
Our commitment:
WorldFish Center is com mit ted to 
contributing to food security and 
poverty eradication in developing 
coun tries.

We aim for:
• poverty eradication;
• a healthier, better nourished human 

fam i ly;
• reduced pressure on fragile natural 

re sourc es; and
• people-centered policies for sus tain able 

development.

A way to achieve this:
Through research, partnership, capacity 
building and policy support, we 
promote sustainable development and 
use of living aquatic resources based on 
environmentally sound management. 
The research thrusts are:
• improving productivity;
• protecting the environment;
• saving biodiversity;
• improving policies; and
• strengthening national programs.

We believe this work will be most 
successful when undertaken in 
partnership with national governments 
and nongovernmental institutions, and 
with the participation of users of the 
research results.

Our corporate makeup:
WorldFish Center is an autonomous, 
nongovernment, nonprofi t organization, 
established as an international center in 
1977. The Center is an operational entity 
with programs funded by grants from 
private foundations and governments.

WorldFish Center is governed by an 
International Board of Trustees and its 
policies are implemented by the Director 
General.

CGIAR

WorldFish Center is one of the 15 international 
research centers of the Consultative Group on 
International Agricultural Research (CGIAR) 
that has initiated the public awareness 
campaign, Future Harvest. NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 20042

editorial
Asia, producing about 60 percent of the world’s fi sh and accounting for about 90 percent of all 
aquaculture output occupies a prime place in world fi sheries. With a growing population comprising 
roughly a third of humanity and the attendant economic challenges, fi sh should play a vital role in 
ensuring the livelihood as well as nutritional security of the continent in the years to come. Thus, 
planned development of fi sheries and aquaculture should be one of the major priorities in Asia.

Asia is poised for a growth in fi sh production at annual rates ranging from 0.2 to 3.5 percent during 
2005 to 2020. The WorldFish Center is an active partner with all the main Asian players, fostering 
research and capacity building in fi sheries related issues. This issue of NAGA, devoted to Asian 
fi sheries, features ten articles dealing with a mosaic of topics related to both inland and marine 
fi sheries.

To meet the growing need for fi sh at the global level, appropriate aquaculture strategies have to 
be evolved to augment capture fi sheries. One of the promising facets of culture fi sheries is genetic 
improvement of fi sh species and it has a good potential for Asia in view of its immense diversity of 
species. The feature article by M.V. Gupta and B.O. Acosta traces the success story of the project 
on Genetic Improvement of Farmed Tilapia (GIFT). This project, implemented by WorldFish and 
its partners, has contributed to signifi cant increases in productivity and has emerged as a useful 
model. The coming years will see a strengthening of this tool and its use on a number of species. 
An interesting question that arises with regard to improved strains is their transfer to other 
regions. This has to be very carefully considered with regard to impact on indigenous germplasm. 
A consultation organized by the WorldFish Center and partners in Nairobi in 2002, adequately 
refl ected this concern and recommended that improved tilapia strains from Asia should not be 
introduced into Africa.

Aquaculture as practiced today is not without questions. The operations must become more 
environmentally sustainable. Trends are emerging towards eco-friendly approaches such as the use 
of pro-biotics. The potential use of some bacteria against pathogenic forms and the use of phytase to 
enhance the bioavailability of nutrients from plant ingredients are presented. Development of plant-
based feeds is essential in order to reduce pressure on marine stocks for production of fi shmeal, 
and in so doing increase the availability of fi sh for human consumption. These research questions are 
being addressed globally and we can hope to see solutions emerging in the next few years.

Utilization of aquatic resources must go side by side with conservation measures. In recent years, 
a number of initiatives driven by the Convention on Biological Diversity and the FAO Code of 
Conduct for Responsible Fisheries have underscored the need for the sustainable use of aquatic 
resources. The World Summit on Sustainable Development (2002) reinforced the need for the 
sustainability of the world’s fi sheries. Many countries have taken action to broaden and strengthen 
fi sheries management towards achieving sustainable fi sheries and aquaculture. Contributed articles 
in this issue include suggestions to reduce bycatch in marine landings and phasing out practices 
like bush park fi shing. Propositions to improve sandfi sh resources in Vietnam by restocking and 
appropriate management practices are also put forward. In a generic sense these strategies are 
applicable to a number of resources.

Fish plays a major role in the food and livelihoods of the poor in Asia. An analysis based on a study 
by WorldFish and included in this issue, examines the factors underlying fi sh supply and demand in 
Asia – the AsiaFish model. The key questions addressed are availability of fi sh, growth in production, 
trade, options for meeting demand and improvements to livelihoods. Also highlighted in another 
article is the importance of impact pathway analysis for planning research on aquatic resources.

Based on the overall trends, it can be said that Asian fi sheries are poised at a very interesting stage. 
They face challenges, but there are opportunities too. With the right kind of strategies and a holistic 
approach, the benefi ts can be immense.

George John
WorldFish Center
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From drawing board to dining table: 
The success story of the GIFT project 
M.V. Gupta and B.O. Acosta

As compared to crops and livestock, the genetic enhancement of fi sh is in its infancy. While signifi cant 
progress has been achieved in the genetic improvement of temperate fi sh such as salmonids, no efforts 
were made until the late 1980s for the genetic improvement of tropical fi nfi sh, which account for about 90 
percent of global aquaculture production. 

This paper traces the history of the Genetic Improvement of Farmed Tilapia (GIFT) project initiated in 
1988 by the WorldFish Center and its partners for the development of methods for genetic enhancement 
of tropical fi nfi sh using Nile tilapia (Oreochromis niloticus) as a test species. It also describes the impacts 
of the project on the adoption of these methods for other species and the dissemination of improved 
breeds in several countries in Asia and the Pacifi c.

Introduction

The demand for fi sh has increased world-
wide as populations have grown, incomes 
have increased and the nutritional benefi ts 
of fi sh have become better known. How-
ever, it is also well documented that most 
wild fi sh stocks have been overexploited 
or have reached their maximum sustain-
able yield due to overfi shing, habitat 
degradation and pollution. It is estimated 
that by 2050, when world population 
is projected to be over 9 billion, Africa 
will have had to increase food produc-
tion by 300 percent, Latin America by 80 
percent and Asia by 70 percent to provide 
minimally adequate diets for the pro-
jected population of 2 billion, 810 million 
and 5.4 billion people, respectively (Anon. 
1997). It is estimated that as against a 
production of 93.2 million tonnes of food 
fi sh in 1997, the demand for fi sh and fi sh 
products will increase to 130.1 million 
tonnes by 2020, an increase of 37 million 
tonnes (Delgado et al. 2003).  Aquaculture 
is expected to contribute 41 percent to 
the total production of fi sh (up from 31 
percent in 1997), indicating its importance 
in meeting the growing demand for fi sh.

While there is room for increasing 
aquaculture production through better 
farm management, the increases in 

production needed to meet the demand 
will have to come from the use of 
genetically improved breeds/strains, as 
has been the case in crops and livestock 
(Gupta and Acosta 2001a). Genetic 
research and the application of breeding 
programs have been responsible for 
increased production effi ciency and 
improved productivity in crops and 
livestock. The Green Revolution of the 
1960s and 1970s, with its package of 
genetically improved seed, farm technology 
and better farm inputs, has been 
responsible for enormous increases in 
crop yields in many developing countries 
(FAO 2001). In India, for example, wheat 
yields increased by 50 percent and rice 
yields by 25 percent (The Corner House 
2001). In the livestock industry, the success 
of genetic applications is most apparent in 
dairy cattle, poultry, beef cattle and swine. 
At least 30 percent of the increases in 
the production of protein have resulted 
from genetic research and comprehensive 
breeding programs (Anon. 1988). The 
success of genetic improvement programs 
for salmon and trout in Norway is proving 
to be very similar to that achieved 
with livestock and poultry (Anon. 1988; 
Gjoen and Bentsen 1997). The research 
undertaken by the Norwegian breeding 
program for salmonid fi shes in the 1970s 
had shown the possibility of increasing 

growth through selective breeding.  At 
present, over 80 percent of the salmon 
produced in Norway, the world’s major 
producer of Atlantic salmon, is from 
genetically improved stocks.

While signifi cant progress has been made 
in the genetic enhancement of crops and 
livestock and recently of salmonids, no 
efforts were made until the 1980s for the 
genetic improvement of tropical fi nfi sh. 
In many cases, the cultured stocks were 
worse than the wild populations due to 
inbreeding (Pullin and Capili 1988). No 
attempts were made to assess whether 
the genetic gains obtained in crops, 
livestock and temperate fi sh could also 
be obtained in the case of tropical fi nfi sh, 
which contribute about 90 percent of the 
global aquaculture production.

A harvest of Nile tilapia (GIFT strain) 
from a pond owned by a private farmer 
in Bangladesh.
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The WorldFish Center and its national 
research partners from the Philippines 
and Norway took up the challenge in the 
late 1980s to develop methods for the 
genetic enhancement of tropical fi nfi sh 
using Nile tilapia (Oreochromis niloticus) 
as a test species (Pullin et al. 1991). 
This paper describes how this research 
progressed from the drawing board 
(planning) in the late 1980s to a global 
program for genetic improvement of 
tropical fi nfi sh.

Tilapia stocks in Asia

While O. niloticus is native to Africa, 
the species has been introduced to 87 
countries (Froese and Pauly 2004). 
O. niloticus was introduced into many 
Asian countries in the1970s for small-
scale aquaculture. The expansion 
and intensifi cation of tilapia farming 
resulted in problems such as inadequate 
seed supply and deteriorating growth 
performance in many aquaculture 
production systems (Acosta and 

Williams 2001). Studies undertaken 
in the early 1980s by the WorldFish 
Center and its national research 
partners from the Philippines confi rmed 
the poor growth of fi sh as one of the 
major constraints in tilapia aquaculture 
(Pullin 1980; Kuo and Neal 1982; 
Smith et al. 1985; Pullin 1985). The 
poor genetic status of farmed Asian 
tilapia stocks was largely due to poor 
broodstock management, resulting in 
inbreeding and widespread introgression 
of genes from undesirable feral O. 
mossambicus (Macaranas et al. 1984; 
Macaranas et al. 1986; Taniguchi et al. 
1985; Eknath et al. 1991). A review 
of the history of introductions and 
subsequent transfers of O. niloticus 
revealed that aquaculture stocks in Asia 
were descendants of a few introductions 
consisting of very few fi sh and were 
probably suffering from genetic 
bottlenecks (Pullin and Capili 1988).

Realizing that the problems in tilapia 
rearing and general husbandry were also 

associated with an inadequate base of 
knowledge on the biology of this group 
of species (Pullin 1981), a meeting of 
leading international tilapia specialists 
convened by the WorldFish Center 
in cooperation with the Rockefeller 
Foundation in 1980, identifi ed genetics 
research as a high priority (Pullin and 
Lowe-McConnel 1982). Smith and Pullin 
(1984) predicted that the future success 
of the tilapia industry in the Philippines 
and elsewhere and the degree of 
participation by small-scale producers 
depended to a great extent upon 
improved effi ciency of culture methods 
and the performance of cultured stocks.

Surveys and socio-economic studies 
undertaken by the WorldFish Center 
in collaboration with national partner 
institutions in the Philippines and 
Taiwan during the early 1980s (Kuo 
1984; Smith et al. 1985) and the 
international Workshop convened in 
Thailand in 1987 to review the global 
status of tilapia genetic resources, all 

Year (s) Project/activity Research partners Donor Main results

1980 Bellagio Conference on the 
Biology and Culture of Tilapias

RF Recommended research on tilapia genetics, 
especially conservation of genetic resources

1980-82 Mass production of tilapia fry FAC-CLSU RF, ARO1 Showed differences in culture performance 
between different tilapia species and hybrids

1982-85 Cooperative tilapia research 
project

CAPD, NSYSU CAPD Defi ned genetic and non-genetic approaches to 
saltwater tilapia culture

1982-85 Intensive mariculture of tilapia KISR KISR Compared species and methods for saltwater 
tilapia culture

1983-84
Genetic characteristics of 
foodfi shes

UPMSI WorldFish Center Showed poor status of Asian Oreochromis niloticus 
stocks and introgressive hybridization with 
O. mossambicus

1984-88 Evaluation of farmed tilapia 
stocks

UPMSI, UHCL, FAC-CLSU USAID,2 IDRC3 Confi rmed poor status of Philippine O. niloticus 
stocks and that breeders and farmers want better 
fi sh; improved electrophoretic methods

1986-90 Tilapia genetic resources for 
aquaculture

ARO, HU, IAB BMZ Documentation of tilapia genetic resources; 
training and staff exchanges

 Source: Pullin et al. 1991.

1Supplied a founder stock of Israeli O. niloticus (ex-Ghana).
2Financed supply of founder stocks of tilapias from Taiwan.
3Gave fi nancial support for one year (1984-1985). 

Acronyms: ARO – Agricultural Research Organization, Israel; BMZ – Bundersministerium für Wirtschaftliche Zusammenarbeit, Federal Republic of 
Germany; CAPD – Council for Agricultural Planning and Development, Taiwan; FAC/CLSU – Freshwater Aquaculture Center of Central Luzon State 
University, Philippines; HU – Zoologisches Institut und Zoologisches Museum, Universität Hamburg; IAB- Institute of Aquatic Biology, Ghana; IDRC 
– International Development Research Centre, Canada; KISR – Kuwait Institute for Scientifi c Research; NSYSU – National Sun Yat Sen University,Taiwan; 
RF – Rockefeller Foundation; UHCL – University of Houston at Clear Lake; UPMSI – Marine Science Institute of the University of the Philippines; USAID 
– United States Agency for International Development.

Table 1. Prior research efforts on tilapias by the WorldFish Center and collaborators leading to the project on the 
Genetic Improvement of Farmed Tilapias (GIFT).
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confi rmed the poor genetic quality and 
limited genetic diversity of tilapia stocks 
being used for aquaculture in Asia 
(Pullin 1988).

Birth of the GIFT project

These fi ndings (Table 1) led to the 
birth of the Genetic Improvement of 
Farmed Tilapia (GIFT) project in 1988. 
The project was funded by the United 
Nations Development Program (UNDP) 
and the Asian Development Bank 
(ADB). It was undertaken in partnership 
between the WorldFish Center (at that 
time ICLARM), the Norwegian Institute 
of Aquaculture Research (AKVAFORSK) 
and the national fi sheries institutions in 
the Philippines (Bureau of Fisheries and 
Aquatic Resources, BFAR; Freshwater 
Aquaculture Center of the Central 
Luzon State University, FAC-CLSU; 
and the Marine Science Institute of the 
University of the Philippines, UPMSI). 
The objective was to develop methods 
for the genetic enhancement of tropical 
fi nfi sh, using O. niloticus as a test species 
(Eknath 1992).

Selection of Nile tilapia as the test 
species 

O. niloticus was chosen because of its 
relatively short generation time of 
about six months and its suitability for 
investigation of the application of genetics 
in aquaculture, from conservation of 
genetic resources to breeding programs 
(Eknath and Velasco 1993). It is also an 
important species for many developing 
countries because of its many desirable 
traits, such as hardiness (ability to tolerate 
shallow and turbid waters), comparatively 
high resistance to disease and parasites, 
and suitability for culture in a wide range 
of farming systems (from simple small-
scale waste-fed fi shponds to intensive 
culture systems) (Pullin 1983; Pullin 1985; 
Eknath 1995; Gupta and Acosta 2001a).

Evaluation of farmed and wild stocks 

In order to establish a wide genetic base 
before starting a genetic improvement 
program, especially in view of the poor 
genetic status of farmed tilapia stocks in 
Asia, ‘wild’ O. niloticus populations were 

collected from Africa (Ghana, Egypt, 
Kenya and Senegal) during 1988-1999 
and transferred to the Philippines (Pullin 
et al. 1991; Eknath 1995). The collections 
were held in isolation and subjected to 
quarantine procedures for three to seven 
months in the Philippines (Eknath et al. 
1993). O. niloticus populations used by 
tilapia farmers in Asia (Israel, Singapore, 
Taiwan and Thailand) were also gathered 
from the Philippines, bringing together 
a total of eight African and Asian tilapia 
populations for the genetic improvement 
program. Further details on the origins 
and collections of the strains are in Table 2.

For a thorough understanding of the 
morphometric and genetic differences, 
the assembled O. niloticus populations 
were characterized using morphometric, 
electrophoretic and mitochondrial DNA 
techniques (Eknath et al. 1991). Truss 
morphometric characterization, which 
involves detection of subtle differences 
in variations of shape, revealed very little 
morphometric differences among the 
eight strains (Velasco et al. 1996). Results 
of isozyme electrophoresis showed a 

Strain Origin/collection sites Date Numbers collected

 Egypt

Egypt- fi rst collection:
- Lake Manzallah
- Creeks along desert road to Port Said 
- Lakes around Alexandria

Egypt- second collection:
- Abbassa
- Ismailia

May 1988

August 1989

30 breeders
25 breeders
70 breeders

60 breeders
90 breeders

 Ghana Ghana: Volta river system October 1988 220 fi ngerlings

 Kenya Kenya: First generation progeny from a founder stock collected in August 1988 August 1989 800 fi ngerlings

 Senegal

Senegal:
- Dagana
- Dakar-Bangos
- Mbane

October 1988
120 breeders
40 breeders
40 fi ngerlings

 Israel
Derived from founder stocks of Ghanaian origin kept in Israel. The original founder stock 
(1974) was 9 females and 2 males. Fry from 100-200 single pair mating were shipped to 
the Philippines in 1979 

 Singapore
Descended from a founder stock of Ghanaian origin shipped to Singapore from Israel and 
from there to the Philippines in 1979

 Thailand
Egyptian origin. Introduced to the Philippines from Thailand in 1987. The Thailand 
founder stock was introduced from Japan in 1965 (50 fi sh formed the founder stock; 
however, the number that actually survived to breed is not clear)

 Taiwan
Descended from founder stocks introduced to the Philippines from Taiwan in 1983-84; 
previous history not certain but most likely of Ghanaian origin 

Source: Modifi ed from Eknath et al. 1993.

Table 2. Details on the origins and collections of Nile tilapia germplasm
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clustering of Philippine strains with those 
from Egypt and Ghana, suggesting the 
close identity of these populations; a 
slight separation of the Senegal strain and 
a larger separation of the Kenya strain 
(Eknath et al. 1991; Macaranas et al. 1995) 
(Figure 1). The wider separation of the 
Kenya strain probably supports Trewavas’ 
(1983) claim that the Kenya population  
belongs to the subspecies O. niloticus 
vulcani, while the other African strains 
(Egypt, Ghana and Senegal) belong to the 
subspecies O. niloticus niloticus (Eknath 
et al. 1991). The Philippine domesticated 
populations were genetically more diverse 
than the strain from Egypt, probably due 
to introgression with O. mossambicus 
(Eknath 1995). Based on genetic distances 
between strains, it was assumed that 
the combinations most likely to increase 
the genetic variability would be crosses 
involving the Kenya and/or Senegal strains 
(Macaranas et al. 1995).

Genotype-environment interaction

The highest performing genetic stock 
under one set of environmental 
conditions might not necessarily have 
the same performance under a different 

set of environmental conditions. When 
the relative performances of various 
genotypes change signifi cantly under 
different environmental (agroclimatic) 
conditions, a genotype–environment 
interaction is evident (Anon. 1988). To 
assess whether this interaction was of 
importance in the eight O. niloticus strains 
and whether or not it was necessary 
to develop specialized strains for each 
environment, their growth performance 
was evaluated in test environments 
covering a wide range of tilapia farming 
systems in the Philippines: fertilized ponds 
(with and without supplementary feeding); 
ponds fertilized with ipil-ipil leaves and 
vines of sweet potato; rice-fi sh systems; 
cages; and three different agro-climatic 
conditions (Eknath et al. 1993; Pullin et 
al. 1991). The genotype x environment 
interactions were estimated by communal 
rearing of 11 400 individually tagged 
fi ngerlings of 8 strains for 90 days over 
two consecutive generations. The study 
revealed that, except for the Ghana 
strain, the other three African strains 
performed as well as or better than the 
domesticated strains in the Philippines. 
The growth performance of the strains 
was relatively consistent across the test 

environments, indicating low genotype 
x environment interaction (Eknath et al. 
1993; Eknath 1995). These fi ndings led to 
a decision to develop a single strain for 
different farming systems.

As part of the pure strain comparisons, 
Palada de Vera and Eknath (1993) 
determined the effects of size at stocking 
on body weight of O. niloticus strains 
(Egypt, Ghana, Senegal, Israel, Singapore, 
Taiwan and Thailand) at harvest. Groups 
of tilapia fry differing in mean size at 
stocking from 2.9 to 8.3 g did not differ 
signifi cantly in body weight at harvest 
after three months of communal stocking. 
The study concluded that the growth 
performance of O. niloticus appears to be 
unaffected by initial size differences within 
this size range (Palada de Vera and Eknath 
1993; Bentsen et al. 1998).

Cross-breeding and heterosis

The growth performance and magnitude 
of heterosis of crossbred and pure 
bred combinations of eight strains 
in a complete 8 x 8 diallel crossing 
experiment, carried out for 90 days 
in eight different test environments, 
indicated that only seven out of the 
22 crosses that expressed signifi cant 
heterosis were better performing than 
the best pure strain (Kenya strain) 
and the largest gain was 11 percent 
(Bentsen et al. 1998; Eknath 1995). The 
least squares mean heterosis within the 
test environments ranged from 0 to 9.6 
percent, indicating that the gain in growth 
and survival from crossbreeding was 
marginal and of low signifi cance in terms 
of a breeding program (Bentsen et al. 
1998). In view of this, a selective breeding 
program based on additive genetic 
variance was identifi ed as the appropriate 
breeding strategy.

Establishment of base population

Based on the performance of the pure 
bred and crossbred groups, the 25 best 
performing groups were selected to 
form a genetically mixed base population 
(synthetic population) and the selection 

Taiwan*

Egypt

Thailand*

Ghana

Singapore*

Israel

Senegal

Kenya

0             .005     .010    .015       .020       .025      .030       .035       .040

Figure 1. Dendogram constructed from genetic distance values shows separate 
groups amongst the eight tested populations of O. niloticus – a cluster of Philippine 
farmed strains (marked with asterisks; showing countries of origin of stocks used in 
the Philippines) with the Egypt, Ghana, Senegal and Kenya strains. 
Source: Eknath et al. 1991.
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program was initiated (Eknath 1994; 
Eknath 1995; Eknath and Acosta 1998).

Progenies from the base population 
breeders (150 full-sib groups within 50 
half-sib groups) were evaluated for growth 
performance, and genetic parameters were 
estimated by individually tagging fi ngerlings 
of the base population and communally 
rearing them for 90 days in seven different 
test environments, along with fi ngerlings 
of the most commonly used commercial 
strain in the Philippines (Israel strain) for 
comparison (Eknath 1995). In on-station 
trials, the synthetic (base) population was 
about 60 percent heavier at harvest than 
the most widely cultured Israel strain 
(Eknath 1995; Eknath and Acosta 1998).

Selective breeding

Before a selection program is initiated, it 
is necessary to identify the breeding goal 
and the traits of economic importance. 
Traits may be genetically correlated to one 
another, either positively or negatively. If 
a primary trait responds to a selection, 
secondary traits will respond depending on 
the nature of genetic correlation between 
the primary and secondary traits (Anon. 
1988).

As a deteriorating growth performance 
was one of the problems in the culture 
of O. niloticus, selection for growth was 
identifi ed as the primary trait for the 
genetic improvement program. However, 
one trait that has a major effect on tilapia 
growth, especially among the slow-growing 
tilapia species, is the tendency of females to 
mature and reproduce early and at small 
sizes. Investigations on the reproductive 
activity of individual females of different 
strains of O. niloticus under communal 
stocking revealed that reproductive activity 
starts much earlier and at lower mean 
body weights in slow growing strains than 
in the faster growing strains (Eknath et 
al. 1996). In another study, the growth 
performance of late spawning and virgin 
female O. niloticus was found to be nearly 
equal to the male growth performance in 
some of the strains tested. This suggested 
that if reproduction is delayed in the 

females, average growth rates comparable 
to those of an all-male population can 
be achieved (Bolivar et al. 1993). In 
view of this, a method for recording the 
occurrence of early maturing females at a 
fi xed time after stocking was investigated 
(Longalong and Eknath 1995; Eknath et 
al. 1996) and a response to bi-directional 
selection for this trait and correlated 
response in growth performance was 
estimated (Longalong et al. 1999). The 
study revealed that the age-corrected 
least squares mean of body weight was 
higher in the progeny of breeders from 
full-sib families with a high frequency of 
early maturity in the females, suggesting 
a negative genetic association between 
the two traits and the need to carry out 
combined selection for body weight and 
frequency of early maturing females in 
applied breeding programs for O. niloticus.

The strategy followed by the GIFT project 
for selective breeding experiments was a 
combined between-family and within-family 
selection. The fi rst to sixth generations of 
selection focused on growth.  A second 
trait (frequency of spawning females) 
was included from the fourth generation 
of selection and was continued during 
the sixth generation of selection within 
the resources of the GIFT Foundation 
(Eknath and Acosta 1998). Six generations 
of selection (starting from synthetic base 
population), undertaken during 1993-1997, 
involved the production of about 200 
families by mating 100 selected males with 
200 selected females in a nested mating 
design for each generation of selection. 
Progenies representing different families 
were individually tagged and reared in 
different test environments for 120 days. 
After the grow-out period, the test fi sh 
were ranked based on their breeding value 
– the additive genetic gain value, estimated 
by evaluating the performance of the 
individual itself and its full and half-sibs (De 
Vera 1998; Eknath and Acosta 1998).

The selectively bred strain was named 
the GIFT fi sh (Genetically Improved 
Farmed Tilapia). The GIFT project ended 
in 1997 after completing six generations 
of selection. The genetic gain per 

generation was about 17 percent across 
fi ve generations of selection for growth 
(Eknath and Acosta 1998). The accumulated 
genetic gain in relation to the base 
population was 85 percent. The estimated 
rates of inbreeding for generations 1,2,3,4 
and 5 were 0.138, 3.82, 5.34, 7.09 and 7.09, 
respectively (Eknath et al. 1998; Eknath and 
Acosta 1998).

Evaluation of the GIFT strain 
in  Asia

The development of the improved 
GIFT strain of O. niloticus was hailed as a 
signifi cant development in the history of 
genetic improvement of tropical fi nfi sh. 
However, the WorldFish Center and its 
research partners recognized that this 
was only the beginning of the story and 
the strain developed under Philippine 
conditions needed to be evaluated 
for its performance in different agro-
ecological conditions/countries before 
its dissemination was undertaken (Dey 
and Eknath 1997). As an initial step 
in this direction, and recognizing the 
positive and negative lessons learned 
from plant and livestock breeding 
and the need to seek advice from 
international experts on the potential 
socio-economic and environmental 
impacts of improved breeds, a meeting 
on International Concerns in the Use 
of Aquatic Germplasm was convened 
in 1992 to discuss strategies/safeguards 
for the transfer and distribution of GIFT 
germplasm (Eknath 1995).

Following the recommendations of the 
meeting, the second to fourth generations 
of GIFT fi sh were evaluated in Bangladesh, 
China, the Philippines, Thailand and 
Vietnam for their genetic and economic 
performance (Dey and Eknath 1997; 
ICLARM 1998; Dey and Gupta 2000).

In these countries, the culture 
performance of the GIFT strain and 
the existing ‘best’ local O. niloticus strain 
(non-GIFT) was evaluated in different 
farming systems and agro-ecological 
zones. The GIFT strain performed much 
better compared to the non-GIFT strains 
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in terms of growth in both pond and 
cage culture systems (Dey et al. 2000). 
The performance evaluation of the 
third generation selected GIFT strain 
showed, on average, an 18 percent higher 
body weight at harvest in China and 
up to 58 percent in Bangladesh (Table 
3). This resulted in bringing down the 
break-even price above variable cost by 
7-36 percent (Dey et al. 2000). Ex-ante 
analysis, undertaken in Bangladesh, China, 
the Philippines, Thailand and Vietnam, 
indicated that the adoption of the GIFT 
strain would increase the production of 
tilapia and, hence, total fi sh production, 
lower the price of tilapia and increase 
consumption, thereby improving the 
overall nutritional status of the population 
(ICLARM 1998; Dey 2000).

Impacts of the GIFT project

The GIFT project has provided a good 
example of a multidisciplinary and interac-
tive research initiative with successful 
partnerships that has progressed into a 
global program for the genetic improve-
ment of tropical fi nfi sh. Figure 2 illustrates 
the stages of the globalization of methods 
and outputs from the GIFT project. The 
impacts of the project are briefl y listed 
below.

Table 4 illustrates the GIFT project 
as an example of how a technological 
breakthrough can affect an aquaculture 
production system. It was estimated that 
the technical change or introduction of 
improved technology could result in a 10 
percent decrease in the market price of ti-
lapia (Dey 2002). Dey and Paraguas (2001) 
indicated that, with the introduction of the 
GIFT strain of tilapia in Asian countries, it 
is expected that both the profi tability of 
tilapia production and the competitiveness 
of their exports of tilapia will improve.

Establishment of an international 
network on genetics

The outcome of the GIFT project 
has created an interest in developing 
countries in Asia, Pacifi c and Africa 
in undertaking genetic research and 

developing their own fi sh breeding 
programs. Realizing this, the WorldFish 
Center through the support of UNDP, 
organized technical missions to several 
countries in Asia and Africa to assess the 
need for fi sh genetic research and explore 
the possibility of networking (Seshu 
1993). It was found that several areas of 
research on both tilapias and carps are 
of common interest across the countries, 
warranting the need for networking. This 
led the WorldFish Center to establish the 
International Network on Genetics in 

Aquaculture (INGA) in 1993 (Seshu et al. 
1994; Gupta and Acosta 1999).

The network has a membership of 13 
countries from the Asia-Pacifi c region 
(Bangladesh, China, Fiji, India, Indonesia, 
Malaysia, Philippines, Thailand and 
Vietnam) and Africa (Cote d’Ivoire, 
Egypt, Ghana and Malawi), 11 advanced 
scientifi c institutions, four regional/
international organizations, and one 
private sector institution. It facilitates: 
(i) the development of national 

Items
Bangladesh          China        Philippines         Thailand

Pond Cage Pond Cage Pond Cage Pond

GIFT  

Yield (kg/unit 
area

1 593 3 893 4 645 236 1 361 2 829 743

Variable cost 463 4 191 3 548 168 1 385 1 510 427

Variable cost 
of fi sh/kg

0.29 1.08 0.76 0.71 1.02 0.53 0.58

Non-GIFT

Yield (kg/unit 
area)

896 3 111 4 275 153 912 2 044 558

Variable cost 405 4 191 1 523 168 1 375 1 517 411

Variable cost 
of fi sh/kg

0.45 1.35 0.82 1.1 1.51 0.74 0.74

Percentage difference (GIFT — non-GIFT/non-GIFT)

Yield 77.8 25.1 8.7 54.2 49.2 38.4 33.2

Variable cost 14.3 0 0.7 0 0.7 -0.3 3.9

Variable cost 
of fi sh/kg

-35.6 -20 -7.3 -35.5 -32.5 -28.4 -21.6

Source: Dey 2002.

Note: Units are in hectare for pond and 100 m2 for cages.

Table 4. Yield and variable costs of tilapia farming using GIFT and non-GIFT strains 
in cages and earthen ponds in on-farm trials.

Source: Dey et al. 2000.

Note: NS-not statistically signifi cant at 10% level; *** signifi cant at 1% level;  
** signifi cant at 5% level; * signifi cant at 10% level.  As Thailand and Vietnam used the same strain 
(Thai strain, probably Chitralada) as control, and as each of the countries had a limited number of 
trials, the Thailand and Vietnam data sets were combined to increase computational effi ciency.

Table 3. Percentage increase in average weight at harvest and survival when 
using the GIFT strain as compared to using a non-GIFT strain on average 
farms: results of on-farm trials. 

Country Culture 
system

Generation of 
GIFT strain

Average weight 
(% increase)

Survival 
(% increase)

Bangladesh Pond 3 +57.9*** NS

China Pond/cage 3 +17.5*** +3.3*

Philippines Pond
2
3

+22.4
+34.2**

+14.6***
+13.9**

Thailand/Vietnam Pond 4 +32.3* NS
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breeding programs; (ii) initiation of 
regional research programs for genetic 
improvement of carps and tilapias; 
(iii) the transfer of germplasm among 
member countries, following strict 
quarantine protocols and material 
transfer agreements; (iv) the formation 
of national genetics networks; and (v) 
the strengthening of national research 
capacity (Gupta and Acosta 2001b).

The network has disseminated GIFT 
germplasm to 11 countries in Asia and the 
Pacifi c (Bangladesh, PR China, Fiji, India, 
Indonesia, Lao PDR, Malaysia, Sri Lanka, 
Papua New Guinea, Thailand and Vietnam) 
following the international protocol on 
fi sh transfer and safeguard measures  
(Acosta and Williams 2001; Gupta and 
Acosta 2001b). Figure 3 illustrates the 

transfer of GIFT germplasm to developing 
countries in Asia and the Pacifi c.

Development of National Breeding Programs 
for GIFT: Bangladesh, China, Fiji, Malaysia, 
the Philippines, Thailand and Vietnam, 
which are recipients of GIFT germplasm, 
have initiated national breeding programs 
for further improvement of the GIFT 
strain and dissemination of improved 
breeds (Hussain and Mazid 2002; Li 2002; 
Nandlal 2002; Pongthana 2002; Dan and 
Thien 2002). For example, it is estimated 
that over 200 million fry of GIFT fi sh are 
produced and disseminated annually by 
public and private sector hatcheries in 
Thailand (Pongthana, pers. comm.). In Viet-
nam, further selection of the GIFT strain 
for faster growth and better tolerance 
at low temperatures is in progress. After 

four generations of selection in Vietnam 
(from the sixth generation of selection 
in the Philippines), growth has been 
further improved by 20 percent (Tran Mai 
Thien, pers. comm.). Nearly two million 
improved tilapia seed have been produced 
at the Research Institute of Aquaculture 
No.1 and disseminated in the Northern 
provinces (Dan and Thien 2002). In the 
Philippines, the Bureau of Fisheries and 
Aquatic Research crossbred GIFT fi sh 
with other local strains and came up with 
a GIFT derivative, named GET-EXCEL, and 
is disseminating it among farmers (Taya-
men and Abella 2004).

In Fiji, the best performing tilapia strain 
(Chitralada strain) was evaluated against 
the GIFT strain and the latter was found 
to be better performing. The GIFT fi sh 
has also been improved further through 
three generations of selection, and more 
than half a million GIFT fi ngerlings have 
already been distributed to subsistence 
and semi-commercial farmers throughout 
the country (Nandlal 2002).

Further improvement of the sixth 
generation GIFT fi sh is being undertaken 
in Malaysia by the WorldFish Center in 
collaboration with the Malaysian Depart-
ment of Fisheries. Ponzoni et al. (in press) 
indicates that, despite having undergone 
several generations of selection, the GIFT 
population still has additive genetic vari-
ance to enable further improvement. The 
observed selection response was 10 per-
cent after one round of selective breeding 
work in Malaysia, despite heavy tag losses 
during harvest time.

Transfer of GIFT technology to sub-
Saharan Africa and Egypt

Africa, the home of the tilapia, has a 
high potential for tilapia farming, but 
currently benefi ts the least from the 
GIFT strain developed in the Philippines 
(Dey and Eknath 1997). This is due 
to concerns that the introduction of 
GIFT fi sh might contaminate the wild 
germplasm and the WorldFish Center 
policy of not introducing the GIFT fi sh 
to countries where it is indigenous. 

Figure 2. Development of GIFT and globalization of methods and outputs.

Genetic characterization studies revealed introgression of genes 
of Oreochromis niloticus (Asian stocks) with O. mossambicus

1982

International workshop in Bangkok confirms the poor genetic 
status of tilapia genetic resources in Asia and Africa

1987

WorldFish Center and partners from the Philippines and Norway 
started GIFT project; fi rst direct transfer of pure stocks from Africa

1988

Selectively bred tilapia developed by selection; INGA was 
established

1993

GIFT strain disseminated and evaluated in fi ve Asian countries 1994

GIFT Project completed; GIFT Foundation established1997

GIFT Foundation formed alliance with  private sector company; 
further improved strain developed  from collaboration distributed 
to world’s commercial market  

1999

GIFT technology transferred for development of national 
breeding programs in Asia, Africa and the Pacifi c;  GIFT strain  
disseminated in 11 countries in the Asia/Pacifi c region 

2000

Improved carps and tilapias developed in most INGA member 
countries in Asia; dissemination  of improved fi sh  to public/
private hatcheries initiated; development of tilapia breeding 
program in Africa in progress 

2004
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An expert consultation sponsored in 
2002 by the WorldFish Center, the 
Food and Agriculture Organization of 
the United Nations (FAO), the World 
Conservation Union (IUCN), United 
Nations Environment Programme (UNEP) 
and Technical Center for Agriculture and 
Rural Cooperation (CTA) cautioned 
against introduction of the GIFT fi sh to 
Africa (Gupta et al. 2004).

To overcome this, the GIFT methodology 
is being applied to the genetic 
improvement of indigenous tilapias in 
Cote d’Ivoire, Egypt, Ghana and Malawi. 
Research is in progress for the genetic 
improvement of O. niloticus in Cote 
d’Ivoire, Egypt and Ghana, and O. shiranus
in Malawi (WorldFish Center 2003).

Establishment of the GIFT 
Foundation International Inc.  

After the completion of the GIFT 
project in 1997, the WorldFish Center 

and its Philippine partners established 
the GIFT Foundation International Inc. 
The Foundation is an independent non-
stock, non-profi t organization (Eknath 
and Acosta 1998) with a mandate to: (i) 
continue the selective breeding program 
and maintain the fi sh collections of 
the breeding nucleus; (ii) produce the 
commercial breeders needed by the 
satellite licensed hatcheries; (iii) provide 
some coordination in establishing 
standards that need to be met by the 
licensed hatcheries; and (iv) provide the 
GIFT system with brand development and 
marketing support (Rodriguez 2002).

In the Philippines, where the GIFT strain 
and the selective breeding technology 
were disseminated primarily through the 
GIFT Foundation, the tilapia industry is 
now reaping the benefi ts of the improved 
fi sh. Rodriguez (2002) reported that 
the Foundation, through its licensing 
arrangements with privately owned 
hatcheries in the country, has increased 

the distribution of high quality GIFT 
fi ngerlings from 50 million in 1998 to over 
200 million in 2001. The GIFT Foundation 
estimated that during 2001 about 200-250 
million GIFT fi ngerlings were produced, 
fulfi lling 20 percent of the total demand 
for tilapia fi ngerlings in the Philippines 
(Rodriguez, pers. comm.).

Private sector involvement

In 1999, the GIFT Foundation entered 
into an alliance with GenoMar, a private 
sector company based in Norway with 
expertise on the use of bioinformatics 
tools. Through this alliance, GenoMar has 
received the rights to continue selective 
breeding and to distribute the further 
improved GIFT strain internationally. The 
new strain, developed from Generation 
10 (seventh generation of selection) 
GIFT strain, is now known commercially 
as GenoMar Supreme Tilapia and is 
being distributed to local farmers in 
the Philippines through accredited local 

Figure 3. GIFT germplasm transfers to developing countries in Asia and Pacific.
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Nile Tilapia populations used in GIFT strain 
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hatchery operators and to the world’s 
commercial markets through GeoMar’s 
distribution channels in Asia, Latin 
America and Africa (GenoMar 2003).

Transfer of GIFT technology to carps

Building upon the success of the GIFT 
project, six major carp producing 
countries in Asia (Bangladesh, China, 
India, Indonesia, Thailand and Vietnam) 
have initiated research for genetic 
improvement of rohu (Labeo rohita), 
common carp (Cyprinus carpio), silver barb 
(Barbonymus gonionotus) and blunt snout 
bream (Megalobrama amblycephala). The 
studies have shown that the growth of 
these carps can be increased by about 
10 percent per generation (Gupta et al. 
2001c; ICLARM 2001).

Intellectual property rights

The improved GIFT strain is in the 
public domain and is accessible to 
any government for research and 
development. The WorldFish Center 
continues to provide the GIFT strain 
on request from governments, following 
internationally agreed material transfer 
agreements and quarantine protocols 
and after assessing the biodiversity and 
environmental implications.

Future directions

Some of the major problems faced by 
the developing world today are food 
insecurity, malnutrition and environmental 
degradation. To ensure that the improved 
breeds are available to small-scale farmers, 
INGA/WorldFish Center continue to 
provide assistance to member countries 
for developing national strategies/
guidelines for the effective dissemination 
and maintenance of improved fi sh 
breeds. This will also include assessing 
the involvement of the private sector 
and facilitating the access of small-scale 
farmers to the improved strains.

To keep pace with the rapid expansion 
in fi sh farming and fi sh demand, an 
assessment of other traits for possible 

inclusion in selective breeding programs 
needs to be made. The on-going selective 
breeding work in Malaysia by the 
WorldFish Center and the Department 
of Fisheries is focusing on fi llet yield 
and fl esh quality in addition to further 
improvement of growth rates. Other 
economically important traits will also be 
investigated in the near future (Ponzoni, 
pers.comm.).

The option of combining the traditional 
breeding approach (selective breeding) 
with other approaches (e.g., sex control) 
and applying modern biotechnology (e.g., 
molecular marker-assisted selection) 
for maximum genetic gain will also be 
explored (Gupta and Acosta 2001c).
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Dietary Phytase: An ideal approach for a cost 
effective and low-polluting aquafeed
K. Baruah, N.P. Sahu, A.K. Pal and D. Debnath

Introduction

The aquaculture industry has been 
globally recognized as the fastest growing 
food producing industry (NACA/FAO 
2000) and it will play an increasingly 
important role in meeting the demand for 
fi sh. Aquaculture contributes more than 
19 million tonnes of fi sh and shellfi sh 
annually to the world’s fi sh supply. 
Most of this is produced in extensive 
systems, particularly in China, where 
about 11 million tonnes of carps are 
produced.  About 8 million tonnes of 
fi sh are produced in semi-intensive or 
intensive systems with the use of mixed 
or manufactured feeds (Heindl 2002). The 
growth and intensifi cation of aquaculture 
has raised several issues that need to 
be addressed for the sustainability of 
this industry. One of these issues is 
the development of fi sh feed from high 
quality, inexpensive sources as well as 
methods for making the feed free from 
anti-nutritional factors. The aquaculture 
feed industry relies heavily on the use of 
fi shmeal because of its balanced amino 
acid and fatty acid profi le. The proportion 
of global fi shmeal production that is 
being utilized for the production of fi sh 
feeds has increased substantially over the 
past decade. In 1989, approximately 10 

percent of annual fi shmeal production 
(Barlow 1989) was being used in fi sh 
feed, increasing to about 35 percent in 
2000 and predicted to reach 44 percent 
by 2010. Fishmeal is produced from fi sh 
caught from the wild. Wild stocks have 
already reached their maximum biological 
limits, so any increase in fi shing effort 
is unsustainable. Besides this, fi shmeal 
is an expensive source of protein. The 
replacement of fi shmeal with plant or 
grain by-products will become increasingly 
important for the development of low-
cost fi sh feed. One of the major problems 
associated with the use of plant by-
products in fi sh feed is the presence of 
anti-nutritional factors, like phytic acid.

Phytic acid (myo-inositol 1,2,3,4,5,6-
hexakisphosphate) is the major 
phosphorus (P) storage compound in 
plant seeds and can account for up to 
80 percent of total phosphorus. Soluble 
inorganic and cellular phosphorus 
(phosphorus bound in nucleic acids, 
phosphorylated proteins, phospholipids, 
phosphor-sugars) represents the 
remaining phosphorus. Because of 
the high density of negatively charged 
phosphate groups, phytate chelates 
with mineral cations like potassium 
(K), magnesium (Mg), calcium (Ca), zinc 

(Zn), iron (Fe), copper (Cu) and forms 
poorly soluble complexes. Apart from 
minerals, phytate also forms complexes 
with proteins and amino acids. The amino 
group present on the side chain of the 
amino acids is one of functional groups 
involved in protein-phytate interaction, 
thereby decreasing the digestibility of 
proteins. These salts of phytic acid are 
known as phytins and their availability/
digestibility to monogastric animals 
including fi sh is very limited due to the 
lack of intestinal phytase (Pointillart 
et al. 1987). This phytate-phosphorus 
is excreted into the environment and 
is acted upon by microorganisms that 
release the phosphorus, causing pollution 
in terms of algal growth.

Addition of microbial phytase has been 
reported to improve the utilization of 
plant phosphorus in poultry (Nernberg 
1998), pig (Han et al. 1997) and fi sh 
diets (Rodehutscord et al. 1995; Li 
and Robinson 1997; Van Weerd et al. 
1998; Forster et al. 1999; Robinson et 
al. 2002, Debnath 2003). Addition of 
microbial phytase in aquafeed increases 
the bio-availability of phosphorus and, 
hence, there is less discharge into the 
aquatic environment, thereby causing less 
pollution.

Abstract

Global fi shmeal production from wild-catch sources cannot continue to increase indefi nitely; suitable 
alternatives have to be found for sustainable aquaculture. Plant-based aquafeed seems to be the ideal 
alternative to this, but has its own limitations. Plant ingredients are rich in phytic acid, which reduces 
the bioavailability of nutrients like minerals and protein to the fi sh, thereby causing aquaculture 
pollution. Dietary phytase treatment reduces the aquaculture pollution by improving the bioavailability 
of nutrients, and reduces the feed cost as evident from poultry and piggery. Phytase activity is highly 
dependent upon the pH of the gut. Unlike mammals, fi sh are either gastric or agastric, and hence, the 
action of dietary phytase varies from species to species. In this article, the authors attempt to summarise 
various effects of phytase on nutrient utilization, growth of fi sh and aquatic pollution.
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What is phytase?

Phytase is an enzyme chemically 
known as myo-inositol-hexaphosphate 
phosphohydrolase (Class 3: Hydrolases), 
produced either by microorganisms 
or present in some plant ingredients. 
Monogastric animals cannot produce this 
enzyme. Presence of phytase in some 
animals is of microbial origin. Microbial 
phytase either as a dry powder or as a 
liquid is available commercially. Natuphos® 
was the fi rst commercially available 
phytase, from a genetically modifi ed 
Aspergillus niger strain. The optimum 
microbial phytase activity occurs at two 
pH values: the highest activity being at 
pH 5.0-5.5 and second highest at pH 2.5 
(Simons et al. 1990). One unit of phytase 
(FTU) is defi ned as the quantity of enzyme 
that liberates 1 micromol of inorganic 
phosphorus per minute from 0.0015 mol/L 
sodium phytate at pH 5.5 and 37°C.  Von 
Sheuermann et al. (1988) observed the 
following phytase activity with different pH 
levels in corn and wheat (Table 1).

Phytase cannot withstand high tempera-
ture. For instance, pelleting a diet at 70°C 
reduces the activity by 15-25 percent 
(Schwarz and Hoppe 1992). The observed 
activity of phytase after pelleting diets at 
different temperatures is given in Table 2.

Mechanism of action

Phosphorous in plants normally remains 
in an associated form with a molecule 

pH Phytase activity

<1.0 Inactive

1.0 Inactive

2.0-3.0 Inactive (?)

4.0 Active

5.0 Active

6.0 Active

7.0 Inactive (?)

8.0 Inactive

Table 1. Effect of phytase activity at 
different pH levels.

(?) indicates uncertainty
Source: Von Sheuermann et al. 1988.

called phytic acid (phytate). Phytic acid 
consists of a sugar (similar to glucose) 
called myo-inositol, to which phosphate 
(PO4) groups are covalently linked. 
Phytase releases these phosphates from 
the inositol ring as shown in Figure 1. 
Release of this phosphorus depends on 
the pH condition of the intestine.

Effect of phytase on 
bioavailability of 
phosphorus

Addition of phytase to high phytate 
stripped bass diets improves the 
absorption and utilization of phosphorus 
(Hughes and Soares 1998). Dietary 
phytase also improves the nutritive 
value of canola protein concentrate and 

decreases phosphorus output in case 
of rainbow trout (Forster et al. 1999). 
Similar reports have been documented 
for different species like rainbow trout 
(Rodehutscord and Pfeiffer 1995), 
channel catfi sh (Li and Robinson 1997), 
African catfi sh (Van Weerd et al. 1999), 
common carp (Schafer et al. 1995) and 
Pangasius pangasius (Debnath 2003). 
Robinson et al. (2002) report that 
250 units of phytase per kilogram of 
diet can effectively replace dicalcium 
phosphate supplement in the diet of 
channel catfi sh without affecting growth, 
feed effi ciency or bone phosphorus 
deposition. Microbial phytase is 
effective in enhancing the bioavailability 
of phosphorus considerably, thereby 
reducing the faecal phosphorus output.

Figure 1.  Action of phytase.

Pelleting 
temperature (0C)

Phytase activity 
(U/kg)

Remaining activity 
(%)

Feed enzyme 
before pelleting

250 100

Meal temperature 
before pelleting (0C)

50 78 240 96

50 81 234 94

65 84 208 83

65 87 115 46

Table 2. Effect of pelleting temperatures on phytase activity.

Source: Simons et al. 1990.
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Effect of phytase on 
bioavailability of other 
nutrients

Phytate makes complexes with various 
di- and trivalent cations as well as with 
proteins (Wise 1980). For example, 
calcium-bound phytate increases chelation 
with trace minerals, especially zinc, to 
form co-precipitates that make the zinc 
unavailable to animals. Phytase added 
to diets improves the bioavailability 
of copper and zinc in pigs (Adeola et 
al. 1995) and poultry (Yi et al. 1996). 
Microbial phytase also improves the 
apparent absorption of magnesium, 
zinc, copper and iron in pigs. Similar 
results have also been reported for 
fi sh. Phytase addition increases the 
concentration of minerals like magnesium, 
phosphorus, calcium, manganese and 
zinc in plasma, bone and the whole body 
(Vielma et al. 1998). Channel catfi sh 
fed phytase-supplemented diets had 
higher concentrations of ash, calcium, 
phosphorus and manganese in their 
bones than the fi sh fed on a control 
diet (Yan and Reigh 2002). Yan and Reigh 
(2002) further delineated that phytase 
supplementation at 500 units per 
kilogram of diet was suffi cient to improve 
the retention of calcium, phosphorus and 
manganese by catfi sh fed an all-plant-
protein diet.

Effect of dietary phytase on 
protein digestibility

Phytase treatment of soy-protein 
concentrate was found to improve 
protein digestibility and retention in 
Atlantic salmon (Storebakken et al. 1998). 
Microbial phytase supplementation in the 
diet of Pangasius pangasius also increased 
the apparent net protein utilization 
(Debnath 2003). It was further concluded 
that apparent protein digestibility in 
the diets was signifi cantly (P<0.01) 
improved by enzyme supplementation, 
while non-enzyme supplemented groups 
showed a low digestibility (Debnath 
2003) confi rming the established 
properties of phytate to form phytate-
protein complexes that are resistant to 

proteolytic digestion (Cheryan 1980). In 
addition, phytate binds trypsin in vitro and 
thus reduces protein digestibility (Singh 
and Krikorian 1982). Digestibility of dry 
matter (Papatryphon et al. 1999) and 
crude protein (Storebakken et al. 1998) 
were also improved by dietary phytase 
supplementation. Many researchers have 
observed the negative effect of phytate 
on protein utilization in fi sh. Phytase 
supplementation in plant-based practical 
diets has been reported to increase 
(Vielma et al. 1998), not affect (Lanari 
et al. 1998) or decrease (Teskeredzic et 
al. 1995) protein digestibility. In poultry, 
phytase was reported to improve protein 
and amino acid utilization through 
breakdown of phytin-protein complexes 
(Kornegay 1995). In fi sh, the situation is 
somewhat ambiguous. This may be due to 
the presence or absence of a stomach in 
different fi sh species, as phytase activity is 
pH specifi c.

Effect of phytase on growth 
performance of fi sh

The weight gain rates and specifi c growth 
rates of Indian major carp, Labeo rohita 
were signifi cantly decreased when phytic 
acid was included in diet at levels above 
1 percent (Alvi 1994). Similar effects 
are evident on the growth performance 
and body composition of Cirrhinus 
mrigala fry (Usmani and Jafri 2002). It 
was reported that Chinook salmon, 
Oncorhynchus tshawytscha, fed semi-
purifi ed diets containing various levels 
of calcium, phosphorus, zinc and sodium 
phosphate with a high dietary phytic acid 
(2.58 percent) exhibit depressed growth 
(Richardson et al. 1985). In contrast, the 
growth performance increased when 
microbial phytase was incorporated in the 
diets. An increase in weight gain has been 
reported in channel catfi sh fed phytase-
supplemented diets containing only plant 
protein or a combination of plant and 
animal protein sources (Jackson et al. 
1996). Weight gain and feed consumption 
increased by 23.52 and 11.59 percent, 
respectively, compared to a control 
group. Similar performance of P. pangasius 
(Debnath 2003), African catfi sh Clarias 

gariepinus (Van Weerd et al. 1999) was 
also reported. The better performance 
of fi sh fed phytase-supplemented diets 
implies that either the phosphorus 
requirement was met along with other 
nutrients or that phytase has other 
positive effect on performance.

Effect of phytase on 
aquaculture pollution

The environmental impact assessment 
of the aquaculture industry is 
getting increasing attention and 
rigorous restrictions are being set 
on this industry by governments and 
environmentalists. Farmers engaged 
in freshwater aquaculture and coastal 
marine operations are facing increasing 
pressure from various organisations 
to control farm-discharge into the 
surrounding ecosystems. This discharge, 
particularly phosphorus loading, leads to 
eutrophication. The phosphorus in the 
feed ingredients occurs in a number of 
forms. It occurs in the inorganic form as 
well as phosphate complexes of protein, 
lipid and carbohydrate. These forms are 
available to the fi sh. Phosphorus present 
in most grain and seed by-products 
is generally unavailable to fi nfi sh and 
monogastric animals as mentioned earlier. 
Fish excrete phosphorus in soluble and 
particulate forms. The soluble forms, 
organic phosphorus and phosphates affect 
water quality directly. The particulate 
forms accumulate in the sludge and the 
phosphorus is released slowly to the 
water. Dissolved reactive phosphorus is 
usually regarded as the most important 
factor affecting water quality, because it is 
most available for phytoplankton growth. 
Microbial phytase supplementation in the 
diet of fi sh can overcome this problem. 
It makes the chelated phosphorus 
available to fi sh and hence there is 
less faecal excretion, thereby reducing 
environmental pollution.

The environmental benefi ts of using this 
enzyme in fi sh feed are:

• Reduced requirement of mineral 
supplements, thereby reducing 



NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 200418

articles

chances of excess inorganic 
phosphorus getting into the aquatic 
system.

• Reduced organic phosphate (phytic 
acid) outputs.

Use of phytase in feeds reduces or 
sometimes eliminates the necessity of 
mineral supplementation, which also 
decreases the cost of feeds.  Although 
phytase was fi rst used for environmental 
reasons, it has now been discovered that 
there are a range of other nutritional 
and health benefi ts from using these 
enzymes.

Conclusions

Use of plant-based feed in aquaculture is 
inevitable in the near future. Increasing 
demand for fi shmeal for various sectors 
like livestock and poultry in addition to 
aquaculture, has made this commodity 
more expensive. It is almost impossible 
to include fi shmeal in aqua feeds and 
still be able to keep the production 
cost low. On the other hand, plant 
ingredients have their own limitations 
due to the presence of phytate for 
which their inclusion level is restricted. 
Phytate-rich plant ingredients restrict 
the bioavailability of phosphorus along 
with other minerals thereby increasing 
discharge into water bodies causing algal 
bloom. Phytate also limits the protein 
availability to the fi sh. However, it is 
evident that phytase supplementation 
improves the bioavailability of the 
phosphorus and nitrogen (protein), 
which are the main culprits of 
aquaculture pollution. The increased 
bioavailability of nitrogen and phosphorus 
in the diet leads to reductions in feed 
costs. This is a subject that needs to 
be seriously researched. Though the 
role of phytase supplementation has 
been well proven and documented in 
poultry, its use in fi sh feed is less known. 
This is due to the pH specifi city of 
phytase. The addition of organic acid 
along with phytase, especially in agastric 
fi shes, is of special interest, and needs 
serious attention from researchers in 
aquaculture nutrition.
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Utilization of trawl bycatch in Gujarat (India)
A.A. Zynudheen, G. Ninan, A. Sen and R. Badonia

Abstract

Bycatch from trawlers forms a signifi cant quantity of the total marine fi sh landings along the northwest 
coast of India, particularly in the state of Gujarat, which contributes about 23 percent of the total marine 
fi sh landings in the country. This paper discusses the composition of this bycatch, its signifi cance in terms 
of nutritional value, its present utilization pattern and the scope for improvement.

Introduction

During 1999-2000, marine fi sh production 
in India was 2.8 million tonnes. Gujarat 
ranked fi rst among the maritime states in 
the country with 0.67 million tonnes of 
marine landings and 0.74 million tonnes 
of total fi sh production. The  value of the 
catch in Gujarat is estimated to be over 
Rs.14 529 million (Anon. 2001). Most of 
the fi sh landings are from mechanised 
fi shing boats numbering over 17 000. 
Of these fi shing boats, 39 percent are 
trawlers. The trawl nets  contribute 
about 71 percent, while gillnets and dol 
nets (bag nets) together account for 
19 percent of the total quantity of fi sh 
landed in the state. The remaining 10 
percent of the catch comes from dugout 
canoes with outboard motors (OBM) and 
non-mechanised boats operating mainly 
gill nets and catching quality fi shes. Apart 
from various quality fi shes, prawns, squid, 
cuttlefi sh and lobsters, the trawlers bring 
in large quantites of bycatch. This bycatch 
comprises juveniles of quality fi shes, small 
sized prawns, crabs, squillas etc. Bycatch, 
locally known as kutta is mainly used for 
dried fi sh, fi sh meal and fi sh manure. In 
India, exports constitute 8 percent of the 
trawl catch, distant domestic markets 12 
percent, local consumption as fresh fi sh 
15 percent, local consumption as salted 
and dried fi sh 15 percent, and fi sh meal of 
three grades 50 percent. (A. Kungsuwan 
1999). Recently, the global trend has 
been towards a better utilization of 
bycatch and to reduce the quanity of 
bycatch landed. This paper discusses the 

present status of bycatch composition, its 
utilization and possible improvements.

Materials and Methods

Surveys were conducted in the four 
major fi sh landing centres in Gujarat, 
namely, Veraval, Porbundar, Mangrol and 
Jaffrabad, during the peak fi shing season 
from September to February for two 
years (2000-2001 and 2001-2002) to 
identify the important species in the 
bycatch of trawl fi sheries. Every week, 
two samples weighing 1-2 kg each were 
collected at random from daily trip and 
long-trip trawlers from each centre. On 
average, a long-trip boat brings 1 t of fi sh 
as by catch per trip, while for a daily trip 
it is 100-500 kg. The samples from long-
trip boats were limited to 25 percent 
of the total, since most of the long-trip 
bycatch was in putrid condition by the 
time it was landed. The samples were 
washed and sorted in the laboratory 
and important species of fi shes, squids, 
cuttle fi sh and prawns were identifi ed 
(Fisher and Bianchi 1984; Roper et al. 
1984; Jhingran 1982). The approximate 
composition of important groups in the 
bycatch was determined according to the 
AOAC Procedure (1990).

Results

Composition of bycatch

The major species in trawl bycatches 
were sciaenids, engraulids, ribbon fi sh, 
penaeid and non-penaeid prawns, squids, 

cuttle fi sh, etc. Sciaenids constituted 
15.6 percent of the catch, followed 
by engraulids (12.84 percent), ribbon 
fi sh (8.9 percent), squid and cuttle fi sh 
(7.7 percent). Other species included 
polynemids (4.9 percent), Lactarius 
(4.2 percent), nemipterids (3.9 
percent), leiognathids (3.3 percent), 
carangids (2.8 percent), fl at fi sh (2.7 
percent) and others like shells, jelly 
fi sh, squilla, crabs, etc. (Pravin and 
Manoharadoss 1996). At the beginning 
of the season, in mid-September, the  
major species observed were non-
penaeid prawns, (Nematopalaemon spp. 
29.3 percent, Acetes spp. 11.3 percent, 
and Exhippolysmata spp. 4.5 percent), 
sciaenids (7.7 percent), engraulids (5.4 
percent), ribbon fi shes (4.7 percent) and 
penaeid prawns (Parapenaeopsis stylifera 
2.4 percent). The important species of 
fi sh and shellfi sh in the bycatch along 
with their scientifi c, common and local 
names are given in Table 1.

Present utilization

About 75 percent of the marine fi sh 
in Gujarat are landed at 10 major 
centres. Veraval is the most important 
one, with landings of over 0.17 million 
tonnes, which is 27 percent of the total 
landings of the state. Other major 
centres include Porbandar, Mangrol 
and Jafrabad, which together accept 
25 percent of the catch. Thus, over 
50 percent of the catch of the state is 
landed in these four centres. There are 
over 60 export-oriented fi sh processing 
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plants with a combined freezing capacity 
of 2 464 t per day and a storage 
capacity of 30 501 t.

In Gujarat, the bulk of the quality fi shes 
(prawns and cephalopods), are exported 
in a frozen condition, while a small 
portion goes for fresh consumption. 
The remaining low value bycatch is used 
mainly for fi sh meal production and fi sh 
manure (Table 2). During 1999-2000, 
dried fi sh production was 22 000 t, 
fi shmeal 14 000 t and manure 1 120 t 
(Anon. 2001). All the large-sized fi shes 
are split open, cured and dried. Small 
fi shes like sole, coilia, etc. are salted 
and dried whole. Sharks are processed 
mainly in semi-dried form and have a 
good market in the southern states and 
the northeast region. Another major 
product from bycatch is fi shmeal. In 

Gujarat there are three fi shmeal plants 
and 54 fi sh pulverizing units with the 
capacity to utilize 928 t of bycatch per 
day. 

In voyage fi shing, which lasts for 7-8 
days, the catch is sorted on board after 
each haul and quality fi sh and shellfi sh 
are separated and iced immediately. 
Other low value fi shes and juveniles are 
dumped on the deck without icing. They 
remains in this condition through the 
trip, with the quantity increasing after 
each haul. This bycatch deteriorates 
and becomes a putrid and foul smelling 
semi-solid mass. Once landed, it is 
transported to the drying yards in 
open vehicles for drying and fi shmeal 
manufacture. In addition to this bycatch, 
wastes from processing plants, curing 
and drying yards, prawn shells and 

cephalopod wastes from pre-processing 
units are used as raw material for 
fi shmeal (Ravishankar et al. 1996).

A trawler operating from Veraval 
harbour lands 500-1 000 kg of 
bycatch per trip, on average. This is 
approximately 30-50 percent of the 
total quantity of fi sh landed. During 
December-January, cephalopods 
dominate the trawl catch and the  
landings of bycatch are relatively less. 
The normal price for spoiled bycatch is 
Rs.1 per kg and for fresh bycatch  the 
price may go up to Rs. 1.50 per kg.

The composition of various species of 
fi sh and shellfi sh in the bycatch indicates 
that it is a good source of  protein and  
minerals. The approximate composition 
of important groups in the bycatch is 
given in Table 3. It shows moisture in the 
range of 74-81 percent, lowest in ribbon 
fi sh and highest in penaeid prawns. 
Prawns have a low protein content 
(11.5 percent), while some fi shes like 
anchovies and ribbon fi sh have a high 
protein content of 23  percent. A high 
mineral content was noted in whole 
prawns and crabs. The dry fi sh, fi sh meal 
and manure are a rich source of protein, 
minerals and vitamins.

The bycatch from long-trip trawlers is 
in a putrid and decomposed state and is 
not fi t for human consumption. It is still 
landed for the following reasons:

• It serves as a source of additional 
revenue for the fi shermen because 
it is bought by manufacturers of 
fi shmeal;

• In long-trip boats, it is uneconomical 
to ice the entire catch and the 
fi shermen ice only the quality catch;

• Lack of ice storage capacity in the 
fi sh holds of the vessels; and

• Use of small-sized cod ends in 
trawl nets result in landing a sizable 
quantity of small fi shes and juveniles.

The spoiled bycatch releases various 
odoriferous compounds, such as 
ammonia, skatols, indole, putrecene, 

Scientifi c name Common name Local name

Upeneus spp. Yellow goatfi sh Ratamachala/chiri

Saurida tumbil Lizardfi sh Chor bumla

Lepturacanthus savala Ribbon fi sh Bagga

Otolithus sp. Croaker Dhoma

Apogon sp. Cardinalfi sh Kuttamachi

Decapterus russeli Russell scad Bhangadi

Pellona microgaster Shad Katti

Tryssa mystax Moustache anchovy Katti 

Muraenesox sp. Eel Wam

Leiognathus sp. Silver belly Kittli 

Nemipterus japonicus Threadfi n bream; Pink perch Rani/ lalmachala

Coilia dusssumieri Golden anchovy Mendili

Pellona ditchela Indian pellona Tellus kati

Lactarius lactarius White fi sh; Big jaw jumper Chapala

Cypsilurus sp. Flying fi sh Kumnga

Priancathus sp. Big eye Raja/ lal machi

Sepia sp. Cuttlefi sh Dedka/makool

Loligo sp. Squid Narsinga

Acetes sp. Paste shrimp Jawla

Nematopalaemon tenuipes Tiny prawn Safed kolmi

Exhippolysmata ensirostris Red prawn Lal kolmi

Solenocerus sp. Red prawn Lal jinga 

Oratosquilla nepa Mantis shrimp Hijara

Charybdis cruciata Cross crab Karackala

Table 1. Important fish and shellfish found in the trawl bycatch in Gujarat.
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cadaverine, etc., which cause a foul smell 
in the harbour and surrounding areas. It 
contains a high load of spoilage bacteria 
which can contaminate the quality fi shes. 
It also attracts fl ies and is an attractive 
breeding ground for them, which leads 
to poor sanitary conditions in and 
around the harbour.

Improved utilization

The Code of Conduct for Responsible 
Fisheries calls on states to “encourage 
those involved in fi sh processing, 
distribution and marketing to improve 
the use of bycatch to the extent that 
is consistent with responsible fi sheries 
management practices” (FAO 1995). 
In countries like India, where the per 
capita protein availability is below 
the recommended level, the proper 
utilization of bycatch from trawlers is 
important.

Fishing bycatch contains a considerable 
quantity of small prawns and low value 
fi shes of marketable size. Non-penaeid 
prawns like Acetes spp., Nematopalaemon 
sp., etc. from daily trip boats, can be 
hygienically dried and marketed. The 
dried fi sh and prawns have a good 

Year Total fi sh production (t) Dried fi sh (t) Fishmeal (t) Fish manure (t)

1995-96 658 509 36 772 23 541 1 001

1996-97 725 346 35 059 15 787 1 360

1997-98 772 802 36 915 15 746 1 519

1998-99 631 782 20 091 14 849 1 171

1999-00 741 280 22 508 13 985 1 127

Table 2. Production of fish, dry fish, fishmeal and manure in Gujarat.

Group Moisture % Protein % Fat % Ash %

Sciaenids 78.90-79.20 13.60-17.50 0.21-0.32 1.39-2.20

Anchovy 76.36-78.86 18.50-23.50 0.15-0.61 1.65-2.15

Ribbon fi sh 74.00-78.10 18.00-22.66 0.42-2.50 1.40-1.96

Prawn (Whole) 78.00-81.00 11.40-14.60 0.58-0.75 4.00-6.62

Crab (edible part) 78.90-79.20 13.6-17.5 0.21-0.32 1.39-2.2

Squid 78.00 16.00 1.50 0.75

Acetes 78.49-81.26 11.45-14.68 0.62-0.67 4.06-6.50

Table 3. Composition of important groups in trawl bycatch.

market and fetch a good price. Various 
products like cutlets, wafers, spirals, 
soup powder, etc., are manufactured 
using fresh Acetes indicus (Zynudheen 
et al. 1998). Protein powder is made 
from Acetes by drying heat-coagulated 
pulp in the sun and under a vacuum 
and can be used as fl avoring agent for 
various preparations (Garg et al. 1977). 
Mince extracted from fi shes like small 
sciaenids, engraulids and carangids, etc., 
can be used for making products like fi sh 
balls, crackers and burgers (Yu and Siah 
1996).

The marketable size fi shes of the 
bycatch can be sorted on board for 
salting when icing is not feasible. The 
salted low-value fi shes can be stored 
in containers on the deck, subject to 
availability of space. While salting on 
board, care should be taken to see that 
the salted fi sh does not contaminate 
the other quality fi shes in the fi sh 
hold. The remaining trash fi sh can be 
effectively utilized for the preparation of 
fi sh ensilage. This is a highly nutritious 
product that can be incorporated into 
animal and poultry feeds. The Central 
Institute Fisheries Technology (CIFT) 
has developed a technology for the 

production of fi sh ensilage from low 
value fi shes and bycatch. It has better 
nutritional properties than fi shmeal. 
It is rich in water-soluble proteins and 
contains thermolabile vitamins and 
important minerals.

Since fi sh production in Gujarat has 
reached its maximum sustainable level, 
the need of the hour is to utilize the 
resource judiciously. Bycatch is an 
inevitable outcome of trawl fi shing and it 
should be properly managed for better 
returns from the fi shery. Globally, there 
is now an emphasis on reducing the 
bycatch. Increasing the cod end size of 
the trawl nets to the recommended 35 
mm and use of square mesh cod ends 
will considerably reduce the landing 
of trawl bycatch. This will help in 
conserving the fi shery resources of this 
region, particularly the commercially 
important species.

Acknowledgement

The authors are grateful to Dr K. 
Devadasan, Director, Central Institute of 
Fisheries Technology for permission to 
publish this paper.

References

Anon. 2001. Fisheries Statistics. 
Department of Fisheries, 
Government of Gujarat.

AOAC (Association of Official Analytical 
Chemists). 1990. Official methods 
of analysis. AOAC, Washington DC, 
USA.

FAO. 1995. Code of Conduct for 
Responsible Fisheries, Food and 
Agriculture Organisation of U.N., 
Rome, 41 p.

Fischer, W. and G. Bianchi. 1984. FAO 
species identification sheets for 
fishery purposes. Western Indian 
Ocean (Fishing area 51). Volume 1-6. 
FAO, Rome.

Garg, D.K., A. Lakshmy Nair and 
P.V. Prabhu. 1977. Protein from 
Jawla Prawn (Acetes spp.) and 
Squilla (Oratosquilla nepa). Fishery 
Technology 14:53.



23NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 2004

articles

Jhingran, V.G. 1982. Fish and fisheries of 
India, II edn. Hindustan Publishing 
Corporation, New Delhi, India.

Kunguswan, A. 1999. Bycatch utilization 
in Asia: an overview, p. 24. In I. 
Clucas and F. Teutscher (eds.) 
Report and Proceedings of FAO/
DFID Expert Consultation on 
Bycatch Utilization in Tropical 
Fisheries. 21-23 September 1998, 
Beijing, China.

Pravin, P. and R.S. Manoharadoss. 1996. 
Constituents of low value trawl 
bycatch caught off Veraval. Fish Tech. 
33 (2):121-123.

Ravishankar, C.N., K.A. Kumar, R. 
Badonia and K.K. Solanki. 1996. 
Fishmeal industry in Gujarat. Poultry 
Punch. Oct. 1996:73-82.

Roper, C.F.E., M.J. Sweeny and C.E. 
Nauen. 1984. Cephalopods of the 
world: an annotated and illustrated 
catalogue of species of interest to 
fisheries. FAO Species Catalogue, 
Vol. III. FAO Fish Synop. FAO, Rome, 
277 p.

Yu, S.Y. and W.M. Siah. 1996. 
Development of fish burgers from 
some underutilized species of 
trevally. Infofish International No. 2. 

Zynudheen. A.A., A. Sen, C.N. 
Ravishankar, K.A. Kumar, R. Badonia 
and K.K. Solanki. 1998. Utilization 
of Jawla (Acetes spp.), p. 264-266. 
In K.K Balachandran, T.S.G. Iyer, P. 
Madhavan, J. Joseph, P.A. Perigreen, 
M.R. Raghunath and M.D. Varghese 
(eds.) Proceedings of the Symposium 

on Advances and Priorities in 
Fisheries Technology. SOFT (I), 11-13 
February 1998, Cochin, India.

      
A.A. Zynudheen, G. Ninan, A. Sen 
and R. Badonia are from the Veraval 
Research Centre of the Central Institute of 
Fisheries Technology, Gujarat, India.
Email: zynu@rediffmail.com



NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 200424

articles

Padal fi shing - A unique fi shing method in the 
Ashtamudi Estuary of Kerala (south India) 
J.V. Thomas and B.M. Kurup

Abstract

Bush park fi shing / padal fi shing is an indigenous fi shing method widely employed in the Ashtamudi 
estuary of Kerala (south India). An artifi cial reef made from twigs and leaves of trees is planted in the 
shallow areas of the estuary. The aim is to harvest fi sh that fi nd shelter in these structures for the purpose 
of feeding and breeding. Though the State Department of Fisheries has banned this method of fi shing in 
the inland waters of Kerala, 400 padals are operating in this estuary. About 300 of them are anchored in 
the western parts of the estuary (west Kayal). Fish are harvested in the padals at monthly intervals almost 
round the year and this results in the destruction of a sizeable quantity of juveniles and sub-adults of the 
commercially important fi shes, such as Pearl spot and mullets, from the estuary. These padals pose a major 
threat to the sustainability of the fi shery resources of this estuary and, therefore, need to be phased out by 
providing alternative occupations for the fi shermen who are dependant on the padals.

Introduction

The Ashtamudi estuary is a tropical 
backwater habitat in the Kollam district 
of Kerala, situated on the southwest coast 
of India along the Arabian Sea (Figure 1). 
The estuary, the second largest on the 
southwest coast of India, is palm-shaped, 
has eight branches, covers an area of 
about 32 km2 and lies between latitudes 
80.52’ and 80.60’ N and longitudes 76030’ 
and 76040’ E (Divakaran et al. 1982). This 
estuary is one of the foremost centres of 
marine fi sh production and landings along 
the Kerala coast (Thressiama and Nair 
1980) and receives much attention due 
to its rich and varied fi shery resources 
and an annual production of 23 000 t of 
fi sh (Kurup and Thomas 2001). The fi shery 
resources are comprised of migrant stock 
of both estuarine and marine species of 
commercially important fi nfi shes, such 
as Etroplus suratensis (pearlspot), Arius 
spp. (catfi sh), Mugil spp. (mullets), Chanos 
chanos (milkfi sh), shrimps (like Penaeus 
indicus, P. monodon and Metapenaeus 
dobsoni), mud crabs (Scylla serrata) and 
portunid crab (Portunus pelagicus), and 
bivalves (Villorita cyprinoids, Katalesia 
opima, Paphia malabaricus, Meretrix 
meretrix and M. casta) .This estuary differs 

from other estuaries in Kerala by virtue of 
its unique structure and fi shery resources: 
it is situated perpendicular to the shore 
and has unusual species like oil sardines 
and Crassostrea madrasensis (edible oyster) 
(Kurup and Thomas 2001). Gill nets, cast 

nets, pole and line, hook and line, seine, 
diving and dredging are the major types 
of fi shing methods used in the estuary 
(Table 1). In addition to this, a special type 
of fi shing method, popularly known as 
padal fi shing or bush park fi shing, is also 

Figure 1. Location of Padal fishing in the Ashtamudi estuary.  
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extensively practiced in the Ashthamudi 
estuary (Figure 1). Even though padal 
fi shing is also practised in the Vemband 
estuary in Kerala (Harikrishnan 1997) 
and the fl oating islands are found in the 
Loktak estuary of Manipur state (Suresh 
2000), the padal system of the Ashtamudi 
estuary differs from other estuaries by 
virtue of its structural differences and 
operational peculiarities. At present, 
about 400 padals are being operated 
on the western side of the estuary and 
the fi shing method is spreading to other 
parts of the estuary (Table 1) due to its 
productivity.

Materials and methods

Two fi shery survey cruises were 
undertaken in the months of December 
2000 and April 2001. The fi shing activity 

prevalent in each zone was observed 
continuously for a period of 24 hours 
(day and night) with a team of trained 
observers. The total number of units of 
similar gear being operated in each zone 
was enumerated and catches from not 
less than 30 percent of the fi shers were 
observed. The catches were recorded at 
the species level by type, weight, length 
and sex. The fi shing time of the observed 
catch and total hours of fi shing per 
day were also recorded in structured 
questionnaires.

Observations: The structure

Padals are built during the early months 
of the year, predominantly in March, by 
dumping bunches of plant twigs and 
leaves tied together by a rope, covering 
an area ranging from 10 to 30 m2, mainly 

anchored in the shallow regions of the 
estuary. Twigs collected from locally 
available trees such as Calophyllum 
inophyllum (Punna),  Anacardium occidentale 
(Cashew) and Mangifera indica (Mango) 
are commonly used for making the padal. 
These padals are characterized by single 
or collective ownership. People who 
live in the vicinity usually own a greater 
number of padals. These padals are 
operated to catch fi shes such as Etroplus 
suratensis, (locally known as karimeen or 
pearlspot), Penaeusindicus (known as naran 
chemmen), Chanos chanos (milkfi sh), Liza 
parsia and Mugil cephalus (mullets). Padals 
act as fi sh aggregating devices as a large 
number of fi ngerlings and post larvae of 
shrimps fi nd shelter beneath the padals, 
foraging the peri and epiphyton developed  
from the submerged twigs and other 
structures used to construct them.

The decaying plant materials augment the 
rich organic material at the vicinity, which 
in turn attracts a large quantity of fi shes 
towards these stationary structures. It 
was observed that padal fi shing serves as 
a source of livelihood either directly from 
fi shing or indirectly through the supply 
of materials such as twigs and leaves 
required for the assembly of the padals. 
Normally it takes two to four people to 
fabricate a single unit. The quantity of 
plant material needed for the fabrication 
of the padals depends on the area and 
water depth selected for the structure.

Fishing methods

Fish are harvested during the lunar 
period of every month and at least 
two people are involved in the fi shing 
associated with a single unit. Harvesting 
may take more than one day, depending 
on the size of the padal and number 
of persons engaged in fi shing it. The 
operation commences in the morning 
when the fi shers arrive at the padal sites 
on a small wooden canoe. They erect 
wooden poles around the padal and then 
encircle it with a small mesh nylon net to 
prevent the fi sh sheltered beneath from 
escaping. The plant materials (twigs) are 
removed from the enclosed structure 

Gear Common name Zone 
I

Zone 
II

Zone 
III

Zone 
IV

Zone 
VMajor division Subdivision

Gill Net Crab net Njandu vala 50 25

Prawn net Chemmeen vala 100 50 2 300 2 5

Fish net Kuzhalivala 75 25

Fish net Chooda vala 8

Fish net Neetu vala 40 60

Fish net Chalavala 70

Vaisali vala 100 20

Nandan vala 2

Seine 2 men operated 100 50

3 men operated Koruvala 34

9 men operated Koruvala 33 100

Cast net Veesuvala 75 80 100 200

Pole and line 1

Hook and line Ayiram choonda 15 2 15

Scoop net Light fi shing 30 60 36

Stupefying Olavali

Dredge

Chinese net 33 32 60 19

Hand picking 350 30

Padal 10 300 70 20

Stationary gear Stake net 250

Table 1. Fishing gears used in the Ashtamudi estuary. 
(Note: refer to Figure 1 for location of zones).
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and fi shing is carried out in the enclosed 
area using a scoop net or cast net. In 
deeper areas, cast nets are mainly used. 
After harvesting the catch from the 
encircled area, the bamboo poles and 
surrounding nets are removed and the 
plant materials are redeposited, either in 
the same area or in an adjacent area for 
the next cycle of operation. Sometimes 
fresh plant materials are added to 
provide more shelter for the shrimp 
and fi shes. Each padal is operated year 
round, yeilding about 10-12 harvests per 
year. The peak fi shing harvest coincides 
with the post-monsoon months when 
the size of the Etroplus and shrimps 
caught are relatively larger and the 
quantity landed is higher. Exploitation of 
fi shes is also greater during this period in 
Vemband lake (Kurup et al.1993). 

In the pre-monsoon period (especially 
during April), large quantities of 
juveniles and sub-adults of commercially 
important fi nfi shes and shelf fi shes are 
indiscriminately fi shed from the padals. 
During these periods, the average 
catch registered was 2-5 kg per haul 
and the size group of pearlspot was in 
the range of 5-8 cm (Figure 2), with a 
preponderance at 5-6 cm. The shrimp 

catch comprised juveniles in the size 
range 4-6 cm, with a modal value at 4 cm. 
On average, 800-2 000 kg of juveniles and 
sub-adults are caught in this one month, 
10-20 kg of fi shes are obtained from a 
single unit during an average monthly 
harvest, and about 48-96 t of fi shes are 
caught from these padal grounds in a year.

Cost of padal fi shing

The main investment in the assembly of 
the padals is for the plant materials and 
the nets used for harvesting. The cost of 
assembling of one padal with an area of 
20-25 m2 is about Rs.1 000-1 500.1 Most 
of the fabrication work is carried out by 
the owners of the padal themselves in 
order to minimize the labor cost. If the 
cost of one padal is calculated to include 
labor as well, it will be around Rs.2 500-3 
000. Depending on its size, the catch from 
a single padal varies between 120 to 240 
kg per year and the fi sherman generate an 
annual income in the range of Rs.54 000 
to 100 000 from each padal.

Discussion

As an estuary is common property 
like rivers and the sea, the right of 

Figure 2. Size composition of Etroplus surratensis (Pearlspot) harvested from Padals.
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exploitation of fi shery resources is open 
to all. Among the various fi shing methods 
prevailing in the Ashtamudi estuary, 
padal fi shing is the most destructive 
fi shing method because of the extent 
of destruction caused to juvenile 
populations of commercially important 
fi sh, such as pearlspot, mullet, shrimp and 
perch (Suresh 2000).  A large number of 
juveniles and sub-adults of commercially 
important fi shes are removed each month 
almost year round especially during the 
pre-monsoon period. If the juveniles are 
allowed to grow to a marketable size 
with judicious exploitation by statutory 
gears, it would replenish the stock of 
the estuary by at least 600 t (Kurup 
and Thomas 2001). So far, there has 
been no attempt to restrict the fi shing 
operations using padals in the nursery 
periods, as is being done in the Vembanad 
estuary where padal fi shing is permitted 
during the months of June-November 
(Harikrishnan 1997).

Stake nets are also a destructive fi shing 
method as the majority of fi shers use 
small meshed cod ends of less than 
10 mm, against the statutory mesh size 
of 20 mm. They catch a large quantity 
of juvenile prawns returning to the sea 
after completing their larval stage in the 
backwaters, and post-larvae migrating 
into the estuary from the adjoining 
sea. The cod end mesh regulation of 
20 mm should be strictly enforced 
as a conservation measure for the 
sustainable and rational exploitation of 
the backwater fi shery of Kerala (Pauly 
et al. 1990). Padal fi shing, which is illegal, 
will be phased out from the estuary 
within fi ve years. The indiscriminate 
removal of juvenile fi sh, if continued will 
eventually have a deleterious effect on 
the fi shery wealth of Ashtamudi estuary 
and ultimately result in the depletion 
of the resource. Meanwhile, it is also 
necessary to control any increase in the 
number and size of padals in the estuary 
as this will cause further damage to the 
fi shery.

1 1 US$ = 47.78 Indian Rupees (Rs). 
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There is an abundance of phytoplankton 
in the Ashtamudi estuary during the 
monsoon season due to the enrichment 
of the water with organic matter 
(Thressiama and Nair 1980). Even though 
the productivity of the water around the 
padals may be higher due to the decay of 
the plant materials, it may lead to a change 
in the natural habitat of the estuary.

Overexploitation by large purse seines 
of small mesh size has resulted in the 
dwindling of the oil sardine resources 
in the waters of Kerala and Karnataka 
and a strict control and regulation of 
the purse seines has been suggested 
(Dhulkhed and Bhat 1982; Silas et al. 
1980). Many complaints have been 
raised by local fi shermen that fi shing 
operations other than in padals end up 
with meagre catches in areas where 
padals are being deployed. Moreover, the 
operation of boats and canoes becomes 
risky, especially during the night because 
of the presence of padals submerged in 
the water. This could result in confl ict 
between the padal fi shermen and others. 
Such a case has been identifi ed in Cochin 
harbor between purse seine fi shers and 
artisanal fi shermen (Nair and Prakash 
1983).
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Antibacterial marine bacterium deter 
luminous vibriosis in shrimp larvae 
T.J. Abraham

Abstract

Inhibitory activity of a marine pigmented bacterium - Alteromonas sp. - isolated from Penaeus monodon 
Fabricius larva against pathogenic and environmental isolates of Vibrio harveyi was studied. All the isolates 
were inhibited to varying degrees by Alteromonas sp. in vitro. The antibacterial substance produced by the 
Alteromonas sp. was soluble in organic solvent and closely bound to the external surface of bacterial cells. 
The antibacterial Alteromonas sp., when allowed to colonize on shrimp larvae, suppressed the activity of 
V. harveyi M3 and reduced mortality of P. monodon larvae in vivo. 

Introduction

The sea is an immense and practically 
unexploited source of new potentially 
useful biologically active substances. Given 
the fact that the oceans cover more than 
70 percent of the earth’s surface, the 
oceans are a promising source of novel 
pharmacologically active compounds. 
Although macro organisms of the ocean 
have proved to be good sources of novel 
bioactive metabolites, large-scale produc-
tions of these bioactive metabolites has 
been diffi cult (Bernan et al. 1997). Marine 
microorganisms such as bacteria and fungi 
have been reported to produce antibacte-
rial (Rosenfeld and Zobell 1947), antifungal, 
antiviral and antitumor substances (Bernan 
et al. 1997). Several earlier studies have 
suggested that such marine bacteria can be 
used to combat epizootics in aquaculture 
systems (Maeda and Liao 1992; Maeda 
1994; Douillet and Langdon 1994; Abraham 
at al. 2001). This paper reports on the 
extraction and characterization of an 
antibacterial substance from a pigmented 
marine bacterium and the control of Vibrio 
harveyi infection in Penaeus monodon larvae.

Materials and Methods

Bacterial strains

The antibacterial marine pigmented 
bacterium (Alteromonas sp. P7) was 

isolated from hatchery raised mysis 2 
larva of P. monodon on seawater (75%), 
yeast extract (0.3% w/v) peptone 
(0.5% w/v) - SYEP - agar supplemented 
with glycerol (0.3% v/v), and 
characterized following Baumann et 
al. (1984). The luminous Vibrio harveyi 
isolates (n = 80) were from hatchery 
raised diseased P. monodon and P. indicus 
larvae and their environment (Abraham 
et al. 1999). All the isolates were 
routinely maintained and propagated 
on SYEP agar.  An antibiotic resistant 
pathogenic luminous V. harveyi strain M3 
isolated from diseased P. indicus mysis 
larva was used for further in vitro and in 
vivo experimentation with Alteromonas 
sp. The minimal inhibitory concentration 
(MIC) of antibiotics was determined 
by the agar dilution method on Muller 
Hinton agar supplemented with 1% w/v 
sodium chloride (Abraham et al. 1997).

Vibriostatic activity of Alteromonas 
sp. P7

In vitro vibriostatic activity of Alteromonas 
sp. P7 was tested against V. harveyi isolates 
(n = 80) by cross streak technique as 
described in Lemos et al. (1985) on 
SYEP agar. Vibriostatic activity was also 
tested by double agar layer method as 
described by Dopazo et al. (1988) with 
slight modifi cation. Macro colonies of 
Alteromonas sp. P7 were developed on 

SYEP medium containing 1.2% agar by 
inoculating 3 µl of 18 h old SYEP broth 
culture. The colonies were killed after 
48 hours by exposure to chloroform 
vapour for 20 minutes. The plates with 
chloroform-killed colonies were overlaid 
with 8 ml of soft agar (SYEP broth + 0.7% 
agar) seeded with 8 µl of V. harveyi strain 
M3 grown for 18 hours in SYEP broth. 
The plates were incubated for another 24 
hours at 30±1ºC and observed for zone 
of inhibition around the macro colonies. 
Control plates without the macro colonies 
of Alteromonas sp. P7 were also used to 
evaluate the possible effect of chloroform 
on the growth of V. harveyi M3. 

Extraction of antibacterial substance 

The methods described in McCarthy et 
al. (1994) were followed by ammonium 
sulphate precipitation. Overnight culture 
of Alteromonas sp. was inoculated at 1.0% 
level into 300 ml each of SYEP broth and 
incubated at 30±1ºC for 24 hours. The 
cells were removed by centrifugation at 
10 000 rpm for 15 minutes at 4ºC. The 
supernatant fractions were subsequently 
fi ltered through a 0.22 µ membrane fi lter 
to remove cellular debris.  About 100 ml 
of cell free supernatant was concentrated 
up to 70% saturation by slow addition of 
ammonium sulphate, held overnight at 
4ºC and centrifuged at 10 000 rpm for 15 
minutes at 4ºC. The pellets were collected 
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and resuspended in 10 mM phosphate 
buffer containing 0.1 mM EDTA, pH 
7.0. The concentrated precipitate was 
exhaustively dialyzed against the same 
buffer for 24 hours at 4ºC.

The ethyl acetate extraction as described 
in Wratten et al. (1977) was followed 
with modifi cation. Alteromonas sp. was 
inoculated on to SYEP agar (1.2% agar) 
plates and incubated for 48 hours at 
30±1ºC. The cells were then gently 
scraped off and washed with sterile 
seawater (17 ppt) by centrifugation at 
10 000 rpm for 15 minutes at 4ºC. The 
cell pellet was suspended in 20 ml of 
ethyl acetate for 3 hours to extract the 
antibacterial substance. The cells were 
removed by centrifugation and the ethyl 
acetate extract was evaporated at 40-
50ºC to get a concentrated crude extract. 
In addition, the spent agar medium was 
cut into small pieces, homogenized with 
ethyl acetate (50 ml) and allowed to stand 
for 3 hours without agitation at 30±1ºC. 
The solvent was decanted and evaporated 
at 40-50ºC to get a concentrated crude 
extract of the antibacterial substance.

Inhibitory activity of the crude 
extracts in vitro  

The supernatant fraction of SYEP broth 
and crude extract of the antibacterial 
substance were tested for their inhibitory 
activity against V. harveyi strain M3 by well 
diffusion assay (Tagg and McGiven 1971). 
Wells of 6 mm diameter were made on 
hardened SYEP agar (1.2% agar) plates. 
The bottom of the wells was sealed 
with molten SYEP soft agar (0.7% agar). 
The wells were fi lled with 50 µl each of 
crude extract in ethyl acetate, dialyzed 
ammonium sulphate precipitate and cell 
free culture supernatants, and allowed 

to diffuse for 1-2 hours. The plates were 
overlaid with 8 ml of SYEP soft agar 
seeded with 8 µl of overnight-grown 
V. harveyi M3. The overlaid plates were 
incubated at 30±1ºC for 24 hours and 
examined for defi nite zone of inhibition 
(clearance) around the wells.

Inhibition of V. harveyi in vivo 

Hatchery raised P. monodon larvae of 
100 numbers each at zoea-2 stage were 
introduced into a series of troughs -3 sets 
in duplicate - fi lled with 5 l sand-fi ltered 
aged seawater (salinity: 35 ppt). The 
larvae were acclimatized for 24 hours 
and fed with Skeletonema sp. The set 1 
was inoculated with Alteromonas sp. P7 at 
a level of 106 cells/ml of rearing medium 
to facilitate attachment/colonization on 
the larvae. Vibrio harveyi M3 was then 
inoculated into the troughs of set 1 after 
3 hours of addition of Alteromonas sp. P7 
and also in set 2 at a level of 104 cells/ml 
of rearing medium to serve as positive 
control. The set 3 received no bacterial 
inoculums and served as negative control. 
Mortality was recorded till the larvae 
reached post-larvae 1 stage and no water 
exchange was done during that period. 

Results and Discussion

The antibacterial bacterium from 
P. monodon larva was a Gram negative, 
motile, cytochrome oxidase positive 
rod, which produced an orange pigment 
on seawater-based medium. Loss in 
pigmentation was observed when grown 
on non-seawater based medium. It was 
capable of growth up to 6% sodium 
chloride (NaCl). It failed to grow on 
thiosulphate citrate bile salt sucrose agar, 
MacConkey agar and medium without 
NaCl. This bacterium was negative 

for luminescence, amylase, gelatinase, 
catalase, urease, iodole production 
and nitrate reduction, and positive 
for citrate utilization. Carbohydrates 
such as arabinose, dextrose, galactose, 
lactose, mannitol, sorbitol, and sucrose 
were not utilized. These characteristics 
and a comparison with Baumann et al. 
(1984) place this bacterium under the 
genus Alteromonas and designated as 
Altreomonas sp. P7. As seen in Table 1, 
all the pathogenic and environmental 
V. harveyi isolates were sensitive to 
Altreomonas sp. P7, although with varying 
degrees of inhibition. Antibacterial activity 
among marine bacteria is a well-known 
phenomenon and demonstrated in a 
number of studies (Rosenfeld and Zobell 
1947; Anderson et al. 1974; Lemos et al. 
1985; Dopazo et al. 1988; McCarthy et al. 
1994).

The shrimp larval pathogen V. harveyi 
M3 was resistant to antibiotics such 
as chloramphenicol, erythromycin, 
furazolidone, neomycin, prefuran, 
streptomycin, sulphadiazine and 
trimethoprim, exhibiting high MIC values 
(Table 2). The antibiotic resistant V. harveyi 
M3 exhibited a zone of inhibition of 
4.00±0.25 and 7.25±0.83 mm by cross 
streak and double agar layer methods, 
respectively (Table 3). The cell free 
supernatants and the dialyzed ammonium 
sulphate precipitate did not display any 

Source
Numbers tested / 
Numbers inhibited
(n=80)

Percent isolates exhibiting zone

1-10 mm >10 mm

Diseased shrimp
Seawater

39/39
41/41

51.28 
43.90 

48.72 
56.10 

Table 1. In-vitro inhibitory activity of Alteromonas sp. against luminous Vibrio harveyi 
by cross streak technique.

Antibiotics MIC µg/ml

Chloramphenicol

Ciprofl oxacin

Erythromycin

Furazolidone

Gentamycin

Nalidixic acid

Neomycin

Oxytetracycline

Prefuran

Polymyxin B

Streptomycin

Sulphadiazine

Trimethoprim

75.00

0.39

75.00

100

12.50

6.25

50.00

6.25

50.00

25.00

100

>100

>100

Table 2. Minimal inhibitory 
concentration (MIC) of antibiotics 
against Vibrio harveyi M3.
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inhibitory activity against V. harveyi M3. 
No loss in antibacterial activity was 
observed on treatment with proteolytic 
enzyme, trypsin 2 000 units/g by modifi ed 
spot-on-the-lawn method (Okereke and 
Montville 1991) on SYEP agar (Table 3). 
This indicated that the antibacterial 
substance might not be proteinaceous 
in nature although certain strains of 
Alteromonas have been reported to 
produce proteinaceous antibacterial 
substances (McCarthy et al. 1994). In an 
earlier study by Rosenfeld and Zobell 
(1947), the inhibitory activity was not 
expressed when cell free preparations 
were used, as the inhibitory compounds 
did not diffuse into the aqueous 
environment.

The antibacterial substance produced 
by Alteromonas P7 was recovered from 
the cells and the spent agar medium 
using ethyl acetate as solvent (Table 
4). Burkholder et al. (1966) observed 
better antibiotic production by a 
marine bacterium on solid media. Since 
the antibacterial substance could be 
recovered from both the cells and 
spent agar medium, it can be inferred 
that the antibacterial substance may 
be bound to the outer cell surface and 

secreted into the solid medium. This 
corroborates with earlier observations 
(Rosenfeld and Zobell 1947; Lemos et 
al. 1985) that the inhibitory compounds 
remain closely bound to the cell. The 
production of antibiotic substance by 
Alteromonas sp. was observed to be a 
growth-associated phenomenon in an 
earlier study and probably released 
as secondary metabolite into the 
surrounding environment (Abraham et 
al. 2001). The specifi c role of the cell wall 
in the secretion process is still unknown. 
However, according to Lemos et al. 
(1985), if the antibiotics remain bound 
to the cells, they can be excreted slowly 
and continually to the environment, 
preventing colonization of the adjacent 
space by competitors. A rapid release 
of the antibiotic substance by antibiotic 
bacteria probably would not provide 
them any competitive advantage because 
it would be immediately washed away 
by the seawater. The observations of 
the present study further indicated 
that the antibacterial compound of 
Alteromonas P7 could be an organic 
compound or polysaccharide as other 
antibacterial substances recovered from 
marine bacteria using ethyl acetate have 
turned out to be a pyrole (Burkholder 

et al. 1966) or quinolinol (Wratten et al. 
1977) or tyrosol and isatin (Gil-Turnes 
and Fenical 1992) or a polysaccharide 
(Anderson et al. 1974). 

The data presented in Table 5 revealed 
that the antibacterial bacterium, 
Alteromonas sp. P7 was capable of reducing 
the luminous V. harveyi induced mortality 
signifi cantly in P. monodon larvae in vivo. 
Vibrio harveyi M3 affected about 72±3% 
mortality in P. monodon larvae in 72 
hours. The V. harveyi induced mortality 
was, however, reduced signifi cantly 
(P<0.01) to 59±3% in larvae colonized 
prior with antibacterial bacterium, 
Alteromonas sp. P7. Similar effects have 
been observed with benefi cial marine 
bacteria in protecting the embryos of 
Homarus americanus (Gil-Turnes and 
Fenical 1992), larval rearing of oyster 
(Douillet and Langdon 1994), penaeid 
shrimp and larvae (Maeda and Liao 
1992; Maeda 1994; Abraham et al. 2001). 
Signifi cant differences in the mortalities 
of shrimp larvae of Alteromonas and V. 
harveyi inoculated group and uninoculated 
control group were observed (P<0.05), 
probably due to the fouling of bacteria 
on gills and/or other appendages. The 
results of the present study, thus, evinced 
that the antibacterial bacterium isolated 
from shrimp larva inhibited shrimp larval 
pathogen V. harveyi both in-vitro and in-vivo. 
Therefore, the colonization/attachment 
of non-pathogenic antibacterial marine 
bacterium, not exceeding the threshold 
level, on shrimp larvae would help 
reduce larval mortalities in hatcheries by 

Values are mean ± standard deviation of four observations.
* No inhibition was observed on control plates without Alteromonas sp. macrocolonies.

Table 3. Inhibitory activity of Alteromonas sp. against Vibrio harveyi M3 on seawater 
yeast extract peptone agar.

Technique Zone of inhibition (mm)

Cross streak method

Double agar layer method*

Spot-on-the-lawn method with or without trypsin 2000 units/g

4.00 ± 0.25

7.25 ± 0.83

5.75 ± 0.30

Treatment
Zone of inhibition in test 
wells (mm)

Cell free supernatant of SYEP broth 

Crude extract of ammonium sulphate precipitate, dialyzed from 
SYEP broth 

Ethyl acetate crude extract from whole bacterial cell

Ethyl acetate crude extract from spent SYEP agar 

0

0

21.50 ± 1.12

1.00 ± 0.50

Table 4. Inhibitory activity of the crude extracts of the antibacterial substance 
from Alteromonas sp. on Vibrio harveyi M3.

SYEP: Seawater yeast extract peptone broth. Control wells with 50 µl each of sterile SYEP broth and 
ethyl acetate showed no zone of inhibition. Values are mean ± standard deviation of four observations.

Treatment
Mortality 
(%)

Alteromonas sp. @ 106/ml plus
Vibrio harveyi @104/ml

Vibrio harveyi @104/ml

Uninoculated control

59.0 ± 3.0a,b

72.0 ± 3.0a,c

47.0 ± 2.0b,c

Values are mean ± standard deviation of two 
observations. Mean values sharing common 
superscripts differed signifi cantly. a and c: P<0.01; 
b: P<0.05. 

Table 5. Mortalities in Penaeus monodon 
larvae: In-vivo inhibition of Vibrio harveyi 
M3 by Alteromonas sp.



31NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 2004

articles

preventing attachment and proliferation 
of bacterial pathogens on them. It appears 
to be an effective way of controlling 
luminous vibriosis in shrimp larvae in lieu 
of the negative impacts of antibiotics.
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The relationship of shell dimensions and shell 
volume to live weight and soft tissue weight 
in the mangrove clam, Polymesoda erosa 
(Solander, 1786) from northern Australia 
R. Gimin, R. Mohan, L.V. Thinh and A.D. Griffiths

Abstract

Shell dimensions (length, height, width) and shell volume were evaluated as estimators of growth for 
Polymesoda erosa in northern Australia. Each parameter was a good estimator when applied to live weight 
(r2 values of 76-96 percent), but not to soft tissue weight (wet, dry, or ash-free dry weight) (r2 values of 13-32 
percent). The b value for shell volume to weight relationship of clams collected during the dry season (June 
to October) was signifi cantly different than for those collected in the wet season (February to April).

Introduction

Polymesoda (Geloina) erosa is a large and 
fl eshy bivalve that attains a shell length 
of up to 11 cm. Indigenous communities 
living in the coastal regions of northern 
Australia exploit it as an important 
subsistence food source (Meehan 1982). 
It is a sturdy animal and has excellent 
attributes for mariculture (Morton 1976).

Studying bivalve growth and establishing 
allometric relationships are essential 
for generating useful information for 
managing resources and understanding 
changing environmental conditions and 
pollution (Palmer 1990; Boulding and 
Hay 1993). Often growth is estimated 
by measuring shell dimensions or the 
volume of the animal (Hibbert 1977; 
Bailey and Green 1988; Rodhouse et 
al. 1984; Ross and Lima 1994; Ravera 
and Sprocati 1997; Rueda and Urban 
1998; Deval 2001), because they are 
simple, non-destructive methods 
that can be easily completed in the 
fi eld (Ross and Lima 1984). Once the 
allometric relationship is established, shell 
measurement is a suffi cient surrogate 
to estimate biomass and total fl esh 
production (Hibbert 1977; Rodhouse 
et al. 1984; Ross and Lima 1994; 

Thórarinsdóttir and Jóhannesson 1996; 
Ravera and Sprocati 1997; Deval 2001).

However, shell variables sometimes 
fail to estimate the fl esh weight of an 
organism due to certain conditions. 
Factors such as the reproductive 
state of the animal (Rueda and Urban 
1998), population density (Seed 1968), 
and physical and biological variables 
of habitat (Thórarinsdóttir and 
Jóhannesson 1996) are known to affect 
the growth of bivalves and can change 
the allometry between the shell and 
the fl esh. Therefore, before using shell 
measurement to estimate soft tissue 
growth in a bivalve population, the 
robustness of the relationship between 
the shell morphology and total tissue 
component should be established (Ross 
and Lima 1994).

This study was conducted to determine 
whether shell dimensions (length, height, 
width) and shell volume have a strong 
relationship that can be used to monitor 
biomass production in populations of 
P. erosa in northern Australia. Variation 
in the allometric relationship may occur 
between sexes, reproductive seasons 
and changing environmental conditions. 
Therefore, the study also examined 

differences in shell-biomass relationships 
between females and males collected 
during the dry and wet seasons.

Materials and Methods

Adult P. erosa (shell length 60-90 cm) 
were hand collected at monthly intervals 
(June 2001-September 2002) during 
low tide from mangrove forests in 
Maningrida (12.05S;134.23E), Northern 
Territory, Australia (Figure 1). The live 
clams collected were airfreighted dry 
in styrofoam boxes to an experimental 
hatchery at the Northern Territory 
University. Here they were cleaned and 
maintained in 5 000 l static fi breglass 
tanks containing aerated sand-fi ltered 
seawater of 20 ppt salinity. They were 
left overnight to clear their guts. After 
this, samples of 30 to 50 clams with 
minor shell damage were randomly 
selected for measurement. The maximum 
dimension of the anterior-posterior 
axis was recorded as shell length and 
the maximum lateral axis as shell width. 
Due to most shells having eroded umbo, 
the maximum dimension along the shell 
hinge to the ventral side was recorded 
as shell height. All measurements were 
made to the nearest 0.01 cm using 
Vernier callipers. Total body volume 
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measurements were made to the nearest 
0.1 ml by water displacement (Quale 
and Newkirk 1989). Live weights (LW) 
to the nearest 0.01 g were determined 
after drying the shell with paper towels. 
Sex was determined based on the 
colour of the gonads. The gonad is black 
in females and creamy white in males. 
The wet tissues were blotted and their 
weights were measured to the nearest 
0.001 g with a Sartorius B310S electronic 
balance. The dry weights (DW) were 
recorded after freeze-drying the tissue 
to a constant weight for 72 hours. 
The ash content was determined after 
combusting the dry materials for 20 
hours at 500oC. The ash-free dry weight 
(AFDW) was calculated by subtracting 
ash content from dry weight. 

The relationships between shell 
dimensions (length, height, width) and 

shell volume to LW, DW and AFDW 
were independently evaluated using log-
transformation of the equation:

Y=aXb

where Y is LW (g) or soft tissue (WW, 
DW, or AFDW in grams), and X is one 
of the dimensions (length, height, width 
in centimeters) or volume (ml), a is the 
intercept and b is the slope parameter. 
The volume-live weight relationship was 
also evaluated separately for females 
and males as well as for clams collected 
during the dry season (June-October) 
and the middle to end of the wet season 
(February-April).  An F-test was applied to 
test whether the slopes of the regression 
lines were signifi cantly different from zero. 
Differences between regression lines of 
males and females, and of seasons were 
tested using the two-tailed Student’s t-test 

(Fowler et al. 2000). Routine regression 
analyses were completed using the 
Statistica version 6 (Statsoft 2002).

Results

All the slopes of the regression lines are 
signifi cantly different from zero. Shell 
length, shell height, shell width and shell 
volume all show a strong correlation with 
live weight (Table 1). At least 76 percent 
of the variation in the latter is accounted 
for by variation in either shell dimensions 
or volume. The shell volume is the best 
estimator of the live weight with r2 of 95 
percent. However, when applied to soft 
tissue weights, either in wet, dry or ash-
free basis, none of these shell variables 
is a good predictor (r2 values of 13-32 
percent).

Because volume displacement is the 
best estimator for live weight, we used 
this variable to show differences in live 
weight of each sex during the dry and 
wet seasons (Table 2). The slopes are 
constantly higher during the wet season, 
indicating more variability in live weight 
than that of dry season. The slope of 
the male’s regression line during the 
dry season is signifi cantly lower than 
for the wet season (t=3.047, d.f=51, 
p<0.05), while the slopes for the females 
do not differ signifi cantly (t=1.234, 
d.f=51, p>0.05). Combined data for 
both sexes show a signifi cantly different 
slope (t=2.016, d.f=106, p<0.05) for 
clams collected during the dry season 
than those collected in the wet season. 
However, when contrasting the two sexes 
collected in the same season, the result 
is not signifi cant (dry: t=1.194, d.f=71, 
p>0.05; wet: t=1.648, d.f=31, p>0.05). 

Discussion

The results show a strong linearity 
between shell dimensions and volume 
to live weight, but little relationships 
between shell dimensions and the 
soft tissue for the clam population in 
Maningrida. This indicates that the soft 
tissue did not change much although 
the clams grew steadily. The b value 

Figure 1. Map of Maningrida Region, Northern Territory, Australia showing the 
collection site of Polymesoda erosa. The animals were collected from a clam bed 
adjacent to Tomkinson River.

N
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for the length-weight relationship is 
within the range for other bivalves (Park 
and Oh 2002). The lack of a strong 
correlation between shell size and fl esh 
tissue for P. erosa is different from that 
reported in other bivalves, such as 
Mercenaria mercenaria (Hibbert 1977), 
Mytilus edulis (Rodhouse et al. 1984), 
Dreissena polymorpha and D. burgensis 
(Ross and Lima 1994), Artica islandica 
(Thórarinsdóttir and Jóhannesson 1996), 
Chamelea gallina (Deval 2001) Pinctada 
margaritifera and P. maxima (Yukihira et 
al. 1998). The grown shells make the 
live animals heavier, either because of 
increased shell mass or a higher capacity 
to contain water. The need for strong 
shells and a high capacity to live in 
adverse conditions in intertidal areas 
might direct the allocation of energy to 
shell growth instead of the soft tissue. 
This investment of energy on the shell 
limits the growth of an individual (Currey 
1988).

P.  erosa habitats in northern Australia are 
in the high zones around estuaries where 
long periods of emersion take place. 
They bury themselves in the mangrove 
mud, with only small parts of the shell 
with siphons emerging to fi lter water. 
The animals are potentially exposed to 
desiccation and a wide range of salinities. 
The clams also experience low pH, as 
indicated by the shape of the shells, 
which are badly eroded by acid mangal 
soils (Morton 1985). To protect the body 
against adverse environmental conditions 
and predators, they need thick valves that 
can be closed tightly. The need for thicker 
and heavier shells than normal was also 
reported in Mytilus edulis inhabiting 
periodically dry zones (Seed 1968) and is 
common in shell-bearing molluscs living in 
intertidal or shallow marine environments 
(Tokeshi et al. 2000).

In addition, a low rate of tissue growth 
is useful for survival of the clams under 
prolonged exposure. During the periodic 
emersion, the clams need to maintain a 
large volume of water inside the shell to 
create a suffi ciently watery environment 
for survival of the body tissue (Seed 

Table 2. Allometric relationships of shell volume (ml) to live weight (g) of female 
and male Polymesoda erosa during dry and wet seasons.

n, a, b, SE, r2, * are as in Table 1.

Sex Season n a b ± SE r2 F*

Male Dry 40 1.674 0.967 ± 0.0211 0.982 2 106.3

Male Wet 15 0.733 1.138 ± 0.0520 0.972 479.0

Female Dry 35 2.274 0.900 ± 0.0423 0.930 453.9

Female   Wet 20 1.424 0.998 ± 0.0672 0.920 220.4

Male + Female Dry 75 1.872 0.942 ± 0.0217 0.962 1 889.0

Male + Female Wet 35 1.145 1.044 ± 0.0457 0.939 521.6

Table 1. Allometric relationships of shell dimensions (cm) and shell volume (ml) to 
live weight (g) and soft tissue weight (g) of Polymesoda erosa.

Relationship n a b ± SE r2 F*

Live weight (LW)

Length vs LW 371 0.374
2.905 ± 
0.0679

0.831 1 830.0

Height vs LW 371 1.749
2.249 ± 
0.0658

0.759 1 167.9

Width vs LW 371 3.604
2.472 ± 
0.0426

0.901 3 357.3

Volume vs LW 134 1.728
0.959 ± 
0.0178

0.956 2 903.5

Wet soft tissue weight (WTW) 

Length vs WTW 371 0.142
2.251 ± 
0.1958

0.262 132.1

Height vs WTW 371 0.879
1.416 ± 
0.1695

0.157 69.7

Width vs WTW 371 0.992
1.786 ± 
0.1617

0.246 121.9

Volume vs WTW 134 0.343
0.805 ± 
0.1078

0.291 55.7

Dry soft tissue weight (DTW) 

Length vs DTW 371 0.054
1.944 ± 
0.1759

0.247 122.1

Height vs DTW 371 0.292
1.158 ± 
0.1529

0.132 57.3

Width vs DTW 371 0.309
1.490 ± 
0.1466

0.216 103.3

Volume vs DTW 134 0.114
0.694 ± 
0.0956

0.280 52.6

Ash-free dry weight (AFDW) 

Length vs AFDW 134 0.023
2.293 ± 
0.2886

0.318 63.1

Height vs AFDW 134 0.158
1.416 ± 
0.2583

0.179 30.1

Width vs AFDW 134 0.198
1.706 ± 
0.2578

0.243 43.8

Volume vs AFDW 134 0.110
0.681 ± 
0.0949

0.275 51.5

n=sample size; a=intercept; b=slope; SE=standard error; r2=coeffi cient of determination; * all F values are 
highly signifi cant (p<0.001).
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1968). If the soft tissue continues to grow 
steadily and occupy a large part of the 
space inside the shell, then there would 
not be enough water to support the 
metabolic needs of the increased tissue.

The slope values (b) for the shell volume 
and weight relationship of animals in the 
wet season are signifi cantly different to 
those during the dry season. This could 
be because the animals spawn intensively 
from the middle to the end of the wet 
season (Gimin et al. unpublished data).

In conclusion, shell dimensions or volume 
are not good estimators for the biomass 
of P. erosa. However, the allometric 
relationship between shell length, width 
or volume to live weight can be used for 
monitoring the growth of this species in 
the natural population.
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Economics and management strategies for 
restocking sandfi sh in Vietnam 
H.V. Strehlow

Abstract

This paper assesses the costs and benefi ts of a proposed project for restocking sandfi sh (Holothuria scabra) 
in Khanh Hoa Province, Vietnam. It identifi es the key stakeholders, institutional framework, management 
and fi nancing required for its implementation. The recommended management strategy includes a 50 
percent harvest at optimum size. Limiting the number of boats fi shing an area, possibly through licensing, 
can control the number of sandfi sh removed. The easiest way to prevent harvesting of undersized sandfi sh 
is to control the size of processed sandfi sh from processors. The potential benefi ts of restocking are 
shown by the rapid changes in selected indicators, particularly the net present value, the internal rate of 
return, and the benefi t-cost ratio. Probability analysis is used to estimate the uncertainties in the project 
calculations. Based on a conservative estimate, the restocking of sandfi sh is expected to be profi table, 
although cost-benefi t analyses are sensitive to the survival of restocked sandfi sh and their progeny, and 
the number of boats fi shing for sandfi sh in the release area.

Introduction

Sea cucumbers form an important 
component of the fi sheries of the Indo-
Pacifi c region. They are harvested for 
processing to bêche-de-mer, a high-priced 
food item consumed in Asian countries. 
Market demands, ease of harvesting and 
inadequate management have led to 
the overexploitation of sea cucumber 
fi sheries worldwide (Conand and 
Byrne 1993; Martinez 2001; Silva 2001; 
Ibarra and Soberón 2002; Battaglene 
and Bell 2004). Sea cucumbers are 
broadcast spawners and need a threshold 
population density for fertilization 
success. Hence, overexploited sea 
cucumber populations may take several 
decades to recover (Battaglene and 
Bell 2004). This “boom and bust” cycle 
has negative socioeconomic effects on 
local communities (Ibarra and Soberón 
2002; Jangoux et al. 2001). Depleted 
sea cucumber stocks can be restored 
(Battaglene and Bell 2004; Bell and Nash 
2004). Recent research has focused on 
the development of breeding and rearing 
methods (Pitt and Duy 2004) and optimal 
release strategies for hatchery-reared 
juveniles (Purcell 2004). In Vietnam, the 

sandfi sh, Holothuria scabra, is the most 
valuable species. A restocking project 
releasing 540 000 juvenile sandfi sh per 
year, over a period of ten years, was 
planned and evaluated. The study was 
carried out in the Van Ninh, Ninh Hoa, 
Nha Trang, and Cam Ranh municipalities 
of Khanh Hoa Province, Vietnam from 
June to August 2002.

Methodology

An ex ante evaluation, necessary to 
determine if a project is suitable for 
investment, involves many predictions 
and estimates (Sang 1998). Several steps 
were taken to identify the relevant costs 
and benefi ts in the restocking model 
(Figure 1). Data were gathered through 
participatory rural appraisal (PRA) 
following a stakeholder analysis, using 
group discussions and semi-structured 
questionnaires with 37 fi shermen (divers), 
four processors, fi ve shrimp pond owners, 
the Fishery Extension Center, the Fishery 
Exporting Company No. 17, and two 
banks.

After estimating production costs and 
survival rates for restocking, the next step 

was to identify the costs and benefi ts to 
the relevant stakeholders in the project. 
These were used to generate a project 
cash fl ow. On the basis of the project cash 
fl ow, selected indicators were calculated, 
i.e., the net present value (NPV), the 
payback period, the internal rate of return 
(IRR), and the benefi t-cost ratio (BCR). 
A probability analysis was applied to deal 
with uncertainty.

The hatchery and restocking

The hatchery and nursery complex was 
planned to supply and release 540 000 
juvenile sandfi sh at 10 g bodyweight 
each year for 10 years, from an initial 
broodstock of 800. The materials needed 
to construct the facilities were estimated 
by the WorldFish Center and the 
Research Institute for Aquaculture No. 3 
(Vietnam) and valued at local purchase 
prices. The survival rate of the cultured 
sandfi sh was set at 15 percent based on 
results from Yanagisawa and Honda (1992) 
who released 200 000 seed of Stichopus 
japonicus of average length 2.5 mm, with 
a confi rmed survival rate of 12.3 percent 
seven months later. From the 540 000 
juvenile sandfi sh released in year 1, and 
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the fi shermen engage in farming or other 
activities. The fi shermen use standard size 
vessels (about 9 m long) equipped with a 
hookah to deliver compressed air to two 
divers. Fuel is their single largest expense; 
depreciation on capital such as boat and 
engine, hookah, wetsuits and masks is the 
second largest; and labor costs for traveling 
to the fi shing site and diving is the third.

Processing consists of the following 
steps: de-gutting, salting, boiling, washing, 
drying and grading. Processors use 
very simple facilities, drying frames and 
second-hand sacks. No depreciation cost 
on building or equipment is included in 
the estimates. Costs are estimated for 
each labor-intensive activity based on 
the opportunity cost for unskilled labor. 
Consumables such as gas, salt, water and 
charcoal are valued at their actual cost.

Like fi shermen, processors do not 
specialize in a single species. Although 

again in year 2, only just over 25 000 
females were assumed to survive to 
spawning (Table 1).

Females spawn three times a year. The 
average number of eggs per spawning is 
assumed at 1 500 000; the survival rate of 
progeny was set at 0.0001 percent (1 in a 
million) from egg to adult animal.

Sales

The price received for live and processed 
sandfi sh depends on size (Table 2). Three 
categories were identifi ed. When sold to 
middlemen, e.g., in Can Tinh Dong in the 
municipality of Cam Ranh, the average 
price was only 1 000 VND per 20 cm 
sandfi sh. This low price refl ects the fact 
that middlemen lend money to fi shermen, 
with the obligation to sell the catch to 
them at a low price.

The Fishermen

The average income of the fi shermen 
is about 2 million VND per month. The 
average contribution of sandfi sh to the 
annual income of fi shermen is calculated 
at 8 percent, based on 600 individuals 
caught per boat per year. According to 
the fi shermen, diving takes place six 
months a year. For the other six months, 

profi ts from certain sea cucumber 
species may be low or even negative, 
they still process them. As there are 
quite large fl uctuations during the year 
in the availability of sandfi sh, less valuable 
species can sometimes be sold at higher 
prices, compensating for times when the 
general price is low.

Project evaluation

The planned hatchery/nursery complex, 
covering about 1 ha, is to be run by 
ten full-time employees and a manager. 
The capital investment is estimated at 
a little over 931 million VND, with an 
incremental working capital of 29 million 
VND. The total project cost is estimated 
at 960 million VND or 64 000 USD. The 
annual operating cost is estimated at 287 
million VND.

The average estimated cost of producing 
a juvenile sandfi sh at 10 g is about 

Restocking 
assumptions

Survival 
rate

No. 
Individuals

Survival rate of 
released sandfi sh

15% 81 000

Subsequent 
survival rate until 
reproduction1

50% 40 500

No. of females 
spawning in 
1st year of 
reproduction

50% 20 250

No. of females 
spawning in 
2nd year of 
reproduction

25% 5 062

Total spawning 
females from year 
1 and 2

25 312

Table 1. Restocking assumptions for 
sandfish, over two years, based on 
propagation of 540 000 released sandfish. 

1 Estimate survival based on fishing.

Cost and benefi t

Production cost

Fishing cost

Revenues

Processing cost

Revenues

Stakeholders Process Product

Hatchery/nursery
Restocking

540 000 juveniles

Fishermen
Fishing

Reproduction 
assumptions

Sales

Processing

Sales

Exporters

Processors

Adult animals

Bêche-de-mer

Figure 1. The restocking model: project costs and benefits, stakeholders, 
processes and products.

Size of sandfi sh Piece/kg VND/piece VND/kg

Small 5-15 (100)* 1 000 (1 500)* 15 000 (150 000)*

Medium 3-4 (∼70)* 4 000 (4 000)* 16 000 (250 000)*

Large 1-2 (15-20)* 8 000 (18 000)* 16 000 (350 000)*

* Price received for processed sandfi sh (bêche-de-mer)
15 000 VND = USD 1

Table 2. Price received for live and processed sandfish in Vietnam (VND).
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700 VND or 0.05 USD. The production 
cost is directly related to the size of 
the animal at release. This is due to the 
large area required for tank and pond 
nurseries. The price still compares 
very well with the cost of 0.04 USD to 
produce a juvenile Stichopus japonicus with 
an average size of 9 mm, as reported by 
Yanagisawa (1998).

The revenue generated by the project 
is almost equally distributed between 
processors and fi shermen (Figure 2).

The estimated revenue accruing to the 
fi shermen is based on the assumption 
that 50 percent of the released, surviving 
animals will be harvested after two years, 
including a proportion from previous 
years. The additional net revenue for the 
fi shermen increases to 34 million VND/
boat/year in the fi nal year of the project. 
Assuming the usual six people per boat, 
the additional seasonal net revenue would 
average 5.7 million VND per fi sherman 
(380 USD).

The gross revenue resulting from the 
restocking efforts depends on the 
percentage of the population harvested. 
This is very closely linked to the survival 
rate of the restocked juveniles, the 
increase of the population through 
progeny, institutional factors, and the 
number of fi shing boats in the area. 
To obtain a signifi cant impact through 
restocking, the number of boats fi shing the 
area of release was assumed to be limited 
to 40. The other factors signifi cantly 
affecting revenue are the size of the 
animals at harvest and market prices.

With a discount rate of 10 percent, the 
positive net present value (NPV) is 
1 134 million VND or 75 600 USD. The 
realized internal rate of return (IRR) of 
17.3 percent is higher than the external 
rate of return, namely, the opportunity 
cost for capital. The payback period for 
the restocking project is eight years. The 
benefi t-cost ratio (BCR) is 1.76. This 
means that even if cost increases by 76 
percent or revenue drops by 76 percent, 
the investment is still profi table.

The NPV is highly sensitive to the survival 
of the juveniles after restocking. For this 
reason, the NPV is calculated for different 
survival rates (10 percent to 20 percent) 
and at different discount rates (Figure 3). 
The break-even point for the investment 
is reached with a survival rate of 11.5 
percent (with the assumption that one in 
a million eggs spawned by the surviving 
sandfi sh reaches maturity).

To assess different scenarios, the survival 
rate of restocked juvenile sandfi sh was 
fi xed at 15 percent and the survival of 
progeny varied. The break-even point was 

Grading of different sea cucumber species at the processor in Nha Trang.

A processor boiling sea cucumbers.

Figure 2. Revenue projections for processors and fishermen over the lifetime of the 
restocking project, based on a 15 percent survival rate of restocked juveniles and a 
survival rate of progeny of 0.0001 percent.

R
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en
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s
Years of restocking

VND 1 600 000 000

VND 1 400 000 000

VND 1 200 000 000

VND 1 000 000 000

VND 800 000 000

VND 600 000 000

VND 400 000 000

VND 200 000 000

VND 0
1             2            3             4            5             6            7             8            9           10

processors             fishermen
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reached when 0.83 individuals from one 
million eggs survived to maturity.

Using a probability analysis it was 
determined that in 37.5 percent of all 
cases the predicted NPV of 1 134 million 
VND with an IRR of 17.3 percent would 
be reached and that in 44 percent of all 
cases the project would break even and 
be viable.

Discussion

Management issues

The potential benefi t of a restocking 
program for sandfi sh can only be 
realized if there is strong and effective 
management of the released animals. 
This poses a challenge under the 
current open-access arrangements for 
coastal fi sheries in Vietnam. Restricting 
the number of boats fi shing an area, 
possibly through the use of licenses, 
can regulate the quantity of sandfi sh 
removed. The easiest way to prevent 
harvesting of undersized sandfi sh is to 
control processors, on the assumption 
that fi shermen sell all their sandfi sh to 
processors and demands for minimum 
sizes are handed down from processors 
to fi shermen. Bhaskar and James (1989) 
studied the necessity for an export 
ban on processed sandfi sh smaller than 
75 mm from the southeast coast of India. 

Studies on H. scabra at fi rst maturity 
indicate that the spawning size is 201-
230 mm (average 220 mm). Sandfi sh of 
this size are reduced to an average size 
of 76 mm after processing. However, 
the processing methods in Vietnam are 
different. The average reduction in length 
after processing at the processor in 
Nha Trang was 45.7 percent, but more 
detailed studies are required. Conand 
(1989) estimated the size at fi rst 
maturity of H. scabra in New Caledonia 
as 160 mm and 184 g total weight, which 
differs from the results reported by 
Bhaskar and James. Size regulations are 
extremely important, because a large 
proportion of the processed sandfi sh 
currently fall into the category 70-100 
pieces per kilo. This means that the size 
before processing is approximately 160 mm. 
At best, these sandfi sh have just reached 
maturity and have spawned once; at the 
worst, these sandfi sh have not yet reached 
maturity or spawned.

Organization and fi nance

There is a huge potential in Vietnam 
for organizing local communities to 
overcome problems relating to fi sheries. 
At the provincial level, municipalities 
must be empowered to introduce their 
own use-rights. Use-rights governing use, 
access to, and enhancement of sandfi sh 
stocks could be introduced through 

collective action and enforced through 
voluntary surveillance. The institutional 
requirements for community-based 
management consist mainly of limited 
access to outsiders, ensured property 
rights and defi ned utilization strategies.

The Ministry of Fisheries or other 
local government institutions should 
manage the institutional framework, give 
organizational assistance and engage 
in further research. The participatory 
approach to organizing the local 
communities could be carried out by 
non-governmental organizations (NGOs) 
to assure that the poorest households 
are included in the decision-making 
process.

International donors, NGOs or the 
government could fund the initial phase, 
e.g., construction of the hatchery and 
provision of the necessary knowledge. 
Fishermen and processors should fi nance 
the annual operating cost. In New 
Zealand’s scallop fi shery, “fi shers agreed 
to fi nance the enhancement operations 
through a levy on their annual catches in 
exchange for access to existing stocks 
and some guarantee of future rights 
in the fi shery” (Bull 1999). A similar 
approach could be followed in Vietnam.

Conclusion

The sea cucumber fi shery in the province 
of Khanh Hoa is rapidly declining. In some 
areas sandfi sh have vanished completely 
due to overfi shing. Restocking combined 
with an adequate management scheme 
seems to be an appropriate way of 
improving the situation. 

The contribution of a hatchery capable of 
rearing 540 000 sandfi sh (weighing 10 g
each) per year was investigated. The 
estimated investment cost is 959 million 
VND or 64 000 USD. The average cost 
of producing juvenile sandfi sh is 700 
VND or 0.05 USD each. The participants 
could be asked to fi nance the annual 
operating cost through a levy on catching 
and processing sandfi sh, but outside 
assistance would be needed to meet the 

Figure 3. Changes in the net present value (discount rate 10% and 6%) and 
the internal rate of return for different survival rates.
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Diet composition and food habits of 
demersal and pelagic marine fi shes from 
Terengganu waters, east coast of Peninsular 
Malaysia 
Z. Bachok, M.I. Mansor and R.M. Noordin

Abstract

Fish stomachs from 18 demersal and pelagic fi shes from the coast of Terengganu in Malaysia were examined. 
The components of the fi shes’ diets varied in number, weight, and their frequency of occurrence. The major 
food items in the stomachs of each species were determined using an Index of Relative Importance. A 
“conceptual” food web structure indicates that fi sh species in the study area can be classifi ed into three 
predatory groups: (1) predators on largely planktivorous or pelagic species; (2) predators on largely 
benthophagous or demersal species; and (3) mixed feeders that consume both pelagic and demersal species.

Introduction

Changes in the populations of marine 
fi shes have prompted researchers to 
examine and assess their stocks. In the 
past decade, the management of marine 
resources has usually been defi ned on 
the basis of a single-species model that 
has been used to develop multi-species 
models of exploited fi sh populations, 
which provide insight into the fl uctuation 
of the marine resources (Gulland 1991). 
The study of the feeding behavior of 
marine fi shes is necessary for fi sh stock 
assessment and ecosystem modeling. 
For example, methods of multi-species 
virtual population analysis (Sparre 1991; 
Bulgakova et al. 2001) and the ECOPATH 
II ecosystem model (Christensen and 
Pauly 1993) need information on the 
dietary composition of fi shes.

Predator pressure is a pervasive infl uence 
on the evolution of populations and on 
the structure and function of nearly all 
marine communities and ecosystems 
(Duffy and Hay 2001). Paine (1969) 
coined the term ‘keystone’ for species 
that have strong community impacts 
that are disproportionate to their 
abundance. Stomach content analysis, 

even in its most casual and anecdotal 
form, can yield incidental but immediately 
valuable information since predators 
are often better sampling devices than 
most commercial fi shing gears (Caddy 
and Sharp 1986). Information on the 
food habits of marine fi shes, such as the 
predator-prey relationships, is useful in 
order to assess the role of marine fi shes 
in the ecosystem.

There are only a only a few studies that 
describe stomach content analysis of 
marine fi shes from the South China Sea 
and east coast of Malaysia. Khalijah and 
Salleh (1985), Chan and Liew (1986) 
and Mohsin et al . (1987) studied the 
stomach contents of communities 
of small demersal fi sh. These studies 
did not include the moderate to 
large fi sh species. The present study 
was conducted for both commercial 
demersal and pelagic fi shes from the 
Terengganu waters on the east coast 
of peninsular Malaysia in order to 
determine their dietary compositions 
and food habits. Since there is little 
published information on the diets of 
fi sh from the South China Sea near 
peninsular Malaysia, the results of 
this study are also aimed at better 

understanding the biology of predator 
and prey species as well as being useful 
for stock- and ecosystem-level analyses.

Materials and methods 

Demersal and pelagic fi sh specimens 
(Table 1) were obtained from the fi sh 
landing complex of Pulau Kambing, Kuala 
Terengganu, Malaysia (Figure 1) from 
January 1993 to June 1994. The samples 
were selected randomly and then stored 
in boxes containing ice to slow any 
bacterial digestion process in the fi sh 
stomachs and make it easier to identify 
the prey. The fi sh samples were taken to 
a laboratory for further analysis.

The total length and fresh weight of the 
individual specimens were measured. 
The ventricle of the fi shes was split 
open to determine the sex and then the 
fi sh guts were removed and cut open. 
All food items in the stomachs were 
identifi ed to the most precise taxonomic 
level, i.e., genera, whenever possible 
(Fischer and Bianchi 1984; Lin 1992). 
The total number, wet weight, and 
frequency of occurrence of each prey 
item in the stomach of the fi shes were 
recorded.
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The dietary components for each species 
studied were expressed as a percentage of 
numerical composition (CN), percentage of 
gravimetric composition (CW) and percent-
age of frequency of occurrence (F) (Hyslop 
1980). The most important food item was 
determined by using the Index of Relative 
Importance (IRI) of Pinkas et al. (1971):

IRI = (CN + CW) x F

Results and discussion

The species of marine fi shes selected for 
study are given in Table 1. It was possible 
to count and weigh all food items in the 
stomach and most of the prey items were 

easily identifi ed because of their size. 
Some fi sh stomachs, however, were empty. 
For Auxis thazard thazard, Carangoides 
ferdau, Caranx sexfasciatus, Euthynnus 
affi nis, Sphyraena jello and S. obtusata, 30 
to 41 percent of the stomachs examined 
were empty. For the other species, 22 to 
30 percent of stomachs examined were 
empty. A total of 44 prey items (Table 2) 
were found in the stomachs of the fi sh 
sampled. Thirty-six prey items were found 
in the stomach of demersal species, while 
20 items were identifi ed within pelagic 
species.

The fi shes’ feeding habits fell in the 
spectrum between generalist and 

specialist. For example, in the stomachs 
of demersal species, of the 36 prey items, 
64 and 44 percent of them were found 
in Rachycentron canadum and Lutjanus 
gibbus, respectively. Of the 20 items in the 
pelagic species, 70 percent were found 
in Coryphaena hippurus and 40 percent in 
Scomberomorus commerson. This suggests 
that these species utilize a broad range 
of prey items. On the other hand, the 
low number of different food items in 
Auxis thazard thazard, Carangoides ferdau, 
Euthynnus affi nis, Sphyraena jello and 
S. obtusata (Table 3) suggests that they are 
more selective in their diets and specialize 
on particular food items.

The composition of the diet indicated 
that the fully adult fi shes were 
carnivores feeding on small marine 
animals, mainly teleosts. Cephalopods, 
crustaceans, echinoderm and molluscs 
also contributed to the diet (Table 3). 
However, it is important to recognize the 
actual complexity of the situation because 
species may feed at different levels in the 
food chain at different stages of their life 
cycle. For instance, Landry (1997) found 
that fully adult codfi sh are predators on 
herring, but when they are small (<50 cm
long) they feed on copepods and 
other planktonic crustaceans. The food 
preference of predatory fi shes is very 
complex and is infl uenced by many factors 
such as prey accessibility and mobility, 
prey abundance, prey energy content, 
prey size selection and seasonal changes 
(Nieland 1980; Hart and Ison 1991; 
Stergiou and Fourtouni 1991; Brewer 
and Warburton 1992; Barry and Ehret 
1993). This should be kept in mind when 
interpreting the data presented here.

The percentages by number (CN), weight 
(CW) and frequency of occurrence (F) gave 
information on the main prey items in 
the diet (Table 3). The high frequency of 
occurrence of a certain prey item in fi sh 
diets (e.g., trout sweetlip in Lutjanus gibbus, 
bigeye scad in Rachycentron canadum, tuna 
in Coryphaena hippurus, torpedo scad in 
Scomberomorus commerson) does not 
mean that the given food types are of 
nutritional importance to the consumer. 

Figure 1. Location of Peninsular Malaysia and Pulau Kambing fish landing complex.

N
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They may be consumed with great 
regularity but in very small quantities 
(Table 3). On the other hand, the study 
showed that prey items that were small in 
size (e.g., anchovy, ponyfi sh and sergestid 
shrimp) were eaten in greater numbers, 
while the large size prey (e.g., bigeye 
scad, round scad and threadfi n bream) 
were eaten in fewer numbers. However, 
comparing their weight gave the opposite 
result (Table 3). Percentage by number 
overemphasizes the importance of 
smaller prey since they weigh so much 
less than larger prey, but percentage by 
weight overemphasizes the importance of 
large prey (Pinkas et al. 1971; George and 
Hadley 1979; Hyslop 1980). Bowen (1983) 
suggests that if the investigation aims to 
determine the impact of the predator on 
a prey’s population dynamics, then the 
percentage by number will provide useful 

data regardless of the size of different 
prey types. If the investigation aims to 
measure the contribution of a prey to 
the predator’s nutrition, then percentage 
by weight is a fully adequate indicator. 
In this study, the use of the Index of 
Relative Importance (IRI) was found to 
be more useful in describing the relative 
importance of a prey species.

The fi sh species investigated in this study 
(Table 1) are commercially important. 
Arius oetik, Lutjanus gibbus, L. malabaricus, 
L. sanguineus, Pristipomoides fi lamentosus 
and Plectorhinchus pictus are a major 
component of demersal resources, while 
Auxis thazard thazard, Euthynnus affi nis, 
Scomberomorus commerson and Thunnus 
tonggol are among the dominant pelagic 
fi shes on the east coast of Peninsular 
Malaysia (Department of Fisheries Malaysia 

1980-1991). In addition, Coryphaena 
hippurus, Istiophorus platypterus, Makaira 
indica and Rachycentron canadum are 
potentially important for sport fi shing 
activities (Booth 1994). The prey of the 
fi shes examined (Table 2) have also been 
commercially exploited and some have 
been found at the major fi sh landing 
sites in this area (SEAFDEC 1980-1990); 
Round scad (Decapterus spp.), for example, 
contributed around 10 percent of the total 
marine catches or 17 percent of the small 
pelagic catches. According to data from 
the Department of Fisheries, Malaysia 
(1980-1991), the catches decreased 
from 35 300 t in 1981 to 14 400 t in 
1991. Studies conducted in temperate 
and tropical seas have revealed that the 
removal of marine consumers (herbivores 
or predators) often causes profound 
changes in community organization, habitat 

Table 1. List of marine fishes selected for dietary composition studies from waters off Terengganu on the east coast of 
Peninsular Malaysia.

Groups/family/species Common name
No. of 
samples

Ratio (M/F)
Size range
(cm)

Weight range 
(kg)

DEMERSAL FISH

ARIIDAE
 Arius oetik Sea catfi sh 71 1.62 18.0 - 69.0 0.1 - 5.0

HAEMULIDAE
 Plectorhinchus pictus Trout sweetlip 56 17.5 17.5 - 57.0 0.2 - 3.1

LUTJANIDAE
 Lutjanus gibbus
 Lutjanus malabaricus
 Lutjanus sanguineus
 Pristipomoides fi lamentosus

Humpback snapper
Malabar blood snapper
Humphead snapper
Crimson jobfi sh

111
125
113
181

0.76
0.49
2.06
1.27

21.0 - 111.0
34.0 - 64.0
21.0 - 74.0
17.0 - 155.0

0.2 - 7.5
0.5 - 5.2
0.8 - 4.2
0.3 - 4.9

RACHYCENTRIDAE
 Rachycentron canadum Cobia 98 0.97 33.0 - 139.0 0.9 - 1.5

SPHYRAENIDAE
 Sphyraena jello
 Sphyraena obtusata

Pickhandle barracuda
Obtuse barracuda

17
52

0.86
1.56

55.0 - 100.0
21.0 - 88.0

0.6 - 4.2
0.3 - 1.5

PELAGIC FISH

CARANGIDAE
 Carangoides ferdau
 Caranx sexfasciatus

Blue trevally
Bigeye trevally

38
43

0.75
1.58

42.0 - 62.0
37.0 - 70.0

1.0 - 5.6
0.3 - 3.8

CORYPHAENIDAE
 Coryphaena hippurus Common dolphinfi sh 171 0.52 47.5 - 106.0 0.7 - 9.0

ISTIOPHORIDAE
 Makaira indica
 Istiophorus platypterus

Black marlin
Indo-Pacifi c sailfi sh

32
13

1.20
2.33

106.8 - 241.5
110.0 - 211.0

15.0 - 31.2
26.0 - 27.8

SCOMBRIDAE
 Auxis thazard thazard
 Euthynnus affi nis
 Scomberomorus commerson
 Thunnus tonggol

Frigate tuna
Kawakawa
Barred Spanish mackerel
Longtail tuna

47
79
80
112

1.14
1.62
0.43
2.44

31.0 - 43.0
33.0 - 45.0
20.0 - 103.0 
32.0 - 61.0

0.6 - 1.3
0.6 - 1.4
0.8 - 9.4
0.3 - 3.2
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structure and ecosystem processes (Duffy 
and Hay 2001). Furthermore, Pauly et al. 
(1998) showed that current fi shing efforts 
have a global impact and that the mean 
trophic level of animals harvested from 
the sea is decreasing.

The information on the dietary composi-
tion of the fi shes from the Terengganu wa-

ters was used to illustrate the predator-
prey food web (Figure 2). The fi shes and 
their prey items were classifi ed into 26 
groups in order to reduce the complexity 
of the fi gure. Although only the stomach 
contents of 18 fi sh species were analyzed, 
the results are representative of the key 
commercial fi sh communities, especially 
those at the higher tropic level. Further-

more, the food web can be expanded by 
including the previous data available on 
dietary composition of prey species (e.g., 
Chong 1973; Khalijah and Salleh 1985; 
Chan and Liew 1986; Mohsin et al. 1987). 
The conceptual food web structure indi-
cates that three basic predatory groups 
may be recognized: (1) predators on 
largely planktivorous or pelagic species; 
(2) predators on largely benthophagous 
or demersal species; and (3) predators on 
both pelagic and demersal species.

Overholtz et al. (1991) studied the impact 
of predatory fi sh, marine mammals and 
seabirds on the pelagic fi sh ecosystem 
of the northeastern USA and found that 
predatory fi sh, primarily spiny dogfi sh, had 
caused most of the predation mortality in 
the system, followed by marine mammals 
and seabirds. Furthermore, Kitchell et al. 
(1994) showed that at the community and 
population scales, prey selection by preda-
tors alters habitat selection behaviors of 
prey species as well as their abundance, 
size distribution, life histories and the 
consequent effects on their own prey. 
Therefore, both direct and indirect preda-
tion effects are important aspects that 
can give guidelines for the management of 
marine resources in this region.
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0.27
0.10

19.26
2.96
74.07
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0.74
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10.89
14.63
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4.31
1.51
2.22
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29.73
2.70
2.70
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8.11
2.70
8.11
29.73
2.70
5.41
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Penaeid shrimp
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Pufferfi sh
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Conger eel
Torpedo scad
Sliver whiting
Trout sweetlip
Sardine
Flathead locust lobster
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2.23
1.81
1.77
0.89
0.88
0.38
0.33
0.30
0.28
0.27
0.27
0.23
0.13
0.12
0.09

52.46
11.48
3.28
6.56
4.92
3.28
3.28
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64
1.64

41.25
3.21
8.68
10.95
0.92
5.41
4.28
4.82
4.39
3.82
3.78
3.72
2.85
1.00
0.68
0.24

2.38
2.38
4.76
4.76
7.14
7.14
2.38
2.38
2.38
2.38
2.38
2.38
2.38
45.24
7.14
2.38

Lutjanus malabaricus Ponyfi sh
Squid
Threadfi n bream
Round scad
Bigeye snapper

42.26
23.28
16.92
11.52
6.02

70.97
12.90
3.23
6.45
6.45

29.08
5.47
36.84
20.82
7.79

14.29
14.29
14.29
14.29
42.86

Lutjanus sanguineus Round scad
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Crab
Flathead locust lobster
Penaeid shrimp

94.15
4.75
0.57
0.27
0.26

66.67
16.67
8.33
4.17
4.17

89.00
9.51
1.10
0.29
0.10

62.50
18.75
6.25
6.25
6.25

Plectorhinchus pictus Sergestid shrimp
Round scad
Crab
Penaeid shrimp
Ponyfi sh
Mantis shrimp
Mussel
Brittle star

27.34
26.23
19.14
17.92
6.39
1.28
0.85
0.85

54.55
3.64
9.09
14.55
12.73
1.82
1.82
1.82

3.61
52.17
18.05
4.51
14.44
3.61
1.81
1.81

13.33
6.67
26.67
13.33
6.67
20.00
6.67
6.67

Pristipomoides 
fi lamentosus

Ponyfi sh
Purple-spot bigeye
Squid
Crab
Rabbitfi sh

90.03
7.09
1.96
0.48
0.44

90.32
4.84
1.61
1.61
1.61

65.28
19.66
11.90
1.71
1.44

44.44
22.22
11.11
11.11
11.11

Rachycentron canadum Rabbitfi sh
Round scad
Sergestid shrimp
Filefi sh
Catfi sh eel
Squid
Crab
Croaker
Tuna

73.51
7.59
6.55
5.39
3.78
1.43
0.82
0.23
0.19

49.90
0.66
40.77
6.90
0.32
0.30
0.28
0.15
0.06

33.14
13.63
3.66
13.38
9.53
6.61
3.68
1.81
2.12

1.74
11.30
3.48
7.83
1.74
1.74
0.87
0.87
0.87

continued >
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Rachycentron canadum Bigeye scad
Threadfi n bream
Pale-edged stingray
Fusilier
Ribbonfi sh
Flounder
Purple-spotted bigeye
Sea catfi sh
Sardine
Penaeid shrimp
Snail
Mussel
Mantis shrimp
Flathead locust lobster

0.14
0.08
0.07
0.04
0.04
0.04
0.03
0.02
0.01
0.01
0.01
0.00
0.00
0.00

0.04
0.02
0.02
0.06
0.08
0.04
0.06
0.02
0.02
0.08
0.15
0.06
0.02
0.02

2.27
2.71
2.29
0.70
1.29
0.62
1.02
0.67
0.39
0.31
0.02
0.01
0.10
0.03

26.09
0.87
15.65
0.87
0.87
2.61
6.09
6.09
0.87
0.87
4.35
0.87
1.74
1.74

Sphyraena jello
Yellowstripe scad
Bigeye scad

88.99
11.01

75.00
25.00

70.88
29.12

75.00
25.00

Sphyraena obtusata
Ponyfi sh
Squid

51.51
48.49

57.14
42.86

12.24
87.76

66.67
33.33

PELAGIC FISHES

Auxis thazard thazard Anchovy
Squid

51.67
48.33

95.45
4.55

40.81
59.19

33.33
66.67

Carangoides ferdau Filefi sh
Indian mackerel

98.83
1.17

90.24
9.76

90.43
9.57

90.00
10.00

Caranx sexfasciatus Filefi sh
Round scad
Croaker
Squid

96.68
2.66
0.61
0.06

96.99
1.50
0.75
0.75

77.79
15.30
6.92
0.80

63.64
18.18
9.09
9.09

Coryphaena hippurus Round scad
Filefi sh
Bigeye scad
Triggerfi sh
Indian mackerel
Pufferfi sh
Rabbitfi sh
Sardine
Yellowtail scad
Tuna
Yellowstripe scad
Needlefi sh
Purple-spot bigeye
Squid

85.54
9.56
3.40
0.62
0.40
0.19
0.08
0.06
0.06
0.05
0.04
0.00
0.00
0.00

29.31
50.74
3.47
3.57
1.05
7.56
1.37
0.42
0.21
0.32
1.68
0.11
0.11
0.11

52.47
8.69
16.24
9.82
5.94
0.88
0.32
1.26
2.25
1.85
0.05
0.11
0.09
0.03

10.20
9.52
1.36
3.40
0.68
1.36
1.36
0.68
2.72
61.90
2.04
2.72
1.36
0.68

Euthynnus affi nis Anchovy
Indian mackerel

56.87
43.13

71.43
28.57

42.31
57.69

50.00
50.00

Istiophorus platypterus Anchovy
Round scad
Squid
Rabbitfi sh
Bigeye scad
Dussumier’s halfbeak

70.71
23.08
3.34
1.79
0.73
0.34

63.64
8.36
3.27
21.45
2.91
0.36

22.16
51.64
5.42
11.16
3.72
5.91

45.45
21.21
6.06
3.03
3.03
21.21

Makaira indica Anchovy
Bigeye scad
Flyingfi sh
Yellowtail scad
Round scad
Squid

64.30
22.48
6.60
4.71
1.27
0.63

82.09
10.45
2.99
1.49
1.49
1.49

13.94
34.32
16.72
26.66
6.10
2.26

33.33
8.33
25.00
16.67
8.33
8.33

Scomberomorus
commerson

Round scad
Sardine
Indian mackerel
Torpedo scad
Yellowstripe scad
Squid
Barracuda
Purple-spotted bigeye

51.53
22.89
11.00
7.81
2.88
1.81
1.25
0.84

26.67
26.67
16.67
10.00
6.67
6.67
3.33
3.33

41.11
15.48
8.64
13.96
6.58
1.67
8.13
4.43

12.00
4.00
16.00
28.00
4.00
8.00
20.00
8.00

Thunnus tonggol Filefi sh
Anchovy
Squid

87.79
9.98
2.23

64.86
32.75
2.39

75.72
13.41
10.87

61.90
21.43
16.67
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Figure 2.  A “conceptual” food web structure constructed from the food relationships between marine 
fishes and their prey in Terengganu waters, east coast of Peninsular Malaysia. 

The predators and prey were grouped into: 
(1) Black marlin (Makaira indica) and sailfi sh (Istiophorus platypterus); (2) Red snapper (Lutjanus gibbus, L. malabaricus and L. sanguineus) and jobfi sh (Pristipomoides 
microlepis); (3) Mahi mahi (Coryphacna hippurus); (4) Barred spanish mackerel (Scomberomorus commerson); (5) Black kingfi sh (Rachycentron canadus); (6) Tuna 
(Auxis thazard, Euthynnus affi nis and Thunnus tonggol); (7) Catfi sh (Arius utik and Plotosus canius); (8) Barracuda (Sphyraena jello and S. obtusata); (9) Jack (Carangoides 
ferdau and Caranx sexfasciatus); (10) Silver conger eel (Muraenesox cinerus) and ribbonfi sh (Trichiurus spp.); (11) Sweetlip (Plectorhinchus pictus); (12) Croaker 
(Johnius spp.), purple-spotted bigeye (Priacanthus tayenus), rosy snapper (L.  lutjanus) and threadfi n bream (Nemipterus spp.); (13) Flyingfi sh (Exocoetus spp.) and 
dussumier’s halfbeak (Hyporamphus spp.); (14) Lizardfi sh (Saurida tumbil) and silver-whiting (Sillago sihama); (15) Stingray (Dasyatis zugei); (16) Small pelagic (Atule 
mate, Decapterus spp., Megalaspis cordyla, Sardinella spp., Selar crumenophthalmus, Selaroides leptolepis and Rastrelliger spp.); (17) Flounder (Psettodes spp.); (18) 
Pufferfi sh (Diodon spp.); (19) Ponyfi sh (Leiognathus spp.), rabbitfi sh (Siganus spp.) and silver-biddy (Gerres spp.); (20) Filefi sh (Monacanthus spp.) and triggerfi sh 
(Abalistes spp.); (21) Anchovy (Stolephorus spp.); (22) Squid; (23) Shrimp/prawn (Acetes spp., Penaeus spp. and Squilla spp.) and lobster (Thenus orientalis); (24) 
Crab (Portunus spp.); (25) Mollusc (snail and mussel); and (26) Echinoderm (sea cucumber and brittle star).



NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 200448

articles

The future for fi sh in the food and livelihoods 
of the poor in Asia 

Asia is the world’s leading fi sh producer. It 
accounts for over 63 percent of total fi sh 
production, and as much as 90 percent of 
all aquaculture output. Low value fi sheries 
and aquaculture, which contribute 
signifi cantly to the livelihoods of poor 
households, make up an important part 
of this production. Fish is, furthermore, 
an important part of Asian diets. In 
Bangladesh, Indonesia and the Philippines 
it comprises 50 percent of animal protein 
intake, while in Thailand and Vietnam its 
share is 40 percent. It is the major—and 
often the only—source of animal protein 
for the poor.

With rising population and demand, 
expansion of supplies to maintain food 
security has emerged as a priority 
concern for developing countries in 
Asia. However, looming on the horizon 
are threats to fi sh supplies and fi shery 
livelihoods such as resource degradation, 
weak public support and investment, and 
worsening inequities in global trade. Key 
questions emerging from this scenario 
are: given existing trends in supply and 
demand, what are the prospects for the 
availability of fi sh in the future? Is there 
room for growth in fi sheries production, 
in particular, aquaculture? Can the 
expansion of trade be sustained? What 
are the available options for meeting the 
rising demand and improving livelihoods 
from fi sh production? From this set 
of options, what are the appropriate 
strategies for increasing and sustaining 
benefi ts to poor households from 
fi sheries and aquaculture?

To address these questions, the WorldFish 
Center and national research partners 
(both in government and the academic 
community) have engaged in a project 

on “Fish Supply and Demand in Asia”. 
The project, supported by the Asian 
Development Bank, was initiated in 2000 
following a request from a number of 
Asian countries (Bangladesh, China, India, 
Indonesia, Malaysia, the Philippines, Sri 
Lanka, Thailand and Vietnam). These nine 
countries are active players in global 
fi sh markets; they account for over half 
of all fi sh production and consumption; 
furthermore, fi sh production has been 
increasing in these countries by double 
the global average since the 1990s. Fish 
exports from these countries have also 
expanded steadily, by 3.6 percent on 
average each year in the decade; for some 
growth has been very rapid—exports 
from China have exploded by more than 
15 percent per year on average over this 
period. Due for completion by end-2004, 
the project is already emerging as a 
landmark study for the development of 
the fi sheries and aquaculture sector, both 
regionally and globally.

The project is divided into fi ve 
components. The fi rst component 
profi les key technologies in aquaculture 
and fi sheries. This profi le identifi es 
options for fi sh production as well as 
priority technologies and production 
practices for delivering benefi ts to 
the poor and to the environment. The 
second component analyzes policies, 
the institutional environment and the 
support-services system, to assess policy 
options for the development of fi sheries 
and aquaculture. The third component 
draws a socioeconomic profi le of major 
stakeholders in fi sheries and aquaculture, 
covering producers, consumers and the 
marketing system. The fourth component 
analyzes projections for fi sh supply and 
demand in the nine Asian countries using 

the AsiaFish model, a multi-product 
disaggregated model of the fi sh sector 
especially constructed for this project. 
The fi fth component is to formulate 
National Action Plans based on the 
fi ndings and recommendations of the 
study, for integration into the regular 
plans, policies and work programs of the 
participating countries.

The links between the research 
components of the project may be traced 
in Figure 1. Supply (for domestic use and 
for export) and demand (from domestic 
sources and for imports) interact in fi sh 
markets, which results in a price and 
quantity at which supply and demand 
are balanced. On one side, fi sh supply is 
determined according to the biological 
environment, the technology used, the 
policy and institutional environment, 
and the producer’s profi le. Likewise, the 
demand side is infl uenced by policy and 
the profi le of consumers. Changes in 
any of these factors result in changes in 
supply, demand, trade and prices. Each of 
these factors is covered in the research 
components, providing a comprehensive 
analysis of strategies and options for the 
development of the fi sh sector.

Central to the analysis is the AsiaFish 
model, which is composed of country-
specifi c fi sh-sector models designed 
for highly disaggregated analysis of fi sh 
types, i.e., at a level typically available in 
national fi sh sector statistics. Common 
fi sh types such as shrimp, tilapia and the 
carps, are refl ected in the model, with 
15 being the maximum number of fi sh 
types (found in the ‘Indonesia’ model). 
The model incorporates characteristics of 
production and consumption that set fi sh 
apart from other types of commodities. 

M. Briones, M.M. Dey and M. Ahmed



49NAGA, WorldFish Center Quarterly  Vol. 27 No. 3 & 4 Jul-Dec 2004

articles

It takes an approach, novel in food sector 
modeling, of incorporating imports and 
exports in terms of product differentiation 
within total domestic demand and 
supply, respectively (the “Armington 
approach”). Domestic markets can also 
be differentiated by region (e.g., urban-
rural, urban-rural-central). The response 
parameters of the model are based on 
large-scale survey data on the demand 
side, combined with detailed cross-section 
and time series data on the supply side. 
The AsiaFish model can be used to 
evaluate the effect of rising population and 
income, technical progress, and changes 
in policy. Projections can be made for 
fi sh production in capture fi sheries and 
aquaculture (by source, i.e., freshwater vs. 
marine or brackish); consumption of fi sh 
types by region; exports and import by 
fi sh types; as well as producer prices and 
retail prices by fi sh type.

The fi ndings from the technology profi ling 
identifi ed priority technologies based 
on criteria of equity, effi ciency and 
sustainability. These are: the aquaculture of 
low-value species (carps, tilapia, milkfi sh, 
etc.); seed production of low-value 
species (tilapia, milkfi sh); community-based 
fi sh culture in fl ood plains; and small-scale 
fi sheries (especially those using targeted 
gears, such as hook-and-line or gill-net). 
Polyculture is the preferred system for 
low-value aquaculture, though in some 
countries monoculture of tilapia or carp 
(e.g., in the Philippines or Indonesia) 
may be pro-poor. Further expansion of 
fi sh culture and culture-based fi sheries 
is strongly indicated for farming areas 
and inland waters, including integrated 
aquaculture-agriculture (e.g., rice–fi sh) 
systems.

Meanwhile the income profi les of both 
fi shers and fi sh farmers confi rm the 
pervasiveness of poverty in these sectors. 
The poorest households tend to be 
engaged in inland fi shing though even 
among marine fi shers and freshwater 
fi sh farmers there is a wide variation 
in household incomes, with the lower 
end landing among the poorest of the 
poor. In fi sh farming there is evidence of 

considerable ineffi ciency in extensive and 
semi-intensive farms. Farmers working 
on intensive systems are generally 
more effi cient. For poor fi sh farmers, 
a more appropriate system appears to 
be semi-intensive polyculture (or even 
monoculture in some areas). The twin 
approaches of developing and diffusing 
technology, along with the necessary 
extension work to make more effi cient 
use of technology and resources at 
the farm level, form the elements of 
a balanced process of aquaculture 
development. Extension and education 
programs to reduce management 
ineffi ciency are best targeted to poorer 
farmers who tend to fall under extensive 
to semi-intensive systems. Meanwhile 
technology development and adoption 
programs are also needed to reach 
better-off farmers, who tend to culture 
fi sh under more intensive systems, as 
well as to increase overall aquaculture 
productivity in the long run.

Fish consumption analysis also confi rms 
the high dependence of the poor on 
fi sh. In the Philippines, India, and Vietnam 
there is an unmistakable rise in the 
percentage of fi sh in animal protein intake 
as household income drops; the pattern is 
less evident but still present in Bangladesh. 
Examinations of demand response, stated 

in terms of “elasticities” (a measure of 
the strength of the response to price 
and income changes) fi nd the following: 
the disaggregation of “fi sh” into its 
various types matters; price and income 
elasticities vary for different types of 
fi sh and across income classes; demand 
is price elastic for most fi sh categories, 
but is less elastic for low value species 
like carp; income elasticities (even for the 
rich) are positive and quite high. It is likely, 
therefore, that when per capita income 
increases, the demand for fi sh in Asia will 
increase substantially, but the species mix 
will change.

The AsiaFish model generates a 
number of projections on production, 
consumption and trade from the current 
period to 2020. Highlights of the analysis 
include the following:

• All countries are likely to produce 
more fi sh between 2005 and 2020, 
but the rate of increase will slow 
down. Gains may range from a low 
of just 0.2 percent annually in the 
Philippines to 3.5 percent in Sri Lanka.

• The gains will continue to be 
dominated by aquaculture with 
China, Malaysia and Thailand likely to 
experience the largest increases in 
output.
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Figure 1. The ‘Fish Supply and Demand’ study.
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• With few exceptions, fi sh imports and 
exports are likely to increase. China 
will likely be the dominant exporter 
among the nine countries in 2020, 
accounting for about 52 percent of 
total exports, while Southeast Asia’s 
share is likely to decline. However, 
market access restrictions in fi sh 
trade, such as the imposition of food 
safety standards, may noticeably 
affect exports. Secondary information 
suggests that the negative impact will 
be more severe for poor fi shers, fi sh 
farmers, and processors (particularly 
those still working with traditional 
technologies). 

• Trends in capture fi sheries (usually 
zero growth or modest declines) 
will not unduly endanger overall 
fi sh supplies; however, the decline 
of fi sheries in Bangladesh and the 
Philippines is a cause for concern 
given the potential repercussions for 
fi sh consumption. 

• Per capita consumption in some 
of the high-consumption countries 
(Bangladesh, Indonesia, and the 
Philippines) will likely decline, as 
demand growth outpaces the growth 
of supply and imports. Averting this 
will probably entail faster productivity 
growth in aquaculture.

Given all these fi ndings, new national 
action plans have supported a number of 
priority policy responses, including: 

• increased support to poor processors 
and producers of exportable 
fi sh, particularly with respect to 
compliance with international product 
standards;

• adoption of community-based or 
collective action approaches in the 
management of fi shery resources, 
both inland and marine, as well as in 
other commercial aspects of fi shing, 
i.e., in fi sh trade and marketing;

• rigorous implementation of other 
management measures in capture 
fi sheries such as protection and 
restoration of critical habitats, 
removal of excess fi shing capacity, 
restrictions on potentially destructive 
gears, and provision of alternative 
livelihoods for small fi shers;

• rural infrastructure development 
for improved marketing of fi sh; 
promotion of investments in hatchery 
and input distribution systems 
for the sustained and widespread 
dissemination of quality fi ngerlings;

• increased investments in the extent 
and quality of extension to reduce 
technical ineffi ciencies in fi sh culture; 
and

• more research to increase 
productivity of priority species, e.g., 
selective breeding of carp, as well as 
the development of technologies to 
reduce costs of fi sh farming (e.g., low-
input systems, alternative feeds).

The abovementioned research fi ndings 
and action statements are already a 
valuable set of outputs from the project. 
One should not, however, underestimate 
the intangible benefi ts from the entire 
process: fi rst, the national workshops 
and the fi nal regional workshop 
have served to elevate fi sh and the 
poor to prominence in development 
discussions and debates, both nationally 
and regionally. Second, the study has 

generated a storehouse of information 
useful for policymakers and researchers, 
systematically documented in terms of 
profi les for production, consumption, 
trade and the policy environment. Third, 
there has been a considerable build-up of 
research capacity among the participating 
countries. This includes the capacity 
to undertake systematic, quantitative 
approaches to sectoral planning at the 
national level, with the appropriate tools, 
such as the AsiaFish models, to aid in the 
process. No doubt the lasting impact of 
the project will lie in injecting greater 
rigor, at the national and regional level, 
to goal-setting and strategic planning 
activities for the fi sh sector.

      
This article is based on the study, “Strategies 
and Options for Increasing and Sustaining 
Benefi ts from Fisheries and Aquaculture 
Production to Benefi t Poor Households in 
Asia”, carried out under ADB-RETA 5945, 
and implemented by the WorldFish Center 
in partnership with nine participating Asian 
countries. The project is led by Madan 
Mohan Dey and Mahfuzuddin Ahmed from 
the WorldFish Center. More project details 
are available at:
www.worldfi shcenter.org/demandsupply.
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Impact pathway analysis for research 
planning: The case of aquatic resources 
research in the WorldFish Center
R. Briones, M.M. Dey, M. Ahmed, I. Stobutzki, M. Prein and B.O.  Acosta

Abstract

In line with its mandate of poverty reduction and sustainable development, the WorldFish Center 
is orienting its research towards high impact scientifi c activity. Identifying such activities is the task 
of prospective impact assessment, in turn based on impact pathway analysis. The paper describes a 
framework for analyzing benefi ts from aquatic resources research, the relevant research categories, 
pathways to impact by category, and indicators along each pathway that can be estimated in order to 
quantify probable research impact.

Introduction

Science-based innovation has been the 
key element in the long-term elevation 
of living standards worldwide. However, 
the transmission channels by which such 
innovations eventually deliver benefi ts to 
the poor and the environment are com-
plex. As development-oriented research 
requires an intentional strategy to focus 
on high-impact activities and approaches, 
understanding such channels becomes an 
essential element in research design.

The WorldFish Center is in the process of 
integrating the analysis of impact pathways 
into its research planning. Impact pathway 
analysis within the WorldFish Center is 
conducted within an impact assessment 
cycle, which is conceptually divided into 
three stages (Ahmed, Dey and Williams 
1999). The fi rst is the planning stage, in 
which impact is prospectively evaluated 
to identify research priorities; next is the 
monitoring and evaluation stage; last is the 
stage of retrospective impact assessment 
which attempts to observe and measure 
actual impact. WorldFish impact studies 
span all these stages (Dey and Gardiner 
2000).

The current initiative within WorldFish 
is focused on prospective assessment, 

structured in terms of an analysis of 
pathways to research impact. This 
initiative is a relatively novel one 
in agricultural research, as impact 
assessment has mainly been conducted 
retrospectively or ex post (Evenson and 
Gollin 2003; Adato and Meinzen-Dick 
2003). This paper discusses the methods 
and tools for conducting such an analysis.

Impact Pathways and 
Indicators

Impact pathway analysis identifi es 
causal links by which research achieves 
its intended benefi ts. It is helpful to 
researchers and research planners as 
it requires them to ‘form hypotheses 
about the route from research-specifi c 
activities to development impacts, to 

defi ne the changes at each stage, to 
describe the linking processes, and to 
identify indicators to measure both 
content and process’ (Springer-Heinze 
et al. 2003).

Impact pathway analysis is particularly 
useful in view of the new perspective on 
impact, which conceptualizes technical 
change in agriculture as a complex 
process involving feedback loops, and 
interactions between social, cultural 
and biophysical systems. This contrasts 
with the traditional characterization 
of agricultural research as involving a 
linear chain from output to impact, with 
minimal engagement between remote 
parts of the chain, i.e. researchers and 
fi nal benefi ciaries (Douthwaite et al. 
2003).

Impact Pathway Analysis at the WorldFish Center

Impact pathway analysis was the focus of workshop sessions during the 2002 
WorldFish Center Science Week. Case studies for impact pathway analysis were 
presented at the output and project level. The analyses incorporated the following 
elements: statement of the actual research output, statement of the desired fi nal 
impact, and identifi cation of outcome as well as dissemination strategy. The analysis 
of impact pathways was extended during the 2003 Science Week to encompass the 
major categories of WorldFish research. The focus of the fi nal workshop sessions 
was the identifi cation of impact indicators for use in research priority setting.
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Within this paper, impact pathway analysis 
is applied mainly to quantify prospective 
impact. At key stages in the pathway, 
measurable outcomes, corresponding to 
impact indicators, can be identifi ed and 
estimated. In general, the indicators will 
take the form of a measure of potential 
impact at the research-output stage, 
as well as potential scope of impact 
or the extrapolation domain. These are 
then adjusted by the performance gaps 
associated with socioeconomic behavior 
and biophysical constraints. The specifi c 
processes and indicators along the 
pathway will depend on the nature of the 
research and type of system affected.

The Impact of Research on 
Aquatic Resources

We fi rst analyze how benefi t fl ows from 
aquatic resources (Figure 1), as the 
background for analyzing the impact of 
aquatic resources research. Benefi ts are 
generated through human activity as 
structured by institutional arrangements, 
such as markets. Economic benefi ts are 
obtained through the production of fi sh; 
these benefi ts are distributed across 
the various social sectors, e.g., between 
producers and consumers, and between 
poor and non-poor. Environmental benefi ts 
meanwhile are generated by a wide range 
of ecosystem services and are diffused 
across all users of aquatic resources, e.g., 
waste disposal by rivers and lakes, coastal 
protection from coral reefs, maintenance 
of biodiversity, etc. Human activities 
can affect these ecosystem services, 
e.g., environmental damage (a form of 
“externality”) may occur as a by-product 
of production and other human activities.

Production activities, in turn, can be 
classifi ed into fi sh farming and capture 
fi shery. Fish farming is conducted on 
divisible resource systems, i.e. farms, 
ponds, cages, etc., for which rights-
to-use are defi ned and enforced at an 
individual level. However capture fi shery 
is conducted on common pool resources 

which support natural stocks from which 
tangible commodities can be harvested, 
but for which subdivision of the total 
stock or the supporting system into the 
exclusive use of specifi c harvesters is 
infeasible (Ostrom, Gardner and Walker 
1994). Accordingly, farming decisions are 
largely independent, whereas individual 
fi shing effort affects the catch of other 
fi shers. However as this collective effect 
is largely unrecognized by individuals, the 
usual problem that arises for fi sheries is 
overextraction of the resource stock.

Based on the foregoing, three major 
research categories may be distinguished. 
Research on technology affects production 
relations in divisible resource systems. 
Adoption of the research output is mainly 
the decision of the individual user (e.g., 
the farmer). Research on natural resource 
management provides information to 
institutions that deal with the problems of 
environmental damage and overextraction 
of common pool resources. Finally, 
policy research provides information 
for policymakers and other actors in 
the policy environment. For example, 
trade policies affect the behavior of 
markets, land-use policies shape choices 

and regulations on the use of land and 
water; and zoning laws affect the spatial 
distribution of fi shing activity.

Impact Pathways by 
Research Category1

Research on technology

The impact pathway and indicators for 
technology research are straightforward 
(Figure 2). The research output takes 
the form of a production innovation, 
e.g., a genetically improved fi sh type, 
a device or production practice. The 
innovation then undergoes an on-farm 
validation phase, following which it may 
be released for dissemination by impact 
intermediaries (e.g., the government 
extension system). Fish farmers then 
adopt the technology, which leads to 
productivity changes. Through markets, 
this will affect consumers, producers, and 
linked suppliers and traders through their 
consumption and earnings. The reverse 
arrows represent feedback effects.

For potential impact, the indicator may be 
the increase in yield (at similar cost), or 
decrease in cost (at similar yield), change 

1 The impact pathway analysis in this section relies extensively on the outputs of the 2003 WorldFish Science Week Mini-Workshop on Impact Pathways, with sessions chaired by Alphis 
Ponniah, Johann Bell and Mahfuzuddin Ahmed.
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Figure 1. Framework for describing benefits from aquatic resources.
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in quality (for similar yield and cost), or 
even reduced variability of output (i.e. 
production risk). Once the technology 
is disseminated and adopted, impact can 
be measured at the fi eld level. Evidence 
on production technology adoption 
in agriculture points to a gap between 
potential yield (the research benchmark) 
and farm-level yield (the actual impact), 
hence the potential impact needs to be 
adjusted downwards by a “yield gap”. 

Upon adoption, production-side benefi ts 
take the form of higher profi t and 
increased activity for vertically linked 
sectors (e.g., input suppliers, farm traders, 
etc.) For consumers, widespread diffusion 
of the technology may lead to aggregate 
increases in consumption, better quality 
and lower price. The economic gains will 
then be distributed between poor and 
non-poor.

The impact of technology encompasses 
more than economic changes. The 
environmental consequences should also 
be evaluated, e.g., genetically improved 
shrimp may stimulate expansion of 

2 Some innovations, such as integrated farming systems or sustainable agricultural practices, aim at institutional and ecosystem-level benefi ts and are often classifi ed under “natural resource 
management”. Due to the nature of the farm production system however such interventions are classifi ed in this paper under the technology category. 

brackish water aquaculture and hasten 
mangrove destruction. Moreover, 
for some research activities (i.e. 
participatory research) part of the 
impact takes the form of changes in 
attitudes, knowledge and capacities of 
the adopters. Such intangibles, though 
omitted in conventional economic 
analysis, should nevertheless be 
recognized in evaluating technical 
change.2 

Research on natural resource 
management

Management interventions for aquatic 
resources may involve restrictions 
on the magnitude of fi shing effort; 
regulations on the way fi shing activity 
is conducted to reduce environmental 
damage; and other regulations on human 
activities to attenuate environmental 
damage, for example, the protection 
of mangroves to reduce sedimentation 
of coral reefs; and fi nally, efforts 
at restoring destroyed habitats or 
restocking depleted fi sheries, e.g., 
construction of artifi cial reefs.

Implementing these interventions 
however faces serious information 
constraints. Often the status or 
vulnerability of a particular fi sh stock or 
aquatic ecosystem is unclear; moreover, 
its role in livelihoods or the economy 
may also be in doubt, weakening the 
imperative for immediate and decisive 
action. Furthermore, the causal relations 
may also be vague or poorly established, 
whether in terms of the impact of 
human activity, or the likely outcomes of 
various management options.

Research assists management by 
assessing the status and values of the 
aquatic resources, and by identifying 
the likely impacts of human activity or 
management actions. Its impact pathway 
may be traced as in Figure 3. Research 
output may take the form of management 
recommendations, or more broadly, 
decision support for management 
action. As with the case of technology, 
natural resource management research 
needs to undergo a trial phase (i.e. 
piloting) to validate or modify its output. 
The infl uence of research impacts on 
intermediaries (National Aquatic Research 
and Extension Systems or NARES, 
fi shers’ organizations, etc.) is spread by 
dissemination activities, capacity building, 
and advocacy.

Adoption (conditional on the policy 
environment) leads to specifi c 
actions such as effort restrictions and 
regulations. At this stage of the pathway, 
it becomes feasible to identify indicators 
such as reduction in fi shing effort, new 
regulations introduced, area of artifi cial 
coral reef constructed, etc. All of these 
require adjustments for performance 
gaps based on implementation problems 
and biophysical constraints. Impact 
may be measured in terms of economic 
and environmental benefi ts. Note the 
left-side arrows connecting all the rows, 
denoting the pervasiveness of feedback 
in the entire process from research to 
fi nal impact. 

Figure 2. Impact pathway for technology research.
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In practice, little work has been done 
on determining research impact for 
the management of aquatic resources. 
This mirrors the shortage of impact 
assessment for research on natural 
resources management in general 
(Pingali 2001). Impact pathway analysis 
suggests that impact indicators be 
identifi ed and estimated for a with- and 
without-research scenario. Adjustment 
for these estimates must be made for 
performance gaps, e.g., enforcement 
failures and ecological constraints, 
as well as for lags in adoption by 
governments and user associations.

For management aimed at mitigating 
environmental damage, indicators 
related to ecosystem health and 
biodiversity may be used. For 
management aimed at over-extraction, 
performance may be gauged relative to 
a norm, or “reference point” (Garcia 
and Staples 2000). Frequently maximum 
sustainable yield or maximum long term 
yield should be used as a basis to gauge 
how successful management action has 
been in restoring the long-term viability 
of natural stocks.

Research on policy

The impact pathway for policy 
research resembles that for resource 
management research (Figure 4). 

Analysis and recommendations from 
policy research infl uence various actors 
such as governments and development 
agencies. Infl uence could be manifested 
by changes in policy choices, program 
implementation, institutional design or 
organizational capacity. In turn, these 
changes may affect socioeconomic and 
environmental conditions through price 
and income changes, increased resource 
stocks, as well as expanded resource 
access and employment opportunities. 
These in turn lead to changes in 

purchasing power and consumption at 
the household level, which may benefi t 
households, both poor and non-poor.

The identifi cation of indicators along 
the impact pathway is a major challenge 
for policy research (even more so than 
natural resource management research). 
Lower down in the pathway one can 
identify economic indices and trends 
as measures of impact. Further up the 
pathway, indicators for “infl uence” 
(applicable more or less to each of the 
intermediaries) may include: budget 
allocation to the fi sh sector (or to specifi c 
initiatives within this sector), citations in 
publications or offi cial plans, partnerships 
formed, endorsements, etc. One can use 
these indicators as a basis for estimating 
the openness or favorability of the policy 
environment (measured by some suitable 
index) to the recommendations and 
implications of policy research.

Concluding Remarks

The framework for prospective impact 
assessment discussed in the foregoing 
consists of a categorization of aquatic 
resources research, a delineation of 
impact pathways by category, and 
identifi cation of a broad set of indicators 
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for major nodes along the pathways. For 
research planning, the indicators will have 
to be estimated beforehand by expert 
judgment, or by using retrospective 
impact studies of similar research in 
the past, or both. Reliance on subjective 
judgment does have its problems, but as it 
is unavoidable, the framework presented 
can at least provide a common model 
for the estimation of these indicators. A 
rigorous attempt at quantifi cation would, 
hopefully, pay off in terms of increasing 
the likelihood that research planning 
would indeed identify the appropriate 
priority areas for high-impact research.
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In early 2004, plans for participatory action 
learning (PAL) sessions on freshwater 
aquaculture were sought from people 
engaged in extension and training for 
farmers. This was done through an 
international competition advertised in a 
variety of trade journals, magazines, web 
sites and e-mails, with cash prizes totalling 
US$ 1 500 pledged through the SUFA 
(Support to Freshwater Aquaculture) 
program in Vietnam (Danida and the 
Government of Vietnam funded) and DSAP 
(Development of Sustainable Aquaculture 
Project) in Bangladesh (funded by USAID 
and implemented by WorldFish).

A panel consisting of SUFA and DSAP staff 
and the competition coordinator completed 
judging the entries at the end of April 2004. 
For each theme, a Highly Commended prize 
of US$ 50 was awarded for the entries 
that scored between 50-60 percent against 
agreed judging criteria and a First prize of 
US$ 125 was awarded for entries with a 
score of more than 60 percent.

The prize winning entries together with 
the PAL sessions developed by SUFA will 
be included in a manual on Participatory 
Action Learning for aquaculture, which 
SUFA and DSAP will publish jointly in 
English, Vietnamese and Bengali.

SUFA and DSAP would like to thank the 
various institutions, agencies, projects 
and companies that assisted in promoting 
and advertising the international PAL 
competition and all those who took the 
time to submit entries.

Theme First prize US$ 125 Highly commended US$ 50

1) Small-
scale pond 
aquaculture

The importance of correct 
stocking density
Arlene Nietes-
Satapornvanit
Senior Project Researcher
Aquaculture Outreach 
Project
AARM/SERD
Asian Institute of 
Technology
PO Box 4, Klong Luang, 
Pathumthani
12120 Thailand
arlene@ait.ac.th

How to recognise good quality fi sh larvae 
Phan Tien Chuong
Technical Department
Nghe An Extension Centre
Trang Thi Ward
Vinh City
Nghe An Province
Vietnam
Tel: +84 038 561 542

Nursing small fi sh fry
Arlene Nietes-Satapornvanit
(Details as before)

2) Integrated 
agriculture-
aquaculture

No First prize awarded Planning and budgeting for rice-fi sh 
cultivation
Tran Thi Tuyet, Vu Thi Bich Ha and Nguyen 
Hien Thi
Business Promotion and
Service Center (BPSC)
Alley 149
Giang Vo
Hanoi
Vietnam
bpsc@netvam.vn

3) Group 
formation and 
development

No entries before closing 
deadline 

No entries before closing deadline 

4) Monitoring 
and extension 

No First prize awarded Why keep records?
Arlene Nietes-Satapornvanit
(Details as above)

Participatory Action Learning for Freshwater Aquaculture -
Cash Prizes Awarded

The photograph above left shows the recently appointed SUFA Danida advisor, Don 
Griffi ths, handing over US$ 225 to Ms Arlene Nietes-Satapornvanit from the Asian 
Institute of Technology. Arlene won one First prize and two Highly Commended 
prizes for her PAL submissions (see table above).

The photograph on the left shows Mr Phan Tien Chuong from the Nghe An 
Extension Centre receiving a US$ 50 cash prize from Dr Nguyen Cong Dan 
(SUFA National Director) for his Highly Commended PAL session entitled How to 
Recognise Good Quality Fish Larvae.

Tran Thi Tuyet and Nguyen Hien Thi are shown (top right) receiving the US$ 50 prize 
for their Highly Commended PAL session on Planning and Budgeting for Rice-fi sh 
Cultivation.
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CGIAR Science Award for Outstanding Scientifi c Support Team 2003

Winner - The FishBase Team
The widespread use and value of FishBase 
to developing countries as a global 
public good is signifi cant and growing. 
International peer reviews and user 
feedback confi rm this. No other natural or 
agricultural resource has a knowledge base 
equal in its scope, quality, scientifi c rigor, 
usability, or cost-effectiveness. It is also a 
model for other resource management 
systems to follow in its technical design, 
networking, mentoring, and use of leading-
edge information technology. 

The building of this unique asset would 
have been impossible without the 
dedication of the Scientifi c Support 
Team of WorldFish biologists and 
computer scientists. The team members 
have overcome institutional challenges, 
networked globally, and persisted in 
their efforts to ensure that the system 
expanded from its modest goal of 250 

species to 28 585 species without 
sacrifi cing quality, usability or accessibility. 
In fact, as the knowledge base has grown, 
these critical features have improved 
signifi cantly through tenacious scientifi c 
focus and widening of the base of 
international collaborators to more than 
1 100 institutional and individual partners. 
The scientifi c quality has also improved 
due to the importance placed by the 
team on maintaining a creative working 
environment, team harmony, and sharing 
of skills.

The resulting scientifi c and human 
team effort has produced a valuable 
product – FishBase – that commands a 
unique status, providing a much needed 
resource to developing countries for the 
conservation and management of their 
aquatic resources. Visit FishBase at 
http://www.fi shbase.org today.

Support Team

Boris Fabres, Team Leader

Emily Capuli, Senior Research Associate

Rodolfo Reyes, Jr., Research Associate

Christine Marie V. Casal, 
Research Associate

Crispina Binohlan, 
Senior Research Assistant

Susan Luna, Senior Research Assistant

Armi Torres, Senior Research

Grace T. Pablico, 
Senior Research Assistant

Pascualita Sa-a, Senior Research Assistant

Rachel Atanacio, Senior Artist

Arlene Sampang, 
Senior Research Assistant

Cristina Garilao, Research Assistant

Josephine Rius, Senior Programmer

Eli Agbayani, Senior Web Developer

FishBase – 
A Global Public Good

Over the past 16 years the WorldFish 
Center has conceived, initiated and 
developed FishBase – internationally 
recognized as the premier database and 
information system on the world’s fi shes. 
FishBase is the most comprehensive 
knowledge source on any taxonomic 
group and contains a wide range 
of country and ecosystem-specifi c 
information. It also provides analytical 
tools to assess fi shery impacts, especially 
for knowledge creation in data-poor 
situations, and online fora for technical 
advice – connecting users to enhance 
knowledge and learning. The knowledge 
content of FishBase includes fi sh 
taxonomy, morphology, images, ecology, 
ecosystem characteristics, trophic 
relationships and diet, reproduction, 
ontogeny, genetics, population dynamics, 
identifi cation keys, diseases, local 
nomenclature (common names), geo-

referenced and environmental data, 
multi-lingual glossaries, and international 
agreements. Over 100 report types are 
available.

FishBase is also the largest collection of 
geo-referenced fi sh data in the world 
(1.91 million records), representing over 
250 years of museum and survey data 
from 40 institutions worldwide.

It is also available and updated monthly 
on the web in 13 languages at http://
www.fi shbase.org through CGNET (USA) 
and the mirror web sites of collaborators 
in France, Germany, Sweden, and Taiwan.

An international consortium of the 
WorldFish Center, Food and Agriculture 
Organization (United Nations), Fisheries 
Centre (University of British Colombia, 
Canada), Institut für Meereskunde (Kiel 
University, Germany), Muséum National 
d’Histoire Naturelle (Paris, France), 
Musée Royal de l’Afrique Centrale 
(Tervuren, Belgium), and the Swedish 
Museum of Natural History (Stockholm, 
Sweden) has been created to guide its 
growth, in addition to the active scientifi c 
contributions of 1116 institutional and 

Christine Casal receiving the award on 
behalf of the FishBase team. 
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individual collaborators in over 100 
countries. FishBase content and use 
have been reviewed formally in several 
high impact scientifi c journals including 
Nature and through online users. The 
FishBase website has been cited for its 
high scientifi c quality by the Institute for 
Scientifi c Information (ISI) Current Web 
Contents program. Over 450 publications 
have utilized and cited FishBase. The 
FishBase web site with over 11 million 
hits per month has become the premier 
fi sh information system for the world, and 
the leading web site within the CGIAR in 
terms of its global use.
 
These achievements represent the 
scientifi c creativity, productivity and 
industry of the FishBase Scientifi c Support 
Team of the WorldFish Center. The 
members of this scientifi c team include 
biologists and computer scientists. They 
have been the architects, engineers and 
builders of FishBase. The FishBase Scientifi c 
Support Team has also produced over 50 
publications, presentations and posters, and 
has been instrumental in the organization 

and delivery of international training 
and capacity-strengthening courses and 
workshops on applications of information 
technology in fi sheries and biodiversity 
management in developing countries:

1. Noumea, Caledonia (20-31 October 
1997). The course was attended by 13 
participants from 8 countries in the 
Pacifi c region.

2. Port of Spain, Trinidad and Tobago (21 
May-3 June 1998). The course was 
attended by 22 participants from 14 
countries in the Caribbean.

3. Swakopmund, Namibia (30 
November-11 December 1998). 
The course was attended by 14 
participants from 8 countries of 
Southern Africa.

4. Dakar, Senegal (12-23 April 1999). 
The course was attended by 34 
participants from 15 countries in 
West and Central Africa.

5. Nairobi, Kenya (23 August-3 
September 1999). The course was 
attended by 30 participants from 10 
East African countries.

CGIAR Science Award for Outstanding Partnership 2003

Winner - The Community Based Fisheries Management (CBFM) project

6. Los Baños, Philippines (2-5 December 
2003). Regional Workshop on Building 
Capacity for Developing National 
Aquatic Information Systems. The 
Workshop was attended by 16 
participants from 6 countries.

The result of the FishBase Scientifi c 
Support Team’s efforts is that the 
world community, especially developing 
country stakeholders involved in aquatic 
biodiversity and fi sheries management, 
now has at its disposal as a Global Public 
Good a reliable, high quality, and growing 
knowledge compendium, unique in its 
comprehensiveness, usability and access. 
This is of special value for national aquatic 
research system (NARS) scientists, 
resource managers, and NGO’s. This 
global capacity would not be possible 
without the FishBase Scientifi c Support 
Team, with each member responsible for 
incorporating and maintaining high quality 
data in specifi c areas of focus, developing 
reports and analytical tools that provide 
easy access to and use of the globally 
assembled knowledge.

Executed by the WorldFish Center, 
in collaboration with several national 
partner organizations in Bangladesh, 
this project provides a highly visible, 
technologically appropriate and eminently 
replicable model for contemporary rural 
development. It has clearly demonstrated 
the signifi cant benefi ts that can result 
from the creation of appropriate 
stakeholder institutions that allow for 
increased participation and control by 
the local communities of their natural 
resources.

The CBFM project has been a major 
factor in the empowerment of the local 
population through the formation of 
committees to manage the rivers, work 
together to build a consensus among the 

different users and plan improvements to 
water bodies that will lead to increased 
fi sh diversity and productivity.
Through its holistic and inclusive 
approach, the project is contributing 
signifi cantly to CGIAR’s goal of 
achieving poverty reduction and 
increased food security in developing 
countries, whilst also supporting the 
goals of the Convention on Biological 
Diversity through the re-introduction of 
endangered fi sh species.
This exemplary model of sustainable 
management of freshwater fi sheries has 
been developed over several years and 
the system is tried and tested. It is now 
being successfully exported, with the 
required adaptations, to new sites and 
new countries.

Partner Institutions: 
WorldFish Center, CGIAR

The Department of Fisheries (DOF), Ministry 
of Fisheries and Livestock, Bangladesh

Banchte Shekha

Bangladesh Environmental Lawyers 
Association (BELA)

BRAC

CARITAS

Center for Natural Resource Studies (CNRS)

Center for Rural and Environment 
Development (CRED)

Grassroots Health and Rural Organization for 
Nutrition Initiative (GHARONI)

FemCom Bangladesh

PROSHIKA

Shikkha Shastha Unnayan Karzakram 
(SHISUK)

Society Development Committee (SDC)
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Community Based Fisheries 
Management (CBFM) – 
Bangladesh

The central aim of this ongoing project 
is to empower communities to make 
informed and appropriate decisions on 
the use and management of the fi sheries 
upon which they depend. It also works 
to improve equity and overall fi shing 
community livelihoods both from fi shing 
and from additional income sources.

The CBFM was born of a growing 
realization that community management 
of the wetland fi sheries played an 
insignifi cant role despite the fact that 
these wetlands produced around 46 
percent of all fi sh consumed in the 
country, and that more than 70 percent of 
households in the fl oodplain region catch 
fi sh either for income or food. It was also 
clear that fi shers in Bangladesh were poor 
not only from low income, but because 
they lacked livelihood assets - including 
access to fi shing grounds, education, 
fi nance and a role in decision-making.

Phase one of the project (1994-1999) 
involved the establishment of co-
operative relationships between the 
WorldFish Center, the Bangladesh 
Department of Fisheries (DOF), fi ve 
non-governmental organizations and 
more than 5,000 households living 
around 19 separate water bodies. 
The project is now in phase two and 
has expanded to include 11 NGOs 
and private organizations, and more 
than 23,000 households around 113 
water bodies. It is being supported by 
the UK Department for International 
Development (DFID) through a grant to 
the WorldFish Center.

One of the major reasons for 
the CBFM’s success has been its 
collaborative approach and the diverse 
range of skills available within the 
different partner organizations. The 
DOF provides the essential link to 
national government policy, local advice, 
support and facilitation; the Bangladesh 
Environmental Lawyers Association 

(BELA) gives assistance with issues 
related to environmental protection 
legislation; FemCom Bangladesh 
– a professional women’s media group 
– makes fi lms and other audio visual 
materials to promote public awareness 
and participation in project activities; 
the large number of national NGOs 
provide skills for operating micro-credit 
facilities and to support local community 
management of their fi sheries over a 
wide geographical range.

On-the-ground benefi ts have been 
remarkable. Led by different groups 
within the partnership (highlighted in 
the brackets), a raft of new initiatives 
and activities has produced measurable 
increases in productivity and reductions 
in poverty. On the Fatki river (DOF/
Centre for Natural Resource Studies 
[CNRS]), fi shing by split bamboo 
barricades has been reduced to allow 
migratory fi sh stock to escape with the 
aim of enhancing the future overall fi sh 
catch from the river and canals. 

New fi sh sanctuaries have been 
established in 49 project water bodies 
for the protection of brood fi sh over the 
winter and a voluntary freeze on fi shing 

in the early monsoon period has allowed 
native fi sh to breed. This has also led 
to an increase in fi sh diversity – by 30 
percent or more in some cases.

The CBFM project has helped local 
communities to restore the condition 
of degraded habitats. In 2003 when a 
link channel between the Sinharagi beel 
(small lake) and the Dhaleswari river 
was reopened the total catch of fi sh 
increased by six times and the diversity 
soared from 46 to 63 species (CNRS and 
PROSHIKA).

The restocking of water bodies has 
proven particularly effective with 
production increased by 70-200 percent 
due to community management and 
improved techniques (Center for Rural 
and Environment Development).

During the second phase of the 
community based project CNRS 
reintroduced six locally threatened 
fi sh species thereby contributing to 
protection and maintenance of national 
biodiversity.

Through the CBFM project the national 
NGO BRAC helped a fi shing community 

Mr  A. Islam, from CNRS, accepting the award on behalf of the CBFM project.
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Natasha Loder, journalist for The 
Economist (London) was selected by the 
CGIAR panel to receive the 2003 Science 
Award for Outstanding Journalism. 

Her article ‘The promise of a blue 
revolution’ clearly expressed the issues 
and problems that are being faced by 
the global fi sh industry. The imbalance 
between the demand for fi sh and 
fi sh products and its supply in the 
marketplace is increasingly being met 
by the aquaculture industry, which now 
accounts for 30 percent of total fi sh 
production. It is also a major contributor 
to the economies of developing 
countries and forms an important 
livelihood for the poor.

However, the continued development of 
aquaculture will increasingly rely on the 
development of improved strains of fi sh 
with faster growth and better survival 
rates. The introduction of new strains 
requires strong regulatory environments 
for monitoring and enforcement, a 
pre-requisite often lacking in both 
developed and developing countries. 

CGIAR Science Award for Outstanding Journalism 2003

Winner - Natasha Loder - ‘The promise of a blue revolution’
The escapes of farmed salmon and their 
threat to native wild populations through 
interbreeding and competition are well-
documented. Pollution from food waste, 
antibiotics and other chemicals threatens 
the environment and human health. 
The consequence of this fundamental 
shift in the source of fi sh for human 
consumption has profound policy 
implications, especially in developing 
countries.

Ms Loder believed these important 
issues demand a platform for expression. 
They need to be placed centre stage 
and discussed at the highest levels; the 
general public needs to be aware of 
the changes taking place and the policy 
makers need to understand both sides of 
the arguments. She clearly and succinctly 
broadcast this message through her 
article in The Economist in August 2003.

The WorldFish Center nominated the 
author on account of the global impact 
created by this particular article and the 
level of debate it has raised, witnessed 
through citations and discussions on the 

World Wide Web. There is no doubt 
that this article has clearly made the 
desired impact. 

in the Rangpur district to organize 
themselves and raise a pollution problem 
with the local Member of Parliament. 
Discussions with the polluter led to the 
industry taking new measures to treat 
its effl uent and divert it away from the 
water body used for fi sh production.

The NGO partners have been especially 
successful in the provision of new 
skills and in the support of health and 
education. Micro-credit facilities have 
formed a small but vital part of this 
project. Revolving loan funds provide 
credit that covers fi sh processing as 
well as non-fi sheries dependent income 
generating activities that help to diversify 

and improve livelihoods within the 
community.

Just as importantly, the project has 
shown that it has signifi cant potential for 
application in the fl oodplain regions of 
other developing countries, and has been 
adapted and extended to deeper fl ooded 
areas in the Mekong Delta in Vietnam 
and to other regions of Bangladesh. 

The experiences and lessons learned 
from phase one of the project led to 
a variety of new community-based 
management schemes. These have been 
disseminated widely to inform and 
infl uence fi sheries policy stakeholders. 

Phase two of the project is now adding 
to this body of knowledge by generating 
a policy dialogue and helping to fi nd 
agreement on a process for policy 
formulation for pro-poor sustainable 
fi sheries management.

The WorldFish Center plays a pivotal 
role in this community partnership 
project. It is the glue that binds the 
players together providing motivation, 
coordination, and communication, 
facilitating a participation process that 
has led one elderly person from the 
Rangpur district to say: “we had hard 
times … but it is wise to have a better 
future.”

Ms N. Loder - The Economist.
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The WorldFish Center; Department 
of Fisheries, Malaysia; National 
Oceanography Directorate, Malaysia; 
Maritime Institute of Malaysia; University 
College of Science and Technology of 
Terengganu, Malaysia; and WWF Malaysia 
co-organized a Workshop on Charting 
Multidisciplinary Research and Action 
Priorities Towards the Conservation and 
Sustainable Management of Sea Turtles in 
the Pacifi c Ocean: A Focus on Malaysia in 
Terengganu on 16-17 August 2004. 

Over 40 specialists from Malaysia and 
resource persons from the Philippines, 
Indonesia, Thailand, Australia and the US 
met at the two-day conference to chart 
new directions in the conservation of 
sea turtles in Malaysia. The workshop 

Workshop on Charting Multidisciplinary Research 
and Action Priorities Towards the Conservation and 
Sustainable Management of Sea Turtles in the Pacifi c 

Ocean: A Focus on Malaysia
16-17 August 2004, Terengganu, Malaysia

provided an important forum for 
linking the Roundtable Discussion on 
the Conservation of Turtles in Malaysia 
organized in 2003 with the follow up 
actions of the Bellagio Conference 
on the Conservation and Sustainable 
Management of Sea Turtles in the Pacifi c 
Ocean organized in 2003 (Box 1). A 
Blueprint for Action on Pacifi c Sea Turtles 
has been published by the WorldFish 
Center – ‘What can be done to restore 
Pacifi c turtle populations?’ (Downloadable 
from www.worldfi shcenter.org)

The Workshop was hosted and given 
strong support by the State Government 
of Terengganu. Representing the Chief 
Minister of Terengganu, Datuk Seri Idris 
bin Jusoh, the workshop was offi ciated 

by the Director of the Terengganu State 
Economic Planning Unit and Deputy 
State Secretary (Development), Tuan Haji 
Mazlan Bin Ngah.

The main objectives of the Workshop 
were to:
• consolidate existing work and identify 

multidisciplinary research priorities 
for the effective conservation and 
management of sea turtles in Malaysia; 

• review and examine national and 
regional policy instruments for 
the effective conservation and 
management of sea turtles; and

• develop a multisectoral action plan 
and strategy for implementation by 
key agencies and stakeholders.

The meeting suggested a 15-point action 
strategy that included participation by 
local people, effective laws, strategic 
polices and management-oriented 
research. This multi-pronged approach 
emphasizes the need for research, policy 
and action in charting new conservation 
efforts. The central premise of the 
Workshop was that there is still hope 

Launching of the Bellagio Blueprint 
for Action in conjunction with the sea 
turtles workshop in Malaysia on 
16 August 2004.

Box 1. Bellagio Conference on the Conservation and Sustainable Management 
of Sea Turtles in the Pacific Ocean.

A unique group of 25 specialists met from 17-21 November 2003 at the Bellagio 
Conference Center in Italy to create a much-needed blueprint for the conservation of 
sea turtles in the Pacifi c Ocean. The group included economists, marine policy experts, 
fi sheries professionals, natural resource management specialists and researchers from 
government, non-government agencies and private institutions.

The participants provided a diverse range of disciplines and international involvement 
that resulted in a vital and revolutionary platform for identifying and establishing 
workable solutions to address cross-sectoral and complex problems relating to the 
conservation of sea turtles.

The specialists concluded that the blueprint must address: (1) the protection of all 
nesting beaches; (2) reduction of turtle-take at sea and in coastal fi sheries; 
(3) stimulation of pan-Pacifi c policy actions; and (4) encouragement of sustainable 
traditional use of sea turtles.
The Bellagio Blueprint for Action on Pacifi c Sea Turtles was published and offi cially 
launched on 16th August 2004.

Report from the Bellagio Sea Turtles Steering Group Committee
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for protecting sea turtle populations 
in Malaysia through concerted efforts 
to apply multidisciplinary solutions 
and effective management at the local, 
national, regional and global levels. 

At the Workshop, the State 
Government of Terengganu reaffi rmed 
its commitment to take a comprehensive 
approach to conserve and manage sea 
turtles. In the opening speech, the 
establishment of a 60 ha sanctuary in 
the beach and coastal habitat at the 
Ma’Daerah rookery was announced. 
The rookery attracts nesting green 
turtles and is jointly managed by the 
Department of Fisheries (DOF), BP 

Petronas Acetyls Malaysia and WWF-
Malaysia.

The Workshop received a wide coverage 
in the press, with reports in the national, 
regional and international media. Dr 
Mahfuzuddin Ahmed, Director of Policy, 
Economics and Social Sciences at the 
WorldFish Center, was also interviewed 
on BBC radio. 

Following the workshop, the national 
media (News Straits Times, 2 September, 
2004) reported that four more turtle 
nesting sites in Redang, Terengganu will be 
brought under protection. The workshop 
event and subsequent actions by the State 

Government of Terengganu reaffi rmed the 
commitment of the state government and 
refl ected the outcomes from the long-
term collaborative efforts of a number 
of agencies in Malaysia, the Sea Turtle 
Research Unit of University College of 
Science and Technology of Terengganu 
and the State Government of Terengganu 
towards sea turtles conservation and 
management.

The proceedings of the workshop are 
being compiled by the organizers to 
provide the basis and framework for the 
development of a detailed national action 
plan for the conservation and sustainable 
management of sea turtles in Malaysia.

Speaker of  the Philippine Congress is Guest of  Honor at 
Milkfi sh Project Inception Workshop

production systems and processing. It 
will also identify techniques that can be 
profi tably transferred or replicated in 
other parts of the Philippines.

Honorable Speaker of the House of 
Representatives, Jose De Venecia Jr., 
receiving a plaque of appreciation from 
the workshop organizers.
From left: BFAR RFO 1 Director 
N.D. Domenden; BFAR Director M.I. 
Sarmiento; WorldFish Center’s Dr. M. 
Ahmed; Honorable Speaker Jose De 
Venecia Jr.; NIFTDC Chief Westly R. 
Rosario; two visitors from Taiwan; DA-
BAR’s Ligaya Santos; and BFAR-IFAD 
Chief N.A. Lopez.

The Honorable Jose De Venecia Jr., 
Speaker of the House of Representatives 
of the Philippines, was the special guest 
during the opening ceremony of the 
inception workshop for the project 
entitled Dissemination and Adoption of 
Milkfi sh Aquaculture Technology in the 
Philippines. The workshop was held on 
12-13 July 2004 at the National Integrated 
Fisheries Technology Development Center 
of the Bureau of Fisheries and Aquatic 
Resources in Bonuan Binloc, Dagupan City, 
Philippines. Research partners from the 
Bureau of Fisheries and Aquatic Resources, 
Bureau of Agricultural Research, 
University of the Philippines in the Visayas, 
Aquaculture Department of the Southeast 
Asian Fisheries Development Center, 
Philippine Council for Aquatic and Marine 
Research and Development, as well as 
representatives from local government 
units, the milkfi sh industry and fi shers’ 
organizations attended the workshop.

The objectives of the workshop were 
to: (a) discuss the project among 

partners and stakeholders and agree 
on roles, responsibilities, activities and 
targets; and (b) identify key persons and 
institutions to be responsible for project 
implementation. Using the analogy of a 
baby’s christening, Dr. Mahfuzuddin Ahmed 
of the WorldFish Center said that the 
workshop was the venue to talk about 
how the project (the baby) was going to 
be raised by the parents and godparents 
(project partners and other stakeholders).

The Department of Agriculture’s Bureau 
of Agricultural Research will fund the 
milkfi sh aquaculture project through the 
Philippine Government’s contribution 
to CGIAR funds. The project sites are 
Pangasinan and La Union. The three-year 
long project will analyze the production, 
market and policy structures of the 
milkfi sh industry in the Philippines. It will 
identify the constraints and opportunities 
for the future growth of the industry, with 
emphasis on the adoption and impact 
of technological development, using 
case studies of hatchery and grow-out 
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“Give a man a fi sh, and he will eat for a day. Teach a 
man how to fi sh, and he will eat for a lifetime.”

In February 2004 Dr Modadugu V. Gupta 
was nominated for the World Food Prize 
by Dr Meryl J. Williams, Director General 
of the WorldFish Center.

Modadugu V. Gupta, Assistant Director 
General, International Relations and 
Partnerships at the WorldFish Center and 
Research Coordinator at the International 
Network on Genetics in Aquaculture 
(INGA) is an outstanding scientist and 
global leader in the development of 
sustainable strategies for feeding the 
world’s poor.

Over the course of four decades of 
innovative research, Modadugu V. Gupta 
has brought the promised fruits of this 
ancient Chinese proverb to poor people 
in developing countries by showing them 
— not how to capture fi sh — but how to 
grow fi sh.

Dr Gupta has been tremendously 
infl uential in regional efforts to bring 
the science of aquaculture to bear on 
problems of hunger, malnutrition, poverty 
and environmental destruction. At a 
time when altered weather patterns, 
urban development, erosion of natural 
resources, and over-fi shing are emptying 
the seas and affecting rivers, there is a 
critical need for alternative dependable 
sources of fi sh. This need is especially 
acute in many countries of Asia and Africa, 
where poor people already fi nd it diffi cult 
to obtain a regular supply of high-protein 
food and many are dependent on fi shing 
for their livelihood.

As a specialist in fi sheries, Dr Gupta 
has been highly instrumental in helping 
several developing countries boost their 
production of fi sh through aquaculture to 
compensate for the precipitous declines 
seen in fi sh from the wild. As a result of 
these efforts, freshwater fi sh production 
has risen dramatically over the last two 
decades (by as much as three to fi ve 

times) in several Asia-Pacifi c countries 
including India, Bangladesh, Thailand, the 
Lao PDR and Vietnam.

Poor farmers and rural families across 
large tracts of South and Southeast 
Asia have turned abandoned ponds, 
roadside ditches, seasonally fl ooded fi elds 
and other bodies of water as small as 
300–400 m2 into “mini-factories” growing 
fi sh for food and income, using techniques 
based on the work of Dr Gupta and his 
colleagues. For example, over 150 000 
seasonal ponds in Bangladesh, which 
were lying fallow before Dr Gupta’s 
intervention, are now blooming with fi sh.

Keen to duplicate the successes seen 
in Asia, a growing number of African 
countries (among them Cameroon, 
Egypt, Malawi, Mozambique and Zambia) 
are clamoring to implement similar 
techniques for growing fi sh for the poor.

Dr Ayyappan, Deputy Director General 
of the Indian Council of Agricultural 
Research, sees this innovative “pond 
aquaculture” as “a major instrument for 
poverty eradication.” Many governments 
and non-governmental organizations 
are incorporating the results of Dr 
Gupta’s work into agriculture and 
development programs. They fi nd the 
approach especially appealing because it 
can bring the poor and hungry several 
benefi ts simultaneously: greater food 
security, improved nutrition, economic 
opportunities, higher agricultural 
productivity and environmental 
protection.

Millions are benefi ting already, and the 
potential impact is huge. Dr Ayyappan 
says widespread adoption of localized, low 
cost fi sh farming has been a major force 
driving the diversifi cation of agriculture in 
Asia today. The approach is popular with 
farmers, he says, because “it adds value to 
agriculture.”

Early Vision

Dr Gupta began his career in his native 
India at a time when aquaculture was 
not well known in that country. When he 
enrolled for a master’s degree at Banaras 
Hindu University in India in 1958, he 
wanted to study fi sheries. As there were 
no relevant programs he had to major in 
zoology instead. He recalls, “The very idea 
of fi sh research – teaching people how 
to manage wild fi sh catches or farm fi sh 
– was not regarded as a science.” Several 
years later, as a newly trained scientist, he 
had a strong sense of what he wanted to 
accomplish. “I wanted to use my research 
in development, to change people’s lives,” 
he says.

Subsequent research in Calcutta in India, 
in Thailand’s poor northeastern region, 
in the war-scarred countryside of the 
Lao PDR and the monsoon-fl ooded 
fi elds of Bangladesh gave him a fi rst-hand 
look at the considerable obstacles the 
world’s rural poor faced every day in 
their quest to provide for themselves 
and their families. These experiences 
strengthened his determination to make 
the results of his work as widely useful 
as possible. 

Low Cost, High Impact

That goal is refl ected in the “aquaculture” 
practices developed by Dr Gupta, which 
are designed to be adaptable and effective 
under many different local conditions and 
to entail minimal start-up and operational 
costs. Fish and pond nutrients, for 
example, come from native vegetation and 
organic farm wastes instead of expensive 
feed and fertilizers. This means that even 
the most impoverished people or those 
who are landless can engage in modest 
fi sh-farming.

On a wider scale, hundreds of thousands 
of poor farmers are learning – thanks to 
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Dr Gupta’s expertise in fi sh genetics and 
aquaculture – how to increase agricultural 
productivity by growing fi sh alongside 
crops and livestock.

In Bangladesh, for example, farmers 
in fl ood-prone areas have found they 
can benefi t handsomely by raising large 
quantities of fi sh in their rice paddies. 
Although the water that covers the 
rice fi elds is too shallow for raising the 
popular native carps, Dr Gupta has 
shown that short-cycle species, such 
as tilapia and silver barb, can thrive and 
grow well under these conditions. “By 
integrating fi sh cultivation with rice 
production, you increase profi t and 
also reduce the risks of rice cultivation 
alone,” he notes.

He has demonstrated that while 
monoculture aquaculture (raising a single 
fi sh species) can be very profi table, 
polyculture often brings even greater 
rewards. “Raising compatible species of 
fi sh with complementary feeding habits 
results in the complete utilization of 
pond productivity, thus increasing fi sh 
production,” he explains.

The trail-blazing work by Dr Gupta has 
had a huge impact in terms of major 
increases in fi sh production across the 
region over the last two decades, as 
the following fi gures show: in Vietnam 
freshwater aquaculture production 
increased from 91 000 tonnes in 
1979–81 to 402 000 tonnes in 2001. And 
during the 1990s, Bangladesh boosted its 
production of fi sh through aquaculture 
by 300 percent—a growth from 177 000 
tonnes in 1989–91 to 588 000 tonnes 
in 2001. Freshwater fi sh production in 
India increased from 63 000 tonnes in 
1979–81 to more than 2 million tonnes 
in 2002. Today, yields continue to 
increase, thanks in large part to many 
of the measures that were implemented 
under Dr Gupta’s guidance. According 
to Dr Ayyappan, the annual growth rate 
of aquaculture fi sh production in India 
is between 6 and 8 percent, a level not 
seen in any other farming sector.”

Although Dr Gupta never designed 
his research specifi cally to address 
the needs of poor rural women, they 
have been among the most ardent and 
skillful practitioners of his “aquaculture 
technologies.”

Women have participated in trials and 
pilot projects, and their feedback has been 
valuable; many of their ideas have led to 
better and cheaper methods. Surveys 
show that rural women often make the 
best fi sh farmers, achieving signifi cantly 
higher levels of fi sh production 
and greater profi ts than men do in 
comparable operations.

In Bangladesh, and other areas where 
poor women are usually confi ned to the 
home and have few means of generating 
income, backyard fi sh farms are becoming 
a promising avenue for their personal and 
economic empowerment. Today, about 
60 percent of all those engaged in rural 
aquaculture activities in Bangladesh are 
women. Some are organizing themselves 
as groups to become local entrepreneurs.

Dr John Swanson, an agricultural 
extension team leader at the U.S. Agency 
for International Development (USAID), 
witnessed Dr Gupta’s infl uence in 
making this happen when they worked 
together in Bangladesh in the mid-1990s. 
“Sometimes the work he did with women 
was so successful that pond owners no 
longer wanted to rent to them because 
they saw the potential to benefi t from this 
activity themselves” Dr Swanson recalls.

Capacity Building for Progress

Apart from his many scientifi c 
accomplishments, Dr Gupta has been 
highly effective in building partnerships, 
strengthening institutions, and inspiring 
and guiding the next generation of 
fi sheries researchers.

Many current and former colleagues say his 
strong professional track record refl ects 
his skill in promoting collaboration among 
diverse groups such as national research 

institutes, international development 
agencies, local NGOs and farmer groups. 
“From the very beginning of his work 
in India,” Dr Ayyappan remembers, “he 
was always the one building teams and 
groups. He’s successful because he’s an 
excellent communicator who believes in 
teamwork and partnerships, in building 
complementarities.”

Dr Gupta has always regarded grassroots-
based NGOs as an important bridge 
between researchers and people in the 
countryside. His tradition of building these 
connections paid high dividends especially 
during his work in Bangladesh, a Muslim 
country, where a strong NGO network 
was critical in reaching rural women.

Dr Gupta has been a driving force in 
building capacity among scientists and 
development workers in countries where 
he has worked, and the force behind the 
International Network on Genetics in 
Aquaculture (INGA), for which he was the 
Research Coordinator till August 20041. 
Dr Gupta also coordinated the Group of 
Fisheries and Aquatic Research (GoFAR), 
a fi sheries arm of the 19-country Asia-
Pacifi c Association of Agricultural Research 
Institutions (APAARI).

The member countries and scientifi c 
institutions of INGA work to increase 
fi sh production through genetic research 
and conservation of aquatic biodiversity. 
The support he provided to member 
countries led to the development of 
several improved breeds for aquaculture 
production, mainly carp and tilapia that 
are attractive to farmers and well suited 
to low-intensity fi sh farming.

As Assistant Director General of 
International Relations and Partnerships 
at the WorldFish Center till August 2004, 
Dr Gupta worked to create aquaculture 
development networks on a global scale.

1 Since August 2004 Dr A.G. Ponniah has 
assumed the position and responsibilities 
of INGA Research Coordinator. 
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Sometimes the most well intentioned 
of actions can have unexpected 
consequences.

Few who care about the environment 
would argue with the spirit behind 
recent international moves to protect 
the world’s dwindling fi sh stocks 
from over-exploitation. Over the past 
three decades, international treaties 
and agreements have helped to ease 
pressure on marine life and protect 
once plentiful species from extinction. 
However, all actions have consequences. 
As laudable as such initiatives have 
been, they have inadvertently helped to 
fuel an environmental disaster in many 
parts of the developing world, resulting 
in increased disease, environmental 
degradation and the further alienation of 
the world’s poor. 

One might have expected a limiting of 
access to the world’s fi sh reserves to 
result in a drop in demand for fi sh stocks. 
Quite the contrary. Research by the 
Worldfi sh Center and the International 
Food Policy Research Institute (IFPRI) 
has shown a dramatic increase in the 
demand and production of aquaculture 
products as natural ocean and river 
stocks decrease. This boom in aquaculture 
production is the direct result of a 
widening worldwide gap in the supply and 
demand for fi sh. Despite clear evidence 
of smaller ocean and river catches, there 
has been an unprecedented rise in the 
production, consumption and trade of 
fi sh over the past three decades. Total 
fi sh production between 1971 and 2001 
doubled to 130 million tons. While fi sh 
production in the developed world has 
remained largely stagnant during this 
period, the major increase has occurred 
in the developing world, in particular Asia.

The most important factors driving the 
increasing fi sh consumption in developing 

Creating a Win-Win Situation for Oceans, 
Fisheries and The Poor

countries are urbanization, increase in 
incomes and population growth. In the 
past three decades, the consumption of 
fi sh and animal protein has nearly doubled 
in the developing countries. China 
experienced a remarkable 455 percent 
growth rate in per capita consumption 
during the period and it is in China and 
India where the expansion in aquaculture 
has been at its most intense.

While many in the West would see the 
development of fi sh farming as a safer 
environmental alternative to ocean fi shing, 
and as a way of fi lling the gap between the 
demand and supply of fi sh, the intensive 
aquaculture practices employed over 
the past three decades have created 
serious and ongoing problems. Research 
shows that shrimp and salmon farming, 
in particular, can have a damaging impact 
on ocean and coastal resources through 
the destruction of wild fi sh habitats. It can 
also be detrimental to human health due 
to the increased production of waste and 
a build-up of pesticides and antibiotics 
in the food chain. Added to this is the 
risk of microbial contamination and 
reduced biodiversity because of increased 
competition and genetic interaction 
between escaped fi sh and wild stocks.

Intensive aquaculture can also lead to 
outbreaks of disease that threaten aquatic 
organisms and the productivity of water 
resources. High stocking density and 
poor water and seed quality can often 
lead to disease outbreaks that easily 
spread to other ponds and open water 
areas. Research indicates that intensive 
shrimp farming in Asia, for instance, has 
resulted in the destruction of hundreds of 
hectares of mangrove forest over the last 
few decades.

Worse still, the dramatic rise in fi sh 
production in the developing world 
has not resulted in better food for the 

world’s poor. Why? Because developing 
countries currently export almost 50 
percent of their total production to 
developed nations, with exports of 
high-end shrimps, lobster tails and Nile 
perch seen as lucrative money earners. 
The higher demand for fi sh in the world 
markets and the consequent higher 
prices of fi sh products result in the 
production of high-value fi sh for export 
at the cost of domestic consumption. The 
poor subsistence farmer’s diet usually 
includes low-value food fi sh. This can 
have a signifi cant impact on the food 
security of people in developing countries. 
Added to this is the fact that low-value 
fi sh products, traditionally available to 
the poor, are now being diverted for 
the production of fi sh feed to service 
the aquaculture plants, while more land 
and capital is being be reallocated to 
aquaculture instead of the production of 
cereals, vegetables, and oil seeds.

So what can we do to help? For a start, 
there is a need for governments to be 
more aware of the fl ow-on consequences 
of intensive aquaculture farming and to 
ensure that those at the bottom of the 
socioeconomic scale are not left out. 
Developing countries need to be careful 
in formulating their trade policies and 
related issues to seek a balance between 
fi sh for trade and domestic consumption. 
The question many developing countries 
face is how to make the best use of 
liberalized trade in fi sh products and to 
develop effi cient and transparent systems 
for the management of their inland and 
marine resources.

There is also a role for developed 
countries in helping to establish such 
systems and in furthering advances in 
aquaculture technologies. The application 
of selective breeding technology to 
tilapia by the Worldfi sh Center and to 
salmon in Norway has opened up the 
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opportunity for increasing fi sh production 
through genetic research. The productivity 
increase for genetically improved tilapia is 
85 percent and for salmon 60 percent.

Finally, it is time for governments and 
producers to look at the size of their 
aquaculture operations. The WorldFish 
Center research clearly shows that 
large-scale intensive farming is actually 
highly economically ineffi cient and 
environmentally unsafe, while semi-
intensive practices are often low-cost and 
environmentally friendly.

International fi shing bans have not caused 
the current problems with aquaculture 
farming. The problem has been caused 
by the closure of one avenue of fi sh 
production without clearly determining 
the scope and nature of its alternative. 
Aquaculture production can be a 
benefi cial tool for meeting the world’s 
food needs, but in its current form and 
practice, it is complicit in the further 
impoverishment of both people and 
nature. There is time to act, but there 
must also be the will to act. Without 
redress, the trends I have outlined are 

likely to continue well into the future. 
Poverty reduction, inclusive development 
and environmental protection must 
continue to become more central to the 
dialogue between advocates for the poor 
and for the environment, representatives 
of the fi sh industry, political leaders and 
international policy makers.

      
Dr Stephen Hall, Director General

The WorldFish Center

Fish – a traditional, and highly valuable, 
ingredient in the diet of hundreds of 
millions of Asian people – a critical source 
of protein, calcium and other nutrients. 
Over the past 30 years developing 
countries have increased their fi sh 
consumption by as much as 50 percent. 
Asia alone consumed over half of the 
world’s fi sheries products in 2000; as the 
population of the region continues to 
increase, so will the demand for fi sh. So, 
where will all the new fi sh come from? 
Although aquaculture has a key role 
to play, much of the fi sh will still need 
to come from wild capture fi sheries 
appropriately managed to meet the 
increasing demand but within sustainable 
limits.

Asia is currently responsible for over 40 
percent of world fi sheries production. The 
fi sheries sector is central to the economy 
of many countries, and is therefore key 
to trade and political stability. Forty 
percent of global fi sh production is 
traded internationally at a value of over 
US$55 billion; of this, US$18 billion goes 
to developing countries. For economic 

Sustainable Coastal Fisheries 
Management in Asia

as well as cultural reasons, confl icts over 
fi sheries resources continue to increase, 
often escalating to a national political 
scale. The socioeconomic implications of 
substandard fi sheries management are 
immense. Fisheries provide livelihoods 
to an estimated 22 million people in 
the region: fi shing is one of the few 
employment options for the landless poor. 
Women often play a traditional role in 
processing and marketing of the catch, 
providing a vital source of income to their 
families.

The WorldFish Center and partners in 
eight developing countries in the region 
(Bangladesh, India, Indonesia, Malaysia, 
Philippines, Sri Lanka, Thailand and Viet 
Nam) have been working to address 
the sustainability of the coastal fi sheries 
resources that will need to continue to 
serve as a primary source of food and 
economic stability for millions of people.

A number of issues are consistently 
identifi ed as being the key factors 
preventing these countries from enjoying 
sustainable production from fi sheries. 

They are:
• over-fi shing, meaning too many boats 

and fi shermen taking too many fi sh;
• inappropriate fi shing techniques, 

including nets with fi ne mesh that 
capture juveniles;

• post-harvest losses, where the catch 
spoils or reduces in value due to poor 
handling at sea and during marketing;

• confl icts between large- and small-
scale fi sheries where there are 
overlaps in ‘preferred’ fi shing areas 
and types of target species;

• habitat degeneration, where the 
habitats that fi sh rely on are being 
degraded;

• lack of information to develop 
appropriate policies to maintain the 
supply of fi sh, and

• institutional weaknesses and 
constraints within the governance of 
fi sheries.

These issues have a direct impact on the 
biological resources, on the supply and 
price of fi sh to consumers, the income 
of fi shers, and the welfare of coastal 
communities.
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The WorldFish Center and its partners 
have been helping to address the issue of 
“information”, or the lack of it, through 
the Sustainable Management of Coastal 
Fish Stocks in Asia project (1998–2001) 
funded by the Asian Development Bank, 
the partner countries and the WorldFish 
Center. Several important achievements 
have been realized. The fi rst, perhaps 
appropriately, was the development of a 
new regional database known as FiRST 
– Fisheries Resource Information System 
and Tools – and the input of historical 
trawl research survey data.

Trawl surveys have long been considered 
the most straightforward way of 
determining the abundance of the fi sh and 
shrimp species that live in/on or near the 
seabed. Valuable information on stocks, 
their population structure, fi shing grounds 
and optimal gear can be collected. Surveys 
have been carried out by countries in 
the region for nearly 80 years but the 
data has been seriously under-used due 
to its inaccessibility – held by multiple 
agencies in several countries and not in an 
electronic format. 

Though national data is held in each 
country, WorldFish is now the custodian 
of a regional database that currently 
holds species abundance data from over 
21 000 locations in the coastal waters of 
South and Southeast Asia collected from 
the 1920s onwards. For the fi rst time 
it is possible to look at data trends at a 
macro level, on a regional or ecosystem 
level rather than purely from the 
standpoint of national coastal resources. 
This is important as fi sh stocks straddle 
national boundaries and they may require 
different habitats at various stages of 
their life history, a point that emphasizes 
the need for cooperative international 
management.

The FiRST software addresses the need 
for fl exible usage based on different 
languages and species identifi cation. 
The system stores scientifi c names 
and country-specifi c species codes and 
detects synonyms through a module 
linked to FishBase. The FiRST software is 

designed not only to store trawl survey 
data but also to assist in its analysis. One 
key tool can estimate biomass (species 
abundance) over areas and through time 
and, as data are georeferenced, prepare 
maps for illustration. This information 
assists national and regional decision-
makers to assess the status of fi sheries 
and to address concerns such as over-
fi shing and environmental impacts.

In fact, data analysis using FiRST has 
already produced dramatic illustrations 

of substantive degradation and over-
fi shing of coastal fi sh stocks in formerly 
productive fi shing grounds managed by 
the participating countries. Catch rates in 
some fi shing areas (and hence resource 
biomass) have declined to values between 
5 and 30 percent of their levels prior to 
the expansion of fi sheries. In the future 
FiRST will be an important resource 
during efforts to restore capture fi sheries, 
providing baseline information and 
historical data against which to test the 
outcomes of new strategies.
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But the Sustainable Management of 
Coastal Fish Stocks in Asia was much 
more than a database project. It involved 
strengthening the capacity of selected 
national institutions to analyze, assess 
and manage their coastal fi sheries, 
prepare management plans and examine 
their implications. These plans lie at the 
interface between the science (abundance 
of natural resources as estimated using 
FiRST) and the socioeconomic effects 
of policy and institutional changes, each 
affecting the other along a series of 
interconnected pathways, some not 
always clearly understood.

Socioeconomic and bioeconomic 
analyses of coastal fi sheries in region 
have provided a brand new source of 
valuable information for decision-makers. 
Some selected quotes from the abstracts 
of papers (Silvestre et al. 2003) say, for 
example:

Bangladesh, S.M. Khan and M.S. Haque: 
     The current catch of 2 444 t at 

an effort of 7 491 SFD indicates 
over-fishing. Precautionary measures 
should be adopted by the government 
to prevent over-exploitation… The 
present number of large trawlers and 
boat owners should not be allowed 
to increase. Artisanal fishers should 

abandon destructive fishing gear like 
estuarine set bag nets, push nets and 
current jall that kill small fish.

Central and northern Java, B.E. Priyono:
     It is recommended that in large scale 

fisheries the volume of fuel/day should 
be increased, while the total number 
of boats should be reduced. … [This] 
would increase offshore operations, 
which would lessen the fishing 
pressure in near-shore waters. 

Thailand, P. Boonchuwongse and W. Dechboon:
     The 1999 Census of Marine Fishery 

showed that the total number of 
fishery households, including fisheries 
employees’ households in the country 
was 109 635.… The average per 
capita fish consumption is 24 kg 
annually…. Results [from the Schaefer 
Model] indicate that the present 
catch and the corresponding effort 
of demersal fishing in the Gulf of 
Thailand surpassed both maximum 
economic yield (MEY) and maximum 
sustainable yield (MSY). In order to 
obtain the maximum net benefit in 
the long run, the present fishing effort 
… must be reduced to about 50% of 
present levels.

The improvement in national capacities 
within the eight participating countries to 
assess and analyze national and regional 

data and then apply the conclusions to 
policy analysis and planning has been 
a major success for the project. It has 
led to reviews of existing programs at 
both national and regional levels that 
have identifi ed new challenges and 
opportunities. Identifi cation of trends in 
coastal fi sheries management has led to 
specifi c plans for rehabilitating resources 
and reinforcing sustainable fi sheries 
practices.

Towards the end of the project, an 
“International Workshop on Management 
of Tropical Coastal Fisheries in Asia” was 
organized (20-23 March 2001) in Penang, 
Malaysia. The proceedings from this 
workshop have been prepared and are 
available in a “CD + abstracts” publication.

      
Prepared from WorldFish Center documents with 

particular reference to Silvestre, G. et al. 2003. 

Assessment, Management and Directions for 

Coastal Fisheries in Asian Countries. WorldFish 

Center Conference Proceedings 67. 1110 p.
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Economic Valuation and Policy 
Priorities for Sustainable 
Management of Coral Reefs
Edited by Mahfuzuddin Ahmed, Chiew 
Kieok Chong and Herman Cesar

This publication is an outcome of the 
International Consultative workshop for 
Economic Valuation and Policy Priorities 
for Sustainable Management of Coral 
Reefs held at the WorldFish Center’s 
Headquarters in Penang, Malaysia over the 
period 8-10 December 2001.

The overall goal of the workshop was to 
identify future directions for economic 
and policy research relevant to the 
sustainable management of coral reefs. 
This publication contains the workshop’s 
overview of current issues and problems 
relating to coral reef management. 
It also includes keynote papers, case 
studies of the economic valuation and 
socioeconomics of coral reefs, and policy 

instruments and management techniques 
for coral reefs and marine resources. The 
fi nal section of this publication consists of 
the recommendations for future research 
made by the workshop participants.

The workshop was the fi nal activity 
of the Valuation and Policy Analysis for 
Sustainable Management of Coral Reefs 
project. The Center’s donors and the 
Swedish International Development 
Cooperation Agency (Sida), with additional 
support form the International Coral Reef 
Action Network (ICRAN), sponsored 
the workshop. It also received support 
for selected participants from Southeast 
Asia from the Economy and Environment 
Program for Southeast Asia (EEPSEA) and 
the Australian Center for International 
Agricultural Research (ACIAR). Forty-
eight participants from 15 countries of 
Southeast and East Asia, the Caribbean, 
East Africa and the South Pacifi c Regional 
Seas contributed to the workshop.

ISBN 983-2346-29-0

A Photographic Guide 
to Diseases of Yellowtail 
(Seriola) Fish
Dr. Mark Sheppard

This 65-page guidebook, with 30 pages 
of high resolution photographs, covers 
29 disease-related topics typically 
observed in the yellowtail, kingfi sh, 
and amberjack (Seriola). The topics 
range from farm-hygiene to bacterial, 
viral, parasitic and complex disease 
syndromes. Each topic includes one 
page of easy-to-read information, 
descriptions and diagnostics. The book is 
designed as a basic, hands-on, “what am 
I looking at now?” diagnostic fi eld guide 
for farm staff, laboratory technicians 
and students. For more details visit 
http://oberon.ark.com/~sys or email 
svsbook@oberon.ark.com

About the author: Mark Sheppard B.Sc., 
D.V.M. received his Doctorate of Veteri-
nary Medicine from the Western College 
of Veterinary Medicine in Canada. His 
professional career has included roles as 
the veterinary service manager of an inter-
national salmon production company, and 
a multi-national aquaculture feed company. 
He now provides fi sh health management 
services as an international veterinary 
consultant. Dr. Sheppard’s unique interests 
and years of fi eld experience as an active 
veterinary practitioner in fi nfi sh aquacul-
ture have nurtured the development of his 
expertise of both cold-water salmonids 
and warm-water aquaculture fi shes. He has 
provided veterinary fi sh health manage-
ment, pathology and pharmaceutical ex-
pertise to fi sh culturists in Canada, United 
States, Ireland, Chile, Japan, Philippines, 
South China, New Zealand and Australia.

ISBN 0-920225-14-4
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What can be done to restore 
Pacifi c turtle populations? The 
Bellagio Blueprint for Action on 
Pacifi c Sea Turtles
The Steering Committee, Bellagio 
Conference on Sea Turtles

The Bellagio Blueprint for Action on 
Pacifi c Sea Turtles is an outcome of the 
Bellagio Conference on the Conservation 
and Sustainable Management of Sea 
Turtles organized jointly by the WorldFish 
Center and U.S. NOAA-Fisheries. 
During 17-21 November 2003, a multi-
disciplinary group of 25 experts met in 
Bellagio, Italy to draft an Action Plan on 
Pacifi c Sea Turtles. The group recognized 
the seriously endangered state of sea 
turtle populations in the Pacifi c and the 
escalating nature of human threats to the 
turtles. They examined cases of successful 
sea turtle conservation programs from 

ISBN 983-2346-30-4

around the world and reviewed a broad 
suite of promising policy and management 
actions in the Pacifi c. They concluded that 
it was possible to save the threatened 
and endangered species. The actions 
recommended in the Blueprint are: 
protecting all nesting beaches; reducing 
turtle-take at sea and in coastal fi sheries; 
stimulating pan-Pacifi c policy actions; 
and encouraging the sustainability of the 
traditional use of sea turtles. In addition 
to this description of the Blueprint, 
the experts are developing a full policy 
brief and other literature for wide 
dissemination.

The individuals on the Steering 
Committee for the Conference 
coordinated this publication. The Blueprint 
described in this publication is a collective 
output of the experts who participated in 
the Bellagio Conference on Sea Turtles.

Use of Genetically Improved and 
Alien Species for Aquaculture 
and Conservation of Aquatic 
Biodiversity in Africa
Edited by Modadugu V. Gupta, Devin M. 
Bartley and Belen O. Acosta

Aquaculture species are being 
domesticated and improved through 
genetic enhancement. Despite the benefi ts 
of improved fi sh in terms of increased 
production, there are risks associated 

with conservation of biodiversity when 
the introduced strains/species escape into 
natural waters. This is especially important 
in Africa, which is one of the world’s 
largest repositories of diverse freshwater 
fi sh fauna and home to native tilapias. 
This publication is a useful tool in building 
awareness among African institutions, 
agencies and planners of the issues 
involved in improving production through 
introductions of improved strains/alien 
species while sustaining natural biodiversity.

ISBN 983-2346-27-4



The purpose of these guidelines is 
to assist NAGA contributors in the 
preparation of articles for submission 
to NAGA, WorldFish Center Quarterly.  The 
presentation of your manuscript is the 
fi rst stage in the successful publication of 
your article and the instructions below 
will assist you in ensuring that your article 
is reviewed and published as effi ciently as 
possible. 

If you can prepare your article on a 
computer it will enable us to work more 
quickly and easily. However, if you do not 
have access to a computer, hard copies of 
your manuscript should be submitted to:
The Editor, NAGA, Communications Unit,  
WorldFish Center, PO Box 500 GPO, 
10670 Penang, Malaysia. 
E-mail: naga@cgiar.org 

Manuscript
Please ensure that the manuscript is clear 
enough to work on, and adheres to the 
following: 
• Paper size:  A4
• Font size: 12 points
• Your text should be double-spaced 

with a 2.5 cm margin all around.
• Your manuscript must be paginated.
• Articles submitted should be between 

1 500-2 000 words.
• Include an abstract of approximately 

50 words, stating what was done, found 
and concluded.

• Submit one hard copy; and one soft 
copy and keep one copy for reference

• The electronic/soft copy should be 
in Microsoft Word for Windows. The 
soft copy must be an exact printout 
of the hard copy. The soft copy should 
be sent by e-mail to: naga@cgiar.org. If 
you do not have access to e-mail, send 
the soft copy in a 3 ½ inch disk to the 
WorldFish Center.

• The hard copy should only be printed 
on one side and sent to WorldFish. 

House style
• Spelling should conform to the 

new edition of the Concise Oxford 
English Dictionary.  Alternatives will be 
accepted provided they are consistent.

• Use italics for scientifi c names, and 
words/phrases in foreign languages.

• To check all fi sh species names, refer 
to FishBase at www.fi shbase.org .

• Justifi cation of text – the text 

should be left justifi ed. Do not use 
hyphenation except for hyphenated 
words.

• Headings – where there are several 
levels of heading, each one should be 
differentiated from the other as below:
Title of article – (Upper and 
Lower Case, Bold, 14 pts, 
Centered)
Heading – Level One (Upper 
and Lower Case, Bold, 12 pts, 
Centered)
Heading – Level Two (Upper and 
Lower Case, Bold, 11 pts, Flush 
Left)
Heading – Level Three (Upper and 
Lower Case, Bold, 10 pts, Flush 
Left)
Heading – Level Four (Upper and 
Lower Case, Italics, 10 pts, Flush 
Left)

• Space after punctuation marks – 
use single (and not double) space after 
full stops, commas, colons, semicolons, 
etc.

• Quotation marks – use double 
quotation marks for dialogue and 
quoted material. Single quotation marks 
are used only for quote within quotes.

• Units of measure – The International 
System of Units (SI) for measurements 
and weights is recommended.

• Numerals – spell out numerals 
smaller than 10, e.g. eight fi sh. However, 
numerals smaller than 10 should not 
be spelled out when accompanied by a 
standard unit of measure, e.g. 3 kg.

• Dates – should be written as "day 
month year", e.g. 8 May 2001.

• Abbreviations – Any word or words 
to be abbreviated should be written in 
full when fi rst mentioned followed by 
the abbreviation in parenthesis.

• Illustrations
• Illustrations can be photographs, line 

drawing, maps or graphs. Bear in mind 
that the quality of printed illustrations 
is dictated by the quality of the 
originals you supply;

• Line drawings submitted should be 
originals, drawn in black ink on white 
paper. These should be mailed to the 
WorldFish Center fl at or rolled, never 
folded;

• If drawings are digitally produced, they 
must be of high quality;

• One color (black) line drawing should 

be produced at 500-800 dpi and saved 
as a bitmap tiff fi le; 

• Tone illustrations or illustrations in 
color should be produced at 250-300 
dpi and saved in grayscale as tiff fi les.

• Maps should include indicators of 
latitude and longitude.

• Check to ensure that fi gures are 
numbered correctly as they are cited 
in the text. Position fi gure numbers 
and headings at the bottom of the 
illustrations.

• Tables
• Key in your tables using the Table Menu 

in Word. 
• Ensure that your tables are numbered 

correctly and that they tally with the 
numbering cited in your text. 

• Position table numbers and headings 
above the table. The headings should 
be clear, complete and informative. 

• Place sources and notes immediately 
below the table.

• References (examples)
Book:

Gupta, M.V. and B.O. Acosta (eds.) 2001. 
Fish genetics research in member 
countries and institutions of the 
International Network on Genetics in 
Aquaculture. ICLARM Conf. Proc. 64, 
170 p.

Longhurst,  A. and D. Pauly. 1987. Ecology 
of tropical oceans.  Academic Press, 
San Diego.

Chapter or part of a book or published 
conference proceedings:
Christensen, V. and D. Pauly. 1993. On 

steady-state modeling of ecosystems, 
p. 14-19. In V. Christensen and D. 
Pauly (eds.) Trophic models of aquatic 
ecosystems. ICLARM Conf. Proc. 26, 
390 p.

Journal article:
Hillman, S. 1994. Environment on trial. 

NAGA, ICLARM Q. 17(1):8-10.

• Notes on authors should be included at 
the end of the article, for example:
A. Shaleesha and V.A. Stanley are scientists 
at the J.R.D. Tata Ecotechnology Center, 
M.S. Swaminathan Research Foundation, 
Chennai – 600 113, India.
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