crustacean tissue 
compared to live food organisms. Thus, this study aimed 
to determine the possibility of using wet and dry 
crustacean tissue to replace the live food organisms in 
different seasons and different hatchery systems. 

Acetes is well known as raw material for : shrimp 
paste throughout Asia. It is widely used as animal {ood for 
marine finfish larvae because of its high nutrition~ value 
which is also required by shrimp larvae. Although 1there is 
some seasonal fluctuation in the availability of Acetes, 
dried processed Acetes is available cheaply all year round 
in large quantities. 

Materials and Methods 

The experiments were conducted in different climatic 
conditions and hatchery systems. The postlarva¢ were 
raised in an outdoor hatchery in a 1-t fiberglass larval 
rearing tanks exposed to direct sunlight and in an~ indoor 
hatchery with 2-t ferrocement larval rearing tanks located 
in a building under transparent roofing. April to June and 
August to October represent the dry and rainy seasons, 
respectively. Three types of feeds were tested; 
Chaetoceros sp. and dried and fresh Acetes were used 
during the dry season, while Skeletonema sp. r~placed 
Chaetoceros sp. during the rainy season because of 
unavailability of the latter during that period. Eaqh feed 
was tested in three replicates in a completely randomized 
system. 

Penaeus monodon nauplii were stocked in. larval 
rearing tanks at 50 and 40/l in outdoor and indoor, tanks, 
respectively, during the dry season while 60/l were used in 
both types during the rainy season. Salinity, temperature 
and pH were maintained at 34 ± 2 ppt, 30 ± 2oc ancl 8.0 ± 

0.3 during the dry season and 30 ± 2 ppt, 28 ± 3oc and 
8.0 ± 0.3 in the rainy season, respectively. Algal densities 
were kept at 40,000 live Chaetoceros and Ske/etonema 
cells/ml. Both algal species were mass produced in '!l'MRL 
media (Liao and Huang 1973) in 1-t outdoor culture tanks. 
Prepared .dried and fresh Acetes in particular sizes were 
fed four times each day at 0830, 1200, 1700 and 2400 hr 
based on 10 mgm/larva/day for dry Acetes and 50 
mgm/larva/day for fresh Acetes with 20% increase daily. 
Table 1 shows the details of the feeding sr::heme 
throughout the experiment. 

Only 20-30% of the rearing water was changecj: daily 
during the protozoea stage and 40-50% during the mysis 
and postlarval stages. , 

The condition of the larvae in each tank was 
observed daily. Larval and algal density, water 
temperature, pH and salinity were measured. Algal qensity 
was adjusted according to survival rate. Outdoor tanks 

I 
I 

were covered with dark plasti¢ sheets from 1300-0800 hr 
to maintain the water temperature during the evening and 
early morning. 

One day after metamorphosis to the postlarval stage, 
the surviving shrimps from each larval rearing tank were 
counted to determine the overall survival rate and molting. 

Fresh Acetes were thoroukhly washed with water and 
drip-dried and blended with water (1:1 by volume) for 
about three min. Blending tiaje depended on the desired 
particle size of the tissue to be ~sed as food for a particular 
larval stage. 1 

The blended tissue was ,passed through a series of 
nylon sieves of mesh 500µm, 350µm, 250µm, lOOµm and 50 

µm. Tissue particles that passi through 50µm sieves were 
used to feed.protozoea and bigger sized tissues for larger 
larvae. Particles retained in th¢ 500µm sieve are discarded 
as these usually consist of the ishell or hard tissues which 
cannot be blended. The processed tissues were then drip-
dried and stored in the freezer tjntil ready for use. 

For dry feed, freshly-caught Acetes were sundried to 
remove about 80% of their moisture. Prior to grinding the 
dry Acetes were further dried in an oven for two hours at 
60oC. The oven-dried Acetes +ere then ground and sifted 
through sieves with meshes of

1
50, 100, 250, 350 and 500 

µm. The different particle sizes pf ground dried Acetes were 
collected and used as feed according to the larval stage of 
the shrimp (Table 2). 

Results 
I 

l 
The proximal analysis values of the Acetes used in 

these experiments are given in Table 3. The results of 
feeding experiments on feeqing in various hatchery 
systems and climatic conditions (Table 4) indicate that the 
survival rate of postlarvae fed with dried Acetes in outdoor 
tanks was high (68%) in the dry season. Those fed with 
Chaetoceros sp. in indoor ~s had the highest survival 
(52%). The survival rates of larvae were significantly 
different (p < 0.05) among the treatments in the same 
hatchery system. They were al~o significantly different (p 
< 0.05) in survival rate of the larvae fed with the same 
food organisms in -indoor and outdoor tanks. The larvae 
fed with fresh Acetes had the lowest survival rate - 38.1 % 
and 24% in outdoor and indoor tanks, respectively. 

There was a big differeµce in the length of the 
molting period from nauplii to:postlarval stages between 
the outdoor and indoor tank:S. Only nine days from 
stocking, the larvae in the outdoor tanks metamorphosed 
to postlarval stage whereas iv took 11-12 days in the 
indoor tanks. ' 

During the rainy season, s'.urvival of larvae fed with 
Ske/etonema to postlarval stage was significantly- (p < 
0.05) higher, 72% and 62% in outdoor and indoor tanks, 



L 
L 

L 

L 

L 

L 

i_ 

I 

L 

I 
I_ 

! 
L 

L 
I 
I 
I,_, 

i 
L 

1_ 

i 
L 

respectively. However, the survival rate of the larvae in 
outdoor tanks was significantly different (p < 0.05) from 
those in indoor tanks fed with the same food organism. 

Survival rates of the larvae in all treatments in the 
dry season was not statistically higher than those in the 
rainy season. Survival rate in outdoor tanks was 
significantly higher than in indo'Or tanks in the same 
climatic condition. 

The rate of metamorphosis varied in the outdoor and 
indoor tanks (Table 5). The outdoor tanks benefited from 
controlled temperatures as the tanks were covered after 
1300 hr while the indoor tanks were not covered and were 
affected by strong winds, especially during the rainy 
season. P. nwnodon larvae fed with the same type of feed 
in outdoor tanks had better survival rate and shorter 
culture period during the dry season. 

Discussion 

This study provides direct evidence that P. nwnodon 
larvae can be fed Acetes tissue, both in dry and fresh form 
without any supplementary feeding and are comparable to 
larvae fed microscopic algae. It was observed that in both 
cases where fresh and dry Acetes were used the tanks 
developed algal blooms. 

The higher rate of metamorphosis in the outdoor 
tanks is attributed to exposure to direct sunlight, thus to 
higher water temperature. The tanks were covered when 
the water temperature was at its highest (31-32oC) at 
around 1300 hr or 1400 hr with a dark plastic sheet to 
control the temperature throughout the night. The. early 
morning temperature was still around 29-300C. In 
contrast, the temperature in the indoor tanks decreased to 
26-270C in the early morning. This may have affected the 
metamorphic rate of the larvae. During the dry season, the 
temperatures were suitable for larval raising without any 
temp~rature controls, whereas in the rainy season the 
temperature~ were lower, resulting in slower larval growth 
and longer molting period. 

These experiments also indicate that larvae fed fresh 
Acetes tissue have lower survival rates. It was noted that 
the larvae fed fresh Acetes had red spots on the body when 
they reached mysis 3, were weak and suffered a high 
mortality rate. The highest bacteria count was found in the 
tank fed fresh Acetes. The cause is not known. 

In terms of survival and growth, feeding P. nwnodon 
larvae dry Acetes can greatly benefit small-scale hatchery 
operations as the method uses a single food item which is 
cheap arid locally-available in large quantities. 
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Tab11 1. Fndlnt rt;lm11 of P1n11u1 l1rv11. 

Ch11rac1ro1sp.or 
DryAi:.r11 FruhAc1t11 Sk1/1rantm1 sp. + 

Slz1 Amoun1 SIH Amoun1 6r1chlonu11p. 
Sl1ta fµm) lmvl11rv1fdovl {µml (mg/ltM/dtVJ fe•ll1/mll 

N1uplll l1111h1n60 1M 11111h1niO 600 40,000 
Pro1ow1•I lntlh1n!i0 12.0 !1111h1n60 60,0 40,000 
PIOIOZOll 11 11u1h1n60 ,., l1n1h1n60 72.0 •o.ooo 
Protow .. 111 50.100- 17» 60-100 ... <0,000 
Mv1111 60·100 20• 60·100 103.7 40,000+3-6 

8radllanus 
Mytlsll 100·260 "' 100·260 124.4 
Mv111111 100·260 ,., 100;250 149.2 
Pouluwl 250-350 

··~ 
250·360 179.0 

Table 2. Sizes of feed particles used for various larval stages 
of P. monodon. 

Particle size 
(µm) 

Less than 50 
50- > 100 
100- > 250 
250- > 350 

Table 3. Proximal composition of Acetes. 

Composition 

Crude protein 
Crude fat 
Crude fiber 
Nitrogen free extract 
Ash content 
Calcium 
Phosphorus 

Larval stage 

Protozoea I, 11 
Protozoea 111, Mysis I 
Mysis II, Ill 
Early postlarvae 

% 

54.46 
3,74 
4.88 

21.72 
15.20 

3.44 
1.25 
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Table 4. Feeding schemes in different hatchery systems 11nd seasons. 

No.of Average amount of animal/run I Molting Survival rate 
Season Hatchery Treatment run Na(Jplii Protozoea Mysis PL 1 period N-PL1 

Drya 

Outdoora A 4 52,000 46,000 38,000 35,000 9 68%±14.8a 
B 4 52,000 41,000 30,000 25,000 9 48%±15.1 b _ __, 

c 4 52,000 41,000 29,700 19,500 9 38%±18.7c 

Indoor b A 4 82,poo 62,000 35,000 28,700 11-12 35%±10.1y 
B 4 82,~00 64,000 48,000 42,700 11 ·12 52%±15.0x --
c 4 82,000 62,000 32,000 20,000 11-12 24%±15.3z 

Rainyb _1 

Outdoora A 3 62,poo 53,000 42,000 32,500 9-10 52%±13.6a 
3 :;:g~~ 54,000 48,000 45,000 9·10 72%±10.3b 
3 52,000 38,000 23,500 9-10 38%±14.3c _ _, 

lndoorb A 3 120,900 92,000 68,000 48,000 12-13 40%:!:9.0x 
3 120,poo 92,000 82,000 74,500 12-13 62%:!:9.9Y 
3 120,000 86,000 32,000 27,600 12-13 23%±10.3z 

Treatment A, Dry Acetes; B, Chaetoceros sp.; C, Fresh Acetes; and D, Skeletonema sp. 

Note: Items followed by the same superscript are not significantly different at p <0.05. 
_J 

Table 5. Metamorphoiis of P. monodon larvae to one-day old poitlarvae. ...J 

Days after stocking 
2 3 4 5 6 7 8 9 10 11 12 13 

~ 

Dry 

Outdoor N N-21 21 22 23 Ml M2 M3 pl 

Indoor N N-21 21 21-22 22 22- 23 Ml M2 M3 M3-P1 pl 

_J 

Rainy 

Outdoor N N-21 21 21-22 22-23' 22-Ml M1-M2 M2-M3 M3-P p 

Indoor N N-21 21 21-22 22 Z2-23 23 23-Ml Ml Ml-Mi M2-M3 M3-Pl pl 

N = nauplii; 2 = zoea; M = mysis; P = postlarva. 
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Abstract 

Five experimental diets formulated to contain 5, 15, 25, 35 and 
45% protein were prepared using casein and fishmeal as protein sources. 
These diets were fed to adult female dwarf goramys stocked in glass 
tanks. After 20 weeks of feeding, fish from each dietaiy treatment were 
paired with males. The number of fish spawned, eggs spawned and fiy 
hatched (reproductive performance) were recorded. Ovaiy samples were 
also taken from females from each of the five treatments. 

Results indicated that the fish fed high protein diets (25, 35 and 
45%) had higher mean body weight, ovaiy weight and reproductive 
performance than those fed the low protein diets (5 and 15%). There was 
no significant difference among the high protein diets nor between the 
two low protein diets. The low protein diets also showed a greate.r decline 
in the percentage of yolky oocytes than the high protein diets. 

Introduction 

The quantity and nature of dietary proteins are 
known tt> affect fish reproduction. For example, in the 
guppy, decreased dietary protein levels resulted in 
decreased ovary weight and volume although fecundity 
was not significantly affected (Dahlgren 1980). However, 
in the red sea bream, Chrysophrys major, fecundity and 
egg hatchability were affected by the nature of the protein 
component in the diet of the female broodstock (Watanabe 
et al. 1984). Little work has been published on the 
relationship of diet to ovarian maintenance and 
reproductive performance in the adult female fish. 
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Materials and Methods 

Adult female goramys approximately 4 months old 
were purchased from a local fish farm. The fish were 
maintained in five identical glass aquaria of 60 1 each. At 
the beginning of the experiment 60 fish were stocked in 
each tank. Fish were sampled at regular intervals and their 
weights were recorded. The temperature of the tank water 
remained at 27 ± 2oc and the pH remained near 7. 

Fishmeal and casein were the dietary protein sources. 
They were blended with dextrin, com oil, tapioca flour, 
cod liver oil, and a vitamin and mineral premix to prepare 
diets with 5, 15, 25, 35 or 45% protein (Shim and Chua 
1983). The composition of these diets is given in Table 1. 
All diets were formulated to be isocalorific. The diets were 
kept refrigerated until needed. The fish were fed 3% of 
their body weight twice daily six days/week. A natural 12-
hour day and night photoperiod was maintained. 

After 20 weeks, five female fish were taken from 
each tank and paired with males from the farm. In 
addition, four females were taken from each tank and 
dissected to study their ovarian condition. The number of 
oocytes at each stage of development was recorded at the 
beginning and end of the experiment. The criteria used by 
Teo (1984) were used to separate the oocytes into different 
stages. 

Results 

Changes in body weight in the fish fed the five 
experimental diets are shown in Table 2. Among the 
different dietary treatments the low protein (5 and 15%) 
treatments showed a significant loss of weight at the end 
of the experiment while the high protein (25 to 45%) diet 
fish showed a significant weight gain after 20 weeks. The 
35% protein diet produced fish with the greatest mean 
weight at the end of the 20-week experimental period. 
There was no significant difference in the mean weights of 
fish from the 25 to 45% protein diets. These results 
indicate that raising the level of dietary protein up to 25% 
increased the weight gain in female goramys. However, 
increases in the dietary protein level beyond 25% did not 
give significantly better weight gains in these fish. 

The effect of a low protein diet on the distribution of 
oocytes in the different developmental stages is shown in 
Table 3. The highly significant values of :x2 demonstrate 
that there is an effect of dietary protein level on oocyte 
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distribution. There was a decrease in the percentage of 
yolky oocytes at the end of 20 weeks in all of :the five 
dietary treatments, but the low protein treatments (5 and 
15%) showed a greater decline. 

Further evidence to support the adverse effect of low 
protein diets on ovarian maintenance in females is given in 
Table 4. The low protein fish had significantly lower mean 
ovary weights than those fed on high protein dipts. The 
same relationship holds true for mean gonadc:\somatic 
index (GS!). ' 

The results of spawning trials are summatized in 
Table 5. Although the dietary protein level 

1

had no 
statistically significant effect on the percentage of fish 
spawned, the number of eggs hatched, or the nuliiber of 
larvae produced, the respective values appeare~ to be 
higher for the high protein diets. Although the maks were 
obtained from the farm, their effectiveness in fe~lizing 
the eggs may have differed. This male variability may 
have obscured the effect diet had on female repmductive 
performance. 

Discussion 

Of all the major ingredients used to formul~te fish 
feed, protein is the most expensive. Therefore when 
practical diets are formulated it is desirable to proyide the 
minimum amount of protein necessary for good .growth 
and feed .conversion (Nose and Arai 1972) .. When 
broodstock is cultured, however, optimum growtQ is not 
enough. Attention must be paid to the effect of protein 
level on ovarian maintenance and reproductive 
performance. This experiment has shown that in the dwarf 
goramy high protein diets are necessary to maintain 
reproductive performance and preserve ovarian condition 
~n female goramy broodstock. 
· Although low protein diets did not have a statjstically 
significant effect on percentage females spawning, humber 
of eggs spawned or number of larvae hatched, $e data 
suggest that low protein females do tend to have a smaller 
production of eggs and larvae (Table 5). 1 

· Examination of oocyte distribution, ovary wei~ht and 
GS! also confirmed the harmful effect low protein diets 
had on ovarian maintenance in female broodstoclc. Low 
I ' 
protein (5 and 15%) diets produced females with 
significantly lower ovary weights and GSI than high 
protein females (25, 35 and 45%). In addition, these low 
protein females had lower percentages of oocytes. in the 
yolk granule stages (Table 3). Since all fish i)iitially 
~bowed predominantly yolk-granule oocytes ii) their 
ovaries, these findings suggest that the low protein diets 
9aused a greater degree of ovarian atresia and/or aislower 
~evelopment of the next batch of oocytes compared to the 
high protein diets. Finally, females fed low protein diets 

suffered a decrease in their rhean body weights after 20 
weeks of feeding. These iresults show that female 
broodstock require a high prqtein diet (25% or above) to 
maintain good reproductive pfjrformance. 
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Table 1. Composition of experimental diets (g/100 g feed). 

% Jroteln in diet 
Ingredients 5 15 25 35 45 

Casein 1.42 8.58 I 20.07 31.57 43.07 
Fishmeal 7.25 15.25 16.75 18.25 19.75 
Dextrin 56.83 44.67 34.68 24.68 14.68 
Corn oil 7.50 6.50 ·, 5.50 4.50 3.50 
Cod liver oil 2.00 2.00 2.00 2.00 2.00 
Tapioca 5.00 5.0ff 5·.00 5.00 5.00 
Vitamin* 

premix 1.00 1.00 1.00 1.00 1.00 
Mineral* 

premix 17.00 15.00 13.00 11.00 9.00 

*From Shim and Chua (1983). 
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Time Dietary protein level 
(week~) 5% 15% 25% 

2 2.79 ± 0.25* 3.04 ± 0.02a 2.76 ± 0.01a 2.88 
6 2.50 ± 0.14a 2.67 ± 0.10a 2.61 ± 0.05a 3.18 
9 2.45 ± 0.14c 2.57 ± 0.06bc 2.68 ± 0.07bc 3.02 

13 2.34 ± 0.07d 2.54 ± 0.10cd 2.78 ± 0.11bc 3.25 
17 2.13 ± 0.09c 2.30 ± 0.07c 2.84 ± 0.12b 3.60 
19 2.24 ± 0.09c 2.10 ± 0.06c 2.84 ± 0.11 b 3.18 
20 2.31 ± 0.13c 2.29 ± 0.11c 2.78 ± 0.18b 3.22 

Sample size 
(n) 31 31 30 

Means with the same superscript are not significantly different. 
Values are mean body weights ±standard errors. 

Table 3. Effect of dietary protein level on change in oocyte distribution over time in goramy ovaries. 

Weeks 

2 

20 

** 

n 

PE 
YV 
YG 

Oocyte Protein level 
stage 5% 15% 25% 

PE 30* (7.5) 44* (6.9) 68* (13.4) 
YV 35 (8.7) 25 (3.9) 29 (5.7) 
YG 337 (83.8) 556 (89.2) 412 (80.9) 

Total 402 635 509 

PE 53 (53.5) 456 (51.6) 111 (19.3) 
YV 4 (4.0) 53 (6.0) 148 (25.7) 
YG 42 (42.5) 374 (42.4) 316 (55.0) 

Total 99 8°83 575 

Numbers listed are total number of oocytes. 
Numbers within parentheses are percentages of total number of oocytes. 
P O.Q1. 

4 ovaries per protein level. 

oocytes in perinculeolar stage. 
oocytes in yolk vesicle stage. 
oocytes in yolk granule stage. 

35% 

51* (12.2) 
34 (8.1) 

334 (79.7) 

419 

97 (22.9) 
40 (9.5) 

286 (67.6) 

423 

587 

35% 45% 

± 0.09* 2.92 ± 0.92a 
± 0.22b 2.68 ± 0.06a 
± 0.17a 2.88 ± 0.10ab 
± 0.12a 3.01 ± 0.12ab 
± 0.14a 2.78 ± 0.15b 
± 0.13a 2.67 ± 0.09b 
± 0.15ab 2.82 ± 0.15ab 

35 31 

45% x2 

43* (16.0) 40.35** 
17 (6.3) 

209 (77.7) 

269 

118 (30.8) 
24 (6.3) 328.88** 

241 (62.9) 

383 
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Table 4. Dietary protein effect on ovary weight and GSI (mean weight at end of experim~ntl. 

Protein level 
5% 15% 25% 35% 45% I Probability 

Mean 0.0782b 0.0710b 0.2790a 0.3375a 0.1475b p < 0.001 
ovary 
weight (0.0252) (0.0233) (0.0291) (0.0259) (0.0309) 

GSI 3.24b 3.32b 9.48a 10.309a 5.26b p < 0.001 
(0.92) (0.79) (0.91) (0.72) (1.02) 

n 20 20 20 20 20 

Means with the same superscript are·not significantly different. 
Numbers in brackets are standard errors. 

Table 5. Effect of dietary protein level on reproductive pe~formance in dwarf goramy. 

Protein No. of Np. of I Total 
level fish % fish unhatched rep rod u ct i ve 
(%) spawned spawned eggs* Larvae* outpµt* 

5 2 40 25.8 ± 15.1 67.6 ± 338.6 
15 3 60 84.6 ;\: 62.9 223.6 ± 84.9 

93.4 ± 53.7 
308.2 * 117 .1 

25 4 80 102.6 ± 338.3 253.2 ± 75.5 
35 5 100 206.4 ± 71 .4 319.6 ± 89.4 

355.7 + 101.9 
526.0 ± 85.1 

45 4 80 111.8 ± 72.0 282.0 ± 101.1 393.8 ± 90.4 
I 

*Values are means± standard errors. 

% eggs 
hatched* 

29.1 ± 15.9 
46.0 ± 18.1 
57.8 ± 13.7 
61.3 ± 13.6 
55.9 ± 25.0 
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Abstract 

Diets consisting of Tubifex wonn, goat liver and carrot were 
given to the destalked and nonnal prawns, Macrobrachium lamarrei. 
Tubifex supported maximum growth, especially in destalked prawns. 
Ablated prawns required higher dietazy protein (40%) than non-ablated 
prawns (36%). To fix an optimum feeding frequency, the prawns were 
fed at different feeding regimes: once in three days, once in two days, 
once a day, three times a day, six times a day and 12 times a day. 
Proffering six or three meals a day supported maximum growth in both 
nonnal and ablated prawns. 

Introduction 

The technique of eyestalk ablation is one of the 
means of improving prawn production (Rao et al. 1973; 
Mauviot and Castell 1976) as it leads to increased molting 
frequency and growth. Smith (1940) ascribed heavy 
mortality after destalking to imbalanced diet Feeding with 
live food, Artemia salina, and other synthetic diets of high 
protein content could improve the survival and growth of 
Homarus americanus (Mauviot and Castell 1975). 
Economic production of the prawn depends on feeding the 
best possible diet at an optimum frequency because among 
the environmental variables, food is considered the most 
potent factor affecting growth (Kinne 1960). The daily 
ration of a prawn is influenced by a number of factors, of 
which the amount of food consumed, the number of meals 
per day and the rate of gastric evacuation are important. 
Increasing feeding frequency (Ft) has been found to 
enhance growth of fishes (Marian et al. 1981). However, 
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there is an optimum which economizes the feed cost and 
maximizes growth. In this study, a suitable diet and an 
optimum feeding frequency were selected for the prawn 
Macrobrachium lamarrei. 

Materials and Methods 

Individuals of Macrobrachium lamarrei (H. Milne 
Edwards) were collected from the Grant Anicut, 
Tiruchirapalli, for two series of experiments. The first 
series was designed to select a suitable diet and the second 
to know the optimum feeding frequency. The prawns were 
reared individually in a running water system, with 
temperature of 28 ± 1.80C. In Macrobrachium·lamarrei, 
the intermolt period lasts for 18 days. Since the nutrient 
input during the intermolt period along with the hormones 
related to eyestalk ablation determine the successive 
growth and molting, these studies are restricted to a single 
molting period. 

Healthy individuals of M. lamarrei weighing 0.4 ± 
0.05 g were selected. One group served as control and 
another group was destalked. Destalking was performed 
by cutting the eyestalk at its base (unilateral ablation) ':"'ith 
a fine pair of dissecting scissors and the wound cauterized 
immediately with a hot blunt needle. Both groups were f~ 
ad libitum on one of the diets containing different protein 
levels: Tubifex tubifex (60%), goat liver (41%) and carrot 
(10%). 

Similarly, the test individuals were assigned to one 
of the six feeding frequencies (Table 1). Prawns were fed 
ad libitum with Tubifex tubifex for one hour. Care was 
taken to collect the remaining unconsumed food with a 
pipette without disturbing the prawn. The aquari~ were 
kept under illumination from 9 a.m. to 8 p.m. Dunng the 
hours of darkness feeding and collection of unconsumed 
food were made with ·a dimlight (0 watt). The 'sacrifice 
method' (Maynard and Loosli 1962) was used to 
determine the growth of prawn. Water content of the 
prawn was determined by taking wet and dry weights of 
the test individuals. Caloric value was by a Parr 1412 
semi-microbomb calorimeter, following the standard 
procedure described in the instruction manual~ nos. 1~8 
and 130 for Parr bomb calorimetry. The btoenergetic 
parameters were calculated following IBP formula of 
Petrusewicz and MacFadyen (1970). 
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Results 

Destalked M. lamarrei consumed signifi~ntly (P < 
0.05) more food than the normal one. Among the three 
diets, liver was consumed almost two times more than 
carrot or Tubifex (Table 2). But the percentag~ of food 
energy digested and absorbed was the highest (95%) for 
Tubifex, lowest (61.5%) for carrot and moderate (88.5%) 
for liver. Absorption efficiency was not influ~nced by 
eyestalk ablation but food quality. In all the tht:ee feeds, 
the ablated prawn exhibited significantly (P < 0.01) faster 
specific growth rate (Table 2). 

In terms of live weight, all prawns exhibiteq positive 
growth. But in terms of energy, those fed on tlie carrot 
exhibited negative growth (Table 2). Although the ablated 
group consumed more food than the non-ablated prawns 
when fed ·on a low nutrient diet like carrot, the high 
negative growth may be due to the expenditure of a greater 
proportion of energy on metabolism. 

The Tubifex-fed group not only absorbed more food 
(95%) but also converted it into energy with higher 
efficiency (20%). Although more liver was consumed, the 
prawn could just maintain its body weight and exhibited 
very low growth . efficiency (K1 = 0.06-1.43%). 
Conversion efficiency of ablated prawn was sigpificantly 
(P < 0.05) higher than the non-ablated one whidh clearly 
shows that feeding Tubifex to destalked prawn is 
advantageous. 

Food consumption per meal gradually incre~ed with 
decreasing Ff up to once in a two-day feeding ~egime in 
both the ablated and normal groups. Further decryase in Ff 
did not increase the meal size (Fig. 1). To relate food 
consumption to the amount of food remaining in the 
stomach, experiments on gastric evacuation were 
undertaken (Fig. 2). Destalking resulted in hyperphases 
and the prawn consumed the meal to full stomach; capacity 
(12.2% body weight), while normal prawn food 
consumption was only 7 .3% body weight. Th~ rate of· 
gastric evacuation was higher (9.8 x 10-2) in the destalked 
prawn than control (6.8 x 10-2). In both gr~ups, M. 
lamarrei consumed maximum food in a meal when the 
food deprivation was 48 hours. Eyestalk ablation :appeared 
to regulate the stomach capacity. While Ff or deprivation 
time controlled the meal consumption, the maxill').um food 
intake at the time of stomach evacuation was 90%. With 
increasing Ff, the food consumption increased from 143 to 
2,398 J/g/day in the control group, while in the tlestalked 
groups the levels of food consumption were sigr)ificantly 
higher (P < 0.001) (Table 3). Absorption efficieQcy of M. 
lamarrei observed in control as well as in destalk~ groups 
averaged 94%. The minor variations observed rupong the 
groups were not significant (P > 0.05) (Table 3). All the 
groups both in control as well as ablated M. lamarrei 
exhibited positive growth, while the lowest Ff ~oup (Ff-

1/3) in either cases exhi~itedj negative growth. The rate of 
negative growth in the ablated group was half of that 

I 
exhibited by the controls (Ta~le 3). 

Food conversion efficiency was low at the lowest 
feeding level and gradually increased as the rates of 
feeding increased and declin~d at the highest levels in both 
groups. In the ablated group the maximum conversion 
efficiency was 22.3% in those receiving food thrice a day, 
while in the control group it was (20.5%) in that fed once a 
day. Considering the rates of production in the destalked 
prawns, the Ff 3/1 was fouild to be the optimum, as it 
maximized the growth rate: (296 J/g/day). But in the 
control groups, the highest $rowth rate was observed in 
those fed 12 times a day. When both growth rate and feed 
cost are considered, three times a day is the optimum for 
the destalked prawn but six times a day for the controls. 

1

The techniques of destalking and culturing destalked M. 
lamarrei not only increased PfOduction but also minimized 
the feed cost. , 

Discussion 
I 

Eyestalk ablation in decapods has been shown to 
result in more frequent molting, accelerated growth and 
greater egg output, e~g., Panulirus homarus 
(Radhakrishnan and Vijayakpmaran 1984a, 1984b). Our · 
observations in Macrobrach,um lamarrei confirm these 
reports. Ablated decapods procure additional energy to 
sustain frequent molt, accelerated growth efficiency 
(Pandian and Kumari 1985)l Ablated M. lamarrei has 
also been observed to increase in feeding rate and enhance 
growth efficiency. Hence, it is likely that eyestalk ablation 
may be used as a technique to increase prawn production 
. 1 I m aquacu ture. · 

Ablated decapods are known to mobilize a greater 
amount of protein for energy metabolism. Consequently, 
the protein requirement in the ablated prawns may be 
expected to go up. Mauviot 1and Castell (1976) observed 
accelerated growth in ablated Homarus americanus when 
fed protein-rich diet (60%). In M. lamarrei, too, ablated 
prawns grew faster when fed Tubifex rather than carrot. 

As already indicated, (ood requirements of ablated 
decapods are higher than those of a control. Accelerated 
digestion and faster stomach evacuation observed in 
ablated M. lama"ei appear th return the appetite quickly. 
Hence, ablated animals requite more food and grow faster 
at higher efficiency when fed three times a day, whereas 
the control animals sustaintkl normal growth receiving 
food once a day. 1 
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Time (hr) 
6 7 8 9 10 11 12 

16.00 18.00 20.00 22.00 24.00 2.00 4.00 
18.00 22.00 2.00 

22.00 

Table 2. Effect of food quality on specific growth rate* and bioenergetic parameters of Macrobrachium lamarrei. Val.ues represent 
the average performance of 6 individuals; rates are expressed in J g-l day- 1 , efficiencies in%. 

Food Condition Sp. growth rate Cr Pr Mr Ae Kl 

Tubifex Ablated 0.532 ± 0.025 797 ± 45 195 ± 6 570 ± 35 96 ±2 24.5 ± 0.75 
Non-ablated 0.391 ± 0.027 666 ± 30 132 ± 12 534 ± 24 94 ±2 19.8 ± 1.8 

Liver Ablated 0.355 ± 0.037 1,358 ± 93 0.8 ± 0.32 1,208 ± 81 89 ±3 0.06 ± 0.02 
Non-ablated 0.263 ± 0.020 1,167 ± 54 16.7 ± 0.94 1,009.3 ± 46 88 ±2 1.43 ± 0.080 

Carrot Ablated 0.218 ± O.D15 616 ± 49 -1,130 ± 4.32 489 ± 34.32 61 ±3 
Non-ablated 0.124 ± 0.005 524 ± 58 -91.3 ± 3.68 416.3 ± 39.68 62 ± 1 

*Calculated using the formula = 
lnWt1 - lnWto 

t1 -to 

Cr - consumption rate; Pr - production rate; Mr - metabolic rate; K1 - gross conversion efficiency. Values are averaqes ± s.d. 
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Table 3. Effect of feeding frequency on the bioenergptic parameters of ablated and non-ablated Macrob,rachium lamarrei. Each value 
represents the average± s.d. of six individuals~Rates are expressed in J g-.l day-l; efficiencies in%. 

Ff Condition Cr Pr Mr 1Ae Kl 

12/1 Ablated 2,560 ± 105 263 
Non-ablated 2,398 ± 75 235 

6/.1 Ablated 2,119 ± 41 265 
Non-ablated 1,036 ± 68 196 

3/1 Ablated 1,327 ± 56 296 
Non-ablated 768 ± 65 141 

1 /1 Ablated 495 ± 48 74 
Non-ablated 302 ± 41 62 

1/2 Ablated 217 ± 15 5 
Non-ablated 225 ± 25 27 

1 /3 Ablated 177 ± 12 -8.0 
Non-ablated 143 ± 23 -19 

300 

IIll Non oblate~ 

240 - D - Ablated -0 .. 
E -
' 180 3. 
c: 
0 ·a 
E 
iil 120 c: 

-
0 

" .., 
0 -
~ 

60 

0 
t/3 1/2 1/1 3/1 6/1 12/1 

Feeding frequency- no. of feeding (s) I doy (s) 

Fig. 1. Relationship between feeding frequency and food con-
sumed by M. lamarrei. 
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Fig. 2. Relationship between tirhe and stomach content of M. 
lamarrei. 

__, 

_J 

I _, 



r-

\ 
~ 

L 
f 
L 

I 
L-

L 

I 
"--

L 
L 
L 
I 

I 
L-

L 

i 
"--

The Effect of Diet on the Reproductive 
Performance of Pond-Reared Penaeus monodon 

Fabricius Broodstock 

OSEN! M. MILLAMENA 
JURGENNE H. PRIMA VERA 

ROSARIO A. PUDADERA 
ROSEMARIE V. CABALLERO 

Southeast Asian Fisheries Development Center 
Aquaculture Department 

P.O.Box256 
lloilo City 
Philippines 

MILLAMENA, O.M., J.H. PRIMAVERA, R.A. PUDADERA andR.V. 
CABALLERO. 1986. The effect of diet on the reproductive 
performance of pond-reared Penaeus monodon Fabricius 
broodstock, p. 593-596. In J.L. Maclean, LB. Dizon and L V. 
Hosillos (eds.) The First Asian Fisheries Forum. Asian Fisheries 
Society, Manila, Philippines. 

Abstract 

Three practical diets were tested for their effects on the 
reproductive performance, survival and larval quality of pond-reared 
Penaeus monodon. Diets A, B and C were formulated to contain the 
same basal components but supplemented with different sources of 
lipids. lipid sources were cod liver oil (Diet A), soybean lecithin (Diet 
C) or their 1 :1 combination (Diet B). An all-natural diet consisting of 
squid and marine annelids served as control. Pond-raised P. monodon 
were stocked in four 12-m3 flow-through maturation tanks with 28 
females and 22 males per· tank. Broodstock were acclimated to the diets 
prior to unilateral ablation of females. Reproductive performance in 
terms of total number of spawnings, eggs and nauplii production, average 
hatch rate of eggs and larval quality was best for Diet A followed by Diet 
C. Diet B gave the poorest overall response but was better than the 
control. Jn the control most of the mature females resorbed their ovaries 
and failed to spawn; survival rates of females was also lowest. The 
results suggest that nutritional quality of broodstock diet affects 
reproduction and larval survival. Diet A (cod liver oil supplemented) was 
found to be a suitable diet for successful maturation and spawning of 
pond-reared P. monodon. 

Introduction 

The giant tiger prawn, Penaeus monodon Fabricius, 
is a commercially important penaeid species in the 
Philippines and other countries in Asia. Despite the 
success in its induced maturation and spawning by 
unilateral eyestalk ablation, controlled reproduction of 
captive broodstock remains a constraint to commercial 
production. Current research on penaeids has placed 
emphasis on proper dietary regimes for optimum 
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reproduction and progeny survival. The nutrition of 
broodstock is shown to have a considerable effect upon 
gonadal growth and fecundity, egg and larval quality. 

The significance of lipids and polyunsaturated fatty 
acids (PUP A) in maturation diets for prawn has been 
reported by several investigators (Lawrence et al. 1979; 
Middled.itch et al. 1979). Studies using a formulated diet 
that simulate the fatty acid profile of wild P. monodon, at 
the SEAFDEC Aquaculture Department, have shown the 
importance of PUPA in reproduction and revealed 
correlations between broodstock reproductive performance 
and fatty acid patterns of the diet (Millamena et al. 1985a). 
The use of marine worms, molluscs and crustaceans in 
prawn maturation diets is based on the high levels of 
PUPA present in the mature ovaries and testes of the wild 
prawn (Middled.itch et al. 1979). 

Other reports have also noted the importance of 
lecithin and phospholipid components in crustacean diets. 
Lecithin denotes a group of fatty substances, mainly 
phosphatides, that occurs throughout nature as an essential 
component of living organisms. Many aquatic dietary 
formulations include lecithin as an ingredient to provide 
the phospholipids needed by various species and to impart 
proper physical characteristics to the diet. These range 
from enhancement of growth, fat and cholesterol 
digestibility, improved vitamin A and carotene absorption, 
to retardation of leaching of water- soluble components in 
the pelleted diet. 

This study was conducted to determme the 
significance of polyunsaturated fatty acids and 
phospholipids on the reproductive performance, survival 
and larval quality of ablated pond-reared Penaeus 
monodon broodstock with the use of three practical diets. 

Materials and Methods 

Three practical diets (A, B and C) were formulated to 
contain the same basal components (Table 1). Protein and 
lipid sources consisted of combinations of squid ·meal, 
prawn head meal and fishmeal (Peruvian) supplemented 
with additional sources of lipid; i.e., cod-liver oil (Diet A), 
soybean lecithin (Diet C) and their 1:1 combination (Diet 
B). An all-natural diet (squid and marine annelids) served 
as control. 

All the formulated and natural diets were analyzed 
for proximate chemical composition (Table 2) and 
constituent fatty acids (Table 3). Lecithin used in this 
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study contained 63% phosphatides mainly as pho~hatidyl 
choline. Although lecithin in the diets was not alyzed, 
some of the dietary components are sources of leci ·n. 

Experimental broodstock, eight months oid from 
spawning, weighing 60-128 g (females) and 49-98 g 
(males) fed on natural food, were obtained from a private 
fishpond at Villa, Iloilo, Philippines. The animals were 
stocked in holding tanks for disinfection with $0 ppm 
formaldehyde (A.R.) for an hour prior to the experiment. 

Four flowthrough maturation tanks (4 m cllameter, 
1.25 m deep) filled to contain 12 m3 of water were each 
stocked with 50 broodstock: 22 males and 28 females. 
Broodstock were acclimated to the diets for 21 days prior 
to unilateral ablation of females. Feeding consisted of 
frozen squid 5 times a week and marine annelids twice a 
1week in the morning and formulated diets in the at'ternoon 
'except for the control which was on all-natural food diet. 
Daily feeding rates were approximately 5% of the total 
1biomass for formulated diets and 10% for natural diet 
adjusted for mortalities. Water temperature ranged from 
~26-3lOC and seawater salinity 30-32.5 ppt, measured at 8 
to 9 a.m. thrice weekly. 

Ovarian development was monitored with1 strong 
illumination from underwater flashlight against the dorsal 
abdominal region of the prawn. Females that reached 
Stage III ovaries were transferred to 300-1 tanks for 
spawning. The stages adopted were patterned after those 
reported by Teshima and Kanazawa (1983b); Total 
number of eggs and nauplii were estimated from three 
250-ml aliquot samples taken from spawning tank. The 
proportion of developed and undeveloped eggs was 
determined by microscopic examination (Primavera and 
Posadas 1981). Nauplii from each treatment were reared to 
zoea stage. 

Broodstock performance was evaluated in terms of 
total number of spawnings, nature of spawning (complete 
or partial), eggs and nauplii production, hatch rate of eggs 
and larval quality, measurqd by percentage metamorphosis 
to zoea stage. 

Total lipid was extracted by the method of Bligh and 
Dyer (1959) as modified by Kates (1972). Lipid weight 
was determined gravimetrically and expressed as percent 
total lipid. 

Fatty acid composition was determined by gW!-liquid 
chromatography on a Shimadzu GC-4C P'ff gas 
chromatograph equipped with FID detector and fitt¢d with 
a 10% diethylene glycol succinate (DEGS) column. Fatty 
~cid methyl esters (FAME) were identified and qmµ1tified 
with an electronic integrator (Hewlett Packard 33:90 A). 
Authentic standards and literature values for publisijed oils 
(Ackman and Burgher 1965) were used for identification 
efFAME. Results are presented as FAME weight percent 
of the total lipid. 

Results 

Diets A, B and C were found to be similar in fat 
content, 12.08-12.15%, while protein levels were 52.80-
56.49% (Table 2). The diets differed in fatty acid patterns 
particularly in the amounts of iv3 and w6 polyunsaturated 
fatty acids (Table 3). Diet A !had higher long-chain C20 
and C22 PUPA and w3/w6 ratio while Diet C contained 
more of C18 PUPA with low w3/w6 ratio. 

The relative effects of the diets on the reproductive 
performance of pond-source:/'. monodon broodstock is 
shown in Table 4. 

Broodstock response in 1terms of total number and 
nature of spawnings was best in Diet A with 35 spawnings 
(79.41 % complete) followed by Diet C with 29 spawnings 
(72.41 % complete). High proportion of complete 
spawnings with females fed 'Diet A indicates minimal 
stress in this diet. Although $e average number of eggs 
per spawning was smaller, the average number of nauplii 
was greater for Diet A than iDiet C resulting in higher 
hatching rate. Diet B gave the poorest overall response 
among the formulated diets but was better than the control. 
There were only 15 spawnings, in those fed the control diet 
compared to 20-35 in formulated diets (Table 4) and total 
egg and nauplii produced ~ere also low. Although 
maturation rates were similar iP all treatments, most of the 
Stage II and Stage III females fed the control diet resorbed 
their ovaries and failed to spawn. Survival rates of 
broodstock over the 120-day culture period was also 
lowest in the control. 

Many of the spawnea: eggs were unfertilized, 
suggesting lack of mating an4 spermatophore deposition 
or unsuccessful mating d1.1ie to immature sperms. 
Nevertheless, fertilized eggs prpduced good quality larvae. 
Spawns from all dietary , treatments successfully 
metamorphosed to the zoea sfage. The interval between 
ablation and spawning was 21-32 days; 32 days with Diet 
A, 21 days with Diet B, 28 days with Diet C and 21 days 
With the control (Fig. 1). However, spawning frequencies 
were more consistent in Diets A and C with higher 
percentage of fertilized eggs. Highest survival rate was 
100% for males given Diet C a'nd 60.71 o/o for females fed 
Diet A. Lowest survival rates: were observed in animals 
fed the control diet 

' 
Discussion 

Overall broodstock response was best with Diet A. 
Cod-liver oil as a dietary component is important as an 
additional source of C20 1 and C22 long-chain 
polyunsaturated fatty acids. ; The largest number of 
spawnings and hatch rates attained with this diet indicate a 
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positive effect of PUFA on the reproduction of P. 
monodon. 

Several investigators have reported on the 
significance of lipids and polyunsaturated fatty acids 
(PUFA) in maturation diets for broodstock. Middleditch et 
al. (1979) reported that ovarian maturation and spawning 
of P. setiferus was achieved when the· diets were 
supplemented with lipids rich in C20 and C22 
polyunsaturated fatty acids. The quality and quantity of 
lipids in the diet have been found essential for the 
maturation of P. japonicus (Teshima and Kanazawa 
1983a). Shimma et al. (1977) also found that the hatch rate 
of eggs from carp fed formulated diets was greatly reduced 
when the 22:6w3 content of the egg lipid was less than 
10%. A recent study on tissue lipid content and fatty acid 
composition of both unablated and ablated P. monodon 
indicated that 20:4 w6, 20:5"' 3 and 22:6 w3 fatty acids 
were abundant in the mature ov~es of the prawn and 
were reflected in the spawned egg (Millamena et al. 
1985b). The importance of PUFA as a dietary component 
during the larval development of P. monodon was also 
noted. Prawns generally have demonstrated limited ability 
to synthesize long-chain PUFA, thus these essential fatty 
acids have to be provided in their diet. 

A variety of reports- have noted the importance and 
essentiality of lecithin and phospholipids in crustaceans 
diets. Lee and Puppione (1978) noted that phospholipid is 
the principal form of lipid in the crustacean hemolymph. 
Teshima and Kanazawa (1979) further suggested that 
phospholipids are required for lipid transport in P. 
japonicus and are a very important component in their 
diet. D' Abramo et al. (1981) also noted the importance of 
phosphatidyl choline as a component of lipoprotein 
complex that transfer cholesterol from the hepatopancreas 
to the hemolymph. Likewise, soy lecithin and 
phospholipids incorporated in the diet gave high survival 
in juvenile lobsters (Conklin et al. 1980) and in P. 
japonicus (Deshimaru 1981). 

The effect of lecithin in maturation diets for P. 
monodon has still to be elucidated. In this study, lecithin 
as an additional lipid source improved fecundity and 
survival rates of male broodstock but produced lower 
hatching rates compared to cod-liver oil. Low hatching 
obtained with Diet C may be due to lower C20 nd C22 
PUFA in the lecithin diet although this is high in C18 
PUFA. Excessively high levels of 18:2w6 and 18:3w6 
fatty acid in the diet was also reported to have toxic effect 
on the prawn. 

Lack of fertilization may be due to factors such as 
sex ratio (four females: three males) and age of 
broodstock; these may explain partly why some females 
failed to mate or mated but spawned unfertilized eggs. 
Diet quality may also have a significant effect on egg 
development. Percentage of unhatched eggs in females fed 
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Diet A was low (31.5%) compared to the rest of the 
treatments (55.2% to 66.7%). 

There is apparent need for formulated diets to 
supplement natural food for pond-grown broodstock. The 
slow response of pond broodstock to ablation compared to 
wild may be traced back to their dietary history. Pond-
reared broodstock are mainly dependent on available food 
in the pond for their nutrition while wild broodstock are 
exposed to a varied and more complete diet. 
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T1bl1 3. F1tty 1cld profiles of formuiotld diets for P. f'(IOnodon broodstock, 

F1tty acid Diet A Dltt B 

14:0 0.04 0.14 
14:1 1.17 0.99 
16:0 0.13 0.14 
16:1w7 7.48 17.64 
16:2 6.38 
17:0 6.36 6.36 
18:1w9 14.28 16.02 
18:2w6 7.16 13.21 
18:3w6 3.82 4.38 
18:3w3 6.20 4.13 
20:1 12.65 10.03 
20:4w6 6.48 6.10 
20:5w3 7.28 6.81 
22:1 11.79 8.36 
22:4w3 
22:5w6 2.06 1.69 
22:6w3 1.60 1.00 
22:6w3 6.16 6.09 
w3/w6 1.03 0.70 

DlotC 

0.44 

o.oa 
16.20 
6.90 

14.93 
20.61 

9.27 
2.92 
4.88 
6.12 
6.68 
6.36. 
1.22 
1.64 
0.93 
4.93 
OA1 

T1bi111. P1rcent1ge composition of 11xperlm1nt1I dllts forP. monodon broodstock. 

i T1bl11 4. Spawning, fecundity, hitching rat• end survivri of 1bl1tld pond-sou re• P. monodon. 

P1nm1t1r Diet A Dl~t 8 DietC Control 
ingredl1nts Diet A Dlot B DlotC 

Number of spawnlngs1 351 2obc! 29•b 16° 
Squid mlll 30.00 30.00 30.00 With h1\ching 24 168.5"'1 8 140%1 13 144.6%1 6 133.3%1 
Shrimp held me1I 20.00 20.00 20,00 Without hitching 11 131.5%1 12 160%1 16 166.2%1 10 166.7%1 
Fish meal 20.00 20.00 20.00 
Wh11tflour 6.50 6.60 6.60 N1tur1 of spawnlng2 

Gul11m1n 4.00 4.00 4.00 
Vit1mlnmix 2.70 2.70 2.70 

PS 20.59% ~~:~~: 27.69% 26.67% 
cs 79.41% '72.41% 73.34% 

Mln1re1 mix 6.00 6.00 6.00 
Rlclb1'8n 6.30 6.30 6.30 Tot1I no. of eggs 6,967.000 3,863,000 6,410,000 2,724,000 
Cod liver oll 6.00 3.00 0.00 I 
Lecithin~ 0.00 3.00 6.00 Tot1l no. of n1uplil 2,655,000 1,068,000 1,262,000 609,000 
Chol1st1rol 0.50 0.60 0.60 
9HT 0.03 0.03 0.03 Pucent hitching r1t1 35.67% 27.27% 19.53% 22.35% 

Avtrege no. of 1ggs/sp. 
I. 

204.912 19~,650 221,034 181,600 
I 
I 

T1bl12. Proxlm1te ch1mlc1I composition(%) of broodstock diets. Avenge no. of 

Percent Crude 
moisture protein 

DlttA 3.34 62.80 
Diet 8 2.95 63.65 
Dl1tC 6.17 66.49 

Crude Crude 

'" fiber 

12.14 3.80 
12.08 3.83 
12.16 4.92 

Diet A 

B 
6 
4 
2 
0 

8 .. 6 ., 
c 4 
E 2 .. 0 ... ... 
0 

ci z a 
6 
4 
2 
0 

8 
6 
4 
2 
0 

10 

NFE ASH 

13.39 17.87 
12.10 18.44 
9.94 16.60 

n1upill/sp. 76,147 63,400 43,172 

Survive! nte (%) 
Males 85.71% 86.71% 100.00% 
Fem1i11s 60.71% 67.14% 67.14% 

1Treetmant m11ns with the s1me suptrscrlpts 1rt riot sigrUfic1ntly different It P < 0,06. 
2P1rtl1i spawning. 

Complete spawning. 

- HUlilll!R Of' ll"AWNIHll Cwml HATCHIHe)' 

CJ :~:::: :::~;~NII (WITHOUT HATCHl~I) 

20 :lo 40 so 60 70 BO 

Days af·~er ablation (2 Aug. to 4 Nov.· 19851 

Fig. 1. Number of molts and ~pawnings of ablated pond-reared P. monodon 1fecl 
different diets. 

40,600 

47.62% 
42.66% 
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for Indian major carps, p. 597-598. In J.L. Maclean, L.B. Dizon 
and L V. Hosillos (eds.) The First Asian Fisheries Forum. Asian 
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Abstract 

The conventional fish feed comprising 1: 1 groundnut oil cake and 
rice bran by weight was enriched with an aquatic weed (Salvinia sp.) 
powder, bloodmeal and sugar wastes and two test diets were prepared 
with a protein level of 28-29%. Diet A was composed of bloodmeal, 
ricebran, and groundnut oil cake (1:3:6) while Diet B of groundnut oil 
cake, Salvinia powder and sugar wastes (8:1:1). All the experimental 
diets were fortified with vitamins and minerals. The two diets were tested 
against the conventional feed in a laboratory trial run of 60 days on fry of 
Labeo rohita (Ham.). Significantly improved growth (P < 0.01) was 
observed from the feed with bloodmeal compared to the other two diets. 

Introduction 

Supplementary feed constitutes a ·major input in 
aquaculture. Since animal protein sources are expensive, 
the need for reasonable substitutes is paramount. This 
study aimed to utilize ingredients from locally available, 
cheap alternative plant and animal sources especially those 
unsuitable for direct human consumption. To develop 
acceptable diets from such sources, bloodmeal was tried as 
a partial or complete substitute for fishmeal and Salvinia 
sp., an aquatic weed, was fortified with sugar wastes or 
rice bran. 

Bloodmeal was produced from clean, fresh goat and 
sheep blood which did not include any extraneous material 
such as hair, stomach belchings and urine, except in such 
traces that unavoidably occur in the nearby 
slaughterhouse. A large proportion of the moisture was 
removed by condensation through cooking to a semi-solid 
state. The semi-solid mass was then transferred to a hot air 
oven and dried at 600C for 24 hours. 
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Materials and Method 

The experiments were conducted in November 1984-
January 1985. Acclimatized rohu (Labeo rohita) fry were 
randomly selected and introduced into plastic pools 59.5-
cm high and 90-cm diameter filled with 150 1 of water 
after ensuring complete evacuation of tood from their guts 
by starving the fishes for 24 hours. Each treatment had 
three replicates. with ten fry in each pool. While the 
temperature varied from 29.8 to 34.00C, the oxygen level 
of water was maintained at about 9 ppm by using aerators. 
The fish were fed once a day at 10% body weight and the 
water in the plastic pools was changed every other day. 

The test diets were fonnulated after ascertaining 
moisture (loss at 1oooc for 12 hours), protein 
(Microkjeldahl N x 6.25) (AOAC 1970), fat (petroleum 
ether extraction by Soxtec extraction 1040 unit), ash 
(residue after heating at 6000C for 6 hours) and 
carbohydrate (Benedict's method) (Oser 1965). The two 
diets were isonitrogenous (28-29%). Diet A was made up 
of bloodmeal, rice bran and groundnut oil cake (1:3:6), 
while diet B had groundnut oil cake, Salvinia powder and 
sugar wastes (8: 1: 1). The control, Diet C, was a 1: 1 
mixture of groundnut oil cake and rice bran (20.36% 
protein). All the diets were fortified with vitamins and 
minerals. The proximate compositions of the prepared 
diets were analyzed and presented in Table 1. 

Results and Discussion 

The results of the feeding trial are presented in Table 
2. Fish fed Diet A exhibited the maximum average weight 
gain (0.8 g) and specific growth rate (1.75%). Two-way 
analysis of variance (Table 3) indicated significant growth 
differences between the fish fed different diets on 10, 20, 
30, 40, 50 and 60 days (P < 0.01). 

Although both Diets A and B were isonitrogenous, 
the better perfonnance of Diet A may be due to easy 
digestibility of bloodmeal (PAO 1983) and availability of 
all essential amino acids (Dupree and Halver 1970) 
resulting in higher protein deposition in flesh of fry 
(23.27%). The superiority of bloodmeal as a fee~ 
component has also been reported for channel catfish 
(Reece et al. 1975) and salmon (Fowler and Banks as 
reported by PAO 1983). 

The absence of essential amino acids, the lower 
digestibility of plant protein and the high percentage of 
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carbohydrates in Diet B may be the causes for its poor 
performance. Further, as a large proportion of 
carbohydrate reduces digestibility (Maynard 194i7), the 
protein deposition was also low (21.82%) in the :filesh of 
rohu fry fed this diet. 

Results indicate the prospects of inex:pensive 
bloodmeal as a partial or complete substitute for costly 
fishmeal in commercial rations for the Indian major: carps. 
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Tabl1 1, l'~xim111 compo1hlon ol dit11" ltd to rohu fry, 

Molrturt Protein ... C11bohyd11111 A"' Cru.cltllber ..... % % % % % % 

Convtntlon1i l11d mhe1ur1 
olground nut,oilcak1 102 20.36 10Sl7 3525 2UIO 12.31 
1ndrlc1b11m, 

011'1.C 

Mixed ft..:lof11roundnu1. 
oilctk1,1qu11icwtld ... 29.IJ!l 2007 3'60 73 ... 
IS.Mn"11ndsuprw11111. 

Ditti 

Mhicltd It.cl of groundnut, 
oilcak1,rle1bnm 

·~ 21.00 12.10 32.83 •• 1727 
1ndbloodm•l. 

Dl11A 

"Mols1urt e1n11nt 1xpr1uld 111 p1rc1ntng1 ol frHh dl11. ,ro111n, l1t,e11rbohyd11111" p1rc1nt111 ol dry w11{rh1 ofdl11. 
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T•ble2. Speclllc 1rowth r1t1 of rohu fry ltd tntdioll, 

Avereg1inlli1t Avtrl'il•fln11 Specific 
llv1w11(iht,SD, ii~ 1:1~:~: D. 

Av1r1g1lfvl 1rowth 
ond r1ng1 wtlghl11ln ~" 01111 fol fol fol l%wtfd1vl 

Convtntlon1I Ind mbc1ur1 
ol 1round nu1 oil c.kl o•• 092 0.44 1.00 
1nd rle1br.n. ± 0.10 ± 0,09 

DlltC 1031 - 0.681 10.83 - 101 

Mbutd It..:! of ground nut 011 
c1ke, 1qu1Uc wtld IS.Mnf1I 0.67 1 02 0'6 007 
tndlhllul!llrwnlts, ± 0.18 ± o.oa 

Dllt!! 10.41 - 0.72) (~.96 - 1,10} 

Mlicltdftltdot1iounclnu1 
oile1kt,rlctbr11n1nd 0'3 1.23 0.60 1.76 
bloodm11r. ± 0.19 r 0~1 

DIOIA 10.26 - 0.54) 11.~oo - 1.401 

Table 3. Two-way analysis of variance of average live we'ight gains of rohu fry fed test diets. 

Variance 
Source of Degree of Sum of Mean ratio, Probability 

I 
variation freedom s8uares square (F) values 

Column (feed) 2 0.1723 0.08615 9.6~ P<0.01* 
Row (days) 5 0.6857 0.13714 15.32 p <0.01* 
Error 10 0.0895 0.00895 

Total 17 ~.9475 

*Highly significant, 

_ _, 

_..; 
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Abstract 

Oreochromis niloticus were cultured in cages (rearing volume 5 
m3) in the Udawalawe resetvoir in the Sabaragamuwa Province, Sri 
Lanka, to evaluate the optimum stocking density to maximize fish 
production. 0. niloticus fingerlings of 22-30 g were stocked at four 
stocking densities (400, 600, 1,000 and 1,200 fishfm3) and were fed two 
pelletized diets with crude protein levels of 17% and 20%. The fish were 
fed at 3% of body weight six times daily. The trial period lasted 150 days 
in the first instance. After 150 days, the fish in the 400 fish/m3 stocking 
density cage were spread out to eight cages at stocking density of 25 
fish/m3 and cultured further for 30 days. The trials were carried out in 
three replicates. All stocking densities registered no significant difference 
in the live weight gain (LWG) per fish fed the two diets at the end of 60 
days (P > 0.05). After 150 days, no significant difference in the L WG 
values of the fish was obseived in all stocking densities for a particular 
diet (P'> 0.05). However, the LWGvalues offish at400and 600 fishJm3 
groups differed significantly from those at 1,000 and 1,200 fishfm3 for 
the two diets (P < 0.05). After thinning out the fish to 25 fish/m3, there 
was an increase of 40% body weight per fish after 30 days of culture, 
decreasing the feed conversion ratio. Although the final biomass 
increased with increase in stocking density, the net weight gain per 1,000 
fish decreased, indicating that the best stocking density over the range 
tested was between 400 and 600 fish/m3. 

Introduction 

The importance of cages and pens for culturing 
suitable fish is well recognized throughout the world and 
well documented (Coche 1982). Extensive work on 
tropical cage culture of Oreochromis niloticus has been 
carried out in the Philippines. Intensive cage culture of 0. 
niloticus at varying stocking densities with different 
protein diets have been described (Coche 1977; Campbell 
1978; Guerrero 1979). Campbell (1985) described the 
technique of producing large numbers of calibrated fish 
for rearing in commercial cages. Preliminary work carried 

out in Sri Lanka on 0. niloticus in cages was described by 
Galapitage (1982). Exhaustive work on intensive cage 
culture of 0. niloticus <:wannigama and Weerakoon 1982; 
Wannigama et al. 1985; Muthukumarana and Weerakon 
1985) showed that the growth of 0. niloticus was not 
significantly influenced by feeds with protein contents 
varying between 19 and 29% at stocking densities of 400, 
600 and 800 fishfm3. The present work continues the 
evaluation of the optimum stocking deflsity for 
maximizing the production of marketable 0. niloticus 
from cages. 

Materials and Methods 

Trials with 0. niloticijs were carried out in 
Udawalawe reservoir in the Sabaragamuwa province in 
the intermediate dry zone of Sri Lanka which has a 

· catchment area of 1,162 km2 (De Silva et al. 1984). At full 
spill level (FSL) the reservoir has an area of 3,374 ha 
corresponding to a volume of2.55 x 1012 m3 and a mean 
water depth of 78.3 m. The dead storage capacity is 1.66 x 
1011 m3. The full supply level is at 87.5 m. Plankton 
densities at different depths are given in Tables la and lb. 
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The cage design and construction used are amply 
described by Wannigama and Weerakoon (1982). The 
frames were made of bamboo and the net cage of kuralon 
or nylon netting, mesh and ply 1-2 cm and 6-9, 
respectively. The best cage design which proved to be 
efficient and withstood adverse weather conditions 
consisted of a floating bamboo square frame with 
platforms as walkways, the net cage suspended from stilts 
attached to the four comers of the bamboo frame. The 
bamboo cage frame was 3 x 3 m and the effective volume 
of the net cage was 5 m3. The four stocking densities were 
400, 600, 1,000 and 1,200 fish/m3. Fish at each stocking 
density were fed two diets, Fl and F3, with protein 
contents of 17% and 20%, respectively. The feed 
formulations (Table 2) were fed 3% by body weight, in 
pelleted form broadcast by hand every two hours six times 
daily. There was no loss of feed as fish fed on the pellets 
immediately upon introduction into the cage. Sampling of 
fish was carried out every fifth week, and a random 
sample of 10% of the population was measured for total 
length and weight. Other parameters, such as dissolved 
oxygen, temperature and conductivity were measured 
fortnightly. The trial lasted 150 days after which the fish in 
the 400 fish/m3 cage were thinned out to six cages at 25 
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fish/m3. After thinning, fish were reared for andther 30 
days and the fish in separate cages fed both diets :F1 and 
f'3. 

Results 

! From 400 to 600 fish/m3 stocking densi~es, the 
variation b~tween the live weight gain (LWG %) v4J.ues of 
fiiets F1 and F'3 for a particular stocking density, as iwell as 
between stocking densities for a particular diet was not 
significant (P > 0.05) as shown in Table 3. The srupe was 
i:rue for 1,000 and 1,200 fish/m3 stocking densities with 
diets F1 and F3. However, . when L WG value 

1

at 400 
fish/m3 was compared with those at 1,000 and 1,200 
fish/m3 there was a significant difference (P < 0.05) for 
diets F1 and F3. 

An analysis of variance was carried out with final 
mean weights of fish fed diets F1 and F3 between 4.00 and 
1,200 fish/m3 stocking densities based on relevant data 
(Table 4) at the end of the culture period (150 day$). The 
difference in the final mean weights between stocking 
densities for a particular diet (F1 and F3) was sigtjificant 
(P< 0.05). 

The growth of 0. niloticus in 60 days at ili,e four 
stocking densities was almost similar (Fig. 1), the 
e,lifference being due to the variation in the initial :Weight 
of23.0-30.7 g. The computed F values with LWG values 
at the end of 60 days, showed that there was no sig11ificant 
c,lifference in the L WG values at each stocking density for 
diet F1 or F3 (P > 0.05). The growth of 0. niloticus,at 400 
fjsh/m3 fed diets F1 and F3 after thinning to 25 fish/m3 
s,tocking density (Fig. 2) was significantly faster 30 days 
after thinning, with a weight gain of nearly 40%. 

The final total fish weight (Bf) at the end .of the 
culture period shows that as the stocking density 
increased, the Bf increased, but the Bf at 1,200 :t1sh/m3 
stocking density decreased well below the Bf for. 1,000 
fish/m3, Although the Bf increases with higher d~nsity, 
the total weight gain per 1,000 fish (GN/1,000) terided to 
qecrease, with higher density, implying that 600 fis~/m3 is 
the maximum stocking density under conditions deScribed 
in this paper. 

The feed conversion rates (FCR) were 3.1-617 and 
were comparatively higher for diet F1 at all stbcking 
densities (Table 4). At 400 and 600 fish/m3, the reR for 
diet F1, was higher than for diet F3, which was sign~ficant 
(P < 0.05). Similarly, the FCR values for diets F1 ~d F3 
at 400 and 600 fish/m3 which were 4.1 and 3.2 aiid 4.8 
Md 3.1, respectively, were significantly different' when 
compared with theFCR values for the same diets at 1,000 
and 1,200 fishfm3 (P < 0.05). The FCR val~es in 
parenthesis represent the FCR. recorded after thinning in 
150 days and the fish cultured for another 30 days. 

Thinning followed by a 30-day culture period, effectively 
decreased the FCR at 400 fisfi/m3 for both diets F1 and 
F'3, from 4.2 to 2.7 and from 3.2 to 2.5, respectively. 

Discus,ion 

Intensive cage culture of 0. niloticus was reported by 
Coche (1977), Campbell (1978) and Guerrero (1979). In 

I 
most of the cases, the type o~ feed presented, the initial 
weight per fish, the size of edges and the culture period 
differ from those of these tests. Wannigama et al. (1985) 
and Muthukumarana and Weerakoon (1985), showed tht 
diets with protein contents vatying between 19 and 29% 
did not produce a significant difference in the growth rate 
of 0. niloticus, although a di~t with protein content of 
25% exhibited a comparativelyibetter FCR for all stocking 
densities tested (400, 600 and 8b0 fish/m3). 

In this paper, data show that diet F'3, with a protein 
I content of 20% produced the best FCR values at 400 and 

600 fishfm3 when subjected ,to a single stage culture 
system of 150 days without thinning. Although the Bf 
value was highest at a stocking density of 1,000 fish/m3, 
the GN/1,000 fish decreased. 'J:'his, coupled with the fact 
that the Bf value for 1,200 fish/tn3 decreased below the Bf 
values for 1,000 fish/m3, shows: that the maximum holding 
capacity for the 5-m3 cage, after which the growth _rate of 
0. niloticus tended to decrease, was 600 fish/m3. 
Therefore, we assume that the best stocking density over 
the range tested was between 400 and 600 fish/m3. 

Significant is the similarity in fish growth at all 
stocking densities tested within 'the first 60 days (Fig. 2). It 
can be implied that in intensive cage culture, 0. niloticus 
could be initially stocked at 1,200 fish/m3 for 60 days, 
after which thinning out of fish to the desired stocking 
density for further culture to marketable size could be 
carried out. This also reduces 

1 
the number of cages for 

culture operations to a minimum. 
After thinning at the end of 150 days, the increase in 

weight after 30 days of culture could be attributed to 
availability of space. The decrease in the FCR to 2.7 and 
2.5 for diets F1 and F3, respectively, at 400 fish/m3 as a 
result of this, is also most significant as a higher mean 
weight per fish at harvest was achieved in 180 days with a 
lower FCR. It is also evident that a FCR similar to that 
obtained by Muthukumarana and Weerakon (1985) with a 
diet of 25% of crude protein, could be achieved by a two-
stage culture system (150 +1 30 days), with a diet 
containing 17 or 20% crude protein at 400 fish/m3. In 
addition the final mean weight at harvest was higher, 158 
and 175 g for the two diets, respectively. The Bf also 
increased from 243.7 to 333 kg (from 48.7 to 66.6 kg/m3) 
with diet F3 and from 174.2 to 281 kg (from 43.8 to 56.2 
kg!m3) with diet F1. This was comparable to the work 
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carried out by Coche (1977) with 0. niloticus at 349 
fish/m3, fed a diet containing crude protein of 24. 7%. 
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T1bl1 11. Phytopl1nkton d1nslty 11 various d1pth1 In th1 r111rvolr, Station 11, 1914. 

Depth August Oc1ob1r D..:emb1r F1bruuy 
!unit/I) h.rnl1/ll I unit/II (unit/I) 

Surr1c1 (1,82 K 1041 1201 ' 1041 114 ' 1031 ll!l.12 K 1031 

(2,2!! K 1041 123 ' 1041 IQ!!I K 1031 11.42 K 1041 

122 ' 104 1 12..49 I( 1041 {962 JC 1031 19.66 JC 1031 

12"42 JC 104 1 12'22 JC 104 1 1ru1 ' 1031 {Q.1 ' 1031 

(1.99 II 104 1 11 65 II 104 1 11592 II 1031 18.71 ' 1031 

l1A7 1t 1041 11.1"4 }( 1041 {6,88 II 1031 13."46 I( 1031 

Aw.no ofphvto• 
104 1 1041 1031 (618 II 1031 pl1nkton/I" .21 ' 11.97 I( 1867 JC 

"Sc1n#t/11mus sp , f'Hlf•urum 'I). cmd Mfcrocyrls 'I). ire p1rm1n1nt spec111 

Teble 1b. Zooplankton density et various depths In the 1eservolr, St1tlon 11, 1984. 

Depth August October December February 
m (no/II (no/II (no/II (no/II 

Surface 460 BOO 12B 44 

262 BOO 60 2B 

320 1,600 30 72 

240 BBO 96 106 

224 1,400 72 6B 

67 B16 6B 66 

Ave. density 
no./1• 259 1,032 75 60 

• Rotifers 1nd cl1doc111ms ar• most domln1nt, 

Table 2. Composition of diets with dietary crude protein levels. 

Diets(%) 
Ingredients Fl F3 

Fishmeal 05 10 
Chick mash 15 45 
Rice bran 77 42 
Shark I iver oil 03 03 

Overall crude protein level 17.2 20.0 

T1ble 3. Parcent1g1 llv1 weight g1ln ILWG) of 0, nllotfcus fed two dietery crude protein levels 1t four 
stocking densities for five months. 

Diet 
Protein 

lev1I 

17.2 
20.0 

400/m3 

236 
296 

%LWG 
600/m3 1,000/m3 

200 
337 

174 
152 

1,200/m3 

123 
132 
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150 

140 .t.. 
/:::, 130 0 

120 • 
110 

100 

.!? 90 .:c 
"' 'iii 80 
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70 ti .. :;: 
60 

50 

49 

30 

20 

10 

0 
30 

Tebl• 4. Fln1I blom15s <BtW>. net giln/1,000 fish' (GN/1,000J 1nd feed conversion rotes (Fd/GN) for various dlet11y crude prOteln 
ltv1I~ at four stockln~ densities of O. nllotlcus. ' 

Surv. MtW/ GN/ GN/1,000 
Ot/CP BjW a1w " f/sh/g kg/e41ge kg Fd/Gn 

2 ,ODO f/sh/cegt 
14DD/m3l 

17% 58.80 174.20 88.20 98.B 115.40 59.35 4,10 
1281) 1168) 1222.2) 1129.9) 12;71 

I 
20% 61.40 243.70 94.70 121.6 192.30 97.96 l~~f 1332.7) 1175) 1271.3) llM.91 

3,000 fish/cage 
160D/m3l i 

I 
17% 89.70 230.10 91.80 83.5 140.40 63.65 4.80 

I 
20% 89.40 330.00 97.70 110.0 240.60 82.78 3.10 

I 
6,000 flsh/c1j• 

11,0DO/m l 

17% 147.00 355.50 98.70 74.3 219.60 44.88 5.70 

20% 163.00 382.10 85.40 89.4 219.10 66.88 4.~o 

6,000 flsh/c•g• 
I 

11,200/m l 

17% 148.20 310.90 93.70 65.3 182.7 30.60 6~0 
I 

20% 165.40 346.00 95.80 60,2 190.60 34.29 6.70 

Value In per1nth1S1s for FBW, GN/Cllg1, MfW 1,nd GN/1,000 w1r1 obt1lned 1fter thlnnln~ out to 25 flsh/m3 1fter the fifth mbnth 
and 30 days extended culture. 1 

. I 
e1w • lnltl1I tot1I fish w•l~ht: a,w • fl1111 tot1I fi~h wel~ht; GN/ct~e .. nit g1ln/c1ge; GN/1,000 •net geln/1,000 fish; Fd/Gn •feed 

conv1nlon retie: MtW .. m11n w1l~ht/llsh it h1\V1rt, 

A 400 /m3 
t::,. 600/m3 
O l,200/m3 e 1,000/m3 

60 90 120 150 

Days 

180 

170 

160 

150 

140 

130 

120 

110 
~ 
.E 100 
"' 'iii 
3' 90 
c: 
0 
Q) 80 ::!: 

70 

60 

50 

40 

30 

20 

10 

0 

·---•20% +---+11% 

400 so; 

30 60 90 
Days 

I 

~ 
~5S~ 

120 150 180 

Fig. 1. Growth rate of 0. niloticus at four stocking densities 
fed diet F3 (20%), 

'Fig. 2. Growth rate of 0. niloticu$ fed diets F1 (17%) and F3 
(20%) at stocking density of 400 fish/m3, first 150 days and at 
25 fish/m3 after a 30-day extension. 

_; 
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Abstract 

Experiments were conducted in duplicate in earthen ponds of 200 
m2 each for a period of 112 days. Four species of major carps -- catla, 
rohu, common carp and silver carp were· stocked at 7,000/ba in the ratio 
of 0.5:1:1: 1, respectively. Three feeds -- silkworm fecal matter based diet 
(pellet SF), slaughter house waste based diet (pellet SH) and fishmeal 
based diet (pellet FM) were fed at 5% of the body weight of the fish for 
the first 28 days and later at 2.5% of the body weight. All the three feeds 
were formulated in such a way that the protein content of each feed was 
around30%. 

The growth of catla was found to be superior on pellet SH, 
followed by pellet FM and pellet SF. The growth of rohu was found to be 
superior on pellet SF, while it was almost equal on pellets SH and FM. 
Silver carp responded better to pellet SH than to pellets SF and FM. 
Common carp was found to grow better on pellet SH than on pellets SF 
and FM. Net estimated fish production obtained from pellet SH was 
2,097.80 kg/ha/year as against the production from pellet SF (1,684.18 
kg/ha/year) and pellet FM (1,148.40 kg/ha/year). Conversion ratio was 
found to be the best (1.67) with pellet SH, followed by 1.93 for pellet FM 
and 2.03 for pellet SF. The cost of production of fish was maximum with 
pellet FM (Rs. 3.70/kg) as compared to pellet SH (Rs. 252/kg) and pellet 
SF (Rs. 1.97 /kg). This study indicates that it is possible to successfully 
replace fishmeal with cheaper slaughter house waste or silkworm fecal 
matter. 
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Introduction 

The importance of supplementary feeding has been 
well realized in aquaculture in India and has stimulated 
intensive research on the formulation of cheaper feeds. In 
this investigation, an attempt was made to develop two 
cheaper nutritive diets with slaughter house waste and 
silkworm fecal matter as the principal sources of protein. 
These ingredients are rich in protein and are easily 
available at low cost. The diets developed were tested by 
comparing their performance with a standard fishmeal-
based diet fed to carps. 

Materials and Methods 

The experiments were conducted over a period of 
112 days. The three feeds used in the experiment were 
designated as pellet SH (slaughter house waste-based 
diet), pellet SF (silkworm fecal matter-based diet) and 
pellet FM (fishmeal-based diet). . 

The crude protein, ash and moisture contents were 
determined following AOAC (1975) procedures. Total 
lipid content was measured by the method of Bligh and 
Dyer (1959). Crude fiber analysis was carried out 
following the method of Lees (1975), while nitrogen free 
~xtract was estimated by the difference method (Hastings 
1976). 

Each treatment was duplicated in uniform-sized 
earthen ponds of 200 m2 each. A fortnight prior to the 
start of the experiment, the ponds were drained and dried, 
uniformly limed at 200 kg/ha and their soil beds raked. 
They were then filled with water to 1-m height and this 
level was maintained throughout. Each pond was stocked 
with four species of carps: catla (Catla catla), rohu (Labeo 
rohita), silver carp (Hypophthalmichthys molitrix) and 
common carp (Cyprinus carpio) in the ratio 0.5:1:1:1 at a 
total stocking density of 7,000 finger lings/ha. 

Fish growth was recorded fortnightly and the 
quantum of feed given was determined based on the total 
weight of fishes. Feeding was done once a day in the early 
morning at 5% body weight for the first 28 days and at 
2.5% for the remaining period. 

Water samples were also collected fortnightly and 
analyzed for pH, oxygen, carbon dioxide and total 
alkalinity following APHA (1975) methods. The growth 
of each species was subjected to two-way analysis of 
variance (Snedecor and Cochran 1968) to find out the 
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statistical difference in the final mean weight of f ~hes in 
the three treatments. · 

Results and Discussion 

Two batches of feeds were prepared duripg the 
experiment. The proximate composition of the ingt'.edients 
~d their proportion in the three diets are presehted in 
Table 1 and the proximate composition of the fonhulated 
diets in Table 2. · · 

The protein content of fishmeal (61.32%) in the frrst 
batch of feeds w&s slightly higher than that of sl~ughter 
~ouse waste (60.59%). But the slaughter house waste in 
flie second batch had very high protein (86.85%) ¥1d low 
lipid content (5.10%). This v~ation was mainly due to 
difference in the waste composition, which cons~sted of 
inedible portions of the meal, adipose tissue, liver, etc. 
Silkworm fecal matter contained less protein than the 
other two principal protein sources (Table 1). H<!>wever, 
the protein values recorded for fecal matter in this study 
are much higher than the values of 12 to 15% repqrted by 
Yokoyama (1962) and Jeyachandran and Paulra{ (1976) 
for silkworm litter. The fecal matter was devoid of other 
wastes like the inedible portion of mulberry leayes. These 
investigations show that the crude protein content of . I 
~ilkworm fecal matter varies between 20 and 45%, 
depending on the age and variety of silkworm, ~torage 
conditions, variety of mulberry leaves and soil nutiient of 
the mulberry plot. 

The caloric content of the feeds varied, the Jiighest 
being in pellet SH and the least in pellet SF. Pellet ~F had 
the highest crude fiber content which appears to have been 
mainly contributed by the silkworm fecal matter. A crude 
fiber le vet of 21 % is known to reduce the growth of, catfish 
(National Research Council 1977). · 

The water temperature ranged from 24.5 to 'J,7.50C 
over the experimental period., The pH remained a;llcaliµe 
throughout in all the ponds but its value did not ex~eed 9. 
the carbon dioxide values varied from nil to 15 ppm in 
different treatments. The total alkalinity in the three 
treatments ranged between 114 and 140 ppm. Di~solved 
oxygen showed fluctuation in all the treatments (Fig. 1). 

The growth of catla in terms of weight is prese~ted in 
Fig. 2. The final weight attained by catla was the ~ighest 
with pellet SH, followed by pellets FM and Sf". The 
growth in SF treatment was higher up to the 84th qay and 
became faster with pellet SH until the termination; of the 
experiment. A rapid increase in growth was recmtded in 
PM treatment after the 70th day, which ultifately 
registered better growth only next to pellet SH ft;d fish. 
I . 

The average daily increments in weight were 1.42 ~· 1.lO 
g and 0.99 g/day in SH, FM and SF trea(ments, 
respectively. 

Ranade and Kewalramani. (1967) reported that catla, 
being a zooplrinkton feeder, i~ better equipped to utilize 
animal protein. Although die~ SH and FM contained 
animal protein as their principal protein component, the 
best growth obtained with the former diet could be due to 
its higher energy content. The !sudden spurt in the growth 
of catla recorped after the 70thlday in FM treatment could 
be attributed to the improved dxygen availability (Fig. 1). 
Prior to that day, oxygen remhlned at low levels in this 
treatment. According to Browrl and Gratzek (1980), if the 
oxygen concentration is less than 4 ppm, fish may survive, 
but growth is inhibited. The higher lipid content of pellets 
SH and FM could have contribhted to the better growth of 
catla, sparing protein for growth. In rainbow trout, a lipid 
level of 5% is known to impfu the growth; while a diet 
containing 10% lipid or more is known to enhance it 
(Takeuchi et al. 1978). 1 

Rohu recorded the best growth with pellet SF 
throughout the experimental period. Although the final 
weights gained in both SH and FM treatments were almost 
equal, growth remained slow in the latter treatment until 
the 56th day and impressively picked up thereafter (Fig. 
3). The daily increase in weight was also higher in SF 
treatment (0.65 g/day). Between SH (0.55 g/day) and FM 
(0.54 g/day) treatments, the difference was negligible. 

The best growth of rohu1obtained with pellet SF is 
indicative of the suitability 'of plant protein for this 
species. Rohu, being herbivorous (Hora and Pillay 1962), 
may have different dietary requirements compared to other 
carps. Anil (1981) recorded th~ best growth of rohu with 
water hyacinth leaf powder-based feed against that of 
fishmeal-based feed which clearly supports the present 
finding. Further, it is interesting to note from Anil's results 
that a crude fiber level of 16.62% in the former feed did 
not have any adverse effect on1 growth; instead it appears 
to have helped in the digestibility. Among the three pellets 
tried in this experiment, pellet; SF had the highest crude 
fiber content. However, in the diets of catfish, a crude 
fiber level of 21 % reduced the growth rate, while a 
percentage of less than eight resulted in good growth 
(National Research Council 1977). The desirable level for 
carps is not clear and appears to vary with the natural food 
habits of each species. In addition to its advantages, pellet 
SF also possessed an attracti\ie odor which might have 
been relished by rohu. Accordi~g to Kamal (1967), rohu is 
a taste feeder. Further studies' conducted to evaluate the 

I 

organoleptic qualities of fish .fed on the three diets 
employed in this investigation• showed better odor in the 
flesh of rohu grown on pellet SF compared to those raised 
on pellet FM (Nandeesha et al., 1unpublished data). 

The growth of silver carp varied highly among the 
different treatments. It remained superior throughout the 
period in SH treatment, followed by SF and FM (Fig. 4). 
The daily increase in weight was the highest in SH (1.81 
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g/day) and the least in FM (0.66 g/day). Compared to 
these two treatments, the growth recorded with pellet SF 
was moderate (1.37 g/day). Although it is very difficult to 
draw any inference for the slow growth rate of silver carp 
under FM because of its sensitivity to changing 
environmental conditions, the low oxygen concentration in 
pellet FM ponds might have impaired its growth. Further, 
catla and silver carp being surface feeders, there appears to 
be an interspecific competition for food between these two 
species. 

· The growth of common carp was superior with pellet 
SF, followed by pellets SH and FM until the 70th day. 
Later on, pellet SH fed fishes recorded better growth than 
those in the other two treatments (Fig. 5). Similar to other 
fishes, the growth of common carp picked up substantially 
after the 70th day in FM treatment. The daily increment in 
weight was the highest in SH treatment (1.20 g/day) 
compared to SF (0.92 g/day) and FM (0.83 g/day). 

The better growth of common carp on slaughter 
house waste based feed and silkworm fecal matter based 
feed implies their acceptability and utilization by common 
carp. Cruz and Laudencia (1978) observed good growth of 
tilapia fed on mulberry leaf meal. Contrary to this, 
Jeyachandran and Paulraj (1976) observed negative 
growth of common carp when fed directly with silkworm 
litter and suspected that it may contain some toxic 
components like saponin. Nandeesha (1982) also 
suspected the toxicity of silkworm fecal matter as pond 
manure and suggested that with proper heat processing it 
could be utilized as a feed ingredient as it contains a good 
amount of nitrogen. The fairly good growth of the carps 
obtained with pellet SF indicates the detoxification of the 
toxic components or inactivation of anti-nutritional factors 
that could be present in silkworm fecal matter. The lower 
growth of common carp with pellet FM could be mainly 
due to the initial suppression in growth. The results of the 
statistical analysis showed no significant difference (P < 
0.1) in the final· mean weight gained by common carp in 
different treatments. This statistical inference was also true 
to the other three carps in the experiment. 

The cost of feed, conversion rate, overall survival 
and net fish production are presented in Table 3. As the 
cost of silkworm fecal matter is low, the cost of pellet SF 
was the lowest. The overall survival of the different 
species was better in SH (70.00% ), followed by SF 
(69.13%) and FM (62.81 %). The net fish production 
obtained was also the highest in SH. The relative 
conversion rate was the best wi$ pellet SH ·(1.67) and 
only ·a small variation was noticed between ·pellet SF 
(2.03) and pellet FM (1.95). As the relative conversion 
rate does not indicate the actual feed impact, the variations 
could also be due to natural food availability. As the cost 
of pellet FM is high, the cost of fish production was 
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maximum in that. treatment (RS. 3.70/kg), while it was 
lowest with pellet SF (Rs. 1.97 /kg). 

Results indicate the possibility of replacing fishmeal 
with slaughter house waste or silkworm fecal matter. 
Although the poor growth rate of fish fed with pellet FM 
has been partly attributed to poor water quality, the petter 
growth rate of carps with pellets SH and SF clearly 
indicates that their principal protein sources are equally 
good as fishmeal protein. Balanced diets, even without 
fishmeal, induced good growth of carps (Meske 1976; 
Jayaram and Shetty 1981). Use of silkworm fecal matter-
based diet on a trial basis in a rural community pond 
enhanced the yield of carps by 60% over the previous year 
(Nandeesha et al., unpublished data). As the concern in 
fish culture is not only growth, but also production cost, 
the low cost of slaughter house waste and silkworm fecal 
matter can be taken advantage of in developing cheaper 
diets for carps. 
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T1bl1 1. Proxlm1t1 composition of Ingredients 1nd propo,rtlon of Ingredients In thr11 f1tds. 

Composition by weight (%) 
Ory m1tt1r Protein Tot1l llpld Ash Pellet FM Pellet SF Pellet SH 

Bitch I Bitch I 
Ingredient Bitch I Batch II Batch I Bitch ,II Batch I Bitch II Bitch I Bitch II and II and II ! Bitch I Batch 11 

Flshme1I 88.44 90.80 61.32 62.10 8.20 9.10 18.40 19,20 22.60 

Sl1ught1r 
hOUSI 
Wlstl 98.23 98.66 60.69 86.8~ 10.38 6.10 2.14 6.80 ! 30.00 22.00 

Siikworm 
fecal 
m1tttr 84.86 86.30 39.60 31.eb 3.96 3.60 1.98 2.10 42.60 

T1ploca 
powder 91.76 90.42 3.68 3.20 1.20 0.80 2.67 1.30 16.00 12.60 16.00 16.00 

GroundnUt 
oil cakt 93.81 94.20 43.98 48.60 11.80 12.90 6.30 6.20 22.60 19.60 20.00 20.00 

Rica bran 91.64 90.BO 9.31 9.80 3.00 3.90 1.88 2.10 40.00 26.00 ' 36.00 43.00 

Table 2. Proximate composition of feeds. 

Pellet FM Pellet SH Pellet SF 
Parameter (%) Batch I Satch II Batch I Batch II Batch I Batch II 

Dry matter 94.80 ·93.80 95.90 96.40 95.20 95.80 
Protein 37.30 ·35.80 34.90 35.40 33.10 32.66 
Total lipid 12.00 '11.80 9.83 8.20 7.20 7.00 
Nitrogen free extract 22.10 ·19.45 32.07 31.06 23.50 26.14 
Crude fiber 7.15 7.90 8.20 8.84 12.10 11.60 
Ash 16.25 18.85 10.90 12.90 19.30 18.40 
Caloric content (Kcal/g) 3.83 3.63 3.91 3.75 3.24 3.31 

FM =fishmeal-based diet; SH =slaughter house vl)aste-based diet; SF= silkworm fecal matter-based diet. 
' 

Table 3. Economics of production. 

Cost of Total quantity Net incre~se Overall Total cost 
i Cost of 

production/kg Net fish 
Type of feed/kg of feed given in weigh~ Conversion survival of feed of fish production 

feed (Rs.) (kg) (kg) ratio (%) (Rs.) (Rs.) (kg/ha/yr) 

Pellet SH 1.51 43.04 25.75. 1.67 70.00 64.99 2.52 2,097 .80 
Pellet SF 0.97 42.02 20.67 2.03 69.13 40.76 1.97 1,684.18 
Pellet FM 1.92 27.17 14.10 i 1.93 62.81 52.17 3.70 1, 148.40 
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Abstract 

Six-day old carp (Hypophthalmichthys molitrix) fry (mean weight 
3 mg) were stocked at 5/1 in aquaria. These were fed with unialgal 
cultures of three species of blue-green algae, namely: Anabaena sp. 
Oscillatoria quadripunctulata and Spirulina platensis. 

Best increase in weight was obtained when feeding consisted of 
Spirulina followed by those fed with Oscillatoria. Poor results were 
obtained when fry were fed solely with Anabaena. Weight gain was 
highest during the first two weeks with Spirulina as feed. On the other 
hand, survival of fry was higher (68%) with Oscillatoria than with 
Spirulina (54%). Proximate analysis of fish and algae were conducted. 

Spirulina seemed to be the most promising live food organism for 
larval rearing of silver carp. Thus, laboratory cultures of the cyanophyte 
at different pH (9, 10 and 11) and two types of media (hog manure and 
urea) were investigated. Algal biomass production in a semi-continuous, 
outdoor tank system was also detennined. 

Introduction 

There is increasing demand for fingerlings of silver 
carp (Hypophthalmichthys molitrix) in the Philippines 
today because of the success of the polyculture system 
which realized high production levels. Fingerlings of 
tilapia, milkfish and Chinese carp were stocked in cages in 
Laguna Lake, giving a total net production of as much as 
25.5 t/ha (Castro et al. 1985). With this development, 
research efforts were directed towards optimizing 
conditions during larval rearing to increase fry. survival 
and ensure availability of fingerlings for stocking. 

A crucial factor in fingerling production is the supply 
of natimtl food in the environment. Live food organisms 
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are selected on nutritive value and digestibility. Thus, for 
aquaculture operations, the more notable species that 
could be explored are the Spirulina spp. which contain 55-
5% protein (Pirie 1975). Earlier works (Baldia et al. 1985; 
Pantastico et al. 1985, 1986, in press) have shown the 
efficiency of specific phytoplankton for fry rearing of 
tilapia, milkfish and bighead carp. 

This paper describes the results obtained on the 
feeding of three cyanophytes including S. platensis to 
silver carp fry and the semi large-scale production of 
Spirulina which was demonstrated to be the most 
acceptable natural food for the fry • 

Materials and Methods 

Silver carp fry with a mean initial weight of 3 mg 
were stocked at 5/1 in aquaria (20-1 capacity). Fry were 
fed with unfulgal cultures of three species of blue-green 
algae, namely: Anabaena sp., Oscillatoria 
quadripunctulata and Spirulina platensis. 

Water was changed every other day for the first week 
and daily thereafter. Algal density in the rearing medium 
was maintained at (a) Anabaena: 7 x 104 - 2.6 x 106 
cells/ml: (b) Oscillatoria: 7 x 104 -2.8 x 106 cells/ml; and 
(c) Spirulina: I.25 x 103 - 5.0 x 103 cells/ml. 

Weight measurements were recorded every two 
weeks. Mortality was observed daily. The pH and 
ammonia content of the water were also monitored. 

Stock cultures of Spirulina platensis were 
maintained in Zarouk's Spirulina medium (Vonshak et al. 
1982) consisting of 1.0 g/1 each of NaCl and K1S04, 3.0 
g/1 KN03, 0.08 g/1 EDTA, 0.01 g/1 FeS04, 7H20, 0.25 
ml/I H3P04 and 16.8 g/1 NaHC03. The medium was 
adjusted to pH 10.5 using NaOH. Upon reaching peak 
growth, usually after 14 days, Spirulina cultures were 
concentrated. These dense cultures of Spirulina were then 
reinoculated in gallon jars from the various treatments 
consisting of three different levels of pH (9, IO and 11) 
and two types of media (organic and inorganic). Cultures 
were aerated vigorously and provided with illumination (3 
klux) at 25-280C. 

Algal biomass was determined every three· days by 
filtering 20 ml of sample from each treatment through a 
millipore filter (0.45 µm). These were oven-dried for 4 
hours at 800C and weighed. The pH was monitored every 
three days with an Orion pH meter. 
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An inexpensive medium cons1sbllg of urea, hog 
manure and agrimin was used for mass produation of 

I 

Spirulina. The pH was adjusted to 10.0-10.5 usin* NaOH 
flakes. Tanks (200-1 capacity) were used in the prQduction 
system and placed in the covered wet laboratory at Tapao 
Pt. Fluorescent lights which provided coqtinuous 
illumination of 3 klux were placed above the cultw!e tanks. 
There was unifonn circulation of algal cells due to 
vigorous aeration. 

Harvest of algae was done every seven days. The pH, 
total inorganic N and P04-P were also monitored weekly. 
Nutrients were replenished and pH adjusted after every 
harvest. The production setup is similar to that de.veloped 
for Oscillatoria (Pantastico et al. 1986). · 

Results and Discussion 

Of the three species of blue-green algae used for 
feeding silver carp fry, Spirulina platensis proved to be the 
most acceptable (Fig. 1). Highest increase in weight of fry 
was ob~ed as early. as the third week. FfYi given 
Spirulina weighed 139.3 mg on the 4th week com~ared to 
those fed with Oscillatoria (27.1 mg) and Anabae1'a (18.2 
mg). This acceleration of growth with Spirulina persisted 
throughout the eight-week experiment period. :Weight 
increase was most pronounced during the last two weeks. 
Weight attained by silver carp fry fed with Spiruli~1a after 
~ight weeks was 358.5 mg which is three and sb). times 
that of the weight of fry given Oscillatoria and Anqbaena, 
respectively. ' ' 
, The Duncan's Multiple· Range Test on th(i mean 
weight of silver carp fry showed that those fed with 
Spirulina had significantly higher weights than those given 
either Anabaena or Oscillatoria (Table 1). 

Weekly survival of silver carp fry wa8 also 
I 

monitored. Throughout the larval rearing period, Jiighest 
~urvival was obtained with Oscillatoria followed by those 
given Spirulina. Final survival values after eight: weeks 
showed 65. 7% survival with Oscillatoria while 44.~% and 
32% were obtained with Spirulina and An~baena, 
respectively. 
I , 

The mean survival rates showed no si&tlificant 
differences during the first week (Table 2). In general, 
Survival values for those treatments given Anabae~a and 
Spirulina were comparable up to the seventh w~. Final 
survival on the eighth week showed that feeding with 
Oscillatoria gave significantly higher survival of frY. 
· The harvested fish from each treatmen( were 

analyzed for crude protein. Results sl).owed that silver carp 
fmgerlings given continuous feeding of the three species 
Of blue-green algae did not vary significantly i~i crucie 
protein content: with Oscillatoria 56.4%, Anabaena 
56.16% and Spirulina 58.64%. 

I 
Crude protein was also hlghest in Spirulina, 68.9% 

CP; Oscillatoria, 25.60% CP bd Anabaena 28.45% CP. 
The protein content of Spi~ulina grown in inorganic 
medium under laboratory conditions is higher than that 
reported in other countries (Pirie 1975). 

Some of the physicoqhemical parameters were 
monitored (Table 3). Values were comparable among the 
different treatments except fo~ n~trite-N which seemed to 
have a lower value for the Oscfllatoria treatment. 

Spirulina seems to be the best live food organism 
for silver carp fry. Thus, the p0ssibility of mass producing 
and supplying this speqific natural food for 
hatchery/nursery operations i was investigated. The 
different cultural requirements of the organism in the 
laboratory as well as outdoors were studied. 

Laboratory cultures of Spirulina showed that the best 
medium for growth is the inorganic medium with a 
starting pH of 10 (Fig. 2). j Marked increase in algal 
biomass started on the ninth 4Y up to the 12th when the 
yield reached 305 mg/I (dry weight) (Table 4). This high 
yield was sustained for about i2 more days followed by a 
sharp decline on the 21st day. Daily monitoring of the pH 
revealed that there was a gradual lowering of values from 
pH 10.06 to pH 8.03. When it dropped to pH 7, yield was 
very much reduced. 1 

Using the same inorgani~ medium starting with pH 
9, there was a slowing down of growth of Spirulina 
(Fig.2). The maximum yield obtained was only 70.8 mg 
(dry weight). This minimal grqwth continued for almost a 
month with pH fluctuations goiPg down to 7.83. 

In general, the organic medium consisting of hog 
manure proved inferior in !growing Spirulina under 
laboratory conditions. Similar to the resUlts obtained using 
the inorganic medium, pH 10 gave better growth of 
Spirulina than pH 9. RegarQless of medium, pH 11 
inhibited growth of Spirulina (Table 4). Considering the 
daily pH changes during the culture period, the organic 
medium showed wider variations than the inorganic in 
most cases. 

Based on the results of the laboratory experiments 
and to lower production cost, the medium used for tank 
cultures of Spirulina was a combination of organic and 
inorganic fertilizers with a ' starting pH of 10. A 
semicontinuous algal productioh system earlier established 
for Oscillatoria (Pantastico et al. 1986) was also used. 

Semi large-scale production of Spirulina in tanks 
(120-1 capacity) reached its peak after 35 days with a total 
harvest of 187.9 g (dry weight) or 1.56 g/l (Table 4, Fig. 
3a). On a daily basis, this is computed as 44.5 mg/I/day. 
The growing period was extended to 49 days. The 
nutrients were then replenishedJ Water analysis at this time 
also showed that the total inorganic nitrogen and P04-P 
had very low values at 210 ppb and 760 ppb, respectively 
(Fig. 3b). Wide fluctuations in the nitrogen and 
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phosphorus content of the water occurred during the entire 
experimental period. With the replenishment of the 
medium, there was a revival of growth, so that the culture 
of Spirulina was maintained up to 70 days. 

Conclusions 

It may be concluded that six-day old silver carp fry 
showed preference for the cyanophyte, Spirulina platensis. 
Earlier reports (Jhingran ana Pull\n i985) indicated that 
two- to three-day' old hatchlings of silver carp feed on 
zooplankton primarily while older fry up to the adult stage 
accept both zooplankton and phytoplankton with 
preference for the latter. Our study confirmed the 
acceptability of phytoplankton to very young silver carp 
fry. Similar results were obtained with tilapia fry given the 
unicellular species of Navicula notha and Chroococcus 
dispersus as live food (Pantastico et al. 1985). On the 
other hand, assimilation rate studies using 14C-labelled 
live food organisms showed that acceptability of 
phytoplankton to bighead carp larvae occurred at a later , 
stage (Baldia et al. 1985). 

It is noteworthy that even among members of 
Cyanophyta, certain species proved better feeds than 
others. Increase in weight of silver carp fry was 
significantly high {p < 0.05) in the treatment with 
Spirulina compared to those fed with Oscillatoria and 
Anabaena. The beneficial· effect of Spirulina feeding may 
be explained in terms of its high nutritive value and 
absence of toxic effects (Ciferri 1983). 

Spirulina production for growing silver carp fry 
under Philippine conditions seems a bright possibility. The 
culture is stable for as long as 14 days. Moreover, 
utilization of animal manures in the production scheme 
will reduce cost tremendously. It is envisioned that a 
village-level technology for algal biomass production will 
be developed to support aquaculture operations in the 
country. 
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T1ble 1. Dunc1n's multlplt range test on the me.n weight (g) of sliver cerp fry fed with thre. cyano· 
phytes. 

Anabaan1 
Oscll/1torl• 
Splrullna 

0.0131b 
o.0112•b 
0.0224• 

0.0102: 
0.0270 
0.1393" 

W11ks 

0.0265~ 
0.0560 
0.203• 

0.0590b 
o.1195b 
0.3586" 

Means with the s1m1 superscript In e1ch row are not slgnlflc1ntlY different (p <0.05). 

T1ble 2. Ounc1n's multiple r1nge test on the me1n survlval rite (%) of sliver c1rp fry fed with three 
cy1nophyt1s for eight weeks, 

Treatments 

Anaba1n1 95 011 

Osc///1torl1 93.31 

Splrulln• 93.0a 

60.0b 64.6b 
76.o: 74.o: 
67.6 66.6 

Weeks 

so.ab 
70,0~ 
65.3 

6 

47 .3b 44.67b 32.0° 
68.6: 66.3t 65.7" 
64.3 60.3 44.7b 

Means with th1 same sup1rscrlpt In 1ach row art not slgnlflc1ntly different (p < 0.05). 

T1ble 3, Ainge of physlcochemlcal parameters. 

Per1m1t1rs 
Dlssolved 
oxygen Ammonl•·N Nltrlte·N 

Treatments (ppm) pH (ppb) lppbl 

An1bHn1 2.0 - 7.9 8.o - 8,2 28.8 - 86.3 8.8 - 397 
Osclll1rorl1 2.3 - 7.7 8.o - 8.3 29.3 - 348 6.0 - 407 
Spirullna 2.3 - 7.4 7.8 - 8.3 23.6 - 266 8.9 - 184 
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Table 4. Growth of Spiru/ina in organic (OM) and inorganic llM) media with initial pH of 9, 10 end 11.1 

IM·9 
Wt. of 

Growth Spirulina 
period (mg. dry 
(days) pH wt.II) 

0 9.05 0.086 
3 9.39 16.73 
6 10.13 21.80 
9 10.19 35.2 

12 9.19 38.96 
15 8.18 70.80 
18 9.16 64.3 
21 8.10 65.2 
24 7.95 63.6 
27 7.83 64.7 

' 1 Data are means of three replicates. 
2 No growth. 

Treatments 
I 

OM-9 IM-10 OM-10 1Mj11 
Wt. of 

Spirulina 
(mg. dry 

pH wt.fl) 

9.08 0.086 
8.49. 6.90 
7.88 7.65 
7.42 10.97 
8.12 4.00 
8.09 3.10 
7.98 12.30 
7.63 8.40 
7.57 9.40 
7.86 8.84 

350 

300 

250 

"' ! 
~ 200 
;; 
:;: 

160 

100 

50 

Wt. of 
Spiruflna 
(mg.dry 

pH wt.fl) 

19.02 0.086 
1(1.66 23.97 
1b.42 33.80 
1~.06 114.10 
~.24 305.30 
8.25 292.20 
8.03 198.30 
7.85 
7.66 
7.75 

,/ 
I 

I 
+ 

I 
I 

I 

I 

72.40 
75.30 
82.40 

/ ,,+ 
,I' 

I 

Weeks 

+" / 

.' 
/ 

Wt.of 
Spiru/ina 

pH 

10.05 
9.72 
9.30 
7.16 
8.25 
8.29 
8.19 
8.16 
8.17 
8.17 

I 
I 

I 

I 
I 

I 
/' + 

I 

(mg.dry 
wt.fl) pH 

0.086 11.01 
1.03 10.98 
1.47 10.90 
4.30 10.98 
3.73 

13.40 
32.50 
28.60 
24.40 
26.30 

--Anabaena 

I 
I 

-----·-Osclllatorla 
•-x-x-• - Splrullna 

i 

Fig. 1. Growth of sliver carp fry fed with three species of blue-
green algae. 

Wt. of 
Spirulina 
(mg. dry 

1wt./1) 

0.086 
2 

I -

OM-11 
Wt. of 

Spirufina 
(mg.dry 

pH wt.II) 

11.06 0.086 
11.02 - 2 

11.01 
11.02 

_j 
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Fig. 2. Growth of Spirufina in Inorganic (IM) and Organic (OM) media with initial and corresponding pH. 
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Fig. 3. Semilarge-scale production of Spiru/ina (a), nitrogen and phosphorus consumption (b) and pH (c) in medium with the combination 
of organic and inorganic fertilizers. Arrows indicate harvest and replenishment. 
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Effect of Supplemental Lecithin and Lipid Sources 
on the Growth and Survival of Penaeus monodon 

Juveniles* 
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PIBDAD-PASCUAL, F. 1986. Effect of supplemental lecithin and lipid 
sources on the growth and survival of Penaeus monodon juveniles, 
p. 615-618. ln J.L. Maclean, L.B. Dizon and L. V. Hosillos (eds.) 
Tue First Asian Fisheries Forum. Asian Fisheries Society, Manila, 
Philippines. 

Abstract 

Penaeus monodon juveniles were reared in 60-literfiberglass oval 
tanks in a flow-through seawater system for eight weeks to detennine the 
effect of lecithin and type of lipid on growth and survival. Nine 
isonitrogenous and isocaloric diets consisting of a basal practical diet 
(40% protein, 10% lipid) with three levels of soy lecithin and three 
sources of lipid cod liver oil, crude degummed soybean oil and purified 
soybean oil were used. Feed was offered twice daily. Percentage weight 
gains significantly increased (P < 0.05) as the Jevel of lecithin was 
increased from 0 to 2% regardless of the lipid source. At all levels of 
lecithin, survival rates were significantly higher in those fed diets 
containing crude degummed soybean oil compared to those fed either 
cod liver oil or purified soybean oil. Lecithin levels and lipid sources did 
not significantly affect the feed conversion values. The best diet was that 
which had 2% soy lecithin with 3.8% crude degummed soybean oil. 

Introduction 

Lecithin, composed of phosphatides and other polar 
lipids and carbohydrates, has been found to be required by 
some crustaceans such as P. japonicus (Deshimaru 1981) 
and spiny lobster, Homarus americanus (Conklin et al. 
1980; 'D'Abramo et al. 1981). Catacutan and Kanazawa 
(unpublished data) observed that 1 % soybean lecithin in 
the diet for P. monodon juveniles gave better survival than 
fish or chicken egg lecithin in semipurified diets. 
Macrobrachium rosenbergii did not require lecithin in 
semipurified diets containing casein and gelatin as sources 
of protein. However, best weight gain was obtained on a 
practical type diet (Hilton et al. 1984). 

Conklin et al. (1980) reported that" spiny lobsters 
need around 7.5% soy lecithin in purified diets with casein 
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as the protein source. On the contrary, when crab protein 
was used as a protein source, Castell et al. (pets. comm.) 
found· no need for lecithin in the diets of H. americanus. 

Cod liver oil, pollack liver oil, com, soybean, 
coconut, sunflower seed, linseed and wheat germ oils have 
been tried in diets for various crustaceans (Colvin 1976; 
Deshimaru et al. 1979; Deshimaru 1981; Mendoza 1982; 
Teshima and Kanazawa 1985; Catacutan and Kanazawa 
1985; Bautista 1986). 

Crude degummed soybean oil has not been tried in P. 
monodon juvenile diets while cod liver oil and soybean 
oil, singly or in combination, have been tried in practical 
diets for P. monodon (Mendoza 1982; Bautista 1986). 
However, their effects with various levels of soybean 
lecithin have not been elucidated. 

This study aimed to determine the effect of 
increasing levels of supplemental lecithin and the type of 
lipid incorporated in pelleted practical diets of P. monodon 
juveniles. 

Materials and Methods 

The experiment was undertaken on a 3 x 3 factorial 
designed for random tests and ran with five replicates. A 
two-way analysis of variance was used. 

Six juvenile P. monodon with mean weight of 
approximately 0.090 g were stocked at random and reared 
in 40 1 of seawater contained in 60-1 oval fiberglass tanks. 
Aeration through airstones and seawater were provided in 
a flow-through system for eight weeks under laboratory 
conditions. 

The animals were weighed individually prior to 
stocking and henceforth weighed every 14 days. Feed was 
offered twice a day at 25% of body weight and was later 
decreased to 20% in the last month of the experiment. 

Salinity and temperature were monitored every 
morning and afternoon. The tanks were cleaned daily by 
siphoning out fecal matter and left-over feed. Thorough 
cleaning of the tanks was done once a week. 

All feedstuffs were kept constant except for the 
source of lipid and the levels of lecithin (Table 1). Diets 1 
to 3 contained cod liver oil,.and 0, 1 and 2% Stasol-U.F., a 
brand name of a fonn of soybean lecithin. Diets 4 to 6 had 
crude degummed soybean oil, and 0, 1 and 2% soybean 
lecithin while Diets 7 to 9 contained purified soybean oil 
with 0, 1and2% soy lecithin, respectively. 
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The diets were isonitrogenous and is~aloric. 
Lecithin was incorporated with the oils before addition to 
the premixed dry feedstuffs. Water was added to form a. 
dough which was extruded through a garlic press. The 
extrusions were steamed for 5 minutes, dried at 600C and 
kept at around 4oC in a refrigerator in plastic q>vered 
qottles. Proximate analyses of the diets (Table 2) were 
carried out as follows: crude protein was analyz~ in a 
Kjeltec autoanalyzer 1030, crude lipid was extracted in a 
Soxtec, crude fiber was done in a Fibertec system, crude 
ash was done by AOAC (1975) while moisture cpntent 
was determined in a Mettler Moisture Determipation 
Balance LP15. Nitrogen-free extracts were compu~d by 
arithmetical difference. 

Prior to fatty acid analysis, total lipids were extracted 
by Bligh and Dyer (1959) method as modified by !Kates 
(1972). Fatty acid composition of each diet (Table j) was 
d~termined by gas-liquid chromatography on a Sh~adsu 
QC-4C gas chromotograph with an FID de~ector. 
Literature for published oils (Ackman and Burger 1965) 
and valid standards were used for the identificatjon of 
F;AME. Neutral and polar lipid contents of the oil, were 
determined by column chromatography on silicic acii;l. 

Results and Discussion 

Weight gain was significantly affected by levels of 
lecithin rather than by source or type of oil (Table 3). In all 
instances, regardless of type of oil, the addition of 1 % soy 
lecithin in the diets increased weight. Likewise, f~er 
h)Crease in weight was observed when 2% soy lepithin 
\Vas added to the diets. Total lecithin analyses of the diets 
showed that in diets where no lecithin was added, diet nos. 
1, 4 and 7, lecithin from the feedstuffs such as shrimp 
meal and rice bran, amounted to 0, 87; l, 07 and 0, 87, 
respectively. Thus, all the diets contained lecithin and total 
ru;utlyzed levels were approximately 1 % higher than 
amounts oflecithin added to the diets (Table 2). 

I ' 

Feed conversion was generally poor (Tabl¢ 3). 
Trends indicate feed conversion in diets with crude 
dygummed oil were relatively better followed by those 
with cod liver oil and was poorest in those given refined 
soy bean oil (Table 3). As lecithin levels increased in the 
diet, feed conversion improved and was pronounced in 
diets with crude degummed oil. 

' Little is known of the lecithin needs of P. monodon. 
When vitamin-free casein, wheat gluten, and spray~dried 
e$g white were used as protein sources in the d~et of 
lobsters, H. americanus, Conklin et al. (1980) and 
D'Abramo et al. (1981) concluded that soy lecithiq and 
phospholipids in the die~ provided for high survival. 

Their results suggest that phosphatidyl choline and/or 
phosphatidyl ·inositol are highly effective in enhancing 

growth and survival of H. ameticanus juveniles. Teshima 
et al. (1982) showed that 3% soybean phosphatidyl choline 
and 1 % cholesterol are needed ~y P. japonicus larvae in a 
semi-purified diet containing 6% pollack liver oil. 

On the contrary, Hilton et al. (1984) reported that 
Macrobrachium rosenbergii did not need supplemental 
lecithin when given semi-puri~ed diets for 12 weeks. In 
the present study, survival 

1 
did not improve with 

supplemental lecithin in the diet. However, weight gain 
was definitely improved with added lecithin. 

According to Liu et al. (19Y4) in Hilton et al. (1984), 
crustaceans, in general, can synthesize phospholipids such 
as phosphatidyl choline via pathways similar to those of 
mammalians. Lee and Puppione (1978) reported that the 
phospholipid is the principal transport form of lipids in 
crustacean hemolymph. Teshima and Kanazawa (1979) 
suggested that phospholipids 1 are required for lipid 
transport in P. japonicus and ate very important in diets 
for this species. 

Numerically, lower values for survival were 
observed when lipid sources were decreased from 7 to 3% 
(Table 4). Lecithin that was used contained around 63% 
phosphatides. Phosphatides may be necessary for lipid 
transport in P. japonicus (Tesh~a and Kanazawa 1979). 
Oil was important not only for tile essential fatty acids but 
also as an energy source. Bauti~ta (1986) showed that P. 
monodon juveniles need from 5 to 10% lipid in their diets 
while Mendoza (1982) reported ihat a dietary lipid level of 
around 12% was required by ~· monodon juveniles for 
maximum growth, efficient feed, conversion and optimum 
survival rate. Clarke and Wickitis (1980) showed that in 
Penaeus merguiensis, the m:ajor lipid classes are 
phospholipids (47%), free sterol1 (27%) and triacyglycerol 
(197%). Animal lipid is probably an essential component 
in the diet if the species is to mamtain a normal lipid and 
fatty acid composition. They also concluded that diets high 
in 20:5w3 and 22:6w3 are probably necessary to maintain 
a wild-type fatty acid composi~on in cultured penaeids 
like P. merguiensis. Likewise, Kanazawa et al. (1979) 
reported that P. monodon and P. merguiensis probably 
require 18:3 w3, 20:5w3 and 22:6 w3 for normal growth. 

Survival of P. monodon juyeniles were significantly 
affected by the type of oil rathe~ than the level of lecithin 
in the diet (Table 3). Animals fed crude degummed 
soybean oil had the highest survival rate compared to 
those fed cod liver oil or purified soybean oil regardless of 
the level of supplemental lecithi~. Those fed cod liver oil 
and, purified soybean oil had simi,Iar survival rates. 

Due to cod liver oil, diets . 1 to 3 were high in w 3 
fatty acids whereas . those that coµtained crude degummed 
soybean or purified soybean oil contained more of the w 6 
fatty acids (Table 4). Hence, the. ..,.3 to ""6 ratios for the 
diets containing cod liver oil w~re generally higher for 
diets 1 to 3 and lower for diets 4 'to 9. The higher survival 
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rate obtained with crude degummed oil can not be 
explained in terms of fatty acid composition of the diet. 
Crude degummed soy oil contains more of the w 6 than the 
w3 series and vice versa for cod liver oil, yet survival rate 
was higher in those fed diets with crude degummed oil. 
There is the possibility that fish that thrive in tropical 
waters may need 6 as well as 3. Tilapia zillii was found 
to need more w6 than w3 (Kanazawa et al. 1980). 
Catacutan and Kanazawa (1985) reported that w6 in fatty 
acids were present in both neutral and polar lipid of P. 
monodon juveniles fed a lipid free diet in the amounts of 
10.83% and 16.13%, respectively. They also reported high 
levels of polyenoic acids 20:4w6, 20:5w3 and 22:6w3. 
The w3 series were high in the polar lipid fraction and 
preferably stored in the polar fraction. The report of 
Teshima et al. (1976) show differing levels of w6 and w3 
in various crustaceans. Furthermore, crude degummed 
soybean oil could have contained other nutrients that were 
removed in the processing of purified soybean oil. 

Crude degummed oil contained 11.74% polar lipid 
while cod liver oil and refined soybean oil contained 
14.7% and 6.09%, respectively. Thus, assuming that most 
of the w 3 fatty acids are found in the polar lipid fraction 
(Catacutan and Kanazawa 1985), it is not surprising that 
crude degummed soya oil gave better survival than 
purified soybean oil. Neutral lipid was 88.3% for crude 
degummed soybean oil, 85.3% for cod liver oil and 93.9% 
for purified soya oil. According to Deshimaru (1981), 
polar lipids are more important in the diet of P. japonicus 
than neutral lipids. 

Up to the present, the active component of lecithin 
remains to be unidentified. Al though crude degummed 
soybean oil may not contain enough of the polyenoic w 3 
series of fatty acids present in prawn tissue, it is a source 
of energy and could lower the cost of the feed. Deshimaru 
et al. (1979) showed that a mixture of pollack liver oil and 
soybean oil in a 3:1to1:1 ratio containing approximately 
20-30% w6 and 10-20% w3 fatty acids is desirable for P. 
japonicus and a suitable lipid level of 6% has been found 
feasible as feedstuff in practical diets for prawns. 

Based on the results of this study, crude degummed 
soybean oil is a better source of oil than purified soybean 
oil and 2% supplemental lecithin is recommended in diets 
for P. monodonjuveniles. 
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Abstract 

The use of yeast in combination with marine Chlorella as food for 
mass production of the rotifer Brachionus plicatilis has grown popular in 
recent years. It has been discovered, however, that washed cells of 
baker's yeast have no nutritive effect on the population growth of the 
rotifer when cultured axenically. In this study, the effects of three fat-
soluble vitamins (Vitamins A, D and E) on its population growth were 
evaluated by axenically culturing the rotifer in several types of food 
suspensions. One type was the basic food suspension (control), consisting 
of yeast suspension fortified with Vit. B12 and the others were the basic 
food suspension plus the vitamins (variables). The effects of the three 
vitamins supplemented at various concentrations alone and combined 
were determined with and without Vit. B12. The three fat-soluble 
vitamins all showed supplementary effect. However, toxicity was 
exhibited when given at high concentrations. Combining the three 
vitamins was observed to significantly increase the population growth of 
the rotifer. The fact that Vit. B12-free food suspensions showed almost 
no growth confirmed that Vit. B 12 is an essential nutrient for the growth 
of the rotifer. 

Introduction 

The success in culturing commercially important fish 
in Japanese mariculture can be attributed mainly to the 
development of advanced techniques in mass production 
of the rotifer, Brachionus plicatilis. However, problems 
encountered in mass culture of Chlorella, the main food of 
the rotifer, demand the development of an artificial diet 
which could stabilize rotifer supply. This implies the need 
to investigate the nutritional requirements of the rotifer. 

Today, baker's and marine yeasts are being used 
extensively in combination with Chlorella as food for 
mass production of the rotifer. However, washed cells of 
baker's yeast have no nutritional effect on the population 
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growth of the rotifer when cultured axenically (Hirayama 
and Funamoto 1983). Success in mass production of the 
rotifer with yeast could be due to the nutritive elements 
released during the decomposition of yeast as well as to 
the phytoplankton and bacteria growing in the culture 
tanks utilizing the decomposed products as a nutritive 
source (Hirayama and Watanabe 1973). Previous 
investigations by Scott (1981) and Hirayama and 
Funamoto (1983) showed that Vit. B12 is an essential 
nutrient for the growth of the rotifer. 

In this study, the supplementary effects of three. fat-
soluble vitamins (Vits. A, D and E) on the population 
growth of the rotifer were evaluated under bacteria-free 
conditions, by adding them to the basic food suspension, 
which consists of baker's yeast and Vit. B12· 

Materials and Methods 

The first-laid eggs collected from an . actively 
growing group of rotifers were divided into several groups 
and axenically cultured ·in several types of food 
suspensions. The basic (control) food suspension consisted 
of baker's yeast cells at 200µg/ml and of Vit. B12 at 1.4 
µg/ml. The baker's yeast used for the experiment ·had been 
cultured in a 200-ml flask containing Mayer's medium 
with continuous aeration after purification by picking up 
its colony from an agar plate culture. Cells employed were 
only those under the exponential stage of growth, washed 
by centrifugation and then resuspended in sterilized 
diluted seawater fortified with Vit. B 12. The seawater 
used for the experiments had been treated with activated 
charcoal to eliminate organic substances. The fat-soluble 
vitamins were added to the basic food suspensions in an 
emulsified state. 

The rotif ers used for the experiment were amictic 
.females derived from the same strain (large type) 
employed in previous . investigations (Hirayama and 
Ogawa 1972). During the experimen~ temperature was 
maintained at 230C and no occurrence of mictic.females 
or males was observed. The food suspensions were stirred 
with the Circle Shaker set at 130 rotations/min. for 15 min. 
six times a day to keep the yeast cells in a suspended state 
throughout the investigation. 

The indices for population growth of the rotifer were 
determined by using batch culture and individual culture 
methods. 
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In batch culture method, the offspring whichlhatc'1ed 
out in one day from collected first-laid eggs were ~ultured 
in the food suspensions. In each test tube, five incUviduals' 
were placed and were cultured for a period of sev~n days. 
During the cultivation, no extra food was added into the 
tubes. After the culture period, the increase in the number 
of rotifers was determined. 

In individual culture method, first-laid eg~s were 
separately cultured in several tests tubes by ino.culating 
each with two individuals, with 12 to 14 individuals for 
each experimental group at the start of the criltui~ period. 
They were observed daily with the renewal of food 
suspertsions, to count the· number of surviving inqividuals 
and the number of eggs laid. From daily survival and 
fecundity rates thus obtained, two indices - the intrinsic 
rate of population increase (r) and the net reproduction tate 
(Ro) were calculated on the basis of Birch's compatational 
method (1948). Assuming that the experimental group 
grew according to the fecundity rate obtained from the 
individual culture method, (Ro) implies the nuinber of 
eggs laid by an average female during its lifespah or'the 
rate of multiplication in one generation. Intrinsic rate of 
population increase (r) is defined as the constant in the 
differential equation of population increase, dN/dt = rN, in 
an unlimited environment (N, number of individuals and t, 
time elapsed in days from putting the eggs into ·the test 
tubes). · 

The effects of the addition of the vitamins to the 
basic food suspension on the population growtli of the 
: rotifer were evaluated by comparing the ratio' of the 
indices r and 'Ro obtained in the experimental suspensions 
to those in the basic food suspensions (relative r and 
relative Ro), respectively. When the relative rand Ro were 
greater than one, the vitamins were assiimed to enhance 
growth. 

Evaluation of the effects of each vitamin at'various 
concentrations was fitst determined using the individual 
cwture method. The combined effect of the three ~itamins 
was evaluated in both batch and individual · culture 
methods ·by 'investigating different combinations at the 
concentrations which showed the highest promotirlg effect 
on growth in the tests for the individual vitamins. The 
combined effect of the three vitamins at haif optimum 
concentrations was also evaluated in the two ' culture 
methods. The supplementary effect of each of tJ:ie three 
vitamins when Vit. B 12 was removed was investigated in 
the batch culture method. · · 

. Fat-soluble vitamins evaluated for supple~entary 
effects were products· of the Wako Pure Cpemical 
Industries Ltd. Procedures for the collection of first-laid 
eggs, stetilization using antibiotic rnixtur~s, the 
preparation of food suspensions and the sterility test using 
STP medium are the same as those employed by Hirayama 
and Funamoto (1983). 

Results 

Table 1 shows the indivtdual effect of each vitamin 
at various concentrations u~ing the individual culture 
method. Their relative r and l}o are shown in Fig. 1. For 
Vit. A, the greatest relative indices for population growth 
were observed at 2.0 µg/ml. At concentrations greater than 
2.0µg/ml, lower indices were bbserved. The same tendency 
was observed for Vits. D and E. The greatest relative 
indices were observed at 0.2/.ig/ml and 1.0µg/ml of Vit. D 
and Vit. E, respectively. 

The combined effects of, the vitamins using the two 
culture methods are shown in Fig. 2 and Table 2. The food 
suspension containing the three types of vitamins in a 
combined state showed higher increase in individual 
number compared to that of the basic food suspension and 
those supplemented with only one or two types of vitamins 
(Fig. 2). Combining the three types of vitamins also 
showed the highest indices (Table 2). 

Rotifers cultured in Vit. B12-free food suspensions 
showed lower growths compated to that in the basic food 
suspension (Fig. 3). : · 

Discussion 
I 

The three fat-soluble JJtamins, A, D and E, all 
showed supplementary effects 

1
on the population growth of 

the rotifer. However, these vitamins exhibited toxicity 
when given at higher concentrations. The combined 
vitamins greatly enhanced population growth of the rotifer 
compared to individual vi4unin supplements. Even 
reducing the concentrations . to half of their strength 
showed highev growth of 1 the rotifers than those 
supplemented with only one type of vitamin. Poor or 
almost no growth was observed from the rotifers cultured 
in Vit. B12-free suspensions provided with the fat-soluble 
vitamins. This result supportS previous reports that Vit. 
B 12 is an essential nutrient for the population growth of 
the rotifer (Scott 1981; Hirayama and Funamoto 1983). 

The values of the indices obtained for all the above 
variables are still much low'er than those obtained by 
feeding a marine type of Chlorella which increased 
intrinsic rate of population and net reproduction rate at 
0.88 and 20.0, respectively (Hirayama et al. 1979). Hence, 
the establishment of the complete nutritional requirement 
of the rotifer still remains to be studied. 
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Table 1. Indices rand Ro obtained from individual culture method for Vitamins A, D and E. 

Nutrients added 
to basic food 
suspension* 

Vit.A 

Vit. D 

Vit. E 

Concentration 
(µg/ml) Experiment 1 

0 0.273 
2D 
5.0 0.288 

10.0 
20.0 0.188 

0 0.323 
0.1 
0.2 0.424 
0.4 
0.8 0.314 

0 0.356 
0.5 
1.0 0.429 
2.0 
4.0 0.361 

Ro 
Experiment 2 Experiment 1 Experiment 2 

0.386 5.15 6.07 
0.438 9.82 

6.67 
0.397 7.11 

3.10 

0.293 3.84 4.66 
0.353 6.78 

6.27 
0.361 7.66 

3.39 

0.399 4.99 6.55 
0.460 8.36 

8.10 
0.424 7.09 

6.29 

*The nutrients were added to the basic food suspension consisting of 200 µg/ml of baker's yeast and 1.4 µg/ml of Vit. 8 12 • 

Table 2. Indices rand Ro obtained from the combination of vitamins A, D and Eby individual culture 
method. 

Concentrations of added 
vitamins in µg/ml* 

A D E Ro 

0 0 0 0.167 2.7 
2.0 0 0 0,307 5.49 
1.0 0.1 0.5 0.348 7.0 
2.0 0.2 1.0 0.399 8.33 

*The vitamins were added to the basic food suspension consisting of 200 µg/ml of baker's yeast 
and 1.4 µg/ml of Vit. 8 12 . 
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Fig. 1. Relative r and relative Ro of each vitamin at different con-
centrations. 

V. add1d 
• C)Jg/mD 

A 12.01 

D C0.21 

E Cl.01 

A,DandEC20, 
0.2 1.01 

A,Dand E Cl.O, 
0.1 0.8) 

A,D 
12.0 0.21 

A,E 
(2.0 1.0) 

D,E 
10.2 1.01 

' no. of lnd1. ar 1rioc:ulatlan 

1eo 

rm A11v1 

D Eggs 

• Dtad 

Fig. 2. Total increase in population of rotifer in food suspensions 
supplemented with the vitamins at different combinations using 
batch culture method. ' 

*The vitamins were added to the basic food suspension con-
sisting of 200 µg/ml of baker's yeast and 1.4 µg/ml of Vit. 8 1 2 . 

V. add1d 

* !)Jg/ml) 1eo 

nan• 
~ AUvt 

-e12•• D Eggs 

A 12.0I • D1ad 

A - 912 
12.0I 

D 10.21 

D-Bl2 
10.21 

E Cl.DI 

E- Bl2 
11.01 

Fig. 3. Total increase in population of rotifer in food suspensions 
with and without vitamin 8 12 usi~g batch culture method. 

*The vitamins were added to! the basic food suspension con-
sisting of 200 µg/ml of baker's y'east and 1.4 µg/ml of Vit. 812. 

**Vitamin 812 was removed tram the basic food suspension. 
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Abstract 

It was the aim of the present study to do comparative tests with 
four tilapia species and four hybrids under identical conditions on the 
level of standard, routine and active metabolism to get their specific 
requirements in different environments. The respiration measurements 
were carried out with the help of fully automatic computer-regulated 
equipment, enabling continuous 24-hour measurements of the oxygen 
intake in up to 16 respirometers. The experiments were done at the 
Institute of Zoology of Tel Aviv University, Israel, using 
electrophoretically clearly identified fishes. With the exception of 0. 
aureus x S. galilaeus Fl, the standard metabolic rates (SMR) of all 
hybrids tended t.<> be higher than those of the pure-bred species. Apart 
from 0. niloticus x S. galilaeus the routine metabolic rate (RMR) was 
also on a higher level. The clearly diverging scope for spontaneous 
activity (SSA) in red tilapia is of interest in this contexL Further, the 
metabolic reactions were investigated at higher water temperatures (30, 
350C), exceeding the optimum temperature range. The temperature 
effects on "handling stres-s" and the critical oxygen point (Pc) are also 
discussed. 

Introduction 

Optimizing production in various aquaculture 
systems will hardly be possible without a good 
understanding of the interdependence between 
temperature, oxygen pressure (P02), critical OZ-tension 
(Pc) and oxygen consumption (V02) of important 
cultivated fish. Although some papers have been published 
dealing with the influence of temperature (Yashouv 1959; 
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Job 1969a; Ross and Ross 1983) and P02 (Farmer and 
Beamish 1969; Caulton 1982; Ross and Ross 1983) on 
tilapia's V02, such essential parameters as standard 
metabolic rate (SMR), scope for spontaneous activity 
(SSA) and Pc are still missing. This paper deals with the 
measurement of all such parameters in relation to water 
t00tperature through comparison of their effects on four 
pure-bred species (Oreochromis niloticus, 0. aureus, 
Sarotherodon galilaeus, Tilapia zillii) and four hybrids (0. 
niloticus x S. galilaeus, 0. aureus x S. galilaeus F2, 
0. niloticus x 0. mossambicus) all of which are 
widespread in the tropics and subtropics. 

Materials and Methods 

The experiments were carried out in the Department 
of Zoology of the University of Tel-Aviv in Israel on 
electrophoretically-identified species, some of which had 
been kept for years in the Institute' s aquaria. The 
experiments took place between November 1983 and 
October 1984 in a blind room. When respiration was being 
measured, a dark/light cycle of 12 hours each was adopted. 
Slight fluctuations often occurred as each new temperature 
level was reached. If no respiration experiments were 
taking place, the fish were kept in 300 to 500-1 glass 
aquaria. Restrictive feeding (maintenance level) was 
carried out with protein and energy of plant and animal 
origin. The last feed always took place 48 hours before 
starting experiments. Therapeutic and prophylactic steps 
were unnecessary as there were no signs of illness during 
the long period of experimentation. 

The recirculating system with a total capacity of 350 
1 consisted of pump vessel, water reservoir (overflow tank) 
and four respirometers made of plexiglass in rectangular 
form with a volume of 12.4 1 each. The circulating watet 
was substituted with new water at a rate of 0.2 I/min (290 
I/day). 

A thermostat regulated temperatures (precision ± 
0.20C). POZ was measured constantly with an 02 
electrode (Wissenschaftliche Werke Weilheim) and 
analyzed by computer. The fully-automatic data collecting 
and analysis of up to 16 respirometers at one time have 
been recorded and described in full by Becker (1984) and 
Sondermann et al. 1985. 

All fish were acclimatized for several months at 
26oC and their energy metabolism measured. 
Measurements also took place at 300C for 0. niloticus, 0. 
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aureus, S. galilaeus and T. zillii. Each n~w test 
temperature was reached in steps of 0.5oC day. 
Respiration measurements were carried out 3-4j weeks 
later, lasting at least 120 hours and sometimes even 240 
hours in each cage. 

The standard rate of 02 consumption (SMR) was 
determined when the fish had grown used : to the 
respiration chamber approximately after 24 hour~. Then 
the V02 values collected at the start of the expepments 
were tested for SMR which was attained wh~n low 
metabolic rates had been measured constantly over 60 
min. ( ± 15% divergence from mean value). Next, ~e fish 
were adapted to the new test conditions outside the 
respiration chamber and the corresponding base metabolic 
rate re-determined irrespective of water temperatu1e. The 
P02 was > 180 mbar (> 18 kPa) irrespective of water 
temperature. 

Routine V02 or RMR is the 02-consumpti0n of a 
fasting fish over 24 hours including the V02 resulting 
from spontaneous activity. Average values were obtained 
irrespective of test temperature from over 1,500 individual 
figures. Respiratory data for 24 hours were derivrcJ from 
96 samples taken at fixed times. A fish' V02 is correlated 
directly to its spontaneous activity (SSA) which iqcreases 
with rising temperatures to a critical level atjd then 
declines. Mathematically, the corresponding basiq values 
(SMR) were subtracted from. the highest V02 values 
recorded in the first 48 hours of experiment. 

The critical 02 tension point (Pc) was reach~d when 
V02 (SMR) becomes dependent on P02. With t\le flow 
rate through the respiration chambers kept con$tant, a 
continuous reduction in P02 was reached by the fish 
themselves through their breathing activities in the 
hermetically-sealed system. This technique leads to a 
steady reduction in 02-concentration and enabled the fish 
to adapt to low P02 values (usually > 24 hours). Oxygen 
uptake independent of P02 was assumed u~til the 
average SMR could be maintained no longer. 
Unfortunately, it was not possible to determine th¢ Pc for 
all species and water temperatures. 

All values measured were tested with math~matical 
models (BUDP) according to Dixon (1985), After 
completing a variance analysis of the factors' effects on 
V02 the species' mean values were compared in at-test (P 
< 0.05). 

Results 

All fish remained in good condition thioughout the 
extremely long experiment. No losses were recor~ed. As 
temperature rose, fish showed preference for food of 
animal origin. At temperatures of 30-35oC, plant f~ was 

hardly accepted All essential Jst data have been compiled 
in Table 1. I 

The SMR, RMR and SSA of all fish tested in the 
various temperature phases are assembled in Tables 2 and 
3. Each metabolic rate was retated not only to the absolute 
body weight but also to the mbtabolic body mass (W0.8). 
At the acclimatization tempetature level of 260C, the 
hybrid 0. niloticus x S. galilaeus F2 also attained a 
higher SMR than 0. niloticJs. However, at 30°C, 0. 
niloticus had overtaken all other species and T. zillii was 

I 

left far behind (Table 3). fyretabolic rate of T. zillii 
definitely rises at 35oc although this V02 is still very 
much lower than the SMR, of 0. niloticus and S. 
galilaeus • , . 

The V02 routine rate (RMR) in Tables 2 and 3 was 
parallel to SMR. Any spontanepus activity was included in 
the RMR. In a species compari.son at 260C, SMR was on 

I • average 30% lower than RMR - rangmg from -14% (0. 
niloticus x S. galilaeus) to -49% (0. aureus x S. 
galilaeus) (relative divergenqe). As temperatures rose, 
SMR and RMR gradually qrew together so that the 
divergence shrunk to only -17% when a temperature of 
35oC was reached. This applied especially to 0. niloticus 
and S. galilaeus. 

Tables 2 and 3 include data on the aerobic scope for 
spontaneous activity (SSA) which can be calculated by 
subtracting the SMR from the maximum V02 recorded. 
The hybrids of 0. niloticus and 0. mossambicus had the 
highest .spontaneous 02 consumption of all species. 0. 
aureus x S. galilaeus also differ considerably from the 
others, statistically speaking, With the exception of the F2 
generation of 0. niloticus onlyr Of special interest was the 
reduction in spontaneous V02 difference (SSA-SMR) in 
0. aureus when temperatures rose. This can be explained 
by the significant rise in SMR which occurs 
simultaneously. 

The critical 02-point (P0) could only be determined 
for 0. niloticus x 0. moss~mbicus at the adaptation 
temperature of 260C and for' 0. niloticus at 35oc. The 
corresponding Pc values were 42 and 35 mbar 
respectively. Unfortunately, spme temperature levels are 
missing for these tests so that'an all-round comparison is 
not possible at this point. Although P02 fell to 31 mbar at 
26oC and 18 mbar at 30oC, we could not determine any 
dependence of V02 on P02 for T. zillii. S. galilaeus was 
also able to maintain its SMR ~t 30oC although P02 sank 
to 35 mbar. The so-called "handling stress" is often used 
as a gauge for measuring the ¢xcitability of fish. It can be 
plotted in relative values ag~st time as shown in Fig. 1. 
The ordinate represents the relative rise in metabolic rate 
(V02) in relation to the coiresponding SMR after 24 
hours. The abscissa shows the exact times the 02 data 

'· were collected. The hyperactive phase was over very 
quickly: for 0. aureus after '30 min. and for all other 
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species after one hour. This clear stage of pacification 
continued for about two hours after the start of the 
experiment, declining in a linear fashion, then fell at a 
much lower rate without, however, reaching the reference 
value (SMR) in the following hours. 

Discussion 

Using computers to continually register V02 in a 
flow-through system for a long period proved very helpful 
in eliminating grave problems in measuring respiratory 
activities. It was possible to pinpoint the exact times at 
which fish reached their lowest metabolic rate (SMR) by 
dividing the day into 96 phases of 15 min. each. Thus, 
phases of spontaneous V02 were not included in the 
SMR. This explains why these experiments revealed a 
V02 for 0. niloticus of only 74% of the value which 
Farmer and Beamish published in 1969 although water 
temperatures were comparable. 

If one accepts the continuous V02 balance as a 
sufficiently exact approximation for metabolism, it is 
possible to reckon the heat production (ME) using the 
following equation: 

T (kJ) = V02 (g) x Oox (kJ/g) 

when an oxienergetic equivalent (Q0 x) of 13.78 k:J/g 
V02 in unfed fish is asswned. With data in Table 2, an 
average energy release of 19.2 ± 3.5 or 17.9 ±' 2.5 kJ 
kg-0.8/day when 0. niloticus x 0. mossambicus are not 
considered, can be obtained. In comparison, metabolic 
rates of 30.4 kJ kg-0.8/day were derived for Cyprinus 
carpio at 260C (Ott et al. 1980; Becker 1984). 

When water temperatures rose, tilapia showed a 
much lower rise in metabolism (Table 3) than carp, 
reaching only 4 7% of the SMR of C. carpio at 300C (Ott 
et al. 1980; Becker 1984), proof of excellent adaptation to 
water temperature. The important ecological advantage 
resulting simultaneously is the substantial rise in 
spontaneous V02 (Table 3) for warm-adapted fish. A 
nwnber of ,W'sts for RMR described in publicatiens are 
listed in Table 4 with findings of their experiments. All 
metabolic figures were converted to mg 02 kg-0.8fhour 
showing clearly that V02 stands not in an isometric, but in 
an allometric relationship (W0.8) to fish body mass. If 
Ross and Ross' (1983) extremely high values for the 
routine metabolic rate of 10-g 0. niloticus are excluded, it 
can be said that fasting tilapia need 72.8 ± 14 mg 02 kg-
0.8fhour to maintain vital body functions. This average 
result is almost identical to the mean value of 82.8 ± 14.9 
mg 02 kg-0.8fhour obtained in these experiments. 
Suprisingly, water temperature has very little influence on 
routine VC)2 (Tables 2 and 3). Ross and Ross (1983) 
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obtained a value of 2, 3 for 0. niloticus in the same 
temperature range. Hughes et al. (1983) found a clear 
dependence ofRMR on P02 (QlO 1.8-2.4) for carps. The 
mean Q10 value for 26-350C is 1.46. The amount of 
spontaneous maximum V02 is important not only as 
regards respiratory activities, but also as a possible 
parameter in the aquaculture of the future. No comparative 
values - not even individual results - could be found in 
existing literature. 

The species comparison in Table 3 shows a vast 
superiority for 0. aureus x S. galilaeus and 0. niloticus x 
0. mossambicus on the acclimatization temperature 260C 
compared to all other species tested. Distinct variations in 
change of metabolic rate (Table 3) can be found between 
different temperatures within species. 

Total body analyses of tilapia have seldom been 
carried out (Caulton 1982; Meske ·et al. 1983) and 
information on how ME converts to protein and fat energy 
is non-existent. Extensive experiments with carp (Becker 
1984; Koch 1984; Muller 1986) revealed an average 
efficiency for protein synthesis of 0.52. For the synthesis 
of body fat the average efficiency is 0.75-0.90. However, 
calculating with the factor 0.9 is only realistic when a diet 
rich in energy, i.e., high fat content is offered. If the body 
lipids are mainly synthesized from carbohydrates then the 
efficiency is very probably around 0.75. Our model 
calculation is based on a content of 15% crude protein and 
8% crude fat in live fish body mass. The kf-value is 0.9 
and the kp-value 0.52. Asswning an energy concentration 
of 23.65 k:J/g protein and 36.24 k:J/g for fat (Brett and 
Groves 1979), the energy released as heat/g increase in 
body mass can be deducted. A heat liberation per gram of 
body mass increase of 3.9-4.8 kJ seems to be realistic. 
However, since a maximwn efficiency for protein 
synthesis of 0.87 is theoretically possible (Armstrong 
1969), considerably less oxygen per gram body mass 
increase is feasible. Experiments for measuring the 
efficiency in carp revealed kp-values ranging from 0.34 to 
0.76 (Becker 1984) with a constant kf-value of 0.75. 

Aerobic scope for spontaneous activity V02 (Tables 
2 and 3) can be converted into energy units by means of an 
oxienergetic equivalent. Growth (protein and fat retention) 
incurs heat liberation of 14.84 k:J/g 02 (Brody 1945; 
Kleiber 1967). If one then multiplies the V02 (SSA) 
which surpasses the SMR in 24 hours by the Q0x, the 
resulting heat is theoretically the amount of oxygen used 
in body tissue synthesis. Dividing this value by the energy 
liberated per gram-growth (3.87 k:J/g) reveals absolute 
values. The growth rates in Figs. 2 and 3 were obtained in 
this fashion. If one assumes that these amounts of energy 
(V02 x Q0 x) are released when body fat and protein are 
synthesized then the growth rates deducted in Figs. 2 and 3 
are theoretically possible. 
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. For the species comparison, the relation perk~ body 
weight and W0.8 (Fig. 2) was chosen. Crosses r of 0. 
aureus x S. galilaeus F1 and F2 and 0. niloticuS x 0. 
inossambicus differ greatly from the other species ~n their 
theoretic growth potential. It remains to be seen whether 
the latter hybrid can maintain its SSA-won superiority 
under production conditions. Practical results in intensive 
aquaculture (Zohar et al. 1986) showed a daily growth of 
10.2-11.7 g kg0.8/day for 0. aureus x 0. niloticus 
hybrids (all male) in the 140-380 g weight range. As both 
temperature and average fish mass are similar to those of 
these experiments, it seems legitimate to state that SSA is 
a good indicator of genetically, detennined growth 
potential. This potential, however, seems to depend largely 
on water temperature and species (Fig. 3) as 0. nlloticus 
and S. galilaeus reached their highest prospective growth 
only at 35oc, whereas 0. aureus obtained the same effect 
at 300C and T. zillii at 260C. 

The preliminary character of the Pc values was 
emphasized already in the paragraphs describi(lg the 
results of this study. The data were obtained from fasting, 
carefully-adapted fish at a low stage of metaboli$m and 
refer to the SMR recorded at the various temp¢rature 
levels. In contrast to Ross and Ross (1983) and Ahmed 
and Magid (1969) who used closed vessels, the system has 
the advantage of being able to keep the fish on a certain 
P02 level for a fixed period of time as in Ott et al. '(1980) 
and Ultsch et al. (1980). Meaningful results ean be 
expected only after sufficiently long periods of adaptation 
to steadily-decreasing partial 02 pressure values asi this is 
the only guarantee for the correctness of the measured 
SMR (Ultsch et al. 1980). Ross and Ross (1983) 
discovered in 0. niloticus a dependence of V02 on P02 at 
300C when the latter lay between 60 and 80 mbar. One 
deduces from the authors' statements that, depending on 
the fish mass which varied between 6.5 and 50 g, the Pc 
was reached in a closed respirometer (volume 450 nil) 
after 5.9 and 13 min., respectively. It is hardly conceivable 
that such a rapid oxygen depletion will occur under more 
practical conditions. 

Present findings revealed a Pc of 42 ± 7.4 mb;ar for 
0. niloticus x 0. mossambicus at 26oC and of35 mbar for 
0. niloticus at 3S°C. We could ascertain no reduction in 
SMR for T. zillii even at a Pc of 18 mbar (30oC). These 
values and the lack of Pc's dependency on water 
temperature coincide with the results obtained by Ott et al. 
(1980) and Ultsch et al;(l980). 

Of special interest is the observation, in this stUdy, of 
a new stable - although lower - SMR in fish wliicij could 
have reached their critical 02 level, if the P02 prevailing 
at that point was kept constant Such reactions are 
regulated by an increase in hemoglobin concentration from 
accumulated reserves and an intensified blood circW.ation 
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as well as the opening of additional capillaries in gills and 
tissue areas (Prosser et al. 1957;1 Heisler, pers. comm.). 

Handling fish (e.g., :determining mass and 
transferring fish from large aquaria to respiratory 
chambers) leads to a short-lived rise in oxygen 
consumption. T. zillii proved to be largely insensitive but 
other species regained their basic values rapidly, taking 
only 6-12 hours. Such results; must be interpreted with 
great care as far as the individual species' capacity for 
enduring stress is concerned because Farmer and Beamish 
(1969) discovered that adaptive reactions can significantly 
lower 02 uptake when stress is induced repeatedly. For 
this reason comparing these parameters for different 
temperature levels in one and the same fish cannot be 
recommended. 
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Table 1. Experimental characteristics: species, body mess and temperature levels. 
Yashouv, A. 1959. Effect of low temperatures on Tilapia nUotica and 

Tilapia ga/Uaea. Bamidgeh 12:62-66 . 
Av.rt11t 

body rNll 
Specl11 I .•. 

Olf0chroml1 nll1rku1 310 ,. 

&t0tht,.d1n,.lllH1J1 "' " 
Ol#Cflromllwrw1 .. , '" 
nllfJ,.zfllll "' ,,. 
Orrodr19111IHUrtuf x S,,.th•rodon.,lllHUI Fl "' .. 
Orroclrromb~t'WI r.S.t0fh1,.c1sn,.111Mu1 F2 

, .. 
Onodirwml1 nllorku1 IC S.rorh1ror/Onf'lllHu1 700 "'' 
Ol'IOCht0mll nn.rku• I!. OIYat:hrom/I m-mblt:u1 • "' .. 

Ttn 
1tmp1ratur1 

"c 

" ,. 
" 
" " " 
" " " 
" " " 
" 
" , . 
" 

P1ram111r111nld 
SMA AMA SSA ,, Zohar, G., U. Rappaport and S. Sarig. 1986. Intensive cwture of tilapia in 

concrete tanks. Bamidgeh 37: 103-112. 

Table 2. Metabolic rates (V02 ; means± s.d.) of different species and hybrids of tllapla at 26°C. 

Species 

Or1ochromls nllotlcus 

S.rotht1rodon gal/lat1us 

Or.achromls t1Urt1us 

Tll•p/az/11// 

Ort1ochromls 1urt1us x 
S.ro tht1rodon gal/laeus 

Oreochromls nllotlcus x 
&rotht1rodon g1fl/Hus 

Or«Jchromls 1ur1us x 
Saroth1rodon gall/Hus 
IF2 l 

Or«Jchromls mossamblcus 

mg"• 
Standard m1t1bollc rite 

mg/kg0•8 thr 

56.9 ± 6.68 44.4 ± 4.51 

69.3 ± 10.3•·b 53.6 ± s.s•·b 

65.4 ± 10.48 ·b· c 59.9 ± 6.7b,c 

58.6 ± 12.2•,b,c,d 4a.5 ± 9 .6n,b,c,d 

54,9 ± 6.61, b, c,d, e 47.6 ± 6,3•· b, d,. 

67.4 ± ti.s•·b,c,d,a,f 62.3 ± 7.7b,c,d,I 

Routine met1bollc rnte 
mg/kg/hr mg/kg0 •1 /hr 

94.0 ± 12.1• 

109.7 ± 13,6°· b 

79.0 ± 17 ,71 '° 
77.5 ± 10.21 • 0•d 

106.9 ± 4.61 ' b, d,. 

73.8 ± a.a" 
a4.9 ± 9.3°· b 

72.2 ± 13.01 'b,c 

64.4 ± 7.7a,c,d 

92.5 ± 3.9b, I 

Aerobic scope for spont1neous actlvltv 
mg/kg/hr mg/kg0•8 /hr 

124.3 ± 24.99 

132.a ± 31.o•·b 

103.9 ± 37.38 ' b, c 

134.0 ± 26.s"• b, c, d 

223.7 ± 72.4° 

97.7 ± 18.61 

102.6 ± 25.a1 • b 

94.3 ± 29.41 ' b, c 

t11.2 ± 20.a•,b,c,d 

192.a ± Ba.61 

7a.3 ± 11.a•,c,d,I 72.4 ± a.2°• b, c, d, I 113.5 ± 3.7°• b, c, d, I 105.2 ± 4.2'' b, c, d, f 

ao.1 ± 26.1b,c,d,f,g 63.2 ± 19.ab, c, d, I, g 11a.6 ± 26.69 ' b, 1 ' g 93.5±19,7•,b,o,l,g 154.a ± 3.31•b,c,d,i,l,g 122.2 ± 1.0•,b,c,d,f,g 

110.a ± t4.8h a4.2 ± 6.9h 144.4 ± 3t '1 9• h 109.3 ± 16.4g• h 3aa.o ± 46.Bh 296.6 ± 42.ah 

Table 3. Metabolic rates (V02 ; means± s.d.) at varying temperatures within species. 

Standud met1bollc rite Routine met1bollc rate Aerobic scope for spont1neous 1ct1vltY 
Species mg/kg/hr mg/kg0•0 /hr mg/kg/hr mg/kg0·8/hr mg/kg/hr mg/kg°" /hr 

Ort1ochromls nllotlcus 26°C 56.9 ± 6.61 44.4 ± 4.59 94.0 ± 12.1• 73.a ± a.61 124.3 ± 24.91 97.7 ± 1a.61 

30°C 111.4 ± 13.7~ aa.4 ± 9.5b 142.a ± 13,0b t13 3 ± a.6b 135.6 ± 10.1•,b 107.6 ± a.21
• b 

35°C 11a.2 ± a.7 ,c 93.a ± 5.4b,c 134.6 ± 8.9b, c t06.7 ± 5.1b, c 249.3 ± a6.1° 196.9 ± 64.5° 

Sarotht1rodon gal//aeus 26°C 69.3 ± 10.39 53.6 ± 6.5° 109,7 ± 13.58 a4.9 ± 9.31 132.a ± 37.o" 102.5 ± 25.a1 

30°C ao.6 ± a.51 ' b 62.5 ± 5.a•,b 121.1 ± 11.s•,b 94.1 ± 12.11 ' b 261.a ± 165.o"· b 195.6 ± 127.79 • b 
35°C 133.6 ± 11.2° 103.2 ± 6.0° 157.3 ± tB.4° 121.4 ± 8.3° 269.7 ± 110.4'· b, c 206.4 ± 75,5•· b, c 

Or1ochromls 1Urt1us 26°C 65.4 ± 10.41 59.9 ± 6.71 79.0 ± 17.78 12.2· ± 13.o• 103.9 ± 37.39 94.3 ± 29.4: 
30°C 65.4 ± 10.1•· b 60.7 ± a.a•· b 106.7 ± 22.31 ' b 98.4 ± 16.3b 14a.6 ± 20,5•,b t37.0 ± ~::~·· b, c 35°C 91.a ± 17,9° a3.7 ± 14.1° 1t7.3 ± 21.8b,c 106.9 ± 16.9b, c 1oa.2 ± 34.01 ' b, 0 9a.4 ± 

Tl/1pl•zl/l/I 26°C 68.6 ± 12.21 4a.5 ± 9.51 77.6 ± 10.21 b 64.4 ± 7.78 134.0 ± 26.68 t1t.2 ± 20.0• 
30°C 43.4 ± 3.s•·b 35.7 ± 3.48' b ao.1 ± 6.91

• 65.8 ± 4.71 • b 93.5 ± 19.1•· b 76.7 ± 14.7a, b 
36°C 81.4 ± 3.e'· 0 65.6 ± 2.4e, c 99.7 ± 4.21 ' b, c ai.s ± 2.s"· b, c 110.9 ± 12.71 ' b, c 90.6 ± 9,3•· b, c 
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T1bl1 4. 0111 lrom ll11ni1ur1 regarding thl OXVlln con'-1mp1i.n 11 f1nlt11 lllh, 

M.n1et Temp ~\ con1ump~;~']O 
SPKIH 'c 
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Fig, 1. Stress induced V02 increase related to 0 2 -uptake ?4 hours 
after handling, 
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Fig. 2. Potential for growth base9 on theoretical inference from 
scope for spontaneous activity (SSA) of different tilapia species 
at 26°C. ' 
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Fig. 3. Potential for growth base~ on theoretical inference from 
scope for spontaneous activity (SSA) of different tilapia species 
and different temperatures . 
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Metabolic and Osmotic Responses of 
Metapenaeus ensis (De Haan) Subjected to 

Sudden Salinity Change 
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CHEN, L-M. and L.-S. FANG. 19'86. Metabolic and osmotic responses 
of Metapenaeus ensis (De Haan) subjected to sudden salinity 
change, p. 629-632. In J.L. Maclean, L.B. Dizon and L. V. Hosillos 
(eds,) The First Asian Fisheries Forum. Asian Fisheries Society, 
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Abstract 

The resting respiration rate of 5- to 7 -gram Metapenaeus ensis (De 
Haan) was continuously monitored in an open circulation system in 
Taiwan. The respiration rate is characterized by the following 
consecutive metabolic responses to sudden salinity change: a short period 
of acute increase, a depression, an increase and then restoration of the 
stable respiration rate. It takes two to three hours to stabilize respiration 
rate and approximately five hours for internal osmolarity to become 
stable after the change. The amplitude of the salinity change, and hence 
the osmotic pressure, affect the range of metabolic responses. 

Introduction 

The study of respiration rate of crustaceans started in 
the beginning of the 20th century (W olvexkamp and 
Waterman 1960). Until recently, most of the studies were 
performed in closed systems, i.e., the dissolved oxygen in 
the test chamber decreased along with the oxygen 
consumption of the animals. However, the oxygen tension 
in the water itself influences the respiration rate 
(McManon et al. 1974; Davis 1975; Taylor 1976). To 
obtain confident basic metabolic data, the open system 
should be used to measure respiration rates. In this study, a 
simple open system allowed continuous data recording, 
blank measuring and a change of experimental conditions 
without physical disturbance of the test animal. 

The dynamic response of the respiration rate of the 
shrimp, Metapenaeus ensis (De Haan), during the salinity 
change was studied. Previous studies focused on the 
metabolic rate of shrimp in different salinities. 
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· Materials and Methods 

Shrimp weighing 5.2 to 7.5 g were kept in the· 
laboratory at. room temperature for at least one week 
before acclimation to different salinities. Shrimp in the D-
stage of molting were selected for experiments. They were 
fed with shrimp meat during rearing but were made to fast 
one day before the experiment. 

Fig. I presents the chamber for measuring respiration 
rate. Aerated water was pumped either into the 
experimental chamber or blank chamber. The flow rate 
was adjusted by the pump (88-110 ml/min.). Shrimp were 
constrained by a small net of 4-mm2 mesh size to measure 
resting respiration rate. Three shrimp were used per test. 
Usually, it took three hours for the subject to stabilize 
before respiration rate data were taken. 

The salinity of experimental water was adjusted 
either by adding freshwater or 200 ppt artificial seawater 
produced by introducing NaCl: MgCl + 6H20: KCl: 
CaS04 (100:16.7:2.7:0.8 w/w) into aged seawater. Final 
salinity was determined by AgN03 titration. It took 
approximately 10-12 min. for a salinity change of 20 ppt 
in the experimental chamber. 

All the experiments were performed in thermo-bath 
of 24.5-25.5oC. 

To measure osmolarity, shrimp were first treated 
with different salinities for various periods then 
hemolymph was drawn from the pericardia! cavity. A 
Wiscor 5100 C vapor pressure osmometer was used to 
measure the osmolarity. 

Results 

In low the salinity change (< 5 ppt), the fluctuation 
of the respiration rate was as shown in Fig. 2. A change of 
1.17 ppt slightly increased the rate. When the salinity 
increase was over 2 ppt, the oxygen consumption of the 
animal increased followed by a depression within 1 min. 
after change. It went back to normal after several hours. 
An increase or decrease in salinity aroused similar 
responses. Note that salinity change alone caused 
fluctuations on the meter, but always less than 2%. 

Figs. 3 and 4 show the influence of high salinity 
change on respiration rate. A respiration pattern of sudden 
depression followed by a small increase, then instability 
for several hours appeared. Shifts to very high salinities, 
29.74 to 49.33 ppt, or 40.18 to 49.53 ppt, produced high 
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amplitudes of respiration fluctuation and took more than 4 
hours to become stable. Mortality rate was 70% after one 
week of acclimation. 

The respiration rate of M. ensis in different sillinities 
from 10 to 50 ppt averaged 140 mg/kg/hour, simil!lr to the 
resting metabolic rate of 5.5-g Penaeus japonicus (around 
117 ml/kg/hour). Two-way analysis of variance (ANOV A) 
showed the difference between each salinity was 
insignificant. · 

Fig. 5 indicates the internal osmolarity of the, shrimp 
vs. the osmolarity of the medium after threy 4ays of 
acclimation. The isosmotic point was around 22 ppt 
salinity. 

Fig. 6 plots salinity change vs. respiratici>n rate 
change for the first 5 min. The response of respiration was 
very sensitive to the salinity change of the mecijum. A 
slight change of 1 ppt caused an observable r~sponse. 
Changes over 2 ppt caused drastic fluctuation .but their 
amplitude did not neqessarily correlate with the ,salinity 
change. 

Fig. 7 shows the steady increase in piternal 
osmolarity of the shrimp after transfer into a high ,salinity 
medium. 

Discussion 

The gill of shrimp not only functions as a respiratory 
organ but also as a place where ion exchange' occurs 
(Mantel and Farmer 1983). This may be the re~son for 
respiratory depression during salinity change. The, animal 
could have purposely reduced the water flow thro~gh the 
gill to resist the salinity shock, which would· reduce 
oxygen consumption. An increase in respiratibn rate 
occurred followed by a period of restoration during which 
there was short-term fluctuation of the respirati6n rate. 
This is because the respiratory water flow of shrimp is 
produced by scaphognathite activity; the external salinity 
change will disturb this movement. A similar phenomenon 
was observed in the crab, Carcinus maenas. When it was 
transfered from 100% seawater to 15% seawater, the 
scaphognathite activity became slower, and even stpPped a , I 

few seconqs (Hume and Berlind 1976), 
M. ensis is a moderate hyper- and hypor1gulator 

(Mantel and Farmer 1983). However, since the mytabolic 
rate of this shrimp is somewhat stable in the range ~f 10 to 
40 ppt, it seems that active osmoregulation did not:require 
much energy. Eltringham (1965) found a ,similar 
phenomenon in Limnoria sp. in hypotonic rtjedium. 
Kirkpatrick and Jones (1985) found the osmol~ty of 
Palaemon affinis took 72 hours to become stable! after a 
salinity change while the stability of M. ensfs was 
achieved five hours after the change. Therefore, ~. ensis 
is a typical euryhaline species as defined by Kinne (1971). 

There was no significant difference between the 
respiration rate of male and female individuals although 
none of the samples had reached mature stage. 
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Fig. 3. Effect of large salinity increases on the respiration rate 
and end of salinity 

Fig. 4. Effect of large salinity decreases on the respiration rate 
of Metapenaeus ensis. Arrows indicate start and end of salinity 
change. 

of Metapenaeus ens is. Arrows indicate start 
change. 
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Abstract 

The osmoregulation of juvenile and adult Penaeus monodon and 
P. penicillatus and the ionic regulation of the adults, were investigated 
over a salinity range of 3-50 ppt. P. monodon was found to be a stronger 
osmotic and ionic regulator than P. pencillatus. The juveniles of both 
species are stronger osmoregulators than adults. The salinity ranges over 
which osmoregulations were performed efficiently were 3-50 ppt for 
juvenile P. monodon, 15-50 ppt for adult P. monodon, 5-30 ppt for 
juvenile P. penicillatus and 15-30 ppt for adult P. penicillatus. The 
isosmotic points were 730, 750, 747 and 800 mOsm/kg, respectively. The 
curves of sodium, chloride and potassium corresponded to those for the 
osmotic concentration of adults. The respective isoionic points for P. 
monodon and P. penicillatus were 352 mEq/l, 348 mEq/l for sodium; 
320 mEq/l, 304 mEq/l for chloride; and 7.1 mEq/l, 6.1 mEq/l for 
potassium. Calcium was accumulated in both species, while magnesium 
levels were strongly reduced. P. monodon may be the strongest 
osmoregulator among the Penaeus species so far studied. 

Introduction 

There are many species of Penaeus of which 
·osmoregulatory abilities have been studied. These are P. 
aztecus, P. carinatus, P. duorarum, P. esculentus, P. 
indi.cus, P. japonicus, P. merguiensis, P. plebejus, P. 
setiferus, P. stylirostris and P. vannamei (Panikkar 1951; 
Williams 1960; McFarland and Lee 1963; Bursery and 
Lane 1971; Chu and Hanaoka 1975; Bishop et al. 1980; 
Dall 1981; Castille and Lawrence 1981a, 1981b, 1981c). 
In general, penaeid shrimp exhibit hyperosmotic 
regulation at low salinities and hypoosmotic regulation at 
high salinities with the isosmotic concentrations at 20-30 
ppt The juveniles are more euryhaline and stronger 
osmoregulators than the adults. 

633 

P. monodon and P. penicillatus were chosen for the 
present study due to their importance in shrimp culture in 
Taiwan (Liao and Chao 1983). The purposes of this study 
were: (1) to compare the osmoregulatory abilities of 
juvenile and adult P. monodon and P. penicillatus and (2) 
to compare the regulatory abilities of major ions in the 
hemolymph of these two species. 

Materials and Methods 

Shrimps of the two species used in this study were 
obtained from Tungkang Marine Laboratory. Sizes in 
carapace length were: P. monodon adults, 46.6 ± 2.4 
mm; juveniles, 20.0 ± 1.6 mm; P. penicillatus adults, 
26.9 ± 1.2 mm; juveniles 16.4 ± 0.9 mm. 

Experimental salinities below 30 ppt were prepared 
by dilution of seawater with tap water. Higher salinities 
were prepared by adding concentrated seawater obtained 
by evaporation at 50oC. · The salinity range and 
acclimation method were all similar to those described by 
Dall (1981): Experimental temperatures ranged from 24 to 
280C for all animals. 

Blood samples were withdrawn by inserting 
disposable 1-ml plastic syringes and 26G needles into the 
pericardia! cavity. The blood was delivered into a clean 
needle cap. Only intermolt animals were sampled. 

Osmotic and ionic concentrations were determined in 
both hemolymph and seawater. Osmotic concentrations 
were measured with a Wescor vapor pressure osmometer, 
model 5130B, utilizing a 5- µl sample on a 6.35-mm 
diameter disc. Chloride samples were titrated with a 
Hiranuma chloride counter, model CL-53(M), utilizing a 
20- µl sample in a 6-ml electrolyte. Sodium, potassium, 
calcium and magnesium concentrations were analyzed 
with a Hitachi atomic absorption spectrophotometer, 
model 170-30. Gas mixture was air-acetylene, used for 
these four ions with burner rotated across the light path to 
attenuate the strong absorption of sodium and magnesium. 
For these four ions a sample of 50 µ 1 was diluted to 35 ml 
with deionized water. A mixed standard (sodium, 435 
mEq/1; potassium, 10 mEq/1; calcium, 30 mEq/1; 
magnesium, 20 mEq/1) and a standard seawater 
(chlorinity, 19.378 ppt) were used as a check. Juveniles 
were not used for ion measurement because of the 
difficulty in obtaining sufficient hemolymph for analysis. 
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Results 

Results for juvenile P. monodon confmne4 that it 
was a highly efficient osmoregulator. The cmtve was 
almost linear between 103 and 1,480 mOsm/kg (3~50 ppt). 
Adults were also efficient osmoregulators above 444 
mOsm/kg (about 15 ppt). The isosmotic point was 730 
mOsm/kg for juveniles and 750 mOsm/kg for adults. 
Juveniles of P. penicillatus were efficient osmoregulators 
between 157 and 875 mOsm/kg (5-30 ppt), with the 
isosmotic point at 747 mOsm/kg. Adults were efficient 
between 444 and 875 mOsm/kg (15-30 ppt), 'Vith the 
isomotic point at 800 mOsm/kg (Fig. 1). · 

The curves for sodium and chloride (Fig. 2) showed 
similar shapes to those for the osmotic concentrations of 
adults (Fig. 1). P. penicillatus was a poorer hyperionic 
regulator for both sodium and chloride than P. mqnodon, 
but the two species did not differ in hypoionic regulatory 
ability. The isoionic points for both sodium and dhloride 
were a little higher in P. monodon (Na, 352 mEq/l; Cl, 320 
mEq/l) than in P. penicillatus (Na, 348 mEq/l; Cl, 304 
mEq/l). 

Table 1 gives the percentages of the hem0lymph 
osmotic pressures derived from sodium and chloride at 
each salinity. Together they accounted for 74-85%'. of the 
hemolymph osmotic pressures showing that sodium and 
chloride are the principal osmotically active soluteS in the 
hemolymph. These precentages are higher in P. monodon 
than in P. penicil/atus and are unaffected by the external 
salinity in both species. Although the concentra(\ion of 
c;hloride exceeds that of sodium in seawater, chlofide in 
the hemolymph is not higher than that of sodium for P. 
~onodon and is a little lower than that for P. penicillatus. 

Both species regulated potassium efficiently over the 
tested salinity range and maintained a fairly constant level 
qf potassium between 5 and 30 ppt. The curves turned 
upward roughly parallel to the isosmotic line above 30 ppt 
The potassium concentrations in the hemolymph of P. 
monodon were a little higher than those of P. penicillatus 
over the tested salinity range. The isoionic points were 
7.09 mEq/l for P. monodon and 6.08 mEq/l for P. 
p(!nicillatus (Fig. 3). 

Both species regulated calcium above external 
media, increasing progressively and coming n~ to 
i~oi9nic line at 50 ppt. The calcium concentrations ,in the 
hemolymph did not differ between the two species. Both 
swecies strongly reduced magnesium concentrations below 
those of the external media over the tested salinity range, 
with no significant difference between the two species 
(!1ig. 3). ' 

Discu~ion 

The results presented irt this paper are similar to 
earlier studies of other Pen'aeus species (Castille and 
Lawrence 198la, 1981b; Dall 1981; Dall and Smith 1981). 
However, P. monodon shows Ratterns of osmotic and ionic 
regulation most similar to thos

1
e of Metapenaeus bennettae 

which is thought to be one of the most efficient osmotic 
and ionic regulators among th:e Natantia (Dall and Smith 
1981). It indicates that P. mdnodon may be one of the 
most efficient osmotic and ionic regulators among the 
Penaeus species. This corresponds to the fact that the 
postlarvae of P. monodon can withstand salinity ranges of 
0-60 ppt (Motoh 1981). : 

The osmoregulatory abilities of penaeid shrimp can 
be correlated with their salin~ty distribution (McFarland 
and Lee 1963). Motoh (1981) $tated that the postlarvae of 
P. monodon settle on areas or' almost 4 ppt in salinity as 
their nursery ground, supporting the statement that the 
more efficient osmoregulators distribute themselves 
abundantly in lower salinity (Castille and Lawrence 
1981a). However, there are 1 many factors other than 
salinity or osmoregulatory ability per se that might 
determine the salinity distribQtion of the shrimp (Dall 
1981; Motoh 1981). Dall (1981)- even concluded that 
osmoregulatory ability may not play a direct role in 
nursery ground selection by the juvenile penaeid shrimp, 
and suggested that Penaeus spp. postlarvae are all 
genetically highly euryhaline b~t may lose this ability with 
development in more stable environments. To prove this, 
it is necessary to compare the osmoregulatory abilities of 
penaeid shrimp reared from postlarvae in a range of 
saliniti~s (Dall 1981). ', 

Both P. monodon and P .. penicillatus reduce their 
hyperosmoregulatory ability in their adult stage. Similar 
results are found in many other Penaeus spp. (Castille and 
Lawrence 1981b; Dall 1981). It is a common feature of 
euryhaline adult penaeid shrimp to migrate to offshore 
waters for spawning (Panikkar 1968; Motoh 1981). 
Castille and Lawrence (1981b) pointed out that this 
migration behavior is not directly necessitated by osmotic 
regulation since the adult animals are still capable of 
hyperosmotic regulation at salinities below the isosmotic 
point. However, the adults' migration to high salinity 
waters may be necesary for ovarian development (Chu and 
Hanaoka 1975; Oshiro 1984) ana for embryonic and larval 
development (Lim 1982). 

It has been suggested that the maximum growth of an 
organism occurs in isosmotic lmedia, since the animal 
would be expending the least energy in doing osmotic 
work (Panikkar 1968). This may be true in P. vannamei 
and P. stylirostris (Huang 1983~ but not in P. aztecus, P. 
duorarum and P. setiferus (Zem-Eldin 1963). However, 
the salinity per se has little etfect on metabolic rate of 
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euryhaline penaeid shrimp (Kutty et al. 1971; Liao and 
Huang 1975; Bishop et al. 1980; Gaudy and Sloane 1981), 
indicating that the energy required for osmoregulation may 
be relatively little. In P. nwnodon, the optimum salinity 
range for growth may change with their life history, with 
10 ppt for early postlarvae (Valencia 1976), 15-20 ppt for 
late postlarvae (Chen 1984) and 15-25 ppt for juvenile 
(Chen 1984). Iii P. penicillatus; the maximum growth 
occurs in salinity of 15 ppt for late postlarvae (Chen 
1984). These are all below the isosmotic points of late 
juveniles of these two species; however, their 
osmoregulatory abilities are most efficient over these 
salinity ranges (Fig. 1). 

Castille and Lawrence (1981a) pointed out the 
percentages of hemolymph osmotic pressure derived from 
sodium and chloride were unaffected by external salinity 
in the species of subgenus Litopenaeus, but increased with 
external salinity in the species of subgenus Melicertus. In 
this study, these percentages were unaffected by external 
salinity in both species. 

In P. nwnodon and P. penicillatus, the ratios of 
Na:Cl in hemolymph are higher than those in seawater. A 
similar result was optained in five other Penaeus spp. by 
Castille and Lawrence (1981a). This could be due to the 
urine of Penaeus spp. which is isoionic to the hemolymph 
with respect to chloride, but hypoionic to the hemolymph 
with respect to sodium (Castille and Lawrence 1981c). In 
addition, the lower urinary sodium concentration may be 
due to replacement of sodium by magnesium (Castille and 
Lawrence 1981c). 

In this study, potassium was strongly regulated at 
low salinities in both P. nwnodon and P. pencillatus. A 
similar pattern was found in other Penaeus spp. but their 
potassium levels tended toward accumulation (Dall and 
Smith 1981). Results of calcium and magnesium 
regulation are also similar to those of other Penaeus spp. 
studied, with the calcium levels of hemolymph higher, and 
the magnesium levels lower than those of the external 
medium (Dall and Smith 1981). 
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Abstract 

The effect of molting on osmotic, chloride, calcium and total 
protein concentrations in the hemolymph of the shrimp Penaeus 
monodon was investigated. Shrimp were stocked in various salinities and 
then sampled during molt and after molting. Regardless of medium 
salinity, tissue water as well as osmotic and chloride concentrations in 
the hemolymph became stable within one day after molting. In general, 
total protein concentrations remained stable throughout the molting 
cycle. Large fluctuations in hemolymph calcium were obseived 0-6 hours 
after molt. In low salinities, hemolymph calcium peaked at 3 hours 
postmolt to values 30% higher than those during molt. These values 
subsequently decreased rapidly one day after molting, when hemolymph 
concentrations achieved intennolt values. At 44 ppt, calcium 
concentrations were high~st during molt, then gradually declined by 
about 15% to intennolt values. At this· salinity, shrimp were also 
dehydrated during molt, but % tissue water increased to nonnal intennolt 
values within one day after molting. The converse situation was obseived 
in shrimp at low salinities. 

Shrimp tended to confonn more to the environmental osmolality 
0-6 hours after molt than shrimp 12 hours to 14 days after molt. 
Isosmotic points were higher during molt than during intennolt. 
Hemolymph chloride was very well .regulated below 20 ppt medium 
chlorid!l regardless of molting stage. Above 20 ppt, newly molted 
animals tended to confonn to the external chloride concentration when 
compared to intennolt stages. The isoionic points were independent of 
molt stage. 

Tissue water and osmotic, chloride, and total protein 
concentrations in P. monodon varied with both molt stage and medium 
salinity. Dependence on external factors, however, gradually declined in 
older molt stages suggesting a reduction in integument penneability as 
the exoskeleton hardened. On the other hand, hemolymph calcium 
exhibited strong dependence on molt stage but not on medium salinity, 
suggesting that fluctuations in hemolymph calcium are largely influenced 
by internal requirements during ecdysis rather than integument 
penneability. 
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Introduction ... 
Understanding the physiological response of shrimp 

to stress during molting and fluctuations in water salinity 
can improve survival and suggest better aquaculture 
methods. The physiological response by shrimp can be 
monitored by observing the changes in osmolality (number 
of particles such as ions, amino acids in solution) and ion 
concentration of the blood (hemolymph) relative to those 
of the medium. In dilute media (< 20 ppt), penaeids in 
intermolt keep their hemolymph more concentrated (more 
dissolved particles) than the environment; in high salinities 
(> 24 ppt), they tend to keep lb.ell: hemolymph less . . 
concentrated than the medium (CastilJe and Lawrence 
1981; pan 1981; Dall and Smith 1981; Fyrraris et al. 
1986). Changes in hemolymph parameters, however, also 
occur because of endogenous factors, mainly molt stage 
(Robertson 1960; Bliss et al. 1966; Glynn 1968; Bursey 
and Lane 1971; Greenaway 1974). In spite of the strong 
possibility and relative importance of interactions between 
salinity and molting effects, these · two factors have 
previously been treated in isolation, and we are not aware 
of any published investigation on the combined effects of 
salinity and molt stage on osmotic and ionic regulation in 
crustaceans. Studies on salinity effects generally avoided 
possible interactions with molting effects by using 
intermolt animals only. 

In the wild, many crustaceans inhabit estuarine areas 
and during ecdysis are doubly stressed when salinities also 
change. In pond-cultur~d penaeids, the high mortalities, 
when molting coincided with large fluctuations in salinity, 
suggest that molting interacts to a large degree with 
salinity in inducing stress. By observing the response of 
several molt stages to different salinities, a better 
understanding of these interactions was expected. 

Materials and Methods 

A more detailed account of the methods used is 
found in Ferraris et al. (1986). 

To minimize variation among experiments, only 
subadult shrimp (12-23 g) coming from one hatchery 
(SEAFDEC) and grown in nursery and grow-out ponds in 
the same locality (Leganes, Iloilo, Philippines) were used. 
Shrimp were transported to the laboratory and maintained 
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in two 12-m3 ferrocement tanks with aerated, filtered, 
flow-through 32 ppt seawater. 

The interaction of molting and salinity effect$ on the 
hemolymph was observed in four salinities (8, 20, 32 and 
44 ppt). These salinities were chosen based on results from 
previous experiments which showed that per cent survival 
was not significantly different among these salinities for 
this size of shrimp. One experimental series con~isted of 
acclimatizing a batch of shrimp to one test salinity, then 

I 
allowing them to molt in the same salinity. Sbri1*p were 
sampled as a function of time after molt and qot molt 
stage. Using time after molt as an independent ~ariable 
allowed the application of mathematical models to ;the data 
and making predictive statements. In sul:jsequent 
statements, time after molt and molt stage we,:e used 
interchangeably. 

Because a significantly higher incidence pf molt 
occurred one to two days after shrimp were traiisferred 
from maintenance to experimental tanks, the first molt in 
the experimental compartments was considere~ stress-
induced, and all shrimp were allowed to complete at least 
one full molting cycle before they were sampled. On their 
second mqlt, the time of molt was noted. Since ,molting 
did not occur at the same time, each newly-molteq shrimp 
was assigned a specific "sacrifice time" (correspoi;i.ding to 
time after molt) at vandom. Prawns were sacrificed. during, 

I 
then 0.125, 0.25, 0.5, 1, 2, 4, 6, 10 and 14 days after 
molting. Throughout the entire series of expe,riments, 
water temperature (28 ± O.SOC) and per cent daily 
mortality (2.0 ± 0.8) were constant. 

Hemolymph from four animals was frozqn, then 
pooled to constitute one replicate because a single animal 
yielded only 0.05-0.30 ml. Three replicates were qollected 
per molting period in one salinity. Osmolality and \:!hloride 
concentrations of the hemolymph or medium were 
determined by vapor pressure osmometry (Wescor 5100B) 
and mercurimetric titration ' (SIGMA) n;iethods, 
respectively. · 

Initial values at molting, asymptotic values at 
intermolt and the time to reach asymptotic values from 
initial values at molt were analyzed by the n;iodified 
Gauss-Newton method for nonlinear least squares using a 
hyperbolic model: 

Ht= [Pl (t) I (P2 + t)] + P3, (1) 

where Ht = hemolymph osmolality or ¢hloride 
concentration at any time t; P1 = the difference ~tween 
initial (during molt) hemolymph osmolality or phloride 
concentration values; and asymptotic (during in~ermolt) 
values so that when values during molt are less th~ those 
during intermolt, P1 > O; when values during molt are 
greater than those during intermolt, Pt < O; P2 = time 

required to reach 50% (P1); 
1

P3 = initial values during 
molt. 

From equation 1, when t = 0, then Ho = P3. The 
intermolt value is assumed to be asymptotic, and (P1 + P3) 
= asymptote. The time required to reach a fraction y (0 < y 
< 1) of Pt is computed by: 

ty = y (P2)/(l-y) (2) 
I 

The parameter P2 is a rate constant used to estimate 
how much time is necessary: for hemolymph of newly 
molted shrimp in a certain salinity to approach intermolt 
values. P2's, P3's and (P1 +;P3)'s were then compared 
using the Student's t-test. 

The response of hemolymph osmolality and chloride 
of P. monodon of various molt stages to changes in 
salinity was determined by the slopes of the linear 
regression of hemolymph vs. 1 medium osmolality and of 
hemolymph vs. chloride concentration. The slope is a 
measure of the prawns' ability to regulate internal 
hemolymph values independe~t of external fluctuations in 
salinity. Weak osmoregulators display a large slope; 
correspondingly, strong osmoregulators have a small 
regression coefficient. Isosmo~c or isoionic points (where 
hemolymph = medium conqentration) were calculated 
according to Ferraris et al. (1:986). Isosmotic or isoionic 
points were then compared using the Student's t-test. 

! 

I 
Results and Discussion 

I 

I 

The response of P. monodon to a change in molt 
stage depended on salinity (Fig. 1). Thus, hemolymph 
osmolality increased during molting in high salinities, but 
decreased during molting in ~ow salinities. Hemolymph 
osmolality in 44 ppt during intermolt (820 mOsm/kg; Fig. 
1) increased by 44% (P < 0.001) during molt (1,170 
mOsm/kg) until it approached that of ambient (1,220 
mOsm/kg). At 32 ppt, the interµiolt value of 690 mOsm/kg 
increased by 30% (P < 0.001~ to about 900 mOsm/kg at 
molt, a value similar to that of ambient (890 mOsm/kg). 
Thus, in high salinities, the 1 magnitude of increase in 
hemolymph osmolality at mo~t apparently increased as a 
function of external osmoh,tlity. Moreover, intermolt 
stages maintained hemolympl;l osmolality below that of 
the environment whereas in idilute media, .intermolt P. 
monodon maintained intermoit osmolality above that of 
the medium. The change in heµiotymph osmolality during 
ecdysis from that during interqlolt in 20 ppt was small but 
still significant (P < 0.025). Hemolymph osmolality 
decreases significantly (P < 0.025) by 22% during molt at 
8 ppt (520 mOsm/kg from 630 1mOsm/kg during intermolt), 
but still remained significantly higher (P < 0.001) than the 
medium (220 mOsm/kg). In Crangon crangon, a strong 
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hyper- and hyporegulator, hemolymph osmolality is also 
significantly reduced when ecdysis occurs in a dilute (10 
ppt) medium (Hagennan and Larsen 1977). Hemolymph 
osmolality displayed a wider range of values during molt 
(520-1,170 mOsm/kg) than during intennolt (620-820 
mOsm/kg). Results suggest that P. monodon tends to 
become isosmotic during or immediately preceding 
ecdysis because hemolymph osmolality tends to approach 
that of the medium (Fig. 1). 

One of the limiting factors in the low salinity 
distribution and culture of P. monodon may be its ability 
to maintain a hemolymph osmolality ;;;. 500 during molt, 
and ;;;. 600 mOsm at intennolt (Fig. 1). On the other hand, 
the high salinity distribution and culture of this shrimp are 
constrained by its ability to reduce the hemolymph 
osmolality from values at molt to that in intennolt. 

The response of P. monodon to a change in salinity is 
afected by molt stage. Newly-molted animals are very 
weak osmoregulators {large slopes), and changes in 
hemolymph osmolality closely parallel changes in external 
salinity. The relative shift from a weak to a strong 
osrrruregulator is apparent when regression lines 
describing hemolymph vs. medium osmolality taken 0, 
0.125 and 0.25 days after molt are compared to those 
taken > 0.5 days after. Newly-molted prawns display 
slopes twice as steep (p < 0.05) as those of intennolt 
stages. 

In rock lobster, Dall and Smith (1978) suggested that 
the increased inward and outward water transport during 
molting is due simply to increased penneability of the soft 
integument. Penneability of the P. monodon integument is 
probably also v~ry high during molt, and can account for 
the largely salinity-dependent fluctuations in hemolymph 
parameters as well as the apparent inability of the animal 
to regulate the hemolymph at this time. Because regulation 
of hemolymph osmolality is largely achieved within one 
day after molt, integument penneability at this time is 
presumably reduced as well. A reduction in penneability 
increases efficiency {less backflux) of ion excretion in 
high, and ion absorption in low salinities. 

The significance of higher isosmotic points during 
molt as opposed to intennolt is not clear and may be 
indicative of a higher penneability to or a requirement for 
a higher concentration of ions during molt. Panikkar 
{1968) has hypothesized that crustaceans experience least 
osmotic stress and undergo best growth when placed in 
waters of isosmotic salinity. This suggestion assumes that 
isosmotic points do not change as a function of molt stage. 
Minimizing osmotic stress would require changing the 
medium osmolality according to equation 1 by letting 
ecdysis take place in 34 ppt (isosmotic point during molt), 
then gradually decreasing medium salinity to 24 1ppt 
(isosmotic point during intennolt). 
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As in hemolymph osmolality, chloride at intennolt is 
regulated within a narrower range (310-450 mM), than 
that during molt (250-520 mM), and to the external 
chloride concentration (120-730 mM). Hemolymph 
chloride in newly-molted P. monodon is 15-30% higher (P 
< 0.025) than that during intennolt in both 32 and 44 ppt 
seawater (Fig. 2). When prawns are allowed to molt in 
isoionic salinities {20 ppt), there is no change in 
hemolymph chloride throughout the molting cycle (P > 
0.50); at 8 ppt, hemolymph chloride decreases by 24% (P 
< 0.001) during molt. The direction of changes in chloride 
concentrations support our previous suggestion that P. 
monodon tends to become isosmotic during molt in high 
salinities, possibly by isosmotic fluid absorption. In low 
salinities, lowered chloride concentrations during molt 
again suggest osmotically-driven net water uptake which 
results in dilution of the hemolymph, a finding similar to 
that of Hagennan and Larsen (1977) for Crangon vulgaris 
allowed to molt in 10 ppt. 

Hemolymph chloride is very well regulated below 20 
ppt in all molt stages, and the isoionic point of hemolymph 
vs. medium chloride is the same regardless of molt stage 
(P > 0.10). The pooled isoionic point is 301 ± 6 mM, 
which corresponds to an external salinity of 19 ppt. There 
is a slight difference (p < 0.05) in slopes of hemolymph vs. 
medium (20-40 ppt) chloride concentrations between molt 
and intennolt stages. Thus, P. monodon at molt regulates 
chloride better than it does osmolality. Using equation 2, 
we can predict how much time is required for hemolymph 
osmolality or hemolymph chloride to change to intennolt 
values. The to.75 values (when hemolymph values are 
already asymptotic in many cases, and no longer 
significantly different from intennolt values) for 8, 20, 32 
and 44 ppt were 1.4, 0.0, 1.0 and 1.1 days, respectively. 
These represent the amount of time it takes for shrimp to 
reduce the difference between hemolymph osmolality 
during molt and hemolymph osmolality at intennolt by 
75% (0.75 x P1). For chloride, to.75 for shrimp in 8, 20, 
32 and 44 ppt were 0.4, 0.0, 0.6 and 2.5 days, respectively. 

Shrimp molting in extremely high (or low) salinities 
may require more time and energy in nonnalizing 
hemolymph osmolality because they would be secreting 
(or absorbing) ions against a higher ionic gradient. This 
long time interval increases the vulnerability of prawns to 
predation and cannibalism, and prolongs their inability to 
forage for food. In aquaculture conditions, it is 
advantageous to allow P. monodon to molt near isosmotic 
and isoionic conditions. 
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Abstract 

The resting rate of oxygen consumption by individual Penaeus 
monodon over a size range of 0.4-80.0 g at three different temperatures 
(20, 25 and 300C), six salinities (3, 5, 15, 25, 35 and 45 ppl) and a range 
of dissolved oxygen (DO) levels (less than saturation point) was 
measured in a closed system using a polarograph oxygen meter (YSI 
Model 57). The shrimp were starved for 24 hours and held in the 
respiration chamber for 3 hours prior to the commencement of each 
experiment. Oxygen consumption was found to be independent of DO 
over 4.0 mg/I at 30 ppt and 20, 25 and 300C. Oxygen consumption was 
reduced by 7.4-11.9%, 22.2-35.3% and 63.0-71.4%, respectively, when 
DO was 3.0, 2.0 and 1.0 mg/I. The general allometric equation was used 
to describe the relationship between the rate of oxygen consumption (R) 
and body weight (W) when DO was greater than 4.0 mg/I. The equations 
were: R = 0.168 x w0.853 (200C); R = 0.311 x w0.863 (250C) and R = 
0.487 x w0.881 (300C). Salinity had no measurable effect on oxygen 
consumption within the tested range. However, at 3 ppl, shrimp less than 
1.3 g showed greater tolerance to DO levels than shrimp larger than 9.2 
g. 

Introduction 

Penaeus monodon is a tropical penaeid shrimp of 
considerable commercial importance. Establishment of 
larval rearing techniques (Liao et al. 1969) has enabled the 
monoculture of this species and its production from 
aquaculture has been increasing rapidly mainly in 
Southeast Asian countries (Kungvankij 1985; New and 
Rabanal 1985). This. has stimulated many aquaculture-
oriented studies of P. monodon in recent years. 

Several studies dealing with oxygen consumption of 
P. monodon have been limited to either postlarvae (Liao 
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and Huang 1975; Gaudy and Sloane 1981; Licop 1985) or 
juveniles and subadults between 1.5 g and 18.0 g (Ting 
1970; Kuwahara et al. 1985). This paper aimed to study 
the respiration characteristics of juvenile to adult P. 
monodon in relation to dissolved oxygen (DO), 
temperature and salinity. 

Materials and Methods 

Because the shrimp were both cultured (0.4-42.0 g) 
and wild (43-80 g), a pretreatment of three to five weeks 
was necessary to eliminate possible variation due to their 
source. During this period, they were kept in outdoor tanks 
(30 t; 30-33 ppt) and were fed fresh oyster, squid and 
prawn. Shrimp were then transferred to indoor tanks (40-
100 1) for acclimation at 20, 25 and 300C. Salinity was 
adjusted by 5 ppt daily by dilution with distilled water or 
by adding hypersaline seawater. The shrimp were 
acclimated at the test salinities of 3, 5, 15, 25, 35 and 45 
ppt and temperature combinations for a minimum of one 
week prior to any experiment. Test temperatures and 
salinities were maintained between ± a.soc and ± 1.5 
ppt, respectively. Photoperiod was kept at 12L:12D, the 
photophase starting at 6:30 a.m. Shrimp were starved 24 
hours before testing, but otherwise fed commercial 
formula pellets three times daily throughout the indoor 
phase. 

Individual shrimp were placed in the unsealed 
respiration chamber (Fig. 1) 3 · hours prior to the 
commencement of DO measurements. Preliminary 
experiments showed that 3 hours was adequate to avoid an 
overestimation of the basic metabolic rate due to handling 
effects (Fig. 2). The total volumes of the closed systems 
were 1.0, 2.6 and 5.331 for shrimp of0.3-10.0 g, 10.1-40.0 
g and 40.1-80.0 g, respectively. The flow rate in the closed 
system was 10-15% of the volume per minute. The oxygen 
level was monitored at 10- to 60-min. intervals, depending 
on the rate of decline in oxygen, using a polarograph 
oxygen meter (YSI Model 57). The accumulation of 
ammonia-Nin the closed system was monitored in the test 
runs and was shown to be below 1.3 ppm during the test 
phase. This concentration is well below toxic levels (Chen 
et al., this vol.). All measurements were taken during 
daytime under dim light condition (5-10 lux). Salinity 
effects on three size groups (0.6-1.3 g, 9.2-12.0 g and 
25.6-34.3 g) were examined by running four replicates at 
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30oC. The results were subjected to two-way anallysis of 
variance (Sokal and Rohlf 1981). 1 

The oxygen consumption was calculated as foVows: 
C =(MI - M2- M3) x (V - P)/1,000 x 60/t 
where C is the oxygen consumption per hour 

(mg/hour), Ml is oxygen concentration at time ti ,(mg/1), 
M2 is oxygen concentration at time t2 (mg/1), M3 is the 
background oxygen consumption (mg/1) (i.e., the pxygen 
consumption in the system without the shrimp), V is the 
total volume (ml) of the closed system, P is the yolume 
(ml) of the shrimp and t is the time (min.) betwee~ ti and 
t2. Volume of a shrimp was estimated by multipl~ing the 
body weight by 0.93 (Fig. 3). 

Results 

The results indicated that the rate of res~iration 
remains constant at DO level above 3.0-4.0 mg/1. 
Respiration then gradually decreases until the : shrimp 
become moribund at DO level of 0.4-0.7 mg/1 (Fig. 4 ). 

Surfacing response (marked with arrows in jFig. 4) 
was first observed when DO reached 1.5-2.1 mg/1. Below 
this level, the frequency of intermittent surfacing inbreased 
as the oxygen depletion progressed. Duration ~f each 
surfacing was inconsistent, which probably contril)uted to 
the variation in the DO level at which shrimp became 
moribund. In this experiment, the complexity of the DO 
level and exposure time interaction prohibited the accurate 
estimate of the lower limit of oxygen tolerance. 

The relationship between oxygen consumption and 
DO (Fig. 5) shows that the incipient limiting DO level is 
4.0-4.3 mg/1, above which the resting rate of oxygen 
consumption was dependent on water temperatur~ (Table 
1), such that the weight-specific oxygen consump~on ..yas 
1.14 mg/g/hour (20oC), 2.87 mg/g/hour (25oC) aµd 5.32 
mg/g/hour (300C). These figures were reduced by 7 .4-
11.9%, 22.2-35.3% and 63.0-71.4% when the DO 
concentrations were 3.0 mg/1, 2.0 mg/1 and 1.~ mg/1, 
respectively. 

The oxygen consumption per unit body . weight 
(mg/g/hour) tended to decrease as the body weight 
increased (Fig. 6). Therefore, the results are best Mscribed 
by an allometric equation such that at the three 
temperatures (Fig. 7): 

R = 0.168 x w0.853 (20oC) ... 1) 
R = o.311 x wo.863 (25oC) ... 2) 
R = 0.487 x w0.881 (300C) ... 3) 
where R is oxygen consumption by in~ividual 

shrimp (mg/hour) and W is body weight (g). The ,thermal 
coefficient (QlO) was also a function of body wei~ht; QlO 
= 3.43 x wo.02 (for temperature change from iooc to 
25oC) and Q10 = 2.45 x W0.036 (for temperature change 
from 250C to 300C). Estimates of Q10 values at various 

body weights indica~ that temperature 
increments/decrements between 20 and 250C have greater 
impact on shrimp than those between 25 and 300C (Table 
2). 

Oxygen consumption was independent of salinity 
over the range of 5-45 ppt, but displayed a trend to 
decrease at 3 ppt (Fig. 8), whic~ was significant at the 5% 
level (Table 3). Shrimp larger 'than 9.2 g, however, were 
less tolerant of low oxygen' concentrations at 3 ppt 
exhibiting residual DO levels of 1.8 ± 0.4 mg/1 compared 
to 0.6 ± 0.1 mg/1 at higher salinities of 5-45 ppt (Figs. 9 
and 10), I 

Discuss~on 

In the present study, th~ oxygen consumption rate 
was constant until the incipieht limiting oxygen tension 

I 
was lowered to 4.0-4.3 mg/1. The same pattern was also 

I observed by Dall (1986) and the present results showed 
that this threshold is unaffected by temperature. This 
means that progressively higher percentage saturation is 
required at higher temperatures to fulfill the oxygen 
requirements. 

Studies by Liao and Hu~g (1975) and Chen (1985) 
reported that the oxygen consumption of postlarvae 
decreased when DO level fell below 3.8 and 4.0 mg/1. 
These results suggest that the dxygen regulatory system of 
P. monodon is well developed at early postlarval stages 
and that oxygen consumption is independent of DO at 
higher DO levels. The present results are also in 
accordance with other studies on salinity requirements 
(Bridges and Brand 1980). Ferraris et al. (1985) reported 
that young P. monodon show efficient osmoregulation 
over a salinity range of 5-55 pPt. In this study, the oxygen 
consumption was also stable over the tested range. This is 
in agreement with the known euryhalinity of this species 
(Cheng and Liao, this vol.). temperature influences the 
respiration more than salinity. 

Paloheimo and Dickie (1966), in their review, noted 
that the relation between oxygen consumption of animals 
(C) and their body weight (W) is, in general, very stable 
and can be expressed by a power function: 

C=<XW~ ... 4) 
The two parameters, ex !and ~ , are, respectively, 

known as the level of m~tabolism and the weight 
exponent. Although Beamish! (1964) reported that the 
value of ~ is species specific,:Rao's (1958) data clearly 
show that it varies considP°ably depending on the 
experimental conditions. In tijis study, the value of ~ 
ranged from 0.853 to 0.881 ~hich is close to the mean 
value of ~ (0.850) for decapdd crustaceans (Weymouth 
et al. 1944). If the results in Fig. 7 are plotted on a log-log 
scale, they become three parallel lines (P < 0.001, 
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ANOV A; Sokal and Rohlf 1981) 
pooled value of 

(3 =0.863 ... 5) 

and thus give the 

compared to 13 = 0.815 for Penaeus esculentus 
(Dall 1986). The values of Ol in equations (1), (2) and (3) 
are directly related to water temperature, and a regression 
of Ol on temperature (t) gives a straight line: 

Ol = -0.476 + 0.032 x t (r = 0.998, n = 3) ... 6) 
By incorporating equations (5) and (6) into equation 

(4), we obtain 
c = (-0.476 + 0.032 x t) x wo. 8 63 ... 7) 
which is best described by a three-dimensional figure 

(Fig. 11). Since the value of 13 varies with the 
experimental conditions (Rao 1958), more studies are 
required to determine the range of temperatures, salinities 
and body sizes within which this equation remains valid. 
Other variables such as sex may have a significant effect. 
It would· also be of interest to determine whether or not 
this relationship can be applied to other penaeid species. 

Further research also needs to be done on the active 
rates of oxygen consumption at low temperatures and the 
long-term effects of DO levels less than 4.0 mg/I as this 
information may help in improving shrimp culture 
techniques and may be beneficial to the development of 
live transportation methods of P. monodon. 
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Table 1. Resting rate of oxygen consumption in relation to 
water temperature at 30 ppt. 

Water temperature (°C) 20 25 30 

Oxygen consumption (mg/g/hr) 1.14 2.87 5.32 



1Table 2. Estimates of thermal coefficient (010 ) at various 
, body weight. 

Temperature 
range 

20-25°C 

25-30°C 

5g 

3.54 

2.60 

Body weight 
10 g 20 g 40 g 

3.59 3.64 3.69 

2.66 2.73 2.80 

1 Table 3. Two-way analysis of variances with four reqlicates. 
Size group .(0.6-1.3 g, 9.2-12.0 g and 25.6-34.3 g) is tre'ated as 
a fixed factor. 

Source of 
variance S.S. d.f. M.S. F. 

Size group 0.199 2 0.10 30.06 p <0.01 

1 Salinity 0.041 5 0.001 2.50 p <0.05 

Interaction 0.030 10 0.003 1.00 N.S. 
Error 0.179 54 0.003 

Total 0.450 71 

air 

'"":·: it'i!W.i 1····-::'1 c 

Fig. 1. Experimental apparatus used to measure the respiration of 
Penaeus monodon. The glass chamber (E) is sealed wit~ rubber 
bungs to form a closed system, within which water cii·culation 
is maintained at the rate of 10-15% per minute. A: Holding tank 
(100 Q), B: Thermostat, C: Heater, D: Water bath (50 Ql, E: Glass 
respiration chamber, F: Oxygen meter, G: Magnetic stirrer, H: 
Water pump, I: Transformer, J: Rubber tube, K: Acryl,ic stand. 
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Abstract 

In the course of embryonic development, Macrobachium 
malcolmsonii was found to exhibit progressive increases in water (56. 7 
to 75.6%), ash (2.6 to 11.7%) and carbohydrate (5.40 to 12.21 %) and 
steady decreases in protein (50.11 to 4261 %), fat (41.9 to 33.5%) and 
potential energy (27.92 to 2224 KJ/g dry wt). Fat served as the main 
source of energy for embryonic development. The cumulative yolk 
utilization efficiency during development was 85.6% on a dry weight 
basis. The metabolic rate of developing eggs was high during the initial 
and final stages of development whereas it was low during the mid-
development stage, 

Introduction 

Developing larvae of crustaceans are known to 
absorb water throughout the period of development 
(Pandian 1970a, 1970b; Katre 1977). With increasing 
water content, the specific gravity of the larva decreases 
(Herring 1974), which allows the larva to reach the surface 
water. 

Changes in the biochemical composition and 
potential energy during egg development have been 
studied in three species of Macrobrachium. 
Vijayaraghavan and Easterson (1974) made a study on 
energy utilization in developing eggs of the estuarine 
prawn M. idella and concluded that protein is the major 
source of energy during egg development. Katre (1977) 
reported that the freshwater prawn M. lamarrei obtains 
more than 90% of energy for embryonic development 
from fat oxidation. Working on M. nobilii, Balasundaram 
and Pandian (1982) restricted their studies to changes in 
the energy content of the developing eggs and did not 
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report the changes in the chemical composition. The 
present paper reports the changes in the chemical 
composition and potential energy in the developing eggs 
of M. malcolmsonii (H. Milne Edwards). 

Materials and Methods 

Healthy individuals of M. malcolmsonii were 
collected from the river Cauvery (South India). Pairs were 
maintained in 40-1 glass aquaria. Egg production ranged 
from 3,500 to 64,000 per female. At the acclimation 
temperature of 29±1oc, the eggs required about 15 days 
to complete development. The following arbitrary 
developmental stages were chosen for chemical analysis: 

Stage I (0 hour). Eggs soon after spawning, orange 
yellow in color; cleavage commences as furrows; eggs 
oval in shape and measure 520 x 432µm. 

Stage IT (120 hours). Eggs indicating 
differentiation of the blastoderm at one end; blastoderm 
occupies nearly 20% of the egg surface area; color of the 
eggs gradually becoming lighter; egg size 540 x 44 lµm. 

Stage ill (240 hours). Color gradually becoming 
light grey; pigmented eyes formed; cephalic appendages 
twitching occasionally; egg size 573 x 468µm. 

Stage IV (larva). Freshly hatched zoea; total length 
from the tip of the rostrum to the tip of the telson 2.075 ± 
0.210mm. 

At stage I, eggs from the females were removed 
immediately after spawning. At stages II and m, eggs 
were removed after the 5th or 10th day of spawning. 
Freshly-hatched zoeae . were collected immediately after 
hatching for analysis. 

One thousand to 5,000 eggs or larvae of each of the 
four stages were counted. Eggs were collected from 
females of 10 to 11.5 cm size only to avoid variation in 
size of the test eggs. After blotting the eggs or larvae, 
samples were separately weighed in a monopan balance 
(10 µg accuracy). Water content was determined by 
weighing the test material before and after drying at 9ooc 
to weight constancy. Ash content was estimated by 
keeping the sample in a crucible of known weight in a 
muffle furnace of 560oC for a period of 5 hours as 
recommended by Paine (1964). 

Protein was determined following the method of 
Lowry et al. (1951) and fat according to Raymont et al. 
(1964). Carbohydrate content was calculated from ash 
protein and fat contents. Calorific content was determined 
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with a Parr 1421 microbomb calorimeter. Following the 
method of Pandian (1967) the "cumulative efficiency" was 
calculated: "body formed/body formed and yolk used for 
metabolism." 

Results 

Weight of a freshly spawned eggs of M. 
malcolmsonii averaged 60.90µg, of which 34.50#g was 
water. Water intake of 69.90µg increased the weight of the 
freshly-hatched zoea to 92.50µg (Table I). 

The mean dry weight of an egg decreased from 26.40 
µg in stage I to 23.50µg in stage ill and, on hatching as a 
zoea, to 22.60µg. Hence the total loss during the iwhole 
einbryonic development amounted to 3.80 µg (Taole 1). 
Although similar-sized females were chosen fo~ egg 
collection, the size of the eggs varied up to 6% frol;n the 
mean value. 

Percentage composition of water, ash, proteiq, fat, 
carbohydrate and the energy content in different 
developmental stages of the egg are presented in Table 1. 
Pioportions of ash, water and carbohydrate were 

. I 

si~cantly more in stage IV (zoea) than in stage I ~egg). 
Hpwever, the reverse was true for the values obtain~ for 
p~otein, fat and energy. Data in Table 1 were statis~cally 
analyzed using one-way ANOVA test (Zar 1974). The 
aqalysis revealed that all the changes were statisdcally 
si&nificant. 

From the data, the changes in the cheinical 
composition and energy content of a single egg from :stage 
I to stage IV were calculated (Table 1). During the cburse 
of embryonic development, there was an increase in yater, 
asp and carbohydrate and a decrease in protein ana fat. 
Tqe cumulative yolk utilization efficiency on a dry ~eight 
b~~ds was 85.6%; the corresponding values were '77.6, 
72.8, 68.4 and 68.2% for organic substance, protein, fat 
and energy, respectively. ' 

Discussion 

Most of the water uptake in M. malcol~onii 
oc~urred in the zoae stage (Table 1). In M. lamarrei (J;(atre 
1Q77), water intake is more constant during develop*1ent, 
from 145µg in stage II to 180µg in stage II and almbst the 
saine in stage IV. 

M. malcolmsonii utilized fat as the main sourte of 
energy from embryonic development. Of the total eQergy 
(0,2341 J) spent during embryonic development by an 
individual egg, 58.5% was obtained from fat oxidation 
w4ile 36.2% was from protein oxidation. This observ~tion 
supports the suggestions of Fluchter and Pandian (]968) 
and Pandian (1970a, 1970b, 1972) that, in gerleral, 

demersal eggs utilize fat as m~jor source of energy for 
embryonic development. 

Metabolic rate (J/mg/day) of developing eggs of M. 
malcolmsonii was calculated {If ig. 1). The eggs utilized 
about 0.79 J/mg/day during the early and late stages of 
development but only about o.~2 J/mg/day during mid-
development. On recalculating '.the data reported for M. 
lamarrei, a similar trend was o~tained (Fig. 1). It appears 
that the developing eggs requir~ maximum energy during 
early (cleavage) and late (orgahogenesis) developmental 

I 

stages. . 
M. malcolmsonii has an obligate but passive migrant 

larval stage (Kewalramani 197~). Since these larvae are 
transported to the estuary soon after hatching, they would 
need sufficient energy reserves to enable them to survive. 
The cumulative efficiency of utilization of various 
components during embryonic : development of a few 
decapod crustaceans is presented in Table 2. M. 
malcolmsonii utilized dry matteL organic matter and fat 
more efficiently than other species. Table 3 shows the 
calorific content of eggs : and larvae of four 
Macrobrachium species and their gross energy utilization 
efficiency and energy loss during development. M. nobilii 
and M. malcolmsonii utilized energy more efficiently and 
lost minimum energy on embryonic metabolism than other 
Macrobrachium species. LikeM.; malcolmsonii, M. nobilii 
is a riverine prawn and undertakFs larval migration to the 
estuary to complete development (Balasundaram and 
Pandian 1982). The greater provision of reserve yolk 
energy in these larvae may be 1regarded as an adaptive 
feature for the larval migration. 
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Table 1. Macrobrachium malcolmsonii: Average changes in chemical composition and calorific con-
tent of a single egg/larva. All weights in µg and percentage chemical compositions and energy density 
(KJ/g dry wt) in parentheses. 

Parameter Stage I Stage 11 Stage 111 Stage IV 

Live weight 60.90 62.80 66.72 92.50 

Water 34.50 38.60 43.22 69.90 
(56.70) (61.50) (64.80) (75.60) 

Dry weight 26.40 24.20 23.50 22.60 

Ash 0.69 0.94 1.55 2.64 
(2.61) (3.90) (6.60) (11.70) 

Organic substance 25.71 23.24 21.95 19.96 
(97.40) (96.03) (93.40) (88.32) 

Protein 13.23 11.98 ·11.35 9.63 
(50.11) (49.50) (48.30) (42.61) 

Fat 11.06 9.33 8.41 7.57 
(41.90) (38.64) (35.80) (33.50) 

Carbohydrate 1.42 1.91 2.19 2.76 
(5.40) (7.90) (9.32) (12.21) 

Energy (J/egg) 0.7371 0.6400 0.5900 0.5030 
(27.92) (26.47) (25.12) (22.24) 

Table 2. Cumulative efficiency of utilization of various components of the yolk during embryogenesis 
of some decapod crustaceans. 

Percentage efficiency 
Dry Organic 

Species matter matter Fat Protein Reference 

Crangon crangon 70.3 65.7 33.6 83.0 Pandian (1967) 
Homarus gammarus 81.8 70.0 47.4 87.7 Pandian (1970a) 
Ligia oceanica 73.6 57.8 90.5 Pandian (1972) 
Macrobrachium idella 61.5 26.6 47.6 Vijayaraghavan and 

Easterson ( 197 4) 
Macrobrachium Jamarrel 72.9 69.9 51.7 91.6 Katre (1977) 
Macrobrachium malcolmsonii 85.6 77.6 68.4 72.8 Present work 
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Table 3. Calorific contents of eggs a~d larvae of some Macrobrachium species during embryonic 
development (KJ/g dry wt). Gross effici~ncy and energy loss in percentage. I 

Gross 
Calori:fic content efficiency Energy 

Species Eggs, Larvae (GE) loss (EL) ReferencP. 

Macrobrachium idella 26.0B 18.46 44,0 56.0 Vijayara~havan and 
Eastersoh (1974) 

Macrobrachium /amarrei 26.51: 23.96 66.0 34.0 Katre (1977) 
Macrobrachium nobilii 29.39 24.08 73.7 26.3 Balasundram and 

Pandian (1982) 
Macrobrachium malcolmsonii 27.92 22.24 68.2 31.8 Present work 
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Fig. 1. Metabolic rate of Macrd,brachium species at different developmental stage:s. 
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Abstract 

A survey of the early life history characteristics of 135 teleost 
fishes from freshwater, marine, tropical, temperate and boreal habitats 
shows the influence of egg size and larval size on survival potential. 
Marine species have smalle~ eggs and larvae than freshwater species at 
similar temperatures. Coldwater species tend to have larger eggs and 
larvae than warmwater species. Egg diameters are positively correlated 
with larval lengths (Lh) and weights at hatching. The times from 
fertilization to onset of feading (tf), to yolk and oil resorption (ty) and to 
irreversible starvation (ts), increase linearly with Lh and decrease 
exponentially with temperature. Both tf and ts are positive linear 
functions of ty. Thus, larger larvae with much yolk that lasts for a 
relatively longer period feed later, and if not fed, will starve later than 
small larvae with little yolk. Larger larvae will thus have the advantage 
under conditions of limited or variable food supply. Moreover, large 
larvae tend to have large mouths and are thus capable of ingesting large 
high-calorie prey. They also tend to have higher swimming speeds and 
greater potential to encounter food and avoid predators. There is no 
definite relation between growth rates and Lh, but tropical species with 
small eggs and larvae tend to have high growth rates. Survival potential 
has implications in the recruitment to natural stocks and in seed 
production in hatcheries. 
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Introduction 

Among fishes, the survival potential at both the 
individual and the species level is greatly influenced by 
the parents, especially the female, in terms of egg size, 
fecundity, and conditions for incubation and early 
development as determined by reproductive behavior 
(Blaxter 1969; Hunter 1981). Species that simply 
broadcast their spawn into open waters often have high 
fecundity and small eggs (e.g., Chanos), while species that 
show parental care often have relatively low fecundity and 
large eggs (e.g., Oreochromis). Reproductive behavior 
affects survival in that the season and time of spawning, 
the spawning habitat, and the density of spawn determine 
the physicochemical environment (temperature, salinity, 
dissolved oxygen, pH, etc.) of the eggs and larvae, as well 
as their food and predators (Johannes 1978; Koski 1981; 
Blaxter and Hunter 1982; Lambert and Ware 1984). The 
inverse relation between fecundity and egg size must 
strike a balance with the environmental conditions 
encountered by the species (Blaxter 1969; Ware 1975). 

While the effect of environmental conditions on the 
viability of spawn is duly recognized and well documented 
in the literature (e.g., Blaxter 1974; Lasker and Sherman 
1981), the influence of egg size on survival potential has 
been relatively little studied (Blaxter and Hempel 1963; 
Bagenal 1971; Ware 1975; Wallace and Aasjord 1984). 

Freshwater fishes like cyprinids, cichlids and 
salmonids are highly successful aquaculture species, 
whereas most marine fishes like siganids, serranids and 
sciaenids have been difficult to rear on a commercial 
scale. Perhaps the most striking difference between these 
two groups, which probably influences to a great extent 
their amenability to rearing in the hatchery, is the size of 
their respective eggs and larvae. Nash and Kuo (1975) 
contend that one factor that impedes the mass propagation 
of Mugil cephalus is its small eggs (0.93 mm) and larvae 
(2.6 mm), while the early success of culture techniques for 
Pleuronectes platessa and Solea solea can be attributed to 
their comparatively large eggs (1.6-2 mm) and larvae (3.5-
6.5 mm). Events during the larval stage are generally 
acknowledged to be major determinants of recruitment 
success, and thus have important implications to capture 
fisheries as well. 

In this paper, we review the literature and correlate 
several early life history characteristics with egg size and 
larval size, and show how such relationships affect 
survival potential, here taken to mean the ability to 
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withstand starvation, to find food and to avoid prf<Iators 
during the larval stage. We collated information on 135 
species of teleost fishes belonging to 50 families, most of 
which constitute the bulk of the production from the 
oceans, seas and inland waters. At least 135 publications 
were consulted, including Blaxter (1969), Shirota (1970), 
Russell (1976), Theilacker and Dorsey (1980), Hunter 
(1981), Philippart and Ruwet (1982), Moser et al. 
(1984), McGurk (1984), Bagarinao (1986) and the r~levant 
references Uier.ein. Of the 135 species, 100 are µiarine 
~nd/or littoral and 35 are freshwater; 35 are 1boreal 
(inhabiting areas with, or have been reared at,. water 
t.emperatures of< lOOC), 43 are temperate(< 200C) ~d 
~7 are tropical(> 200C). 

Egg Size and Larval Size 

. Most marine fishes, regardless of taxqnomic 
affinities, demersal or pelagic habits, coastal or qceanic 
distributions, tropical or boreal ranges, spawn pelagf c eggs 
that are fertilized externally and float individually n¢ar the 
sea surface (Moser et al. 1984). These eggs are 
generally spherical and range from about 0.5 m~ to 4 mm 
in diameter, with a mode of about 1 mm. They hateh into 
relatively undeveloped larvae relying on yo~ for 
nourishment while the organ systems develop to th~ point 
that they can feed on plankton. On the other hand1 many 
littoral species and nearly all freshwater species lay 
4emersal eggs that are generally much larger than1the 1-
rµm mode of pelagic eggs and are frequently adhesiye and 
laid in some sort of nest. In such fishes, larvae tisually 
hatch at an advanced stage of development, often c~pable 
of early swimming and feeding. Parental care of eg$s and 
larvae is observed in many of these species. In seve~al fish 
groups, first-feeding larvae (e.g., Sebastes) or juteniles 
(~.g., Poecilia) are born, Uius eliminating the highly 
v,ulnerable early larval stage. 

Differences in diameters reflect true differen~es in 
yolk and caloric content (Blaxter and Hempel . 1963; 
:r<;azakov 1981; Table 1, equations 1 and 2). A Clupea 
harengus egg weighs 150-300µg dry, depending on the 
nwe (Blaxter and Hempel 1963; the much 'larger 
S(llvelinus alpinus weighs 16,000 µ g dry (W allaGe and 
Aasjord 1984). A Sardinops sagax egg (56µg) c(j)ntains 
about 0.3 cal (Lasker 1962), while the larger M. SCJfatilis 
egg (285-300µg) contains about 2.07-2.45 cal (Eldrfdge et 
al. 1981; Rogers and Westin 1981). Dry weig~t and 
caloric measurements are far from common in the 
literature on larval fishes. 

Egg diameters (D) (mm) are correlated with aarval 
l~ngths at hatching (Lh) (mm) (Fig. 1). For the species 
cpnsidered in this paper, the regression equation is1 Lb = 
0.5731 + 2.3964 D (n = 135; r = 0.82). The correlation is 

I 

improved if species with eggs having large perivitelline 
spaces (e.g., cyprinids and Mbrone) are left out of the 
computation (Table 1, equations 3 and4). 

The eggs and larvae of species living at low 
temperatures are generally l&rger than those at high 
temperatures (Fig. lB-lC; Table l, equations 5 to 8). 
Freshwater species tend to haye larger eggs and larvae 
than marine species at similar temperatures. Tropical 
marine fishes (e.g., Siganus) te~d to have the smallest eggs 
and larvae, and boreal freshwater species (e.g., 
Oncorhynchus) tend to have ~e largest. It is probably 
significant that the most successful aquaculture species 
(e.g., cyprinids and cichlids) ¥e in tropical freshwaters, 
while the world's great fisMries center on coldwater 
marine fishes (e.g., Clupea, Engraulis, Mallotus). 

In addition to the marke~ interspecific differences, 
egg size and larval size also vruiy intraspecifically. Blaxter 
and Hempel (1963) found egg weight variation of 65% 
among six races of herring. tn many species, such as 
tilapias (Peters. 1963), salmoqids (Gall 1974; Kazakov 
1981), and Morone (Rogers anq Westin 1981), egg size is 
related to the size and age of tb,e spawners. Seasonality in 
egg size has been observed in 

1
many species, with larger 

eggs being produced in the local winter and spring, and 
smaller ones in the local summer and autumn (Bagenal 
1971; Blaxter and Hunter 1982). Larval lengths at 
hatching can vary with temperature and salinity within 
species; and the trends of such variation differ among 
species (Laurence and Rogers 1976). 

Correlates of Size 
I 

The lengths of newly h11tched larvae are highly 
correlated with weight (Fig. 2A, Table l, equations 9 and 
10), which is a measure of the: amount of metabolizable 
endogenous energy (in terms of'yolk, oil globule and body 
tissues) available to the larvae 1before they start external 
feeding and/or before the onset: of irreversible starvation. 
The close correlation of lengths to weights at hatching 
makes it reasonable to use • the · former in species 
comparisons. 

The times (days) from :fertilization to onset of 
feeding tf (when the eyes are 

1 
fully pigmented and the 

mouth open), yolk and oil globule resorption (ty), and 
irreversible starvation (ts) are directly related to Lb (Table 
1, equations 11-13). Like egg ~ize and larval size, tf, ty 
and ts are negative exponential'. functions of temperature 
(T) (equations 14-16). Fig. 3 shows plots of ty against Lh 
and T, which are similar to those for tf and ts. 

In tum, tf and ts are both Strongly correlated with ty 
(Table l, equations 17 and 18). Thus, larger larvae which 
have much yolk that lasts a longer time start to feed later, 
and if not fed, starve later than smaller larvae with less 
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yolk. The ratio tf/ty has a mean value of 0.70 ± 0.18 (n = 
94), while the ratio ts/ty has a mean value of 0.83 ± 0.30 
(n = 31). McGurk (1984) has made similar observations as 
above. 

Mouth size at onset of feeding is directly correlated 
with length at hatching (Fig. 2B; Table l, equation 19). 
Mouth size sets the upper limit for prey that can be 
ingested. In general, smaller larvae can take only small 
prey like phytoplankton, while larger larvae can take 
larger prey like copepods at first feeding (Shirota 1970; 
Hunter 1981). Larvae of several piscivorous species (e.g., 
Seriola and Katsuwonus) have disproportionately large 
mouths (Fig. 2B). 

Larval length at first feeding (Lt) is a function of 
both D and Lb: Lf = 4D and Lf = 1.357 Lb (Shirota 1970). 
The advantage of a longer body in larvae is primarily 
improvement in locomotion (Blaxter and Staines 1971; 
Hunter 1972, 1981; Braum 1978). The swimming speed of 
larvae at the time of first feeding is directly related to 
larval length, and the volume of water searched for food 
increases exponentally with both larval length and 
swimming speed (Table 1, equations 20-22). 

Growth rates have no significant relation to larval 
length at hatching nor to mouth size, but increase 
exponentially with temperature among species (Table 1, 
equations 23-25). Fast growth is one way that fish larvae 
can escape the high predation rates during the larval stage 
CWare 1975; Houde and Schekter 1981). Small tropical 
larvae tend to have high growth rates (Table 1, equation 
23), perhaps to compensate for the initial size 
disadvantage (Bagarinao 1986). Shirota showed that larvae 
with large mouths tend to have high growth rates since 
they can ingest large, high-calorie prey. Obviously, growth 
is variously influenced by innate and external factors. 

Specific Studies 

In the classical study on Clupea harengus, Blaxter 
and Hempel (1963) showed that larvae from stocks with 
large eggs (8-9 mm vs. 5-7 mm) were longer at hatching, 
had larger yolk sacs, were longer at the time of yolk 
resorption and lived longer after yolk was exhausted. In 
Trachurus symmetricus, even a small difference in egg 
diameter was shown to be significant: larvae from 1-mm 
eggs starved more slowly, lived longer without food and 
grew twice as fast as those from 0.9 mm eggs (Theilacker 
1981). Noting that Gadus morhua had lower total 
mortality and larger larvae (4.5 mm) at hatching than 
Melanogrammus aeglefinus (3.5 mm) at all salinity-
temperature combinations, Laurence and Rogers (1976) 
concluded that the former may have a better chance of 
survival than the latter. Further studies showed that the 
two species were virtually identical in comparative 
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metabolism, feeding ability and growth (Laurence 1978). 
Studying tropical marine species, Houde (1974) and 
Houde and Schekter (1981) did not find large differences 
in· growth and survival performance among Anchoa 
mitchilli, Archosargus rhomboidalis and Achirus lineatus, 
although A. rhomboidalis had greater survival and growth 
potential at low food concentrations. These three species 
have similar-sized eggs (0.75-0.8 mm) and larvae (1.9-2.3 
mm), with Wh = 18, 28, 22 g, respectively. Among three 
other tropical marine species reared in the hatchery 
(Chanos chanos, Lates calcarifer and Siganus guttatus), S. 
guttatus is the most difficult to rear through the first week, 
and has the smallest eggs and larvae, earliest yolk 
resorption, the smallest mouth, but the highest yolk 
conversion ratio and initial growth rate (Bagarinao 1986). 
The other two species are easy to rear; C. chanos has 
larger eggs and larvae, but L. calcarifer has a large long-
lasting oil globule and earlier onset of feeding. 

Egg size effects on survival potential have 
consistently emerged from studies on salmonids (Bagenal 
1969; Fowler 1972; Kazakov 1981). In Salmo gairdneri, 
differences in progeny performance associated with 
differences in age of females can be accounted for by the 
variation in egg sizes: larger eggs have higher hatchability 
and produce larger faster growing fingerlings to 75 days 
(Gall 1974). Salvelinus alpinus larvae from large eggs 
were larger, had larger yolk sacs, grew more quickly and 
suffered less initial mortality than those from small eggs 
(Wallace and Aasjord 1984). In Oncorhynchus keta, early 
stock fry emerge from the gravel 12-13 days later and 
weigh 35 mg less than late stock fry, but measure about 
the same, 38.7 mm (Koski 1981). Similarity in length of 
fry at emergence in these two stocks and for 0. keta 
throughout its range indicates strong selective pressure: 
length of fry affects swimming performance and 
vulnerability to predation in this species (Koski 1981). 
This study on 0. keta demonstrates the interaction of the 
physical incubation environment (particularly gravel 
composition) and the parental characteristics in 
determining fry quality and survival. 

There are few studies on other freshwater species. 
Balon (1977), Philippart and Ruwet (1982) and Noakes 
and Balon (1982) showed that eggs and larvae of nest-
guarding Tilapia species are smaller than those of 
mouthbrooding Oreochromis, Sarotherodon and 
Labeotropheus species, and consider that mouthbrooding 
is an advanced reproductive style that insures high 
survival to the juvenile stage. Egg size effects on survival 
of cyprinid larvae do not seem to have been addressed yet, 
although the aquarium fish trade attests to the relative ease 
of propagation of the various cyprinid species. 

Among species reared at similar temperatures (15-
20oC), there are specific differences in survival potential. 
While Sardinops sagax larvae (Wh = 36 µg) incur an 
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energy deficit before they are capable of feeding a.asker 
1962); Micropterus salmoides larvae (Wh = 280µg) 1do not 
do so at any time before complete yolk resdr1J>tiOn 
(Laurence 1969). Morone saxatilis larvae (tissue dry 
weight at hatching 42µg, Wh > 42µg) survive for a~out .30 
days from hatching when not given food at all, do nqt have 
a well defined point of no return, and tolerate del~ys in 
inital feeding of up to 16 days with 70% survival; ~n this 
species, the large oil globule which contributes 5J5% of 
egg weight but 72% of total egg energy lasts more tl)an 18 
days (Eldridge et al. 1981; Rogers and Westin 1981). 
Leuresthes tenuis larvae (Wh = 362µg) also do not ~xhibit 
a1 critical period at the time of yolk resorption, and 
regardless of how long initial feeding is delayed (up to 20 
days after hatching), 80% or more of previously :unfed 
larvae begin feeding when food is made available, (May 
1971). In contrast, Engraulis mordax larvae (Wh = 21µg) 
starve irreversibly when feeding is delayed more th.an 416 
days after hatching (Hunter 1981). Effects of egg size on 
offspring fitness may also be seen intraspecifically; as in 
Etheostoma spectabile (Marsh 1986). 

Selection for Optimum Egg Size 

Any life history characteristic, such as egg size and 
larval size, that affects survival potential is subj~ct to 
natural seleetion. From an ecological viewpoint, , Ware 
(1975) argued that variations in egg size and growUi rates 
of fish have evolved to increase the probabiHty of 
individual survival, on the average, and hence m~imize 
recruitment to the adult stock. Optimal egg size repl'.esents 
a balance between mass and numbers so that enoug~ eggs 
survive the incubation period and so that individual ~arvae 
grow fast enough within the limits of their food supply. In 
a model, he showed that at low temperatures and longer or 
variable incubation periods, large eggs have the 
advantage: the larger resulting larvae are less vulnen~ble to 
predation and will pass the larval stage in a shortet time 
despite the slower growth rate. At high temperatures, the 
selective advantage shifts to small eggs because the higher 
fecundity compensates for the high predation rate and the 
faster growth offsets the initial small size of the larvae. 
Jones and Hall (1974) hypothesized that egg s~e (in 
Gadus and Melanogrammus) is selected such th$t the 
newly hatched larvae are an appropriate size to feed on 
young growing stages of plankton. Thus, under conditions 
where cohorts of copepods comprise sizes and stages 
("feeding range") small enough for small larvpe to 
initially feed on, egg size would be small. With a :Wider 
feeding range, large eggs would be selected. 
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Fig. 1. A, relation between diameter of fertilized egg and length of 
larvae at hatching. Drawn curve (r = 0.90, n = 128 species) ex-
cludes points M and Cy in polygon. B and C, the negative ex-
ponential relation of temperature to D and Lh differs for marine 
and freshwater species (m, f curves). The f curve in B excludes 
points in the dashed polygons Ci and Cy. M, Morone; Cy, cypri· 
nids; Ci, cichlids. Data for Ci are maximum egg lengths; data for 
Cy are diameters of water hardened eggs with very wide perivitel· 
line space around a yolk mass 1.2-1.5 mm in diameter. Circles, 
tropical species; squares, temperate; triangles, boreal. Open points, 
marine; closed, freshwater. 
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perate; triangles, boreal. Open points, marine; closed, freshwater. 
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T1b1• 1. Regr11slon equations for r1l1tlonsh1ps discussed 1n this pap1r. E11:c1p1 tho" of eq11111011• 23 1nd 26, 111 r valulS 
8rl s1gnlllc1nt (1qu1tton 1, p < O 05;01h1rs, p < 0.01). ' 

Equ1tlon 

7 • 9 
10 
11 
12 
13 
14 
16 
16 
17 
1• 
19 
20 
21 
22 
23 
24 
26 

R1grau1on equ1tlon1 

log WI • 1.5924 t 3.0809 I~ D 
log E • -2.6079 + 1.1210 log W1 

~~ : . g~~i! : ~~;~: gi 
In O,m 0.3617 - 00141 T 
In D, f 1.3607 - 00388 r: 

:~ ~~: ~ . ~ ·~~~~ : ~.~!:~ ~I :: ~~:~ : ~~~a: : ~-~~~ :~~ ~~ 
tf • -3.4868 3 6124 L~ 
IV • -2.6036 4.2621 l 
11 • -1.6084 + 4.3468 L 

In tf • 3.7144 - 00939 T: 
In IV • 3.7449 - 00778 Tj' 
In ts • 3.6470 - 0.0834 T 

tf • -1,0412 + 0,7607 l I 

~f : ;:~~:~ : 8~~~~~ ~h 
S • -1.9866 + 1.4692 L~ 

In V • -2.4501 + 0 3906 L. 
In V • -2 4815 + 0.2973 S' 
In G • -0,6736 - 0.1002 Lh 
In G • -2.2834 + 0.0872 T 1 

G • 0.9610 - 0.0003 Mf 

0,74 
0.98 
0.12 
0.90 

-0.31 
-0.66 
-0.67 
-0.67 

0.86 
0.96 
0.67 
0.611 
0.78 

-0.88 
-0.71 
-0.96 

0.99 
0.93 
0•2 
0.76 
0.16 
O.ll4 

-0.22 
0.71 

-021 

136 
120• 
90 
25•• 
99 
36 
19 • 94 
9• 
30 
94 •• 30 
64 
31 
33 
12 
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W1, egg drv weight; Wh, lerv1I w1lght et hotchlng (µgl; D. egjl dl1me111; Lh, l1ngth 1t hitching; Lf, 11n;th et flm 
f1odlng lmml; E, IQll •n1r11v con11nt le1ll: T, ttmp1111turt 1•c1; M , mouth 11ze 11 onSlt of fetcl'lng lµm): tf, time from 
fertlllHtlon to onslt of fttdlng~ tv. tlm1 to volk rHorptlon, u, tln1_1 10 irrev1r1lb1e st1rvat1on ldev1I; S,swlmmln; spied 
(mm/11; V, volume searched for food 11/hrl; G, growth rete during /erv1I 1tege Imm/di; m, mulne; r, lt1thW1tu; d, drv; 
w, wit. Dile for equlllon 1191 mo1t1v from Shlrot1 11870), plus othar1. 0111 for equetlon 1201 slmll1r to tho11 t1bul111!d 
bV Thell1ck1r 1nd Dorsev 11980),wllh oddltlons, ' 

•excludu cvprlnlds ond Moroni In Fig, 1A. 
••e1<cludu cvpr1nlds ind clch11ds In Fig, 16. 
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Abstract 

The water in the hatchery pond during the development of 
Penaeus monodon larvae was sampled and frozen every day after the 
eggs hatched. The number of the larvae was counted and the water was 
sampled when they metamorphosed from nauplius to the 12th day of the 
postlarval stage. The sampled water was thawed at room temperature and 
analyzed for pH, salinity, amrnonium-N and N02-N. NH3-N was 
calculated from ammonium-N based on Whitfield's theory. Fourteen 
ponds stocked with nauplii served as test groups, and two ponds which 
contained only water served as controls. Jn the control groups, 
amrnonium-N and N02-N were 12.1-74.9 pg/1 and 0.3-5.4 pg/I, 
respectively. Jn the test groups, amrnonium-N and N02-N were 7.5-
808.4 µg/l and 0.8-118.1 JJg/l, respectively. The correlation of N02-N with 
survival rate was more significant than that of ammonium-N with 
survival rate. The survival rate \'{ as %) had an exponential regression 
with average N02-N level (X as,L'g/l): Y = 74.2341 e·0.1607x. The ponds 
which had higher than 20% survival rate on the final day had slightly 
declined pH levels. Therefore, monitoring the levels of ioniZed and un-
ionized ammonia and controlling the levels of N02-N and pH would 
result in better survival of larval prawn. 

Introduction 

In Taiwan, artificial propagation of the tiger shrimp 
Penaeus monodon succeeded in 1968 (Liao et al. 1969). 
Induced maturation with eyestalk ablation was widely 
applied by shrimp hatchery farmers resulting in the rapid 
development of the industry in recent years. There are 
more than 1,200 hatcheries with a production. of 1.5 billion 
juveniles of P. monodon. Survival rate of larval ·shrimp 
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metamorphosed from nauplius to postlarva on the 12th day 
(PL12) is less than 20% (Chen et al. 1985; Liao 1984). 
Several factors, mainly water quality, feed organisms and 
health of gravid females are considered to affect survival 
rate. During the metamorphosis of larval shrimp, the input 
of feed organisms and the excretion of organisms cause 
the deterioration of water quality. This paper deals with 
the relationship of ammonia and nitrite with the survival 
rate of larval shrimp during metamorphosis. 

Materials and Methods 

Underground seawater was pumped from the coast 
adjacent to the hatchery. The water was filtered with a 
200-mesh net before entering the hatchery ponds (4 x 7 m) 
and aerated with a blower for one day. Table l shows the 
water parameters. Shrimp eggs hatched 18 hours after 
spawning. The nauplii were transferred to the hatchery 
ponds ·at stocking density of 100,000/tonne. Water 
temperature of 28-300C and salinity of 33-35 ppt were 
maintained while the water was aerated continuously. The 
number of larvae was estimated by counting samples of 
water from left, middle and right sides. Two runs with 
fourteen batches were carried out as test groups and two 
ponds without shrimp but with water only, served as 
control (Table 2). One liter was sampled from each pond 
every afternoon with PVC bottle and frozen for later 
analysis until the larvae attained PL12. The dark-room 
style hatchery in which the nauplii were reared in darkness 
through all the stages was adopted (Liao 1984). As the 
larval shrimp metamorphosed to zoea stage I (ZI), they 
were fed filament diatom cells, Skeletonema, and as they 
reached mysis stage 2 (M2), they were fed newly hatched 
artemia nauplii • Every three hours, the health of the larval 
prawn was checked with the aid of battery· flashlight. 
When the water turned too turbid, one-third of the water 
was pumped out through a 50-mesh net and the same 
volume of water was let in in the morning. No drug or 
artificial feed was administered. 

The frozen water samples were carried to the 
laboratory and thawed at room temperature and filtered 
with Toyo SC paper. The pH was measured with a 
Photovolt 112 pH meter and the salinity determined by a 
Beckman RS7-B salinometer. Ammonia-N (including un-
ionized and ionized form) was measured by the 
phenolhypochlorite method (Solorzano 1969) and the un-
ionized ammonia-N (NH3-N) calculated from the Bower-
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Bidwell's equation based on Whitfield's theory (Whitfield 
1974; Bower and Bidwell 1978). Nitrite-N (N02-NJ was 
measured with the method described by Bendscbieider 
and Robinson (1952). 

Results and Discussions 

1 
The concentrations of ionized ammonia, NH3-~ and 

Nb2-N were ,in the range of 12.1-74.9 µg/1, 1.4-9.5 µgn. and 
O.S-5.4 µgfl in the control groups and in the range df 7.5-
8Q8.4 µgfl, 0.7-79.7 µgfl and 0.8-U8.1 µgfl in t~e tyst 
gr

1
oups. In the 14 test ponds, two had a survival rat.y less 

than 10%, four between 10 and 20%, five between 20 and 
30% and three more than 30% in the final day (Figs. 1-4). 
Ammonia is the principal end product of pl'.otein 
catabolism excreted by crustaceans (Campbell 1973; 
Kinne 1976). The un-ionized NH3 is toxic to fish but 
NlJ4+ has little or no toxicity (Wuhrmann and Wprker 
1948; Hemens 1966; Brown 1968). The portion of ,NH3 
depends primarily on pH, temperature and to a ~esser 
extent salinity (Bower and Bidwell 1978). 

I 

Fig. 1 shows that both G2 and H2 ponds had 
increasing concentrations of ammonium-N, NH3-N." and 
N02-N. In 02 pond, ammonium-N increased to 808.4 µgfl 
and N02-N increased to 118.1 µg/1 on the 21st ~Y the 
survival was only 4% in spite of water exchange at 9~ and 
16th days. No postlarva survived in the H2 pond whe~e the 
an;imonium-N changed from 25.3 to 269.1 µg/1 andN02-N 
changed from 0.8 to 78.3 µg/1 at the 18th day, although 
one-third of the water volume was changed on days 7, 9, 
12 and 15. Ammonium-N, NH3-N and N02-N incr~sed 
immediately the next day after the water was changed. 
~monium-N and NH3-N in H2 were significantly lpwer 
than those in G2 pond. N02-N in G2 remained lower

1 
than 

40 µgfl up to day 16, whereas N02-N in H2 increa§ed to 
more than 40 µgfl on day 8. This suggests that N02-N had 
more influence than ammonium-N and NH3-N. 

Fig. 2 shows data in the ponds where the shrim17 had 
10-20% survival on the final chiy. Ammonium-N ra~ged 
from 40.4 to 537.4 µg/1, NH3-N from 1.2 to 42.8 µg/1 and 
N02-N from 1.7 to 36.2 µg/1. · 

Fig. 3 shows data in the ponds where the shrimp had 
20,-30% survival on the final day. The ammoni~-N. 
NH3-N and N02-N also increased but pH readings 
seemed to de¥line as the larvae developed. Ammoni~m-N 
ranged from 24.5 to 701 µg/1, NH3-N from 2.3 to 40.:6 µgfl 
and N02-N from 0.9 to 18.9 µg/1. · · 

Fig. 4 shows the ponds where the shrimp had ~ore 
than 30% of survival on the final day. Ammonittm-N 
ranged from 20.8 to 738.2 µg/1 and NH3-N from i.1 t9 
42.6 µ.g/1. The N02-N ranged from.0.9 to 13.1 µg/1 aqd was 
be~ow 10 µg/1 most of time while the pH readings als9 
declined slightly. 

The accumulation of ammonia is a serious problem 
in closed system culture (Campb~ll 1973). The NH3-N in 
the ponds ranged from 3.2 to 30.~ µgfl in 0% survival, 0.7 
to 79.7 µg/1 in 4% survival, 1.t to 42.8 g/1 in 10-20% 
survival, 2.3 to 40.6 µgfl in 20'-30% survival and 2.1 to 
42.6 µg/1 in more than 30% sun!ival (Figs. 1-4). All these 
showed that the concentration df NH3-N was far below 
the 0.4 to 2.31 mg/1 of 96lhour LC50 values for 
crustaceans (Colt and Armstron~ 1981) and far below the 
1.29 mg/1of48-hour LC50 to se~en penaeid species larvae 
(Wickins 1976). The NH3-N ~evel which reduced the 
growth by 50% of that of control was 220 µg/1 for P. 
semisulcatus, 370 µg/1 for P. japonicus, 400 µg/I for P. 
occidentalis, 590 µgfl for P. setiferus and 690 µgfl for P. 
schmitti. A maximum acceptable level which reduced 
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growth by 1-2% of that of the control was estimated to be 
100 µgfl NH3-N for penaeid larvae (Wickins 1976). No 
scientific data are available on the acute and long-term 
effects of NH3-N on P. monodo,n larvae. Delistraty et al. 
(1977) stated that the incipient LC50 value and safe value 
of NH3-N for larvae of American lobster, Homarus 
americanus, were 1.4 mg/1 and 140 µgfl, respectively. 
Jayasankar and Muthu (1983a) reported that the 24-hour 
LC50 values of NH3-N for nauplius, protozoea and mysis 
of P. indicus were 290 µgfl, 950 µg/1 and 3.17 mg/I, 
respectively; the NH3-N level that reduced the growth by 
50% of that of control was 250 µgfl for P. indicus larvae. In 
this study, the concentration of ;ammonium-N increased 
gradually but was not higher than the safe level of 1.2 mg/1 
ammonia-Nor 93 µg/1 NH3-N which was a safe level for 
rearing P. indicus larvae suggested by J ayasankar and 
Muthu (1983a). 

During metamorphosis, the ponds were aerated 
continuously and DO concentration was always kept at 
5.1-5.7 mg/1. Ammonia is oxidized through nitrification 
even at DO concentrations of 0.5~1.0 mg/1 (Stenstrom and 
Poduska 1980). The 48-hour LC50 of N02-N to 
postlarvae of seven penaeid species was 170 · mg/I 
(Wickins 1976). A level of 6.4 mg/1 N02-N caused 50% 
reduction in the growth of P. indicus larvae after 34 days. 
The 96-hour LC50 value of N02-N to Macrobrachium 
rosenbergii 10-14 day-old larvae'was 8.6 mg/1 and a level 
of 1.8 mg/I N02-N caused 35% reduction in the growth of 
M. rosenbergii larvae after eight days (Armstrong et al. 
1976). There are no reports on th~ acute and chronic effect 
of N02-N on P. monodon larvae. The conversion of 
hemoglobin to methemoglobin in the presence of N02-N 
with the subsequent loss of oxygen-binding capabilities 
has been documented (Smith antl Williams 1974; Smith 
and Russo 1975). This may resul~ in hypoxia and cyanosis 
(Kiese 1974). It is likely that the ~ame reaction may occur 
within the copper of crustacean hemocyanin. Mevel and 
Chamroux (1981) reared the P. }aponicus (14.5 and 1.01 
g) in a closed system and observ~ that the shrimp seemed 
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to be sensitive to concentrations of N02-N higher than 
lOOµg/l. 

Nitrate and nitrite are the products of nitrification 
and the release of hydrogen ions lowers the pH in closed 
systems (Wickins 1976; Sharma and Ahlert 1977). The 
ponds where the larvae had more than 20% survival on the 
final day had declining pH, suggesting the establishment 
of nitrification, although the pH was not lower than 6.45. 
Wickins (1976) demonstrated that the larvae of P. 
monodon in a recirculated water system were not affected 
by values as low as pH 6.45. Although nitrite was also 
highly toxic to aquatic organisms, nitrite levels in this 
study were considerably below the 8.5 to 15.4 mg/l N02-
N of 96-hour Leso on shrimps (Colt and Armstrong 1981) 
and below the level of 1.8 mg/1 N02-N which caused 35% 
reduction in the growth of M. rosenbergii (Armstrong et 
al. 1976), below the level of 6.4 mg/1 N02-N which 
caused 50% reduction in the growth of penaeid larvae 
(Wickins 1976). They were also and below the safe level 
of 0.18 mg/l N02-N for P. indicus (Jayasankar and Muthu 
1983b). 

Statistical analysis indicated that the survival on the 
final day had a decaying exponential relationship with 
average N02-N (Fig. 5): 

Y = 74.2341 e-0.1607x 

where Y is survival rate on the final day and x is the 
average N02-N level ( µg/1). Manthe et al. (1984) 
demonstrated that nitrite was the most toxic form of 
nitr~gen to the molting blue crab (10-15 cm in width). 
This proved that the N02-N level was more significant 
than ammonium-N and NH3-N levels in correlation with 
survival in ponds. 

Regardless of the ammonium-N and NH3-N levels, 
when N02-N increases to 15 µg/l, >30% shrimp survival 
cannot be expected; similarly as N02-N increases to 25 

µg/l, no more than 20% survival can be expected and at 78 
µg/1, no more than 10% survival. Therefore, frequent 

monitoring of the levels of ammonium-N and NH3-N and 
controlling the levels of pH and N02-N would give better 
better survival of larval shrimp in hatcheries. 
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Abstract 

Broodfish of grouper (Epinephelus salmoides) were induced to 
spawn by hormonal induction. The hormones used for this experiment 
were HCG +pituitary gland (PG) and LRH-a. The results showed that at 
dosages of 500 IU HCG + 3 mg of PG per kg of fish for first injection 
and 1,000 IUHCG + 3 mg of PG per kg offish at the final injection at an 
interval of 24 hours, the treated fish spawned naturally in a spawning 
tank 12 hours after the final injection. At lower dosages of 500 IU HCG 
+ 3 mg PG at 12-hour intervals or 500 IU HCG + 3 mg PG at 24-hour 
intervals or using 10 mg LRH-a at 12-hour intervals, the eggs can be 
artificially fertilized only by stripping. 

The larval rearing experiment was conducted in a 250-1 fiberglass 
tank at the stocking density of 2,500 larvae per tank. Feeds used in this 
experiment were: (a) lsochrysis + sea urchin eggs; (b) lsochrysis + 
Brachionus,· and (c) Tetraselmis + Brachionus. The results showed that 
newly hatched larvae fed with lsochrysis mixed with sea urchin eggs and 
then Brachionus from day 10 had the best survival rate (9% at day 30). 
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Introduction 

The grouper (Epinephelus salmoides) is a popular 
marine food fish of high market value in Southeast Asia. It 
has been farmed commercially in marine cages and ponds 
in Thailand, Malaysia, Singapore, Hongkong and China. 
The fish can grow fast and attain market size of 600-800 g 
in about 6-8 months (Chua and Teng 1980; Chen 1979). 
The fry used for culture are usually obtained from the wild 
which means the supply is very erratic and inconsistent. 
Large-scale commercial production of grouper in marine 
cages or ponds is, therefore, hampered by shortages of fry. 
To ensure consistent and adequate supply of fry, efforts 
have been made to produce them under controlled 
conditions. 

The grouper undergoes sex reversal starting out as a 
female when young and then becoming male when older 
and larger. Sex determination of 68 specimens of 
Epinephelus tauvina collected from the South China Sea 
showed the biological minimal size of females to be 450-
500 mm, while male fish with ripe testes were above 700 
mm in standard body length and more than 11 kg in body 
weight (Tan and Tan 1974). Red grouper (E. morio) 
become more significantly male at the weight of 9 kg and 
above (Moe 1969). In fact, male grouper are scarce and 
found only in deep seas. Breeding of grouper, therefore, 
depends on the availability of males. Female Epinephelus 
tauvina can be sexually transformed with methyl 
testosterone treatment. Females can also be induced to 
ovulate by application of human chorionic gonadotropin 
(HCG) and salmon pituitary extract (Chen 1979). 
However, the survival rate of fry was very low. 

The purpose of this paper is to report the results of 
the experiments on induced spawning of grouper using 
different types of hormones and larval rearing systems. 

Materials and Methods 

The grouper (E. salmoides) used were caught in 
bamboo traps and were transported to the· experimental· 
station by boat. The size of fish ranged from 3 to 15 kg. 
They were conditioned in 60-t rectangular concrete tanks 
for 6-12 months at stocking density of 1/2 m3, fed daily 
with fresh trashfish at the rate of 5% body weight; 50-70% 
of the water in the tanks were changed daily. 

Egg maturation was determined through egg 
diameter measurement The fish were first anaesthetized. 
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The eggs were sampled using a 2-mm plastic tube ihserted 
through the genital opening. The maturation of the males 
was determined by pressing the abdomen for milt Only 
females with mean egg diameter of 400µm and males with 
running milt were selected for induced spawnl,ng by 
hormone injections. The induced fish were placed in 
separate cages installed in another holding tank. 

The different types of hormone used, dosages and 
time intervals between the first and second i.njec~on ¥e 
shown in Table 1. Twelve females with weights ~anging 
from 3.6 to 6.5 kg and four males ranging from rn to 16 
leg were selected for this study. The female and m*1e fish 
were injected intramuscularly with the assigned Mrmone 

I 

~d dosage as shown in Table.1. In cases where ov'
1
ulation 

clid not occur after th~ second injection, a third injection 
• I was given. 
The fertilized eggs from natural spawning in the 

I ' 
spawning tanks were collected with a fine dip net (lOOµm 
mesh size). Other planktonic organisms and cletritus 
included in the collection were removed by scr~ning. 
Unfertilized eggs which settled to the bottom of t~b tanks 
were removed by siphoning. The eggs were pl!l'.ced in 
hatching containers and hatched out in about 15-20 hours. 

The larvae from the · hatching containers were 
collected and stocked in nine 250-1 fiberglass larVal 
~earing tanks at a stocking rate of 2,500 larvae per tarik. 
Three types of feed (Fig. 1) were tested in three replicates 
in a completely randomized design. 

The larvae were reared indoors under intensive care 
t;:onditions. Beginning on day 3 the feed was intrqduced. 
During the larval rearing trial, 20-30% of the water was 
changed daily. 

Sea urchins were collected from the sea an;d kept 
alive in tanks with flow-through seawater. The gonads 
~ere collected 1 hour before feeding time and immdrsed in 
filtered seawater. The eggs were removed by open4tg the 
gonad and collected by means of a screen net. On1y eggs 
were used for feeding and they were given to the

1 
larvae 

twice daily at 0800 hr after water management and at 1600 
hr. 

Results 

, The fish under treatment D (Table 1) spawned 
naturally in the spawning tank 12 hours after th~ final 
illjection (Table 2). Fish under treatment B (Table 1) 
qvulated 12-15 hours arter the final injection, but 
(ertilization was completed only by artificial str~pping. 
the fish in treatments A and C required a third in~ection 
for ovulation. The eggs were artificially fertilized 9-15 
hours after the final injection. 

1 Ovulation rate of the females treated with hoiimonal 
I ' 

injections at 24-hour intervals was higher than those at 12-

hour intervals (Table 2). This inay be due to the handling 
which caused the fish stress. ' 

The results of the larval rearing experiment showed 
that sea urchin eggs are a suitable feed for grouper larvae. 
The- diameter of the sea urchin eggs was about 50µ1m.The 
survival rate of fry fed with sea urchin eggs andlsochrysis 
from hatching to 20-days old jwas 9%, and was 2% for 
those fed withlsochrysis and Brachionus. None of the fry 
fed with Tetraselmis and Brqchionus survived; all the 
larvae died after a culture period of six days (Table 3). 

I 

Discussion 

Two interesting observations were made. First, the 
grouper, E. salmoides, can be spawned naturally in 
captivity after hormone m~ipulation. This is very 
advantageous for mass production of grouper fry as it 
minimizes the mortality of the spawners through stress due 
to handling and stripping. Second, sea urchin eggs have 
been shown to be a suitable foo~ for the grouper larvae. 

The most suitable time in~erval between the first and 
second injection is 24 hours. The shorter period might 
have caused the fish more stress damage. The dosages of 
hormones used, 500 IU HCG t 3 mg PG/kg of fish, and 
double the quantities for the s~ond injection, showed the 
best result. However, the appearance of natural spawning 
in captivity after hormone manipulation showed the 
possibility of induced spawning by environmental 
manipulation which occurs in: seabass, Lates calcarifer. 
The key to successful spawning by environmental 
manipulation lies in the conpition of the broodstock. 
Broodstock development should be the prime work for 
further studies. 

The fish larvae which wer,e fed with Tetraselmis and 
Brachionus died six days after stocking, despite the fact 
that Brachionus is one of the most valuable larval feeds. 
This might be attributed to the size of'the Brachionus and 
activity of the Tetraselmis. It should be noted that there are 
two types of Brachionus: L type (100-150µm) and S type 
(40-lOOµm). Unfortunately, th~ predominant type in the 
hatchery was L type, and since it is larger than the larvae's 
mouth this may be the cause of: their mortality. Studies on 
feeding grouper larvae with S ~ Brachionus should be 
done in the future. · 
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Table 1. Type of hormones, dosages and time intervals used for induced spawning of E. salmoides. 

Time interval 
Treatment Hormone used Dosage (hr) 

A HCG + pituitary gland 500 IU + 3 mg PG/kg 12 
of Chinese carp 

B HCG +pituitary gland 500 IU + 3 mg PG/kg 24 
of Chinese carp 

c LRH-a 10 µg/kg 12 

D HCG +pituitary gland (1st) 500 IU + 3 mg PG/kg 24 
of Chinese carp (2nd) 1,000 IU + 3 mg PG/kg 

Table 2. Induced spawning of Epinephe/us salmoides using different hormones. 

Body Time 
Fish weight interval Number of 

Treatment number (kg) (hr) injections Hormone used Remarks 

A* 4.5 12 3 HCG 500 IU + 3 mg Partial ovulation, 12 hr after final injection. 
PG/kg of fish No fertilization of eggs. 

2 3.6 12 3 Partial ovulation. No fertilization. 

3 5.2 12 3 Partial o~ulation, 12 hr after final injection; 
fertilization rate 40%; hatching rate 20%. 
Larvae died after 6 days. 

4 4.8 12 2 Partial ovulation, 15 hr after final injection. 
Fertilization rate '30% but no hatching. 

B* 5 4.2 24 2 HCG 500 IU + 3 mg Ovulation 12 hr after final injection. Fertil· 
of fish ization rate 60%; hatching rate 30%; larvae 

healthy. 

6 6.0 24 2 Partial ovulation. No fertilization. 

7 5.8 24 2 Ovulation, 15 hr after final injection. Fertil· 
ization rate 30%; hatching rate 60%; larvae 
died after 10 days. 

c• 8 4.1 12 3 LRH-a 10 µg/kg Partial ovulation, 15 hr after final injection. 
of fish Fertilization rate 40%; hatching rate 50%; 

larvae healthy. 

9 4.5 12 3 Ovulation 12 hr after final injection. Fertil-
ization rate 80%; hatching rate 40%; larvae 
healthy. 

D** 10 5.2 24 2 1st injection - HCG All fish spawned naturally in spawning tank 
500 IU + 3 mg PG/ 12 hr after final injection. Fertilization rate 
kg of fish. 2nd in· 30%; hatching rate 70%, larvae very healthy. 
jection - HCG 1,000 
IU + 3 mg PG/kg of 
fish. 

11 5.5 24 2 
12 6.5 24 2 

*Insufficient mature males. 
**Used running ripe male only with one injection given during the last injection for the female. 
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Table 3. Survival of Epinephelus salrri,oides larvae at day 20. Tanks started with 2,500 fish and fed 
according to treatments in Fig. 1. 

No. of fish Survival 
Treatment Tank nQ. at day '20 (%} 

3 0 0 
5 0 0 
9 0 0 

2 14 0.56 
4 6 0.24 
8 52 2.08 

Average 24 0.96 

3 2 > 172 6.88 
6 288 11.52 
1 219 8.76 

Average 226.3' 9.05 

Brochiofi11s 
Treatment 

Isochrysis + sea urchin eggs 

Art•mlo 
Treatment 

lsoc,hrysis + Broch/onus 
2 

Art•mio 
Treatment 

i•tl(os•lmis + Brochionus 

0 10 15 

Days 

Fig. 1. Feeding scheme for larval rearing of Epinephe/us salmoides. 
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Abstract 

Gonadotropin (GtH) release in teleosts is regulated by the 
stimulatory effect of GtH-releasing honnone (GnRH) and the inhibitory 
effect of a GtH release-inhibitory factor (GRIF). Dopamine acts as a 
GRIF directly at the level of the pituitary to modulate spontaneous GtH 
release and to modulate the actions of GnRH in goldfish and an other 
teleosts investigated. The intensity of the dopamine inhibitory tone 
differs among species, and, within a species, the intensity may also 
change during the reproduction cycle. The removal of the endogenous 
dopamine inhibition and an increase in GnRH stimulation of GtH 
secretion are required for the rapid increase in blood GtH levels that 
nonnally triggers ovulation. Injection of D-Afa6 Pro9-N ethylamide -
LHRH (LHRH-A) or some other analog of LHRH is effective in 
stimulating GtH secretion in teleosts; however, in salmonids, the 
injection of LHRH-A alone is relatively ineffective in stimulating 
ovulation. Notably, injection of teleosts with a dopamine antagonist drug, 
such as pimozide, or drugs that cause depletion or block synthesis of 
dopamine, such as reserpine, greatly potentiate the GtH-releasing activity 
of LHRH-A. The combined treatment of pimozide or reserpine with 
LHRH-A represents a highly effective means of inducing the ovulation 
and spawning of fanned fishes. 

Nature of Gonadotropin-Releasing 
Hormones (GnRH) 

Studies on a number of teleosts · have demonstrated 
the presence of GnRH in crude hypothalamic extracts (for 
review see Peter 1983). The primary structure of the 
predominant GnRH in chum salmon has been determined 
to be (Trp 7, Leu8)-luteinizing hormone-releasing hormone 
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(Sherwood et al. 1983). More recently,. Sherwood et al. 
(1984) and Breton et al. (1984) have demonstrated· that 
this form of GnRH is present in the brain of a wide range 
of teleost species. 

Evidence for a Gonadotropin 
Releasing-Inhibitory Factor (GRIF) 

Peter et al. (1978) found that large lesions in the 
ventrobasal hypothalamus of pre-ovulatory female 
goldfish caused a dramatic prolonged increase in serum 
GtH levels and ovulation. These results appear to indicate 
the presence of a GtH release-inhibitory factor (GRIP) and 
the abolition of GRIF that allows spontaneous release of 
GtH. On the basis of a series of brain-lesioning 
experiments on goldfish, Peter and Paulencu (1980) 
suggested that GRIF originates from the anterior-ventral 
nucleus preopticus periventricularis (NPP), in the region 
of the preoptic recess, and that a pathway courses from 
this center to the pituitary. Additional evidence for the 
presence of G.RIF comes from studies in which the pars 
distalis of the pituitary was transplanted from one goldfish 
to another at various locations (Peter et al. 1984). Such a 
transplanted pars distalis releases GtH spontaneously, 
irrespective of location of the transplant, indicating that 
GtH secretion is normally under tonic inhibition. Pars 
distalis transplants beside the brain released more GtH 
than those transplanted into the brain ventricles, indicating 
the presence of GRIF in the brain. 

Dopamine as GRIF 

The involvement of catecholamines in the 
neuroendocrine regulation of GtH release in the goldfish 
was first demonstrated by Chang et al. (1983). Long-term 
treatment with 6-hydroxydopamine, as well as a single 
intraperitoneal injection of reserpine, increased levels of 
circulating GtH. Intraperitoneal injection of alpha-methyl-
para-tyrosine or carbidopa, drugs known to block L-dopa 
and dopamine synthesis respectively, also elevated serum 
GtH levels. Injections of diethyl-clithio-carabamate, an 
agent capable of inhibiting the conversion of dopamine 
into norepinephrine, had no effect on circulating GtH 
concentrations. These suggest that dopamine may have an 
inhitory effect on GtH secretion in goldfish. This is 
supported by findings that intraperitoneal injection of 
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dopamine and 'the dopamine. receptor agonist apomprphine 
decreased whereas intraperitoneal injections bf the 
dopamine antagonists pimozide and metoclo:Pramide 
elevated serwn GtH concentrations (Chang and Peter 
1983a, 1983b; Chang et al. 1984b; Sokolowska et al.· 
1984). 

Evidence for the direct action of dopamine :on the 
goldfish pituitarY to inhibit spontaneous GtH rele~e was 
provided by in vitro and in vivo studies. Goldfish p~tuitary 
fragments and dispersed cells, in a column pefilfusion 
system, have a high rate of spontaneous GtH release 
(Chang et al. 1984c). Addition of dopamine to the 
perifusate reduced the level of GtH release from dispersed 
goldfish pituitary cells as well as pituitary fragments. 
Goldfish in which the anterior preoptic region h¥ been 
lesioned have increased serwn GtH levels due to abolition 
of endogenous GRIP allowing a high rate of spon~neous 
GtH secretion (Peter and Paulencu 1980). Intrape~itoneal 
injection of either dopamine or apomorphine signi(kantly 
depressed the lesion-induced increase in serum GtH levels 
(Chang and Peter 1983a). Pars distalis transplants hav~ a 
high spontaneous GtH release rate, causing marked 
increases in circulating GtH levels (Peter et al. 1984); 
intraperitoneal injection of dopamine or apomqrphine 
significantly reduced the highly elevated seru~ GtH 
values.in fish bearing pars distalis transplants (Chang et al. 
1984a). 

Dopamine also inhibits the OnRH-stimulated GtH 
release in goldfish. Intraperitoneal injection of do~amine 
or apomorphine reduced the magnitude of the incr¢ase in 
serum GtH levels stimulated by pes-GlylO (D·Ala6)-
LHRH ethylamide (LHRH-A) on a dose-dependent basis 
(Chang and Peter 1983a; Chang et al. 1984b). Dopamine 
completely blocked the LHRH-A stimulation of GtH 
release in vitro (Chang et al. J984c). On the othe1· hand, 
injections of the dopamine antagonists, pimozide or 
metoclopramide, facilitated the LHRH-A-induced increase 
in serum GtH levels (Chang et al. 1984b; Sokolowska et 
al. 1984, 1985a, 1985b; Peter et al. 1985). 

Intraperitoneal injection of reserpine) 6-
hydroxydopamine, alpha-methyl-para-tyrosine, and 
carbidopa all po~ntiated the Gill-releasing acti':'ity ~f 
LHRH-A in goldfish; however, injection of diethyl-pithio-
carbamate did not influence the responsiveness to ~HR.H­
A (Peter et al. 1986). These results indicate that: drugs 
which block the synthesis of dopamine or cause depletion 
of dopamine from presynaptic terminals also influetjce the 
responsiveness o~ goldfISh to injected LHRH-A1 This 
lends further support to the idea that dopamine seilves as 
GRIP in goldfish. 

Induced Ovulatio,n with GnRH 
Agonists and Dopa~ine Antagonists 

i 
In sexually mature female goldfish, injection of the 

dopamine antagonist pimozide not only facilitates the 
action of LHRH-A in stimulating GtH secretion but the 
treatment combined with pimozide and LHRH-A can also 
stimulate increases in blood levels of GtH similar to, or 
higher than, those observed durlng spontaneous ovulation, 
and induce a high rate of ovulation (Chang and Peter 
1983b; Chang et al. 1984b; Sokolowska et al. 1984, 1985a, 
1985b). The ovulatory response in the goldfish is probably 
dependent on both the magnitude of the serum GtH 
concentration as well as the rate of increase in circulating 
GtH levels, as a large but slqw increase in serum GtH 
levels, such as by injection of ~ high dosage of LHRH-A 
alone (Chang and Peter 1983b; Sokolowska et al. 1984, 
1985a, 1985b) or by implants of pellets containing a large 
dosage of LHRH-agonist (Sokolowska et al. 1984), were 
not effective in inducing ovulation in goldfish. Thus, in the 
normal in vivo situation, removal of the dopamine 
inhibition and an increase in GnRH stimulation of GtH 
secretion are probably required. for the rapid increase in 
circulating GtH levels for ovulation. 

Studies on a number of other teleosts indicate that 
injection of LHRH-A or other agontst analogs of LHRH 
are effective in stimulating GtH secretion although, with 
the exception of salmonids, injection of LHRH-A alone is 
relatively ineffective in stiml,'llating ovulation. Studies 
performed to investigate the rqle of neurotransmitters or 
catecholaminergic drugs in the. neuroendocrine regulation 
of GtH release in several teleosts indicate that dopamine 
acts as a GRIP on spontaneous and/or GnRH-stimulated 
GtH release. 

Li~ et al. (1985b, 1985c) ieported that in the Chinese 
loach, Paramisgurnus dabryanus, injection of the 
dopamine receptor antagonist pimozide or drugs that block 
the synthesis of dopamine, such as reserpine, alpha-
methyl-para-tyrosine and carbidopa, potentiate the effects 
ofLHRH-A on GtH secretion, ~nd that the combination of 
any of these drugs with LHRtI-A is highly effective in 
inducing ovulation in this species. However, injection of 
diethyl-dithio-carbamate, which blocks the conversion of 
dopamine to norepinephrine, had no effects on 
potentiating the actions of LBRH-A. In common carp 
(Cyprinus carpio) (Billard et al. 1983; Lin et al. 1985c), 
bream (Parabramis pekinensis) (Lin et al. 1985c), and 
mud carp (Cirrhinus molitorella) (Lin et al. 1985d) 
injection of pimozide potentiated the ability of LHRH-A 
to stimulate GtH release and il)duce ovulation. Lin et al. 
(1985c, 1985d) also reported: that reserpine treatment 
activated the ability of L$H-A to cause increased 
circulating levels of GtH and induce ovulation in the 
common carp and mud carp. These results demonstrate 
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that in the Chinese loach and the common carp, blockage 
of dopamine actions by inhibiting synthesis or blockage of 
dopamine receptors remove its inhibitory influence on 
GtH release, enhancing the GtH release-response to 
LHRH-A. Preliminary studies also indicate that .the 
combination of treatment with pimozide or reserpine and 
LHRH-A is effective in inducing ovulation in grass carp 
(Ctenopharyngodon idella), silver carp 
(Hypophthalmichthys molitrix) and bighead carp 
(Aristichthys nobilis) (Lin et al. 1985d). 

De Leeuw et al. (1984) reported that spontaneous 
release of GtH from cultured pituitaries of the African 
catfish (Clarias lazera) could be inhibited by 
apomorphine. Furthermore, injection of pimozide was 
found to increase plasma GtH levels in juvenile catfish and 
to activate the ability of LHRH-A to stimulate GtH release 
in both juvenile and mature catfish. The combination of 
pimozide and LHRH-A was also effective in inducing 
ovulation (de Leeuw et al. 1985a:, 1985b). Results from 
studies on the effects of pimozide on the response to 
injection of LHRH agonists in the walleye, Stizostedion 
vitreum, are consistent with the existence of an inhibitory 
influence of dopamine on GtH release (Pankhurst et al. 
1985). 

In salmonids, it is well established that injection of 
LHRH superactive analogs alone stimulates a marked 
increase in blood levels of GtH and ovulation (Sower et al. 
1982; Donaldson et al. 1983; Crim et al. 1983; Van Der 
Kraak et al. 1985, 1986). However, in spite of this 
sensitivity to LHRH and superactive analogs greater than 
in other teleosts, an inhibitory dopamine influence on 
spontaneous as well as GnRH-stimulated GtH release is 
also present. Billard et al. (1985) reported that pimozide 
increased the GtH release-response to injections of an 
LHRH agonist in rainbow trout (Salmo gairdneri) and 
brown trout (Salmo trutta). In rainbow trout, injection of 
apomorphine was reported to inhibit the postovulatory 
GtH release (Gielen, unpublished results, cited by de 
Leeuw et al. 1985b), and dopamine was found to inhibit 
the release of GtH from pituitaries incubated in vitro 
(Crim 1981). In the coho salmon (Oncorhynchus ldsutch), 
pimozide injection also increased the basal as well as the 
LHRH-A-stimulated GtH secretion in vivo (Van Der 
Kraak et al. 1986). 

Refinement of Induction Methods 

It is clear that the GRIP action of dopamine is found 
in a wide phylogenetic range, and perhaps in all teleosts 
(Peter et al. 1986). In many teleosts the endogenous GRIP 
activity of dopamine can effectively modulate the GtH-
releasing activity of exogenous GnRH to the extent that a 
high rate of ovulation cannot be induced by injection of 
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superactive GnRH analogs. The use of catecholaminergic 
drugs that block the action or synthesis of dopamine in 
combination with LHRH-A, or other superactive analogs 
of GnRH (Peter et al. 1985), represents an effective means 
o(inducing ovulation in a number of teleosts. Research in 
the future can refine this new technique of inducing 
ovulation by determining the optimal dosages of drugs 
appropriate for specific species. 
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Abstract 

Natural spawnings of milkfish from floating cages were obtained 
from different stocks of 5-7 year-old milkfish in 1980, 1981, 1983 and 
1985. The maximum number of eggs collected in 1980, using a series of 
1-m diameter stationary plankton nets, was about 900. Increased 
collections were obtained in succeeding years with different types of egg 
collectors and methods. Egg collection, however, is inferior when based 
on the expected number of eggs spawned by a single female. Although 
no systematic study was attempted to compare efficiency of various egg-
collecting gears and methods, the problems associated with the use of 
each gear are presented. The experience may be used as a guide in future 
designs of efficient gears for collecting naturally-spawned eggs of 
milkfish or other fish species in floating cages. 

Introduction 

Milkfish (Chanos chanos Forskal), an important 
food fish in the Philippines and Southeast Asia spawns 
naturally in floating cages (Marte and Lacanilao 1986), 
earthen ponds (Lin 1984, 1985) and tanks (Poemomo et 
al., unpublished data). Spontaneous spawning following 
administration of gonadotropin hormone releasing 
hormone-analogue (GnRH-A) was also recently reported 
(Lee et al. 1986; Marte et al., in press). 

The maximum number of spawned eggs collected by 
Lin (1985) after one spawning of milkfish breeders held in 
earthen ponds was 7.2 million. Egg collection from 
milkfish held in floating cages is by comparison inferior. 
Inefficient egg collection from floating cages is an 
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important problem which requires an early solution if 
mass production of milkfish fry is to be realized. 

This paper presents observations on milkfish 
spawning, the various types of egg collectors used and the 
methods of egg collection from floating cages. The 
problems inherent in egg collection from floating cages 
and those associated with the use of each type of collector 
are discussed. 

Materials and Methods 

Milkfish broodstock were held in 9 x 10 x 3 m deep 
cages located in a protected cove at SEAFDEC's Igang 
substation, Guimaras Island, Philippines. Water depth at 
the cage site was 7 m and water transparency was 3-6.5 m. 
Current velocity at slack tide was a round 1 cm/sec. The 
cage number, cage dimension, age and source of 
broodstock, number of fish per cage, and type of egg 
collector used are shown in Table 1. 

The egg collectors tested were: 

1. Type A stationary plankton net (Fig. 1) 1 x 2 m 
plankton net (1 mm mesh). Six nets were set outside the 
cages at three levels (surface, middle, and bottom) of the 
net cage on opposite sides of the cage along the direction 
of the current. 

2. type B stationary plankton net (Fig. 2) an 
elliptical frame, 2 x 1 m constructed of PVC pipe lined 
with plastic sheet. A detachable plan~ton net (1 m long, 1 
mm mesh) was attached to the frame. Two frames were set 
on each side of the net cage below the water surface. 

3. Type C stationary plankton net (Fig. 3) similar in 
construction to the Type B net. A series of five frames 
were set 1 m away from the net cage on opposite sides and 
along the current direction. 

4. Egg sweeper (Fig. 4) constructed of two parallel 
bamboo poles connected to a central shaft and supported 
by bamboo frames. Attached to the lower pole was a seine 
net, 5 x 1 m provided with a detachable conical bag at one 
end. The upper pole served as a handle and guide for the 
lower pole. The sweeper was operated manually by 
turning the upper pole in a counterclockwise direction 
around the cage. The cage was lined with plastic-coated 
sack from the water surface to 1 m above the cage bottom. 

5. Seine net (Fig. 5), a fine 'jersey' cloth (0.80 mm 
mesh) 10 m x 1 m with a conical bag at the center and 
supported at both ends by bamboo poles. Rubber floats 
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and lead sinkers were attached to the float and sink;er lines, 
respectively. Collection was done by two 'persons 
swimming around the cage moving towards one sicle while 
pulling the seine closer to concentrate the eggs. The cage 
was lined with plastic-coated sack. 

Plankton nets were inspected daily between OpOO and 
0800 hr. The egg sweeper was operated evefy hour 
between 0200 ani:l 0600 hr whenever spawning tiehavior 
or increased swimming activity was observed. Seiqing was 
done from 0400 to 0600 hr whenever eggs were found in 
seawater sampled from the cage. 

Results 

The number of spawnings of milkfish brQodstock 
varied from two in 1980 to 35 in 1985 (Table 1). 'Uhe least 
efficient gear for collecting spawned eggs was the !Type A 
stationary . plankton net. Improved collection~ were 
obtained with the larger Type B net used iq 1983. 
Increasing the number of nets, however, did not increase 
collection. Using the seine net and egg sweeper gave slight 
improvements in egg collection. 

In 1985, milkfish spawnings from captive stock 
occurred from April to October (Table 2). The peak 
spawning was in June-July with a total of 24 sp~wnings. 
Spawnings decreased in August and were few in 
Septemb~r and October. 

. Spaw.ning activity seems to be related to th,e moon 
phase. More spawnings were observed throughout the first 
quarter and the full moon. The maximum number, of eggs 
collected during one spawning was also greater during 
these periods (Table 3). 

. When spawnings occurred, increased sw~mming 

activity was observed from late afternoon to early ~vening, 
Activity in. the cage became more pronounced from 2000 
hr. Chasing and occasional leaping were observed while 
the sound of water slapping could be heard even from a 
distance. Younger broodstock in the other cages were 
quiescent quring this time. 

Discussion 

Egg collection was improved with the use of 
manually-operated seine net and egg sweeper. Lining the 
net cage with plastic coated sack was effective in r¢taining 
spawned eggs. The cage lining did not seem to affect the 
fish and water exchange through the unlined cage1 bottom 
was adequate. : 

The number of eggs collected from the floatijlg cage 
is inferior compared to those collected by Lin (198p) from 
his ponds. Collection is.at best about 75% of the e;ic.pected 
number spawned by a single female, and most we~e from 

5-20% of the expected number which can be spawned by a 
female~ Fecundity of captive broodstock is about 
300,000/kg (Marte and Lacanilao 1986). Spawnings were 
more frequent during the first quarter to full moon phase. 
These observations, however, do not fully agree with 
Kumagai (1981) who repqrted more frequent egg 
collection from plankton tows during the first and last 
quarter moon periods. 

A major problem unique in egg collection from 
floating cages is the presence, of numerous egg predators 
such as cardinal fish and anc~ovy inside the cages. These 
were observed to increase dµring the breeding season. 
They were often caught while gathering the eggs, and their 
stomach contents contained ~undreds of milkfish eggs. 
Carnivorous fish such as sea bass could be stocked 
together with milkfish to minimize the number of egg 
predators. The effect on the milkfish breeders of another 
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species in the cage and the appropriate size and number of 
another species to be stocked still have to be evaluated. 

The stationary plankton hets are easy to install and 
use but are very inefficient because collection is dependent 
on the current velocity. In addition, the plastic lining on 
the larger nets become heavily clogged with algae and 
floating debris. The egg sweeper is relatively convenient 
as it can be operated by one person from the cage 
platform. However, it is bulky and difficult to install. The 
permanent presence of the lower pole with the 
overhanging net seem to inhib~t spawning. There were few 
spawnings observed from this ~age (Cage 42) although the 
number of fish stocked was twice that in Cage 43 where 
collection was done by manual seining. Fish obtained from 
this cage (Cage 42), after a prolonged period when no 
spawning was observed, were spermiating males and 
mature females. Manual seiniqg, although relatively more 
efficient, is laborious and requires at least one person 
swimming inside the cage long before dawn. 

Methods to improve egg collection from floating 
cages are currently being tested. This includes structural 
improvements on the egg swe~per, the use of carnivorous 
fish to reduce the number 9f egg predators, and the 
adoption of a paddlewheel aei!ator to direct water current 
towards a collecting net. Alte~atively, handling methods 
such as the transfer of spawners to spawning tanks before 
the breeding season or just pfior to the onset of spawning 
will be tried. 
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Table 1. Egg collector, spawning frequency 1nd egg collection, 
1980·1985. 

Egg collector 

Type A stationary 
plankton net 

Type A st1tlonarv 
plankton net 

Type B st1tionerv 
plankton net 

Type C stationery 
plankton net 

Seine net 

Egg sweeper 

Number 
of 

Veer C•ge spewnlngs 

1980 C-5 2 

1981 C·6 8 

1983 C·2 14 

1985 C-5 

1985 C·43 35 
1985 C·42 5 

Number 
of eggs 

collected 

500- 900 

342- 6,293 

770-114.000 

1,050 

1,600-769,000 

4,280-212,000 

T1ble 2. Spawning frequency of milkfish broodstock end egg 
collectlon, 1985. 

Spawning frequency Eggs collected 
Month (No.Imo.) (No.Imo.) 

April 2 1,050 - 2,900 
Moy 3 6,300 - 212,600 
June 10 4,200 - 463,000 
July 14 1,600 - 269,000 
August 6 36.000 - 636,600 
September 3 80,900 - 769,500 
October 30.700 - 110,400 

Table 3. Spt!llVnlng frequency of mllkfish broodstock and egg 
co1J1ctlon in reletlon to moon phase, 1985. 

Moon phase Number of spawning Number of eggs collected 

Nt!llV Moon 
first Quuter 
full Moon 
Last Quarter 

5 
12 
16 
8 

2,900 - 335,000 
1,050 - 769 ,500 
6,900 - 636,500 
1,500 - 145 ,200 

Reinforced 
PE rope 

673 

Fig. 1. Position of plankton nets used as egg collectors beside the 
maturation cage, Type A net. 

Rim hung from 
lower frame 

-Ebb flow-

\-----'---- ·------- r-------< 

Net cage 

Sinker 

Tie 

oval-shaped front frame 
with conlcal mesh net 

FIKed eQQ collector 
with barrier and 
guide 

Fig, 2. A combination of egg barrier net and egg collector set at opposite side, Type B net. 
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c 
10.00M 

2.00. ~I~ 2.00 ~1~ 2.00 
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2 I 3 

Front view of egg 

10.0 m diameter fish cage 

Fig. 3. Series of five plankton nets set on opposite sides of the 
maturation cage. 

Bamboo catwalk 

Plastic lining 
egg retention 

Fig. 4. "Egg sweeper". 

Bamboo pole handle 

Egg collector 

I 

Fine mesh egg sweeptr 

~ ~~ 2.00 ~'4 2.00 

I I 4 5 ) 
collector 

Vertical bamboo pole 

Egg collector 

Detachable end 

Floats-------
Catwolk -----~ 

G.I. pipe ring-----

Net cov1r------
op1nlng for &eooplng 
1gg of mllkflsh----

Anchqr rope 

Fig. 5. Egg collection by manual seining. 
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Abstract 

Sexually undifferentiated tilapia (Oreochromis aureus) fry (9-11 
mm total length) were exposed in 3 8-1 aquaria for four and six weeks at 0 
(control), 0.1, 1.0 and 10.0 ppm of ethynyl testosterone (ET) and 
mibolerone (Ml) and then grown to 60 mm. Gonadal sex was determined 
using gonadal squash analyses on 50 fish per treatment replication. A 
concentration of 10.0 ppm MI for 24 hours was lethal to tilapia fry. Sex 
reversal to a male state was accomplished in four treatments: 1.0 ppm MI 
(four and six weeks), 0.1 ppm MI (six weeks) and 10.0 ppm ET (six 
weeks). Exposure to 1.0 ppm MI for four and six weeks resulted in an 
average of 62.3% males and 37.7% ovotesticular fish (intersex or sterile); 
no females were produced. All other androgen treatments yielded 
gonadal females. The ovotestes of the 1.0 ppm MI-treated fish consisted 
of degenerate gonad strands containing very few primary oocytes. These 
ovotesticular fish would probably be functionally sterile. Ovotestes in 
fish from all other androgen treatments contained a comparatively greater 
number of primary oocytes, which might function as ovaries with 
reduced reproductive capacity. 

Introduction 

All-male populations of tilapia are often preferred 
over mixed or all-female populations because of the faster 
growth rate exhibited by males starting at a size of 100-
150 g. Stocking only male tilapia in ponds usually results 
in larger fish and thus a n:iore valuable crop. Monosex 
tilapia culture, by eliminating unwant~ reproduction, 
allows the fish farmer to grow and harvest fish at a 
selected size, and removes the need to totally drain ponds 
to avoid stunting problems. 

All-male populations of tilapia have been.produced 
by orally administering androgen hormones to fish 
beginning in the early fry stage (Guerrero 1975). 
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Functional sex reversal is achieved by administering the 
androgen to sexually undifferentiated fry Qess that 12 mm 
length) over a three to four week period. The most popular 
method incorporates an androgen such as methyl or 
ethynyl testosterone into the feed (Hepher and Pruginin 
1981). With this method, it has been suggested 
(Yamamoto 1958) that natural foods be available to the fry 
only at minimal levels, as consumption of the androgen-
treated feed may be reduced in proportion to the amount of 
natural food consumed. However, tilapia sex reversal has 
been achieved in the presence of natural foods (Chambers 
1984). Another possible problem with the oral 
administration method is that at high fry densities in 
treatment tanks, feeding aggression and competition may 
result in differential consumption of the androgen-treated 
feed, which might result in instances of incomplete sex 
reversal. Multiple daily feedings partially compensate for 
this behavior. However, this difference in feeding 
aggression is intensified when fry of even slightly 
different sizes are treated together. 

Sex reversal of tilapia (Yashouv and Eckstein 1965; 
Hackman 1974) and other cichlids (Nakamura 1975) has 
been achieved to a limited degree by dissolving hormones 
in the water containing fish fry or eggs. This method 
permits initiation of sex reversal treatment prior to· the 
feeding stage of fry (Goetz et al. 1979), and allows sex 
reversal applications to a wider variety of fish species. Use 
of the immersion method could therefore eliminate 
problems inherent in the oral administration method. 
However, the literature cited indicates that induction of 
sex reversal by the immersion method may require 
increased amounts of androgen as compared to the oral 
administration method Therefore, the relative potency of 
the androgen for use in immersion treatments is a 
potentially important selection criterion, to reduce both 
direct costs and toxic drug levels. 

Mibolerone is a synthetic anabolic steroid, related to 
testosterone (Zimbelman 1978) (Fig. 1), which has 
androgenic activity (Lyster and Duncan 1963). Mibolerone 
(registered as Cheque by the Upjohn Company, 
Agricultural Division, Kalamazoo, Michigan 49001, USA) 
has been shown to be highly effective in preventing estrus 
in dogs by blocking the luteinizing hormone (LH) surge. 
LH is a gonadotropic hormone produced by the teleost 
pituitary gland which is important in gonadal 
development When compared to methyl testosterone, an 
androgen commonly administered orally to effect sex 
reversal in tilapia, mibolerone was 16 times more potent as 
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an androgen in rats (Lyster and Duncan 1963). Ho:Wever, 
no previous research has been perfonned with mibolerone 
to induce sex reversal in fish. 

The purpose of this study on Oreochromis (lureus 
was to compare phenotypic sexual development using 
'.(arious lev~ls of mibolerone and ethynyl testostetpne in 
splution during the period of sexual differentiation. 

Materials and Methods 

The sex reversal study was conducted in statiq water 
aquaria at approximateJy 27 ± 2oc. Each 38-1 aquW,ium 
was aerated ,and stocked witl1250 9-11 mm fry ran~omly 
c.ollected from an outdoor spawning pond. The fish were 
f¢ approximately 10% of their body weight daily ~uring 
the first three weeks of treatment, with a gradual reduction 
to 6% in the remaining three weeks. All fish were fed a 
42% protein.trout diet. 

Mibolerone and ethynyl testosterone (E1) w~te the 
apdrogens used in the sex reversal immersion treat1Jlents. 
E;ach androgen was suspended at 0 (control), 0.1, 11.0 and 
10.0 ppm, using three replications per trial (Tallie 1). 
Pimethyl sulfoxide (2.6 ppt) was used to prpmote 
exposure of the dissolved androgens to the fish, due 1to tije 
relatively low solubility of mibolerone in water. No 
dimethyl sulfoxide was used in the control tre~tment 
water. Five fish from each aquarium were weighed and 
measur~d each week to establish weekly feeding rates. 
,o\quaria were drained weekly and refilled . with 
d~hlorinated and filtered tap water, at which time t\1e test 
ap.drogens were replaced at the appropriated dpsage. 
Aquaria were siphoned twice weekly to remove uneaten 
f~d. A 14: 10 hour light:dark cycle was maintained. 

Fish were exposed to the androgens for four pr six 
weeks. Survival was based on six weeks of anqrogen 
exposure. Fish were then grown out to at least 69 mm 
(total length) in flow-through tanks for gonad ruj.alysis 
u~ing the aceto-cannine squash technique (Guerrer,o and 
Spelton 1974). Fifty fish per aquarium (150 fis,h per 
treatment) were sacrificed for gonadal analysis. Fis~ with 
gc;mads cont\lining no oocytes were classified as i;nales, 
while gonads containing both oocytes and testicular 1tissue 
were classified as ovotestes. Ovotestes are g.onads 
containing both ovarian and testicular tissue, and m~ifest 
themselves in squash analyses by the presence of plfimary 
opcytes embedded in testicular tissue (Meriwether and 
Shelton 1980). The binomial frequency distribution was 
used to calculate statistical deviations from the nonnal 
female:male gonadal sex ratio of 50%. Analy$is qf 
variance and Duncan's Multiple Range Test were u~ed to 
c<;>mpare final weights of fish after six weeks of trea~ent. 

Resul~ 

Exposure of tilapia fry to a 10.0 ppm mibolerone 
solution resulted in 100% mortality within 24 hours. Fish 
survi"tral during the six-week treatment period ranged from 
66.1%to85.1% in the remaining six treatments (Table 1). 

Average fish growth after ~ix weeks of treatment was 
highest in the control treatmentiand lowest in the 1.0 ppm 
mibolerone and 10.0 ppm i ET treatments (Fig.2). 
Increasing concentrations of ~ch androgen appeared to 
have a negative effect on fisµ ;growth; the final average 
weight of control (untreated) fish was significantly higher 
than that of fish treated with 10.0 ppm ET, 1.0 ppm ET, 
and 1.0 ppm mibolerone. 

Excluding the 10.0 ppm mibolerone treatment, 
immersion exposure to the androgens resulted in a 
significant increase in the percentage of gonadal males in 
four treatments; 1.0 ppm mibol~rone for four weeks, and 
0.1 ppm mibolerone, 1.0 ppm mibolerone, and 10.0 ppm 
ET for six weeks (Table 1). All androgen treatments 
contained fish with ovotesticular gonads. Exposure to 1.0 
ppm mibolerone for four and sbc weeks resulted in 63.3% 
and 61.3% males, respectively,; with the remainder being 
ovotesticular fish; no gonadal females were produced in 
either treatment. All other androgen treatments contained 
some gonadal females (range= 0.7% to 49.3%). 

I 

Discussion 

Survival of tilapia exposed to the androgens ranged 
from 66.1 % to 80%, which is popr compared to typical sex 
reversal treatments utilizing , the oral administration 
method over similar time periods (Hopkins et al. 1979). 
The relatively low survival rates (except for the 10.0 ppm 
mibolerone treatment) were partially attributed to the 
stagnant water in the static-water aquaria. Survival may be 
increased by the use of antibiotics in the feed, more 
frequent water exchange or by greater aeration than that 
used in this study. Use of larger tanks during immersion 
treatments would also pennit daily siphoning without 
frequent water replacement. 

1 

Continuing the androgen 1 exposure for six weeks 
resulted in an average 7 .6% gonadal males produced 
across all treatments (from Table 1). As some fry were 
only 16 mm in total length after four weeks of treatment, it 
is likely that the growth-inhibitfug effect of the androgens 
(Fig. 2) extended the time requfred for some of the tilapia 
fry to complete sexual differentUttion. 

Functional sex reversal Was achieved using the 
immersion method, since a significantly higher (P = 0.05) 
percentage of gonadal males was produced in four 
treatments. Mibolerone was mueh more effective than ET 
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in achieving sex reversal, requiring only about 1 % of the 
ET concentration to achieve similar results. 

The ovotestes of the 1.0 ppm mibolerone-treated fish 
consisted of degenerate gonad strands containing very few 
(usually less than five) primary oocytes. The ovotesticular 
fish would probably be functionally sterile as females and 
incapable of reproduction due to physiological and 
behavioral constraints (Meriwether and Shelton 1980). 
Ovotestes in fish from all other androgen treatments 
contained a comparatively greater number of primary 
oocytes, which, depending on the relative abundance of 
oocytes, might function as ovaries with a reduced 
reproductive capacity. 

Exposing undifferentiated tilapia fry to aqueous 
solutions of mibolerone appears to be a feasible method 
for eliminating production of gonadal females. Based on 
preliminary study results, exposure to 1.0 ppm mibolerone 
for four to six weeks appears to be an effective treatment, 
resulting in treated fish that should be incapable of 
reproduction as females. Use of the immersion method, 
with a potent androgen such as mibolerone, may be an 
effective method to induce sex reversal in fishes 
demonstrating early development of sexuai differentiation. 
Further studies are being conducted to further define 
effective treatment rates and conditions to induce 
functional sex reversal in tilapia exposed to mibolerone in 
solution. 

NOTE: Mibolerone is currently available for 
nonresearch applications by veterinary prescription only, 
registered as Cheque, consisting of mibolerone dissolved 
in propylene glycol. Relative cost comparisons of 
mibolerone with other synthetic androgens, for use on 
commercial-scale applications, are therefore not available; 
however, mibolerone production costs by the manufacturer 
are considered to be low (Zimbelman 1978). 
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T1br1 1. Oonld1l HJC ind aurvlval of OrNchrom/1111rw1 fry tJCpo&ed 10 vulou1 cone1n1r11lon1 of mlbol1ron1 !Mil ind 11hynyl 
t11101t1ron1IETI lntolu1lon. 

"-wHk1icposur1 6-wHk 1icpowr1 
Tru1m1n1ippml %Miit %Ftm11ll %Ovot11tu %M1l1 %F11m111 %Ovo11111s Survlvt11%)1 

0,1 ET 3'D ,., 12.7 "6.7 31.7 1"'7 700 
1 0 ET "2.0 73 '°" 69,7b 33 3DD 161 

100 ET 62D ., "" &o.6b 07 3!7 ... 
0.1 Ml ~~~b 33 <OD 82.0b 07 37.3 78.3 
10 Ml OD 38.7 61.3 00 31.7 73.1 

10,0 Ml - 0 
0 {Control! <BD ... OD 62 0 ••• OD 151 

1Survlvalc1lcu1111d for1hc-w.uk1icporur11r111m1n11. 
bSlgnlllc1ntly dllltr1nt from 60.0%11 th11' • 0.0511'111. 

OH 

Testosterone Mibolerone 

Fig. 1. Chemical structures of testosterone and mibolerone (from 
Zimbelman 1978). 
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Fig. 1. Growth of Oreochromis aureus fry during imm~rsion 

exposure to ethynyl testosterone (ET) and mibolerone (Ml) of 
various concentrations. Final average weights with different 
superscript letters are significantly different at a P = 0.05 level. 
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Abstract 

Changes in the egg quality of the Japanese whiting, a multiple-
spawning fish, were examined throughout its spawning season. 
Fertilization and hatching rates were constantly high and the optimum 
temperature and salinity for hatching (26.00C, 32.5 ppt) did not vary 
much. Oxygen consumption was constant at each developmental stage 
and linearly increased as egg development progressed. Eggs were 
damaged by exposure to temperatures higher than 280C for 15 min. The 
thermal tolerance of eggs varied at each development stage. High 
sensitivity to temperature shock was observed at two periods, from 
fertilization to blastula and from middle gastrula to formation of optic 
vesicles. During the latter period, TLso. defmed as the minimum spock 
temperature after which 50% eggs hatched normally, was observed to be 
higher in the peak spawning period than in the fmal spawning period. 
The decrease of TL5Q in the final spawning period agreed well with the 
survival activity of starved larvae which decreased in the same period. 

Introduction 

To detennine the early life history of marine fish and 
to develop seed production techniques, it is necessary to 
know the tolerance of eggs and larvae to changing 
environmental conditions. It has long been recognized that 
the egg stage is more sensitive to stress than the other 
development stages. Knowledge of the variations in the 
egg quality of multiple-spawning fish during their .long 
spawning season is necessary because these fishes are very 
important for seed production. However, little infonnation 
on the changes of egg quality during their spawning is 
available. Mito et al. (1969) described the changes of 
fertilization. and hatching rates during ·one spawning 
season of the stone flounder and Lee (1981) reported the 
relationship of egg diameter and spawning conditions 
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during the spawning season of Japanese whiting. This 
report describes changes in t.e egg condition of the 
Japanese whiting, Sillago japonica Temminck et Schlegel 
with respect to optimum condition for hatching, 
respiration, thermal tolerance of eggs ancl larval 
survivability, between the peak and final spawning period 
(Mito et al. 1969). 

Materials and Methods 

Spawners of Japanese whiting were collected by 
angling in Lake Hamana, a saline lake on the Pacific coast 
of Honshu, Japan. Several groups of one female and two 
or three males were selected and placed in spawning tanks, 
after honnone injection (synahorine 50 R.U./dose, 
dissolved in 0.2 ml physiological salt solution). Seawater 
from Lake Hamana wa8 supplied to the tanks at daytime. 
Water supply was stopped at night in order to collect 
spawned eggs. No ovennatured eggs were found. The 
spawning season was divided into three periods, afte.r Mito 
et al. (1969) and the division of developmental stages 
followed Oozeki and Hirano (1985). 

Oxygen consumption was measured with a 
differential gas volumeter (Yokohama 1969). These values 
were measured for about 200-1,000 eggs every two hours 
from the 16-cell stage to hatching at 26.00C. 

Batches of 200 eggs put into 48 one-liter beakers 
were incubated under 48 different combinations of salinity 
and temperature. The salinity ranged from 10.5 to 49.0 ppt 
at intervals of 5.5 ppt and the temperature ranged from 
20.0 to 30.00C at intervals of 2.ooc. After hatching, 
nonnal, abnonnal and dead larvae and dead eggs were 
counted. The percentage of eggs that hatched nonnally 
was calculated by the following fonnula: 

(nonnally hatched larvae)/(total eggs) x 100%. 
Batches of 500 eggs were· put into 22 one-liter 

beakers with 0.9 1 seawater and incubated at 24.ooc. The 
development of the eggs was examined every hour. 
Simultaneously, several groups of 50 eggs were 
transferred to 100-ml beakers containing 80 ml seawater 
set at the shock temperatures of 24.0, 32.0, 34.0, 36.0, 
38.0, 40.0 and 42.00C. After 15 min. of exposure at the 
shocktemperature, each 100-ml beaker was placed back in 
the water bath and maintained at the initial temperature of 
24.0oC until the end of the examination; After hatching, 
larvae and dead eggs were counted. The percentage of 
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eggs that hatched normally ..yas calculated by the ~bove 
formula. 

To determine larval survivability, two groups tjf 100 
eggs were each put into a 1-1 beaker containing 0.9 1 of 
seawater at 24.ooc. Newly-hatched larvae were neared 
W:ithout feeding and their survival rates were calc(llateµ 
every 12 hours. 

Results and Discussion 

The percentage of eggs that hatched normally at the 
natural spawning temperature was more than 95%, except 
in one experiment when the spawning temperature was 
very high at 29.lOC. 

Oxygen consumption was constant at each 
development stage, increasing as egg develo~ment 
p~ogressed, from 6.20 x 10-3 µl 02/egg/hr (0.70 µli02/mg 
dry wt/hr) at the 32-cell stage to 53.1 x 10-3 µl 02/egg/hr , . I 
(q.02, _µl 02/mg dry, wt/hr) just before hatching (F~g. 1). 
Tues~ findings are almost the same as those of Lasker and 
Th.eilac~~r (1962) for sardine eggs. Throughou~ the 
spawning season, no changes in oxygen consumptjon at 
each development stage were found. 

. In Fig. 2, five experiments were compared to 
ey~luate the ,changes of hatching activity of eggs ~uring 
the spawning season. The relation between n©rmal 
hatching rate (Y) and temperature-salinity condition (T, S) 
\\'.as calculated by the orthogonal polynominal method and 
expressed by ·the equation: 

Y=a0 +a1 T+a2 S+a11 'T
2 +a22 S2 +a

12 
TS' 

(a: constant), 
., Table 1 shows the spawning season and sui;vival 

activity index; of starved larvae (SAi). SAi is express¢d by 
thy equation (Shiroma and Tsujigado J981): 

k 
~ 

i = 1 
x i 

N 
, . where 1'J' is the total number of larvae, Si the nupiber 

of, survived larvae at i-th.day and k the.number of1days 
un.til all larvae die due to starvation. Positive correl~tions 
were observed between the spawning temperature-salinity 
an,d the calculated optimum normal hatching condi~ons. 
The ranges in temperature and salinity, resulting in more 
tlu;ln . 90% normal hatching, varied with changtjs in 
sp11wning conditions (Fig. 2). No large difference iµ the 
r~ges resulting in 90% normal hatching was observed 
between the peak spawning period and the final 1 one. 
Mpreover, no. relation. was found between the nµtges 
resulting in 90% normal hatching and SAi (Table ~). In 
one exception, eggs spawned on 17 August showed a low 

normal hatching rate, which cou1d have resulted from the 
high spawning temperature (29.lbC). 

Oozeki and Hirano (1985) described two short 
phases of egg development very susceptible to high 
temperature shock. These were "from fertilization to 
blastula" and "from middle gastrula to optic vesicles 
formation". Oozeki and Hirano (1985) used the minimum 
shock temperature, between the piiddle gastrula stage and 
the optic vesicles formation stage, which resulted in 50% 
of eggs hatching normally, as ; an indicator of thermal 
tolerance expressed as TL50· 'Ij'able 2 shows SAi from 
5.60 to 8.45 and TL50 from 34.4 to 36.50C for three 
different spawners. Table 3 shows the daily changes of 
SAi and TL50 of eggs from one spawner during a week, 
with SAi from 6.00 to 8.47 ~d TL50 from 34.2 to 
35.50C. It follows that the dif{erences of TL50 among 
spawners are equal to the daily ".ariations for one spawner 
during the peak spawning period and that there may be no 
relation between the values of SAi and spawning 
conditions. However, Table 4, a comparison of SAi and 
TL50 for the same spawners for two different spawning 
periods, shows that both values· of the final period were 
lower than those of the peak spa~ning period. 

In Japanese seed production centers, it is said that the 
survival of hatched larvae is lowered along with the 
decrease in fertilization and hatcliing rates at the end of the 
spawning season. We confirmed that the high temperature 
tolerance of eggs and the survival of larvae clearly 
dropped during the final spawning period even for normal 
hatching rates of more than 95% in our experiments. In 
contrast, oxygen consumption at,id optimum temperature-
salinity conditions for normal '. hatching did not vary 
between the second spawning P,eriod and the final. one. 
These findings suggest that deMrioration of egg quality, 
indicating larval survival is due not only to death or the 
cessation of development processes but also to a decrease 
in environmental tolerance during the egg stage. 
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Table 1. Survival activity index (SAi) of eggs spawned during different spawning seasons. SAi was 
calculated using the relation 

k 
SAi = ( ~ (S; x 

i = 1 
ll IN 

where N is the total number of larvae, s1 is the number of survived larvae at i-th day, and k is the 
number of days until all larvae die due to starvation. Each number corresponds to that in Fig. 2. 

No. 

2 
3 
4 
5 

Date 

7.19 
8.17 
8.26 
9.15 
9.19 

SAi Spawning period 

6.97 second period 
6.99 second period 
7.97 second period 
6.39 final period 
4.05 final period 

Table 3. Daily changes of SAi and TL50 of eggs spawned from 
one spawner. The values of SAi was obtained in the same man-
ner as described in Table 1. 

Table 2. SAi and TL50 of eggs from three different spawners. 
The values of SAi were obtained as described in Table 1. TL 50 
was the minimum shock temperature which resulted in 50% 
of eggs hatching normally. 

Spawner SAi TL so 

A 8.45 34.4 oc 
B 5.98 36.5 
c 5.60 34.9 

Date SAi 

7.21 6.57 
22 6.00 
23 7.49 
24 8.47 
25 7.94 
26 8.40 
27 6.05 

Table 4. Comparison of SAi and TL50 of eggs between the second and third (final) spawning period. 
The values of SA I were obtained in the same manner as described in Table 1. Note the decrease of 
SAi and TL50 of eggs spawned in the final period. 

Spawner Date SAi TL so Spawning period 

A 8.23 8.45 34.4 oc second period 
A 9.16 4.98 31.7 final period 
D 8.13 6.61 33.3 second period 
D 9.19 4.89 30.8 ti nal period 

TL so 

34.2 oc 
34.3 
35.5 
35.0 
35.5 
35.3 
35.2 
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Fig. 1. Oxygen consumption rate of Si/Iago japonica eggs at 26°C. 
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Fig. 2. Comparison of optimum temperature-salinity conditions 
for normal hatching in five different cases. Solid lines encir\::ling 
the range show more than 90% normal hatching while tht;l en· 
circling dotted line shows 70%. Each number corresponds to 
that in Table 1. 
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Abstract 

Clarias macrocephalus does not spawn in captivity. Various 
hormones were used on mature female broodstock to determine the 
optimum dosage for natural oviposition or spawning. Four different 
agents were assayed at varying dose levels. Homoplastic pituitary extract 
dosages of 1.5 and 2 units (No. units = wt. donor fish/wt. recipient fish) 
were effective to induce natural oviposition. Heteroplastic pituitary 
extract from C. batrachus showed a similar pattern. Pangasius sutchi 
pituitary extract injection was effective at 4 and 6 units, with 4 units 
being more significant Human Chorionic Gonadotrophin was effective 
at 300-400 IU/l 00 g body weight of female. Tue analog of leutinizing-
releasing hormone (LRH-A) was successful at lµg, 2µg and 3µg per 100 g 
body weight of female, with levels of 2 µg 100 g body weight the most 
effective dosage. 

Introduction 

Clarias macrocephalus, locally known as Keli 
Bunga or Keli Mamah, flourishes well in inundated paddy 
fields during rainy seasons. The breeding season coincides 
with the rainy season. In captivity, this catfish exhibits 
refractive behavior. Maturity is attained after about 10-12 
months of culture period. Induced spawning of C. 
macrocephalus using pituitary extract has been reported in 
Thailand (Tongsanga et al. 1963; Sidthimunka et al. 1968) 
and in the Philippines (Carreon et al. 1973). 

Since 1981, the Freshwater Fisheries Research 
Institute, Batu Berendam, Melaka, has undert8ken research 
in the induced spawning of C. macrocephalus. In 1982, 
this Institute succeeded in spawning C. macrocephalus 
using homoplastic and heteroplastic pituitary extract. In 
1983, the Institute successfully used Human Chorionic 
Gonadotrophin (HCG). The most recent achievement was 
successful use of LRH-A (an analog of Luteinizing 
Releasing Hormone donated by the Bureau of Fisheries, 
Taiwan) in induced spawning of C. macrocephalus. 
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Artificial oviposition by stripping has resulted in 
quite low hatching rates 10-45%, while natural oviposition 
produces about 75% hatching rate. This is in agreement 
with observations made by Carreon (1976) where natural 
oviposition produced between 21 and 81% with average 
hatching rate of 58%. Artificial stripping has an added 
disadvantage, in that the male has to be sacrificed for the 
extraction of the milt. Therefore, the use of natural 
oviposition was attempted in this study. 

Materials and Methods 

Broodstock were conditioned separately for at least 
two days to allow for emptying of stomach content. The 
following day, they were selected and weighed. Only 
females with loose extruding eggs when slight pressure 
was applied on the belly, were selected. Fourteen females 
were sampled to determine the gonl\dosomotic index 
(GSI) and absolute fecundity. Absolute fecundity is the 
total number of eggs available in the gonad. It is 
determined by counting the number of eggs per gram 
weight of gonad and multiplying this number by the total 
weight of the gonad. Relationships between body weight, 
gonad weight, GSI and mean absolute fecundity were 
compared using correlation matrix. 

Tanks and hapas (net enclosures) for breeding were 
prepared. Substrates such as Eichhornia plants were 
placed in all the tanks and hapas • PVC pipes of 12-cm 
diameter were also provided as a hiding place. 

Homoplastic and heteroplastic pituitary glands and 
other hormones were obtained prior to the spawning 
activity. All injections were done intramuscularly. For 
homoplastic pituitary extracts, pituitary glands of matured 
C. macrocephalus were collected, and if not used directly, 
preserved in acetone with two changes and stored in a 
refrigerator at temperatures of 0-2oC. Three dose levels 
were used: 1, 1.5 and 2 units, each with four replicates. 
Males were given 1 unit each. The number of units is 
defined as the ratio: weight of donor fish .;. weight of 
recipient fish. Each gland was first homogenized manually 
before injection of the extract. 

For heteroplastic pituitary extracts, pituitary glands 
of C. batrachus were collectd as above. Three dose levels 
were used: 1, 1.5 and 2 units each with four replicates. 
Males were given 1 dose each. Also, pituitary extracts of 
Pangasi.us sutchi were prepared. Three levels of dosage 
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were used on the females: 2, 4 and 6, each wi~ four 
replicates. Males were given 2 units each. ' 

Purified Human Chorionic Gonadotrophin (lICG) 
was used. Six dose levels were tried on females: 1501 200, 
250, 300, 350 and 400 IU/100 g, each with four replicates. 
Males were given 150 IU/100 g. 

, Four dose levels of Luteinizing-Releasing Hoqnone 
(LRH-A) were tried: 1, 2, 3 and 4µg/100 g, each with four 
replicates. Males were given lµg/100 g ofLRH-A. ' · 

The Chi-square test of significance was usyd to 
determine the optimum effective doses. The latent I]eriod ot the time when oviposition occurred was recorded. The 
working fecundity' defined as the total number of eggs 

I ' released during the process of artificial ovipo~ition 
(stripping), was determined for some of the ovulated 
females. The percentage hatching was also determined for 
some of the ovulated females. Verification trials based on 
the effective dosages were conducted to prove their 
efficacy. 

Results and Discussion 

Results of the experiments are contained in Tab~es 1-
5. The fecundity of matured C. macrocephalus fe~ales 
weighing 177.8-368 g is in the range of 18,650 to 34,640. 
S~tistical analysis of the data showed that there was a 
positive correlation between all the parameters mea,sured 
e~cept for body weight and GSI, which showed a negative 
c6rrelation. However, comparisons on the correiation 
matrix (Table 2) revealed that the relationship betiween 
gqnad weight and mean absolute fecundity was ~ghly 
significant (P < 0.01). Subsequently, the relationships 
between body weight-gonad weight and body w¥ght-
mean absolute fecundity were also significant (P < O.Q5). 

In the induced spawning experiment using vmous 
in~uctive agents, C. macrocepha/us responded posil!ively 
towards injections of homoplastic and heteropJastic 
pituitary extracts, as well as with gonadotrophin arid an 
aJ¥l}og of luteinizing-releasing hormone. For both 
homoplastic and C. batrachus pituitary extracts, sif11ilar 
results were observed on the percent ovulated female~ and 
th~ range of percentage hatching (Table 3). Chi-square 
comparisons (Table 4) between the two levels of do$ages 
for each hormone showed that the two levels were 
significantly different (P < 0.05). Hence, based o~ the 
percentage of ovulated females a dosage of 2 units; was 
more effective than 1 unit, even though their percentage of 
hatching showed no significant difference. Trials 
conducted for verification produced consistent results 
(Table 5). Similar observation was also observed for 
injection using P. sutchi pituitary extract with 4 ~nlts as 
the most effective dosage. · 

The administration of HCG at various dose levels 
showed that three dose levels were found to be effective. 
They are 300 IU/100 g, 350 IU/100 g and 400 IU/100 g. 
Chi-square comparisons between the percentages of 
ovulated females for the three dosages showed that they 
were not significantly different (Table 4). Verification 
trials (Table 5) also showed that: these three dosages were 
equally effective in inducing natural oviposition. 
However, for cost effectiveness1 only 300 IU/100 g and 
350 IU/100 g would be regarded, as the optimum effective 
dosage. 

Subsequent trials using LRH-A showed that dose 
levels of lµg/100 g and 2µg/100 g were effective in terms 
of the percentage of ovulated females. However, chi-
square comparisons on the percentages of ovulated 
females showed that they Were highly significance 
different (P < 0.01). Hence 2µg/100 g could be regarded as 
the most effective dosage for LR.fI-A. 
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Table 1. Mean fecundity and GSI of C. macrocepha/us. 

Range of absolute 
Wt. of Wt. of .fecundity Table 2. The relationships between body weight, gonad weight, 

female (g) gonad (g) GS! n=4 GSI and mean fecundity using cnrrelation matrices. 

Gonad Mean 
292.0 51.20 17.53 33,500 35,780 Parameters weight GSI fecundity 
236.6 35.80 15.13 22,127 24,927 
228.9 28.05 12.25 17 ,100 20,300 
337.0 33.10 9.82 24,428 27,548 Body weight 0.71x -0.36ns 0.79x 
358.0 40.8 11.40 26,830 30,290 Gonad weight 0.37ns 0.97xx 

368.0 51.5 14.00 32,269 36,389 GSI 0.24ns 

248.8 35.6 14.31 22,887 26,537 
223.8 32.6 14.52 18,759 21,455 x - significant, P <0.05 
227.8 26.9 11.81 18,669 22,193 xx highly significant, P <0.01 
17~.8 25.4 14.28 17 ,516 19,784 ns not significant 
203.3 25.6 12.59 17 ,756 20,250 
197.3 32.7 16.57 20,387 23,893 
271.3 36.9 13.60 21,992 25,742 
217.8 36.3 16.67 23,563 26,871 

Table 3. Success rate of induced spawning of C. macrocephalus using various inductive agents. 

Estimation 
No. of the range Mean 

Dose ovulated of percentage working 
Type of hormone Male Female (%) hatching fecundity 

1. Homoplastic 1.0 unit nil 
pituitary extract 1 unit 1.5 units 50 45-70 9,081 
from C. macro· 

cephalus 2.0 units 100 50-75 13,776 

2. Heteroplastic 
pituitary extract 
a. C. batrachus 1.0 unit nil 

1 unit 1.5 units 50 40-75 14,285 
2.0 units 100 50-75 , 13,400 

b. P. sutchi 2.0 units nil 
1 unit 4 units 100 40-70 14,380 

6 units 50 40-60 8,970 

3. HCG 150 IU/100g nil 
200 IU/100 g nil 

150 IU/ 250 IU/100 g nil 
100 g 300 IU/100g 75 60-70 14,760 

350 IU/100 g 100 60-70 14,920 
400 IU/100 g 100 50-70 15,662 

4. LRH-A 1 JJ!J/100 g 50 30-50 10,172 
1 µg/ 2 µg/.100 g 80 40-60 14,766 
100 g 3 µg/100 g 25 20-50 3,450 
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Table 4, Chi-square ,comparisons on the percentages of ovulated 
females, and percent,ages of hatching. 

Percentage of Percentage of 
Sequences ovulated females hatching 

1. Homoplastlc 
11.5 units) 16.67x 7 .50ns 
(2.0 units) 

2. Heteroplastic 
a. C. batrachus 

(1.5 units) 16.67x 5.93ns 
(2.0 units) 

b. P. sutchi 
(4 units) 16.67x 22.73xx 
(6 units) 

3. HCG 
(300 IU/100 g) 
q50 IU/100 g) 4.54ns 17 .BOX 
(400 IU/100 g) 

4. LRH-A 
(1 µg/100 g) 
(2 µg/100 g) 50,QQXX 5.83ns 
(3 µg/100 g) 

x - significant ~t P < 0.05 
xx highly signi

1
ficant at P < Q,01 

ns not signific~nt 

I 

Table 5. Verification trials on the succe$s rate of induced spawning using the effective dosages. 

Estimation 
'of range 

Effective dosage No. of Percent of,percentage 
Types of hormones Male Female females ovulated hatching 

1. Homoplastic unit 8 40 40-60 
pituitary 1 unit 
extract of 2 units 8 75 50-70 
C. macrocephalus 

2. Heterop lastic unit 8 37.5 40-60 
pituitary 1 unit 
extract 2 units 8 75 50-75 
a. C. batrachus 

b. P. sutchi 4 units 24 83 40-70 
2 units 6 units· 8 62.5 30-50 

3. HCG 150 IU/ I 300 IU/100 g 40 87.5 60-80 
100g 350 IU/100 g 20 80 60-80 

400 IU/100 g 8 87.5 50-70 

4. LRH-A 1 µg/ µg/100g 8 50 50-70 
100 g 2 µg/1009 8 87.5 50-70 

The latent period between injection1and natural oviposition was between 16 and 18 hours at water 
temperature of 26.5 to 27°C. 
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Abstract 

Pangasius sutchi, a riverine catfish, did not respond to spawning 
induction using single injection of an analog of luteinizing releasing 
honnone (I.RH-A). However, when injected with two sequences of 
injections at varying dose levels, 33% ovulated with a stimulatory dosage 
of 20µg and resolving dose of 30µg LRH-A/kg. Dosages lower and higher 
produced negative results. Trials using LRH-A in combination with 
homoplastic pituitary extract (HPE) showed promising results. A 
stimulatory dose of 1.0 unit of HPE plus lOµg LRH-A/kg followed by a 
resolving injection of 1.5-20 units of HPE plus 20-30µg LRH-A/kg 
produced 79-85% ovulation. (No. HPE units = wt. donor fish/wt. 
recipient fish). 

Introduction 

Sexually mature P. sutchi, a riverine catfish, can be 
induced to spawn using homoplastic and heteroplastic 
gonadotropin hormones, either singly or in combination 
(Thalathiah et al. 1983). 

In an effort to furnish information on the response of 
different types of hormones on P. sutchi, an analog of 
luteinizing hormone-releasing hormone (LH-RH) was 
chosen. LRH-A is a synthetic nanopeptide, and an analog 
of LH-RH obtained from Taiwan. It has proven to be 
highly effective in the induction of spawning in cyprinids, 
including Hypophthalmichthys molitrix, Aristichthys 
nobilis, Ctenopharyngodon idella and Mylopharyngodon 
piceus (Anon. 1977a, 1977b). The minimum effective 
dosage of LH-RH is lµg/kg with a spawning success of 
86.3% in grass carp. Its ability to induce successful 
spawning in several species has already been reported in 
goldfish (Lam et al. 1975, 1976); Japanese medaka 
Oryzias latipes (Chan 1977); ayu Plecoglossus altivelis 
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(Hirose and Ishida 1974); and plaice and goby (Aida et al. 
1978). 

There is no published report on the success rate of 
induced spawning of P. sutchi. In this study an attempt 
was made to evaluate the spawning success of P. sutchi 
using LRH-A analog, either singly or in combination with 
homoplastic pituitary extract. 

Materials and Methods 

Mature gravid males and females were selected from 
broodstock ponds by netting during the breeding season, 
mid-April to mid-June, and September and December-
January (Thalathiah et al. 1983). The breeders were taken 
to the hatchery in fiberglass tanks, weighed and tagged. 
Ova were cannulated and brought to the laboratory for 
determination of maturity stage by clearing in 30% 
alcohol, 50%, 70%, 90% and absolute alcohol for five 
minutes each, followed by xylene. Ova with average 
diameters of 1 mm and of uniform size with distinct nuclei 
were taken as the tertiary stage and were used for induced 
spawning. 

Preliminary trials were conducted with a single 
injection of LRH-A. The dose levels were 10, 20, 30 and 
40µg/kg, all with replicates. The fish did not respond. 

Subsequent trials were conducted by administering 
two sequences ofLRH-A at a time interval of 8 hours. The 
dose level for resolving injection was much higher than 
the dose level for stimulatory injection. These levels (see 
Table 1) were selected based on the earlier experiments 
using single injection. 

A third('- trial was conducted using LRH-A in 
combination with homoplastic. pituitary extract (HPE) 
collected prior to spawning activity. This was based on the 
experience that P. sutchi females respond positively to 
induction using a combination of HPE and human 
chorionic gonadotropin (Thalathiah et al. 1983). All 
injections were administered intramuscularly. 

Doses of HPE were given as "units" where the 
number of units was the ratio: wt. donor fish/wt. recipient 
fish. 

The administration of hormones was divided into 
two sequences of injections, stimulatory and resolving, as 
shown in Table 2. Artificial oviposition or stripping of 
eggs was done about 10-12 hours after the resolving 
injection. The dry method of fertilization was adopted. 
Eggs were incubated in hatching funnels with running 
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water. Hatchlings were collected in trays ~d later 
transferred to a hatchery for rearing. 

Results and Discussion 

Results ~f the experiments are given in Tabl~ 1 and 
,2. In the trial using two injections of LRH-A, <imly the 
: dosage of 20 µ g/kg plus 30 µ g/kg resulted in 1 ovulated 
'females (Table 1). Examination of the gonads showed that 
1at dosages of IOµg plu.s 50µg/kg per kg and 20µ~ plus 40 
)1.g/kg, ova were regressed and hydrated. This coultl be due 
to the high dosage of LRH-A administered whkh was 
equivalent to 60µg/kg. 

The treatment of LRH-A in combination with 
homoplastic pituitar)' extract also resulted in sp~wning. 
The first dosage (1.0 units of HPE plus IOµg LRH-A/kg 

1and 1.5 units of HPE plus 30µg LRH-A/kg) prod~ced 67-
100% ovulation (Table 2). The second dosage (1.0iunits of 
HPE plus IOµg LRH-A/kg and 2.0 units of HPE plus 20µg , . . I 
LRH-A/kg) produced between 33%-100% ovulatipn. The 
t-test showed that the tWo treatments we'e not 
~ignificantly different. The effectiveness of the ctjmbined 
LRH-A ~d HPE was much higher than the combined 
lICG and BPE in terms of working fecundity. 
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Table 1. Induced spawning of P. !sutchi with two sequences of 
injections of LRH-A at various dose' levels. 

I 

Stimulatory Resolving No. of· No. Percentage 
(µg/kg) (µg/kg) replicates spawning hatching 

10 30 ~ 0 
10 40 3 0 
10 50 3 0 
20 30 3 1 60 
20 40 31 0 

Table 2. The success rete of Induced spewnlng of P. Sutch/ using LAH·A In combln1tlon with HPE. 

Stlmuletory: 1.0 D' HPE + 10µg LRH·A/kg Stimulatory 1.0DHPE+10µg LRH·A/kg 
Resolving : 1.6 D HPE + 30 µg LRH·A/kg RtsolvJng 2.0 D HPE + 20 µg LRH·A/kg 

No.of 
repllcetts 

No. 
spawning 

Meon 86.17 

No.of 
rl!lplicl!ltts 

No. 
sptwning 

3 
3 
1 
2 
3 

Mein 79.17 

• D sign,lfll!ls Dose= Weight of donor + wl!llght of rac
1
1pltnt. 

0 Sptwnlng occurred '10·12 hr after the resolving Injection at 1 Wttor temp11reture of 27 C. Hetchlng 
o~curred 18·22 hr ther fert1ll21tlon •t weter tamper1,urts of 26.5·27°C. 

,_, 
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Abstract 

The breeding ecology and behavior of mahseer (Tor puJitora) of 
the Himalayan waters was investigated in Tadi River, a feeder stream of 
the Trisuli River, Nepal. The spawning grounds of the mahseer in the 
river are 2 to 2.5 m deep with sandy bottom, pebbles and aquatic weeds 
and with temperature ancl. dissolved oxygen higher than in the other parts 
of the river. The spawning season extends from June to September. 
Intermittent breedings and the size of the fish at maturity were recorded. 
Some physicochemical parameters influencing breeding are discussed. 

Introduction 

Many investigators have studied the breeding 
ecology of food fishes of game value while a few have 
carried out intensive studies on mahseers. Beavan (1877), 
Hora (1939, 1940), Khan (1939), Kulkarni (1971), 
Jhingran and Sehgal (1977). Pathani (1977) and Thomas 
(1983) made some observations on breeding. This study 
deals with spawning ecology, behavior, spawning duration 
and spawning ground, maturity size and ova diameter 
during the breeding season of mahseers in the running 
waters of Nepal. 

Materials and Methods 

Live specimens of adult mahseer (Tor putitora) (Fig. 
1) were collected by trammel nets and gill nets. A survey 
of the spawning ground was carried out with long-handled 
lift nets and gill nets. The color and features of fertilized 
eggs in natural spawning dens were identified by regular 
observations. Dissections of various fish were done to 
determine maturity stages. Physicochemical parameters 
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such as water quality, dissolved oxygen and pH were 
determined by using standard ecological methods (Table 
1). 

The period of spawning as inferred by the presence 
of mature eggs and sperm in the body cavity was 
confirmed by finding spawn, fry and fingerlings in the 
river. The ova, attached to stones in the breeding place, 
were collected and counted. The breeding ground of the 
mahseer was determined by the presence of eggs and fry 
and of broodfish engaged in sex play. The temperature, 
gradient, current and dissolved oxygen in the breeding 
ground were recorded. The samples were collected both 
from snowfed and rainfed streams. 

Results 

Spawning grounds. The Tadi River spawning area 
is situated about 70 km northeast of Kathmandu at an 
altitude of 500 m. The depth is 1-15 m with the deepest at 
30 m. The shallow water river bank varies from 2 to 5.5 m 
in depth, and it is here where the mahseers spawn. 'The 
width of the river is 7 5-140 m. 

Tor putitora spawn from June to September in the 
snowfed Tadi stream and its rainfed tributaries. In these 
months water velocity, temperature, pH and dissolved 
oxygen are favorable for breeding (Table 1). In the 
spawning period the river becomes turbid due to the 
melting of snow at the mountain peaks. Mahseers move 
from the deeper waters of the lower regions of the Trisuli 
River and reach the upland spawning ground of Tadi River 
to breed (Fig. 2). The upriver movement usually begins in 
July, when water started to become turbid and the river 
was flooded by the influx of the rain. The mahseer 
breeding pair select shallow semi-stagnant water along the 
river bank interspersed with gravel and stones. The eggs 
attach to stones in batches. Ideal spawning grounds were 
located mostly in the Tadi River near Gadhkar-
Chokedovan and at the confluence of the Tadi and Trisuli 
Rivers at Deughat. Spawning grounds were also located in 
Kharae Khola, a feeder stream of Tadi River. 
Characteristics · of spawning sites · · were observed 
throughout the study (Table 2). 

Experimental gill netting withia 2.5-5.5 m depth was 
carried out at night during the breeding season. Some 
aquatic weeds of the region collected were Ceratophyllum, 
Myriophyllum, Hydrilla, Vallisneria, Polygonum and 
Potamogeton. Mahseer eggs and larvae were also 
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collected from 2-3.5 m depth by a long-handled di~ net or 
"Ghorleng" and their presence indicated a spawniQg site. 
However, breeding grounds extended up to 5.5 m d~pth in 
certain places. Eggs were sometimes collected attached to 
Eloda leaves, but most of the eggs and larvae of T. 
putitora were collected free along with sand and grtavel at 
the bottom. From the same area broodfishes were :caught 
by large trammel nets at night and were actually seen to 
spawn at midnight. 

Spawning behavior. Courtship in mahseer is 
1
a long 

process starting when several, usually seven, mal~ chase 
¢,e females. When the female finds a suitable si'te, the 
eggs are laid and at the same time the males swim tv,;isting 
around the female, touching it by making brisk mov¢ments 
of the caudal region, after which they fertilize the sp~wned 
eggs with their milt. After a short pause, both malrs and 
females return to the deeper area of the pool, neither of 
them exhibiting parental care. The male and (emale 
mahseers could easily be identified in shallow water 
regions by their sexual characteristics and size, the males 
always smaller than the females. 

Spawning cycle. Dissection of male and female T. 
putitora revealed that the spawning period is . June-
~eptember. At spawning the female exudes eggs ahd the 
male oozes milt when pressure is applied on the abdomen. 
After the second week of September the gonads' were 
spent. These observations were also confirmed l:py the 
developing eggs and larvae collected during the firsl. week 
of September. The ova diameter at this period ranged from 
1.5 to 2.85 mm (Table 4). Ripe ovaries of T. p~titora 
showed three groups of eggs: small, medium andi large 
('fable 4). The smallest size group of eggs were ve~·y few 
i? August and September as they had developed f4rther, 
indicating three acts of spawning. Therefore, mahse¢rs are 
intermittent breeders capable of multiple spawning during 
breeding periods. 

Characteristics of eggs and fry. The spaV'n Qr 
fertilized eggs collected from spawning sites were yellow 
and slightly orange. The fertilized egg measured 2.18-2.87 
mm (Table 3) and hatched after 49 hours into yolk~ac fry 
which persisted for about 160 hours, when full fledged 
larvae were formed. The reared fry, 12 days after hatching 
in the Gadkhar farm, acquired adult characters. Th¢ yolk 
hfld completely disappeared after 168 hours. The sno~t and 
head chromatophores also disappeared in 192 holi;rs but 
many chromatophores were still scattered on the b~ck of 
the larvae. After 10 days fins were fully forme~, the 
pectoral fins with 9-10 rays and the anal fin with. more 
r~ys. A spot on the caudal peduncle was very promin~nt. 

· Maturity size and age of Tor putitora were dequced. 
f\1ales matured ahead of females at 200 mm total len~th at 
two years of age; females matured at 300 mm total length 
w

1
ithin or after three years. 

Discussion 

The first authentic account on spawning habits of 
mahseers was recorded by Thomas (1983) who observed 
that eggs were laid in batches and that the pelvic and anal 
fins were used during the spawi:iing act by the male fish to 
mark out a redd in gravelly gr6und. In Nepal, T. putitora 

I 
apparently laid out three batch~s of eggs in one breeding 
season on the gravelly or s~dy spawning sites with 
considerable hollowing or constructing of the redd. 

Beavan (1877) observed ~mall batches of eggs laid 
I 

for several months (May-August) by mahseer, while Hora 
(1940) recorded that the breeding season of T. tor was 
from August to September. C~rdington (1946) reported 
variable breeding seasons of m.ahseer in different natural 
waters. Khan (1939) recorded that the mahseers of Punjab 
waters spawn thrice a year in the spawning grounds with 
small stones and pebbles in shallow regions with sand. 
Smith (1947) reported that mahseers breed throughout the 
year. But in this study, mahseers in Nepal were found to 
breed from June to September ably. 

Kulkarni (1971) recorded that the breeding season of 
T. khudree was July-August ~hen high floods and low 
temperature prevailed. As with : T. khudree the impact of 
floods was seen in the spawning of Nepalese mahseers but 
higher water surface temperatures prevailed in the 
spawning areas. Desai (1973) observed that the breeding 
season ofT. tor (Narvada River) was July-March and that 
fish attained first maturity after 360 mm total length with 
four batches of eggs in the mature ovary. 

Chaturvedi (1976) reporte~ that the smallest mature 
male of T. tor from Udaipur 1ake was 254 mm and all 
males matured after 310 mm length, while the smallest 
mature female was 322 mm and all females matured after 
390 mm length within one year. Qasim and Qayyum 
(1961) observed that T. putitora from Aligarh waters 
spawned several times over th~ greater part of the year 
having batches of eggs at all stages of maturity in the ripe 
ovary. The sizes of ripe eggs in mahseer were variable 
which may be due to the condition of the fish in the river, 
as stated by Nikolsky (1963) and Pathani (1982). In 
Nepalese masheers all immature eggs were light orange 
yellow and not transparent in contrast to varied colored 
eggs in the ripe ovary of T. khudree as reported by 
Kulkarni (1971). 

The spawning behavior ot Himalayan fishes is not 
clearly known (Shreshtha 1979). The spawning of snow 
trout (Schitzothorax plagiostomks) in the running waters 
of Nepal depends upon suitable environmental factors, 
such as rainfall, flood, pH an~ temperature (Shreshtha 
1979). The effects of these fact~rs on mahseers of Nepal 
are not yet understood. , 

It appears that the flooded streams are richly charged 
with mineral ions and large amdunts of dissolved oxygen, 
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and have relatively warm surface waters (at the confluence 
of the stream and river), clear water, teeming abundance of 
insect food and absence of harmful predators. These may 
be some of the factors responsible for the upriver 
spawning migration of mahseer which talces place during 
high flood a~ midnight and always coincides with the full 
moon. Perhaps moonlight penetration of the stream floor 
helps in the recognition of the sexes and provides 
excitement for sex play and courtship acts. 

The function of flood in the reproductive activities of 
fishes is not clearly known (Shrestha 1981). The turbid 
waters of flooded streams are not apparently a deterrent to 
spawning although great turbulence due to rapid flooding 
as in July and August is unfavorable and mahseer breed 
with decreasing intensity at high flood periods. It appears 
that well-oxygenated, gently advancing flood water over 
the gravel beds provides the necessary rheotactic stimulus, 
evoking sexual play in T. putitora. A newly inundated 
stream bed with flood is less likely inhabited by enemies 
and predators like fry-eating insects and amphibians and 
there is less chance of fungal and 00.cterial infection of the 
developing egg and fry. Therefore, mahseers leave their 
parent river for spawning grounds of feeder streams to 
breed. After the onset of the flood is over, they move 
downriver to rejoin the main river channel. 

The rain water and snow melt water appear to play a 
vital role in the regulation of the reproductive activity of 
the Himalayan fishes. Both rainfed and snowfed flood 
waters are always charged with inorganic ions and have 
high specific conductance. Such waters may provide a 
stimulus for the gonadal maturation and spawning. In this 
study spawning in the mahseer was found to be correlated 
with sustained rainfall and melting snow. 

Everywhere in Nepal the mahseer fishery is poor. 
Fishermen throw dynamite into the water and strike rocks 
with hammers to stun fingerlings of mahseer sheltering 
underneath the rock crevices. Migratory brood populations 
must be conserved and sufficient numbers of adult 
spawners be allowed to escape the fishery (trammel nets) 
and spawn in a clean and undamaged environment. If such 
opportunities are provided for the wild migratory 
population, surges of mahseer will reappear in the large 
rivers and hill streams. 
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Table 1. Water quality of Mahseer spawning ground, Tadi River. 

Temperature 
Color 
Visibility (m) 
Compensation depth 
pH 
Oxygen ppm 
Dissolved solids (mg/I) 
Hardness 
Specific conductance 
Chloride mg/I 
Sulphate mg/I 
Calcium 
Magnesium 
Iron 

30° c. 
Brown 

0.38 
0.85 
7.8 

19.5 
160.5 
48.0 

584.0 mohs 
15.5 
12.5 
28.0 

3.0 
0.18 

Table 2. Distribution of mahseer eggs in. spawning ground, Tadi 
River. 

Spot no. Nature of substratum Number of attached eggs 

1 Rocks and stones 118 
2 Rubble 145 
3 Gravel 275 
4 Fine sand and silt 100 
5 Logs and debris 55 

Table 3. Fertilized eggs of Torputitora from Trisuli River. 

Months 

. June 
July 
August 
September 
October 

Number of egg trail 
(average) 

20 
25 
50 

160 
15 

Table 4. Sizes of ova in Tor putitora. 

Months 

June 
July 
August 
September 
October 

Reserve stock of 
immature eggs 

(mm) 

0.500 
0.510 
0.700 

Opaque 
mature eggs 

(mm) 

0.900 
0.950 
0.990 
1.850 
1.500 

Fertilized egg 
dia (mm) 

2.18 
2.80 
2.85 
2.87 
2.60 

Transparent 
fully-mature eggs 

(mm) 

1.950 
1.990 
1.800 
2.800 
2.850 

Fig. 1. Golden mahseer {Tor putitora). 

Fig. 2. Spawning beds of mahseer, in the Trisuli River. Mahseer 
ascends from large rivers to small creeks to spawn. They usually 
select spawning grounds near river.confluenes . 

Fig, 3. Fertilized eggs of mahseer (about 30 hr) collected. from 
spawning beds. 
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Abstract 

The Hirikani, Labeo dussemerii, forms the major part of the catch 
of the lowland section of the Mahaweli Ganga, the largest river in Sri 
Lanka. 

The flow pattern of the Mahaweli is typically bimodal with peak 
discharge and flooding during the northeast monsoon (November-
January) and a lesser discharge peak during the southwest monsoon 
(May-June). The majority of fish spawn at the time of increased 
discharge following the August/September dry season. Gonadal 
development takes place in June and July followed by a "quiescent 
phase" during the August-September dry season. The spawning season is 
limited to October and November prior to the major floods in December. 
Approximately 10% of the population spawned in June during the minor 
discharge peak. The smaller percentage that spawned during the minor 
discharge peak probably reflects a lower production potential of the river 
at this time compared to the time of major floods. The completion of 
three major dams in the upper catchment of the Mahaweli will radically 
alter the downstream areas. It is predicted that this will lead to a decrease 
in the northeast monsoon spawners, thereby decreasing the overall 
population and production of this species. 

Introduction 

Changes in temperature and daylength have been 
shown to trigger reproductive behavior in physiologically-
primed fish in temperate regions and appear to be 
synchronizers of gonadal development and reproductive 
behavior in the higher latitudes of the tropics (Scott 1979). 
However, other environmental and biotic factors may 
determine the reproductive behavior in equatorial fish, as 
the seasonal differences in daylength and temperature 
diminish with decrease in latitude. Annual fluctuation in 
rainfall appears to be the dominant environmental 
influence on the reproductive cycle of tropi~al and 
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equatorial freshwater fish. Rainfall in equatorial regions, 
although less seasonal than in the tropics, is still 
characterized by equinoctial peaks, which generate the 
typical bimodal flow pattern of equatorial rivers. Many 
riverine species spawn during times of peak discharge 
(Lowe-McConnell 1979; Welcomme 1979). 

This study investigates the environmental 
synchronization of the reproductive cycle of an equatorial 
cyprinid, Labeo dussemerii (Valenciennes), that inhabits 
the Mahaweli Ganga of Sri Lanka, where three major 
dams have recently been completed in the . upland 
catchment areas as part of the Accelerated Mahaweli 
Ganga Hydroelectric Irrigation Project (Aker 1985). These 
investigations, started in 1981, were completed by April 
1983 before the above constructions had any major effect 
on the seasonal discharge pattern of the lowland sectio~ of 
the river. In common with other Labeo species throughout 
Africa and Asia, L. dussemerii is the dominant catch of the 
lowland riverine fisheries in Sri Lanka. 

The Mahaweli originates in the central highlands and 
runs 335 km through the lowlands of the dry zone 
(Arumugam 1969). Rains in the upper catchment are 
equally heavy during both monsoons, whereas · the 
downstream section receives most of its rain during the 
northeast monsoon (Figs. 1 and 2). The main site was a · 
section of an anabranch of the Mahaweli named the Periya 
Aru (Fig. 1). This downstream lowland section has the 
characteristic bimodal flow pattern of an .equatorial river 
but is atypical in its extreme fluctuations (Fig. 2) •. 
Simultaneous high rainfall in upland and lowland 
catchments in November-January causes complete 
inundation of the lowland. The increased discharge from 
the upland rains of the southwest monsoon in May-June is 
sufficient to flood the downstream marshlands adjacent to . 
the river but not the slightly more elevated forest and 
farmland of the lowland. 

Materials and Methods 

Visits to the site were made almost monthly in 1981-
1983. The movementof fish was studied by setting 5-cm 
and 10-cm mesh gill nets at selected points (Fig. l) and by 
casting nets all over the.area. Fork length and body .and 
gonad weight were determined. Frequency distribution of 
oocytes by size (diameter) and fecundity, defined as the 
number of eggs produced by the mature female just prior · 
to spawning, were measured by wet sub-sampling of eggs 
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preserved in Gilson's fluid (Bagenal 1968). J.1ength-
frequency analysis (Cassie 1954) was carried ou~ on a 
large number of fish caught in April 1982. The diurnal 
range of water temperature was measured with 
maximum/minimum thermometers and light intensity in 
the water column with a Griffen Environmental 
Comparometer. 

Results 

Light penetration and water temperature s~owed 
well-defined minima during high discharge (Fig. 3&). The 
greatest diurnal changes in temperature occurred I.at the 
height of the dry season (with maxima of 35.SOC and 
minima of 29oC in exposed areas and with maxima of 
33.SOC and minima of 29oc in shaded areas). As 
discharge increased, the mean temperature and the diurnal 
range in temperature decreased to a maximum of 270C 
and a minimum of 250C at the higher discharge rates. The 
reduction of light penetration with increased discharge was 
such that during floods less than 5% of the residuaj. light 
could be detected at 0.3 m. During the dry season1 up to 
70% of the residual light could still be detected at :0.3 m 
except in some exposed areas where phytoplankton bloom 
reduced it to 40%. 

At the end of the dry season L. dussemerii: were 
cbnfined to the shaded deep pools of the Periya Aru. As 
soon as discharge increased, fish were found swimming 
upstream towards the Mahaweli. During the flo'od L. 
dussemerii dispersed laterally and were caught in the 
flooded forest areas between the Periya Aru and th¢ main 
Mahaweli channel. As the flood waters receded L. 
dussemerii were found throughout the Periya Aru and 
Mahaweli waters. However, they were found in the 
floodplain marshland only when it was inundated with 
river water and its limnological characteristics were 
similar to those of the river water. Size-frequency analysis 
of fish caught in early April 1982 identified three 'length 
classes of 110 ± 10 mm, 227 ± 12 mm and 288 ± · 16 
mm. 

The relationship between fork length, gonad weight, 
somatic weight and fecundity in L. dussemerii (Table 1) 
indicates that gonadosomatic index (GS! = gonad 
weight/somatic weight) increased with weight. ln the 
majority, the most rapid gain· iP GS! occurred inl July-
August before the onset of the severest part of the dry 
season (Fig. 3b). GS! remained stable throughout the 
September dry season until spawning. Spent fish1 were 
caught three days after the initial increase in river flow in 
late September but mature fish were still found up to early 
November. All fish were spent when the forest area$ were 
flooded in December. The distinct modes in the GSI:ofthe 
July female fish (Fig. 3b) imply that fish spawning in late 

November mature later than ~ose spawning during the 
initial floods in September. A small number of fish (< 
10%) caught in August were! immature and a similar 
proportion of the catch in April had maturing gonads. The 
length of the maturing fish in April (256 ± 5, 292 and 
325 mm) did not conform to the length classification of 
the whole population. This discrepancy suggests the 
existence of a subpopulation lthat spawned during the 
minor floods of May-June. Approximately 90% of the wet 
weight of the ovary and 70% ofi the testis were released on 
spawning. 

The distribution of oocytes of varying diameters over 
a range of ovary sizes at different times of the year 
(Fig.3c) showed a quiescent ovary in March with no 
oocytes over 0.9 mm. Oocytes~began to enlarge in June 
and appeared as a well-established mode of 1.0-1.3 mm 
diameter at the peak GS! in September. In October spent 
fish showed no oocytes above 0.9 mm, indicating that L. 
dussemerii is a total spawner. The relationships between 
various parameters and fecundity (defined as the number 
of oocytes above 0.9 mm) are given in Table 1. 

Discussibn 
I 

Spawning in the majority of L. dussemerii in the 
floodplain of the Mahaweli Ganga coincided with the 
increased discharge during the northeast monsoon, 
although a possible subpopuiation appeared to have 
spawned during the minor disc~arge peak associated with 
the southwest monsoon. Biannual breeding has previously 
been reported among equatorial species in the Amazon 
and Zaire rivers which also• exhibit bimodal floods 
(Roberts 1973). The October-November spawning took 
place in the river channel prior

1 
to the total inundation of 

the floodplain in December. The fry are therefore ensured 
of a food supply during their initial stages which increases 
as they grow. The small proportion that spawned during 
the May-June increase in discharge probably resulted from 
the less adequate food supply for the fry at that time 

I 
compared to October-Decembe~ when fish have temporary 
access to the forest floodplain .. Increased river discharge 
was associated with a rapid fall in temperature and light 
intensity. As with temperate flsh, light and temperature 
could be important in the spawning behavior of L. 
dussemerii. 

The environmental factors that initiate gonad 
recrudescence in Labeo are bncertain. Recrudescence 
occurred during varying but ldw discharge with overall 
increase in temperature and light penetration. Gonad 
development takes place prior to the September dry season 
in October-November spawners. In contrast, it appears that 
in June spawners' gonads develdp after the more extensive 
February-March dry season. As in Indian carps 
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(Parameswaren et al. 1970), gonad recrudescence in L. 
dussemerii appears controlled by an endogenous 
physiological rhythm which may be synchronized with 
environmental changes. Labeo caught in the Mahaweli in 
January 1981 and kept in outdoor flow-through tanks at 
Colombo University until August had the same 
gonadosomatic indices exhibited by fish caught in the 
Mahaweli in August. However, the captured fish did not 
spawn although kept until January 1982. 

The three major dams in the highland catchment of 
the Mahaweli will certainly regulate the discharge rate in 
the lowland. The rate of release during the drier months 
will depend on hydroelectric-generating demand. The 
delay and attenuation of the discharge peaks in the rainy 
season will depend on the storage capacity of the dams at 
that time which in turn will· be determined by the 
drawdown of the reservoirs in the previous dry season. 
The May-June discharge peak may disappear completely 
as its sources are mainly the upland rains and the three 
dams which impound much of the runoff after the 
extensive February-April dry season. The major October-
December downstream discharge peak will probably be 
less affected as it follows a less extensive dry season and 
results from both upland and lowland rains. Discharge will 
be delayed and attenuated by the retention of upland 
runoff until the dams have filled to capacity. 

The alteration of the natural flood cycle can affect 
the reproductive cycle of L. dussemerii in the Mahaweli in 
several ways. Initially, gonad development would continue 
as it does not appear to be dependent on environmental 
cues. However, the lack of food-induced environmental 
triggers in June will prevent spawning and therefore lead 
to the extinction of the minor subpopulation of June 
spawners. Spawning during the northeast monsoon may 
not necessarily be delayed by upstream impoundment if 
the local downstream precipitation and the increased 
discharge provide sufficient stimulation for spawning. 
However, if the discharge is decreased so as to prevent the 
flooding of the forested areas of the lowlands, the fry 
spawned during the northeast monsoon could have a more 
restricted and less productive environment and insufficient 
food for their first few months of life. This can result in 
higher mortality and eventually decrease the population 
and production of L. dussemerii. 
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Table . The relationships between fork length Imm), som1tic w1ight lg), gonad weight (g) ind fecun-
dity in L. duss1merfi et pe8k gonosom1tic index. 

Fork length (Fl) to semitic 
weight (sw) log5w"'2.81ogF1-4.3 0.94 0.001 

Som•tic weight to gonad 
w•lght IGw) 9 ' Gw•0.29Sw-17.9 0.83 0.001 

0 ' Gw•0.055Sw-1.5 0.90 0.001 

Fork length to fecundity IF) logF•3.81ogF1-4.1 0.59 0.001 

Som•tic weight to fecundity F •502Sw-42980 0.76 0.001 

Gan.cl weight to fecundity F•1845Gw+45 0.83 0.001 
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Fig. 1a. The Mahaweli Ganga Basin. Mean annual 
rainfall and seasonal distribution, mm. Kand P denote 
the position of the highland (Katugastota) and lo~­

land (Polonaruwa) rain gauges, respectively, and M, 
the river discharge gauging station at Mannampitiya 
bridge. .a. Dam sites. 

81 OS'E 

7° 55'N 

---
Fig. 1 b. Detail of the site. The Periya Aru branchir'.lg 
from the Mahaweli Ganga. Velankadu Villu, the majcbr 
marshland draining into the Periya Aru. Gill n~t 
sites. 
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Abstract 

Wild Penaeus notialis and P. schmitti were induced to mature by 
unilateral eyestalk ablation of females in 0.5, 1.6 and 2.0-m3 tanks 
stocked at 9-12 shrimps/m3 at a ratio of 2~:ld'. A total of 71 spawns was 
obtained from 80 P. notialis females in two experiments and 29 spawns 
from 72 P. schmitti females in three experiments over 16-19 days per 
experiment. Average fecwidity and hatch rate were 44,410-64,997 
eggs/spawn and 0-71.70% for P. notialis and 41,672-48,083 eggs/spawn 
and 0-0.17% for P. schmilli, respectively. 

The low hatch rates throughout the experiment period for P. 
schmilli, an open thelycum species, and towards the second week for the 
closed thelycum P. notialis, indicate a failure of spennatophore transfer 
in the maturation tanks. This lack of copulation may be traced to the high 
stocking densities and the small sizes of the tanks. Attempts to artificially 
transfer spennatophores to mature P. schmitti females wete generally 
unsuccessful. 

Introduction 

The pink shrimp, camaron rosado (Penaeus 
(Faifantepenaeus) notialis) and the white shrimp, 
camaron blanco (Penaeus (Litopenaeus) schmitti) are the 
two most important commercial shrimp species in Cuba 
and the Greater Antilles and along the Atlantic coast of 
Central and South America (Holthuis 1980). Before 1936, 
P. schmitti was not distinguished from P. setiferus; neither 
was P. notialis differentiated from P. duorarum until 1967 
(Holthuis 1980). Both P. setiferus and P. duorarum are of 
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great economic importance in Mexico and the United 
States. 

In Cuba, the Ministry of Fisheries has given priority 
to the culture of P. notialis andP. schmitti. Recent trials in 
earthen ponds in Sancti Spiritus province have yielded 
800-1,200 kg/ha/year of P. schmitti, sizes 14-20 g (M. 
Borrero, pers. comm). Similarly, trials in research ponds 
and private farms in Colombia have produced 700-1,400 
kg/ha/year (average sizes 15-25 g) in four to six months of 
culture (Martinez et al. 1984; E. Garcia, pers. comm.). 

These promising results have led to further 
experiments in maturation and seed production. Ramos 
and Gonzales (1983) obtained maturation and spawning of 
viable eggs from wild P. notialis by eyestalk ablation. 
Scelzo and Hernandez (1983) induced maturation, but not 
spawning, by ablation of pond-reared P. notialis. So far, 
23 penaeid species have been matured in captivity by 
ablation of one or both eyestalks (Primavera 1985). 

This study aimed (a) to induce maturation in P. 
schmitti by ablation and (b) to undertake followup 
maturation work on P. notialis. 

Materials and Methods 

Adult P. notialis and P. schmitti were obtained in 
May and June from Cienfuegos Bay (22040'N and 
80028'W) using a commercial shrimp trawler (net body 
and codend stretched mesh 25 mm). Trawling was done in 
the morning at a velocity of two knots with each operation 
lasting one hour. Undamaged and healthy shrimp were 
selected and transported to the Centro de Investigaciones 
Marinas in Habana in 100-1 plastic tanks filled with clean 
seawater and oxygen. 

After sufficient acclimation, immature females and 
apparently mature males were stocked in tanks of 0.5, 1.6 
and 2.0-m3 capaeity at densities of9-21/m2 and a sex ratio 
of 2~ :lo (Table 1). Mean CL for P. notialis was 3.2-3.9 
mm females, 2.4-2.8 mm males and for P. schmitti: 3.6-
3.9 mm females, 3.5-3.6 mm males. Females were ablated 
by pinching one eyestalk as described by Primavera 
(1978). 

Feeding of squid and earthworm at approximately 
5% of total biomass was twice a day in the morning and 
afternoon. Tanks were provided with airstones. Depending 
on water quality, 20-80% of tank water was changed daily. 
Temperature, salinity, pH and molts were recorded daily 
(Table 4). Inclusive experiment dates are: Experiment 1 -
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27 May to 12 June1984; Experiment 2 - 25 June to p July 
1984; Experiment 3 - 24 September to 8 October 19$4. 

Females were examined for ovarian maturation (with 
an underwater light or by scooping out the femal¢s and 
holding them against the light) three days after ablation 
and every day thereafter. Maturation stages were clai;sified 
according to color (Simpson 1974) and outline or sl!ape of 
ovaries as described for P, monodon in five ,stages 
(Primavera 1983). . 

Stages 3 and 4 females were individually placed in 
20-1 spawning tanks (54 x 30 x 20 cm) with t:;ltered 
s.eawater treated with 1 ppm EDT A. The fol~owing 
morning, spent and unspawned females were returµed to 
their respective maturation tanks. Spent P. notialis were 
marked with Sphirion tags (used for spiny lobster) iqjected 
ip.to the abdominal musculature by means of a hypodermic 
needle to trace possible rematurations. 

Eggs were counted in 16 5-ml samples with the 
Bogorov pipette taken after the water was stirred to obtain 
a uniform suspension. Nauplii counts were done the same 
way and hatch rates were computed. 

Artificial spermatophore transfer was tried on tp.ature 
P. schmitti that appeared unmated. ·The spernj. was 
dissected from the spermatophores of apparently mature 
males and placed together with the glutinous m~terial 
(Perez Farfante 1974) between the gonopores aqd the 
coxal plate of the third pair of pereopods (Bray et al. 
1984). 

Results and Discussion 

Maturation and spawnings were obtained as CJi'uickly 
a,s two and three days after ablation for P. schmitti ~d P. 
nptialis, respectively (Figs. 1 and 2). This is th~ first 
r~orded captive maturation of P. schmitti. Spawn~ were 
scattered throughout the two-week period wijh no 
discernible peaks for either species. Ramos and Go;nzales 
(1983) also obtained spawnings of wild P. notiaUs at a 
~inimum of three days after ablation. · 

Almost all of the maturing and mature P. sqhmitti 
had ovaries with a constriction in the anterior abd9minal 
lobes similar to that described for P. vannamei and P. 
s(ylirostris (Aquacop 1979). The majority (65.5%). of P. 
sphmitti spawns were partial, in contrast to the ipostly 
complete spawns of P. notialis (Tables 2 and 3). Spa'wning 
behavior of P. schmitti may require water depth ~eater 
$an the 15 cm in the spawning tanks. In more recent 
ttials, complete spawns of P. schmitti were observe<i when 
1:00-1 plastic containers filled with 30-35 cm (10-1 v~lume) 
\fere used (Primavera and Ramos, unpublished data). Size 
Qf females in relation to spawning tank size m~y be 
discounted as a cause of partial spawns because P. nptialis 

females were larger (3.6-4.8 cm average CL) than P. 
schmitti (3.1-3.9 cm average CL) (Tables 2 and 3). 

Average egg numbers and hatch rates of spawns 
from P. notialis were 44,410-66,520 eggs/spawn and 0-
71.70%, respectively (Table 2). Ramos and Gonzales 
(1983) reported a range of 13,2GQ-73,200 eggs/spawn with 
hatch rates of 39.0-86.56% for six wild ablated P. notialis 

I 

with 24-59 g body weight. Mlµ"tinez et al. (unpublished 
data) obtained an average o~ 75,000 eggs/spawn and 
93.3% hatch rate from six wild P. notialis spawners 
weighing an average of 55 g. 

There is a general trend . towards decreased hatch 
rates both with time (Fig. ~) and with successive 
rematurations (Table 4). for P. notialis. This could be 
related to a failure of mating o~ spermatophore transfer in 
the tanks after molting of the females. In P. notialis and 
other closed thelycum penaeids, spermatophore transfer 
takes place immediately after molting of the female when 
it is soft-shelled. 1 

The small size of the tanks (0. 7 to 2.0 m3) and not 
the stocking density (9-21/m2) or sex ratio (2<.i?: ld) per se 
may explain the lack of copulation. Primavera (1979) 
observed that the elaborate vertical and horizontal 
swimming movements in precopulatory and copulatory 
behavior necessitate a minimum1 area and depth of tank for 
P. monodon, another closed thelycum species. 

Average egg numbers of 41,672-48,083 eggs/spawn 
for ablated P. schmitti (Table 3) iare lower than the average 
of 62,200 eggs/spawn for two tild spawners reported by 
Martinez et al. (unpublishe~ data). The lack of 
spermatophores in all mature !females suggests that P. 
schmitti did not mate in the tAnks, as with P. notialis, 
with the small tank size the mo.st important factor. (In P. 
schmitti and other open thelycutn species, maturation and 
imminent spawning of the fcimale are prerequisite to 
spermatophore transfer.) . 

Attempts to artificially transfer sparmatophores to 
ripe p. schmitti females were generally unsuccessful 
(Table 3). Although this techique has been successfully 
used for P. vannamei, P. stylirostris, P. setiferus and other 
penaeids with open thelyca (Aquacop 1979; Bray et al. 
1984), application to other species needs some refinement. 
The exact position of the sperm mass on the thelycum 
needs to be determined as well as optimum time for 
transfer of the spermatophores. 1 
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T1b1• 1. S1ocklng of l'1nuus notl1ll11nd P. ~hmlrtl In m11ur11lon t1nk1. 

Tlnk A 

Sh1pt rtc11ngul11r round rec11ngul1r rtct1ngul1r 
Aro. (m2) 4.0 1.6 0.7 1.0 
W111rvolumo(m31 2.0 1.6 0,6 0,6 
SPICIH: Eicpt.1 P.1ehmlttl l'.notl11ls I'. not/1/ls P. notl11lr 

Eicpt. 2 P.ichmlttl 1'.not/11/1 l'.not/11/s P. not/alls 
E>cpt.3 l'.~hmlttl l'.#Chmlttl 

No. of 11ock/11nk 36 30 16 16 
D1n11tv lnoJm21 6,0 1•• 21.'4 16.0 
Survival ("I 

Eicpt, 1 9 642 600 400 600 
d 87.5 90.0 60,0 20.0 

E>cpt.2 9 45.ft 650 100.0 90.0 
d 1000 1000 80.0 1000 

E>cpt,3 9 76.0 6".3 
d 63.3 1000 

T1b1t 2. Sp.awning ol wlld 1bltted PmHut norl•lis. 

Ttnk 

E>cptrlm1nt no. 

Tottl no. SPIWnl 20 26 11 

"' 19 18 9 
2"d 6 
3cd 1 

Kind of tpawnlng 
Partlll 4 10 1 4 
Compltt• 16 16 4 3 7 

Avt, c1r1ptc1 llnlilth lmml 39 36 36 40 4.8 3.6 
Avt, no. egg1/apawn '14,410 64,997 '15,910 66,620 64,760 '18,091 
Tot1I no.eggs 888,200 1,624,917 321.367 132,600 219,000 629,000 
AYI. no. nauplll/tpawn 17,637 8,420 16,600 47,500 22,438 0 
Tot1I no. n1uplll 350,750 210,600 108,600 96,000 69,760 0 
Av1.h1tchr1t1 (%I 39.'19 12.96 33.75 71.70 '1099 0 

Tlblt 3. SP1VVnlng ofwlld 1bl1ted l'•n,,us schmlttl. 

E>cp1rlm1n1 no. IUinkl 1 IA.I 

Tot1l no. spawns• 
Kind of spawning 

Portl1I 
Comp1111 

Av1.e1r1p1ctltn1ilthlmml 
Av. no.egg1/spown 
Tott! no.eggs 
Av•. no. n1uphl/sp1wn 
Tot11 no. n1uplll 
Avt.h1tch reto 1%1 

•1st, 2nd 1nd 3rd spawns not d1lttr1nt11led, 

3.7 
'18,093 

268,600 
83 

600 
0.17 

21AI 

12 

10 
2 
3.9 

41,672 
600,067 

0 

699 

3 IA,81 

11 

3.1 
«,304 

'187,360 
0 
0 
0 

T1bl1 4, Mt1n w1t1r ttmp1ra1ur1, S11inltv end pH 11 9 to 10 1.m. In m1tur.tlon tonks of P1n•.u1notia//11ndP. schmlttl 
IE>cpt, 2: 26 Jun .. 12 July 1984, E>cpt. 3: 2'1 S1pt1mb1r.S Octoberl. 

T1nk A c 

Temp1r1tur1l'CI 

Eicporlmlnt2 27 .6 (26.0 - 28.21 27 .6 (25.0 - 28.31 27 .8 (27 .6 - 28.0I 27 .6 (26.2 - 29.'ll 
Exp1rlmont 3 26.1 122.6 - 2801 26.1 122.'I - 28.1) 

S1lln1tv (pptl 

Eicp1rlm1nt 2 36.0 36.0 35 35 
Exp1rlmlnt3 35.7 35,7 

pH 

Eicp1rlm1nt2 7.65 7.86 7.67 7.63 
Exp1rlm1nt 3 7B2 7.62 

Nott· No r"dlnlilS Wirt ttktn lor Exp1riment 1. 
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Fig. 1. Spawnings of ablated Penaeus notialis in maturation tanks. 
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Fig. 2. Spawnings of ablated Penaeus schmitti in maturation tanks. 
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Spawner Size and the Biological Components of 
the Reproduction Process in Penaeus monodon 

Fabricius 

C.T. VILLEGAS 
A.TRINO 

R.TRAVINA 
Southeast Asian Fisheries Development Center 

Aquaculture Department 
P.O.Box256 

Iloilo City 
Philippines 

VILLEGAS, C.T., A. TRINO and R. TRA VINA. 1986. Spawner size 
ami. me biological components of the reproduction process in 
Penaeus monodon Fabricius, p. 701-702. In J.L. Maclean, L.B. 
Dizon and L.V. Hosillos (eds.) The First Asian Fisheries Forum. 
Asian Fisheries Society, Manila, Philippines. 

Abstract 

The biological components of the reproduction process of Penaeus 
monodon spawners collected from the wild along Tigbauan-Guimbal 
coastal area, Philippines, were evaluated. Data were collected on wet 
body weight, eggs per female, egg size, egg quality, hatching rate and 
percentage survival at the first zoea stage. There was a general trend for 
number of eggs per female and egg size to increase with increasing body 
weight. However, the larger spawners were not the most efficient in 
terms of number of eggs per unit body weight. There was a significant 
positive correlation between body weight and number of eggs per female. 
Larger eggs may be associated with larger body size. However, the size 
of individual eggs tends to be dependent upon the total number of eggs 
spawned per female. 

Introduction 

A species may produce a large number of eggs as in 
cod, Gadus morhua L. or fewer larger eggs, as in 
freshwater fishes (Blaxter 1969) and some crustaceans 
(Shakuntala 1977), from which more viable individuals 
may be hatched to ensure a greater number of surviving 
juveniles. The success of crustaceans can be attributed to 
the fact that most of them carry their developing eggs until 
hatching. This parental care results in greater survival of 
the eggs. Among the many factors that regulate the 
number of eggs carried by a female, the size of the mother 
animal appears to be an important one, e.g., in fishes 
(Blaxter 1969). 

Jensen (1958) working on several marine 
Matacostraca concluded that the "relative number" of eggs 
(total number of eggs carried in a single brood at any one 
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time) exhibits a linear relationship to the volume of the 
mother. This paper report:S on observations on the 
biological components of the reproduction process in 
relation to the spawner size in P. monodon Fabricius. 

Materials and Methods 

Females of P. monodon in apparently good physical 
condition and estimated to have ripe "Stage IV" ovarian 
lobes were brought from the catch of small fish farmers 
trawling along the Tigbauan-Guimbal coastal area. The 
shrimp bought from several collections from June 1985 to 
May 1986 were allowed to spawn separately in 250-1 
conical fiberglass tanks in aerated seawater at ambient 
temperature (26 ± 20C). The postspawning weight of 
each female was taken; number of eggs spawned per 
female was estimated by taking four 200-ml water samples 
in which the numbers of eggs were counted. Egg size and 
egg quality measurements were made under the binocular 
microscope on 100 egg samples per female. Egg type or 
quality was classified according to Primavera and Posadas 
(1981); Al and A2 type eggs were considered good eggs 
and expressed in per cent. Hatched nauplii were counted 
as having come from fertilized ova and transferred into 
1.5-t fiberglass tanks at a stocking rate of 100,000 nauplii 
per tonne of seawater. About 20-30% of the water was 
changed daily by siphoning out detritus· to maintain good 
water quality. There was no feeding until the larvae 
metamorphosed to the first zoea stage. Survival was 
estimated by taking a 3-1 water sample per tonne of 
seawater. The water was agitated vigorously during 
sampling to disperse the larvae evenly. 

Results and Discussion 

There was a general trend for number of eggs per 
female and egg size to increase with increasing body 
weight (fable 1). In contrast, there was marked decrease 
in the number of eggs produced per unit body weight as 
body weight increased. Larger eggs may be associated 
with large body weight. However, the size of the 
individual egg tended to be dependent upon the total 
number of eggs spawned per female rather than upon the 
size of the female. 

In many crustacean species, the eyestalk ganglionic 
X organs or sinus glands are known to contain an "ovarian 
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i 
inhibiting" neurohormone which prevents vitellogenesis. 
The production of this factor is known to be app,arently 
regulated by environmental stimuli that impirlge on 
sensory receptors. Vitellogenesis commences wtlen the 
level of this neurohormone is reduced or is abse(lt The 
size of each egg then depends on the dura4on of 
yitellogenesis during which the yolk is deposited, ~ w,ell 
as the total number of eggs competing to share thµ; yolk 
deposition. 

Such observations were quantitatively summarized 
by correlation analysis (Table 2). There was a sigl)ificant 
correlation between spawner size (body weig1't) and 
number of eggs per female with a correlation coeffi~ient of 
0.66. Significant positive ~orr~lations were also optained 
6etween body weight and percentage survival at $e first 
zoea stage and between number of eggs per fem~e and 
survival at first zoea stage. There was also a qefinite 
~elationship, between egg size and hatching ra~ and 
survival of first zoea stage. On the other hand, the n~gative 
correlation between egg quality and hatching rate was 
probably due to the inclusion as good eggs of ~2 type 
eggs with delayed development and hatching. 
, Size selection of spawners for maximum ee;g and 
larval production is important In this study, larger femal,es 
produced more eggs than did smaller females. Similar 
t:rends have been recorded for P. monodon in captiyity by 
Aquacop (1977) and Motoh (1981) on wild-caught P. 
' I rrzonodon spawners of 53.1-81.3 mm carapace lengih. The 

positive body weight-eggs per female relationship also 
means that larger spawners will produce a greater tjumber 
of healthy larvae as indicated by a significant ppsitive 
c;orrelation between body weight and percentage survival 
at the first zoea stage (r = 0.42). 
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T1bl1 1. Body w•lthU and 1pawnl"11fllc11nclD1 ol wild,., monodan f?awn1rs lrt1m T1tb1u1n-Gulmblll couul ., .. 

'""' No.of .... i '" "' H11chtng Survlvtl 
5Pf;wntr w1lgh1 .... p1runl1 llZI qu1ll1V r111 ltzout ,,, p1rlem111 bodyw119ht '"' ,., ,., ,., 

1163 '491,700 '4.288 306'4 "0 ... 85.1 
1056 526,750 -4,9111 2101 088 636 6'6 
1511.7 778,500 -4.892 381» 7M ... OOJ 
961 '469,200 '4,1112 3022 6'8 '" 168 

13'4.6 BO!l.1:16 !1,00'4 3057 .. o "~ "' 121.3 22-4,500 1.1150 2Q8,0 620 917 ". 1'4'4.2 6311.300 3,733 2ee'4 .. 8 68' 60.7 
1697 616,333 3,.4-49 289.! 6'0 '68 6'7 
1'406 266,600 1.198 211'4 628 <63 360 

10 12e1 '42-4,760 3.297 29-46 812 ••• '" 11 166'4 623.SOO 3,1-46 317.2 008 ... 10M 
12 19(17 562.000 2,121 2Q30 600 60J '" 13 1iU 66:!,700 3,.41'4 3026 760 6'6 1000 

" 1'41B 410.000 2.891 2g3.o 710 703 1000 
16 20'4.8 830,500 -4,055 2191 000 iU 1000 
16 2116 150,000 3,1e11 3093 600 7'1 ea 
17 2104 111,ISOO 4.333 27Q7 "'° 60.2 91.8 
11 1oe5 '466,000 4,376 277A 922 66S 321 

x 1616 668,632 3,719 2Q56 693 607 796 
SD. 387 1go,326 1»<• 100 1'3 177 210 

T1ble 2. Correl11t1on co11ffici1nts between body weight 11nd the blologic1i components of the reproduc· 
tion process for wild P. monodon spawners. 

Eggs Eggs 
Body per I per unit Egg Egg Hatching 

weight femelo 
1
body w11ight size quehty rite 

Body weight 
Eggs per fem1te .66 
Eggs per unit body weight -.15 .63 
Egg size ,12 09 02 
Egg QU!llity -.14 ,19 .40 -,12 
Hitching rate -25 -.02 .20 .56 -.14 
Survival et zoe1 1 .42 ,46 17 ,52 .26 .23 
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Induced Spawning and Larval Development of the 
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WONG, T.M., T.G. LlM and C.F. WANG. 1986. Induced spawning and 
larval development of the razor clam Solen brevis Gray (Mollusca: 
Solenidae) in the laboratory, p. 703-706. In J.L. Maclean, L.B. 
Dizon and L.V. Hosillos (eds.) The First Asian Fisheries Forum. 
Asian Fisheries Society, Manila, Philippines. 

Abstract 

The response of gravid razor clams to various physical and 
chemical stimuli was studied. Gravid razor clams could be induced to 
spawn by exposure to temperature shock as well as high feed 
concentrations exceeding 1.1 million cells/ml. 

Mature eggs measured approximately 75 µm in diameter and cell 
division began within 20 minutes after fertilization. The eggs developed 
into actively moving trochophores within 6 hours and D-stage veligers 
could be seen after 12 hours. Reared on a diet of Chaetoceros sp. the 
veliger larvae reached the umbo stage within three days and settlement 
occurred after eight days when mean shell length measured 
approximately 350 µm. Metamorphosis into the juvenile form was 
completed after 16-18 days. 

Introduction 

The razor clams (Family Solenidae) include 
numerous species exploited commercially as a food 
resource. Substantial fisheries exist in many countries in 
the Asia-Pacific Basin. Along the west coast of the United 
States Siliqua patula form the basis of an economically 
important commercial and recreational fishery throughout 
its distribution range (Bourne 1979) while Ensis directus 
occupies a similar position on the eastern seaboard. 
Various species of Solen and Pharella are commonly 
marketed in the Southeast Asian countries while 
Sinonovacula constricta has been extensively cultured in 
Japan and China since the 1900s (Cahn 1951; Nie 1982). 

Solen brevis Gray occurs in ~umerous localities on 
the west coast of Peninsular Malaysia and Sarawak where 
they constitute important local fisheries. Their popularity 
as a food item is such that they command a market value 
10 times that of the blood cockle (Anadara granosa). In 
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recent years increasing interest has been shown in the 
culture of S. brevis but efforts towards their mass culture 
have been hampered by lack of seed supply. Despite its 
economic importance, little is known about the biology of 
S. brevis and no published information on its spawning 
and larval biology exist. 

Numerous techniques have been used to induce 
spawning in bivalves (Loosanoff and Davis 1963; Ino 
1972; Sastry 1979) and some of these have been 
successfully used to induce spawning in razor clams 
(Loosanoff and Davis 1963). More recently, Breeze and 
Robinson (1981) reported that Siliqua patula spawned 
when exposed to Pseudoisochrysis paradoxa at cell 
concentrations of2-2.5 million cells/ml. 

This paper reports on the induced spawning and 
larval development of Solen brevis in the laboratory. 

Materials and Methods 

Preliminary studies have shown that the main 
spawning season for S. brevis in Penang is in November-
March. Specimens were collected at low tide from the 
intertidal foreshore off Sungei Nibong, Penang, Malaysia. 
The clams were immediately transferred to the laboratory 
and held in running seawater at 32 ppt salinity in shallow 
fiberglass troughs. Fine sand (5 to 7 cm deep) was 
provided as substratum. Animals unable to burrow within 
30 min. were discarded as their survival was invariably 
poor. Clams were acclimatized to laboratory conditions for 
three to five days during which period they were fed a 
mixture of Chaetoceros calcitrans and Tetraselmis sp. 
prior to experimentation. Laboratory temperature varied 
from 26 to 28.5oC during the experiment. 

Prior to experimentation, ten clams from each batch 
were dissected and their gonads examined microscopically 
to ascertain that at least 30% were in reproductive 
readiness (i.e., with motile sperms and mature oocytes). 
Spawning trials were conducted in 2-1 glass bottles, each 
with six animals. Each treatment was duplicated and 
repeated on a different day. At the end of an experiment 
where no spawning was observed, all surviving animals 
were dissected and examined to ascertain that the absence 
of spawning was not due to their lack of reproductive 
readiness. Unless otherwise specified, no feed was 
provided during the experiments which were conducted at 
room temperature (26-280C). Aeration was provided via 
air diffusers but no substratum was provided. After 
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exposure to each treatment, all test animals were r4tumed 
to fresh seawater and observed for 48 hours df until 
spawning occurred. A fresh change of seawater was 
carried out after 24 hours. ' 

Test temperatures were maintained at preset values 
through cooling coils and temperature baths (Grants 
Instruments~. Preliminary observations indicated ~thigh 
mortality occurred when clams were kept at temp~ratllfe 
below 20oc or above 35oc for more than a few .hours. 
Test temperatures used for the cold "shock" and warm 
"shock" were 22-230C and 32-330C, respectively. Clams 
were transferred directly from room temperature t~ each 
test temperature, held for three hours and then retumied to 
fresh seawater at room temperature for subsM.uent 
observation. · 

Test animals were immersed in seawater dilut~d wi.th 
freshwater to provide final salinities of 15, 20, 25 p~t with 
those in 32 ppt acting as control. After a 6-hr exposqre, the 
experimental medium was drained off and replace:d with 
fresh seawater. 

Experimental animals were immersed for thre~ hours 
in seawater with ammonium hydroxide added to provide 
final pH values of 8.6 and 9.6 after which the test solutions 
were replaced with fresh seawater (pH 7.8). 

The mantle cavity of test animals was injected with 
0.2 ml and 0.5 ml of IM KCl solutions throu~h the 
inhalant siphon. After receiving the KCl, each cl$! w~s 
left for 10 min. out of water and then returned to fresh 
seawater. The controls were injected with 0.2 ml ~nd 0.5 
ml of seawater, respectively. 

Test animals were immersed in seawater with 
hydrogen peroxide added to provide final concentrations 
of 50, 100, 150 and 200 ppm H202 using the proceJure of 
Morse et al. (1978). After three hours the test solutions 
were replaced \yith fresh seawater. 

Clams were immersed in seawater witµ the 
unicellular algae C. calcitrans added to provid~ final 
concentrations of 2.3, 1.3, 1.1, 0.9, 0.6 and 0.3 1)1illion 
cells/ml. The control animals received no added fecil.. Cell 
concentrations were monitored hourly and feed fyom a 
stock solution added to maintain cell concentration *t each 
preset value. After 12 hours the test animals were re'.tumed 
to fresh seawater containing no added feed and subsequent 
observations carried out for a further 36 hours. 

Upon release, eggs were left undisturbed for 15-20 
min. to complete fertilization. Fertilized eggs were Passed 
successively through a 210-µm and 125-µm sieve t~ screen 
off coarse gpnadal debris and then collected in a 4-1- µ m 
sieve. These eggs were gently washed with 15- µm filtered 
s~awater to e~minate excess sperms, counted anc) then 
transferred into 15-1 glass culture vessels with t¥pered 
s~des, at a stocking density of 30 eggs/ml. Gentle a~ration 
was provided with air diffusers. 

I 
Larval culture was carried out at room temperature 

with 15- µm filtered seawater d2 ppt salinity, pH 7 .8) at an 
initial stocking density of 5 larvae/ml. The larvae were fed 
C. ca(citrans after 24 hours when the D-stage was 
reached. Initial feed concentration was 30,000 cells/ml. 
This was raised progressively as the larvae developed. The 
culture medium was changed 1 every day, during which 
samples were taken for mic~oscopic examination and 
larval count. Larvae to be pre~erved were first kiued by 
adding two drops of Lugol's ~olution, then fixed in 5% 
neutral formalin to which sucrose and sodium tetraborate 
were added to prevent shell shrinkage. 

Resul~s 

High mortality was observed in clams exposed to 
ammoniated seawater at pH 9.'6, and hydrogen peroxide 
above 100 ppm as well as at 15 ppt seawater. No spawning 
occurred in animals exposed to any of these parameters as 
well as the KCl treatments at all concentrations lested. 

Exposure to the cold temperature "shock" did not 
result in any spawning, while alnong those exposed to the 
warm temperature "shock", spa~ning occurred in five out 
of six tests carried out. Spawning occurred between 30 and 
40 hours after the warm temperature treatment. 

No spawning was observed in razor clams exposed to 
food at concentrations of 0.6 million cells/ml or less. At 
concentrations of 0.9 million ceits/ml and above, spawning 
occurred in nine out of ten tests.! 

For both elevated temperature and high feed 
concentration treatments, spawning occurred in the 
evenings, irrespective of the time each experiment was 
initiated. Thus, when exposure to high feed concentration 
was initiated in the early evening, spawning occurred 
within 1-3 hours while in those initiated during the day, 
spawning began 9 hours later. The males invariably 
spawned before the females. Spbrms were discharged as a 
stringy whitish mass. These soon broke up, causing the 
water to tum milky. Eggs were 'discharged by the females 
as a yellowish orange stream. In both sexes spawning 
discharges occurred via the exhalant siphon and lasted up 
to 30 minutes. 

Mature eggs appeared light yellowish and measured 
70-77 µmin diameter. Within minutes of release, the eggs 
were surrounded by sperms and !fertilization occurred soon 
after. Formation of the first polar body was evident within 
10 min. Subsequent cell division occu.-red rapidly and 
development through the blastula and gastrula stages were 
passed over the next few hours. Six hours after spawning 
the newly-differentiated trochophore larvae exhibited 
circular rotating movements. By the 9th hour, the shell 
lines began to appear and the 'straight-hinged stage (D-
veliger) was fully formed 11 hours after fertilization. 
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Measurements of the early larval stages are summarized in 
Table 1. 

The growth and development stages of S. brevis 
larvae in the laboratory, fed C. calcitrans, is summarized 
in Table2. 

Day 1 veligers had mean shell length (SL) of 111 
µm. Early umbo stages began to appear by the end of the 

2nd day when mean SL had reached 133 µm while mean 
shell height (SH) was ·103 µm. The umbo stage lasted four 
days during which the larvae fed vigorously and grew 
rapidly (with SL increasing by approximately 26 µm/day). 
Development of the larval foot occurred after six days, 
marking the transition from the late umbo to pediveliger 
stage. Mean SL and SH were 237 and 187 µm, 
respectively, at this stage. Settlement began on day '8 and 
by day 10 almost all the larvae had settled. A high 
percentage of the settled spats had by this time lost their 
velum and crawled about with their extended foot. A few 
days after settlement, SL began to increase 
disproportionately faster compared to the SH so that by the 
days 14-16 the spat assumed the typical elongated razor 
clam form. When subsequently reared in troughs with 1-2 
cm of fine sand as substratum and fed a mixture of brown 
cells, the juveniles showed rapid growth, with mean shell 
length reaching 6.4 mm in 58 days and 8.9 mm in 94 days. 

Discussion 

Results show that gravid razor clam scan be induced 
to spawn by exposure to elevated temperature as well as 
high concentrations of C. calcitrans above 0.9 million 
cells/ml. These responses of S. brevis resemble those of 
other razor clams, such as E. directus which were induced 
to spawn by exposure to 25oC after prior conditioning at 
13oC (Loosanoff and Davis 1963). Spawning of S. brevis 
in response to elevated temperature fits in with field 
observations that gonadal development is at its highest 
during the drier months, November-March, when water 
temperature of the shallow foreshore increases 
substantially. In India, Solen kempi also showed a 
spawning peak in October-March when the sea becomes 
warmer (Rao et al. 1962). On the other hand, S. constricta 
from China appear to spawn in the colder winter months 
(Nie 1982). 

The spawning of S. brevis when exposed to high 
food concentration resembles that of S. patula, although 
spawning in the latter was induced at higher 
concentrations of 2-2.5 million cells/ml of P. paradoxa 
and Thallasiosira pseudonana (Breeze and Robinson 
1981). 

The absence of spawning in S. brevis when exposed 
to chemical stimulation agrees with observations on S. 
patula (Breeze and Robinson 1981). Hydrogen peroxide 
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has been reported to induce spawning in a number of 
bivalves and gastropods (Morse et al. 1978; Beckvar 1981) 
while potassium chloride and ammoniated seawater are 
standard techniques used in the induced spawning of 
numerous bivalves (Ino 1972). It appears that the 
Solenidae do not show spawning responses to such direct 
chemical stimulations. 

The size of eggs in S. brevis (70-77 µm) is similar to 
those reported for E. directus (Loosanoff and Davis 1963) 
and E. siliqua (Lebour 1938) but smaller than the 90 µm 
for S. patula (Breeze and Robinson 1981). Early 
embryonic development in S. brevis appears considerably 
faster than in E. directus which takes all 11-27 hours to 
reach the trochophore and D-veliger stages, respectively, 
when cultured at 27-300C (Loosanoff and Davis 1963). 

The duration of the planktonic larval phase in S. 
brevis (8-10 days) resembles that of_ E. directus 
(Loosanoff and Davis 1963) and S. constricta (Nie 1982) 
but considerably less than the 20-25 days of S. patula. Part 
of this difference may be due to the effect of temperature 
(since Breeze and Robinson's studies were conducted at 
16.SOC) or differences in the type and quantity of feed 
used. The settlement size in S. brevis (SL = 319 µm) is 
similar to that of S. patula but almost 1.5 times that of E. 
directus. The mean size of three-month old S. brevis was 
8.9 mm. This is almost twice that reported for S. patula 
where mean shell lengths of 5.0 mm were achieved during 
a similar growth period (Breeze and Robinson 1981). 

The study has shown the technical feasibility of 
producing S. brevis seeds in the laboratory. With a 
comparatively short planktonic larval phase of only half 
that of Anadara granosa (Wong and Lim 1985), as well as 
a more rapid larval and juvenile growth rate, S. brevis 
appears attractive for seed production on a hatchery scale. 
The subsequent availability of S. brevis seeds will 
undoubtedly provide the impetus for the mariculture of 
these delectable and highly-prized clams. 
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Table 1. Timing of the early embryonic 9evelopment of Solen brevis (Temperature: 26-28~C, salinity: 
32 ppt). 

Stage 

Egg 
Appearance of 1st polar body 
1st cleavage 
2nd cleavage 
Trochophore 
Early D-shaped 

Approximate time 
after ferti I ization 

10 min. 
20 min. 
30 min. 

6 hr 
12 hr 

Egg d ia/~hel I length 
(µm) 

7Q-77 

75-85 
96-107 

Table 2. Growth and development in sdten brevis larvae fed on C. calcitrans (Temperatu~e: 26-28°C, 
salinity: 32 ppt). 

Shell length 
(M'± SD) i 

Time N = 30 feed cone. 
(hr) Development ~tage (µm) '(cells/ml) 

12 Early D-shaped 102 ± 4 
D-shaped 111 ± 7 30,000 

2 Early Umbo 133 ± 8 50,000 
4 Umbo 187 ± 12 50,000 
6 Late Umbo/Pediyeliger 237 ± 34 75,000 
8 Settlement 319 ± 53 100,000 

16 Metamorphosis 969 ± 53 100,000 
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Abstract 

The radioimmunoassay (RIA) for 1713 -oestradiol (1713 -E2) of 
Wuchang fish was developed. A synthetic analog of hypothalamic 
luteinizing hormone (LRH-A) was used as a stimulant for induced 
spawning in Wuchang fish (Megalobrama amblycephala). Both serum 
gonadotropin (GTH) and 17,6-E2 levels were measured by means of 
RIA. For 17P-E2 RIA, the accuracy (recovery, .92.81 ± 8.16%), 
specificity (cross-reactions with oestrone and oestriol, < 3.20 and 2.99%) 
and sensitivity (minimum measurement, 2.36-2.50 pg) were determined. 
The standard curve, r = -0.998, s = 0.023-0.051, the measurement range 
was from 10 to 400 pg/tube. After injection of LRH-A, serum GTII level 
rose to about 17 times the prespawning level in fish which spawned, but 
only 3-5 times in fish which did not spawn. These changes in serum GTII 
level were similar to those for grass carp and silver carp during induced 
spawning. The 17,6 -E2 level significantly declined after induced 
spawning with HCG + CPG and LRH-A. In addition, an annual 
reproductive cycle of 17 /1 -E2 level was measured. A positive 
correlation (r = 0.6089) was found between serum 17P-E2 levels and 
the gonadosomatic index (GSl). The 17P-E2 levels rising preceded GSI 
increase. The peak level of 5.63 ± 0.85 ng/ml in April was a month 
before spawning season. This maybe due to quick accumulation of yolk 
in the oocytes, after which the level decrease. A small peak from October 
to December may be responsible for oocyte vitellogenesis during the next 
reproductive cycle. 

Introduction 

Synthetic LRH-A, and analog of luteinizing hormone 
releasing hormone (pGlu.His.Try.Ser.Try.A-
Ala.Leu.Arg.Pro.NH.C2H5) has been applied to carp 
propagation extensively since the 1970s and extremely 
significant effects have been obtained (Symposium of 
Hormone Research 1975; Fukien-Keangsu-Shanghai 
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Cooperative 1976, 1977; Cooperative Team for Hormonal 
Application 1976). It is an effective inducing agent for fish 
spawning. In recent years, the action and the inducing 
spawning mechanism of LRH-A have been studied either 
on ultramicrostructure of gonadotropic cells in hypophysis 
or on histological chemistry of hypophysis and ovary 
(Academia Sinica et. al. 1977a, 1977b; Fang et al. 1981). 

With the use of rdioimmunoassay (RIA), the study of 
changes of serum GTH level in fish during spawning 
induced by LRH-A was carried out, indicating the 
contribution of synthesis and release of GTH to the 
modulation and control of spawning (Jiang et al. 1980; 
Pau et al. 1980; Xu et al. 1981; Zhao et al. ·1981; Lin 1982; 
Kraak et al. 1983). The RIA this experiment developed 
recently for measuring the 1711-oestradiol (I711-E2) in 
fish serum has laid a foundation for reseach on the 
function of sexual hormones in fish. 

Materials and Methods 

Blood samples were taken from fish just around 
spawning. These fish were collected from fish farms in 
Xiamen and Shanghai in 1979 to 1984. Blood was 
removed from the caudal vein of each fish and centrifuged 
at 3000 rpm for 5 min. The serum was collected and stored 
at -400C until assay. 

Serum GTH levels of Wuchang fish were measured 
by RIA with the double antibody method (Fish 
Reproductive Physiology Research Group 1978), while 
the 17 /J -E2 concentration with the RIA kit produced by 
Shanghai Institute of Endocrinology (Ding-Ting et al. 
1981) and Shanghai Birthcontrol Institute. The method of 
measurement was slightly improved. 

Of the diluted serum 0.5 ml was extracted with 3.0 
ml ether and vortex-mixed for 1 min. The aqueous phase 
was frozen in dry-ice/acetone and the supernatant 
decanted. Two extracts were evaporated in 40-50oC water 
bath and 10.0 µl of titrated 17.e-E2 ("'13,000 cpm) was 
added to each assay tube. After the extracts evaporated in 
the same way as ether, 0.2 ml of 1:4,000 or 1:15,000 17.e-
·E2 antiserum was added to each tube and vortexed. All 
tubes were incubated at 4oc for 16-24 hr. Then 0.1 ml of 
0.5% GPBS was added to each tube. A few min later, 0.5 
ml of dextran-coated charcoal suspension (0.25%) was 
added to each tube and mixed. After standing in an ice 
bath for 15 min. the samples were centrifuged (3,000 rpm 
for 10 min. at 40C) and the supernatants were poured into 
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scintillation vials to which 8.0 ml of scintillation fluid was 
added. The vials were vortexed for 1 min. and co~mting 
was carried out 4 hours after equilibration. 

The concentration of 17fJ -E2 in serum . was 
calculated according to the established standard curve. The 
logarithm of 17fJ -E2 standard was plotted as a: log 
ttansformation of B/Bo. For the standard curve (Fig. 1), r 
=: -0.998, s = 0.023-0.051 (standard deviatibn of 
regression), sensitivity was 2.36-2.50 pg and m~suring 
range 10-400 pg/tube. 
, The RIA procedures used were base~ on 

measurements from extracted serum samples. Ex~action 
recovery tests were carried out; the extraction ~ate of 
~erum sample was 91%(n=7). 

Varying amount of unlabeled 17fJ-E2 (50, 1001150 
~nd 200 pg) were added to serum prior to extracti~n and 
the quantities of added 17 -E2 were compared with 
measured concentration. The average recovery rate was 
~2.81 ± 8.61 % (n = 15) (Fig. 2). 

From Wuchang fish, 0.125, 0.25, 0.50 and 1.00 ml of 
serum were taken for measuring the linear relatipnship 
between the measured absolute concentration of 17p-E2 
in the serum and the amount of the sampling serum. The 
result essentially showed a straight line passing through 
the origin of coordinates with the correlation coeffic.;:ient, r 
= 0.9923 (Fig. 3). 

The cross-reaction tests of 17fJ-E2 antiserum1with 
six steroids added to Wuchang fish serum were con~ucted 
and the binding rates are shown in Table 1. 

Results 

Female Wuchang fish reared in ponds do not ~pawn 
~utomatically. The GTH concentration in serum of these 
fish was low (7.71 ± 6.29 ng/ml, n = 15). The GTH!level 
in serum of female Wuchang fish, which spawned ir). 24 hr 
after an injection of LRH-A (10-100 µg per kg :or fish 
weight and water temperature, 250C), increased m~kedly. 
It was as high as 133.7 ± 114.29 ng/ml (n = 10) an;d 13-
17 times higher than that of fish before spawning ( p < 
0.001). 

The serum GTH concentration in female Wt;ichang 
fish which had not spawned after an injection of ~.RH-A 
also increased but did not increase as much as those.which 
spawned. It was only 28.40 ± 21.00 ng/ml (n = 5~, 3-5 
times compared to that before an injection of LRH-{\. The 
GTH levels in serum between spawned fish and 
unspawned fish after the injection of LRH-A were 
significantly different (p < 0.02) (Fig. 4). 

Before spawning, the 1 7 fl -E 2 serum levels ot two 
groups of Wuchang fish with their gonads deve,loping 
beyond the fourth stage were 1,392.71 ± 399.09 p~ml (n 
= 6) and 1,219.29 ± 420.51 pg/ml (n = 10), respectively. 

The 17P -E2 levels decreased significantly (p < 
0.001) in each group after the~ were injected either with 
HCG plus dried pituitary gland br carp (CPG) (1,250 I. U. 

I • of HCG + 2 mg of CPG/kg of fish) or with LRH-A (10-
100 µgtkg of fish). They were 346.71 ± 129.51 pg/ml (n = 
4) nd 324.28 ± 228.00 pg/ml (n = 10), respectively (Fig. 
5). 

Levels of 17fJ-E2 in serum of female Wuchang fish 
were measured during the annu1al reproductive cycle with 
RIA: 17fJ -E2 level from a n1inimum, 0.61 ng/ml in 
January to a maximum, 5.63 jngfml in April and then 
declined. In September, the 17fl-E2 level was low (0.74 
ng/ml). From October, the level rose slightly in October, 
November and December to around 1.65 ng/ml. A positive 
correlation (r = 0.6089) was found between 17fJ -E2 level 
and gonadosomatic index (GSI) and 17P-E2 rising before 
GSI (Fig. 6). The coefficient of correlation from January 
to April was r = 0.8389 (Fig. 6). The peak level of 17fJ -
E2 was about a month before the spawning season. The 
results show that significant change of serum 17fJ-E2 in 
Wuchang fish occurred before spawning especially in 
early spring. 

Discussion 

In salmonoids and cyprin,d, the serum (or plasma) 
GTH levels are low before spawning but increases during 

I 
and after spawning (Crim. et a,l. 1975; Zhao et al. 1981; 
Jiang et al. 1980). In our ex~riments, similar findings 
were obtained. However, the serum GTH of these non 

I 

spawners which were injectec;l with LRH-A was low 
(28.40 21.00 ng/ml). This indicates that the serum (or 
plasma) GTH levels of salmoni~s and cyprinids increased 
during spawning, which can be considered as spawning 
index for these species. ' 

Differences of GTH level during spawning are found 
among teleost species, which 1 may be due to species 
specificity. During spawning, serum GTH concentration 
was ten or more times higher than the prespawning level. 
It may modulate and control the process of synthesis and 
the release of sex hormones and lead to the final 
maturation of oocytes. No significant difference in serum 
17fJ -E2 level was observed between fish injected with 
HCG plus CPG and those injected with LRH-A. This 
result seems to indicate that ille physiological effects of 
the exogenous gonadotropin on 1inducing endogenous 17fJ 
-E2 production are the same as those of the endogenous 
GTH secreted by fish itself. 

When the ovary of Wuc~ang fish is immature, the 
low level of serum 17fJ-E2 maY: strengthen the activity of 
monoamine oxidase and inhibit'. the release ofprolactin via 
catecholamine action. Thus, the activity of adengylate 
cyclase in the hypophysis can be strengthened and the 
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systhesis and accumulation of GTH in hypophysis may be 
induced. Whenever the ovary is mature, the high level of 
serum 17/3 -E2 will inhibit the activity of monoamine 
oxidase (Olcese and de Vlaming 1979). The 
hypothalamus, however, still release a certain amount of 
LRH to maintain a low level of serum GTH. Once 
exogenous LRH or LRH-A has been introduced to the 
fish, a great amount of GTH which has been synthesized 
and accumulated in the hypophysis will be released 
producing a serum (or plasma) GTH peak during 
spawning time. In immature fish, according to the results 
of this experiment, 17P -E2 may act on the 
hypothalamus-hypophysis axis as a positive feedback to 
promote the synthesis and accumulation of GTH. A 
negative feedback of 17P -E2 may inhibit the 
hypothalamus-hypophysis axis to release GTH 
(Bommelaer et al. 1981; Peter 1982). A high level of 
blood GTH may in turn inhibit 17/3 -E2 release from 
gonad. This mechanism was observed from in vitro study 
of ovarian follicles incubated with GTH; less 17/3 -E2 
w~s produced when the follicles were incubated with a 
high dosage of GTH (Zhao and Wright, in press). 

Therefore, there is an automatic control between the 
1713 -E2 and the hypothalamus-hypophysis axis during 
gonad development and reproduction. In our experiments, 
changes of serum 17/3 -E2 were closely related to the 
formation and accumulation of yolk. Increasing serum 
17P -E2 levels stimulates the elevation of the precursor 
yolk protein in female fish plasma during gonad 
development. This protein is transported to the oocytes by 
blood circulation and incorporated as 'yolk (Van Bohemen 
et al. 1982; Katsumi 1973; Lambert and Bosman 1978). A 
peak level of 1713 -E2 in April may be a sign of quick 
accumulation of yolk in oocytes at early stage IV of ovary, 
but not in relation to gonad development at late stage IV. 
A small peak in October-December may be responsible for 
oocyte vitellogenesis during the next reproductive cycle. 
Thus, it may be possible that when fish are given a certain 
amount of exogenous 17P -E2 during the stage of 
vitellogenesis, the formation of vitellogenin in the liver 
may be promoted and the gonad development accelerated. 
This may be an effective means of promotion of gonad 
development in fish farm. 
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Tab,le 1. Perc1nt19e cross·reectlon of six st1roids with 17Jl-E2 .antiserum. 
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Fig. 1. Logit transformation of standard curve. 
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Fig. 4. Changes of serum GTH level in female Wuchang fish during 
induced spawning with LRH-A. 
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Fig, 5. Changes of serum 17{3-E2 level in female Wuchang fish 
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r 

L 

L 

! 
I 
I..... 

I -
i 
! 
'--

i 
'--

I 
'--

L 

i 
i 
L. 

' 
I..... 

I 
! -
! 
L 

' I 
L 

i 
'--

Species Index 

Acanthaster 300 
Acanthaster sp. 300 
Acanthaster plancii 487, 488 
Acanthopagrus cuvieri 434 
Acanthopagrus schlegeli 219 
Acanthopeltis 165 
Acetes 581, 582, 583 
Acetes sp. 386, 581 
Acetes erythraeus 386 
Achirus lineatus 653 
Achlya 337, 338 
Achlyaflagellata 338 
Achlya prolifera 338, 339 
Achromobacter 244, 245 
Achromobacter sp. 456 
Acinetobacter 236, 244 
Acinetobacter sp. 456 
Acinetobacter/Moraxella 438 
Acropora 300,487,488 
Aega sp. 251 
Aegathoa 252 
Aerococcus viridans (var.) homari 331 
Aerococcus viridians 332 
Aeromonas 224, 225, 235, 237, 243, 244, 245, 337, 338, 

438 
Aeromonas sp. 241 
Aeromonas spp. 464 
Aeromonas hydrophila 224, 225, 228, 229, 231, 232, 235, 

236,237,241,242,327,338,339,456 
Aeromonas hydrophila biovar hydrophila 223, 227, 228 
Aeromonas liquefaciens 231, 339 
Aeromonas punctata 231, 237 
Aeromonas salmonicida 225, 231 
Aeromonas sobria 237 
Alcaligenes 244 
Alcaligenes/Pseudomonas 244 
Alexandrium 307 
Alitropus typus 263 
Allomyces 337 
Allomyces sp. 338 
Alteromonas sp. 331, 332 
Alteromonas putrefaciens 456 
Ambliphrya sp. 261, 262 · 
Amblygaster sirm 459 
Ammodytes personatus 180 
Ampelisca brevicornis 195 
Ampeliscidae 193, 194 
Amphidinium 308 
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Amphidinium carterae 307, 308 
Amphidinium klebsii 307, 308 
Anabaena 609,610,611 
Anabaena sp. 567, 609 
Anabaena azollae 523 
Anabus 390 
Anacropora puertogalerae 488 
Anadara sp. 285, 286 
Anadara granosa 703, 705 
Anchoa mitchilli 653 
Anchoviella indica 459 
Anguillajaponica 37, 161, 162, 163, 219, 520 
Anisakis sp. 252 
Ankistrodesmus sp. 567 
Anomura 193, 194 
Anthelia 300 
Anthocidaris crassispina 361, 362, 363 
Apiosoma 256, 257 
Apiosoma sp. 255, 261, 262 
Archosargus rhomboidalis 653 
Argulus 263 
Argulus sp. 252 
Ariidae 367 
Aristichthys nobilis 125, 157, 235, 236, 247, 265, 266, 

269,270,271,273,669,687 
Artemia 212 
Artemia sp. 68 
Artemia salina 9, 45, 68, S81, 589 
Auxis rochei 371, 372 
Auxis thazard 371 
Avicennia 286 
Azolla 523, 524, 525 
Azolla pinnata 523, 524, 525 
Bacillus 235, 236, 337, 438 
Bacillus sp. 338 
Bacillus cereus 334 
Bacterionema sp. 331, 332 
Bagridae 369 
Bagrus 274 
Bagrus docmac 274 
Barbatia paravillosa 312 
Barilius 414 
Betta splendens 327 
Bombyx mori 157 
Botia 390 
Brachionus 211,212,663,664 
Brachionus sp. 212, 581 
Brachionus spp. 212 
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Erachionus plicatilis 9, 68, 114, 180, 619 
Brachyotrichia quoyi 290 
Brachyura 193, 194,251 
Bucephalus sp. 251, 252, 253 
Calanus 569, 570, 571 
Caligus 257, 262, 263 
Caligus sp. 251, 252 
Caligus epidemicus 255, 257, 261, 262 
Caligus patulus 263 
Callinectes sapidus 46 
Camellia sp. 79 
Candacia 571 
Capitella capitata 194, 195 
Capitellidae 193, 194 
Carangidae 350, 358 
Caranx sp. 467 
Caranx tille· 372 
Carassius auratus 273 
Carassius auratus cuvieri 397 
Carassius auratus grandoculis 397 
Carassius aureatus gibelio 105 
Carassius cuvieri 117, US, 125 
Carcharhinusfalciformes 372 
Carcinus maenas 630 
Cardicola sp. 252 
Carpilius maculatus 4 79 
Catla catla 88, 414, 565, 603 
Centriscus scuttatus 350 
Ceratophyllum 689 
Cerithidea sp. 285 
Cestoda 251 
Chaetoceros 42, 581, 582 
Chaetoceros sp. 581, 582, 703 
Chaetoceros calcitrans 703, 704, 705 
Chaetodontidae 386 
Channa spp. 414, 415 
Channa micropeltes 327 
Channa striata 50, 145, 390 
Chanos 651 
Chanoschanos 49,63, 75,89,90, 141,223,227,2$5, 

261,262,263,519,543,547,574,653,671 
Chara 556 
Chichlasoma meeki 279 
Chicoreus ramosus 53, 56 
Chilodonella sp. 252 
Chlamydomonas sp. 303 
Chlorella 180, 185, 619, 620 
Chlorella sp. 303, 581 
Chlorella spp. 68 
Chondrococcus columnaris 225 
Chromobacterium 235 
Chromobacterium sp. 236, 237, 456 
Chromobacterium violaceum 338 
Chroococcus dispersus 611 

Chrysophrys major 10, 585 
Cichlidae 201, 255 
Cichlidogyrus 256, 257 
Cichlidogyrus spp. 255, 256, 257 
Cichlidogyrus branchialis 255 
Cichlidogyrus longicornis longicornis 255, 256 
Cichlidogyrus sclerosus 255, 256, 257, 266 
Cichlidogyrus tiberianus 255, 256 
Cichlidogyrus tilapiae 255, 256, 
Cir;higaleus barbifer 199 
Cirrhina mrigala 88, 414 
Cirrhinus jullieni 390 
Cirrhinus molitorella 157, 668 
Cirriformia tentaculata 194, 195 
Citrobacter 145, 235 
Citrobacter sp. 237 
Citrobacter spp. 464 
Citrobacter freundii 236, 237 
Cladophora sp. 137 
Clarias 390 
Clarias batrachus 50, 231, 241, 683, 684 
Clarias lazera 669 
Clarias macrocephalus 683, 684 
Claridae 369 
Clausocalanus 571 
Clinocottus analis 161, 162, 163 
Clostridium botulinum 4 74 
Clostridium perfringens 464, 4 74 
Clostridium sporogenes 474 
Clupea 652 
Clupea spp. 68 
Clupea harengus 169, 652, 653 
Clupea pallasi 574 
Clupeidae 386 
Cochlodinium 307 
Cochlodinium sp. 309 
Coelastrum sp. 567 
Coenobita sp. 479 
Colisa lalia 585 
Goolia 308 
Goolia monotis 308 
Copepoda 251,255,261,262 
Corica 390 
Corica goniognatus 390 
Corophiidae 193, 194 
Corynebacterium 243 
Coryphaena hippurus 371, 372, 463 
Cottidae: Scorpaeniformes 161 
Crangon crangon 638 
Crangon vulgaris 639 
Crassostrea 447 
Crassostrea angulata 294 
Crassostrea belcheri 59, 60 
Crassostrea commercialis 429, 430, 438 
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Crassostrea gigas 294, 315, 316, 317, 348 
Crassostrea iredalei 293, 294, 429, 437 
Crassostrea madrasensis 59, 60 
Crassostrea virginica 320, 429, 430, 438 
Crustacea 193, 194, 208, 570 
Cryptobia 256, 257, 262 
Cryptobia branchialis 255, 256, 257, 261, 262 
Cryptocaryon 253 
Cryptocaryon sp. 252 
Ctenopharyngodon idella 107, 157, 235, 236, 247, 253, 

270,390,425,687,669 
Cucullanus sp. 251 
Cyanophyceae 89 
Cyanophyta 611 
Cycloplectanum (= Diplectanum) latesi 251 
Cycloplectanum sp. 252 
Cycloplectanum spp. 252 
Cycloplectanum epinepheli 243 
Cycloplectanum latesi 251, 252 
Cymatium muricinum 53, 56 
Cymodocea 507 
Cymothoa sp. 252 
Cyprinus sp. 460 
Cyprinus carpio 10, 125, 133, 134, 145, 149, 157, 169, 

219,241,253,280,281,367,397,425,520,539, 
560,561,577,578,603,625,668 

Cyprinus carpio var. communis 565 
Cytophaga 219 
Cytophaga sp. 219 
Cytophaga/Flexibacter 244 
Dactylogyrus 265 
Dactylogyrus sp. 251 
Dactylogyrus anchoratus 265 
Dactylogyrus aristichthys 265 
Dactylogyrus extensus 253, 265 
Dactylogyrus nobilis 265, 266 
Dactylogyrus vastator 253, 265, 266 
Dactyloptena orientalis 350, 351 
Dactyloptena orientalis (Dactylopteridae) 349 
Dactylopteridae 349, 350 
Dalatiidae 199 
Danio 414 
Danoides microlepsis 390 
Daphnia carinata 529, 530 
Dascyllus trimaculatus 298 
Dasyatidae 349,350 
Dasyatis uarnak 350 
Dasyatis zugei 350 
Dayajerdoni 350, 351 
Deania eglantia 199 
Decapterus 512 
Decapterus spp. 511 
Decapterus akaadsi 511, 512 
Decapterus macrosoma 443, 511 

Dentaliidae 193, 194 
Dermogenus pustillus 327 
Derris elliptica 413 
Derris lagensis 413 
Der'ris uligmosa 413 
Diaphus suborbitalis 569, 570, 571 
Diaphus watasei 571 
Digenea 251,255,261,262 
Dinophysis 307 
Dinophysis acuminata 308 
Dinophysis caudata 308 
Dinophysis fortii 307, 308 
Dinophysis tripos 308 
Diospyros cordifolia 413 
Drepane punctata 350 
Dunaliella sp. 212 
Dussumiera spp. 215 
Echinometra sp. 382 
Ectenurus sp. 251 
Edwardsiella sp. 145, 463 
Eichhornia 556, 683 
Eichhornia crassipes 577 
Elagatis bipinnulatus 371, 372 
Eleotridae 367 
Eleutheronema tetradactylum 80 
Eloda 690 
Engraulidae 386 
Engraulis 652 
Engraulis mordax 654 
Enhalus 507 
Enhalus acoroides 190 
Ensis directus 703, 705 
Ensis siliqua 705 
Enterobacter 145, 235, 456 
Enterobacter sp. 236, 237 
Enterobacter aerogenes 463, 464 
Enterobacteriaceae 236, 244, 256 
Enteromorpha sp. 137 
Enteromorphaf/exuosa 289, 290 
Epinephelus spp. 434 
Epinephelus morio 663 
Epinephelus salmoides 663, 664 
Epinephelus tauvina 663 
Epistylis sp. 42, 138, 327 
Errantia 194 
Erwinia sp. 236 
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Escherichia coli 11, 145, 146, 236, 293, 294, 429, 447, 
448 

Etheostoma spectabile 654 
Etroplus suratensis 353, 354 
Etrumeus teres 512 
Euchaeta 570, 571 
Eucheuma 54, 55 
Euphausia pacifica 180 
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Euphyllia 488 
Euphylliafimbriata 488 
Euthynnus affinis 371 
Euxiphipops navarachus 298 
Evynnisjaponica 113 
Extenurus sp. 252 
Favia 487, 488 
Favites 488 
Flavobacterium 235, 237, 244, 245, 337, 438 
Flavobacterium sp. 236, 338 
Flavobacterium!Cytophaga 244 
Flexibacter 219, 220 
Flexibacter sp. 219, 220 
Flexibacter columnaris 219, 220, 241 
Flexibacter marinus 219, 220 
Foraminifera 194 
Fusarium 337, 338 
Gadus 654 
Gadus morhua 653, 701 
Galaxea 487, 488 
Gambierdiscus 307 
Gambierdiscus toxicus 307, 308 
Gambusia affinis 367 
Gasterosteus aculeatus 102 
Gastrophysus scleratus 350, 351 
Gastropoda 194 
Gelidiella 165 
Gelidium 165 
Gelidium sp. 165, 488 
Gelidiumfilicinum 165 
Gelidium lingulatum 165, 166 
Gelidium rex 165, 166 
Gerridae 418 
Gessnerium 307 
Glossogobius giurus 79, 80 
Glossolepis multisquamatus 368 
Glycera lancadivae 194 
Gnathiidae gen. sp. 262 
Gnathopogon elongatus caerulescens 10 
Gobiidae 367 
Golfingia sp. 195 
Goniadidae 193, 194 
Graci/aria 165 
Gracilaria crassa 289, 290 
Grammatorcynus bilineatus 372 
Gymnodinium 307 
Gymnodinium sp. 308, 309 
Gymnodinium nagasaldense 307, 308 
Gyrodactylus 257, 265 
Gyrodinium aureolum 309 
Haematodinium 331 
Hafnia alvei 464 
Halimeda opuntia 488 
Halodule 

Halodule pinifilia 190 
Halophila 507 
Halophila ovalis 190 
Hampala macrolepidota 515, 5116, 517 
Haplochromis 274 
Haplorchus okogawai 263 
Helostoma temmincld 263, 273) 530 
Homarus americanus 46, 589, 590, 615, 616, 658 
Homarus gammarus 46 
Hydrilla 689 
Hypnea cornuta 289, 290 
Hypophthalmichthys molitrix 125, 157, 271, 539, 565, 

603,609,669,687 
Ichthyophthirius multifiliis 279, 289, 281 
Ichthyoxenus sp. 263 
Ictalurus punctatus 280, 339, 520 
/pomea aquatica 353, 354 
Isistius brasiliensis 199 
/sochrysis 663, 664 
Isopoda 193,194,251,255,262 
Kamaka sp. 194 
Katsuwonus 653 
Katsuwonus pelamis 163, 371, 459 
Klebsiella sp. 145, 146, 236 
Klebsiella pneumoniae 463, 464 
Kryptopterus spp. 390 
Labeo 693,694,695 
Labeo calbasu 414 
Labeo dussemerii 693, 694, 695 
Labeo rohita 88, 389, 391, 414~ 539, 565, 597, 603 
Labeotropheus 653 
Lactobacillus 464 
Lactobacillus casei subsp. pseudoplantarum 443, 444 
Lactobacillus plantarum 443, 444 
Lagocephalidae 349, 350 
Lates calcarifer 67, 243, 251, 375, 653, 664 
Laurencia obtusa 290 
Lecithochirium sp. 251, 252 
Lecithochirium neopacificum 251, 252 
Leginidium sp. 42, 212 
Leiognathidae 350, 386, 418 
Leiognathus sp. 459, 467 
Leiognathus bindus 483, 502 ' 
Leiognathus elongatus 351 
Leiognathus equulus 483, 503 i 
Leiognathus leuciscus 502, 503 
Leiognathus splendens 483, 502 
Leptotheca sp. 261, 262 
Lernaea 269, 270, 271, 273, 274, 275 
Lernaea spp. 269, 270 
Lernaea barnimiana 274, 275 
Lernaea cyprinacea 263, 269, 270, 273, 274, 275 
Lernaea piscinae 269, 271 ' 
Lernaed polymorpha 269, 270,:271, 273, 274, 275 
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L Lethrinidae 478 Microthele nobilis 478 

l 
Leucaenaleucocephala 50, 122 Misgurnus anguillicaudatus 101, 105, 219 
Leuresthes tenuis 654 Moina 529, 530 

I.- Limnoria sp. 630 Moina lt)icrura 529, 530 
Litopenaeus 635 Mollusca 193,194,208 
Lobophyton 300 Monogenea 251,255,265,266 
Loligo sp. 311 Moraxella 464 ..... 
Lopha sp. 60 Morone 652 
Lumbrineris meteorana 195 M orone saxatilis 652, 654 

' Lutjanidae 358, 367, 386 Morulius crysophegadion 390 
(....... Lutjanus malabaricus 459 Morus atropurpurea 157 

Lysiosquilla maculata 189 Mougeotia sp. 567 
Macoma tokyoensis 194 Mugil cephalus 651 

'- Macquaria ambigua 529 M ugil tade 80 
Macrobrachium 6, 393, 394, 516, 647, 648 Mugilidae 4 78 
Macrobrachium dayanum 556 Mullidae 349, 350, 386 
Macrobrachium idae 45, 46 Mya arenaria 429 

'-- Macrobrachium idella 647 Mylopharyngodon aethiops 262 
Macrobrachium lamarrei 556, 589, 590, 647, 648 Mylopharyngodon piceus 157, 687 

i 
Macrobrachiumlanceijrons 556 Myoxocephalus scorpioides 161, 163 

'-- Macrobrachium malcolmsonii 647, 648 Myriophyllum 689 
Macrobrachium nippones 397 Mystus spp. 414 
Macrobrachium nobilii 647, 648 Mystus nemurus 390 

I.-
Macrobrachium rosenbergii 45, 46, 47, 185, 333, 334, Mystus seenghala 415 

335,391,393,394,555,556,557,615,616,658, Mytilus galloprovincialis 320 
659 Myxobacterium 243 

Macrobrachium rude 556 Myxococcus xanthus 220 
'-- Magelonidae 193, 194 Naticidae 193, 194 

Mallotus 652 Navicula notha 611 
I Matacostraca 701 Nematoda 251 I 
I Maurolicus muelleri 570 Nemipteridae 349, 350 '--

Megalaspis cordyla 372 Nemipterus sp. 467 
Megalobrama amblycephala 707 Nemipterus spp. 68, 350 
Megalopidae 367 Nemipterusjaponicus 502 

'-- Megalops cyprinoides 368 Nemipterus nematophorus 483, 502 
Megelona cincta 195 Neomysis 114 

I Melanogrammus 654 Nephthys ciliata 194 
..__ Melanogrammus aeglefinus 653 Nephtyidae 193, 194 

Melanotaeniidae 367· Nephtys 195 
Melicertus 635 N ephtys ciliata l 95 
Mene maculata 512 Nephtys dibranchis 195 - Mercenaria mercenaria 429 Nitzschia closterium 303 
Meretrix lusoria 40 Noctiluca miliaris 309 

\ Metapenaeus sp. 581 Notopterus notopterus 390 ! 
1- Metapenaeus affinis 556 Oncaea 570, 571 

Metapenaeus bennettae 634 Oncorhynchus 652 
Metapenaeus endeavouri 505, 506, 507 Oncorhynchus keta ll, 323, 324, 653 

L Metapenaeus ensis 79, 505, 506, 507, 551, 629, 630 Oncorhynchus kisutch 323, 324, 669 
Micrococcus 235, 236, 237, 337, 438 Oncorhynchus masou 219, 323, 324 
Micrococcus sp. 331, 332, 338 Ophicephalus striatus 242, 327 

L.. 
Micrococcus spp. 464 Ophieleotris aporos 368 
Microcystis sp. 567 Op/egnathusfasciatus 10, 574 
Micropterus dolomieu 169, 170 Oratosquilla sp. 581 
Micropterus salmoides 654 Oreochromis 201,337,651,653 

L 
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Oreochromis sp. 459, 460 
Oreochromis aureus 37, 228, 433, 623, 624, 625, 6i6, 

657,676 
Oreochromis esculenta 354 
Oreochromis mossambicus 79, 80, 109, 117, 118, 2D 1, 

203, 255, 257, 279, 281, 337, 338, 339, 353, 354, 
367,525,577,578,623,624,625,626 

Qreochromis niloticus 35, 37, 97, 109, 121, 141, 169, 
170,201,203,255,257,353,354,355,389,390, 
391,471,520,523,524,525,533,534,535,559, 
560,561,599,600,601,623,624,625,626 

Oreochromis spilurus 433 
Oryzias latipes 303, 304, 687 
Oscillatoria 609, 610, 611 
Oscillatoria quadripunctulata 609 
Osphronemus goramy 241, 390 
Osteochilus 516 
Osteochilus hasselti 390 
Osteochilus melanopleura 390 
Ostrea sp. 40 
Ostreopsis 308 
Ostreopsis ovata 307, 308 
Ostreopsis siamensis 307, 308 
Oxyeleotris lineolatus 368, 390 
Oxyeleotris marmoratus 327, 390 
Padina 289 
Padina australis 289, 290 
Padina gymnospora 290 
Padina japonica 290 
Padina pavonia 290 
Pagrus major 113, 179, 219, 574 
Palaemon a/finis 630 
Palaemon paucidens 397, 421 
Pangasianodon gigas 390 
Pangasius snitwongsei 390 
Pangasius sutchi 389, 390, 683, 684, 687 
Panulirus sp. 331 
Panulirus spp. 381 
Panulirus homarus 478, 590 
Panulirus homarus homarus 381, 382, 383 
Panulirus longipes 382, 383 
Panulirus longipesfemoristriga 381 
Panulirus longipes longipes 381 
Panulirus ornatus 381, 382, 383, 478 
Panulirus penicillatus 381, 382, 383 
Panulirus versicolor 381, 382, 383, 478 
Parabramis pekinensis 668 
Paracalanus 570, 571 
Paralichthyidae 349, 350 
Paralichthys olivaceus 219, 323, 574 
Paramisgurnus dabryanus 668 
Paramoebaperniciosa 331 
Parapenaeopsis stylifera 418 
Pelteobagrus nudiceps 398 

Penaeid 581 
Penaeus 506,633,634 
Penaeus spp. 634, 635 
Penaeus aztecus 633, 634 
Pt;naeus carinatus 633 
Penaeus duorarum 633, 634, 697 
Penaeus esculentus 505, 506, 507, 633 
Penaeus indicus 141, 331, 332, 633, 658, 659 
Penaeusjaponicus 595,615,616,630,633,658 
Penaeus merguiensis 331, 332, 505, 506, 507, 616, 633 
Penaeusmonodon 21,22,23,25,39,40,42, 79,83,84, 

93,94,137,207,208,285,286,331,332,455, 
456,459,582,583,593,594,595,615,616,617, 
633,634,635,637,638,639,641,642,643,657, 
658,659,698,701,702 

Penaeus notialis 697, 698 
Penaeus occidentalis 658 i 
Penaeus penicillatus 633, 634,1635 
Penaeus plebejus 633 
Penaeus schmitti 658, 697, 698 
Penaeus semisulcatus 417, 418, 505, 506, 507, 658 
Penaeussetiferus 595,633,634,658,697,698 
Penaeus stylirostris 633, 634, 698 
Penaeus vannamei 633, 634, 698 
Pennisetum purpureum 157 
Pentaprion longimanus 350, 351, 502 
Perna viridis 311, 312, 319, 320 
Pharella 703 
Phascolosoma 285 
Photis longicaudata 194 
Pinctada margaritifera 311, 478 
Plecoglossus altivelis 9, 323, 687 
Plesiomonas shigelloides 236 1 

Pleuronectes platessa 651, 169 
Plicatula sp. 60 
Pocilopora 300 
Poecilia 652 
Poeciliidae 105 
Polychaeta 194 
Polygonum 689 
Pomacentrus violascens 298 
Pomadasyidae 350 
Porites 300, 487, 488 
Potamogeton 689 
Priacanthidae 349, 350 
Priacanthus tayenus 350, 351; 502 
Prionospio japonicus 194 
Probarbus jullieni 390 
Procerovum calderoni 263 
Procerovum varium 263 
Prorocentrum 308 
Prorocentrum concavum 307, 308 
Prorocentrum lima 307, 308 
Prorocentrum mexicanum 307, 308 
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') Prorocentrum rhathymum 308 Salvinia sp. 597 

f Prosorhynchusluzonicus 251 Sanguinicola 247, 248, 249 
Proteus 235 Sanguinicola armata 247, 248, 249 L Proteus sp. 236, 237 Sanguinicola davisi 248 
Proteus aeuriginosa 236, 237 Sanguinicola inermis 248 
Proteus mirabilis 236, 464 Sanguinicola klamathesis 248 

L Proteus morganii 463, 464, 465 Saprolegnia 337 
Proteus vulgaris 236, 237, 464 Saprolegnia sp. 338 
Protogonyaulax 307 Saprolegnia diclina 339 

I Protogonyaulax affinis 307 Saprolegniaceae 339 
I.- Protogonyaulax catanella 307, 308 Sarcina lutea 334 

Protogonyaulax compressa 307 Sarcophyton 300 
Protogonyaulaxfratercula 307 Sardinella 215 ..._ Protogonyaulax peruviana 307 Sardinops sagax 652 
Protogonyaulax tamarensis 307, 308 Sargassum 290 
Protozoa 251,255,256,261,262 Sargassum spp. 290 

I Pseudodactylogyrus microchis 265 Sarocheilichthys biwaensis 398 i_ 

Pseudoisochrysis paradoxa 703, 705 Sarotherodon 201, 653 
Pseudometadena celebesensis 251, 252, 253 Sarotherodon aureus 225 
Pseudomonas 223,235,237,243,244,245,337,338, Sarotherodon galilaeus 203, 623, 624, 625, 626 

'-- 437,438,464 Sarotherodon leucostictus 354 . 
Pseudomonas sp. 227, 228, 235, 236. 237, 456 · Sarotherodon macrochir 354 

I Pseudomonas spp. 223, 225 Saurida sp. 467 L Pseudomonasfluorescens 237,338 Saurida elongata 349, 350, 351 
Pseudomonas putida 237 Saurida undosquamis 483 

i Pseudomonas/Aeromonas 244 Scapholoberis kingi 129, 133, 134 
' Pseudorhombusjavanicus 350, 351 Scatophagus argus 80 i 
'-- Pterocladia 165 Schitzothorax plagiostomus 690 

Puntius 151 Sciaenidae 386 
Puntius spp. 414 · Sciaenops ocellatus 339 

'-' Puntius gonionotus 71, 72, 149; 150, 390 Scoliodon palasorrah 459 
Puntius javanicus 577, 578 Scomber spp. 512 

i 
Pyrodinium bahamense var. compressa 311, 312 Scomber australasicus 511, 512 

I Pythium 337 Scomber japonicus 464, 511, 512 '-
Pythium sp. 338 Scomber scombrus 228 

I 
Rachycentron canadus 372 Scomberomorus commerson 373, 473 
Ranina ranina 211, 212 Scombridae 386 

1..- Raphidascaris sp. 251, 252 Scorpaenichthys marmoratus 161, 163 
Rhabdoviridae 324 Scylla serrata 331 

\ Rhabdovirus salmonis 325 Scyphidia 262 i 
I Rhinogobius brunneus 398 Sebastes 652 I.... 

Rhipidocotyle sp. 252 Sedentaria 194 

L Rhodophyceae 165 Selaroides spp. 68 
Ruditapes philippinarum 45 Seriola 653 
Ruppia sp. 137 Seriola quinqueradiata 219 
Saccho.rum officinarum 157 Serranidae 386 

\ Saccostrea sp. 60 Serrtia 145 I 

L Salmo clarki 248 Shigella 437, 438 
Salmo gairdneri 10, 219, 280, 323, 324, 520, 653, 669 Siganus 652 

I Salmo trutta 669 Siganus sp. 253 I 
I Salmonella 293, 437, 438, 439 Siganus guttatus 10, 173, 174, 175, 573, 574, 653 '-

Salvelinus alpinus 652, 653 Siliqua patula 703, 705 
Salvelinus f ontinalis 298, 299 Sill ago japonica 619 

--· 
Salvinia 556, 597 Sillago sihama 418 

I 
L..' 
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S#onia silondia 414 
Simocephalusvetulus 133, 134.-
Sinonovacula constricta· 703;705 
Skeletonema 26, 41, 43, 581, 582, 657. , 
Skeletonema sp. 581, 582 
Skeletonema costatum 303, 304 
Solea solea 219, 651 
Solen 703 
Solen brevis 703, 705 
Solen kempi 105 
Solenidae 703, 705 
Spionidae 193, 194 
Spirulina sp. 42 
Spirulina spp. 609 
Spirulina platensis 609, 610, 611 
Spondylus sp. 312 
Spondylus butleri 312 
Sporocytophaga sp. 220 
Spratelloides gracilis 478 
Squalidae<199 
Squaliolus laticaudatus 199 

,.,, .,. 

Squilla sp. 541, 581 '· · · 
Staphylococcus 235, 236, 438 
Staphylococcus sp. 237 
Staphylococcus aureus 437, 438 - · · . · 
Sternaspis scutata 194· , · -
Sternoptyx diaphana 510 

'.•I ·' -
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J •, I 

•'' \ ,, ·_ 

Stizostedion vitreum 669: ~· 
Stolephorus 215, 216, 217 
Stolephorus spp. 215 
Stolephorus buccaneeri 478 
Sto/ephorus devisi 478 
Stolephorus heterolobus 478 
Stomatopoda 478 
Streptococcus 438 
Synodontidae 349, 350 ~ · · 
Syringodium 501 

• • • • ~· • • ' ! ' 

Tachysuridae 350 · ·' . 
Tellenidae 194 
Tellinidae spp. 193 
Tetraphyllidae gen. sp. 252 
Tetraselmis 42, 212, 663, 664 
Tetraselmis sp. 703 
Tetraselmis spp. 68 
Thalassia 501 ' : (" 

Thalassia becarii 190 
Thallasiosira pseudonana 105 
Theora lubrica (= Th.fragilis) 194 
Theraponidae 418 
Thunnus albacares 371, 459 
Thunnus obesus 371 
Thunnus tonggol 373 
Tigriopusjaponicus 180 
Tilapia 201,274,516,653 

•• J. I• •, 

'I •• \I 

. 'I l ,' '" '•' I ':. , •· 

-' • I,. 

, . '~ . 

." 

:\ ' 

' !",. 

I • - I 

Tilapia spp. 269 i 
Tilapia rendalli 353, 354, 390, S25 ... _ · 
Tilapia zillii 257, 354, 520, 525, 617, 623, 624, 626 
Tor khudree 690 
Tor putitora 689, 690, 691 
Tor tor 414, 690 i · 
Trachinocephalus myops 349, 3$0, 351 
Trachurusjaponicus 245, 511, 512 · 
Trachurus symmetricus 653 
Trachurus trachurus 170 '· 1 

Transversotrema 251- : ! · 
Transversotrema laruei 251, 25!7,261,.262 ·. 
Trichoderma sp. 338 · i 
Trichodina 253, 256, 257, 262 , 

; . Trichodina sp. 25, 252· · ·· . : ·. 
Trichodina spp. 255, 25'6, 257 : .. 
Trichodina acuta 255; 256, 2571. · . 
Trichodina centrostrigata 255, 256, 257 · 
Trichodina heterodentata· 255; 256, 257 . 
Tricttodinae gen. sp. 262 · 
Trichodinella 262 
Trichodinidae gen:·sp. 255, 25'6'; 257 
Trichogaster 390 
Trichogaster sp. 577, '578 : 1 . . 

Trichogaster pectoralis 269, 270 
Trichogaster trichopterus 257, 327 . 

i ,•. 

Trichopsis vittatus 327 ·. .' · · 
Tridacna sp. 311 
Tridacna crocea 54, 55 
Tridacna derasa 53, 54, 55, 56 
Tridacna gigas 53, 54, 55 . - : ' 
Tridacna maxima 54, 55 
Trochus nilotii:U.S 478 · · · ·: ·: · · . ..! · 
Tubifex 589, 590 
Tubifex tubifex 589 
Turbo mannoratus 4 78 
Upeneus sp. 467 
Upeneus moluccencis 502 
Upeneus su/phureus 351 
Upeneus vittatus 418 
Urocleidus adspectus 266 
Valamulgil seheli 478 
Vallisneria 689 
Veneridae 194 
Veremolpa 195 

" 

., 

Veremolpa scabra 193, 194 · · 
Verenidae 193 
Vibrio 243, 244, 438, 464 
Vibrio. sp .. 235.\ ,., .. 

'· ·-

Vibrio spp. 332, 464 · · 
Vibrio alginolyticus 244, 245', 3t31~ 332, 464. 
Vibrio angullarum 281 ' ... , , 
Vibrio campbellii 244 . , 
Vibrio cholerae 437, 438, 439, 456 

•: 
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Vibrio fischeri 244 
Vibriofluvialis 331, 332 
Vibrio harveyi 244, 331, 332 
Vibrio /ogei 244 
Vibrio marinus 244 
Vibrio parahaemolyticus 243, 244, 245, 331, 332, 437, 

438 
Vibrio vulnificus 244, 437 
Vibrionaceae 244 
Vorticel/a 256,257 
Vorticel/a sp. 255 
Wal/ago attu 414 
Xenia 300 
Zoothamniwn sp. 138 
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