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Ab st ract This publication presents the results of a meeting held in 

Bogor, Indonesia, 6-10 October 1986, that focused specifically on the assess- 

ment of small ruminant production systems in South and Southeast Asia. It 

considered the prevailing circumstances, the innovations, and the strategies 

that are pertinent for stimulating increased productivity from goats and 

sheep. The present patterns of production were examined in detail with 

reference to characteristics of the small farms, existing management methods, 

and nature and components of the production systems. These systems include 

extensive systems, systems combining arable cropping, and systems integrated 

with tree cropping. The discussion of the systems were further highlighted 

by country case studies, issues and policies that considered the available 

production resources, especially the genetic and feed resources available, 

constraints to production, and potential means to achieve desirable improve- 

ments. An important session was devoted to examining research methodology, 

strategies for development appropriate to individual systems, and a concep- 

tual framework for on-farm economic analysis. Together, these discussions 

enabled a definition of research protocols and the priorities for future 

direction that are likely to have a major impact on productivity from small 

ruminants. 

Résumé L'ouvrage présente les conclusions d'une réunion tenue à Bogor, 

en Indonésie, du 6 au 10 octobre 1986, portant sur l'évaluation des systèmes 

de production touchant les petits ruminants en Asie du Sud et du Sud-Est. On 

y a brossé un tableau de la situation actuelle, des innovations et des stra- 

tégies susceptibles d'accroître la productivité dans l'élevage de la chèvre 

et du mouton. On a examiné en détail les méthodes actuelles de production 

dans la perspective propre aux petits exploitants, les éthodes actuelles de 

gestion, le type de systèmes de production et leurs éléments. Il s'agit ici 

des systèmes extensifs, des systèmes associant la culture des terres, et des 

systèmes intégrant la sylviculture. Les discussions ont été étayées d'études 

de cas, de problèmes et de politiques émanant des divers pays et portant sur 

les ressources disponibles pour la production, spécialement les ressources 

génétiques et fourragères, les contraintes à la production, et les possibi- 

lités d'amélioration qui existent. Une importante session fut consacrée à 

l'examen de la méthodologie de la recherche, des stratégies de développement 

convenant à chaque système, et d'un cadre conceptuel pour l'analyse écono- 

mique des activités sur le terrain. Toutes ces réflexions ont permis de 

définir des plans de recherche et d'établir les priorités qui, dans l'avenir, 

auront vraisemblablement un impact majeur sur la productivité liée à 

l'élevage des petits ruminants. 

R esu men Esta publicaci6n presenta los resultados de la reuni6n cele- 

brada en Bogor, Indonesia del 6 al 10 de octubre de 1986, cuyo temp principal 

fue la evaluaci6n de los pequenos sistemas de producci6n de rumiantes en et 



Sur y Sureste asiético. En la misma se analizaron las circunstancias 

imperantes, las innovaciones y las estrategias pertinentes para estimular la 

mayor productividad del ganado caprino y ovino. Se examinaron detenidamente 

los patrones actuales de producci6n con respecta a las caracteristicas de las 

pequenas granjas, a los métodos de manejo existentes y a la naturaleza y 

componentes de los sistemas de producci6n. Estos sistemas incluyen sistemas 

extensivos, sistemas que combinan et cultiva de tierras arables y sistemas 

integrados con plantaciones de érboles. La discusi6n de estos sistemas 

estuvo acompanada del anélysis de etudios de casas en diferentes paises, asi 

coma de problemas y politicas relacionados con los recursos de producci6n 

disponibles, especialmente los recursos genéticos y alimenticios disponibles, 

las limitantes de la producci6n y los posibles medios para obtener las 

majoras deseadas. Una importante sesi6n estuvo dedicada a examinar la 

metodologia de las investigaciones, las estrategias para et desarrollo 

apropiadas para cada sistema individual, y un marco conceptual para la 

realizaci6n de anélisis econ6micos en las granjas. En su conjunto, estas 

discusiones permitieron definir los protocolos de investigaci6n y las 

prioridades para et futuro, que probablemente habrén de tener importantes 

repercusiones sobre la productividad de los pequenos rumiantes. 
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INTEGRATED SMALL RUMINANT AND CROPPING SYSTEMS IN FIJI 
WITH HEALTH AS A MAJOR CONSTRAINT 

S.W. Walkden-Brownl and D.J.D. Banks2 

1Fijian Ministry of Primary Industries, P.O. Box 264, 
Lautoka, Fiji, and 2Fijian Ministry of Primary Industries - 

Commonwealth Scientific and Industrial Research Organization, 
Parasite Epidemiology Project, Koronivia Veterinary Laboratory, 

P.O. Box 77, Nausori, Fiji 

Abstract Sheep and goat meats are in high demand in Fiji 
and account for 80% of nonfish meat imports. The bulk of the 
estimated 183,000 goats in Fiji are raised by smallholder trop 
farmers growing sugarcane, rite, and coconuts. An estimated 
27% of ,goats, however, are raised on larger commercial farms 
carrying 50-1500 head. Where goats are integrated with crops, 
they either graze the marains of cultivated land or under the 
canopy of tree crops. Few trop residues or by-products are 
utilized as feed. The major constraints on productivity are 
predation, theft, disease, seasonality of nutrition, complexity 
of marketing, and the relatively low level of husbandry skills 
of sonie farmers. Helminthosis is a particularly severe 
constraint on goat production. 

Technical innovations that are likely to lead to improved 
productivity include improved control of helminthosis, the use 
of improved pasture fodders and supplements to overcome 
seasonal feed shortages, the development of fully intensive 
commercial farming systems, the increased use of improved meat 
bloodlines, and, possibly, the introduction of cashmere as an 
alternative product. 

The Fiji Islands are situated between 16 and 20°S and have 
a total area of 18,000 km2, of which 67% is steep and mountain- 
ous (Twyford and Wright 1965). Only 18% of the land surface is 
suitable for arable crops and 30% is appropriate for grazing 
(Anon. 1982). Annual rainfall over most of the country varies 
from 1800 to 3200 mm. The human population at the end of 1984 
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was 691,000, comprising 45.2% native Fijians, 49.9% Fijians of 
Indian extraction, and 4.9% others (Anon. 1986a). 

Both goats and sheep have been raised in Fiji since the 
1840s, with goats being by far the more successful of the two 
species. At present, both are kept solely to provide meat, 
predominantly for the Indian component of the population. 

Locally produced fresh goat and sheep meats are considered 
delicacies by the Indian population and, as a result, are 
highly priced compared with frozen imports. Animals are 
usually purchased live and taken home for personal slaughter 
and consumption. Less than 2% of the total estimated produc- 
tion is slaughtered in registered slaughterhouses. 

By the end of 1985, there were an estimated 183,000 goats 
and 1,800 sheep in Fiji (Table 1). In 1985, the total estimated 
carcass production from goats and sheep was 644 t compared with 
import figures of 5250 t (Anon. 1985a). Sheep and goat meats 
formed 80% of Fiji's nonfish meat imports in 1985. 

SMALL RUMINANT PRODUCTION SYSTEM 

Goat raising in Fiji can be broadly classified as either 
smallholder or commercial on the basis of the size of the goat 
herd and its importance in relation to the overall farm oper- 
ation. Since 1975, research and development efforts have 
concentrated on commercial farms carrying around 100 goats. It 

is presently estimated that some 50,000 goats, or 27% of the 
national herd, are kept on such farms, while 133,000, or 73%, 
are maintained on smallholdings (Walkden-Brown 1985). 

Smallholder Goat Systems 

The agricultural census of 1978 revealed that there were 
14,942 holdings carrying goats, with an average herd size of 
eight: 31% of goats were reared on holdings under 1 ha, 45% 

were reared on holdings between 1 and 10 ha, and 24% were 
reared on holdings greater than 10 ha (Rothfield and Kumar 
1980). It is probable that the proportion of goats on holdings 
greater than 10 ha is now 30% (Walkden-Brown 1985). 

Goats maintained under the smallholder system are 
generally tethered in small groups or occasionally fenced. 
Herd size averages 6 or 7 and rarely exceeds 30. Goats are 

tethered by day on road verges, crop margins, vacant land, or 
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Table 1. Sheep and goat population and production data, 
1978-1985. 

Estimated Goat 
Goat goat meat meat 
popula- production imports 

Year tiona (t carcass) (t carcass) 

Sheep meat 
Sheep imports 

popula- (t carcass 
tionb equivalent) 

1978 121567 425 285 359 7002 

1979 123000 432 242 NAc 5078 

1980 129000 451 230 NA 4151 

1981 143000 502 236 384 4909 

1982 151000 529 247 757 3858 

1983 161000 565 192 938 4307 

1984 178000 623 136 1273 4860 

1985 183000 641 173 1836 5078 

Source: Annual Reports, Ministry of Primary Industries, 
Suva, Fiji. 

a 1978, census values (Rothfield and Kumar 1980); 

1979-1985, estimates. 
b Government stations only; sheep on other holdings 

totaled less than 100 throughout the period. 
C Not available. 

communal grazing leases. In the evenings, they are brought 
home and either tethered around the house or securely penned. 

The use of anthelmintics is generally mot practiced, 
although worm burdens can be high. Supplementary feeding is 

rare. The goats are often inbred and the use of improved 
breeding stock is mot common. Despite this, productivity is 

mot as low as might be expected, because the animais are 
generally small, hardy, and fecund, and close supervision 
restricts Tosses as a result of predation and theft. 

Commercial Goat Systems 

It is estimated that there are some 50,000 goats on 
500 holdings that can be classified as commercial because the 
goat enterprise is relatively large, occupies a considerable 
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portion of the owner or manager's time, and contributes sig- 
nificantly to total farm income. Stock numbers on these farms 
range from 50 to 1500 with most carrying 80-150. 

Commercial goat farmers may be specialist goat farmers or 
may run goats with beef or dairy cattle, under coconuts, or as 

an adjunct to sugarcane or rice farming. Goats on these farms 
are generally reared under either the semi-intensive or 
extensive husbandry systems. 

Semi-intensive 
This grazing system involves night yarding or housing 

every evening and some or all of 

° Fencing in of stock; 

° Supplementary nutrition or improved pastures; 

Regular drenching; 

° Breed improvement; 

° Stock segregation; and 

Indoor confinement of kids until weaning. 

Extensive 
In this system, animals graze large, fenced, or, more 

commonly, unfenced areas, without regular yarding or the inputs 
listed for the semi-intensive system. The extensive system is 

most common on islands or where goats are integrated with 
cattle or coconuts. 

INTEGRATED SMALL RUMINANT AND CROPPING SYSTEMS 

Fiji's economy is based largely on sugarcane and tourism. 
Important crops other than sugarcane include coconuts, rice, 

Caribbean pine, root crops, cocoa, maize, peanuts and pulses, 
and vegetables (Table 2). 

The majority of goats in Fiji are found on crop farms. 
The 1978 census revealed that 46% of the national herd was 
found on sugarcane farms, 8% was on livestock farms, 3% was on 

coconut plantations, and 43% was on other holdings (Rothfield 
and Kumar 1980). Most of these "other holdings" would undoubt- 
edly be small mixed-crop farms. In 1978, 53% of all sugarcane 
farms, 33% of coconut plantations, and 13% of all other agri- 
cultural holdings carried goats (Rothfield and Kumar 1980). 
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Table 2. Production and area under cultivation for the 
major crops in Fiji. 

Crop 

Area under 
cultivation 
1984 (ha) 

Total production, 
1984 (t) 

Annual 

Sugarcane 69000 480106 (sugar) 

Rice 10442 22246 (paddy) 

Root cropsa 8400 73400 (various) 

Maize 820 1900 

Peanuts and pulses 676 274 

Vegetables 550 4650 

Tree 

Coconuts 87000b 24545 (copra) 

Caribbean pinec 50500 20000 m3 (sawn timber) 

Cocoa 3550 245 (dry beans) 

Source: Anon. (1984a), except where indicated. 

a Taro (Colocaisia esculenta), cassava (Manihot 
esculenta), yams (Discorea spp.), sweet potato Ipomoea 
atatas , and kava Piper myphisticum). 

b Source: Anon. (1985b). 

c Source: Anon. (1984b). 

Integration of Goats with Annual Crops 

Sugarcane 
Fiji has 22,130 sugarcane farms in the drier zones of the 

country; each farm has an average holding size of 3 ha. It is 

now estimated that 60% of these farms keep goats, holding 
96,000 in all; average herd size is estimated at 7. 

The majority of goats on sugarcane farms are managed on 
the smallholder tethering system. During the late growing 
period, goats may be run in the sugarcane field to control 
weeds, but this is not widely practiced. At harvest time, 
ruminant livestock from all farms in the area congregate on the 
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farms being harvested to forage on fresh sugarcane tops. This 
provides an important source of ruminant nutrition during the 
May-November dry season, but is used more for cattle than 
goats. No fodder conservation practices are carried out. 
Total annual national production of sugarcane tops in Fiji is 
in the vicinity of 960,000 t fresh weight, although goat 
farmers have reported that the main variety of sugarcane grown 
in Fiji produces tops that are unpalatable to goats, especially 
when dried. 

Other annual crops 
The area used for annual crops other than sugarcane is 

20,214 ha, compared with 69,000 ha for sugarcane. Of these 
other arable crops, rice is the major crop integrated with goat 
production. Rice is grown in both the dry and wet zones of the 
country and involves mainly Indo-Fijian farmers. Integration 
occurs on much the same basic as sugarcane, except that goats 
are never allowed onto the crop while it is growing. The goats 
are commonly tethered on rice stubble after harvesting for 
periods depending on whether one or two crops are grown per 
year. The use of rice straw to feed animais is rare; this is 

mainly because of the ready availability of green forages of 
higher digestibility. 

Many vegetable and root crops are difficult to integrate 
with goats because their foliage is too palatable. Increas- 
ingly, village vegetable and root crop plots are being fenced 
against both cattle and goats. The use of fresh crop wastes 
such as cassava and sweet potato leaves to supplement goat feed 
does occur; however, in most cases, these wastes form only a 
small part of the overall diet. 

Integration of Goats with Tree Crops 

Coconuts 
The 67,000 ha of coconut plantations in Fiji are mostly 

located in the lightly populated islands of the eastern and 
northern regions of the country. The plantations are generally 
run by non-Indians and are poorly located in relation to the 
major Indo-Fijian population centres in the western and central 
regions of Fiji. Nevertheless, an estimated 5% of the national 
goat herd is presently maintained on these holdings. Their 
main function is to weed under the coconuts, where they are run 
extensively with cattle on unimproved pastures below the 
canopy. The general concensus among planters is that goats are 
superior weeders than cattle but are much more difficult to 
manage. 
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Goats generally run unfenced and are semiferal, being 
harvested sporadically for shipment to market. Some of the 
larger planters, however, have upgraded their goat operations 
by including fencing, night housing, drenching, and pasture 
improvement in their management programs. Yields from improved 
pastures under coconuts in Fiji are presented in Table 3. 

Caribbean pine 
There is very little integration with livestock in the 

50,000 ha of pine plantations in Fiji, despite promising 
initial research (Partridge et al. 1977; Bell 1981). Recent 
large-scale experiments have shown that returns from cattle 
grazing under pine do not cover operating costs; cattle do, 
however, remove excess fuel from the plantations, thereby 
reducing fire risk (Drysdale 1982). Goats are known to damage 
pine trees by debarking. In addition to this, control of goats 
grazed extensively at low stocking densities under pine is 

likely to be difficult. For these reasons, it is unlikely that 
widespread integration of goats or sheep with Caribbean pine is 

practicable. 

Cocoa 
The 3550 ha of cocoa plantations in Fiji are not 

integrated with livestock at all because of the palatability of 
cocoa leaves and bark. There is no utilization of cocoa pods 

Table 3. Improved pasture yields under coconuts in Fiji. 

Annual yield (dry) Annual yield (dry) 

Grass 

under young 
plantationa 

(t/ha) 

under 40-year-old 
plantationb 

(t/ha) 

Paspalum plicatulum 7.9 9.5 

Panicum maximum 6.7 3.8 

Brachiaria humidicola 5.5 5.6 

Dicanthium caricosum 3.1 6.7 

Ischaemum indicum 2.5 7.5 

a Source: Ranacou et al. (1973). 
b Source: Parker et al. (1975). 
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for livestock feed because of the small-scale nature of the 
industry at present and the problems of drying pods in the 
high-rainfall cocoa areas. 

Agroindustrial By-products in Small Ruminant Feeding 

Supplementary feeding of the 4000 small ruminants on 

government farms is a well-established practice, as it is on 

many of the larger commercial farms. The main supplement used 
is a 1:1 mixture of coconut meal and wheat bran or rice 

pollard. Trials using these concentrates for varying amounts 
as supplementation for weaned male goats have yielded growth 
rates of 147 g/day (Hussain et al. 1981) and 89 g/day (Walkden- 
Brown et al. 1984) for goats penned indoors. Grazing goats 
supplemented with concentrates have yielded growth rates of 
85 and 63 g/day (Walkden-Brown et al. 1984) and 129 q/day 
(Walkden-Brown et al. 1985). 

Although Table 4 demonstrates that significant amounts of 
agricultural by-products suitable for ruminant feeding are 
produced in Fiji, only molasses is exported in large volumes, 
suggesting that most of the other by-products are being 

Table 4. Production of agricultural by-products potentially 
useful as ruminant feed in Fiji. 

Effective local 

By-product 

Production, 1984 

(t) 

utilizationa 

(%) 

Coconut meal 8109 100 

Wheat bran 10000 99 

Rice pollard 2088 100 

Molasses 188475 18 

Bagasse 514800 95 

Meat meal 337 100 

a Sources: Coconut meal, Coconut Board of Fiji; wheat 
bran, Flour Mills of Fiji; rice pollard, estimate of 20% paddy 
production; molasses, Anon. (1985a); bagasse, Fiji Sugar 

Corporation; meat meal, Fiji Meat Industry Board. 
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consumed locally. In the case of bagasse, virtually all of the 
local production is used to fuel the sugar mills. 

CRITICAL LIMITATIONS TO INCREASED SMALL RUMINANT PRODUCTIVITY 

The critical limitations to productivity differ somewhat 
between the smallholder and the commercial production systems. 
Nevertheless, taking an overview, the major constraints to 
increased productivity in Fiji are predation by dogs, theft, 
disease (especially helminthosis), poor nutrition, land 
availability, the low skill level among farmers, the complex 
marketing system, and goat-induced environmental damage. 

Technical Problems of Production 

There are a large number of technical obstacles to effi- 
cient goat production in both the smallholder and commercial 
production systems. Here we describe five of these problems. 

Theft and predation 
Because of the relatively small size of goats, they are 

extremely susceptible to both theft and predation by dogs. The 
former is exacerbated by the high value of goats. Neither of 
these problems is likely to be eliminated. The response on the 
majority of farms has been to house goats at night; however, 
this greatly increases the capital and running costs of commer- 
cial goat farming. 

Disease 
Helminthosis is the major cause of reduced productivity in 

Fiji goats, particularly under intensive grazing situations. 
This problem is dealt with in detail further on in the paper. 

Nutrition 
Under most conditions in Fiji, suboptimal nutrition 

coupled with clinical or subclinical worm infection results in 
low overall productivity. 

The majority of goats under the smallholder system graze a 
wide variety of grasses and broad-leaved plants on flat or 
undulating land of moderately good fertility. Diets may be 
supplemented with cut grasses and browse, but supplementary 
concentrates are rarely used. Nutrition under this system is 
usually limited by the availability of uncropped land, the 
length of the tether used, and the time allowed for grazing. 
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In contrast, most commercial goat operations are found on 
fairly steep hill country, on dark nigrescent soils, or on red 
humic latosols. Both of these soil types are grossly deficient 
in nitrogen and phosphorus and the humic latosols are also 
deficient in potassium. 

In the dry and intermediate zones, approximately 50% of 
annual pasture growth occurs from February through April, with 
only 17% of annual growth occurring from June through October 
(S. Chand, personal communication). This marked lack of feed 
supply during the dry season is a serious barrier to improved 
productivity. An estimated 60-70% of does kid during this 
period and, as a result, suffer serious loss of condition and 
do not recommence cycling until the ensuing wet season. 

In summary, the major nutritional constraints to improved 
small ruminant productivity are 

The low nutritional status of the grass-dominated swards 
on the steep hill country used for goats; 

° The acute shortage of nutrients available during the May- 
November dry season, during which the bulk of kidding and 
lactation occurs (the two most physiologically demanding 
activities in the doe reproduction cycle); and 

The present inability to fully exploit the range of agri- 
cultural wastes and by-products available for both fully 
intensive goat production and the strategic supplementa- 
tion of grazing goats. 

Monofunctionality 
Both goats and sheep in Fiji are kept exclusively for meat 

production. The productivity of goats in Fiji could be 
increased if milk or fibre were successfully introduced as an 

alternative product. 

Stock control 
Stock control by tethering can limit both the dry matter 

intake of the stock and the possible scale of operations. 
Fencing is extremely expensive, can exacerbate erosion, and, 
under prevailing methods of husbandry, often leads to extreme 
helminthosis. Where stock run uncontrolled, predation and 
theft often occur. 
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Environmental impact 
A critical look at goat-farming systems in Fiji reveals 

that wherever goats are intensively grazed on hill country, 
erosion occurs. Contrary to the conventional view, experience 
in Fiji indicates that the more attempts to bring goats under 
control by fencing, the greater the erosion. This is because 
fenced areas are usually overstocked, this being the owner's 
way of attempting to recoup the considerable expense of goat 
fencing. The productivity of land severely degraded by goats 
appears to be reduced and the adverse publicity generated can 
threaten further development. 

Sociopolitical Problems of Production 

Land availability 
For many smallholders, the size of their holding is a 

major constraint on total production. While there is no 
shortage of land available for goat farming in Fiji, approxi- 
mately 82% of all land is communally owned by native Fijians 
and cannot be freely traded (Anon. 1980). A large number of 
communal goat-farming projects have been attempted in Fiji, 
most of which have failed. It is apparent that individual 
ownership is a key to successful goat farming. It is becoming 
increasingly difficult, however, for individuals of all races, 
including native Fijians, to obtain individual leases on blocks 
of land of a size suitable for commercial goat farming. 

Farmer's husbandry skill 
The skills and prerequisites required for successful goat 

farming are fairly well defined. Despite the efforts of 
government extension workers, these skills have, so far, only 
been adopted by the larger commercial farmers and do not appear 
to have percolated through to the whole farming community. 
This situation is improving, however. 

Marketing 
Approximately 98% of goats are marketed on the hoof direct 

to consumers or middlemen. Demand is strongly seasonal and 
subject to fluctuation. At present, there are no live-goat 
markets in urban areas. Goats marketed through the abattoir- 
butchery network realized very much lower returns than those 
marketed live. The present marketing system is erratic, time 
consuming for the large producer, and places limits on both the 
location of goat farms and the scale of operations that can be 
undertaken. 
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PROSPECTS FOR INCREASED PRODUCTIVITY 

Potential Innovations in Smallholder Production Systems 

Increases in productivity in the smallholder sector could 
best be realized by improved helminth control, more rapid 
introduction of improved breeding bucks, and increased use of 

supplementation during the dry season. The current Australian 
Centre for International Agricultural Research (ACIAR) 

supported project on helminthosis should provide valuable data 
that will quantify the extent of the helminthosis problem in 

tethered goats and enable sound helminth prevention or control 
programs to be recommended to smallholders, if necessary. 

Goats on many smallholder farms are severely inbred 

because of the practice of breeding their own replacement 
bucks. Selected local goats on government stations have been 
crossbred with imported milch and dual-purpose breeds and 

objectively selected for growth and fertility characteristics 
since 1950. Up to 300 selected breeding bucks per annum from 
these stations are available for purchase by farmers at 

reasonable rates. The experience on commercial farms is that 

these animals have a substantial positive effect on produc- 
tivity. While significant increases in productivity could be 
achieved by the genetic improvement of smallholder stock, it is 

unlikely that this can occur at a rate much beyond the present 

rate without a massive publicity program, backed up with hard 
research data and an increased availability of improved bucks. 
There is a definite need to accurately quantify the benefits 
that arise from the use of improved bloodlines. 

At present, very little supplementation occurs in goats 
maintained under smallholder systems. However, although there 

is a critical grass shortage during the months from May through 

November, many of the locally prominent trees carry valuable, 

edible forage that could be utilized as fodder (e.g., 

Glyricidia maculata, Leucaena leucocephala, Tamaridus indica, 

Mangifera indica, Psidium guajava, Samanea saman). Care- 
exp oitation of thi e source could result in increased 

productivity under smallholder conditions. In addition to 

this, research on government stations has shown that strategic 

supplementation with locally available concentrates (e.g., 

coconut meal, wheat, and rice brans) is very cost effective. 

There is scope for smallholders with good access to sources of 

supplementary feed and markets to successfully finish stock for 

market using intensive feeding methods. 
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It must be emphasized that, at present, research and 
extension is applied to solving the problems of larger scale 
commercial producers rather than those of smallholders. 
Therefore, innovative change in the smallholder production 
system is likely to be a slow process resulting from changes in 

commercial production. 

Potential Innovations in Commercial Production Systems 

At present, substantial increases in productivity are 
being obtained by vigorous advocation of three basic husbandry 
practices: 

° Drenching all stock every 3 weeks with a high dosage of 
broad-spectrum anthelmintic wherever the stocking density 
exceeds 2.5 breeding does/ha; 

° Maintaining kids indoors for the first 2-3 months of life, 
giving them free access to fresh water and green feed 
during the day and mothering at night; and 

° Using forms of stock control other than fencing wherever 
possible. 

However, the following five changes are perhaps the key to 
dramatically increased productivity of Fiji's commercial goat 
f arms : 

Controlling helminthosis (the ACIAR project should make a 

major contribution in this area); 

° Improving the nutritional base by, first, identifying and 
using pasture species with good seed-production character- 
istics that give improved dry season yields; second, wide- 
spread adoption of growing dry season "fodder reserves" in 
close proximity to night yards, using such fodders as 
elephant grass and Leucaena; third, more extensive use of 
locally produced concentrates in goat feeding (there is a 
need for firm guidelines to be given to farmers regarding 
optimum levels of supplementation); and, fourth, pasture 
fertilization with high input - high output grazing 
systems. 

° Increasing the level of integration of goats with 
coconuts. 
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° Ultimately developing a viable system of raising oats 
totally indoors utilizing treated crop roughages (rice 
straw, sugarcane tops, bagasse) and local energy and 
protein concentrates. Under this system, worms, theft, 
dog attack, mismothering, stock segregation and environ- 
mental damage problems are all virtually eliminated. 
Sheep could then infiltrate the improved grazing land. 

° Taking steps to determine the feasibility of introducing 
cashmere as an alternative product in Fiji. The season- 
ality of cashmere production and Fiji's relatively mild 
climate offer nome hope that this could prove successful. 

A variable amount of research activity is occurring in ail 

of the above areas except the last, which is about to be 
attempted by an entrepreneur. The prospect for progress in 

these areas is quite good. 

Nevertheless, future productivity of grazing systems will 
always be limited by the need to yard stock at night to prevent 
theft and predation. Should a method be devised to allow stock 
to graze unfettered night and day, further increases in pro- 
ductivity could be expected. 

DISEASE AS A MAJOR CONSTRAINT 

Small ruminants in Fiji suffer from a number of diseases 
(Table 5), many of which are also found in other parts of 
Oceania and Southeast Asia. One health problem stands out 
above ail others. Internai parasitism has been identified as a 

serious impediment to the development of small ruminant indus- 
tries not only in Fiji, but also in many other parts of the wet 
tropics (Sellers 1979; Hussain, Naidu et al. 1983; Hussain, 
Walkden-Brown et al. 1983; Clarkson 1985; Copland 1985; Hussain 
1985; Walkden-Brown 1984, 1985). 

The Problem 

The importance of intestinal nematodes in Fiji was 

recognized earlier this century (Chapple 1921; Turbet 1929); 
however, in recent years, their effects have become more 

pronounced as the population increases and production methods 
intensify. Today, intestinal nematodes are considered to be 
one of the greatest constraints on future development of the 



Table 5. Diseases of goats and sheep in Fiji. 

Disease Synonym(s) 
Frequency of 
diagnosisa 

Caprine arthritis and 
encephalitis virus Caprine retrovirus, viral 

leucoencephalitis 

Orf 

Caprine herpes virus 

Q fever 

Tetanus 

Scabby mouth, contagious 
pustular, dermatitis 

Nine-mile fever 

Lockjaw + 

Mastitis Udder infection +++ 

Benign foot rot +++ 

Melioidosis - 

Dermatiphilosis Streptothricosis, +++ 

Pasteurellosis 

lumpy wool 

Pasteurella pneumonia + 

Gastrointestinal +++ 

nematodes 

Lungworms 

Intestinal worms 

+ 

Tapeworms + 

Mange Psoroptic mange, + 

Lice 

sarcoptic mange 

Linognathus stenopsis +++ 

Coccidiosis 

Cerebrocortical 
necrosis 

Pregnancy toxemia 

Urinary calculi 

infestation 

Polyencephalomalacia, CCN 

Bladder stones + 

Plant poisoning 

Ear and vulva tumours 

Toxicosis 

Skin cancer 

a -, Rare; +, occasional; ++, common; +++, very common. 
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small ruminant industry (Hussain, Walkden-Brown et al. 1983; 
Hussain 1985; Walkden-Brown 1985). 

It is difficult to quantify the effects of internat 
parasites in small ruminants, particularly when many losses go 
undocumented. However, there are numerous reports describing 
mortality rates of up to 100% in growing goats and 30-50% in 

adult stock (Clarkson 1985). Even on well-managed government 
research stations, breakdowns in worm control have resulted in 

mortality rates of over 20% in goat herds (Mon. 1984a). 

In addition, although mortality rates are excessive, the 
less dramatic but widely distributed losses in production 
caused by internat parasites in small ruminants may well have 
an even greater economic impact than deaths. Unfortunately, 
although the effects of internai parasites on production are 
moderately well known for sheep in temperate and subtropical 
cimates, there appears to be a paucity of quantitative informa- 
tion relating to goats and sheep in the humid tropics (Sellers 
1979). Nevertheless, suboptimal growth rates and low fertility 
in goats are frequently attributed to heavy worm infestations 
in Fiji (Clarkson 1985), with dramatic improvements being seen 
when effective worm control is introduced. For example, the 
weaning percentage rose by over 20% on one government goat sta- 
tion following the use of an effective drenching program. This 
was accompanied by a 69% reduction in mortality (Anon. 1985a). 

The Parasites 

Several species of nematode parasite are found in Fijian 
goats and sheep (Table 6), but Haemonchus contortus and Tricho- 
strongylus colubriformis appear to be responsible for most of 
the pathological effects although the rote of Strongyloides 
papillosus may have been underestimated in the past. The way 
in which these worms cause disease is complex (Symons and Steel 
1978): anemia, diarrhea, reduced appetite, catabolism of 
plasma proteins, reduced digestion, absorption of food, and 

host immune responses ail contribute in varying degrees to what 
is generally termed a protein-losing enteropathy. 

The Present Remedy 

After extensive field experience, the Government of Fiji 
now recommends that goats and sheep on commercial farms be 

drenched every 3 weeks to prevent deaths and loss of production 
as a result of gastrointestinal parasites. This represents 
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Table 6. Gastrointestinal parasites of Fijian goats 
and sheep. 

Frequency of 
Parasite Site observationa 

Haemonchus contortus Abomasum +++ 

H. placei Abomasum 

H. similis Abomasum 

Mecistocirrus digitatus Abomasum 

Trichostrongylus axei Abomasum +++ 

T. colubriformis Small intestine +++ 

Strongyloides papillosus Small intestine 

Moniezia expansa Small intestine 

Oesophagostomum columbianum Large intestine ++ 

Trichuris spp. Large intestine 

a +, occasional; ++, common; +++, very common; !, present 
in cattle and potentially infectious to goats and sheep but not 
yet identified in these species. 

16 drenches each year. The challenge is so high in the wetter 
areas that detrimental effects become apparent if even one of 
these drenches is missed. 

Although effectively controlling parasites, this suppres- 
sive regime has resulted in two undesirable sequelae. First, 
the cost of anthelmintics has become a major factor in the 
economics of production. A recent study on the Makogai sheep 
project indicates that the purchase of anthelmintics represents 
a high proportion of variable farm costs (Anon. 1986b). 
Second, the high frequency of drenching appears to be rapidly 
selecting for anthelmintic resistance. Combined levamisole and 
benzimidozole resistance has been confirmed on several commer- 
cial and government farms (D.J.D. Banks, unpublished data) and 
the only effective anthelmintic currently available in Fiji for 
use on these properties is ivomectin. Examination of farm 
records suggests that resistance is developing at a rate that 
exceeds the introduction of new anthelmintics and, if the 
present trend continues, it is reasonable to expect the appear- 
ance of ivomectin resistance within the next 3 or 4 years. 
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RESEARCH 

With this background, it became evident that a system of 
worm control was required that did not rely entirely on the 
suppressive use of drugs. Previous attempts at hand-feeding 
goats indoors on slatted floors have been of dubious economic 
viability (Hussain, Walkden-Brown et al. 1983), with the result 
that the industry is still based largely on free-grazing 
systems. 

Before any control strategies could be attempted in the 
wet tropical environment of the Pacific Islands, a number of 
questions needed to be answered: 

° What is the seasonal pattern of egg hatching and larval 
survival on pasture in the wetter and drier zones in the 
Pacific? 

What is the seasonal pattern of larval intake and popula- 
tion dynamics in grazing small ruminants of different 
physiological status (e.g., growers, lactating, and dry)? 

What is the heritability of parasitic resistance in small 
ruminant populations of the Pacific and is a breeding 
program for host resistance feasible? 

° What is the prevalence and distribution of anthelmintic 
resistance related to various types of management? 

In early 1986, a research program began that was designed 
to answer these questions. Funded by the ACIAR and executed 
jointly by staff from the Fijian Ministry of Primary Industries 
and the Division of Animal Health, Commonwealth Scientific and 
Industrial Research Organization (Australia), the program's 
headquarters are in Fiji, with small collaborative centres in 

Western Samoa, Tonga, Vanuatu, and the Solomon Islands. The 
work of the collaborative centres is to collect information to 
determine whether control strategies formulated in Fiji will be 
applicable to other countries of the Pacific Islands. 

The sequence of the program is 

° To examine the epidemiological and host genetic factors 
influencing helminthosis in small ruminant populations; 

To verify and determine the extent of anthelmintic 
resistance; 
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° To construct a computer simulation model to aid in the 
design of management strategies aimed at parasite control 
with minimal use of anthelmintics and to predict periods 
of high risk; 

° To test potential management strategies in the field; and 

° To report the results of these investigations to national 
livestock officers. 

The program is still in the early stages and no results 
are available. However, management strategies that will be 
examined include rotational grazing, periodic zero grazing, use 
of tall species of grass and legumes, sustained anthelmintic 
intake (e.g., slow-release boluses), resistant small ruminant 
genotypes, the use of narrow-spectrum drugs, and strategic 
drenching. The project is an example of the role of animal 
health research within the broader systems approach to crop and 
livestock production. 
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