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FOREWORD 

Flyingfish are pelagic species which are commercially exploited by 
artisanal fishermen in the Eastern Caribbean. The fact that these 
species have a potential market both in the Caribbean and for export 
overseas has created expectations in government and private circles 
interested in the development of Caribbean fisheries. 

Nevertheless, the schooling behaviour of flyingfish and their habit 
to spawn their eggs on floating objects raise fears that a sudden 
expansion of the fishing effort without a careful evaluation of the 
stock potential may bring about its overexploitation and collapse, 
as has been the case with other pelagic fisheries elsewhere 
(Peruvian anchovy, California sardine). 

The present workshop was organized by the Biology Department of the 
University of the West Indies (Barbados) in collaboration with the 
Bellairs Research Institute of McGill University, St. James (Barbados) 
and of the International Development Research Centre of Canada (IDRC). 
It reviewed the status of knowledge of the life cycle, the fishery 
and the stock assessment of the flyingfish, examining some 
alternatives of management and future research that will provide 
the foundation for the rational exploitation of this fishery. 

At the same time, the active participation in the workshop of 
fisheries officers of most of the Eastern Caribbean states interested 
in the development of these fisheries, and two of the leading 
research institutions of the region, opens the possibility of a 
regional approach to the administration and management of this 
important resource. 

Ramon Buzeta B. 
IDRC Fisheries Officer 
for Latin America and the Caribbean 
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PREFACE 

Our involvement in regional fishery activities over the past five to 
six years has given us the impression that we are now in the early stages 
of a period of active development of fisheries here in the eastern 
Caribbean, particularly in the pelagic sector. There appears to be 
considerable potential input from international agencies aimed largely at 
improving landing facilities, fleets, marketing, and distribution. 

The first objective of the workshop will be to explore the accuracy of 
this impression. This will be pursued in some detail in the reports from 
the islands which are the major users of the resource (Session I). 

If the impression is correct, then the obvious question will be "How 
much development can this resource support?". Without at least an 
approximate figure, orderly, planned development will be very difficult. 

Session II is aimed at reviewing the biological basis for answering 
that question. First we review the basic biological information on the 
primary species in the catch, Hirundichthys affinis. Then we take a 
preliminary look at the population dynamics on the basis of catch and 
effort data from. Barbados. Finally we· take: a broader perspective on the 
exploitation of' pelagic. stocks as· a con.text for a strategy for exploitation 
of flyingfish.., 

The: final. Session (III} is devoted to' the consideration. of management 
options which may l'Je desirable as the fishery develops. In this session 
the workshop also considers the difficulties of implementation of these 
optiol').s in the case of this particular fishery. The session concludes with 
the development of an assessment method for flying fish and the information 
required for implementation. 

RM, HO, WH 
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ABSTRACT 

Mahon, R., H.A. Oxenford, and w. Hunte. 1986. Development strategies for 
flyingf ish fisheries of the eastern Caribbean. (Proceedings of a 
Workshop at the University of the West Indies, Cave Hill, Barbados, 
October 22-23, 1985). International Development Research Agency, 
Ottawa, Canada. 

These proceedings comprise three sessions. The first describes the 
flyingfish fisheries and identifies problems with their development. The 
second session provides review and analysis of the biology and population 
dynamics of the fourwing flyingfish, and attempts to assess their response 
to exploitation. The third session outlines and discusses some options and 
approaches to stock assessment and management. 



Chairmen: w. Hunte 
R. Buzetta 

WORKSHOP SUMMARY 

RAPPORTEUR: H. Oxenf ord 

Session I: The Flyingfish Fisheries of the Eastern Caribbean 

There are six islands where f lyingfish comprise an appreciable 
proportion of the catch (Tobago, Grenada, St. Lucia, Barbados, Martinique, 
Dominica) and a seventh, St. Vincent, where there were incidental catches 
(Hunte 1985). Reports from these islands on their fisheries were presented 
in a common format under the following headings: 1) estimated landed weight 
of flyingfish, 2) _proportion of the total fish catch, 3) landed value of 
the catch, 4) employment generated by the flyingfish fishery, 5) overview 
of past development and present techniques, 6) plans for future 
development, and 7) general biological observations 

This session concluded with an extensive discussion of the perceived 
trends in the flyingfish fishery. Two summary tables were prepared, the 
first showing trends in catch by country since 1960, the second summarizing 
the main points and statistics under the seven headings in the island 
reports (Tables 1 and 2 in Overview and Conclusions). 

In all islands except Tobago and Dominica, flyingfish have been an 
important component of the fishery as far back as fishermen can recall. In 
Tobago the fishery began in the 1960s whereas in Dominica its initiation 
was more recent. Barbados is clearly the main prosecutor of this fishery 
and the recent introduction of ice boats has resulted in a 50% increase in 
total catch. Other islands have shown fluctuations (Tobago, St. Lucia) 
probably due mainly to market constraints but also perhaps to fluctuations 
in abundance of the resource (Mahon this volume). There is no ready 
explanation for the steady decline in catch at Martinique. 

The total regional retail value of the catch is estimated at 4.2 
million US dollars per annum (Table 2). Given the low average annual 
income in the,majority of islands in the region, this represents a 
substantial source of income. A further consideration is that most of the 
retailing is done on a small scale by vendors. 

At present, flyingfish is probably the most important single species 
in the region (Table.2). There is some variation in importance both 
between islands and between markets within islands. 

The fishery is pursued by a wide range of boat sizes and types using a 
variety of techniques. Boats range from the newly introduced "ice boats" 
55 ft long, powered by inboard diesels, staying at sea for several days, to 
15 ft canoes, powered by outboard and sail, fishing on a daily basis. 
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Fishing practices in common among the islands, are the use of small 
temporary fish attracting devices (FADS) drifted off the boats on lines. 
Fish are attracted by decomposing bait in baskets hung over the side. When 
the schools have been lured close to the boat fish are either hooked 
individually, dip netted, or gill netted, depending on their abundance and 
the island in question. 

In each case, the flying fish is one component of a multispecies 
fisheries for pelagics. Other components of the fishery are medium and 
large pelagics such as dolphin fish, tunas, kingfish, wahoo, billfish, and 
sharks. Although flying fish are the mainstay of these fisheries, their 
multispecies nature cannot be overlooked in planning a development 
strategy. 

The present constraints on increased catches lie predominantly in the 
area of storage, marketing and distribution. Several participants reported 
that gluts might be localized to a radius of a few kilometers around a 
landing point. Local distribution should therefore be a key factor in 
increasing catch. A focus on getting fish to the people now depending on 
imported canned or dried fish will play a major part in redressing the 
imbalance in consumption of imported vs locally produced fish. 

Since flyingfish catch and catch per unit effort are highly seasonal, 
processing and storage will play a major role in extending availability to 
the consumer year round. Flying fish are also exported to other CARICOM 
countries and ethnic markets in the UK and USA are being explored. 

Several participants expressed the opinion that if marketing 
constraints were reduced the catches could be increased substantially with 
existing capacity. Furthermore, most islands are actively pursuing a 
program of fleet development with a view to increasing exploitation of 
large pelagics as well. 

Although marketing, processing, storage and-distribution problems were 
by no means in hand, it was clear that these aspects of development had 
recieved and were continuing to receive the available funding (Table 2). 
Barbados in particular was seeing rapid development of these facilities. 
Most other islands reported some activity in one or more of these areas. 

Finally, some participants expressed a strong concern that development 
of catching and handling facilities was proceeding in a relatively rapid, 
though sporadic fashion, without any assessment of the capacity of the 
resource to sustain increased catches. It was acknowledged that most 
islands did not have the resources or the expertise to undertake a regional 
assessment program, although some efforts at data collection and biological 
characterization of the fishery were in progress. 

Participants agreed that assessment of the resource should be seen as 
having equal priority to development of the fishery, particularly since the 
results of an assessment were unlikely to be available in less than two to 
four years. By this time considerable progress could be expected in the 
development of fishing and processing power. 
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Session II: Basic and Fishery Bioloqy of Flyinqfish 

The session began with a synopsis of the biology of flyingfish. This 
species is commonly considered to be a nearshore, surface schooling fish 
with a broad distribution in the tropical Atlantic. It is small (maximum 
size about 30 cm) and short lived (somewhere between 1-3 years, probably 
closer to 1). Flying fish produce relatively few, large eggs which adhere 
to floating objects. Spawning takes place almost year round (October
August) but is at its peak during May. There are some differences in 
seasonal availability from one island to another but the patterns are very 
similar with the main fishing season in January to June and with the fish 
being unavailable in August to October. This can be interpreted in two 
ways, either as a large scale migration in and out of the region or, as a 
local aggregation/dispersal phenomenon, with aggregation for spawning. 

The second topic was that of seasonal and interannual variability in 
abundance of flying fish. This was addressed with an analysis of 26 years 
of catch/effort data from Barbados. This time series of monthly catch at 
Speightstown shows a regular seasonal pattern and substantial interannual 
variability. A scheme of possible factors influencing recruitment 
variability was presented. There is no indication of a significant 
relationship between abundance of parent stock and subsequent recruitment. 
Cycles are evident in the plot of recruits versus stock. 

The physical and biological oceanography of the region was reviewed in 
relation to the timinq of spawning of flying fish in an attempt to relate 
these factors to variability in abundance. A great deal of eddy activity 
in the Lesser Antilles region appears to be superimposed on the net 
easterly current. There is a strong seasonal salinity signal associated 
with Amazon discharge. This coincides with the season of high plankton 
biomass. Plankton abundance is probably related to turbulance and nutrient 
upwelling which coincides with the season of low salinity. Climate in the 
region appears to be under the influence of two major climate systems; the 
Southern Oscillation and the North Atlantic Oscillation. 

The preliminary analysis indicates that temperature, Amazon River 
discharge, and large scale climate patterns associated with the North 
Atlantic and Southern Oscillations are associated with variation in flying 
fish recruitment. TWo environmental models of flying fish recruitment were 
developed. They account for 40 and 48% of the recruitment variability. 

The session concluded with a review of past experience with pelagic 
fisheries and some of the reasons why they have tended to collapse so 
suddenly. One reason is that high catch rates can be maintained on 
schooling species as stock size declines. Another reason is that in 
general, pelagics appear to exhibit more variable recruitment than other 
species, thus increasing the probability of collapse as stocks are fished 
down. Finally, they appear to show less of a response to exploitation in 
terms of surplus production which means they should be fished at lower 
rates of exploitation than many demersal species. 
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Session III: Management Options and Data Requirements 

The workshop developed a general background to possible management 
options. From this process it was agreed that some form of assessment of 
the capacity of this stock would be required. The next step was to 
consider ways of assessing the stock, and how the assessment results would 
be used to provide advice. Finally, the workshop considered information 
requirements of such an assessment, and activities aimed at aquiring this 
information. 

Two major ~ptions, and some of their consequences and ramifications, 
were: 

Option 1: Do not attempt to exercise any control over the fishery. 

Either of the two following scenarios are the likely consequences. 

a) According to bioeconomic theory the fishery will increase in 
capacity until it fluctuates around the point where total costs = 
total returns. This will result in i) lower than optimal total catch 
= revenue; ii) loss of profit to individual fishermen/boatowners; and 
iii) maximum employment at very low income 

b) Biological and fishery collapse, continuous or periodic. 

Option 2: Attempt to estimate a target catch or fishing mortality and 
employ some means of restricting the fishery if and when it 
approaches that level. 

What criteria should be used in setting the target level?? Again, 
according to bioeconomic theory, some choices are: 

a) optimize economic profitability to investors; 
b) optimize total catch = food = revenue; and 
c) a (possibly lower) level based on biological considerations of 
stock conservation on the long-term, and/or allowing forage for 
predators. 

These options are not all mutually exclusive, a and c may be compatible. 

For all the above (a-c) an estimate of stock size and of catch would 
be required to determine the current exploitation rate. 

If Option 2 is selected the major decision will be how to regulate, 
assuming there is adequate information. Clearly, a full consideration of 
approaches to regulation was outside the scope of this workshop. However, 
the pros and cons of some of the more common ways were discussed~ 

Stock·assessment and the provision of management advice were 
discussed. There are two main objectives in a stock assessment for flying
fish: 1) to estimate the 'scope for development' in this fishery, and 2) to 
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develop a feasible approach to ongoing management after the fishery has 
developed. 

Scope for development = 
(stock abundance x target exploitation rate) - current catch 

A stock survey would be required to determine the stock abundance. 
Accurate landing data will provide an estimate of the current catch. 

Simulation modelling of the stock 
appropriate target exploitation rate. 
unpredictable environmental variation. 
approach was applied to flying fish. 

would be used to estimate the 
This allows inclusion of 

A preliminary example of this 

The three key components for an assessment structured as above are as 
follows: 

1) Stock biomass: a survey should be attempted to determine the 
distribution and abundance of flying fish in the region. 

2) Catch biomass: improved sampling and recording design and coverage 
should be implemented. 

3) Stock recruitment simulation model with environmental variability: the 
elements of this model exist. The necessary validation should be 
undertaken and steps made to ensure the integrity of the time series on 
which it is based. 

The session closed with the observation that in the process of pursuing 
the above activities for flying fish, a great deal of valuable information 
on other components of the multispecies pelagic fishery would be 
forthcoming. 
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SESSION I: THE FLYINGFISH FISHERIES OF THE EASTERN CARIBBEAN 

Introduction 

A survey of pelagic fisheries of the region indicated that there were 
six islands where flying fish comprised an appreciable proportion of the 
catch (Tobago, Grenada, st. Lucia, Barbados, Martinique, Dominica) and a 
seventh, St. Vincent, where there were incidental catches (Hunte 1985). In 
this session the workshop heard reports from these islands on their 
fisheries. The information is presented in a common format under the 
following headings: 

1. Estimated landed weight of flying fish 
2. Proportion of the total fish catch 
3. Landed value of the catch 
4. Employment generated by the flying fish fishery 
5. Overview of past development and present techniques 
6. Plans for future development 
7. General biological observations 

Island Population Area (square miles) 

Tobago 55,000 116 
Grenada 111,000 133 
St. Vincent 110,000 133 
St. Lucia 134,000 238 
Barbados 258,000 166 
Martinique 346,000 425 
Dominica 82,000 298 
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Trinidad and Tobago - by B. Fabres 

Estimated Current Catch of Flyingfish 

The commercial flyingfish fishery operates almost entirely from 
beaches on the leeward side of Tobago. Insignificant amounts may be landed 
occasionally on beaches on the windward side of Tobago and in the northeast 
of Trinidad. 

Daily landings in Tobago are recorded by Statistical Collectors at 
Pigeon Point (Milford, Swallows), Plymouth, Castara, Charlotteville and 
Speyside. Major landings occur at Pigeon Point but boats from other 
beaches e.g. Buccoo, Mt. Irvine also land flyingfish unrecorded. Landings 
are eye-estimated or actual weights taken from vendors purchasing fish. 
The accuracy of these values after 1976 is believed to be fairly high. 
Landed weights are. as follows: 

Year 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 

Catch (mt) 37 35 2* 87 92 222 313 115 164 10 11 

* Statistics Collector not recording fully, replaced after 1976. 

During the years 1979-1982, receiver vessels sponsored by the 
Government collected the majority of flyingfish and associated species 
caught (providing quality was acceptable). Because of this marketing 
outlet, fishing effort and landings were increased to an average of 
200,000 kg of flyingfish per year. Since 1982 landings have decreased due 
to the lack of a bulk market. 

Proportion of Total Catch 

Where data are available, (1979-1982) flyingfish accounted for between 
50 to 97% of the total fish catch each month for the season, and 
approximately 70% of the total annual fish catch. Flyingfish was at this 
time the primary species taken {by weight). From 1983-1985 the drifting 
{lurking) fishery is still the second most important although target 
species are the large pelagics e.g. kingfish, wahoo, dolphin-fish which may 
now be taken in greater quantity than flyingfish as a direct result of 
marketing problems with the latter species. 

Landed Value of Catch 

Prices paid to the fishermen for the landed round fish varied over the 
years, depending on whether they were purchased by private vendors or the 
government {the latter paying 10¢/lb more than private vendors from 1979). 
In 1979 and 1980 fishermen were paid 30~/lb {66 /kg) by the government, and 
in 1981 and 1982 the price was 45¢/lb {$1/kg). This latter price remains 
to 1985, and is paid by private vendors. Over the years of peak production 
{1979- 1982) the landed value of the recorded catch averaged $158,000 per 
year. 
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Per capita income of fishermen is highly variable and difficult to 
estimate, since many are part time operators with various other occupations 
e.g. farmers, occasional workers with government agencies. 

Employment Generated 

In 1980 approximately 380 fishing boats were registered in Tobago, 
with about 75 involved regularly in the fishery for flyingfish and 
associated pelagic species. Approximately 150 fishermen also are regularly 
involved in this fishery. 

Few vendors operate on the landing areas to collect the fish as most 
fishermen sell their catches directly. Four entrepreneurs are involved in 
marketing and processing in Tobago, with approximately 30 women employed to 
de-bone and fillet the fish. In the mid-1970s approximately 250 women in 
8-10 gangs were employed in processing. From 1979-1982 when the government 
was the main purchaser and processor, the National Fisheries Company in 
Trinidad employed 300-400 persons. 

The fishery for flyingfish and associated species is the dominant one 
from November to June each year in Tobago, therefore all support services 
(mechanics, boat and net repairers) depend on the fishery for regular work 
during this time. 

Flyingfish is marketed mainly in Trinidad (supermarkets and 
"fast-food" outlets) with a small quantity exported to North America. In 
the mid~1970s, foreign markets were secured in Barbados, U.S.A., Canada, 
and England. In Tobago, presently, one processing firm has been contracted 
to supply flyingfish to the School Feeding Programme there. 

Overview of Fishery Development 

1950s: flyingfish caught by dipping (with baskets) to be used as bait, 
especially for catching dolphin-fish by trolling, often around fish pots. 

1960: fishing trials using gill-nets (imported from Barbados) by F.O. 
Assam (Fishery Officer) and c. Anthony (fisherman). 

1962: c. Jones introduced two Barbadian day-boats ("Miss Fifi" and 
"Roslyn") with five Barbadian crew to Tobago to start commercial fishing. 
Fish sold locally in Tobago (1963). 

1963: R.T. Morshead began processing in Tobago. 

1965: C. Jones introduced trawler ("Providence") from Barbados to act as 
receiver-ship as well as fish. Catches sold to International Food 
(Trinidad) under contract. 

1966: c. Jones brought in two more Barbadian day-boats with five more 
crew. 



9 

1964-1979: R.T. Morshead continued processing operations on increased 
scale, handling up to 10,000 lb/day during each season, employing up to 250 
persons, contracting approximately 20 boats. 

1979-1982: Government, through National Fisheries Company, operate 
receiver-ships off Pigeon Point and Mt. Irvine to purchase flyingfish and 
associated species. 

1983-1985: Tobago fishermen continue to catch flyingfish and sell to local 
processors and vendors (mainly four). Price is $1/kg round weight. 

The fishing techniques employed to capture f lyingfish are basically 
the same as described for day-boat trips in other islands. The method of 
fishing is described as "drifting" or "lurking". It is a multi-species 
multi-gear fishery. Fish are caught both by dipping (when abundant) and by 
gill-nets ( 1 3/4" _stretched, multi-filament nylon), with chumming and dried 
leaves ("screener") used to attract and concentrate fish. Drifting, 
surface, mid-water, and bottom (banking) lines are also used during the 
trip and trolling sometimes done. Because the market, for the other 
species caught (dolphin-fish, tuna, sailfish, kingfish) is better, the 
fishing exercise tends to emphasize capture of these species. 

Plans for Future Development 

Industry plans include the expansion of the fleet to include large 
ice-boats with storage to allow extended fishing trips and the development 
of a processing capacity in Tobago to handle high volume landings. 

Biological research plans include the continuation of the work started 
in 1981 and 1982 to provide basic information on the resource (species, 
size at capture by fishing gear, gonadal development time series) and 
research cruises to provide relative abundance indices. Degree of sampling 
intensity depends on availability of funds and staff. 

The Statistical Collection system is to be improved to provide 
estimates of catches on beaches where no collectors work and to increase 
accuracy of reporting. 

General Biological Observations 

Data were collected in the 1981 (May-July) and 1982 (March-July) 
fishing seasons from commercial boats, species identification, lengths 
(total, fork, standard), weights, gonadal state and sex: 

Year 

1981 
1982 

n 

458 
1370 

Number of Species 

8 
18 

These data are now being analysed. In addition, over the years a 
number of fishermen were interviewed and opinions provided on biological 
aspects of the resource. 
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Fiaure 1. Map of Tobago showing the main landing sites and fishing area for flyingfish 
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Grenada - by R. Steele and H.A. Oxenford 

Estimated current catch of flyingfish: 

The flyingfish season in Grenada is between December 
the following year, with the peak production period be~ng 

and June of 
February. 

During the year 1984, the estimated catch of flyingfish was 269,042 
lbs. However, in 1985 we experienced a drastic reduction in catch, which 
was only 123,405 lbs., a drop of 46% under the 1984 figure. No data is 
available to explain the reasons for this reduction, and it would be 
interesting to hear the experiences of neighbouring countries relative to 
their 1985 flyingfish catch. On the average, approximately 250,000 to 
300,000 lbs. of flyingfish are caught each.year (1982-237,000; 1983-241,500 
and 1984-269,042 lbs). Carriacou and Petit Martinique fishermen are not 
as yet involved in the flyingfish fishery. The seasonality of the flying
fish is shown in Figure 1. 

Proportion of the total fish catch: 

The 1984 estimated catch of flyingfish represented 10.5% of. the total 
fish catch. Figures are not yet available for 1985 total production. 
However, fish production for the first 6 months of 1985 shows a 77% drop 
under the figures for the first 6 months of 1984. This reduction in 
production has a direct bearing on the reduction in flyingfish catch. The 
flyingfish is the only type of bait used for the yellow fin tuna and 
dolphin, and for the whole of the 1985 season fishermen experienced grave 
difficultiies in catching flyingfish for bait. Flyingfish make up 
approximately 10% of the total fish landings and 20% of the pelagic landings. 
Flyingfish represents the second most important fish landed by weight 
according to the market records, and may in reality be the primary species, 
since "bonita" is believed to. be a composite group of several small tuna 
speci-es. 

Landed value of the .catch: 

The landed value of the 1984 catch was approximately EC$269,042, but 
it is interesting to note that the landed value of the 1985 catch was 
approximately EC$185,I07. This increased value.per lb. resulted from the 
demand being greater than the supply. Boned flyingfish have a higher 
market value but at present there is little commercial boning in Grenada. 
Generally speaking, the flyingfish catch can be doubled easily, but with 
the present marketing system, fishermen have to restrict their effort. 

Employment generated by the flyingfish fishery: 

It is estimated that the flyingfish fishery in Grenada accounts for the 
employment of the following persons each season:-

Fishermen 300 
Vendors 100 

Boat builders - 20 
Van Owners IO 

Total 430 
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Overview 0£ the past development and present techniques: 

Fishermen have been £ishi_ng flyingfish in Grenada for at least the 
past fi£ty years. The method 0£ fishing the flyingfish has not changed 
over the years, with the exception of the introduction of £lying£ish gill 
nets by a very small proportion of the fishermen in the last 5 years. 
Traditionally, the method 0£ £ishing the flyingfish has been as follows:-

Whole bait (flying£ish, jacks, spratt etc.) are chopped up into very 
fine pieces with a cutlass on a chopping board , and this "mash", as it 
is called, is then placed in a basket which hangs over the side of the 
boat with the bottom part resting in the water. The basket is called a 
"Sambola" and the "mash" is placed in small quantities at regular intervals 
into the basket. Occasionally, the mash is mixed with shark oil, or similar 
oil, before it is placed in the "Sambola". This adds to the "fresh" scent 
of the "mash" which attracts not only the flyingfish but also larger fish. 
The fiyingfish feed on the "mash". The use of the "Sambola" is to dispense 
the "mash" into the water over a period of time, not all at once. The use 
of oil also calms the water and encourages spawning of the flyingfish. The 
choppi_ng up of the bait and then placing it in the basket is kept up until 
a sufficient number 0£ the flyingfish have been "raised" (the term used for 
gathering the flyingfish around the boat) . Apart from fishing the flyingfish 
for commercial purposes, the fisherman also uses the flyingfish for bait to 
catch the larger pelagics. The flyingfish is usually placed on the hook 
alive, and if baited properly, will remain alive for at least 12 hours. 
While the fisherman is waiting .for the flyingfish to gather in sufficient 
quantity around the boat,. he would normally use a very thin line (approx. 
12 lbs. breaking strain monofilament nylon and a small hook number 12) to 
catch enough flyingfish to "bait-up" his lines for the large·pelagics,using 
either · a Japanese type long-line or five individual lines from the boat. 

When the flyingfish have congregated in sufficiently large quantities 
around the boat, the fisherman then puts the "straw" (two dry coconut 
branches tied side by side) into the water. The coconut branches are tied 
to each other and then tied to the side of the boat which is away from the 
direction of drift of the boat. The flyingfish would then congregate under 
the "straw" for.spawning purposes. The flyingfish are usually left for a 
while to get accustomed to their new habitat. After 30-60 minutes, the 
fisherman would then use his net which is attached to a round hoop and is 
called a "Bazaar", to scoop up the flyingfish from under the coconut branches. 
The hoop of the "bazaar" is approximately 2'6" - 3' in diameter and the net 
approximately 2'-3' deep. If the flyingfish are not congregating under the 
branches as the fisherman would like, he then uses a dead flyingfish to lure 
the others into ·the "bazaar". This . is accomplished by holding the head of 
the flyingfish with one hand from behind the net and shaking the flyingfish. 
This attracts the other flyingfish which then dart towards and into the net. 
When the flyingfish have begun spawning in abundance, it is no longer 
necessary to feed them the "mash", simply bailing out the fresh water from 

the boat is sufficient to keep the flyingfish near to the boat. 

The fishermen who use the gill nets do not use the coconut branches and 
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"bazaar". They use the "mash" to attract the flyingfish, and simply set 
the net, leave it for a short while, and then haul it back on board. 
While the net is bei_ng hauled, the flyingfish are cleared from the end 
nearest the boat and the net is re-set as it is being cleared. That is, 
as the net is being hauled in it is cleared and set in the same motion. 
However, fishermen have not accepted that the gill net is a more efficient 
method than the traditional .method. 

The surplus flyingfish catch used. to be smoked by the Ministry of 
Agriculture and Fisheries in St. George's. The smokers were of simple 
construction,· consisting of two 45 gallon oil cans with perforated bases. 
Coconut husk and sawdust were used for the fire, and fish were hung inside 
the cans on racks for 3 to 5 hours. The smoked fish were sold to local 
supermarkets and also exported to Dominica, St. Lucia and Trinidad. 

The type of boats used in Grenada are mainly the wooden "Pirogue" with 
an outboard engine, which are approximately 25' long, with a 4' beam. 

The following are some interesting observations relative to our flying
fish fishery:-

i) At certain times.although the fisherman "raises" a lot of flyingfish 
around his boat, they remain too far below the surface of the water for him 
to catch them, and it is during these periods that the gill net is more 
effective. 

(ii) At other times it is impossible to "raise" any flyingfish, 
regardless of the amount of "fresh" used. 

(iii) At certain times after the flyingfish have congregated and are 
spawning, if any of the large pelagics, especially dolphin, come into the 
"fresh", all the flyingfish will disappear, while at other times the 
flyingfish would continue spawning regardless of the presence of the dolphin. 

(iv) Blood water from the larger pelagics also attracts the flyingfish 
and appears to increase the spawning activity. 

(v) Shark liver is also used in attracting the flyingfish and larger 
pelagics. 

(vi) With the introduction of long lines, and the absence of a good 
flyingfish market, fishermen have tended to minimise their flyingfishactivity. 

(vii) The use of a long line attached to the boat, tends to slow down the 
boat's drifting speed, and it is felt that this affects the "catch-rate" of 
flyingfish. 

(viii) At a certain. period, although the smaller flyingfish are scarce, 
there is a fair amount of the larger species (Guineaman) , but not on a 
commercial scale. However, this species does not make a very attractive 
live "bait", probably because of the size. 

(ix) Fishermen are convinced that if they start fishing the flyingfish 
too early, that is before they get accustomed to the boat and coconut 
branches, that they are "spooked" and it then becomes very difficult to 
catch them. 
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It is hoped that the workshop -l'.Ilay be able to supply us with some 
answers to or reasons for these problems in the flyingfish fishery. 

Plans for future development: 

Presently, the fisheries sector in Grenada is operated by the Staff 
of the Artisanal Fisheries Development Project. At the completion of the 
Project, the Staff will be transferred to form a Fisheries Management Unit. 

The Fisheries Development Project is concentrating on four areas of 
assistance in the future development of the flyingfish fishery:-

(i) Providing a line of credit to fishermen to enable them topurchase 
boats, engines, fishing gear and equipment. This will result in anexpansion 
of the flyingfish fishery. 

(ii) Providing a storage and processing centre. 

(iii) Assisting fishermen in marketing their fish by purchasing all 
"surplus" catches from the fisherman and then marketing locally and exporting. 
The marketing aspect will encompass processing, for example boning and 
smoking the flyingfish, and the sale of whole flyingfish to the rural areas 
of the island. 

(iv) The servic~s of a masterfisherman will soon be obtained, and one 
of his areas of operation will be to encourage the use of gill nets and to 
teach the Carriacou and Petit Martinique fishermen the technique of catching 
the flyingfish. 

The Project is also actively engaged in encouraging fishermen to invest 
in a more economical design of boat and engine, but realises that this is a 
process which will take some time to accomplish. 

In addition to the above, the Project has requested assistance from 
FAO to carry out a consumer education programme aimed at increased consumption 
of under~utilised fish such as the f+yingfish. 

The fiyingfish fishery is of great importance to Grenada, and we are 
very aware of the possibilities of increasing our production- tremendously 
once our processing, storing and marketing facilities are set in place. The 
Project is totally committed towards achieving this goal. 

General biological observations: 

At least two species of flyingfish are observed off the coast of 
Grenada. A large flyingfish known as the "Guinea.man" (presumably Cypselurus 
cyanopterus). and a smaller flyingfish which is presently recorded as, 
Cypselurus melanurus but may be Hirundichthys affinis. 
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St. Vincent and the Grenadines - by HoA. Oxenford and F. Murphy 

Estimated current catch 0£ flyingfish and proportion of the total fish catch: 

There is no estimate available £ram market records of the weight nor 
value of the flyingfish catch and as such the fishery may be considered at 
present fairly minor. The importance of £lyingfish as a subsidiary species 
and the potential for development of a £lyingfish fishery was, however, 
assessed by conducting a survey of the fish landing sites on the main 
fishing coast (leeward or west coast). Fishermen, market vendors and 
villagers were interviewed from the following locations: Kingstown Market, 
Kingstown Bay, Camden Park Bay, Clare Valley, Buccament, Layou, Barrouallie, 
Wallilabou, Petit Bordel and Chateaubelair. 

The results of the survey showed that flyingfish are readily available 
off the west coast of St. Vincent most of the year and are taken incidentally 
by virtually all the pelagic boats, including the blackfish boats and some 
of the inshore fleet. A fishery for flyingfish does therefore exist off 
mainland St. Vincent and Bequai, although at present it is fairly minor, 
with large oceanic pelagics and seine species being taken in preference. 
Flyingfish are apparently taken only when they are found congregating in 
large numbers (e.g. spawning shoals) or on days when catches of the preferred 
species are unusually low, or during the summer months when the large 
migratory pelagic species are virtually absent. 

It was not possible to quantitatively assess the annual flyingfish 
catch, but the proportion of the total fish catch which it represents, must 
be fairly small. 

Estimated value of the flyingfish catch: 

The flyingfish catch, particularly in the northern villages, is sold 
and consumed locally, and contributes to the diet of subsistence fishermen. 
Flyingfish caught by the pelagic fleet near Kingstown passes through the 
kingstown Market. It seems probable that the flyingfish are weighed 
together with other species such as ballyhoo and thus do not appear in the 
official recording sheets. They are sold at EC$4.40 to EC$6.60/kg in the 
Kingstown Market or at 3 or 4 fish to a dollar in other coastal areas. 

Employment generated by the flyingfish fishery: 

Mainland St. Vincent has approximately 3,000 full-time and 3,000 part
time fishermen, and approximately 3,000 persons connected with the fishing 
industry, such as market vendors, boat builders .and outboard engine 
mechanics. Of these it would appear that few if any presently depend solely 
on the flyingfish, but that this species serves as one of the alternative 
species during periods of low catches and therefore has some importance in 
helping to maintain a fishing industry year-round. Note that a small 
collection of fishermen (approximately 6) in the north (Wallilabou) fish 
specifically for flyingfish most of the year, and at Chateaubelair a few 
fishermen (approximately 3) make up floating gill nets suitable for flyingfish 
capture nearshore during the summer (August) when the large pelagic species 
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are scarse. 

Potential for development of the flyingfish fishery; 

The population of St. Vincent is increasing at an estimated 2% a year. 
The amount of protein imported is already high, with official figures at 
227 mt (500,000 lbs) a year and unofficial estimates as high as 454 mt 
(1 million lbs.). The need for an increase in locally produced protein is 
therefore clear and with the relatively small land are&, much of which is 
mountainous terrain, an increase in fisheries yield of protein would seem 
most appropriate. At present about 50% of the fish consumed locally 
comprises imported tinned or salted fish, and the per capita income of 
local fishermen is very low. 

Given the above, an attempt should be made to develop the fishing 
industry in St. Vincent. Whilst many species may already be over-exploited 
(e.g. inshore reef fish), the pelagic species probably remain under
exploited. In particular, flyingfish which is a major component of the 
total fish catch in neighbouring islands such as St. Lucia, Grenada and 
Barbados, is almost certainly under-utilised. 

Most fishermen agree that flyingfish are abundant offshore St. Vincent 
and sometimes close inshore, at certain times of the year. Months in which 
they are observed.and caught incidentally include October to March and 
July/August. 

The existing pelagic fleet of approximately 300 to 400 open boats 
(double-enders and pirogues) with outboard engines (40-45 HP) already fish 
in offshore waters where flyingfish are most abundant and they have an 
estimated holding capacity of 450 to 900 kg of fish. Fishermen are already 
accustomed to handling large seine nets from the inshore boats of similar 
design, so that handling the smaller gill nets suitable for flyingfish 
capture is not likely to be a problem.-, The present pelagic fleet without 
any modifications would therefore seem suitable for flyingfish exploitation. 
Furthermore, the inshore fleet of approximately 500 open boats could exploit 
the flyingfish found close to shore. 

The present technique for catching flyingfish used by most of the 
fishermen involves "chumming" with finely chopped robins and small jacks, 
or with li.ve jacks, and using short single-hook (size 12) hand lines to 
hook the attracted shoal. Many fishermen also use a type of dip-net known 
as a "callie", to scoop up the fish when in large numbers, although this 
net is not carried in the boats regularly, and this was given as one of 
the reasons why flyingfish are sometimes not taken even when they are seen 
in large numbers. These techniques are similar to those used in neighbouring 
islands to catch flyingfish, and if the "callie" was always carried in the 
boats, better use could be made of the resource. Most fishermen responded 
positively to the idea of using gill nets to increase their catches, if 
they could be guaranteed a more reliable market. 

Marketing the flyingfish remains the only real problem with development 
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of the fishery. Opinions vary widely as to the palatability 0£ the fish. 
Most people agree that it is a good eating £ish, although some maintain 
that it is too bony and therefore of low market value. It was generally 
agreed that a team 0£ market vendors e.ngaged in boning £lyingfish for sale 
would increase the market demand. Fishermen and vendors agreed that if 
the fishery was developed, surplus catch could be frozen at new market 
facilities, transported to rural areas or smoked for storage. 

Plans for £uture development: 

C.I.D.A. (Canadian International Development Agency) is providing 
approximately 7 million Canadian dollars over the period 1985 to 1989 for 
fisheries improvement and development. This will focus on modernisation 
and extension of the present market facilities, on construction of a 
fishing harbour in Kingstown, on training local personnel and on the 
introduction of fish processing (salting and smoking) • It is also hoped 
that inland depots will be set up to help in distribution and marketing. 

This improvement could involve the development of a specificflyingfish 
fishery with the introduction of gill nets, training fish vendors to bone 
flyingfish commercially and distributing freezing or smoking surplus catch 
to maintain their market value. Note that smoked fish (mostly shark) has 
already been introduced to the market by a peace corps volunteer working 
with fisheries, and demand, even at EC$6.00 per lb, outstripped the 
availability. 

Biological observations: 

At least two species of flyingfish are common in offshore waters; 
the large "guineaman" (presumably Cypselurus cyanopterus) and the smaller 
more abundant flyingfish (presumably Hirundichthys affinis) . They 
congregate around floating debris and are attracted by macerated fish 
flesh. 

Peak abundance for those offshore flyingfish at St. Vincent is March, 
as reflected by market availability in Kingstown. It is probable that the 
flyingfish caught near shore particularly in the summer (July/August) 
represent a third species. 
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St. Lucia - by H. Walters and H.A. Oxenford 

Estimated current catch of flyingfish: 

Flyingfish are recorded by number and the weight estimated assuming 4 
fish to a lb. There are at present 8 statistics collectors recording at 9 
of the 13 main landing sites around the island and approximately 200,000 lbs 
(90.9 mt) of flyingfish are recorded annually; (1978: 198,700 lbs, 1980: 
540,000 lbs, 1981: 295,0CXJlbs, 1982: 237,501 lbs, 1983: 212,480 lbs, 1984: 
196,124 lbs - note that no records are available from Vieux Fort in the 
last quarter of 1984) . These records are believed to represent about 40% of 
the actual total flyingfish l.andings since not all sites are monitored and 
flyingfish boats often land catches late at night after th.e daily recording 
has stopped. Thus the actual weight of. flyingfish landed in St. Lucia is 
probably close to 500,000 lbs (227.3 mt) a year. The slight decline in the 
landed weight over recent years reflects marketing difficulties, rather than 
a decline in actual abundance. 

Proportion of the total fish catch: 

Flyingfish and dolphin are the two most important species (by weight) 
landed by the artisanal fishery. Flyingfish account for approximately 20% 
of the total fish catch (1983: 18.86%, 1984: 20.74%) and 25 to 30% of the 
pelagic catch (1983: 24.13%, 1984: 29.61%), according to catch records. 
They may in reality account for an even higher proportion of the total fish 
catch, since statistics collectors' records tend to be more heavily biased 
against flyingfish than other species as a result of the often late return 
of the flyingfish boats. 

Landed value of catch: 

The maximum price for whole flyingfish is set at EC$2.50/lb. (1 fish 
to a dollar). ·However, the price fluctuates widely and may drop as low as 
15 fish to a. dollar. The average price paid by the Fisheries Complex is 
EC$1.00/lb (25¢ to 30¢ a fish) and at Castries Market is EC$1.32/lb (40¢ a 
fish). The landed value of the recorded catch is therefore around EC$200,000 
and the value.of the actual catch is estimated at EC$500,000 a year. Boned 
fish fetch a higher price (80¢ to 85¢ a fish) but are generally only sold to 
hotels. 

The per capita income of fishermen is highly variable and thus very 
difficult to estimate. 

The dugout canoes cost between EC$3,000 and EC$5,000, fibreglass pirogues 
from EC$15,000 to EC$20,000, outboard engines from EC$4,000 to EC$5,000 and 
gear approximately EC$2,000. 

Employment generated by the flyingfish fishery: 

There are approximately 2,500 full and part-time fishermen, all of whom 
catch flyingfish during the season (November-June) . Over the next 6 months a 
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more detailed register 0£ £ishermen will be drawn up. There are approximately 
50 vendors operating at the main landing sites: Castries, Vieux Fort and 
Dennery. At Laborie the Fisheries Co-op has. a small processing plant for 
flyingfish employing 10 persons, 8 0£ whom are involved in scaling and boning 
for the general public and also the hotel market. Villagers rent freezer 
space to fishermen to store surplus catch. A truck and driver are 
occasionally hired to transport surplus flyingfish catch to inland rural areas. 
Salting and smoking are done at home for personal use only. 'Ihere are about 
10 boat builders in the island. The number of individuals apart from fishermen 
themselves who are involved in boat and engine maintenance is not known. 

overview of past development and present techniques: 

The flyingfish fishery is a traditional one in St. Lucia. Fishing 
techniques for this species have changed very little over the years, apart 
from the gradual introduction of surface gill nets since 1967 and mechanisation 
of the sail powered fleet over the last 20 years. 'Ihe fishing fleet comprises 
approximately 650 to 700 open boats 15 to 30 ft. in length. Most boats are 
dugout canoes with planked sides to give extra freeboard, but a few are fibre
glass pirogues. All boats exploit offshore pelagic species during the season 
(November to June) of which flyingfish is a major component. The boats are 
capable of taking 3 crew and between 1,000 and 3,000 lbs fish. They are 
powered by outboard engines (10~55 HP) and may carry oars and sails as an 
auxil·lary power source. The boats fish for flyingfish mostly northwest and 
southwest of the island, 12 to 15 miles offshore. They fi~h approximately 
10 hours a day, leaving in the early morning and returning between mid-afternoon 
and evening. 

On reaching the fishing grounds, the boat is allowed to drift and the 
3 crew position themselves in the bow, center and stern of the canoe. An 
artificial raft of dried banana leaves is tied alongside the boat and leaf 
trash may be shredded into the water. A surface gill net is set about 30 ft. 
from the boat and pulled alongside as fish gather in it. It may then be used 
to circle the artifical raft and trap fish. One of three different mesh 
sizes may be used depending on the average size of the fish on any one day. 
Macerated fish is thrown into the water to attract the shoal. Single-hook 
lines are used to catch the first of the fish. If they congregate in large 
enough numbers, a shallow dip net known as a "callie" with a split bamboo 
frame is used to scoop them up. 

The flyingfish catch may be sold directly to the public at landing sites, 
may be transferred to markets by vendors, or landed at and sold directly to 
the new fisheries processing complex in Sans Souci, Castries. Surplus 
catch used to be damp-salted and carried inland by vendors. This practise 
has stopped as a result of cheap chicken being introduced onto the market. 
Salting, smoking and drying is done at home to preserve flyingfish for the 
'off season' (July to October) and is not resold. The new £isheries 
processing complex has, over the last two years, blast frozen and stored large 
quantitites of flyingfish for resale as whole fish. Experimental boning was 
tried, but was not profitable as a result of the high wholesale price of 
flyingfish compared with imported frozen, dried and salted fish. Marketing 
the catch at the peak of abundance remains a problem. 
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Plans for future development: 

The population of St. Lucia is increasing at about 2% annually and at 
present approximately EC$3 million of fish are imported annually (1983: 
EC$3,204,000, 1984: EC$3,138,000). It is hoped that the local fisheries 
yield may be increased over· the next few years to help meet the increasing 
protein needs and reduce the food import bill. It is also hoped that the 
fishery may be developed so that fishing techniques become more efficient 
and thus reduce the cost of locally caught and processed fish. This may 
allow processing of flyingfish at competitive prices for export. 

The fishing fleet is to be expanded by the introduction of fibreglass 
pirogues with ice boxes and inboard engines, such that boats may remain at 
sea for several days. There are plans to build fishing harbours at Dennery 
and at Vieux Fort. The fisheries processing complex is planning some 
experimental marinating of f lyingfish and would also like to begin 
commercial smoking. 

General biological observations: 

At least two ty:pes of flyingfish are taken in offshore waters. The 
main species is believed to be the same as the Barbados flyingfish and is 
therefore probably Hirundichthys affinis. A second flyingfish known as 
"denn" is caught less frequently and usually on hook and line. This 
species is probably Cypselurus cyanopterus. The fishing season for the 
offshore flyingfish begins in late November and runs until late June. There 
appears to be a bimodal pattern of abundance with peaks in December/January 
and in May/June (Figure 1). Some length data have been taken for the 
offshore flyingfish (Figure 2). Mean length in December is 24.6 cm FL. 

A third.species of flyingfish is caught nearshore in ballyhoo nets, 
particularly in the summer. These fish are small at maturity and it may 
take 20 fish to weigh a lb. 
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Figure 1. Seasonality of the flyingfish catch at St. Lucia 
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Barbados - by R. Jones and H.A. Oxenford 

Estimated current catch of flyingfish: 

Flyingfish landings have been recorded by Assistant Market 
Superintendants, six days a week at three major fish markets since 1958 
and at a fourthsince 1960. Landings have also been recorded at an additional 
seven fish 'sheds' around the island since 1980, such that 10 of 28 landing 
sites are presently being monitored. These records provide accurate sub
samples and are believed to represent about 33% of the actual total amount 
landed, although this estimate is presently under review. Note that in 1985, 
36 of the 38 long range ice-boats and approximately 110 day-boats were 
landing catches at an unrecorded site. The flyingfish are sold by number 
and recorded by weight assuming three fish to a lb. Estimates of actual annual 
total landed weights of flyingfish over the last 15 years are listed: 

Year 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

Catch (mt) 1375 1827 947 1202 1259 2250 2756 1013 1713 2282 1622 

Year 1981 1982 1983 1984 1985 

Catch (mt) 2047 2039 4116 4279 1914 

There has been a sharp increase in the total landings of flyingfish in the 
last few years (Figure 1) . 

Proportion of the total fish catch: 

Flyingfish is the most important species landed by the Barbados fishery 
in te:ans of number, weight and revenue. Flyingfish account for approximately 
48% of the total fish catch and 53% of the pelagic catch. 

Landed value of catch: 

The price of flyingfish varies considerably throughout the season from 
Bds$90.00/lOO fish (~Bds$5.94/kg) at the beginning and end of the season, to 
Bds$8.00/l00 fish {ZBds$0.53/kg) during peak abundance. The wholesale and 
retail prices at the four major markets have been recorded daily since 1980. 
The present value of the actual total catch is believed to be about 
Bds$5 million wholesale and Bds$6.5 million retail a year (1984 wholesale: 
Bds$5,161,194; retail Bds$6,583,380). 

The cost of the fishing launches varies between Bds$35,000 and Bds$100,000 
for day-boats and up to Bds$250,000 for long range ice-boats. 

The average per capita income for a full-time boatowner fishe:anan is 
believed to be approximately Bds$20,000 a year. 

Employment generated by the flyingfish fishery: 

There are between 1,500 and 2,000 full-time and 500 and 1,000 part-time 
fishermen all of whom are involved in the f lyingfish fishery during the season. 



24 

There are approximately 500 full-time and between 300 and 500 part-time 
vendors involved in selling and boning flyingfish. There are many small 
scale flyingfish processors scaling and boning fresh flyingfish for resale 
to the public and small restaurants. There are three larger scale 
processors jointly employing about 70 people to scale and bone flyingfish 
and to freeze or smoke the fillets. There may be as many as 6,000 people 
involved in some way in the flyingfish industry including fishermen's 
families, processors, boat builders, gear suppliers and mechanics. 

Overview of past development and present techniques: 

Records of a thriving commercial flyingfish.fishery at Barbados go 
back over 200 years (Hughes 1750, Schomburgk 1848, Nutting 1919). The 
development of the fishing fleet and present catching techniques for the 
flyingfish are given by Harding (this volume) . 

The pelagic fishing fleet increased in size by 17.7% between 1982 and 
1984. It presently comprises about 500 partially covered, wooden day-boats 
7-11 m in length, with 10-180 HP inboard diesel engines, and approximately 
50 long range ice-boats 12-15 m in length with 8-10 tonne capacity ice holds 
and 120-215 HP inboard diesel engines. 

The flyingfish catches from the day-boats are landed at the beaches each 
afternoon/evening and sold to vendors (hawkers) who then resell the fish 
whole or scaled and boned to the public. The majority of the ice-boats sell 
flyingfish directly to large scale processors. The main processor has been 
operating for the last five years and processing in excess of one million 
flyingfish (152 mt) a year. Most of the flyingfish are filleted, frozen, 
vacuum packed and sold to local supermarkets and restaurants. Approximately 
10% are exported to Canada, St. Croix and the Bahamas (1984: 91,200). 
Flyingfish melts are also being processed and sold. ·A second major processor 
was operating in 1983, and also processed close to one million flyingfish 
(1983: 888,759) and sold frozen fillets on the local market. This business 
is now run on a smaller scale and processes between 200,000 and 300,000 flying
fish for the local market. A third processor, in operation since the 
beginning of 1985, handled CiPout 160,000 flyingfish in the season, selling 
frozen fillets and smoked flyingfi~h on the local market. The number processed 
by this company is expected to double this next season. 

Plans for future development: 

At present close to 2,000 mt of fish are imported annually at a price of 
Bds$7 million. Future plans are aimed at reducing this import bill through 
increasing local fish production. Fish processing is being encouraged and 
is presently attracting private investors such that several more processing 
businesses are expected to be set up over the next two years. The long range 
ice-boat fleet is continuing to expand. New harbour and marketing facilities 
are to be constructed at Bridgetown beginning in early 1986 at a cost of 
Bds$24 million, and at Speightstown at a cost of Bds$5 million. There are 
also plans to construct a harbour and market facility on the east coast at 
Tent Bay and to upgrade the facilities at other landing sites. 
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Biological observations: 

A study of the biology of flyingf ish near Barbados has recently been 
completed at the University of the West Indies by Storey (1983) and is 
summarised in the synopsis (see Oxenford this volume) . The commercial catch 
is composed almost entirely of the four-winged flyingfish Hirundichthys 
affinis, with a small number of the "guineaman" or margined flyingfish 
Cypselurus . ·eyc;mopterus. Cypselurus melanurus, the Atlantic flyingfish is 
occasionally encountered in large shoals offshore Barbados, and Hirundichthys 
soeculiger the mirror-winged flyingfish occurs infrequently. At. the, end of 
the season the flyingfish are often thin and heavily parasitised and known 
locally as "June fish". The smaller flyingfish caught at the end of 
November are referred to as "iron-sides" although it is not certain whether 
these are a different species. Some of the flyingfish caught a large distance 
from Barbados by the ice-boats are referred to as "blue-birds" and may be a 
different species again. The seasonal abundance of flyingfish at Barbados 
is illustrated in Figure 2. 
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Past Developments and Present Techniques in the Barbados Flyingfish 
Fishery - by A. Harding 

The flyingf ish fishery has always been of major importance to the 
Barbadian economy and community. Barbados has very little shelf area for a 
demersal fishery and therefore depends on a pelagic fishery which exploits 
flyingfish and other larger pelagics such as dolphin, tuna, wahoo, kingfish, 
shark and billfish. 

Up until the mid 1950s the pelagic fishing fleet consisted of open wooden 
sailing boats less than 20ft. long with oars as an alternative power source. 
These boats sailed a short distance offshore each morning and then drifted 
during the day and returned to shore each evening. Schools of flyingfish were 
attracted to the boats by shaking "chum baskets" filled with crushed flying
fish. They were captured on hand lines with small baited hooks. If s~hools 

were large and came close to the boat, they were scooped up with hand held 
dip nets. 

In the late 1960s there was a rapid conversion of the sailing fleet to 
one-day partially covered wooden launches, 20 to 30 ft. in length powered by 
inboard diesel engines 10 to 22 HP. It appeared that less fish were being 
caught close to shore and this forced fishermen to travel further offshore and 
to return to the markets later. In the late 1970s and early 1980s larger 
faster diesel engines (80-180 HP) were installed as a result of the increasing 
distances which had to be covered daily and the need to beat other boats home 
to the markets each evening. In many cases, new day-boats (30-36 ft.) were 
built to accomodate the larger engines and the operating costs to fishermen 
and boat owners were increased three to five fold. These new day-boats are 
insured and equipped with navigation lights, bilge pumps, compass, radio, 
and life-jackets. 

Between 1978 and 1980, as a result of the increasing costs of operating 
day-boats, two long range ice-boats of 8 to lo ton capacity were introduced 
to the flyingfish fleet by private entrepreneurs and by 1984 there were 32 
such vessels in operation. This season (1985/86) 50 ice-boats are registered 
to begin long range fishing for flyingfish and larger pelagics. These ice
boats are between 35 and 60 ft. in length with 5 to 12 ton capacity ice holds. 
About 70% of this fleet are wooden and 30% fibreglass.. They are all powered 
(except one) by single inboard diesel engines from 80 to 225 HP and stay at 
sea from 4 to 14 days, some of the boats are converted day-boats. The main 
fishing grounds are in the triangle between Tobago, Grenada and Barbados. 
These ice-boats are more successful at catching f lyingfisQ than the day-boats 
because they can cover a much larger fishing area, can dr~ft for greater 
periods of time (several days) and thus accumulate larger schools of flyingfisp 
and can also fish during the night. 

Since the introduction of the gill net in the 1950s, the flyingfish 
fishery has not developed any new techniques except for the use of greater 
numbers of FADs or "screelers" made of tightly bound sugar cane trash or 
palm leaves. Two or three of these artificial rafts are attached to the 
drifting boat at equal distances apart on a line 200-500 meters long and are 
slowly pulled to the boat at hourly intervals at the same time as a chum 
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basket containing crushed flyingfish is shaken in the water, causing large 
schools of flyingfish and larger pelagics such as dolphin to accumulate. 
These may be scooped up with a dip net or trapped in the gill nets. The 
gill nets are made of blue monofilament and vary in length from 10 to 40 
metres with l~ to l\" stretched mesh. The larger pelagics are caught on 
hand lines baited with flyingfish. 

The day-boats and ice-boats both use ti1e same fishing techniques. 
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A Boatowner's Perspective on the Barbados Flyingfish Fishery 
- by c. Armstrong 

The flyingfish industry is a traditional one in Barbados and plays a 
major role in the lives of our people and in the economy of the island. It 
provides a large amount · of fairly low cost food which is particularly 
significant to low-income groups. It plays an important part in providing 
employment which is particularly signi£icant in these days of high unemployment. 
The industry employs a great many people and affects an even greater number 
when families are taken into consideration. There are approximately 2,500 
to 3,000 full and part-time fishermen, and .maybe another 3,000 employed in 
jobs related to the flyingfish fishery, such as market and travelling vendors, 
processors, boat builders, mechanics etc. 

The industry is continuing to expand every year with greater amounts of 
flyingfish being landed. It should be noted however that it is becoming 
increasingly difficult to make a profit and in some cases, boat owners are 
being forced out of business. The need for installation of larger engines to 
compete with other boats returning to market early, the high cost of diesel 
fuell boat building and maintenance, and the unbelievable prices of engine 
parts and insurance, together with the low selling price of fish as a result 
of the 'artificial' glut in the markets at the peak of the season, are 
causing us great concern. An example of the changing profit margins is shown 
in Figure 1. 

To help solve the present problems in the industry, such that it may 
continue to expand and thrive, I would like to make the following observations 
and suggestions. 

l. Fluctuating prices of fish have caused uncertainty in the industry, 
have kept away big investors and commercial banks from readily giving 
boat loans. There is a need for some kind of a controlled price on 
the fish. As an example a boat owner told me that in 1945 flyingfish 
were selling at 8¢ each, and now forty years later flyingfish still 
drops to 8¢ a piece during the peak of the season. This could indicate 
development if the cost of catching each flyingfish had been greatly 
reduced during this period. Sadly however, fishing costs have soared 
particularly since the oil crisis , so that this situation indicates 
a serious one. 

2. Efficient distribution and marketing of the flyingfish is needed to 
maintain higher prices during the main season, and to encourage more 
people to work in the industry. 

3. The traditional system of dividing the boat's profits 50:50 between 
boat owner and crew needs looking into with the increase in the size 
of investments and cost of maintenance and fuel. 

I hope that as a result of this workshop the importance of the flyingfish 
fishery will be brought to the attention of the officials concerned, and 
that our present cost and marketing problems may be brought to light. 
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Figure 1. Running costs and revenue from a typical day-boat targetting flyingfish off Barbados. 
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Martinique - by A. Guillou and H.A. Oxenford 

Estimated current catch of flyingfish: 

The main flyingfish. fishery is based in Martinique. There is 
practically no fishing of this species in Guadeloupe and only a small 
amount on the island of Marie Galante. 

The only catch records in Martinique are those from Fort-de-France 
Fish Market. Records of annual totals of flyingfish exist from 1961 to 
1965 and monthly landings have been recorded since 1971: 

Year 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 

Catch (mt) 58.2 61.3 75.4 58.3 104.9 

Year 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

Catch (mt) 136.2 75.1 84.5 87.2 103.7 103.2 81.0 59.2 56.1 76.4 

Year 1981 1982 1983 1984 1985(Jan-Aug) 

Catch (mt) 83.3 74.9 72.6 50.9 31.8 

These records are believed to represent about 10% of the actual total 
landings for Martinique. The present catch of flyingfish is therefore 
estimated at approximately 716 mt a year. Note that the Market records 
do not separate local fish landings from imported fish brought in from 
neighbouring countries (mainly St. Vincent and Venezuela) and therefore 
are believed to accurately represent the local catches of only a few 
species i.e. flyingfish, dolphin, wahoo, tuna, halfbeaks and needlefish. 

Flyingfish monthly catch records over the 14 year period (1971 to 1984) 
are shown in Figure 1 and annual totals are shown in Figure 2. The annual 
total landings have decreased over the 14 years, whilst the number of boats 
is believed to have remained the same. This may indicate a decline in real 
abundance of the flyingfish stock, perhaps through overfishing. However, 
marketing difficulties associated with this species may have resulted in a 
decline in effort specifically targeted at flyingfish. 

Proportion of the total fish catch: 

Flyingfish is the most important species landed by weight, and represents 
approximately 15% of the total fish catch and between 25 to 35% of the oceanic 
pelagic landings. Oceanic pelagic species account for approximately 50% of 
the total marine production in Martinique. 

Landed value of the catch: 

Flyingfish rank in the lowest official price category, selling for 
approximately half the price (23F/kg) of fish in the highest category. During 
the peak of the season, the price often drops below the official rate as a 
result of an artificial glut created by lack of adequate storage facilities. 
The estimated value of the total flyingfish catch is approximately 16million 
francs a year. 
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Employment generated by the flyingfish fishery: 

The present fishing fleet in Martinique comprises about 2,700 open boats 
(2,000 dugout canoes "gommias" and wooden pirogues or "yoles" and 500 fibre
glass pirogues) 5 to 7 m in length, powered by outboard engines 40 to 50 HP. 
Of these, approximately 700 are involved in the "Miquelon" fishery (of which 
flyingfish is a major component) from January to June. There are about 2,000 
full-time and 2,000 part-time fishermen and a further 2,000 persons involved 
in the fishery. 

Overview of past development and present techniques: 

The flyingfish fishery is a traditional one and is conducted by the 
"Miquelon" fishermen who also target the larger pelagics such as dolphin, 
wahoo, tuna and sharks. The fishing techniques for flyingfish have changed 
very little over the last 40 years except for the introduction in the 1970's 
of the surface gill net. The boats fish daily leaving the beaches in the 
early morning and returning in the late afternoon and evening. The main 
"Miquelon" fishing grounds are offshore Martinique, and approximately 140 boats 
fish in waters east of St, Lucia (~1000 m depth) and north of Barbados 
(::::::; 2000 m depth). The flyingfish are attracted to the drifting boats by a 
mixture of bread, fish flesh and shark oil known as "frai" which is thrown over 
the side. Hibiscus flowers may also be put in the water to lure fish. An 

artificial raft made of banana leaves (especially "macandja" banana leaves 
which are more waterproof and therefore float better) is tossed over the wind
ward side, and tethered to the boat. The congregating flyingfish are then 
scooped up with a dip net known as a "calut" or "cali". Surface gill nets 
(25 m long; mesh size 30-40 mm) may also be set. 

When the boats land the catches, the flyingfish may be sold directly to the 
public or to vendors who then resell the whole fresh fish in the markets. There 
ru:eno cold storage facilities for this species. There is no commercial boning 
of flyingfish, no processing, nor export to mainland France. 

Plans for future development: 

Future fisheries development objectives in Martinique include improvements 
to the present market facilities and provision of cold storage; implementation 
of an improved statistics collecting system; investigations of improved 
technology such as the introduction of permanently placed FADs; expansion of 
the fishery; and assessment of the major stocks. 

Biological observations: 

There are at least two species of flyingfish taken in the commercial 
fishery: 

a) Hirundichthys affinis known as "volant" is the most common species. It 
is caught offshore Martinique from January to June with a peak in abundance 
from March to June. These flyingfish congregate in large shoals at the surface 
and usally associate with floating objects or "s.argass_es" on which they deposit 
their eggs. 

b) Cypselurus cyanopterus known 
species and is found occasionally in 

' as "codene" or "coq d 'Inde" is a larger 
shoals of H. affinis. 

Flyingfish eggs are shed on gill nets and have been observed in March and 
June. Observed predators of the flyingfish include dolphin (length 0.9-1.3 m) 
and wahoo (length 1~19 m). 
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Dominica - by F. Darroux and H.A. Oxenford 

Estimated current catch 0£ £lying£ish: 

Flyingfish are recorded by the nwnber of baskets, which hold 
approximately 100 lbs (500 £ish). In 1984 £lyingfish were recorded by 
eight statistics collectors at 32 of the 42 landing sites around the 
island. These records are believed to represent about 65% of the actual 
total weight landed. Approximately 300,000 lbs of £lying£ish are landed 
in Dominica annually. (1984: 285,549 lbs, 1985 January to August: 199,651 
lbs). 

Proportion of the total fish catch: 

Flyingfish is the most important species by weight landed by the 
artisanal_fishery. In 1984 the £lyingfish catch was 3.5 times greater than 
the dolphin catch, which is the second most important species landed. 
Flyingfish account for approximately 40% of the total fish catch by weight 
and 58% 0£ the pelagic catch. 

Landed value of the catch: 

Flyingfish generally sell at one EC dollar per lb (5 fish a dollar). 
The total value of the catch is therefore estimated at EC$300,000 a year. 
Boned flyingfish have a much higher market value (approximately EC6o¢ each 
or EC$3.00 per lb). However, there are only a few commercial boners. The 
potential value of the catch could therefore be much higher. Note that 
some flying£ish may be sold to the French boats for EC$7.00 per lb. 

The per capita income of fishermen is low and estimated at between 
EC$1,000 and EC$2,000 a year. Canoes cost between EC$400 and EC$1,000, and 
keel boats cost between EC$1,600 and EC$3,000. 

Employment generated by the flyingfish fishery: 

There are an estimated 1,103 fishermen of which 190 are full-time and 
913 are part-time. Most fishermen exploit both inshore species and the 
offshore pelagic species of which flyingfish are a major component. 

There are few fish vendors since fishermen usually sell directly to 
the public at the landing sites. A truck and driver are occasionally 
hired to distribute surplus flyingfish catch to rural inland areas. There 
are two commercial flyingfish boners who began operating early this year 
as a result of an F.A.O. training programme. Some villagers home salt and 
smoke flyingfish to sell. There are three privately registered active 
Fishermens' Cooperatives. 

Most of the canoes (16-24 £t) are built by Caribs, al though the numbers 
of buiders is not known. There are also about three keel-boat builders. 
Fishermen do most of their own general maintenance of boats, engines and 
gear. There is also a Fisheries Division Workshop employing three mechanics 
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and providing a £ree engine repair service. 

overview 0£ past development and present techniques: 

The £lying£ish £ishery is a traditional one in Dominica. The fishing 
techniques £or this species have not changed over the years, except for 
the introduction of surface gill nets and outboard engines (over the last 
15 years) to the sail-powered £leet. 

The fishing £leet at present comprises approximately 650 open wooden 
keel-boats and dugout canoes. They range in length from 13 to 26 ft. and 
are powered by outboard engines of 10.to 48 HP. Oars and sails may be 
carried as an auxillary .means of power. The larger boats are based on 
the windward east coast of the island. The boats £ish daily from early 
morning to mid-afternoon and catch flyingfish from 3 to 15 miles offshore, 
mainly in the channels between Dominica and Martinique in the south and 
Dominica and Guadeloupe in the north. 

On reaching the fishing grounds, the boats drift broadside to the 
wind with one crew member in the bow, one in the center and one in the 
stern. A raft of dried coconut palms or banana leaf trash is thrown over 
the side and tethered about 20 to 30 ft. from the boat. Macerated flying
fish and oil (usually shark oil) are thrown over the windward side as the 
boat drifts, to calm the water and attract the fish. The gill net is set 
close to the boat. Three different mesh sizes (nos. 22-25) are used by 
the fishermen. The average size of the fish on any one day determines 
which net is to be used. The flyingfish may at first be taken on single
hook lines baited with pieces of flyingfish or preferentially with fresh
water shrimps caught in the streams. As fish gather, the raft is pulled 
alongside the boat. A dip net, known as a "callie", with split bamboo or 
wood frame is used to scoop up the flyingfish as they congregate. A dead 
flyingfish may be held with its wings open and shaken gently in the water 
or in the dip net to attract others. A second gill net of the same mesh 
size may be set whilst the first one is picked clean of fish. 

Flyingfish are usually marketed whole, straight to the public at the 
landing sites. When large catches are made by boats from rural areas, the 
fish may be taken straight to beaches in larger towns such as Roseau and 
Plymouth. Surplus catch is generally frozen by fishermen when freezer 
space is available and sold early the following day, or home salted, smoked 
and sun dried and stored for use in the 'off season' (July to October). 

There are no serious market problems for this species at present. 
Consumer acceptance is good but the boning technique is not widely known. 
The low price fetched at the peak 0£ the season could probably be raised 
if more fish were commercially boned for hotels and supermarkets. 

There appears to be a potential market for greater quantities of 
flyingfish. The per capita consumption of fish is low compared with the 
world average. Approximately EC$2 .million of fish (some fresh, but most 
salted and canned) is imported annually. 
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Plans £or future development: 

It is hoped that the annual flyingfish yield will be increased over 
the next £ew years. This will be encouraged by the provision of more 
freezer storage space at th.e main landing sites, to handle surplus catch 
during the months 0£ peak abundance. Note that at present there is a 
small freezer unit at Roseau Market which is not yet fully operational, and 
one of the three co-ops has invested in a cold storage unit. Also the 
fleet is to be cautiously expanded with the additon of a 38 ft. boat from 
the Government of China, a 65 ft. boat being privately build and the 
introduction of a further five ice-boats over the next 10 years. These 
vessels will be able to stay out for a week at a time, rather than 
returning to base daily, and thus should be more efficient at exploiting 
the flyingfish resource. It is also hoped that flyingfish processing, 
particularly smoking will be done on a large scale as a cottage industry. 

General biological observations: 

According to fishermen, at least five spe.cies of flyingfish are 
exploited. The main species known simply as "volant" is described as the 
same as Barbados flyingfish and is therefore probably Hirundichthys affinis. 
It is caught in offshore Channel waters between November and June, with 
peak abundance occuring in·May. A larger flyingfish known as "denn" 
probably Cypselurus cyanopterus) is also caught offshore in the Channels, 
but less frequently and it is usually taken with a hook and line. A third 
type known as "volant janvier" is caught offshore particularly .in January 
and February and is reported to be larger than the main species caught in 
May and June. Two different species are caught nearshore; these are a 
large flyingfish known as."volant lacote" and a very small one known as 
"petit volant" which is caught in the small-meshed ballyhoo seines. This 
latter species measures 4 to 4~ inches at maturity and is believed to be 
most abundant in the summer. Two more types are reported to occur in
frequently; a small red-winged flyingfish and a bearded flyingfish. 

The catch records, indicate a bi-modal pattern of abundance for flying
fish, with a minor peak in February and a major peak in May (Figure 1). It 
is believed that the main component of the catch is Hirundichthys affinis, 
however, at is possible that the smaller peak in abundance in February may 
result from· a second species known by the fishermen as "volant janvier". 
The various types of flyingfish described by the fishermen need to be 
properly identified. 



35 

30 
~ 
~ 

0 25 0 
0 
H 
x 20 
~ 
~ 
~ 15 ~ 
ru 
~ 

w 
~ 10 w ru 
~ 
~ 
~ 

H 5 

J F M A M J J A s 0 N D J F M A M J J A 

1984 1985 

Figure 1. Recorded monthly landings of flyingfish in Dominica. 
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Overview and Conclusions 

Session I concluded with an extensive discussion of the percieved 
trends in the flyingfish fishery. The first step was the preparation of 
two summary tables, the first showing trends in catch by country since 1960 
(Table 1), the second summarizing the main points and statistics under the 
seven headings in the island reports (Table 2). 

In all islands except Tobago and Dominica, flyingfish have been an 
important component of the fishery as far back as fishermen can recall. In 
Tobago the fishery began in the 1960s whereas in Dominica its-initiation 
was more recent. Barbados is clearly the main prosecutor of this fishery 
and the recent introduction of ice boats has resulted in a 50% increase in 
total catch. Other islands have shown fluctuations (Tobago, St. Lucia) 
probably due mainly to market constraints but also perhaps to fluctuations 
in abundance of the resource (Mahon this volume). There is no ready 
explanation for the steady decline in catch at Martinique. 

The total regional retail value of the catch is estimated at 4.2 
million US dollars per annum (Table 2). Given the low average annual 
income in the majority of islands in the region, this represents a 
substantial source of income. A further consideration is that most of the 
retailing is done on a small scale by vendors. 

At present, flyingfish is probably the most important single species 
in the region (Table 2). There is some variation both within and between 
islands. 

The fishery is pursued by a wide range of boat sizes and types using a 
variety of techniques. Boats range from the newly introduced "ice boats" 
55 ft long, powered by inboard diesels, staying at sea for several days, to 
15 ft canoes, powered by outboard and sail, fishing on a daily basis. 

Fishing practices in common among islands are the use of small 
temporary fish attracting devices (FADS) drifted off the boats on lines. 
Fish are attracted by decomposing bait in baskets hung over the side. When 
the schools have been lured close to the boat fish are either hooked 
individually, dip netted, or gill netted, depending on their abundance and 
the island in question. 

In each case, the flyingfish is one component of a multispecies 
fisheries for pelagics. Other components of the fishery are medium and 
large pelagics such as dolphin fish, tunas, kingfish, wahoo, billfish, and 
sharks. Although flyingfish are the mainstay of these fisheries, their 
multispecies nature cannot be overlooked in planning a development 
strategy. 

The present constraints on increased catches lie predominantly in the 
area of storage, marketing and distribution. Several participants reported 
that gluts might be localized to a radius of a few kilometers around a 
landing point. Local distribution should therefore be a key factor in 
increasing catch. A focus on getting fish to the people now depending on 
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imported canned or dried fish will play a major part in redressing the 
imbalance in consumption of imported vs locally produced fish. 

Since flyingfish is highly seasonal, processing and storage will play 
a major role in extending availability to the consumer year round. Flying
fish are also exported to other CARICOM countries and ethnic markets in the 
UK and USA are being explored. 

Several participants expressed the opinion that if marketing 
constraints were reduced the catches could be increased substantially with 
existing capacity. Furthermore, most islands are actively pursuing a 
program of fleet development with a view to increasing exploitation of 
large pelagics as well. 

Although marketing, processing, storage and distribution problems were 
by no means in hand, it was clear that these aspects of development had 
recieved and were continuing to recieve the available funding (Table 2). 
Barbados in particular was seeing rapid development of these facilities. 
Most other islands reported some activity in one or more of these areas. 

Finally, some participants expressed a strong concern that development 
of catching and handling facilities was proceeding in a relatively rapid, 
though sporadic fashion, without any assessment of the capacity of the 
resource to sustain increased catches. It was acknowledged that most 
islands did not have the resources or the expertise to undertake a regional 
assessment program, although some efforts at data collection and biological 
characterization of the fishery were in progress. 

Participants agreed that assessment of the resource should be seen as 
having equal priority to development of the fishery, particularly since the 
results of an assessment were unlikely to be available in less than two to 
four years. By this time considerable progress could be expected in the 
development of fishing and processing power. 
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Table 1. Estimated landings of flyingfish by each island (metric tons, 1 
ton= 2,200 lbs). 

Year Tobago Grenada St. Lucia Barbados Martinique Dominica 

1960 2317 
61 1639 582 
62 1630 613 
63 1714 754 
64 1062 583 
65 1188 1049 
66 1571 
67 1914 
68 1393 -
69 1037 

1970 1379 
71 1468 1360 
72 1005 750 
73 1250 840 
74 36 1250 870 
75 35 2063 1040 
76 2 2462 1030 
77 85 1510 810 
78 91 ** 222 1757 590 
79 218 ** 2119 560 

1980 307 ** 603 1748 760 
81 113 ** 329 2300 830 
82 160 108 265 2000 750 
83 10 110 237 4100 720 
84 11 122 217 3300 510 127 
85 56* 1500* 318* 89* 

* Incomplete data 

** Data previously published in FAO Fish. Rep. No. 278 (Suppl.) pp: 
Now considered to be grossly inaccurate. 



Table 2. Sunvn11ry of the flylngflsh fisheries of the eastern C11rlbbe11n. 

Island 

Tobago 

Grenada 

St. Vincent 

St. Luci a 

Barbados 

Martinique 

Dominico 

Total 

Average Catch 
<tl Over Last 

(n) Years 

120 (5) 

113 0) 

330 (5) 

2879 (5) 

714 (5) 

127 (f) 

3913 

Value su.s. 
(Catch x Price/kg) 

50,400 
($0.42/kgl 

35,030 
($0.31/kgl 

($1.10/kgl 

181,500 
($0.55/kgl 

3, 166,900 
($1.10/kgl 

1,071 ,000 
($1 .50/kg) 

20,320 
($0.16/kg) 

4.5 mllllon 

CIDA =Canadian lnternatlonal Development Agency 
FAO =Food and Agricultural Organization of UN 
OAS =Organization of American States 

Employment (1111 fisheries) 
1 l fu I I-time f lshermen 
2) part-time fishermen 
3 l support and market Ing 

200 
500 

25 

1050 
400 
50 

3000 
3000 
3000 

2500 
2500 

50 

2000 
1000 
5000 

2000 
2000 
2000 

190 
913 

1 

% Tota I Catch 
Wt. (Rank) 

55 
!1st> 

10 
!2ndl 

1 
( 1) 

2o+ 
<2ndl 

48 
!lstl 

15 
(1st> 

40 
(1 stl 

Total Fishing Fleet 

380 PI rogues 22-30 ft 
bumboats (outboard> 

350 canoes 15-25 ft 
35 sal I boats 25-35 ft 
50 launches 35-40 ft 

<I nboardl 

400 double ender 
plrogue 8-25 ft 
!outboard) 

600 canoes 15-23 ft 
(outboard) 
20 whalers 21-28 ft 

300 day I aunches 24-
36 ft (f nboardl 
38 Ice boats 36-55 ft 

2700 canoes 7-8 m 
<outboard) 
(25% flying fish) 

Development 

Constraints Recent/Planned (funding) 

Marketing & distribution 
!M&Dl 
Trip duration (boat size> 

M&D 
Trip duration 
Stock assessment 
Administration personnel 

M&D 
Fishing skll ls 
Processing 

M&D 
Process Ing capacl ty 
Storage · 
S1ock assessment 

M&D 
Prooasslng 
Stock assessment tra In Ing 

Gu11r11nteed markets 
Processing feel I !ties 
Stor-age feel lltles 
Stock 11ssessmerrt 

Process Ing f acl II t I es <IF .AD l 
Storage feel lltles <Venezuela) 

Market hcl lltles <CIDAl 
Fishing harbour 
I ntroductlon of gl 11 nets and 
training In fishing ski! ls 

Stock assessment and analyses 

1 market/port facl llty bu! It 
3 planned !CIDAl 
Distribution problems being 
addressed 
Process Ing capacl ty I ncreas Ing 
Technlcal assistance In 
f lsh Ing technl ques 

Storage Harbour/landing facl lltles In 
M&D progress 
(catch sometimes discarded) Data col lectlon Improvements 

Use o• FADS 
Stock assessment 

650 canoes 13-26 ft Storage Cold storage <IF.AD> 
Landing facl I !ties (ff.AD) 
Data col lectlon (OAS> 
Stock assessment (FAOl 

sever-a I kee I boats 13- M&D 
26 ft Boat size 
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SESSION II: BASIC AND FISHERY BIOLOGY OF FLYINGFISH 

Bibliography on Flyingfish Biology and Related Topics - by B. Fabres 

This bibliography is not comprehensive, it is a listing of titles held 
by the library at the Caribbean Fisheries Training and Development 
Institute, P.O. Box 1150, Port of Spain, Trinidad and Tobago. 
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1. IDENTITY 

1.1 Nomenclature 

1.11 Valid name 

Hirundichthys affinis Gunther, 1866 (Figure 1). 

Originally described by Gunther (1866, p. 288) in his "Catalogue of 
the fishes in the British Museum, Vol. 6 London" who used the name Exocoetus 
affinis. Type locality listed as Cuba(?). Type specimen is preserved in 
the British Museum (Natural History). 

1.12 Objective synonymy 

Exocoetus affinis Gunther 1866, p. 228. Type locality: Cuba? Lampe 1914, 
p. 223. Type locality: Between Ascension and Cape Colony. 

? Exocoetus roberti Muller and Troschel 1848, p. 675). Type locality: 
Barbados 

? Exocoetus scylla Cope 1871, p. 481. Type locality: Tabasco, Mexico. 

? Exocoetus rufipinnis Jordan and Meek 1885, p. 58-59 in part. Type 
locality: Payta, Peru. 

Exocoetus speculiger Jordan and Meek 1885, p. 58 

Exocoetus volitans Jordan and Meek 1885, p. 57 in part. Jordan and Evermann 
1896, p. 734 in part. 

Exonautes affinis Jordan and Evermann 1896, p. 2836. Jordan, Evermann and 
Clark 1930, p. 201. 

Exonautes rufipinnis, Jordan and Evermann 1896, p. 2836 Jordan, Evermannand 
Clark 1930, p. 201, in part. 

Cypselurus rubescens Fowler 1936, pp 426, 1241, in part 

? Exonautes speculiger Jordan and Evermann 1896, p. 2836. 

Hirundichthys affinis Bruun 1935, p. §7, PL 6, figs. 1&3. 

1.2 Taxonomy 

l. 21 Affinities 

Suprageneric 

Phylum: Chordata 
Subphylum: Vertebrata 
Superclass: Gnathostomata 
Class: Osteichthyes 
Subclass: Actinopterygii 
Order: Atheriniformes 
Suborder: Exocoetidei 
Family: Exocoetidae 
Subfamily: Cypselurinae 

Generic 

Genus Hirundichthys Breder 1928, P. 20 

Hirundichthys is one of three genera in the sub-family Cypselurinae, the 
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four-winged flyingfish. It is composed 0£ three Atlantic species !!.· affinis, 
!!.· rondeletti and !!.· speculiger. The. generic concept of Hirimdichthys is 
modified £ram that of Breder (1928, 193ff) and Bruun (1935) and follows 
that of Fischer (1978) . 

Exocoetids are elongate fishes, round in cross-section.and are 
flattened ventrally in some species. The snout is usually blunt, themouth 
small and the jaw teeth absent or very small. The gill rakers are well 
developed and the upper pharyngeal bones of the third gill arches are close 
together but not fused into a single plate. There are no spines in the fins; 
dorsal and anal fins are set equally far back on body, their bases short 
and opposed. The pectoral fins are high on sides, strikingly long, extending 
beyond dorsal-fin origin in many species. The pelvic fins are in an 
abdominal position, and greatly enlarged in many, but not all species. The 
caudal fin is deeply forked and heterocercal, the lower lobe being longer 
than the upper. The lateral line is low on body and the scales large, 
cycloid, and easily shed. The swim bladder is large, extendingposteriorly 
beyond the body cavity. 

The three species appear very similar, but may be clearly separated as 
adults using the following species key adapted from Fischer (1978). 

I. First pectoral fin ray unbranched, second branched. 

a. Clear edging of pectoral fin narrow, less than pupil; 
palatine teeth absent. 

H. affinis 

b. Clear edging of pectoral fin broad, greater than pupil; 
palatine teeth present. 

H. speculiger 

II. First two pectoral fin rays unbranched. Pectoral fins without 
a pale basal triangle. 

Specific 

Hirundichthys affinis Gunther 

H. rondeletti 

As with generic description, the body is elongate, thick but somewhat 
flattened ventrally. Body height is 15-18.2% of standard length (SL); 
breadth is 12.9-15.1% of SL; head length is 23~3-24.6% of SL. Snoutshorter 
than eye diameter and blunt. Dorsal and anal fins set far back on body, 
their bases short. Dorsal fin low, rays at anterior end the longest. Anal 
fin origin slightly before, or 1 or 2 rays behind dorsal fin origin. 
Pectoral fins strikingly long (60-70% of SL) , only first ray unbranched. 
Pelvic fins abdominal, large, reaching well beyond anal fin origin. More 
than 25 scale rows across back in front of dorsal fin (predorsal scales). 
Between 45 and 47 vertebrae. 

A list of measurements taken from ten specimens is shown in Table land 
from six specimens in Table 2. 



Table L Dimensions and numerical characters of ten specimens of the four-winged 
flyingfish Hirundichthys aff inis (from: Bruun 1935, Table 4 7) • 

Serial number ........... I 335 51 325 21 K 21 334 50 578 333 Type 

Sex, maturity ........... d'm (! r d'm ~'m ~r 

Dorsal rays ............. 11 11 12 11 11 ti 11 11 11 11 
Anal rays ................. 12 12 13 11 12 11 11 12 12 11 
Pectoral rays ............. 18 18 17 17 18 17 17 17 18 17 
Gill-rakers .............. 8 + 20 8 + 21 7 + 20 8 + 22 7 + 22 7 + 19 8 + 21 7 + 21 9 + 21 
Predorsal scales ......... 29 31 30 31 31 31 31 28 33 33 
Transverse scales ........ 6i/, 71/4 61/, 61/3 511. 61/, 61/, 71/3 63/, 61/, U'I 

Standard length ...... , .. 154.5 157.1 170.8 192.0 195.8 202.0 203.0 205.0 209.0 218.0 U'I 

0 / 0 of S.L.: 
Predorsal length ......... 71.8 74.7 71.2 72.3 73.4 71.6 73.1 73.0 74.4 74.0 
Preventral length ........ 58.3 57.2 57.3 58.5 61.3 60.0 59.2 61.5 59.4 58.5 
Preanal length .......... 73.3 73.4 71.3 72.8 75.6 73.9 73.1. 73.5 74.7 73.8 

Length of head .......... 24.6 24.2 23.7 23.5 24.6 24.5 23.3 24.3 24.0 23.7 

Length of snout ......... 5.8 6.2 6.0 6.2 6.1 6.6 6.4 6.0 6.0 6.1 

Diameter of eye ......... 7.4 7.1 7.5 7.2 7.5 7.1 7.1 6.7 6.9 6.9 

lnterorbital breadth ...... 7.9 8.3 7.7 8.2 8.7 8.0 8.2 7.5 7.8 7.9 
I;ength of pectoral. ...... 62.9 62.6 61.8 61.5 68.6 61.8 64.9 68.5 64.0 . 66.3' 

Length of ventral ....... 27.7 26.5 27.2 25.7 27.6 27.3 26.6 28.0 28.3 27.0 

Height of dorsal ......... 7.6 9.1 8.3 8.5 8.0 9.1 9.1 8.7 8.9 8.2 

Height of body .......... 15.0 16.7 15.0 15.8 17.3 16.9 14.7 16.6 16.8 18.2 

Breadth of body ... : .... '14.0 13.6 13.5 13.9 14;5 15.1 12.9 14.4 14.4 13.8 
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1.22 Taxonomic status 

Bruun (1935') summarised the history of the badly confused taxonomic 
usage applied to the exocoetids. Of 65 names previously applied to 
Atlantic Ocean flyingfish, he recognised only 17, 4 of which he considered 
Atlantic subspecies of more widely distributed species. Br~der (1938) 
recognised only 16, one of which he divided into littoral and oceanic 
races. Fischer (1978) refers to 18 species from the Atlantic, although he 
notes that the identity of. Cypselurus_ and Hirundichthys species needs to be 
clarified further. 

Closely related families within the same sub-order as Exocoetidae 
include the halfbeaks (Hemiramphidae) , the needlefish (Belonidae) and the 
sauries (Scombersocidae). 

1.23 Subspecies 

No subspecies are recognised. 

1.24 Standard common names, vernacular names 

Country 

English speaking 
Caribbean 

French speaking 
Caribbean 

Spanish speaking 
Caribbean 

Brazil 

Standard Common name 

flyingfish 

volant 

Peixe voador 

1.3 Morphology 

1.31 External morphology 

Vernacular name 

four-winged f lyingfish 

exocet hirondelle 

volandor golondrina 

H. affinis is dark above, pale below and the dark colour is usually 
iridescent blue or green in life. The dorsal and anal fins are colourless 
or only slightly pigmented. The caudal fin is uniformly grey with darker 
streaks along the rays. The pectoral fins are dark grey with a pale basal 
triangle and a narrow white margin on the trailing edge when extended. 

The teeth, which are only found in the jaws are comparatively strong, 
conical and without extra cusp (Figure 2). 

Meristic characters are given in Tables 1 and 2. 

1.32 Cytomorphology 

No data available. 

1.33 Protein specificity 

No data available. 
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1.34 Internal morphology 

Evans (1961) described the internal development of eggs and larvae of 
H. affinis in detail (_see Sections 3. 21, 3. 22) • 

2. DISTRIBUTION 

2.1 Total area 

Flyingfish are epipelagic, open water species, capable of leaping 
from the water and gliding long distances above the surface with modified 
pectoral fins, and in some species also the pelvic fins. They are found 
in tropical and subtropical waters throughout the world (Gill 1904, Bruun 
1935, Parin 1960, Herald 1969, Nesterov and Grudtsev 1980) (Figure 3). 

Hirundichthys affinis is confined to the tropical Atlantic Ocean. 
Concentrations of abundance in the western Atlantic occur in the Caribbean 
Sea and Gulf of Mexico (Bruun 1935, Breder 1938, Fischer 1978, Storey 1983) 
and off the northeast coast of Brazil (Cruz 1965, Monte 1965, Fischer 1978). 
!!.· affinis is also reported from the eastern Atlantic from Cape Blanc to 
Dakar (Nesterov and Grudtsev 1980) and in the Gulf of Guinea from Ghana to 
Angola (Sauskan 1973) , although these reports need confirmation (Fischer 
et al. 1981) . 

2.2 Differential distribution 

2.21 Spawn, larvae and juveniles 

Hall (1955) proposed a minimum spawning area in the Atlantic, east of 
Barbados, for the flyingfish H. affinis whose eggs were found on weedaround 
Barbados. The eastern extent of this area was determined on the basis of 
the prevailing current speeds and a presumed 10 to 16 day hatching period. 
Note however, that this hatching period is now known to have been over
estimated by up to 12 days (see Section 3.21). Hall (1955) also reported 
two week old larvae in waters around Barbados. Lewis et al. (1962) 
collected juveniles (2-14 cm SL) from surface waters around Barbados from 
April to September. Powles (1975) reported low abundance of flyingfish 
larvae off Barbados. Monte (1965) suggested that H. affinis were spawned 
within 20 miles of the Brazilian coast. Barroso (1967) suggested the 
possible existence of a horizontal spatial separation of adults and juveniles 
of H. affinis on the grounds that the latter were not taken by the 
commercial fishery. 

2.22 Adults 

Pronounced seasonal variations in abundance of H. affinis are evident 
in most areas over their range. In the eastern Caribbean and off the north
east coast of Brazil the flyingfish are most abundant between November and 
July and virtually absent from August to October (e.g. Hall 1955, Monte 1965, 
Mahon et al. 1981, Storey 1983). Between November and July there appears to 
be a bimodal pattern of peak abundance occurring. at most locations. Monte 
(1965) and Barroso (1967) report abundance peaks of !!_. affinis off northeast 
Brazil in November to January and April to July. At Barbados, peaks in 
abundance vary from year to year, but there is usually a peak between 
December and February and a major peak around April to June (Hunte and Mahon 
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specimen of the· four-winged flyingfish Hirundichthys affinis, 209 mm SL 
(from: Bruun 1935, Pl. 6, Fig. 1). 

Imm. 

90°w 

Figure.2. Intermaxillary teeth of the four
winged f lyingfish Hirundichthys af finis 
(from: Bruun 1935. Fig. 15). 

30°W 00 

Figure 3. Geographical distribution of the four-winged flyingfish 
Hirundichthys affinis .. Data sources are:• Breder (1938); 0 Bruun (1935); 
~Fischer (1978), Fischer et al. (1981) ;~Nesterov and Grudtsev (1980). 
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1982, Storey 1983, Hunte 19.85). In Grenada, St. Lucia, Dominica and 
Martinique, peaks in abundance 0£ £lying£ish occur in December/January and 
May/June (Hunte 1985, see also Session I this volume). 

2.3 Determinants of distribution 

!!_~ affinis is a warm water species and its distribution is believed 
to be determined by surface water temperatures, being limited in the north 
and south by the 25°c isotherm (Bruun 1935) . Nesterov and Grudtsev (1980) 
suggested that the seasonal changes in abundance of flyingfish were 
influenced by seasonal variation in surface water temperature. Hall (1955) 
found a small negative correlation between !!_. affinis abundance and total 
copepod counts, and a small positive correlation between flyingfish 
abundance and Thaliacea. However, he indicated that the relationships were 
poor determinants of H. affinis distribution. 

2.4 Hybridization 

There are no reports of any hybridization between flyingfish species. 

3. BIONOMICS AND LIFE HISTORY 

3.1. Reproduction 

3.11 Sexuality 

Flyingfish are heterosexual; there is little sexual dimorphism. 

3.12 Maturity 

Storey (1983) reported that sexual maturity is reached by males and 
females of the flyingfish H. affinis around Barbados at a minimum size of 
180 mm SL. He reported that the mean length of flyingfish at each maturity 
stage is smaller for males than females and that mean length at sexual 
maturity (stage 4) is 202.1 mm SL for males and 206.8 mm SL for females. 
The smallest mature specimen of H. affinis reported by Bruun (1935) was 
192 mm SL. 

3.13 Mating 

Spawning occurs at the surface in large groups around floatingmaterial 
(Monte 1965, Storey 1983). 

3.14 Fertilization 

Fertilization is external. 

3.15 Gonads 

Lewis et al. (1962) classified the gonads of H. affinis into the 
following five maturity stages: 

1. Immature and virgin £ish: Gonads very small, string-like, white. 
Ovaries translucent, testes opaque. 

2. .Maturing virgins and recovering spents: Ovaries rounded, pink, firm, 
ova just visible. Testes thickened but flat, white or creamy. 

3. Maturing, ripening fish: ovaries distended, orange or pink. Testes 
full, thick / conv.exly triangular, white or light grey. 
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4. Spawni.ng fish: Ovaries run on sl.ight pressure. .Eggs at least 1.4 mm 
in diameter, with investing tendrils. Testes run on firm pressure. 

5. Spent fish: 
large eggs. 

Ovaries £laccid, shrunken, white, often with purple, some 
Testes shrunken, prominent blood vessels. 

This classif.ication was adopted by Storey (1983) . 

Five maturity stages were also used by Almeida (1966) for H. affinis 
off northeast .Brazil, for which he gave the following description: 

I -.Virgin: 

II - Maturing 

III - Mature 

IV - Running ripe 

v - Spent 

Ovaries small and narrow; average weight 
1.7 gm; ashy in·colour; blood vessels 
imperceptable; eggs not visible; ovaries 
slightly swollen. 

Average weight of ovaries 4.7 gm; orange 
in colour; a few eggs visible through ovary 
wall; blood vessels visible but small; swollen. 

Average weight of ovaries 8.5 gm; orange 
in colour; many small eggs visible; blood 
vessels pronounced; ovaries very swollen. 

Average weight of ovaries 10.4 gm; eggs large 
and transluccent; ovaries extremely swollen; 
blood vessels clearly evident. 

Average weight of ovaries 3.6 gm; ashy 
in colour; blood vessels imperceptable; few 
eggs remaining; gonads flac.cid. 

Monte (1965) described four maturity stages for females; I - immature 
or maturing, II - mature; III - ripe, IV - spent. A more complex 
description of maturity stages was used by Hall (i955) (Table 3), although 
he noted that the descriptions of stages II and III were somewhat speculative. 

The mean gonosomatic index (GSI = gonad weight x 100/total body weight) 
of males and females of H. affinis at each maturity stage was given by 
Storey (1983) (Figure 4). He reported that at.maturity the GSI value for 
females (11.5) was considerably higher than for males (6.5) and noted that 
this indicates a greater relative investment of energy resources into 
reproduction by females than by males. 

The mean weight of male and female gonads at each maturity stage is 
given by Almeida (1966) (Table 4) and by Monte (1965) (Table 5) for H. affinis 
off northeast Brazil. The mean length of the gonads at each maturity stage 
recorded by Monte (1965) is given in (Table 6). 

Hall (1955) examined the gonads of 46 .mature females of H. affinis from 
Barbados and observed a range of fecundity values from 
eggs present in the ovaries at any one time CTable 7) . 
the average fecundity was 6,500. Storey (1983)defined 

4,100 to 9,200 mature 
He recorded that 

the number of mature 
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Table 2. Dimensions and numerical characters of six 
specimens of the four-winged flyingfish Hirundichthys 
affinis (adapted from: Breder 1938, Table 12). 

~~-:-ard-=-=1...,,u.-,.,---.--------,221=-=9=---=-200"'9-~imm.'=:BT~~lmm.=479~--"'°:"=- °';" 
Tolal lmgtA ..._ 288 2M 82 Cl2 47 M.11 
&al• rotn 115 45 4.7 43 
Lat<ral line 23+30 25+21 26+21 23+24 
Prtdoraal 1cala 33 33 33 33 
Daraal ra111 13 11 11 10 
.Anal rayr 11 10 12 12 
Langeat doraal rGI/ 3 3 3 
Lan11t:lt anal '"II 4 3 3 

Head 
Dtpth 
Width 
Dor.nl inurtimi 
Anal inatTlion 
Pctloral imtrtion 
V nitral inantion 
Dorml lcngtlo. 
Ar.al fongth 
Ptttaral length 
r rntrcl length 
U ppcr caudal lobe 
Lo..., raudal lobe 
Dor1nl htighl 
.Anal /i.,ighl 
Snord 
Orbit 
]nlcrorbilal 
Ptdund• 

M......,.-. in Per Cml of Standard Length 

23.8 25.5 23.9 26.5 
17.2 18.5 14.!J 16.3 
13.6 15.0 14.2 16.3 
72.4 76.0 71. 6 73.5 
78.8 77.0 68.7 72.5 
24.9 27.0 23.9 25.5 
56.8 60.5 55.1 57. l 
18.0 16.0 15. 7 18.4 
12.3 14.0 14.9 17.3 
68.4 67.0 62. 7 68.4 
31. 7 27.5 36.6 39.8 
18.9 23.5 19.4 
29.9 32.5 31.4 
7.9 9.0 10.4 
3.6 7.5 9.0 
~5 ~5 LO Ll 
7.9 7.5 9.0 10.2 
7.5 8.0 9.0 10.2 
~O ~5 LO ~2 

11 12 
12 13 
4 4 
4 

25.6 
10.2 
14.9 
74.4 
71.6 
24.3 
56.8 
17.6 
16.2 
56.8 
37.8 
22.6 
31.l 
13.5 
12.2 
5.4 

10.8 
10.8 
6.8 

25.9 
16.7 
14.8 
74.1 
72.3 
24.1 
57.4 
18.5 
16.8 
51.9 
37.0 
18.5 
29.6 

5.6 
11.l 
11.1 
7.4 

Table 3. A scale of maturity stages for the four-winged flyingfish 
Hirundichthys_affinis (from: Hall 1955, Table 12). 

Stage Des~ption 

I Young flying-fish that have never spawned. Sexual organs quite undeveloped. 

II Ovaries firm and white, about 1/3rd the length of the abdominal cavity. Eggs invisible 
to the unaided ·eye, and have a diameter not greater than about o·s mm. Testes? 

III Ovaries firm and white, about l to ;z,/3rd the length of the abdominal cavity. Some eggs 
visible to the unaided eye (some with a diameter greater than o·6 mm.) but none 
with yolk. Testes firm and white i to 2/3rd the length of the abdominal cavity. 

IV Ovaries yellowish, at least 2/3rd, the length of the abdominal cavity; Eggs for imminent 
spawning with some clear amber yolk, but few of the· eggs exceeding about I ·2 mm. in 
diameter. Testes firm and white, at least 2/3rd the length of the abdominal cavity. 

V Ovaries amber-coloured, occupying most of the abdominal cavity. Large eggs hyaline, 
1 ·s to 1 ·6 mm. (approx.) in diameter. Testes firm and white, occupying most of the 
abdominal cavity. 

VI Running fish. Eggs and sperm can be squeezed from the fish by the application of slight 
pressure to the sides of the body. Gonads often bloodshot posteriorly. 

VII ·Spent fish. Ovaries much reduced in size, flaccid, pink from diffused blood: a few large 
eggs may remain. Testes flaccid, bloodshot. 

VIII Ovaries firmer, but still pink. Testes? 
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Table 4. Mean weights of gonads of males and females of the flyingfish 
Hirundichthys affinis from northeast Brazil. (From: Almeida 
1966, Table 1). 

Females Males 
Maturity stages 

Mean weight Number in Mean weight 
of gonads (gm) sample of gonads (gm) 

I 1.4 48 1. 7 

II 4.5 304 4.7 

III 6.7 154 8.5 

IV 7.1 89 10.8 

v 3.7 73 3.6 

Table 5. Gonad weights of females of the four-winged flyingfish 
Hirundichthys affinis from northeastern Brazil, at each 
maturity stage. (From Monte 1965, Table 4). 

Nunber in 
sample 

10 

432 

147 

135 

273 

Maturity Stage Number of individuals Weight of gonads (gm) 

Maximum Minimum 

Immature 8 19.5 10.7 

Maturing 10 24.0 20.0 

Ripe 30 20.0 5.0 

Spent 19 4.6 3.0 

Table 6. Gonad lengths of females of the four-winged flyingfish 
Hirundichthys affinis from northeastern Brazil, at each 
maturity stage. (From Monte 1965, Table 3). 

Maturity Stage Number of individuals Length of gonads (cm) 

Maximum Minimum 

Immature 8 11.0 10.0 

Mature 10 11.0 10. 2 

Ripe 30 11.0 6.0 

Spent 19 9.5 7.0 

Mean 

15.0 

22.3 

11.1 

4.0 

Mean 

10. 5 

10.6 

8.6 

8.3 
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2 3 4 5 

MATURITY ST AGE 

Figure 4. The relationship between gonosomatic index (GSI) and maturity 
stages of males and females of the four-winged flyingfish Hirundichthys 
affinis. 1- immature, 2 - maturing virgin or recover;,Lng spent, 
3 - maturing, 4 - spawning, 5 - spent (adapted froni: Storey 1983, Fig. C2) . 
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eggs in the ovaries at any one time as 'batch fecundity' and determined that 
the average batch fecundity for !!_. affinis from Barbados was 7 ,084. He 
noted that fecundity increased sharply with fish length and could be 
determined from the relationship: 

Batch fecundity (no. of eggs) = 2 x (41.18 x mm SL - 4984.68) 

Storey (1983) noted that there were up to four distinct size groups of eggs 
in the ovaries of mature flyingfish and therefore suggested that they may 
spawn four times in their short lifetime. 

Monte (1965) gave fecundity estimates between 5,700 and 7,100 for ten 
mature females of H. affinis from northeastern Brazil (Table 8) . 

3.16 Spawning 

H. affinis has an extended spawning season (Hall 1955, Lewis et al. 
1962, Storey 1983) and based on the presence of different size classes of 
ovarian eggs, multiple spawning is likely to occur (Storey 1983). Hall 
(1955) recorded three distinct size classes of eggs in the ovaries of mature 
females, although he did not suggest that they were indicative of serial 
spawning. 

Brunn (1935) reports that ripe females of H. affinis were found in the 
Atlantic between the end of November and mid February. Lewis et al. (1962) 
found mature, ripe and spawning !!_. affinis off Barbados over 11 months 
(October-August) , but noted that peak spawning occurs from the beginning of 
March to the end.of July in these waters. He found that males appear to 
mature several months earlier than females. Storey (1983) noted a bimodal 
pattern of spawning activity for !!_. affinis off Barbados, with a minor 
spawning peak in December and a main spawning peak occurring in May, 
although he found ripe fish in all months sampled (October-June). He noted 
that the first mature males appeared in October whilst the first mature 
females did not occur until December. 

Off northeastern Brazil spawning of H. affinis is reported from May to 
August (Almeida 1966) . 

3.17 Spawn 

Bruun (1935) described ripe eggs from a single specimen of H. affinis 
caught between Barbados and St. Lucia. He recorded egg diameters between 
1.5 and 1.6 mm and stated that the eggs had 8 to 12 long filaments at one 
end and a small disc of short threads at the opposite end, and that the 
entire mass appeared to be coherent. Hubbs and Kampa (1946) gave a range 
from 1.5 to 1.67 mm for mature oocytes of!!_. affinis. Hall (1955) gave the 
range of mature ovarian eggs for this species from Barbados as 1.30 to l.78mm 
and also commented that the spawned eggs were interconnected with elastic 
cord formed by the intertwined tendrils. He noted that there were two 
distinct size classes of immature e_ggs in the ovaries with mean egg diameters 
of about O.l mm and 0.5 mm. Storey (1983) noted a maximum of four size 
groups of oocytes in the ovaries of !!_. affinis from Barbados with mean 
diameters of 0.125, 0.56, 1.19 and 1.87 mm. Monte (1965) also reported four 
size classes of eggs in the ovaries of H. affinis from northeastern Brazil, 
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Table 7. Summary of data on gonads and fecundity estimates for females 
and males of the four-winged flyingfish Hirundichthys affinis from 
Barbados (from: Hall 1955, Table 15). 

Reference Maturity Sta11dard Total weight Gonad Weight of 
Number Stage Length (cm) -go11ad weight (gm) portion 

weight (gm) examined (gm) 

E. I v 20·8 I24 IO·OO 0·590 
2 v 20·9 I23 9·24 O·I59 
3 v -· - I7·86 0·302 
4 v 22·0 I43 20·88 0·43I 
5 VI 23·0 I63 28·93 0·555 
6 IV 20·9 I22 8·97 0·173 
7 v 22•I 133 I6·69 0·328 
8 v 20·9 us I6·oo 0·296 
9 v 21·0 u6 I6·8o 0·273 

IO v 20·5 I32 6·53 0·202 
II v 22·5 I43 19·58 0·331 
I2 v 21·8 127 10·56 0·230 
13 v 21·9 142 8·65 0·237 
14 v 20·7 114 9·47 0·228 
I5 v 21·6 140 22·36 0·539 
I6 IV? 21·3 I45 8·24 0·231 
17 v 20·5 122 14·48 0·395 
IS v 22•0 137 8·42 0·211 
19 v 2I•2 I3I u·67 0·2I8 
20 v 22·0 137 6·25 0·213 
21 v 21·8 I39 11·14 0·324 
22 IV 21·9 I42 11·47 0·266 
23 v 21·7 I35 7·86 0·307 
24 VI 21·8 122 17·89 0·571 
25 VI 2I·5 122 23·58 0·496 
26 v I9·6 -- 10·26 0·344 
27 v I9"9 106 10·37 0·280 
28 v 21·4 I26 11·93 0·481 
29 v 20·8 109 I4•20 0·532 
30 v 2I•l 120 I3'25 0·388 
3I VI 21·3 u9 20·04 0·694 
32 v 23·3 137 12·27 0·367 
33 v 21·7 126 I0·52 0·3I3 
34 v 2I·8 125 11·95 0·394 
35 v 2I"5 123 19·90 0·465 
36 v 2I·8 I32 I2·30 0·230 
37 v 20·6 III i3·12 0·207 
38 v 2l•I II5 8·85 0·3I2 
39 v 21·3 I24 n·47 0·280 
40 v 21·8 129 I8·8I 0·590 
4I v 20·3 97 I0·02 0·301 
42 VI 2I·6 123 14·21 0·431 
43 VI 2I·7 IIO 15·27 0·4IO 
44 v 22•I I28 I2·89 0·507 
45 IV 21·7 120 9·41 0·460 
46 v 21·9 134 18·2I 0·770 

Average egg production (45 specimens) 

Range of mature eggs in mature females 
*Omitted from the determination of the average egg production. 

Estimated 
Mature Total mature 

egg count eggs in the 
gonad 

334 5700 
92 5300 

no 6500 
I72 8300 
I53 8000 
98 5IOO 

121 6200 
93 5000 
84 5200 

I23 4000 
122 7200 
143 6600 
125 4600 
I45 6000 
221 9200 
87 3IOO* 

I4I 5200 
I66 6600 
I44 7700 
I47 4300 
179 6200 
209 9000 
253 6500 
193 6000 
I74 8300 
212 6300 
156 5800 
282 7000 
I55 4IOO 
234 8000 
225 6500 
242 8IOO 
254 8500 
27I 8200 
159 68oo 
I46 7800 
79 5<>06 

20I 5700 
I57 6400 
184 5900 
I89 6300 
I6I 5300 
I59 5900 
321 8200 
257 530Q 
304 7200 

4100 to 9200 
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and gave the mean diameters as. 0.10, 0.25, 0.90 and 1.53 mm respectively. 

Munro (1953) described the e_ggs of H. speculiger and stated that the 
arrangement of filaments £or adhesion to floating objects was characteristic 
of the non-bouyant eggs of the Hirundichthys genus. A detailed description 
of the mature eggs of H. af£inis by Evans (1961) is summarised below. The 
yolk is a clear, light yellow fluid with no oil globules present in the 
early stages. The zona radiata is a perfectly transparent, very tough 
membrane. There are two clumps of filaments restricted to opposite poles 
of the egg. At one pole the £ilaments are short and fine, and at the other 
pole the filaments are thick and long (at least 4 cm) . The number of larger 
filaments ranges between 8 and 14 with an average of 11. The large 
filaments arise from the zona radiata in a fairly definite pattern, forming 
a circle of uniform diameter around the thicker central. filament. They 
are strong, elastic and readily stick to other eggs and floating objects. 
The smaller hook-like filaments may help in the attachment of eggs. All 
the filaments are believed to be extensions of the zona radiata and have 
swollen bases. 

3.2 Preadult phase 

3.21 Embryonic phase 

The embryonic phase of development of H. affinis which takes 
approximately 96 hours, is described in detail by Evans (1961) (Figure 5 
and Table 9). 

3.22 Larval phase 

The early larval phases are described in detail by Evans (1961) , and 
are illustrated in Figure 6. He notes that the hatching process takes a 
day or more. After hatching the body and eyes of the larvae are pigmented 
brown or irridescent blue. The fins are colourless and supported by well 
defined rays. The caudal fin is separate from the dorsal and anal fins, 
and rounded in shape. Within a day the yolk sac is completely absorbed 
and the larvae become active in the surface waters at night and begin 
feeding. By 7 to 10 days old, the larvae are about 15 mm in length andare 
usually dark metallic blue on the dorsal surface and silvery on the ventral 
surface. They swim with the large pectoral and pelvic fins extended, unlike 
adults which hold the long pectoral fins close to the body whilst swimming. 

3.23 Adolescent phase 

The transition from juveniles to adults is well illustrated for H. affinis 
by Breder (1938) (Figure 7) . Just above a length of 50 mm he reports an 
abrupt change in the arrangement of the pectoral fin, with the well separated 
£irst ray closing down flush with the second ray accompanied by a generalised 
darkening in colour. 

3.3 Adult phase 

3.31 Longevity 

H. affinis grows rapidly, reaching full size and sexual maturity in 
approximately 12 months (Lewis et al. 1962, Storey 1983). However, the 
longevity remains uncertain. Hall (1955) and Storey (pers. comm.) were 
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Table 8. Summary of the number of eggs per gramme ovary weight and 
per individual of given length for females of the four-winged 
flyingfish Hirundichthys affinis from northeastern Brazil. 
(From: Monte 1965, Table 9). 

Fork ovary Number of eggs/ Number eggs/ 
length (mm) weight (gm). ovary wt. (gm) individual 

225 20 285 5,700 

227 20 288 5,700 

230 20 287 5,740 

235 21 285 5,985 

236 20 289 5,780 

240 23 292 6, 716 

242 24 286 6,864 

245 24 290 6,960 

245 25 285 7,625 

252 25 284 7,100 
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Table 9. Description of the embryonic phases of the four-winged 
flyingfish Hirundichthys affinis (Adapted from Evans 1961) 

Hours after Fertilisation 

6 

12 

18 

24 

30 

36 

48 

72 

Embryonic Structure 

Late blastula: blastodisc lies flat, 
and begins to spread over yolk. 

Early 9astrula: blastodisc spread over 
one quarter of yolk mass; thin central 
area forms yolk sac ectoderm, thick 
ring the germ ring and embryonic shield. 

Blastoderm covers more than three-quarters 
of yolk mass. Embryonic shield elongates 
and narrows. Early differentiation of 
embryo begins: pocketing of forebrain and 
lateral mesoderm plate. 

Blastopore closes and posterior tail is 
embedded in yolk. The brain divides 
into mid, hind and forebrain. The heart, 
a small tube under mid-brain, starts to beat. 

Whole embryo lifts itself above surface of 
yolk. Pectoral fins first appear and 
pericardium becomes distinct. The heart 
beat is steady. Prominent optic lobes form. 

Embryo shows first signs of muscular 
movement in tail region. Small red pigment 
spots form on yolk sac, brain further 
develops. Vitelline circulation developed 
and blood now contains colourless cells. 

Embryo is twisted on yolk and moves 
considerably. Brick red chromatophores 
are present on yolk. Four pairs of viscery 
pouches are seen, and optic nerves are 
developed. 

Embryo is bent laterally and pectoral fin 
large. Heart is a tube twisted in region of 
atrium and ventricle. Pigmentation almost 
complete. Lower jaw is formed and liver 
developed. Pectoral fins are thin folds, and 
pelvic buds are formed. Blood is pigmented. 
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Figure 5.. Stages of embryonic development of the four
winged flyingfish Hirundichthys affinis. A - 6 hrs. , 
B - 12 hrs. , C - 18 hrs. , D - 24 hrs. , E - 30 hrs. , 
F - 36 hrs. , H - 36 hrs. 

S;YUIDols: A - anus, B - blastodisc, c - cerebrum, C.R. -
cerebellum, CV. D. - Cuvierian duct, E - eye, E. S. -
embryonic shield, F. B. - forebrairi, G. R. - germ ring, 
H- heart, H.B. - hind brain, L- lens, L.M. - lateral 
mesodermal plate, N.C. - nerve cord, N.T. - neural tube, 
O.C. - optic cup, O.L. - optic lobe, OL.P - olfactory 
placode, OT.V. - otic vesicle, G.V. - optic vesicle, 
P.F.B.- pectoralfin bud, PL.F.- ·pelvic fin, P.S. -
periblast syncytium, S. - somite, T - tail, T.B. - tail 
bud, V. M. F. - ventral median fin, Y - yolk. 

(Adapted from:Evans 1961, Figures l & 2) 
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Figure 6. Appearance of larvae of the. four-winged 
flyingfish Hirundichthys affinis. A -
hatching stage, B - .l day old, C - 7-10 
days old. Symbols: A-anus, ?L.F-pelvic 
fin, U. B. -urinary bladder. (Adapted fran: 
Evans 1961, Figure 2). (Drawings not to 
scale.) 

Figure 7, Irmature specirrens of the four--winged flyingfish Hirundichthys affinis. 
Measurerrents given represent standard lengths (adapted from: Breder 
1938, Figures 41 and 42). 

-..J 
0 



71 

unable to find any annual marks on either otoli ths or· scales of H. affinis 
from Barbados. Lewis et al. (_1962) noted a sl.ight bimodali ty in the size 
structure histogrammes of.!!: affinis at Barbados and·suggested the presence 
of 0-group and 1.-group fish, indicati.ng that the 1-group fish were over a 
year old. However, since £lyingfish appear to be multiple spawners and 
there may be two spawni.ng p·eaks (Storey 1983), the two size groups 
observed may represent fish from each spawning and may therefore be spaced 
by only 5 or 6 months. Using £lying£ish taken from dolphin (Coryphaena 
hippurus) stomachs, Storey (_1983) was able to determine two cohorts in the 
population of Barbados, representing young-of-the year and spawning adults. 

3.32 Hardiness 

No data available. 

3.33 Competitors 

Flyingfish presumably compete with other pelagic predators for the 
same organisms in the food chain. In a diagram of trophic links amongst 
epipelagic fish in tropical waters, Parin (1968) illustrates that flying
fish are competing with chiasmodon and tuna for euphausiids; withhyperiids, 
lanternfish, sunfish and shrimps for copepods; and with lanternfish for 
hyperiids. There is no information however on the effect this competition 
has on their survival. 

3.34 Predators 

All life stages of flyingfish are presumably prey for other oceanic 
pelagic species. Those known to feed on flyingfish are sailfis.h (Beardsley 
et al. 1972), large tunas (Collette and Nauen 1983), the dolphinCoryphaena 
hippurus (Lewis and Axelsen 1967, Rose and Hassler 1974, Manooch et al. 
1984, Oxenford 1985) and the wahoo Acanthocybium solandri (Guillou and 
Oxenford this volume) . 

3.35 Parasites, diseases, injuries and abnormalities 

Lewis et al. (1962) found H. affinis from Barbados to be commonly 
infested with a number of internal parasites; the most apparent being the 
copepod Penella exocoetus found in the liver, gonads, and other internal 
organs of 5% of the fish sampled. The most abundant parasite, whose eggs 
were found in 50% of the samples, was a small unidentified nematode 
infesting the air-bladder. Parasitic isopods were occasionally found in 
the mouth or on the pectoral fins. Encysted nematodes were found infrequently 
along the fin rays. 

3.36 Physiology and biochemistry 

No data available. 

3.4 Nutrition and growth 

3.41 Feeding 

Flyingfish are epipelagic, tertiary-level feeders (Parin 1968) . They 
hunt actively for fish, select suitable planktonic organisms and feed on 
organisms in floating Sargassum (Hall 1955). 

Off northeastern Brazil, Barroso (1967) found slight differences in the 
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diets of .males and females of H. affinis; the latter consuming small 
amounts of molluscs which were never taken by males, and the former 
consuming a higher porportion of arthropods (.Halobates sp.) than females. 
However, Cruz and Araujo (_1971) noted that there were no differences 
between the sexes in feeding behaviour. Furthermore, they recorded 
cannibalism, with H. affinis representing 22 - 29% of the prey items 
consumed. 

A decrease in feeding activity was found during the spawning season 
(Barroso 1967) . 

Off Barbados, .!!.· affinis is believed to feed mostly at night, with the 
greatest activity at dawn (Hall 1955, Lewis et al. 1962). Hall (1955) 
noted that .!!.· affinis were opportunistic feeders and that selectivity was 
not a major factor in the diet. He also found cannibalism with flyingfish 
eggs occurring in 12.47% of the stomachs examined. 

3.42 Food 

Barroso (1967) reported that the diet of H. affinis from northeastern 
Brazil is composed of pelagic animals and plants (Figure 8) , whereas Cruz 
and Araujo (1971) found that the diet of H. affinis in the same area was 
almost exclusively carnivorous, with algae rarely found. The major items 
found were fish, larval crustaceans (Squillidae, Euphasiacea, Paguridae, 
Portunidae, Copepoda and Isopoda) and larval molluscs (pteropods, 
gastropods, and decapods e.g. Loligo sp.). In an analysis of 931 stomachs 
of.!!_. affinis, Cruz and Araujo (1971) reported that fish accounted for 
53.05% of the prey items by number, arthropods for 14.85%, molluscs for 
12.75%, algal fragments for o.98% and unidentified material for 24.74%. 
By volume, fish accounted for 65.5% of the prey items, molluscs for 6.2%, 
crustaceans for 3.3%, algae for 0.9% and unidentified material for 24.1%. 

Hall (1955) recorded the stomach contents of 425 flyingfish (!!_. affinis) 
from Barbados (Table 10) . Crustaceans not including copepods occurred in 
27.06% of the stomachs, copepods in 22.35%, Thaliacea in 20%, fish 
(measuring between about 4 and 12 cm) in 17.18%, and Siphonophora in 12.94% 
of the stomachs. Lewis et al. (1962) analysed 258 stomachs of !!_. affinis 
from Barbados, and confirmed the importance of larval fish and crustaceans 
in their diet (Table 11). Fish occurred in 45.34% of the stomachs, copepods 
in 32.17% and other Crustacea in 20.93%. 

3.43 Growth rate 

To date there has been no successful aging of the flyingfish !!_. affinis 
using hard parts such as otoliths or scales, although Brothers (1979) 
confirms that the miscrostructure of exocoetid otoliths appears suitable 
for use in aging studies. 

Lewis et al. (1962) showed a seasonal variation in size distribution 
of juveniles of.!!_. affinis caught off Barbados. The smallest juveniles 
2 - 4 cm SL were taken in April; in May they ranged from 2 to 10 cm SL, 
in June from 4 to 6 cm SL, in July from 6 to 8 cm SL, in August from 8 to 10 
cm SL and in September from 10 to 14 cm SL. They also noted from mean sizes 



... 1 Sample i I 00 ....:i 
.. 

"' w '" 
fi°j~--~·-· M VI 
Vl\O....:iC\O 

g ·~· f Number otfisli. 
~ I ~ .. ·~ .. ·:· -~ t . ~·· 1- Number with ~o re~oinis~bl~ contents 

;; 1-; -·~ ~--·~ ·~-~f-Rhlncafanus sp-(pj. 

.... I o ... o o o o I Temora stylifera 
0 o I o o ... -0 o o I Labidocera nerii 
~. f>. I ... w ... ... o 0 I Euchreta sp(p) 

[ '.;! I 1" ... w "' "' - I Candacia sp(p) 
lf ~J_~--·~ -1>- .;. w VI I Unidentified Calanoida and debris 
a f>. I ... 0 ... N 0 ... I Macrosctella gracilis -------·----------

s ~ I ... o .;. .;. o "' .I Miracia efferata 
~ f>. I w o o o o .... I Unidentified Harpacticoida and debris 

["!~~--:;:·--~ -~ r-·oncrea sp(pf __________ _ 
!:; I VI .'.;; o VI o ~ I Coryca:us sp(p) 
!:: I ... .;. o o !:: VI I Sapphirina sp(p) 
!:i I o o o .'.;; w ,.. I Copilia sp(p) 
JI I w o VI w 0 ... I Unidentified Cyclopoida and debris 
oo I .... ... w w o w I Unidentified Copcpoda and debris 
fiff~-~--~----g-·-~r-r<>t315PeCIIllenSwiilic0pCpOc1a-iilid/or debris- · · -
w I .w o o o o 

0 
I Cirripedia and debris ·------·--

irf-:;---:;--;;· """ w "' I Hyperiidre -------- ····-· · · ·-·-·- ··· -·· 

e I VI CJ N 8 """ .'.;; I Unidentified Amphipoda and debris 
w I o o o ... ... o I Euphausiacea 
;;: I ... ....:i o .;. ... ... I Unidentified Decapoda and debris 
~ I ... .'.;; o w o o I Unidentified stalk-eyed Crustacea and debris 
~ I $:'. !:: w ....:i 8 l::l I Unidentified Crustacean debris 

~~-=-- lii ~ &5 I Total specimens with Crustacea other than co;~~~ 
~ I ~ .'.;! 0 N .'.;! VI I Siphonophora and debris - m 

o I o o ·-;-~···~~- Cavolinia longirostris (Pteropoda) 

~ I VI o o ... . .. ·~ Heteroooda and debris 
... I ... o w o o 0 Unidentified Gastropoda 

o o w Cephalopod debris 
~ ~ Thaliacea and debris ····---·-·------·--·--··------

~ I oo °' o tJ ~ UJ ~-,,,,,..,.6-IU.'"'&& ~60'"' 
w Io ... w 0 0 .... Otherfisheggs 
~n-;-~·-~·-~-· 8 !.'i Fish debris 

~ I ..; o w .... w ,... Nematoda 

"' I """ __ Q. __ o ... 0 ... Insect debris 
~ I w "' 0 ....:i .... "' Pyrocystis lunula 
w I ... .... o o .... o P. fusiformis 
"' I .... "' o 0 w 0 Thallate algal debris 
'° I w 4>- o o w .... Angiosperm debris 
----···----·--···---,----------

en 

f 
p. 

"' 'ti 

~-
~ 

I 

£l 

tJj 

1-:3 
Pl 
t1 
I-' 
m 

Pl I-' 
Ii 0 
t1 • 
Pl 
0. 
0 (') 
Ul 0 

::i 
rt 

~m 
::i 

Ul rt 

~ ~ 
Pl Hi 
Ii 
'<: g: 
o m 
Hi 

Pl 
Hi I-' 
Ii ..... 
m S .o m 
s::: ::i 
m rt 
::i Pl 
0 Ii 

'<: '<: 

Ill 0 
::i Ill 
Pl ::i 
I-' Pl 
'<: I-' 
~1 
..... 0 
~1 Hi 

~ g: 
Ii m 
0 
El Hi 
.. 0 

s::: 
::I1 Ii 
Ill I 
I-' ::;; 
I-' ..... 

::i 
I-' lQ 
\.0 m 
Ul 0. 
Ul 
.. Hi 

I-' 
1-:3 '<: 
~ ~-
I-' lQ 
m Hi ..... 
CXJ Ul 
~ ::r 

::r: ..... 
Ii 

8, 
..... 
0 ::r 
g: 

,'<: 
Ul 

Ill 
Hi 
Hi ..... 
::i ..... 
Ul 

Hi 
Ii 

~ 



74 

Table 11. Analysis of stomach contents of the fqur-winged 
flyingfish Hirundichthys affinis from market catches 
at Barbados (from: Lewis et al. 1962, Table 4). 

Stomachs Examined 

Food Species

Larval Fishes 
Copepods-

Candacia pachydactlya 
Miracia efjerata 
Macrosetella .gracilis 
Labidocera 11erii 
Corvella carinata 
Undirmla vulgaris 
Corycaeus elongatus 
Lahdocira acuti/rons 
Copelia mirabilis 
M icrosetella rosea 
Saphari11a sp. 

Euphausids 
Amphipdds 
Chactognaths 
Siphonophores 

Aby/opsis tetragona 
Diphyes spp. 

Pteropods 
Creseis virgula 
Cavoli11ia spp. 

Decapods 
Salps· 

Sa/pa cylindrica 
Eggs of H. afjinis 
Bait fragments 
Material too well digested 

to be recognizable 
Weed 
Polychaetes 
Squid 

2 34 12 25 25 25 15 22 14 15 40 29 258 

Number of Stomachs Containing Food Item 

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Sep Oct Tolal 
I 25 7 11 9 6 2 3 6 3 23 11 117 

3 2 1 5 11 
7 5 12 1 25 
1 3 8 3 16 
2 2 
2 2 1 5 
I l 3 5 
I 1 

2 
2 

2 
3 

4 

8 

2 
I 
I 

I 
I 
2 

5 

2 

4 

5 
4 

4 

I 
I 
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3 
5 
I 
l 
8 
9 

2 
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2 
3 

2 2 5 4 16 9 11 6 
1 2 

1 
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3 

3 
1 
2 
2 
6 
3 

4 4 3 27 
1 
2 
3 

4 
6 
2 

1 10 
8 
6 
5 

3 12 32 
2 
2 

3 19 
4 12 11 53 

4 2 4 66 
3 6 

1 
1 3 
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of H. affinis in the commercial catches at Barbados, that males grew from 
19 .. 5 cm SL in September to 21. 5 cm SL in December and that females grew 
from 19.5 to 22.0 cm SL from September to December in 1958. In 1959 
females showed the following size changes in mean length; September: 18.5 
cm SL, October: 19 cm SL, November: 20 cm SL, February: 21 cm SL. Males 
grew from 18.5-19.0 cm SL in October to 20.0 cm SL by November and 
December. They concluded that young fish 14 to 19 cm SL appear in the 
catch in August and have reached full size (20.0-21.5 cm SL) by January. 
Storey (1983) reports that !!_. affinis at Barbados grow to about 197 mm FL 
in the first 12 months, which indicates a mean monthly growth of 16.4 mm 
(Figure 9) . He observed that there may be similar growth between males 
and females. 

3.44 Metabolism 

Lipskaya (1974) studied metabolic rates in some juvenile exocoetids 
(although not specifically !!_. affinis), and some other tropical fish larvae. 

A clear relationship was established between metabolic rate and body weight 
in tropical pelagic fish species (Q = 0.11 wo.812, where Q is the oxygen 
consumption in mls 02/fish/hr and W is the weight of the fish in gm) . 
Differences in metabolic levels were associated with different modes of 
life. 

3. 5 Behaviour 

3.51 Migrations and local movements 

There is little published information on the patterns of migration of 
H. affinis. Brown (1942) inferred a seasonal movement westwards from a 
nursery area in the South Caribbean basin, followed by a reverse movement 
eastwards by young adults. Hall (1955) noted that Barbadian fishermen 
believe that there is a general movement of flyingfish shoals from the 
southeast past the island towards the northwest, and that such a migration 
is believed to take several days. However, on investigating catches from 
several sea areas consecutively, Hall (1955) determined that there may be 
a migration of shoals from south to north or vice versa but that it takes 
place rapidly. 

Approximately 2,000 .!!.· affinis individuals were tagged and released 
off Barbados over a period of three years (Mulloney 1961, Lewis 1964). 
Data from recaptured specimens suggest that at least some individuals 
remain in the vicinity of the island for three months and may be retained 
by a complex series of eddies forming on the downcurrent side (west) of the 
island. Barroso (1967) reported that 552 individuals of !!.· affinis were 
tagged and released off northeast Brazil, but that only 14 were recaptured 
between l and 15 days after release, such that very little was learned 
about their migration patterns. 

Mahon et al. (1981) commented that onshore-offshore movement of 
flying£ish at Barbados may be more likely than a contranatant-denatant 
migration, although they stressed that this would need further substantiation. 
Hunte and Mahon (1982) pointed out that available evidence suggests that 
the flyingfish do migrate away from Barbados and on the basis of catch 
seasonality data they suggested that flyingfish may undertake a return 
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bd unidentified material § insects (Halobates sp.) 

m eggs EEi molluscs (Loligo sp.) 

• algae D fish 

Figure 8. Diet of males and females of the four-winged flyingfish 
Hirundichthys affinis from·northeastern Brazil, showing the 
relative frequency of occurrence of food items. Algae include 
Rhizoselenia calcaravis, Biddulphia pulchella, Navicula sp. 
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and Sargassum polyceratium (adapted'from: Barroso 1967, Fig. 3). 
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Figure 9. Growth curve for the four-winged flyingfish 
Hirundichthys affinis at Barbados, calculated from 
dolphin stomach samples (from: Storey 1983, Fig. D4). 
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migration past St. Lucia and Barbados to spawn in the Atlantic. Storey 
(1983) · commented that since H. affinis appear to spawn when wind velocities 
and hence current strengths are high (Hall 1955) , this may ensure dispersal 
of the eggs and larvae throughout the Antilles island chain. He also 
noted however, that the existence 0£ eddy-like gyres on the downcurrent 
sides of islands might serve to retain larvae and juveniles, or allow a 
step-wise migration north and westward 'up' the Antilles island chain. 
He concluded that a number of migration patterns were feasible given the 
present data. 

The pronounced seasonality in abundance of H. af£inis observed in the 
eastern Caribbean (see Session I this volume) could be explained by one of 
three hypotheses. The first hypothesis suggests that there may be migration 
of the flyingfish. This could take the form of a large scale contranatant
denatant migration determined by the prevailing ocean currents in the region. 
However, such large scale movements of the stock or stocks is likely to 
result in a staggering of the months of peak abundance at different 
territories in the island chain, which is not apparent (Figure 10). There 
may be smaller scale onshore-o£fshore spawning migrations, with flyingfish 
coming closer to land to spawn, where productivity is likely to be enhanced 
by river outflows; flotsam on which to deposit eggs may be more abundant; 
and current gyres on the downcurrent sides of islands could retain.eggs and 
larvae. Such behaviour could result in synchronous peaks and abunance at 
different islands. Migration may also be vertical such that the flyingfish 
only come to the surface where they are vulnerable to the fishery at 
certain times 0£ the year, although this would seem unlikely. The second 
hypothesis suggests that the flyingfish may suffer high post-spawning 
mortality. The third hypothesis suggests that the flyingfish are only 
vulnerable to the commercial fishery during spawning. This is partly 
supported by the fact that the two catch peaks observed in most of the 
islands (Figure 10) coincides with the two spawning peaks observed by Storey 
(1983). 

3.52 Schooling 

Flyingfish are well known £or their schooling behaviour, particularly 
around floating objects under which they congregate to deposit their sticky 
eggs (Evans 1961, Monte 1965, Storey 1983). Hall (1955) and Storey (1983) 
noted that schools may be particularly abundant in areas of "green" water, 
which are likely indicators of nutrient-rich fluvian flows with their 
associated high plankton populations. 

3. 53 Responses to stimuli 

H. af£inis apparently .shows no fear of boats, congregating underneath 

them and around artificial rafts (Jordan 1983, See also Session I this volume) • 
Large numbers of!!.· affinis may be attracted by tipping macerated fish flesh 
and edible oil into the water (e.g. Wiles 1951, Hall 1955, Jordan 1983, 
Storey 1983) • 
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Figure 10. A preliminary comparison of seasonality of flyingfish catches 
at various islands in the eastern Caribbean. Data were averaged over 
the years indicated for each location. 
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4. J;>OPULATION 

4.1 Structure 

4.11 Sex ratio 

Monte (1965) observed a slightly greater proportion of males (54.7%) 
than females in the commercial catch of H. affinis off northeast Brazil, 
although the sample was small (.n = 150). However, Barroso (1967) found 
that females were slightly-more abundant than males in the commercial catch 
(58.0%, n = 1780), and suggested that females are more vulnerable to the 

. ~ 

fishing technique used. This result is consistent with Cruz and Araujo 
(1971) who reported a sex ratio of 730 females to 683 males in a random 
sample from the commercial catch. 

The sex ratio recorded for the commercial flyingfish catch in Tobago 
is l female to 2 males (Fabres and Oxenf ord this volume) 

4.12 Age composition 

See Section 4.13. 

4.13 Size composition 

Since most studies of!!.· affinis have relied on commercial catches, 
the age and size composition of the samples have been restricted by the 
highly selective fishing gear. 

Lewis et al. (1962) reported that in August and September the flying
fish population off Barbados is made up largely of O - group fish with a 
mean size of 19 cm SL, and that by October and November the size 
distribution is bimodal; indicating the presence of 0-group (mean size: 
18-20 cm SL) and I-group (mean size: 21-22 cm SL) fish (Figure 11). Storey 
(1983) found evidence for the existence of two cohorts in the population, 
using both specimens from the stomachs of dolphinfish (Coryphaena hippurus) 
and samples from the commercial catch (Figure 12) . 

In a study of H. affinis from Brazil, Barroso (1967) gave the length
weight relationships for males (size range: 77-200 gm) as: w (gm) = 0.157 
Lccm TL) 2 •087 , and for females (size range: 88-214 gm) as: w (gm) = 0.428 
L(cm TL) 1 • 783 • He noted that at sizes smaller than about 27 TL females 
were heavier at a given length than males, but above this size the reverse 
was true. He also noted that the average size of males (25.66 cm TL) in 
the populaton was smaller than that of females (27.30 cm TL). 

Storey (1983) reported straight line length-weight relationships for H. 
affinis of size range (175-230 mm SL) from Barbados. For males, he gave 
the relationship as: L (mm SL) = o.4s·1 w (gm) + 140.03, and for females, 
as: L (mm SL) = 0.426 W (gm) + 145.78. He noted that at sizes smaller than 
215 mm FL males are heavier than 
above this the reverse is true. 
by Barroso 91967) above. 

females at a given length, but at sizes 
This finding is the opposite of that found 
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4.14 Subpopulations 

No data available. 

4.2 Abundance and density 

No data available. 
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4.3 Natality and recruitment 

4.31 Reproduction rates 

A high reproductive rate is suggested by the short life span and 
extended spawning season of H. affinis. 

4.4 Mortality and morbidity 

4.41 Mortality rates 

Annual mortality rates are likely to be very high if indeed the life 
span is less than two years. No mortality estimates are available in the 
literature. 

5. EXPLOITATION 

5.1 Fishing equipment 

5.11 Gears 

Most of the commercial fisheries for !.!_. affinis employ an aggregating 
device, which consists of a floating raft of dried palm leaves, banana leaves 
or cane trash; fish being attracted to the boats by _'chumming' with 
macerated fish and edible oil. (Brown 1942, Wiles 1951, Hall 1955, Cruz 1965, 
Guidicelli 1978, Jordan 1983, Storey 1983, see also Session I this volume) . 

A variety of hand-held dip nets, consisting of a circular frame of wood 
or wire supporting a shallow net, are used to scoop attracted shoals from 
the water in the eastern Caribbean (Guidicelli 1978, Jordan 1983, Storey 1983). 
In the northeastern Brazil fishery, the dip net used has a triangular frame 
and is known as a "jerer~". Surface gill nets of stretched mesh sizes 
112-1%:" may also be used in some of the eastern Caribbean islands (In Barbados: 
Mahon et al. 1981, Storey 1983, Harding this volume; in Grenada: Guidicelli 
1978; in Tobago: Jordan 1983, Fabres this v-olume). 

5.12 Boats 

The commercial flyingfish fisheries for !.!_. affinis are all artisanal. 
The boats vary from large 46" partly covered 'ice-boats' to small 14' open 
canoes. Power varies from inboard diesel engines and outboard petrol engines 
to sails and oars (Cruz 1965, Guidicelli 1978, Storey 1983, see also Session 
I this volume) . 

5.2 Fishing areas 

5.21 General geographic distribution 

There are important commercial fisheries for flyingfish, exploiting 
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!!.· affinis primarily, in the eastern Caribbean i.e. Tobago (Wood 1978, 
Jordan 1983), Grenada LGuidicelli .1978}, St. Lucia (Waiters 1981) / 
Barbados (.Brown l942, Wiles 1951, Hall 1955, Mahon et al. 1981, Hunte and 
Mahon 1982, Storey 1983, Mcconney 1983), Dominica (Brownell 1978), 
Martinique (.Sacchi et al. 198l), See also Session I this volume, and off 
the northeast coast of Brazil (.Cruz 1965, Monte 1965, Ogawa and Alves 
1971). There is also a flyingfish fishery in the Netherlands Antilles 
but the species is recorded as Exocoetus volitans (Zaneveld 1961). 

5.22 Geographic ranges 

The commercial fisheries for H. affinis are situated between 7°s and 
17°N in coastal areas of the Western Atlantic (see Section 5.21 and Session 
I this volume) . It is believed that H. affinis is also taken as by-catch 
in commercial fisheries in the eastern Atlantic between about 180N and 
l20S (Fischer et al. 1981). 

5.23 Depth ranges 

Flyingfish are taken in upper surface waters only, over a wide range 
of water depths. 

5.3 Fishing seasons 

5.31 General patterns of seasons 

See Section 2.22, Figure 10 and Session I this volume. 

5.32 Dates at beginning, peak and end of seasons 

See Section 2.22 and Session I this volume. 

5.33 Variations in date and duration of seasons 

See Section 2.22 and Session I this volume. 

5.4 Fishing operations and results 

5.41 Effort and intensity 

In the eastern Caribbean, fishing effort is being increased and fishery 
yields of H. affinis are increasing, (see Session I, summary Table 1 this 
volume). 

5.42 Selectivity 

Storey (1983) investigated the selectivity of the commercial fishing 
gear for!!.· affinis in Barbados. He found a selection length of 190 mm FL 
for the gill net of stretched mesh size l~", and reported the range of sizes 
taken by the net as 168-227 mm FL. He noted a difference in the modal class 
of fish caught by the gill net and the modal class of the 'wild population'. 

5.43 Catches 

See Session I, summary Table l this volume. 

6. PROTECTION AND MANAGEMENT 

There is no protection nor management of H. affinis in any of the 
locations where it is commercially fished. 
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7. CULTURE 

No data available. It is unlikely that there are any programmes in 
existence for culturing this species. 
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Seasonal and Interannual variability in Abundance of Flying Fish - by 
R. Mahon 

Abstract 

The time series of monthly catch at Speightstown, Barbados, since 1958 
shows a regular seasonal pattern and substantial interannual variability. 
A scheme of factors influencing recruitment variability is presented. 

There is no indication of a significant relationship between abundance 
of parent stock and subsequent recruitment. Although variable, recruitment 
shows no distinct trend over a wide range of stock sizes. Cycles are 
evident in the plot of recruits versus stock. The implications of this 
analysis are, that since recruitment is density independent over a wide 
range of stock sizes no large response of increased recruitment should be 
anticipated as exploitation increases. Furthermore, there is considerable 
variability in the survival of fish in their first year which could lead to 
chance collapse at low levels of abundance. 

A great deal of eddy activity in the Lesser Antilles region appears to 
be superimposed on the net easterly current. There is a strong seasonal 
salinity signal associated with Amazon discharge. This coincides with the 
season of high plankton biomass. Plankton abundance is probably related to 
turbulance and nutrient upwelling which coincides with the season of low 
salinity. Climate in the region appears to be under the influence of two 
major climate systems; the Southern Oscillation and the North Atlantic 
Oscillation. 

The timing of flying fish migration, spawning and early life history 
development matches the period of high plankton abundance/eddy activity. A 
large scale eastward spawning migration with westward drift of early life 
history stages is one feasible explanation for the observed seasonal 
variability in availability of flyingfish. Another is aggregation for 
spawning, resulting in availability to the fishery. A third is post
spawning mortality. 

Two environmental models of flying fish recruitment are developed. 
They account for 40 and 48% of the recruitment variability. This 
preliminary analysis indicates that temperature, Amazon River discharge, 
and large scale climate patterns associated with the North Atlantic and 
Southern Oscillations are associated with variation in flying fish 
recruitment. The conclusion is that most of the variability in flying fish 
abundance is beyond human control. Consequently, management strategies 
will have to be designed with this variability in mind. These will 
necessarily be very different from anything resembling the concept of 
Maximum Sustainable Yield. 

This analysis is seen as providing a basis for further work oriented 
towards understanding recruitment mechanisms rather than a formula for 
recruitment prediction. 
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Introduction 

The objectives of this paper are to describe the seasonal and 
interannual variability in abundance of flyingfish around Barbados; to 
consider possible factors and mechanisms responsible for this variability 
and to consider the implications of the findings for development of the 
fishery. The seasonality of flyingfish has often been described (Hall 
1956, Wiles 1949, Mahon et al. 1982), the interannual variability only 
briefly by Hunte and Mahon 11983) and Storey (1984). 

The analyses presented here are exploratory and preliminary and are 
intended only to serve as background for this workshop. Some knowledge of 
the basic biology of flyingfish is assumed (see Synopsis this volume). The 
paper is based on the assumption that the flyingfish fishery is of 
sufficient regional importance to warrant long-term strategic assessment, 
for which an understanding of the factors influencing recruitment is vital 
(Shepherd 1984). 

Seasonal and Interannual Variability in Abundance 

The best available information on the variation in abundance of flying 
fish is from catch and effort data collected at three markets in Barbados 
since 1958. I use the time series from Speightstown as the best indicator 
of flying fish abundance since fishing there is directed primarily at this 
species (Mahon et al. 1981). There has been very little interannual 
variation in the seasonal pattern (Figure 1a). 

The annual fishery runs from October to July. Catches are frequently 
zero in August and September, probably because fishing stops below a 
threshold catch rate and because many boats are removed from the water 
during these two peak hurricane months, rather than because there are no 
fish available. 

Over the time series there is a trend of increasing catch rate and of 
increasing amplitude in seasonal variation (Figure 1b). This is obviously 
due to the increase in fishing power of launches (length overall, engine 
size, gear and technological innovations). It is unlikely that the 
population of flying fish has increased in abundance over the time period. 
It may have decreased, but this cannot be determined' from these data. 
Therefore, no change is assumed and the annual time series of average 
catch/trip is detrended by fitting a quadratic function over time and using 
the residuals (plus the mean of the series) as an indication of annual 
abundance (Figure 2). The effect of this is simply to flatten out the time 
series while retaining the original variation from year to year. The 
quadratic provided the best fit to the data. 

Sources of variability 

There are at least three possible explanations for the seasonality of 
catch per unit effort of flyingfish at Barbados. One possibility is that 
there is an annual migration of fish east into the Atlantic to spawn, with 
their subsequent return to the west. A second is that the fish aggregate 
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prior to and during spawning, and are therefore more catchable, then 
disperse between spawning seasons. A third possibility is that mortality 
accelerates during and after spawning and that the period of low catch rate 
is an interval between generations. 

Examination of the seasonal variation in catch per unit effort at 
various islands could provide insight into migratory patterns. Catch rates 
exist only for Barbados and st. Lucia and the averages suggest a shift in 
timing which would support a migration hypothesis. However, the averages 
are over different years and more detailed comparison is required before 
conclusions are warranted. Even complete coincidence of seasons could 
occur if the migratory rate was sufficiently rapid. Therefore, it is not 
presently possible to distinguish among the hypotheses. 

The timing of the migration or aggregation relative to the seasonality 
in the main environmental features of the area may provide some clues as to 
which factors are important. Climatic or oceanographic factors which are 
important in the seasonal migration will probably be important in 
influencing interannual variability. This is made even more likely by the 
fact that most of the interannual climatic variability in the region is due 
largely to enhancement or dampening of the regular seasonal pattern 
(Hastenrath 1984, Picaut et al. 1984). 

Before considering the possible factors in detail, I will present them 
in a diagrammatic overview (Figure 3). 

Availability of Fish: 

It is possible that interannual variability at Barbados may be due to 
shifts in the centre of abundance of flying fish in the Eastern Caribbean 
rather than to real changes in abundance. Comparison of time series from 
several territories could shed light on this. If the changes correspond 
over a wide area then they would likely be real changes in population size. 
If not, then shifts in distribution should be suspected, or there could be 
different stocks whose dynamics are controlled by local conditions. 

Possible causes of a local change in abundance could be shifts in the 
distribution of flyingfish due to changes in location of the confluence of 
the Guiana and North Equatorial currents or in the amount of outflow from 
the Orinoco and the resulting freshening of coastal waters past Tobago. 

Dependence of Recruitment on Stock Size: 

Modes of juvenile length frequencies indicate that flying fish spawned 
in the first trimester of the year reach a size of 12-15 cm by the 
following September (Lewis et al. 1962). Thus, individuals probably 
recruit to the fishery during their first year of life. Size frequency 
data suggest that age 1+ fish may still contribute a small portion of the 
catch very early in the season (October) but that during subsequent months 
the catch is mainly comprised of fish from the previous spawning season, 
the peak of which occurs from February-June (Lewis et al. 1962). The 
maximum observed size of about 30 cm supports the idea that flying fish are 
relatively short-lived, but rigorous growth studies are required. 
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For the purpose of exploring the stock-recruitment relationship I will 
assume that average monthly catch rates in the entire fishing season 
(October - following September) reflect the abundance of spawners (stock) 
which will generate catches in the following fishing season (recruitment), 
and that there is practically no overlap of year classes in the fishery. 
Therefore, stock = catch/trip in each season and recruits = catch/trip in 
the following season. These data are derived from the detrended series 
previously described. 

There is little indication of any relationship between stock and 
recruitment (Figure 4a). If a Ricker (1975) type stock recruitment 
relationship is assumed, the curve would be similar to that shown in Figure 
4a. 

Figure 4 indicates that recruitment is variable (by a factor of 5 or 
6) and that in the range of stock sizes observed, the variation depends 
very little, if at all, on stock size. The form of the relationship to the 
left of the points in unknown. The five left most points are on average 
lower than the main central cluster suggesting that the relationship is 
similar to the one depicted by the curve. 

The lack of a relationship between stock and recruitment over a wide 
range of stock sizes suggests that there is density dependent mortality 
during the first year of life. That is, the more eggs produced by the 
population, the higher the proportion which die. This is demonstrated 
graphically in Figure 4b where the log of survival (recruits per spawner) 
is plotted against stock size. The curve is fit by eye. The flat upper 
left part of the curve represents the range of stock sizes for which 
survival is not dependent on density, whereas the declining right limb of 
the curve represents the range of stock sizes where survival decreases as 
density increases. 

Understanding the mechanisms responsible for density-dependence will 
be as important as understanding those responsible for the density
independent variation. The rather flat topped recruitment curve indicates 
that there are biological mechanisms such as a limiting resource for which 
competition must take place. This could be food or, since flying fish eggs 
are heavier than water and must be attached to a drifting substrate (Breder 
1935), the availability of suitable spawning substrate. Alternatively, 
predation rates could increase with abundance of early life history stages 
if predators switch prey at low levels of abundance. 

A closer look at the points in Figure 4a shows that there is a 
tendency for the stock to cycle in abundance (Figure 5). Such cycles would 
be expected when the stock is displaced from the vicinity of the 
equilibrium (where the curve crosses the replacement line) and takes a few 
generations to recover. However, these cycles are more pronounced than 
would be expected from the type of recruitment curve shown in Figure 4. 
Therefore, the possibility of a cyclical environmental factor should be 
explored. The two most recent cycles appear to have been the most 
pronounced (Figure 5). 
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The troubling question is what happens if the stock is fished down 
past previously observed levels i.e. pushed to the left. With a 
relationship such as the one shown it would recover, but bad recruitment, 
which appars to occur every 3-6 years, could depress the stock to levels 
which would cause temporary collapse of the fishery and necessitate 
curtailment of fishing to permit recovery (see Appendix 2 for a 
simulation). 

The main problem is that we do not ·know what the curve looks like to 
the left of the data points or perhaps in this case, '•••how few adults 
can saturate the larval habitat?' (Sharpe 1980). For some small pelagic 
fishes it seems that when they are depressed to low stock sizes they stay 
low, due to depensatory mortality (Butterworth 1985MS) or increased 
catchability at low abundance (Gulland 1977). There are several examples 
of pelagic fisheries which have collapsed and stayed down for many years 
(Murphy 1977, Hunte this volume). The relative roles of environment and 
fishery pressure are in most cases a matter for debate. 

The Physical Environment 

With reference to Figure 3 I now turn to the possible role of the 
physical environment in determining abundance of flyingfish off Barbados. 
This section reviews the available information on large scale and mesoscale 
circulation, on hydrography, and on climatic influences. 

Large scale ocean circulation: the particular importance.of large scale 
ocean circulation lies in its potential role in determining egg and larval 
drift and dispersal patterns. Variability in large scale ocean circulation 
may also be reflected in water characteristics and productivity. 

Early studies described the mean annual circulation pattern in the 
tropical Atlantic Ocean and Caribbean Sea. The general pattern, as 
interpreted by various authors shows a net westward flow across the 
equatorial Atlantic (Figure 6). This is primarily the North Equatorial 
Current part of which joins with the Guiana Current east of the Lesser 
Antilles before entering the southeastern Caribbean Sea as the Caribbean 
Current. The other part continues westward, north of the island arc as the 
Antilles Current to join the Florida Current before continuing as the Gulf 
Stream. 

The source of Guiana Current is the subject of continuing research. 
Originally, it was postulated that the Guiana Current carried South 
Atlantic water in an uninterrupted flow along the northeastern coast of 
South America into the Caribbean Sea (Sverdrup et al. 1942). This water 
would originate from the South Equatorial Current which splits on reaching 
the Brazilian Coast into southward and northward flowing branches. The 
northward branch has been called the North Brazil Coastal Current (Metcalfe 
1968), and was thought to continue into the Guiana Current. However, it is 
now thought that much of the North Brazil Current turns back eastward in 
the vicinity of the mouth of the Amazon (Metcalfe 1968) to form the western 
extremity of the North Equatorial Counter Current (Richardson and McKee 
1984). It is also thought that the Guiana Current is formed primarily from 
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Figure 7a. Depth (in meters) of 25°C isothermal3surface, January 17, 1979. The 
25°C surface lies near the 25.7 kg/m isopycnal surface (cf. Figure 4). 
Smaller numbers designate stations [from Mazeika et al. 1980]. 
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water of the North Equatorial Current which moves inshore west of the point 
of retroflection of North Brazil Current (Metcalfe 1968). 

The coastal currents in the vicinity of the mouth of the Amazon River 
are complex (Froelich 1978, Richardson and McKee 1984, Bruce 1985). This 
complexity probably allows large lenses of Amazon River water to sometimes 
be advected northwards to the open ocean (Froelich et al. 1978) where they 
are swept northwestward with the general.circulation. At other times the 
Amazon plume may be swept westward along the continental shelf (Gibbs 1976, 
Borstad 1982a). 

The current patterns in the region of the Amazon River mouth are 
seasonally variable. Seasonal relaxation of westward wind stress results 
in the annual reversal of the North Equatorial Counter Current during 
February to April (Garzoli and Katz 1983, Richardson 1984, Penhoat and 
Treguier 1985)'. No one has suggested where the North Brazil Current (South 
Atlantic Water) goes when the NECC reverses (i.e. does not flow eastward). 
However, Fugilister (1951) noted that the velocity of the Guiana current 
varied seasonally from about 1.4 knots in May to about 0.6 knots in 
September. The higher rate of flow coincides with the NECC reversal which 
would facilitate an increased contribution of the North Brazil Current to 
the Guiana Current. 

I suggest that in addition to the volume of discharge of the Amazon 
the timing and intensity of the NECC reversal may to some extent determine 
the interannual variability of the influence of Amazon water in the eastern 
Caribbean (which is discussed in a subsequent section). It is also 
noteworthy that the flow of the North Equatorial Current is most intense in 
August-November (Merle and Arnault 1985) when the effects of Amazon water 
are strongest in the Lesser Antilles region. The results of the 
SEQUAL/FOCAL program (Weisberg 1984) should contribute significantly to our 
knowledge of circulation in this area. 

Mesoscale circulation: The mean annual circulation patterns suggest smooth 
current flows. However, recent research shows that there are complex 
systems of gyres and eddies both east and west of the Lesser Antilles 
(Figure 7). East of the island chain some eddies form in the wake of 
Barbados (Emery 1973) others are caused by the piling up of water against 
the island arc (Mazieka 1973). The impact of these would be to delay the 
passage of water through the region. Organisms with planktonic early life 
history stages may depend on these features to retain their offspring in 
the area. 

Little is known of the seasonal and interannual varability of these 
current features. A survey by Mazeika et al. (1980) shows similar eddy 
patterns in two winter periods, 1977 and 1979 (Figure 7a). Febres-Ortega 
and Herrera (1976) found a cyclonic gyre east of Tobago in August 1972, and 
Johanesson (1971) found an area of current moving southeastward in an 
hydrographic section from Barbados .to Tobago in August. Brucks (1971) 
shows an eddy just north west of Barbados (Figure 7b). There are also 
systems of eddies west of the island arc (Leming 1971, Heburn 1982). These 
are characteristically found in the wakes of islands and their varability 
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will depend on the variability of flow through the island passages (Stalcup 
and Metcalf 1972, Mazeika et al. 1983). 

Climate and physical oceanography: Average seasonal patterns in 
temperature, atmospheric pressure and rainfall at Seawell Airport, Barbados 
show extrema in February-April and July-September (Figure 8) in accordance 
with expected regional patterns (Hastenrath 1984, Tucker and Barry 1984). 

Another major seasonal signal in the region is surface salinity 
(Figure 9). The seasonal depression is considered to be primarily due to 
the discharge (60%) of the Amazon, Orinoco and other major rivers of
northern South America, but also to be partly influenced by rainfall on the 
ocean surface (40%) (Froelich et al. 1978). Borstad (1982a) shows that the 
seasonal salinity minimum around Barbados is related to the magnitude of 
the peak Amazon discharge (Figure 10). Although the Orinoco also has a 
large discharge (Meade et al. 1983) which freshens the coastal waters (Gade 
1961), Borstad (1979) suggests that its influence is not felt directly as 
far north as Barbados. Seasonal patterns of runoff of the Rio Orinoco and 
Amazon River differ (Figure 10) and are consistent with those reported by 
Gade (1961), and Meade et al. (1983) for the Orinoco, and Meade et al. 
(1979) for the Amazon. 

Time series for all the above variables are shown in Figure 11. This 
study assumes that temperature and rainfall at Barbados are reasonable 
estimates of regional values. In reality, there will be local variability. 
The changes in the climate, rainfall, etc., from one year to the next are 
due to large scale meteorologic variation. Recently, climatic 
interconnections (teleconnections) among regions have been the subject of 
considerable study. In the West Central Atlantic, climate is influenced by 
the behaviour of two largely unconnected pressure systems. These are the 
Southern Oscillation and the North Atlantic Oscillation. 

The Southern Oscillation (SO) is an atmospheric pressure reversal 
between the central Pacific and the Indonesian/Indian Ocean region 
(Rasmussen and Carpenter 1982, Rasmussen 1984). When the usual pattern 
reverses, El Nino results with largely disastrous consequences for the west 
coast of South America (Canby 1984). The effects of the SO reversal are 
also felt in the Tropical Atlantic. In El Nino years the tropical Atlantic 
experiences above normal pressure, stronger than normal winds, and cooler 
than normal sea surface temperature (Covey and Hastenrath 1978, Rogers 
1984). An index of the Southern Oscillation (SOI) is the difference in sea 
level pressure between Tahiti and Darwin (Chen 1982). This will be used 
later. 

The North Atlantic Oscillation is a climatic reversal between 
Greenland and Western Europe (Dickson et al. 1975, van Loon and Rogers 
1978). An index of this occurence (NAOI)--Ys the winter pressure difference 
between the Azores (usually high) and Iceland (usually low) (Rogers 1984). 
The effects of this system pervade the Tropical Atlantic (Meehl and van 
Loon 1979). When the index is high the following are observed: stronger 
trade winds; Gulf Stream (and presumably input currents) are slower; lower 
sea surface temperatures in summer and fall before and in the spring after; 
southward displacement of the intertropical convergence zone. 
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Details of the ocean/atmosphere climatic events associated with these 
indices are not yet clear for the tropical Atlantic. Work is in progress 
(Rogers pers. comm.) and should yield considerable insight into possible 
influences of these large scale changes on marine population dynamics. 

The Biological Environment 

With continuing reference to Figure 3, I now consider possible 
biological influences on flyingfish abundance and recruitment. 

Plankton production and the availability of food: Flyingfish are pelagic 
planktivores (Hall 1956, Lewis et al. 1962) and it is likely that plankton 
is the mainstay of their diet from the onset of feeding as larvae. 

The role of food in determining fish abundance is likely to be 
complex, if it is indeed a limiting factor (review by Sissenwine 1984). 
Availability of food at various life history stages of planktonic/pelagic 
fish may depend not so much on the total amount of plankton, but on the 
species composition, size composition and local density. There has been 
enough plankton work around Barbados to provide a starting point for a 
discussion of the relationship of flying fish to its food. 

It is evident that the plankton production system around Barbados is 
highly correlated with the seasonal influx of river runoff (Kidd and Sander 
1979, Borstad 1982b). The general pattern is an increase in both 
phytoplankton and zooplankton biomass during summer: June-September (Lewis 
et al. 1968, Lewis and Fish 1969, Kidd and Sander 1979, Borstad 1982b). 
ThiS-pattern also prevails to the east (Calef and Grice 1967). Amazon 
water lenses are generally poorer in nutrients than surrounding North 
Atlantic water but are richer in silicates (Ryther et al. 1967). Thus the 
lenses and coastal water support high densities of diatoms, which require 
silicate. Enhanced productivity of the region in summer cannot be 
explained by the nutrient characteristics of the freshwater influx. This 
led Kidd and Sander (1968) to observe that increased eddy activity and 
turbulence in the vicinity of the Windward Islands at that time could 
result in upwelling along the edges of eddies as described by Hulburt and 
Corwin (1967). Therefore, although the seasonal freshening of the region 
may coincide with nutrient enrichment and productivity there may not be a 
cause and effect relationship. 

Predators of flyingfish: Adult flying fish are small enough to be eaten by 
most of the piscivorous pelagic fishes which occur in the region. Most of 
these species are themselves seasonal and some are believed to spawn east 
of Barbados. Depending on the timing of the event, there is also the 
potential for their young to feed on the young of flying fish. 

Dolphin-fish are the most notable potential predators (Lewis and 
Axelson 1967, Oxenford 1985). Their seasonality corresponds closely to 
that of flying fish (Figure 12) and the hypothesized migratory pattern 
would have them spawning east of the Lesser Antilles in November-December 
and reaching a size of 15-20 cm by the following May-July (Oxenford and 
Hunte 1985, in press) at a time when young of the year flying fish would be 
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in the 3-7 cm size range (Lewis et al. 1962). There are no reports of the 
diet of young of the year dolphin in this region. 

Other fairly abundant potential predators are tunas, billfishes, 
kingfish, and wahoo. Information on the seasonality and abund~nce of these 
species in the eastern Caribbean region is scarce (e.g. Wise and Davis 
1973, Hunte 1985, ICCAT 1985). 

The Seasonal Picture 

In this section I attempt to relate the seasonal progression of events 
to the life history of the flyingfish. However, it is difficult to 
separate seasonal and interannual variability completely. 

The periods of peak spawning and peak catches around Barbados coincide 
very closely. As the season progresses from about March through July the 
following changes take place: 
a) temperature and precipitation increase to a maximum; 
b) Amazon (at Manaus) runoff builds to a peak in June-July; 
c) Orinoco runoff builds to a peak in August-September; 
d) salinity at Barbados gradually declines to a minimum at the end of July, 

an appropriate time lag from (b) above; 
e) abundance of plankton increases with a variable maximum sometime in the 

May-September period, presumably following increased supply of nutrients 
due to increased turbulence; and 

f) rate of flow of NE current peaks in May and is minimal in September. 

The picture is one of a stock which spawns at a time when the larvae 
will find their most abundant supply of food. Although small, the seasonal 
increase in temperature at this time could facilitate growth. It is 
generally accepted that mortality rate of eggs and larvae is related to 
their mean size (Ware 1975) and that fast growth may result in overall 
better survival. 

Unless reduced salinity favors egg and larval survival, it is unlikely 
that there is a direct relationship between freshening and survival. 
Instead the degree of freshening may be an indicator of oceanographic 
conditions which result in nutrient enrichment and increased productivity. 

Finally, the availability of more food at this time of year may be 
irrelevant; it may result from increased turbulence and eddies and that may 
actually be what is important for the flying fish, since spawning 
migrations are frequently made to compensate for passive drift of young. 
Too much or too little transport may overcompensate or undercompensate 
resulting in loss of young from the system. Indeed, if the seasonal 
variation in abundance is due to an aggregation/dispersal phenomenon rather 
than a migration, their retention may be especially important. Until we 
know the whereabouts of the adults in the July - October period it will be 
difficult to assess what circulation features are important in the life 
cyle of flyingfish (i.e. retention in gyres or throughflow and transport 
into the eastern Caribbean). 



11 2 

Some speculation is possible. Flying fish take about four days to 
hatch, and grow to about 15 mm after a further 7-10 days (Evans 1961). 
Assuming a mean rate of flow of 25-35 km/day for currents in the region 
(Emery 1972), an egg spawned near Barbados would be about 400-500 km to the 
west or northwest after two weeks. Drift tracks of fish attracting 
structures on two UNDP/FAO cruises confirm this type of rough calculation 
(Wolf 1974). It is impossible to take this line of discussion much further 
since we do not know the size at which young fish could actively hold 
station or migrate against the current. 

Nonetheless, considering the possible role of eddies both east and 
west of the island arc in slowing the westward transport of young and in 
dispersing them, it seems reasonable to propose that after three to four 
months, young spawned east of Barbados would be widely dispersed through 
the Lesser Antilles and eastern Caribbean Sea. This is precisely the 
distribution shown for this species by Bruun (1935) (Figure 13). This view 
would also argue for a single stock with a generalized active eastward -
passive westward reproductive migratory pattern. 

Recruitment variability 

In the previous section I discuss seasonal patterns in the environment 
in relation to f lyingfish life history and suggest possible relationships 
between dispersal, feeding, etc., and reproductive success. If the factors 
considered are important then variation in their intensity and timing from 
one year to the next could be related to interannual variability in 
recruitment. I will approach this by an analysis of the correlation of 
recruitment with the environmental variables. This analysis is 
exploratory, being aimed at estalishing whether there is sufficient 
evidence for the influence of environment on flyingfish recruitment to 
warrant a more complete analysis. The following environmental variables 
were considered: 

a) Amazon runoff in the peak months, July-September, of the same year as 
indicated by stage height at Manaus. 

b) Orinoco runoff in the peak months, July-October of the same year as 
indicated by stage height at Cuidad Bolivar. 

c) Temperature in the summer, May-July, in the same year, at Seawell 
Airport, Barbados. 

d) Rainfall in the period March-October in the same year at Seawell 
Airport. 

e) Winter pressure, January-April in the same year, at Seawell Airport. 

f) Summer pressure, August-September in the same year, at Seawell Airport. 

g) North Atlantic Oscillation Index (NAOI) for the winter of the same 
year. 

h) NAOI for the winter of the following year. 
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Figure 13a. Distribution of (A) Hirundichthys affinis and (B) H. speculiger [from 
Bruun 1935]. 
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Figure 13b. Distribution of H. affinis [from Gibbs 1978]. 
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i) Amazon peak as indicated by the month of mean runoff weighted by 
monthly runoff. 

j) Southern Oscillation Index (SOI) for Ju~y-December in the same year. 

k) SOI for July-December for the following year. 

1) SOI for winter January-March of the same year. 

In the cases of (h) and (k) above the index for the following year is 
used because there are climatic effects which precede the indices by up to 
several months (Covey and Hastenrath 1978, Meehl and van Loon 1981). The 
analysis is also performed for catch in order to detect environmental 
influences on availability or catchability. 

Several significant correlations with environmental variables were 
found for catch and recruitment (Table 1). However, plots of these 
relationships suggest that those for summer pressure and Amazon runoff are 
influenced by one or two extreme points (Figure 14). Nonetheless, these 
relationships cannot be discounted since the time series is short and 
conditions leading to very big or very small year classes may be relatively 
rare. There are also correlations among the environmental variables which 
can lead to problems in interpretation of their effects on recruitment 
(Table 2). Separating the effects of two highly correlated varibles may be 
impossible. Relationships among the environmental variables may also mask 
the effects of a variable on recruitment. Partial correlation analysis may 
reveal such masking. 

These results suggest that it would be useful to determine how much of 
the total interannual variation in recruitment is related to the 
environmental variables. Two approaches will be attempted; the first 
involves combining the environmental variables into a few composite 
variables, the second uses the environmental variables directly. 

Approach 1: Regression of Recruitment on Principal Components 

One way of dealing with a set of intercorrelated variables is to 
combine them into a few 'composite variables' using the technique of 
principal component analysis. This picks out combinations of variables 
principal components or factors -- which vary together (Cooley and Lohnes 
1971) and also facilitates interpretation of the interrelationships among 
them. Four factors each accounted for sufficient variation in the set of 
environmental data to be considered important (Frane and Hill 1976). 
Together these accounted for 77% of the total variation in the set of 
environmental data. The nature of these new composite variables is as 
follows (Table 3): 

Factor 1. When the Amazon discharge is high, its influence tends to be a 
bit later in the year. This tends to correspond with counter El Nino 
conditions in the previous January - April period. At the same time the 
North Atlantic Oscillation Index is high and rainfall at Barbados is low. 
Low rainfall at Barbados when the NAOI is low would be consistent with the 
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Table 1. Significant correlations of catch and recruits with environmental 
time series ( a.= O. 05) • 

Correlation Coefficient (Sample Size) 
Variable Stock Recruitment 

Amazon runoff 0.368 (26) 

Amazon peak -0.353 (25) 

Orinoco runoff o .361 (25) 

Temperature 0.353 (26) 

Summer Pressure -0.341 (26) 

NAOI 0.524 (25)* 

NAOI lagged 0.374 (24) 0.524 (25)* 

SOI -0.400 (26) 

* a = o .01 

Table 2. Significant correlations among environmental variables ( a =0.05). 

Amazon Orinoco Winter Summer Amazon 
runoff runoff Rainfall Pressure Pressure peak 

Orinoco runoff 

Rainfall -0.515* 

Winter 
pressure 

Summer 
pressure 0.324 0.469* 

NAOI 0.363 

Amazon peak o.572* -0.425* 

SOI lagged -0.452* 

SOI J to M 0.594* -0.426 -0.318 0.402 

* a 0.01 
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Table 3. The relationships between the original variables and the first 
four factors. Also the correlation between recruitment and each 
factor. 

Variable Factor Factor 2 Factor 3 Factor 4 

Amazon runoff 0.79 0 0 0 

Orinoco runoff 0 0 0 0 

Temperature 0 -0.45 0.75 0 

Rainfall -0.74 0 0 0 

Winter Pressure 0 0.62 0.62 0 

Summer Pressure 0 0.66 0 0 

NAOI 0.64 0 0 0 

NAOI lag 0 -0.50 0 0 

Amazon timing 0.54 0 0 0 

SOI 0.58 0 0 0 

SOI lag 0 -0.54 0 0.62 

SOI J-A 0.71 0 0 0 

% of total variance 30.4 20.5 15.8 10.5 

correlation with recruits 0.249 -0.360 0.149 -0.445 
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southward shift of the Inter Tropical Convergence Zone (Meehl and van Loon 
1979). The connection, if any, between counter El Nino conditions and 
Amazon runoff is not addressed in the literature. 

Factor 2. In years preceding a low NAO!, summer temperatures are low, as 
expected (Meehl and van Loon 1979) but atmospheric pressure is high, which 
seems inconsistent. However, these conditions also precede years in which 
the SOI is low, at these times, there are low pressure conditions over the 
east central Pacific which result in El Nino conditions. Covey and 
Hastenrath (1978) indicate that pressure conditions in the Tropical 
Atlantic tend to run opposite to and precede those in the eastern Pacific. 
Perhaps this area is more influenced by the SO than by North Atlantic 
climatic conditions. 

Factor 3. Temperature is most strongly associated with this factor and is 
generally high when winter pressure is high. Whereas, this appears 
inconsistent with the interpretation of Factor 2, the factors are 
uncorrelated (orthogonal) and such reversals are common among variables 
which are weakly correlated. 

Factor 4. The SOI (July - December) emerges largely independent of the 
other variables. 

The relationships among the variables are fairly consistent with 
current knowledge about climatic patterns. However, they suggest that with 
the use of more regionally synoptic data, a cleaner result should emerge, 
and that such a data set would be worth assembling. There are also large 
gaps in our understanding of the large scale climatic influences on the 
region. 

Fin~lly, recruitment was regressed on the four factors to determine 
how much of the variation in recruitment could be explained by these 
composite variables. The regression was significant, accounting for 40% of 
the observed variation. The degree of success achieved in modelling 
recruitment in this way can be seen by plotting observed and estimated 
recruitment together over time (Figure 15). 

With the factors derived above, the model reproduces the main trends 
in recruitment variation. The extent of the bad years is underestimated, 
and the model fails to predict the two best years. The model also 
reproduces the four-five year recruitment cycle in three of four cases, 
suggesting that these may be due to environment rather than population 
dynamics. 

Similar plots (not shown) for recruitment with each factor help 
decipher which environmental features are responsible for which recruitment 
events. Factors 1-3 appear to be most closely associated with long-term 
trends whereas Factor 4, SOI, picks up 3 of 5 bad year-classes and 
predicts one in 1981 which did not appear until 1983/84 (see Figure 2). 
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Method 2: Direct Regression of Recruitment on Environmental Variables 

The direct regression of recruitment on environmental variables with 
which recruitment was significantly correlated gave a better correspondence 
between observed and estimated recruitment (Figure 16). In this case the 
environmental variables accounted for 48% of the variation in recruitment. 

Multiple regression using correlated independent variables should 
generally be avoided. However, in this .case, there were no significant 
correlations among those variables which were significantly correlated with 
recruitment (Tables 1 and 2). However, it is possible that important 
variables which were masked in the simple correlations may have been 
omitted. 

Concluding Remarks 

There appear to be some environmental effects on availability (Table 
1). It is possible that in years of high Orinoco River discharge flying 
fish are displaced northwards from the region of Tobago. If catch rates go 
down in Tobago in such years, this hypothesis would be supported and it 
would suggest that we are dealing with a single stock. In a final 
analysis, catch rates will be adjusted for changes in availability due to 
environmental factors. 

As regards the question of predator impact, a preliminary analysis 
suggests that there is no correlation between dolphin catch rates and 
flying fish abundance. However, more rigorous analysis is required. 

The analysis of the relationship between recruitment and environment 
is promising. However, it should be clear that the objective is not simply 
to derive a means of predicting recruitment. The literature is replete 
with such attempts which have failed after a few years when more data 
become available (Cushing 1983). Rather, the objective is to attempt to 
distinguish among the processes which might influence recruitment, and so 
build a understanding of the process (Skud 1983). With this information we 
should be better equipped to advise managers as to the risks involved in 
fishing the stock below current levels. 

This preliminary analysis indicates that flying fish recruitment in 
significantly influenced by large scale climatic patterns which may operate 
through river runoff to influence fish food production, or may affect ocean 
circulation patterns directly. Subsequent work should include more 
synoptic climatic variables for the region. In particular, sea surface 
temperature rather than air temperature. Approaches should include the 
technique of causal or path analysis which would result in more explicit 
hypotheses of how the variables affect recruitment. 

Even at this stage we can formulate a system of possible influences 
and their pathways (Figure 17). .From this diagram and the many issues 
raised throughout this report I have compiled a shopping list of questions 
which should be addressed in the future. Many of the questions could be 
resolved through simple monitoring exercises. For example, monitoring of 
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temperature, salinity and productivity in the region, and of the degree of 
eddy activity. These monitoring activities could be easily achieved from 
ships travelling between Barbados and Trinidad and Tobago during the key 
period. 

Some of the implications of this study for resource assessment and 
development are as follows: 

(1) If the stock recruitment relationship is similar to that in Figure 4b, 
the stock is unlikely to respond to fishing with any substantial 
increase in recruitment. 

(2) So far about half the variability appears to be related to 
environmental signals, (i.e. there is some potential for advance 
warning of good or bad years) and half is unaccounted for. Therefore, 
very little of the observed variation is within the control of fishery 
managers, but will nonetheless have to be taken into account in a 
development strategy. 
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T~ble 4. Questions arising from this analysis. 

Fishery QUestions 

How much catch rate variation is due to interference/cooperation among 
boats; that is, the amount of effort per day? 

Should we adjust the catch/trip for Orinoco runoff? 

Biological QUestions 

Does salinity influence survival of eggs and larvae? 

Do good year classes experience better ELH growth than bad ones? 

Are flying fish really only annual? 

How much recruitment variability is due to egg production rather than 
larval survival? What kind of interannual variability is there in egg 
production, and is it related to food? 

What types of substrate do flying fish eggs occurr on most frequently: is 
it of terrestrial or marine origin? 

What do young-of-the-year dolphin eat? 

Do dolphin depend on flying fish? 

Climate QUestions 

What is the influence of the SO and NAO on Amazon runoff? 

What influences the interannual variability of rate of flow through the 
region? 

Does faster flow result in more eddy activity due to piling up of water and 
produce more enrichment? 

What is the relationship between air and sea surface temperature? 

What are the precise regional climatic effects of the NAO and SO? 

Statistical QUestions 

Are there interaction effects for the environmental variables? 

What other statistical techniques could be used to derive useful 
information from these data: causal analysis, other time series techniques? 
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Possible Impacts of Increased Fishing Effort on Flyingfish Stocks: A 
Comparative Approach - by w. Hunte 

Earlier presentations at the present Workshop have outlined current 
developments in the flyingfish fisheries of the eastern Caribbean. In 
some islands, fishing effort and catch have remained constant in recent 
years; in others, notably Barbados, effort and catch have been rising sharply. 
In the former case, the concensus is that marketing problems, and hence 
prices, are constraining the effort to present levels. In the latter case, 
the increase in effort, and hence catch, has led to marketing problems which 
could constrain further increases in exploitation. In short, it is clear 
that marketing problems, and consequently financial returns to fishermen, 
can temporarily constrain development of flyingfish fisheries, but I use the 
word temporary deliberately because marketing problems can often be overcome 
particularly in countries such as those of the eastern Caribbean which 
presently import large proportions of the food consumed. In such circumstances, 
the incentive for overcoming market constraints is great; and indeed the great 
majority of funds spent to date on fisheries development in the eastern 
Caribbean has been directed at improving landing and marketing facilities. 

The typical scenario as regards market constraints on increased 
exploitation is one in which effort rises, landings rise, market gluts, prices 
fall, effort stabilizes/decreases, market conditions improve, effort rises, 
landings rise etc. In short, the effects of market tend to cause increases 
in effort and landings to rise in fits and starts, rather than smoothly - but 
not to prevent the increase entirely in the longer term. A pertinent 
q~estion is, 'what have we learned from earlier presentations about whether 
present levels of effort and landings have already had an effect on the fish 
stocks?' The safest answer is that to date there is no evidence from catch 
statistics of any decrease in stock abundance that is obviously attributable 
to increases in fishing effort. Note however, that there may be some 
indication of larger loops in the stock/recruitment relationship in recent 
years. This can be indicative of stock destabilisation. A second question 
of interest is, 'what are the plans for future development?' In Barbados, 
effort has been increasing and is likely to continue to do so; even if 
sporadically because of market problems. All the Fisheries Officers 
present have confirmed that their countries intend to increase fishing effort 
in their flyingfish fisheries. Increasing landings through increasing effort 
is a central objective of fisheries development; providing, of course, that 
the rate of increase and final level of effort does not cause stock collapse. 
The point of concern is that stocks can easily collapse; and have frequently 
done so in major fisheries. I will now briefly summarise how some other pelagic 
fisheries outside the Caribbean have responded to increase in fishing effort. 
For the Atlanto-Scandian herring, effort and catches rose for almost 20 years. 
However, from around 1955, catches declined while effort continued to rise 
(Figure 1). In short, from 1955 onwards, abundance declined sharply. 

A similar situation occurred in the Californian sardine fishery. Effort 
and catch rose and stabilized for a 10 year period between 1935 and 1945 
(Figure 2) . However, catches then fell sharply and remained low al though effort 
remained high until 1950. Fluctuations in catch in the Japanese sardine 
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fisheries in the Far East over a 70 year period are shown in Figure 3. The 
lesson from these data is that after stock collapse there can be a particularly 
long period - in this case almost 30 years - before the right combination of 
events occurs to allow the stock to begin a meaningful recovery. Note that 
stock size following collapse can remain negligible in spite of complete 
cessation of fishing. 

Not only does it require the right combination of environmental conditions 
to allow a stock to recover; but the reverse of this is also true. The wrong 
combination of environmental conditions can cause unexpected stock collapse. 
Seventy four years of catch data on herring fr.om the North Sea show that 
landings remain relatively constant from 1903 to 1970 but then dropped suddenly 
and sharply (Figure 4). In short, if stock abundance is being maintained at 
some low level by fishing, the probability increases that adverse environmental 
conditions occurring with some unknown periodicity, will decimate the stocks 
at some point. In conclusion, it would seem fair to say that it is typical 
of pelagic fish stocks to show significant collapses following periods of 
rapidly increasing catches. This leads either to a complete cessation of 
fishing or very low catch rates. 

Why are pelagic fisheries particularly susceptible to collapse? One 
reason is that the catchability coefficient of pelagic fish tends to increase 
as stock size decreases, for example as in Atlantic menhaden (Figure 5). 
Catchability coefficient is an index of the proportion of stock taken by a 
unit of effort. It is usually assumed to be constant for a given stock of 
fish at different stock sizes. Consequently, catch per unit effort is assumed 
to be a linear function of stock abundance. However, if the catchability 
coefficient changes as shown in Figure 5, a unit of effort will catch an 
increasing porportion of the stock as the stock decreases in size. In short, 
catch rate will remain high at low stock sizes. '!his results from the schooling 
behaviour of pelagic fish combined with modern fish finding techniques. As 
stock size decreases so does the area over which the stock is distributed - but 
the size of individual schools may remain much the same. Hence, with modern 
intership communication and fish finding aids, the fishing fleet can quickly 
locate what remains of the stock and take virtually the same amount per unit 
time that they could at higher stock sizes. Note that, for similar reasons, a 
predator stock may kill a higher proportion of pelagic fish at smaller stock 
sizes. 

A second reason £or susceptibility of pelagic stocks to overfishing is 
that the rate of biomass production from a given stock size (i.e. surplus 
production) may be lower for many pelagic fish than for many demersal fish. 
In short, sustainable yields may be lower for pelagics than demersals. 

Thirdly, available evidence suggests that the ascending limb of the stock 
recruitment curve is steeper in demersal species than in pelagic species. The 
stock-recruitment curve for North Sea herring (Figure 6) shows a gradually 
declining left hand limb whereas a stock recruitment curve for demersals 
typically looks more like the broken line in Figure 6. What this implies is 
that, compared to pel.a9ics, demersal stocks can be fished to smaller sizes 
before there is an effect of reduced recruitment. Finally, because pelagic 
fish school, and their area of distribution decreases sharply at smaller stock 
sizes - the area over which larvae are distributed may also decrease appreciably. 
This could decrease the probability that some of the larvae produced will meet 
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conditions favourable for survival; and hence increase recruitment variability 
as stock size decreases. 

In concluding, I would like to emphasis that I have reviewed studies 
of how pelagic species have responded to fishing and discussed why they may 
be susceptible to collapse, not to state that flyingfish fisheries in the 
eastern Caribbean have no potential for expansion, but to state that we 
must attempt to avoid the mistake of many of those who have gone before. 
We must control our increases in fishing effort prior to the point of stock 
collapse. Now is the time that we must attempt to gather the information 
necessary to assess how near, or how far, we presently are from this point. 
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SESSION III: MANAGEMENT OPTIONS AND DATA REQUIREMENTS 

In this session the workshop has developed a general background to 
possible management options. From this process it was agreed that some 
form of assessment of the capacity of this stock would be required. The 
next step was to consider ways of assessing the stock, and how the 
assessment results would be used to provide advice. Finally, the workshop 
considered information requirements of such an assessment, and activities 
aimed at aquiring this information. 

Management Options: A Context for Stock Assessment 

Two major options, and some of their consequences and ramifications, 
were considered. 

Option 1: Leave the fishery alone. 

Consequences are either: 

a) According to bioeconomic theory the fishery will fluctuate 
around the point where total costs = total returns. This will 
result in i) lower than optimal total catch = revenue; ii) loss 
of profit; and iii) maximum employment at very low income 

or 

b) biological and fishery collapse, continuous or periodic. 

Option 2: Attempt to estimate a target catch or fishing mortality and 
employ some means of restricting the fishery when it approaches 
that level. 

are: 
What level?? Again according to bioeconomic theory, some choices 

a) optimize economic profitability to investors; 
b) optimize total catch = food = revenue; and 
c) a level based on biological considerations of stock 

conservation on the long-term (+forage for predators). 

These options are not all mutually exclusive, a and c may be compatiable. 

For all the above (a-c) we need an estimate of stock size and of catch 
to determine the current exploitation rate. 

If Option 2 is selected the major decision will be how to regulate, 
assuming there is adequate information. 

Clearly a full consideration of approaches to regulation was outside 
the scope of this workshop. However a brief discussion of the pros and 
cons of some of the more common ways was considered an appropriate way of 
developing a rationale for assessment and the provision of advice. In due 
course, the full range of possibilities and their various combinations 
(Beddington and Rettig, 1984) will require thorough consideration. 
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Some options considered were: 

a) Limit the capacity of the fleet(= number and size of boats). Flying 
fish are part of a multi-species mixed fishery for pelagics. 
Therefore, if the capacity for other species is greater than for 
flying fish this approach will be impracticable. 

b) Limit total catch. This would achieve the desired objective of 
resource conservation and desired optimization of total catch, but 
would not prevent over investment of capital as there would be 
competition for the allowable catch. Total catch would be hard to 
monitor on a real time basis, and for a regional fishery, communication 
of closure would be difficult. 

c) Seasonal restrictions. With this approach flying fish could only be 
landed after some point which would approximate the middle of the 
spawning season. The fishery would therefore be either opened or 
closed and the time of opening would be known well in advance. One 
exemption could be a bait fishery. 

d) Gear limitations e.g. mesh size. Depending on growth and maturity 
schedules this could be quite similar to the seasonal restrictions 
above. An approach based simply on age/size of maturity might be an 
appropriate first step. However, refinement of this approach could 
require a great deal of detailed biological informatio~ :1hich would 
take time to aquire. 

e) No action required. Due to the nature of the fishery and distribution 
of the resource relative to present and planned fisheries it may be 
concluded that no regulation is required in the forseeable future. For 
example, if the resource is very widespread, but not sufficiently 
abundant to attract large scale commercial effort, the forseeable 
chances of overfishing by eastern Caribbean territories might be low. 

There was some discussion as to the implications of various possible 
stock structures for management approaches. It was generally recognized 
that there would almost certainly be a requirement for cooperation among 
all islands or various combinations of islands. The more localized the 
stocks the more management could be tailored to the specific fishing 
practices of the islands in question. 

There was general agreement that if regulations were necessary 
approach (c) would be most feasible from the point of view of ease of 
control and acceptability to fishermen. The point was made that the time 
of opening of the fishery would have to be adjusted from time to time to 
match the capacity of the fleet. 

An Approach to Stock Assessment and the Provision of Advice 

There are two main objectives in a stock assessment for flying fish: 

1) To estimate the total stock abundance, and current catch levels in 
relation to possible levels. The aim here is to provide an estimate of 
'scope for development' in this fishery. 
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2) To develop a feasible approach to ongoing management after the fishery 
has developed. 

Scope For Development 

There are three elements to this process. 

i) How big is the stock? (stock size) 
ii) How hard can it be fished? (exploitation rate) 

iii) How hard is it being fished? (current catch) 

Scope for development = (stock size x exploitation rate) - current catch 

A stock survey would be required to determine the stock abundance. 
Accurate landing data will provide an estimate of the current rate of 
exploitation. 

There are various approaches to estimating how much catch can be taken 
from a stock of a given size. As pointed out by Beddington and Cooke 
(1983) and Clarke et al. (1985) a commonly used rule of catch= 1/2 MB0 
(where M = natural mortality and B0 = virgin stock biomass) may be biased 
on the high side. Recent work on pelagics suggests that conservatism might 
be in order (Hunte this volume, Saville 1980, Brett 1985). 

More recent approaches involve simulation modelling of the stock. 
This allows inclusion of unpredictable environmental variation (e.g. Clarke 
et al. 1985, Ruppert et al. 1985). A preliminary example of this approach 
applied to flying fish is shown in Appendix II. 

Important' differences between this approach and the "rule of thumb" 
(1/2 MB0 ) used earlier was that: 1) it is possible to explore different 
strategies of exploitation: for example constant catch vs constant 
exploitation rate; 2) the advice takes the form of an assessment of the 
risk associated with varioµs levels of fishing, as apposed to provision of 
a single estimate of Sustainable Yield. Indeed, given the amount of 
variability observed in the flying fish and the likelihood that it is an 
annual species, the concept of a fixed maximum sustainable annual yield is 
particularly inappropriate. 

Information Requirements and Research Recommendations 

The three key components of an assessment structured along the lines 
described in the previous section are: 

1) stock biomass 
2) catch biomass 
3) stock-recruitment simulation model with environmental variability 

The present status of and ways of aquiring the required information in 
these compoQents are described in the following sections. 
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Stock Biomass 

There are no current estimates of stock biomass and stock distribution 
is poorly known except from the fishery. Acoustic techniques were seen as 
the most appropriate way of surveying this stock. Such a survey would have 
to cover the area from Tobago to Dominica and from east of Barbados to west 
of the island arc. The survey would probably be most effective in the peak 
of the spawning season while the fish were aggregated into schools. The 
aim would be to use a system of transects to estimate the number of schools 
and their average dimensions within the survey area. It would then be 
necessary to estimate the size and density of the fish in the schools in 
order to convert to total fish biomass. 

Experimental fishing would be required during the survey as a means of 
verifying the species composition of the schools. Gill nets, or a mini 
purse-seine could be appropriate gear. 

The survey should be conducted at least twice, in successive years. 
The possibility of aquiring the use of one of the research vessels in the 
region should be explored. 

While conducting the major acoustic survey, the possibility of a 
cheaper, more rapid, less technicially intensive survey for future 
monitoring should be explored. Egg abundance surveys were suggested as a 
possibility. 

Catch Biomass 

Data collection systems are at various levels of development in the 
different participating islands. All territories would welcome assistance 
in designing sampling schemes for improving the accuracy of their estimates 
of total catch. Dominica would require additional manpower for adequate 
sampling as there are numerous relatively inaccessible landing sites. 

A component of the estimation of total catch of flying fish in the 
region is the determination of the species composition of the catch. 
Whereas, .!!!.._ affinis was generally considered to comprise most of the catch, 
various other species are known to be taken, and may be locally or 
seasonally important. Therefore, training in both sampling design and 
techniques and also in species identification were seen to be of foremost 
importance. 

Stock-Recruitment Simulation with Environmental Variability 

There are a variety of refinements to be made and assumptions to be 
verified in the existing stock-recruitment relationship. 

i) The assumption that the species is annual. Preliminary results 
suggest that flying fish otoliths will be amenable to analysis of 
daily growth rings. This would provide a means of determining the 
age, growth, and longevity of these fish. 
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This study would require a small program of sampling fish throughout 
the year at one locality and collection of otoliths (or whole fish) 
at all participating islands. An experiment would be required to 
validate the daily growth ring technique. This would consist of 
injecting fish with an otolith marker (tetracycline) holding them in 
tanks for known periods and then reading the otoliths to verify that 
one ring was laid down each day since marking. 

ii) Biases in the use of catch per trip as a measure of abundance. For 
example, market limitations on catch/trip when catch rates are good. 
This was acknowledged as an occasional problem which should be 
explored. Also, possibility of cooperation or interference among 
boats and therefore, feedback from the amount of effort on a day to 
the catch per boat on that day. 

iii) Changes in fishing power with time. Some insight into the trends in 
fishing power over time can be obtained by analysing curent variation 
in fishing power with boat size, etc. The Barbados time series of 
catch effort data (Speightstown in particular) should be seen as a 
valuable piece of information and every effort should be made to 
maintain the accuracy and validity of this time series. Of 
particular concern is the rapid transition from day trips to longer 
trips as ice boats become more prevalent in the fishery. Steps 
should be taken to cross correlate the time series of the day boats 
with those of the ice boats. 

As time series of catch/effort now beginning in other islands 
lengthen, the ongoing monitoring of abundance will be greatly facilitated. 

Ancillary Information on Biology, Distribution, and 
Availability of Flying Fish and Other Pelagics 

The surveys in particular were seen as being the source of a wide 
variety of information. 

i) Data on other pelagics, particularly large pelagics, would be 
gathered as a matter of course on the survey. 

ii) The distribution and nature of floating spawning material and of 
spawn on that material would be gathered as a matter of course. 

iii) Relationships between fish and flotsam would be monitored. 

iv) Relationships between fish and oceanographic characteristics would be 
monitored. Of particular interest is the observation by fishermen 
that flying fish are more common at the convergence of green coastal 
water with blue oceanic water; also that they avoid turbid discharge 
from the Orinoco River. 

v) The opportunity could be taken for tagging flyingfish in order to 
learn about migratory patterns. 

Items iii and iv are particulary important in refining the survey 
design since survey effort should be concentrated in areas of high 
abundance. 
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APPENDIX II 

A Simple Simulation of the Flying Fish Population - by R. Mahon 

Objective: 

This simulation is an example of how information on environmental 
variability can be combined with a stock recruitment relationship to 
explore the dynamics of the stock under different levels of fishing. 

Method: 

The equation for the stock recruitment curve fitted to the data in the 
paper by Mahon (this volume) was used to calculate each years abundance 
(catch/trip) from the previous years. This value was then either decreased 
or increased by a proportion selected at random from the series of observed 
abundance divided by the average abundance. This was how the environmental 
variation was included in the model/simulation. By using the observed data 
the relative frequency of very good, good, average, bad, and very bad years 
would be almost identical to that in the past 28 years. For the moment, we 
are assuming that good or bad environmental conditions can come at any 
time; hence their selection at random. Two runs of 150 years each were 
tried at fishing levels of O, 25, 50, 55, 60, and 75% of spawners taken by 
the fishery. 

A key assumption is that current fishing is negligible. Needless to 
say the form of the stock recruitment relationship determines the results. 

Results: 

The plots of abundance over time (two runs of 150 years each) at each 
fishing level are shown in Figures 1-6. At an exploitation rate of 25% the 
pattern of variability in the stock is similar to that at no fishing with 
average abundance lower. 

With a further increase in exploitation rate to 50% the dynamics of 
the stock changes considerably. It now spends most of the time on the 
steeply sloped ascending limb of the stock recruitment relationship. 
Occasionally it crashes to very low levels and in one instance remains 
there for 25-30 years (Figure 3). There are abrupt changes in abundance. 
With a 5% increase in exploitation rate the stock shows similar behaviour 
but never recovers to any appreciable level. Further increases in 
exploitation rate lead to rapid and total collapse of the stock over a 
extended period. 
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Figure 3. As above but with 50% of adults escaping to spawn 
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Figure 4. As above but with 45% of adults escaping to spawn 
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Figure 5. As above but with 40% of adults escaping to spawn 
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Figure 6. As above but with 25% of the adults escaping to spawn 






