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editorial
The underlying premise for the existence of the WorldFish Center is that 
improving fisheries and aquaculture will reduce global poverty and hunger. I 
doubt anyone would question that premise after reading World Food Prize 
Laureate Dr M.V. Gupta’s contribution to this issue of NAGA. As Dr Gupta’s 
paper explains, however, the challenges to delivering those benefits are 
enormous. For readers looking for concrete examples of how to meet those 
challenges, look no further than the other papers in this issue.

For wild capture fisheries, there is now consensus - the key to future 
success in catching fish at sustainable levels lies in understanding people not 
in understanding fish. It is only when we can organize ourselves to manage 
fisheries properly that we will make the most of this precious resource. The 
paper by Salayo and others takes a fresh look at this problem by examining the 
sources of conflict in South and Southeast Asian fisheries. The authors show 
how thinking in a systematic way about how and why conflict arises between 
those who have an interest in the fishery can help improve policies. The 
approach also helps increase the likelihood of policy acceptance and effective 
implementation.  

History tells us that development of agriculture is an important driver of overall 
development for a country. As Dr Gupta points out in his paper, if it is to meet 
its potential, and especially if it is to deliver benefits to the rural poor, we must 
better integrate aquaculture and agriculture. Several papers in this issue touch 
on this topic. 

Integrating rice and fish culture, for example, is the subject of three 
contributions, which, taken together, show both the potential and the challenges 
of the rice-fish approach. Studies from both Bangladesh and India show that 
yields increased when farmers grew rice and fish together, a finding that clearly 
shows the promise of the approach. In Africa, however, the story is not so 
clear-cut. Understanding the reasons for these differences will be a key for 
unlocking the true potential of the approach and ensuring that it benefits the 
poor. Two other papers in this issue describe aquaculture-agriculture integration 
by including small ponds on rural farms. Studies of this approach in Malawi show 
clearly how this can deliver real impacts on poverty.  

Although the challenges of reducing poverty and hunger are great, this issue of 
NAGA again shows that the solutions are out there. I hope that, like me, you 
find the work of our authors both inspiring and uplifting.

Stephen J. Hall
Director General
The WorldFish Center
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Introduction

Today we live in a world where 
poverty, hunger and malnutrition are 
prevalent. It has been estimated that 
14 per cent of the global population 
or 852 million people are going 
hungry and of these 690 million are in 
the Asia-Pacific region. Micronutrient 
deficiencies or hidden hunger in one 
form or the other are affecting more 
than 2 billion people worldwide. 
Each year, 5.5 million children are 
dying of causes related to hunger 
and malnutrition. Over 1.1 billion 
people live on less than US$1 a day, 
of which 700 million are in Asia.  Fifty 
per cent of the hungry are in small-
holder farming households and 20 
per cent among the landless poor.
These statistics reveal the unpalatable 
truth that in a world that has both 
resources and knowledge, the 
situation remains a continuing travesty 
of the recognized fundamental human 
right to adequate food and freedom 
from hunger and malnutrition.

The Millennium Development Goals 
adopted by the world’s governments 

in 2000 set a target of halving the 
hungry and malnourished population 
by 2015. However, hunger and 
malnutrition still remain the most 
devastating problems facing the  
poor in developing countries and 
we have a long way to go towards 
eliminating hunger. 

Fish and fisheries can play an 
important role in addressing hunger 
and poverty in Asia. Fish are a rich 
source of protein, essential fatty acids, 
vitamins and minerals. The fats and 
fatty acids in fish, particularly the long 
chain n-3 fatty acids (n-3 PUFA), are 
highly beneficial and difficult to obtain 
from other food sources. 

Fish contributes over 20 per cent of 
the animal protein intake for more 
than 2.6 billion people around the 
world. For example, the contribution 
of fish to animal protein intake is 
estimated at 34.5 per cent in Malaysia, 
over 53 per cent in Indonesia and 
Sri Lanka, and 84.4 per cent in the 
Maldives.  However, these national 
averages hide the importance of 
fish to the rural poor and coastal 

communities. In many countries of 
the Asia-Pacific region, rural poor 
household depend on fish for as 
much as 60-80 per cent of their 
animal protein intake. 
 
In addition to contributing to 
nutritional security, the sector has 
been providing employment to over 
35 million people in Asia directly and 
many more when the support sector 
is included. 

Today fish is the most internationally 
traded commodity. It is estimated 
that in 2003 global trade in fish was 
to the tune of US$63 billion (FAO 
2006). The exports of fish and 
fisheries products from developing 
countries exceed those of meat, 
dairy, cereals, sugar, coffee, tobacco 
and oilseeds. About 40 per cent of 
global fish production was traded 
across countries in 1998 as compared 
to 10 per cent of meat production. 
This is astonishing for a perishable 
commodity like fish and highlights 
the increasing demand for fish with 
changing dietary preferences. 

Challenges in Sustaining and Increasing Fish 
Production to Combat Hunger and Poverty  
in Asia
M.V. Gupta

Abstract

Fish and fisheries make a major contribution to nutritional security and the fight against hunger 
and poverty in Asia. An additional 37 million t of food fish will be needed by 2020 to meet the 
needs of the growing population, changing dietary habits and increasing income levels. Production 
from capture fisheries has reached a plateau, with most fisheries having reached their maximum 
sustainable yields or being overexploited. A number of challenges need to be addressed if the 
present production from capture fisheries is to be sustained and aquaculture production increased 
to bridge the gap between the supply and the growing demand for fish. This needs the commitment 
of governments to implement policies that foster growth of fisheries and aquaculture and to allocate 
adequate human and financial resources to the development of the sector.    
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The Aquaculture in the Third 
Millennium conference (Subasinghe et 
al. 2000) and the World Food Summit 
five years later recognized the role 
that aquaculture can play in national 
economic development, global food 
supply, achievement of food and 
nutritional security and the livelihood 
of very many poor people.

Status of Fisheries 

Fisheries in Asia have shown a robust 
performance compared to the rest 
of the world.  Asia contributes over 
50 per cent of the global production 
of capture fisheries and 91 per 
cent of global aquaculture 
production (FAO 2006).  
Between 1980 and 2001, the 
production of fisheries  
in Asia grew at an annual 
average of 5.8 per cent as 
against the global average 
of 2.8 per cent.  It has 
been estimated by the 
WorldFish Center and the 
International Food Policy 
Research Institute (IFPRI) 
that by the year 2020, the 
annual production of food 
fish must increase by 37 
million t over the present 
food fish production of 
about 101 million t to meet 
the demand of the growing 
population, changing dietary 
habits and rising incomes 
(Delgado et al. 2003).  Much 
of the increased demand for 
fish will be in the developing 
countries. For example, 
China will need 53 million t 
compared to 33 million t in 
1997; Southeast Asia will require 
17 million t as against 11 million t in 
1997 (Delgado et al. 2003). 

Increased production does not 
necessarily lead to food or livelihood 
security. What is needed is for the 
poor to have access to food. Hence, 
if fish and fisheries are to contribute 
to eradicating hunger and poverty 

and improving the lives of the poor 
who depend on fish, a number of 
challenges need to be addressed. 

Capture Fisheries  

Available information indicates 
that out of 600 major marine 
fisheries studied, 50 per cent are 
fully exploited.  This indicates that 
they have reached their maximum 
sustainable yields and there is 
no room for further increase in 
production.  Twenty four percent 
of the stocks are over exploited, 
depleted or recovering from 
depletion and only 3 per cent are 
under-exploited (FAO 2004a). Studies 

undertaken by the The WorldFsh 
Center and its partners in 9 countries 
of Asia indicate an alarming decline 
in coastal fisheries, with biomasses 
down to 5-30 per cent of levels 
prior to the expansion of fishing. 
This has resulted in a decline in the 

relative abundance of larger and high 
value species and an increase in the 
abundance of smaller, low value fish. 
For example, trash fish landings in 
the South China Sea and the Gulf 
of Thailand have exceeded 60 per 
cent of the catch and are 30-80 per 
cent in Viet Nam (Silvestre et al. 
2003; FAO 2004b).  This is leading 
to declining employment, incomes, 
food security and rural social stability, 
resulting in increased poverty among 
coastal fishers.  Some areas in the 
western and eastern Indian Ocean, 
the western central Pacific Ocean 
and the northwest Pacific Ocean 
are showing an increase in catches 
and there is still some potential 
for further increasing production.  
However, these are the areas 

where the state of exploitation 
of stocks is unknown or 

uncertain and, therefore, 
production estimates and 
stock assessments are 
less reliable (FAO 1999).  
The World Summit on 
Sustainable Development 
recommended restoring 
the stocks to their original 
status by the year 2015. 
The major challenge is 
to rebuild the depleted 
stocks and exploit them 
at sustainable levels, and 
ensure that small-scale 
fishers have access to 
fisheries resources in the 
face of competition from 
large-scale operators. 

Inland fisheries in most 
countries have been 
exploited to their 
maximum levels or have 
been over exploited, 
with no indications of a 

potential for increased production. 
In addition to over fishing, inland 
fisheries have been adversely 
affected by alteration or destruction 
of aquatic habitats, soil erosion 
and changes in the hydrological 
characteristics of rivers, lakes and 
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floodplains. Annual catches from 
inland fisheries were around  
8.7 million t during 2000-2002.  
This might be an underestimate,  
as most official national statistics  
do not include fish caught by the 
rural population.  Six Asian countries 
are among the top ten in terms  
of production from inland fisheries  
and they contribute nearly 65 per 
cent of the global production from 
inland fisheries (FAO 2004a). China 
alone produces as much as a quarter 
of the global production from inland 
fisheries and nearly three times  
as much as the second largest 
producer, India.

The major challenges to be addressed 
for increasing fish production from 
marine capture fisheries 
on a sustainable basis 
and maximizing its 
contribution to nutritional 
and livelihood security are:

• Control of over 
exploitation through 
regulated fishing.  The last 
tsunami destroyed fishing 
craft and gear in many 
countries.  This created an 
opportunity to rehabilitate 
the affected fishermen in other 
livelihood activities that would have 
resulted in reducing fishing pressure 
on affected stocks.  However, in 
some countries, the generous 
development assistance resulted 
in more boats than before the 
tsunami, implying increased pressure 
on already over exploited stocks. 

• Enforcement of closed fishing 
seasons where necessary. In India, 
the government is enforcing closure 
of fisheries for two to three 
months during the breeding season 
of fish and this appears to have had 
positive results.  However, for this 
management measure to succeed, it 
is necessary to provide alternative 
employment opportunities for the 
fishing community affected. 

• Reduction of destructive fishing 
practices by promoting responsible 
fishing practices.

• Establishment of an ecosystem 
approach to fisheries management 
as opposed to a piecemeal 
approach.

• Reduction of post-harvest losses 
and use of by-catch.  

As noted earlier, most inshore waters 
have been heavily fished and fishing in 
distant waters should be encouraged. 
All these measures involve putting 
restrictions on the livelihoods of 
fishing communities that depend 
solely on fishing and will lead to 
unrest among them.  Enforcement 

of closed seasons along a 150 km 
stretch of the coast of Orissa state 
in India led to severe hardship among 
fishers and a number of suicides 
have been reported.  Therefore, the 
implementation of controls on fishing 
should be accompanied by greater 
transparency in decision making 
through stakeholder participation  
and their involvement in the 
management of fisheries, i.e., 
community based fisheries 
management or co-management. In 
many countries, this would necessitate 
changes in existing policies.   

Inland fisheries resources have been 
generally under-valued and under 
threat from habitat alteration and 

degradation, changes in river flows, 
pollution and over exploitation. 
Over 50 per cent of inland fish 
species occur in rivers, and rivers 
contain a higher proportion of 
organisms classified as threatened 
or endangered than do most other 
ecosystems (LARS 2003).  The major 
challenges that need to be addressed   
for sustaining and increasing 
production from inland fisheries are:  
 
• Restoration of habitat and control  

of pollution.

• Reduction of effects of water 
abstraction on fisheries through 
inclusion of fisheries in all water 
development projects at the 
planning stage.

• Incorporation of ecological 
flow requirements of river-
floodplain systems into 
development plans taking into 
account the cues needed by 
the fish for migration and 
reproduction.   

• Regulation of fishing pressure 
through enforcement of 
closed seasons.

• Development of a reliable 
catch data collection system 
as, unlike marine fisheries, no 
reliable data are available on  
the catch, effort and the 
status of stocks. 

• Establishment of sanctuaries for 
restoration of stocks.

• Stock enhancement through 
stocking of seed of commercially 
important species, especially in small 
water bodies such as reservoirs, 
lakes and rivers.

• Inclusion of inland fisheries in 
the valuation and management of 
multiple uses of water resources. 

• Conservation of genetic resources. 
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Aquaculture

Global aquaculture production  
grew at an annual average rate  
of 8.9 per cent since 1970, as 
compared to 1.2 per cent for 
production from capture fisheries 
and 2.8 per cent for terrestrial 
farmed animal meat production. 
While the sector represented only  
6 per cent of food fish production  
in 1970, its share increased to  
12 per cent in 1985 and to  
32 per cent in 2003. Asia accounts 
for over 91 per cent of global 
aquaculture production by weight 
and 82 per cent by value.  Production 
increased from 14.3 million t in 
1989 to over 42 million t in 2003, an 
annual growth rate of 11 per cent. 
Thus, it is the fastest growing food 
production sector in agriculture. 
Much of this growth has been in 
China, where the annual growth 
rate was 15 per cent. In the 
rest of Asia, the growth 
rate was only 3 per cent.  
Of the total aquaculture 
production of 42 million t 
in 2003, 60 per cent 
was from freshwater 
aquaculture and the 
rest from mariculture, 
indicating the importance 
of freshwater aquaculture 
to increased nutritional security.  
Further, most of the species cultured 
in brackish and marine waters are 
carnivores and require fishmeal in 
their feed, which puts more pressure 
on already depleted marine stocks. 

Nearly 80 per cent of aquaculture 
production comes from small-holder 
operated farms.  Thus, small-holder 
farmers are not only consumers 
of fish but also the producers.  To 
eliminate hunger and poverty in this 
segment of the population, the issue 
of their access to resources, lack of 
skills, vulnerability and aversion to 
risks have to be addressed.  In the 
context of growing global demand 
for fish, the stringent requirements 

for environment and product quality, 
and the hope that aquaculture will 
bridge the gap between demand and 
supply, the following challenges need 
to be addressed:  

Making science relevant to 
the needs of the farming 
community.  This would 
mean understanding contextual 
circumstances, operating 
environments and the conditions 
that enable the poor to take 
advantage of opportunities.  While 
great strides have been made in 
developing freshwater aquaculture 
technologies that suit different 
categories of farms and farmers, 
mariculture and brackishwater 
aquaculture have not had the same 

support.  Thailand has progressed 
in this respect by developing 
breeding and culture technologies 
for some of the species. 
Mariculture is in its infancy  
in the rest of Asia.

Placing aquaculture in the 
context of rural development. 
The Millenium Project Task Force 
on Hunger (2004) indicates 
that 50 per cent of the hungry 
are in farm households and 
22 per cent among the rural 
landless.  Therefore, aquaculture 
development must be placed in 
the context of rural development 
and incorporated into other 
farming activities rather than 

developed as a stand alone 
activity.  Systems for integrating 
aquaculture with crop farming, 
livestock raising and watershed 
management that were developed 
in Asia are now being tried in 
Africa.  These systems have 
resulted in increased household 
incomes, diversification of 
crops and reduction of risk, and 
are environmentally friendly. 
For example, integration of 
aquaculture with rice farming in 
Bangladesh resulted in increasing 
net benefits from integration by as 
much as 64-98 per cent, lowered 
cost of production, increased rice 
yields, reduced use of pesticides, 

herbicides and fertilizers, 
as compared to only 
monoculture of rice 
(Gupta et al. 1998).  

Enabling access to 
resources. According 
to FAO and the 
International Labour 
Organisation (ILO), 
out of 1.1 billion people 
involved in agriculture 
globally, 450 million work 
as wage labor earning 
less than US$1 a day. 
As was demonstrated 
in Bangladesh by 

The WorldFish Center in 
collaboration with concerned 
government agencies and NGOs, 
the landless labor can be involved 
in aquaculture in unutilized and/or 
derelict public and privately 
owned ponds as well as in capture 
based culture fisheries in flooded 
lands. The landless were formed 
into groups and the NGOs helped 
these groups to lease the waters 
and made micro-credit available 
to them, while the scientists 
provided the technical inputs. 
This collaboration between the 
NGOs and the public sector 
helped the landless by creating 
livelihoods and at the same 
time increasing fish production 
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from derelict waters. This has 
completely changed the rural 
landscape in Bangladesh.

Empowering women 
through aquaculture. 
In many countries of Asia, 
poor rural women, especially 
from depressed agriculture 
households, have hardly any 
means of earning an income, 
which results in a low social 
status for them. The 
1992 report of the 
government of 
Bangladesh to the 
Fourth World 
Conference on 
Women held 
in Beijing says 
“the majority 
of women in 
Bangladesh are 
underprivileged, 
under nourished, 
illiterate and 
poor. The life patterns of most 
women are conditioned by 
age old traditions and male 
dominated institutions governing 
the family, society and the 
economy……females eat last 
and least” (CGIAR 1998). In this 
scenario, aquaculture of food and 
ornamental fishes has provided 
opportunities for improving 
household incomes and nutrition. 
Studies undertaken in Bangladesh 
have indicated that women are as 
good if not better at aquaculture 
than men farmers and their 
involvement in aquaculture 
has not only contributed to 
household incomes and better 
nutrition but has raised their 
status in the household and 
society (CGIAR 1998).
 
Improving fish breeds.  
Better farm management can 
increase production from 
aquaculture operations to 
some extent. However, use 
of improved breeds of fish 

can make further significant 
improvements in production. 
Great strides have been made 
in improving the productivity 
of crops and livestock through 
genetic enhancement and 
modification.  In the case of fish, 
though aquaculture has thousands 
of years of history, most of the 
cultured species have not been 

domesticated and 

most of the cultured tropical fish 
are worse than their wild cousins 
due to years of inbreeding. 
While some progress has been 
made in improving the breeds of 
temperate fishes such as salmon 
and trout, tropical fishes have 
not been improved until quite 
recently. Research undertaken 
by The WorldFish Center has 
resulted in developing methods 
for the genetic improvement  
of tropical finfish, with  
Nile tilapia as a test species.  

The Nile tilapia has shown   
80 per cent faster growth after 
five generations of improvement 
(Gupta and Acosta 2004). A 
large number of freshwater and 
marine species are being cultured 
in Asia and these need to be 
improved genetically to enhance 
aquaculture productivity. Unlike 
crops and livestock, the life cycles 
of some of these cultured species 
are long and they take 2-3 years 
to mature. Since aquaculture 
genetics research is new in many 
of the developing countries, 
there is need for networking 
among countries as has been 
demonstrated by International 
Network on Genetics in 
Aquaculture (INGA) (Gupta  
and Acosta 2001).

Certification of seed. 
While the quantity of fish seed 
produced in most countries is 

adequate, 
especially in 
the case of 
freshwater 
aquaculture 
species, 
there is no 
standardization 
of seed quality 
and certification 

as in the case of 
many agricultural 

commodities. This 
is often detrimental 

to production. It is essential 
that protocols for certification 
of seed be developed and 
implemented.    

Regulating use of 
chemicals and antibiotics. 
Improper use of antibiotics 
and chemicals and other 
pharmacologically active 
compounds can have adverse 
effects on the health of 
consumers. With sanitary and 
phytosanitary measures coming 
into force and the importing 
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countries becoming strict with 
regard to residues of harmful 
chemicals and antibiotics in 
aquatic products, it is essential 
that the use of harmful chemicals 
and antibiotics be controlled.   

Managing fish health. 
Transmission of fish diseases is  
a major challenge in increasing 
fish production from aquaculture.  
The collapse of shrimp 
aquaculture in 1990s and the 
collapse of carp aquaculture  
in late 1980s are examples  
of what can happen if care  
is not taken.  Increasing  
demand for fish will result 
in further intensification and 
expansion of aquaculture and care 
has to be taken at the planning 
stage for the health management 
of cultured organisms, especially 
in the case of shrimp culture.

Making credit available.  
A major 
constraint faced 
by small scale 
farm households 
is lack of access 
to credit from 
public sector 
banks/institutions 
because of  
various 
administrative 
hurdles and the 
need for collateral. 
As has been successfully 
demonstrated in Bangladesh 
and elsewhere, easy availability 
of credit motivates small farmers 
to take up new technology and 
increase production. NGOs  
have an important role in  
making credit accessible to  
the rural population. 

Ensuring safety of the 
environment. Aquaculture, 
if not properly planned and 
managed, can affect the 
environment through pollution 

from effluents and chemicals, 
Coastal aquaculture in some 
countries has resulted in the 
destruction of thousands 
of hectares of mangroves, 
and salination of soils.  With 
intensification of aquaculture 
both horizontally and vertically, 
it is necessary to ensure that the 
environment is not affected  
due to lack of safeguards and 

proper planning. 

Establishing public and 
private partnerhips. The 
excellent partnership between 
public and private sector 
institutions has been very fruitful 
in the crop sector as evidenced 
by the green revolution.  Such 
collaboration needs to be 
established in aquaculture also.       

Providing policy support. 
Aquaculture has made great 

strides and the contribution 
of aquaculture to total fish 
production increased from  
6 per cent in the 1960s to  
32 per cent in 2003. Delgado  
et al. (2003) estimate that  
it will have to increase to  
45 per cent if the gap between 
the supply and demand for  
fish is to be narrowed.  
This increase is dependent  
on the policy atmosphere in 
developing countries. 

Most countries have 
policies for the 

development of 
aquaculture 
but lack the 
strategies, 
development 
plans and 
allocation 
of adequate 
resources 
(human and 
financial) to 

ensure that 
these policies actually benefit the 
poor. It is important that these 
policies be properly implemented. 
These governments should 
increase investment in research 
to at least 2 per cent of GDP 
from agriculture. The remarkable 
progress made in China is 
attributable to government 
policies that encouraged and 
supported small-holder farms. 

In addition to the commitment  
of national governments, 
increased financial assistance is 
needed from the development 
assistance community. 
Development assistance in 2002 
was estimated at 0.23 per cent 
of their GDP as against the 
promised 0.7 per cent. External 
assistance to agriculture and 
rural development in developing 
countries decreased from  
US$3.7 billion to US$2.4 billion 
between 1990 and 2000. In 
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recent years the agriculture 
sector has represented about  
7.9 per cent of World Bank 
lending as against 30 per cent 
in the early 1980s. In Kofi 
Annan’s words, a “quantum 
leap” is needed in development 
assistance if we are to achieve 
the Millenium Development Goal 
of reducing hunger and poverty 
by half by 2015.
 

Conclusion

The Millennium Task Force on 
Hunger (2004) has recommended 
that to relieve hunger and poverty, 
national policies should restore 
budgetary priorities for agriculture 
(as the engine of economic growth), 
empowerment of women and 
building of human capacity in all 
sectors involved in reducing hunger. 
While there are ample opportunities 
for fish and fisheries to make a 
major contribution to food and 
nutritional security and to contribute 
to the eradication of poverty, 
there are a number of challenges 
that need to be addressed. What 
is needed is political will, policy 
change and effective and efficient 
implementation. Our fight against 
hunger is a long process and we  
need patience, endurance and  
great commitment. 
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An Overview of Fisheries Conflicts in South  
and Southeast Asia:  Recommendations,  
Challenges and Directions1 
N.D. Salayo, M. Ahmed, L. Garces and K. Viswanathan

Introduction

Most fisheries in South and Southeast 
Asia (SSEA) have been experiencing 
a biological decline, mainly due 
to growing fishing pressure.  The 
fisheries are a source of food and 
income for the growing number 
of fishing households living at the 
subsistence level in the region.  The 
fisheries are also under pressure 
from the commercialization and 
commoditization of fish in the 
global market, as well as from 
other development, industrial 
and recreational uses of this 
natural resource and its adjacent 
environment.  The 2004 tsunami that 
hit the region brought destruction 
to the already problematic state of 
fishers’ lives and livelihoods, as well 
as the fisheries and other coastal 
resources in the region (Pauly 2005). 
Given all these factors, stakeholders 
and institutions involved in natural 
resources management are faced 

1 Updated version of the paper delivered during the Regional Consolidation Workshop of the Fish Fights over Fish Rights project of 
the WorldFish Center, held at IRRI, Philippines, 17-20 May 2005. Updates mainly include final project results.

Location of study sites in the South 
and Southeast Asian region. 

Abstract

Fisheries conflicts are among the persistent problems affecting the security of food, livelihoods 
and fishing environments crucial to poor fishing communities in developing countries in South 
and Southeast Asia.  Most conflicts arise from excessive fishing efforts due to increasing population 
and economic motivations. Conflicts are not all undesirable as some disputes become a catalyst for 
much needed reforms for policy and economic improvements. However, a framework for analyzing 
conflicts in fisheries is necessary to organize interventions relevant to the nature of conflicts, and 
the needs and capacities of fisheries stakeholders in the region. The WorldFish Center, together with 
research partners, conducted studies that identify a framework for managing fisheries conflicts.  
Thematic policy recommendations for managing fishing capacity and related conflicts in small-scale 
fisheries in the region are identified for further consideration by fisheries stakeholders. 

with serious conflicts. Conflicts are 
broadly defined as a situation of non-
cooperation between parties with 
contradictory objectives (FAO 1998). 

Conflicts in fisheries in SSEA are 
often viewed in the context of the 
allocation or access rights to the 

limited resources among stakeholders 
with diverging economic and social 
motivations.  However, they are 
often far more complex because of 
the multiple socio-economic factors, 
such as institutional and market 
failures, that add to the conflicts 
(Ahmed et al. 1998;  Torell and 

News Straits Times,  April 8, 2000. p.14
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Salamanca 2002). Conflicts arising 
from gear use, landing site use or 
market behavior are not primarily 
about resource allocation.  They are 
rooted in more complex institutional 
issues such as cultural differences and 
political power struggles (Bennett 
et al. 2001).  These concerns are 
among the many broad targets of key 
international instruments such as the 
Code of Conduct for Responsible 
Fisheries of the Food and Agriculture 
Organization, the 2002 World Summit 
on Sustainable Development, and the 
formulation of the International  
Plan of Action for the Management  
of Fishing Capacity.

The WorldFish Center initiated two 
projects to better understand conflicts 
in fisheries and the associated 
threats to the sustainability of fishery 
resources and human survival in 
selected developing countries in SSEA. 
The emphasis of the two projects 
was on the recognition of the 
importance of documenting conflicts 
and the identification of options for 
managing the problems that create 
these conflicts.  This paper provides 
a summary of selected highlights 
of the two projects on fisheries 
conflict management executed by The 
WorldFish Center in collaboration 
with research partners situated 
in areas in SSEA where there are 
fisheries conflicts.  The two projects 
identified study sites in Bangladesh, 
Cambodia, India, the Philippines and 
Thailand.  Both projects started in 
2003 and were completed in July 2005.

Fish Fights over Fish Rights Project

The project aimed to improve 
understanding of the dynamics of 
conflicts arising from excess capacity 
and to recommend management 
options for managing fishing capacity 
and conflicts in small-scale fisheries 
in the region.  Case studies were 
conducted in eight fishing villages 
experiencing a range of conflicts. In 
Cambodia, the three sites included 

were:  Tamol Leu village in Pursat 
province representing the small-
scale inland fishery in Tonle Sap 
Lake;  Kampong Chhnang village in 
Kandal province representing the 
riparian fisheries in the Mekong 
areas; and Doun Toak village in 
Kampot province near the west Thai 
border representing coastal fisheries 
in the northwest of the Gulf of 
Thailand.  In the vast fishing grounds 
of the Philippine archipelago, three 
fishing villages in the municipalities 
of Concepcion in Iloilo province, 
Escalante in Negros Occidental 
province and Daan-Bantayan in Cebu 
province were selected to represent 
the many coastal fishers that run in 
conflict with each other in the Visayan 
Sea.  Finally, Bo Daeng and Na Tub 
fishing villages in Songkhla province in 
Thailand were selected to represent 
the coastal fishing communities 
where multi-species small-scale 
fishers have problems with the 
commercial anchovy fishers.

The WorldFish Center collaborated 
with the Inland Fisheries Research 
and Development Institute (IFReDI) 
of the Department of Fisheries, 
Cambodia; the University of the 
Philippines Visayas (UPV), Philippines; 
the Coastal Resources Institute 
(CORIN) of the Prince of Songkhla 
University and the Southern Marine 
Fisheries Development Center 
(SMDEC) of the Department of 
Fisheries, Thailand to implement the 
project with a research grant from 
the Ford Foundation.  The GTZ 
provided funds for the conduct of a 
regional consolidation workshop that 
was instrumental in bringing together 
experiences in conflicts and fisheries 
management and provided a venue 
for developing methods for resolving 
these conflicts. 

Enabling Better Management of 
Fisheries Conflicts Project

The Fish Fights over Fish Rights 
project initiatives were 

complemented by this second project. 
It focused on determining the most 
appropriate ways of communicating 
good practice for managing fisheries 
conflicts, promoting key lessons and 
practices from earlier projects on 
conflict and consensus building and, 
finally, on adapting and demonstrating 
these practices in study sites where 
conflicts often disadvantaged poor 
fishers.  The project had a goal of 
conducting uptake methods for 
government and NGO workers who 
are involved in fisheries management. 
To achieve these adaptive research 
and communications objectives, 
seven study sites in freshwater and 
marine environments in Bangladesh, 
Cambodia and India were selected. 
This two-year conflict management 
project started in July 2003 in 
collaboration with the Fisheries 
Action Coalition Team (FACT) in 
Cambodia, Mitraniketan in India, 
and the WorldFish Center Regional 
Office in Bangladesh.  The project 
was funded by the Department for 
International Development of the 
United Kingdom (DFID-UK).

Framework for Analyzing 
Conflicts

Theoretical Background

Why are there conflicts in fisheries? 
What drives fishers and other 
stakeholders to conflicts? Charles 
(1992) provided a framework 
for analyzing conflicts in fisheries 
by introducing a trio of fishery 
paradigms, i.e., conservation, 
rationalization and social paradigms 
(Fig. 1).  These three paradigms and 
the policy objective (or development 
priorities) at which most groups 
of fishery resource users operate 
explain why there are conflicts. 
The three corners of the triangle 
represent the extreme cases of the 
three philosophical paradigms and 
their unique policy objectives.  The 
conservation paradigm operates 
with a policy objective centered 
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on resource maintenance or 
conservation.  This paradigm is based 
on the premise that the primary duty 
of the fishery manager is to take care 
of the fish, and fishers are viewed 
as a “predatory fleet” that must be 
directly managed through restrictive 
fishing hours, fishing location, fishing 
effort and catch quota.  

The rationalization paradigm 
emphasizes the pursuit of economic 
performance and productivity. 
The policy context related to 
this paradigm is founded on the 
assumption that society should 
seek to maximize fishery rents, 
comprising economic benefits over 
and above payments to fishers and 
vessels; and those fisheries that 
cannot attain this objective are 
“supposed to be rationalized”.  

The social or community paradigm 
focuses on fishers as members of 
coastal communities, rather than 
as components of a fishing fleet. 
It focuses on community welfare, 
distributional equity, and other social 
and cultural fishery benefits.  Charles 
noted that this paradigm tends to 
be popular among fishers’ unions, 
fishing cooperatives and those 
living in or involved with fishing 
communities.  However, these groups 
were underrepresented among the 
staff and management of government 

fishery administrations during the 
time of his research.  More recently, 
there has been an overwhelming 
interest in this paradigm and the 
“advocacy” element in this paradigm 
has contributed to a better 
understanding of its policy objectives 
even at the lower levels of the policy-
making hierarchy.

Conflicts arise when the many 
dynamic interactions among natural 
resources, humans and institutions 
contradict each other because  
of the underlying differences in 
priorities pursued by various  
fisheries players. Charles (1992) 
organized the wide range of fisheries 
conflicts into four interrelated 
categories: (i) fishery jurisdiction;  
(ii) management mechanisms;  
(iii) internal allocation; and  
(iv) external allocation.  These 
categories were intended to be 
comprehensive but not mutually 
exclusive. In a more recent study, 
Bennett et al. (2001) extended the 
four conflict categories into five to 
include conflicts between fishers and 
those outside the fishery (Table 1).

The ‘Fish Fights over Fish Rights’ 
Conceptual Framework

Noting this conflict paradigm in 
the SSEA fisheries context, Fig. 2 
illustrates the conceptual framework 

developed and used by the Fish 
Fights over Fish Rights project and 
provides the background for the 
Enabling Better Management of 
Fisheries Conflicts project.  The 
framework mainly derived from the 
Driver-Problem-Issue-Intervention 
analysis that put into context the 
dynamics of the variables that would 
potentially address the objectives of 
the two conflict management studies. 
This conceptual framework evolved 
through the analysis of outcomes 
of case studies and through debates 
in national and regional stakeholder 
consultations organized by the Fish 
Fights over Fish Rights project.

Considering that both studies 
deal with conflicts associated with 
scarcity of and competition for 
fishery resources in the region, the 
main conflict drivers fall under three 
categories: (i) policies, institutions for 
governance and property rights;  
(ii) population increase and poverty; 
and (iii) economic incentives/markets 
and new/improved technology. 
The state of these variables with 
reference to the fisheries sector in 
each country was reviewed in order 
to identify the circumstances that 
drive the excess capacity problem 
in the fisheries sector in the region 
in general.  Fig. 2 also features the 
local and national security concerns 
such as fisher’s livelihood, food 
security, degradation of fishery habitat 
and stocks, and risk to the lives of 
enforcers.  Finally, the framework 
presents categories of management 
and policy interventions that 
hypothetically offer opportunities for 
addressing the issues and the excess 
fishing capacity problem.  The options 
were broadly grouped into three 
categories: (i) strategies for exit from 
the fisheries; (ii) review of policies 
and institutions; and (iii) information, 
education and communication (IEC).  

Among these three groups of 
interventions, the Fish Fights 
over Fish Rights project focused 

Figure 1. Framework for understanding and resolving conflicts.
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Figure 2. Conceptual framework for addressing excess capacity in small-scale fisheries in Southeast Asia with reference to 
strategies for exit as interventions that consider conflict management measures.
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on determining and evaluating 
potential strategies for exit from 
the fisheries.  This focus was 
intended to contribute to efforts to 
reduce excess fishing pressure and 
consequently ease conflict resolution 
or eliminate disputes and threats to 
security.  Meanwhile, the Enabling 
Better Management of Fisheries 
Conflicts project focused on the 
IEC interventions by developing 
simple communication strategies and 
tools to guide conflict assessment, 
negotiations and development of a 
consensus building attitude among 
stakeholders.  The project also applied 
other tools such as the Participatory 
Institutional Survey and Conflict 
Evaluation Exercise called PISCES 
(Bennett et al. 2001) and noted 
the Rapid Appraisal of Fisheries 
Management Systems developed 
earlier by ICLARM (Pido et al. 1996).

Result Highlights 

Conflicts, Typologies and Linkages 
with Excess Fishing Capacity

Results of these two projects 
ascertained the existence of a variety 

of conflicts associated with declining 
fishery resources.  In all eight case 
study sites, excess fishing capacity 
was indicated by modified stocks 
and catches composed mainly of 
juveniles and fewer high-value fishes; 
decreasing quantity and quality of 
catch;  increasing number of fishers 
and boats; fishers fishing farther away; 
and emerging conflicts among various 
resource users.  These indicators 
were parallel to the results of 
biological assessments that showed 
exploitation levels of commercial fish 
species to be beyond the optimum 
range as most fisheries in the region 
were harvested up to maximum 
biological levels (Silvestre et al. 2003).  

The conflicts in the study sites 
were attributed to competition for 
access/ownership rights, issues of 
subsistence, economic profits and 
institutional weaknesses in the small-
scale fisheries sector in SSEA. In 
Cambodia, conflicts in inland fisheries 
centered on poor governance 
as demonstrated by the weak 
implementation of policies, notably 
the Sub-Decree on Community 
Fisheries, on the allocation of fishing 

lots among commercial interest 
groups and a growing subsistence 
populace.  Conflicts in coastal marine 
fisheries were about competition 
for productive fishing grounds and 
species targeted by gears used 
by small-scale fishers and large 
commercial operators. 

Conflicts in the floodplains in 
Bangladesh had some similarities with 
those in Cambodia.  The diversity of 
products and livelihood opportunities 
in the rivers and floodplains in 
Bangladesh attract many users and 
stakeholders, but the stagnating 
inland fishery harvests set the 
conflict scenario.  There has been a 
dramatic increase in the number of 
new fishers eking a living from shared 
resources with traditional fishers. 
Control of the fisheries, especially 
by curtailing illegal fishing practices 
by politically influential users and 
the weakness of institutions became 
major causes of disputes.

The conflicts in the Philippines, 
Thailand and India were similar in 
terms of disputes between small- 
and large-scale fishers in capture 
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 Table 1. Fisheries conflicts in study sites in Cambodia, Philippines, Thailand, Bangladesh and India.

Typology of 
Conflicts

Parties involved and specific conflict issue

Cambodia Philippines Thailand Bangladesh India

Type I 
Who controls the 
fishery 
(access issues)

Community fishers 
vs. large fishing lot 
owners and  medium-
scale fishers over 
access rights on 
designated zones by 
type of fishery

Small-scale fishers vs. 
commercial fishers 
and fishery regulatory 
bodies over zoning 
of fishing grounds to 
delineate access by 
category of fishers

Large vs. small-
scale fishers over 
rights and access to 
designated zones by 
type of fishery and 
use of light luring 
and modern fishing 
gears by large-scale 
fishers

Traditional fishers 
vs. katha (brush fish 
aggregating device) 
owners over fishing 
access

Conflict due to 
pseudo-property 
(due to residency 
/ancestral) rights 
among small-scale 
fishers

Traditional vs. 
mechanized fishers 
who venture in 8 
km inshore waters 
allocated for 
traditional fishers

Type II
How are the fisheries 
controlled

Community and 
medium-scale fishers 
vs. large fishing lot 
owners, on over-
enforcement of rules 
by lot owners who 
utilize military force

Fishers vs. fisheries 
officials, local 
authorities, illegal 
fishers over poor 
governance (weak 
action on illegal 
fishing, sale of public 
fishing areas, etc.)

Small-scale fishers vs. 
commercial fishers 
and sea patrols 
over variable levels 
of patrolling and 
enforcement of the 
latter that favor 
commercial fishers 
who can afford 
penalties

Commercial trawlers, 
push netters 
vs. regulatory 
agencies over lack 
of enforcement to 
control the number 
of fishing vessels 
and limit entry 
and operation of 
destructive gears

Legal fishers vs. 
illegal gear operators 
over lack of 
enforcement on use 
of illegal gears

Fishers vs. state 
government on mesh 
size regulation

Type III
Relations between 
the fishery users
(linguistic, religion, 
ethnic, scale of 
fishing)

Rivalry between ethic 
groups

Community fishers vs. 
outsider illegal fishers 
on poaching inside 
community fishing 
areas

Local artisanal vs. 
migrant commercial 
fishermen over access 
and competition on 
fishing zones

Rivalry between 
resident small-
scale vs. migrant 
large-scale anchovy  
fishers over 
legitimacy of access 
and destruction of 
gears

Traditional and new 
fishers compete for 
riverine resources 

Fishers vs. Beel 
Management 
Committee (BMC)

Traditional fishers
complain over use 
of ring seines by 
mechanized fishers

Type IV
Relations between 
fishers and other 
users of the aquatic 
environment 
(fishing vs. tourism 
and similar water 
resource-based 
industries)

Lowland farmers vs. 
fishers over access 
and use of water and 
inundated forest

Fishery and sectors 
such as tourism, 
navigation/ docking, 
sand quarrying and 
mariculture over 
varying use of aquatic 
resources

Rice farmers vs. 
prawn breeders over 
resource use

None reported in 
case study area

Traditional vs. 
mechanized fishers 
and hatchery 
operators over 
collection of prawn 
brooders 

Fishers vs.  
government and 
industries on 
discharge of effluents;  
also tourism 

Type V
Relationship between 
fishers and non–
fishery issues

Fishers vs. law 
enforcement 
authorities over 
lack of proper 
management and 
poor enforcement due 
to weak institutional 
structures

Fishers vs. 
government 
authorities over 
variable standards 
in management and 
enforcement arising 
from devolution 
of functions and 
overlapping 
institutional 
structures

Fishers vs. 
government 
authorities over 
lack of proper 
management and 
enforcement

Conflicts due to 
overlapping of 
functions and 
weak institutional 
structure at various 
levels

Fishers vs. 
government 
on overlapping 
functions of agencies 
and weak structure at 
various government 
levels
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marine fisheries.  In the Visayan Sea 
in the Philippines, these conflicts 
had worsened due to the national 
fisheries policy, known as the 1998 
Fisheries Code, which excluded 
large-scale fleets from fishing zones 
within 15 km from the shoreline.  
Large-scale fishers contested the 
government on the fairness of 
the regulation, while small-scale 
fishers protested against the poor 
implementation of such regulations as 
evidenced by the unchecked intrusion 
of large-scale fishers in near-shore 
waters.  This legitimacy of access 
issues bred other forms of disputes, 
from fishing gear entanglements 
(where active gears destroys passive 
fixed gears of the small-scale fishers), 
to threats to the lives of village-level 
volunteer coast guards arising from 
altercations with large-scale illegal 
gear operators.
 
At the Gulf of Songkhla in Southern 
Thailand, fishing zones had been 
demarcated for all gears under the 
National Committee for Fisheries 
Policy by the Department of 
Fisheries.  The policy was intended 
to address problems of overcapacity 
and avert potential conflicts between 
commercial anchovy fishers and 
operators of other small-scale gears. 
The anchovy fishing operators, 
however, contended that their way 
of fishing was not detrimental to the 
resource and livelihoods of small-
scale fishers and challenged the 
government-imposed ban on gears 
they used.

In India, the main conflicts in the 
study areas arose from competition 
for access to the shared fishery 
resources, in particular, the 
encroachment of mechanized boats 
in the area within 8 km from the 
shore allocated for traditional 
fishers.  Other disputes were due 
to use of small mesh nets, trawling 
in breeding grounds and weak 
market structure.  Conflicts also 
arose over the pollution caused by 

effluent discharges and oil spills from 
various industries.  Tourism was also 
noted as a cause of conflict between 
promoters and traditional fishers.

Table 1 gives a summary of conflicts 
divided into five categories:  
(i) rights and access; (ii) enforcement 
of regulations; (iii) fishery group-
related disputes; (iv) non-fishery  
use of fishery resources; and  
(v) non-fishery concerns affecting  
the fishery.  Conflicts were 
categorized according to these 
five typologies to find patterns/
relationships between typologies and 
corresponding management/policy 
options.  Such patterns, if they exist, 
can facilitate the formulation of 
conclusions and recommendations.

Security Threats Arising from 
Fisheries Conflicts

In the Fish Fights over Fish Rights 
project, further evaluation of conflicts 
observed in the case study sites 
showed some pattern of relationship 
between conflict type and the nature 
of threats that could potentially arise 
from such conflicts (Salayo et al. 
2006).  Type I conflicts (Fig. 3) tended 
to create threats to the overall 
health of the fishery resources.  The 
stakeholders believed that if Type I 
conflicts were not addressed, the 
“non-owners” or outsiders who gain 
access to the fishery would conduct 
illegal and “harmful” practices to 
obtain maximum benefits at intensive 
exploitation levels.  In addition, food 
security was threatened by fishing 
rights being sold to other ‘outsider’ 
fishers.  Type II conflicts included 
those that manifest themselves 
due to lack of enforcement and 
implementation of regulations. 
The lack of clarity and purpose of 
regulations was listed as reason for 
violations and conflicts.  For example, 
the establishment of marine protected 
areas (MPAs) as conservation measure 
is a trend in the Philippines.  However, 
the lack information on the purpose 

Interview with fishers in the Visayan Sea, 
Philippines, July 2004.

Anchovy fishing boat operating in the 
Gulf of Songkhla, Southern Thailand.

The Anlong Raing floating village in Tonle 
Sap, Cambodia is home to many fishers 
relying on implementation of the Sub-
Decree on Community Fisheries.

Coastal area in Andra Pradesh India 
where traditional and mechanized 
fishers and their families compete for 
marine resources.
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for those affected created conflicts, 
as MPAs restricted access and limited 
fishing areas for most fishers.  The 
fishers perceived it as a threat to their 
livelihoods and food security.  

Type III conflicts especially those 
between fishers using basic gears and 
other fishers using more efficient 
but illegal and destructive gears. 
can result in degradation of fishery 
habitat and stocks and consequently 
loss of livelihood and subsistence. 
Similarly, Type IV conflicts may 
also ruin the environment.  Type V 
conflicts occur when non-fishery 
issues that do not directly use fishery 
resources nevertheless affect the 
fishery significantly.  Such conflicts 
have been reported in Cambodia and 
the Philippines, where fishers had 
disputes with law enforcers, including 
government fishery officers.  Apart 
from fomenting disrespect for the law 
and the law-makers and enforcers 
among fishing communities, such 
conflicts also result in more serious 
ramifications such as a politicization 
of policies related to fisheries and 
fishing communities and a lack of 
political determination.  Both these 

phenomena were perceived to 
be detrimental, especially to the 
livelihoods of ‘unfavored’ fisher 
groups, as the destructive/illegal fishing 
operations of many of the politically 
favored groups were perceived as 
threats to the survival of the fishery.  

Challenges and 
Directions 

The two projects on conflicts in 
capture fisheries in inland and marine 
environments indicate that conflict 
management should be embedded 
in natural resource management. 
In particular, options for managing 
excess fishing capacity should involve 
measures for understanding and 
managing conflicts and the  
associated threats.

In recognition of the challenges, the 
sector is expected to persist on 
its important and immediate goals 
of, among others: (i) protection of 
fishery resources and conservation of 
fishery habitats; and (ii) development 
through provision of sustainable 
livelihoods to marginalized groups 
in the fishery sector.  To achieve 

these goals, providing specific action 
plans to the policy and management 
interventions proposed in this paper 
are viewed as the challenges and 
directions that may pave the way for 
obtaining positive outcomes from 
conflicts and for elimination and 
resolution of negative conflicts. 

Strategic Exit from the Fisheries: A 
Way for Managing Excess Capacity

This is a sensitive issue of survival 
of the poor and marginalized 
fishers.  Large-scale commercial 
fishers find it difficult to exit as 
capital investment in fisheries is 
not easily transferable to other 
income-generating opportunities.  
A creation of awareness through 
information and communication 
strategies could establish the 
credibility of benefits arising from 
exit strategies.  The creation of 
sustainable alternative livelihoods 
is a challenge in resource-depleted 
and capital-deprived environments.  
Furthermore, the capacity to shift to 
other skills and work-styles is often 
limited among fishers.  Aquaculture 
is often perceived as an alternative 
for reducing capacity and fishing 
pressure while making fish available 
to the growing populations. However, 
aquaculture development has 
unintended negative impacts  
on various sectors when not  
applied responsibly.

Review of Policies and Institutions

The basic laws and regulations for 
managing fisheries are already in place 
in the countries included in this study. 
However, conflicts are prevalent 
because of the poor implementation 
and enforcement of most fishery laws 
and regulations. Thus, it is necessary 
to involve all stakeholders in the 
fishery and related sectors as well 
as the policy makers and fisheries 
managers in a thorough and periodic 
review of policies and institutions. 
Participatory management, 

Figure 3. Patterns of relationship between conflict type and nature of threats arising 
from such conflicts.

Food security

Livelihood (Income)

Environmental 
degradation

Threat to life

Type I Who controls the fishery

II How the fishery is controlled

III
Conflicts between the fishery 
users

IV
Conflicts between fishers and 
other resource users

V
Conflicts between fishers  and 
non-fishery issues
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governance at various levels and 
assignment of property rights are 
key issues that remain a challenge 
for managing excess capacity and 
conflicts in fisheries.  Policies are 
typically developed at the national 
level, with devolution of functions and 
co-management at the community 
and municipality level. However, in 
between these levels of governance, 
some efforts are dissipated (due to 
poor implementation mechanisms)  
and would need further studies  
and collaboration.

Information, Education and 
Communication (IEC)

Creating awareness of and promoting 
best practices for managing the 
fisheries, including mechanisms 
for consensus building in cases 
of conflicts, are priority areas 
in a comprehensive strategy for 
managing conflicts and exit in an 
overexploited fishery. Innovations 
in IEC methods are required to 
further the goals of environmental 
security and sustainability of the 
fisheries as these involve a more 
complicated inter-temporal and 
spatial dimension. For example, our 
empirical results showed that various 
types of conflicts arising from excess 
capacity have long-term implications 
for fishing livelihoods, food security, 
habitat and fish stocks.  How do IEC 
methods ensure that environmental 
security, including fisheries, would 
be recognized as a non-traditional 
security concern in the midst of real 
life circumstances where the rule of 
the state and use of military remain 
“visible” in the management and 
exploitation of the fishery, as largely 
reported in Cambodia’s fishing lot 
system?

In this context the challenge is to 
successfully involve the stakeholders 
and duty-holders in the chosen 
management options and ensure 
their sustained participation. 
Furthermore, when participation 

is hampered by diverging concerns, 
what are the mechanisms suitable 
for eliciting consensus and conflict 
resolution? Tools in conflict 
management such as consensus 
building are instruments that 
could be extended or modified to 
incorporate securitization in non-
traditional context (Salayo et al. 
2006).  ‘Interactive governance’ is 
defined as a process that comprises 
all of the interactions among 
stakeholders involved in addressing 
problems and creating opportunities. 
It must allow for pooling of 
specialized competencies and also 
for mutual interactive learning 
throughout the decision making 
process. However, to be accepted by 
all stakeholders and to be effective, 
governance needs to be transparent, 
equitable, legitimate and consistent 
(MARE undated brochure). In 
some countries in SSEA, interactive 
governance has taken place through 
the devolution of power for the 
management of the fishery to  
local government units and  
fishery agencies. 

There is a need for additional work 
to address cross-border fisheries 
conflicts and security issues across 
the globe. These issues are beyond 
the scope of the current study, yet 
relevant for another phase with 
a global and cross-country scope. 
Therefore, during the Regional 
Consolidation Workshop held from 
17-20 May 2005 in the Philippines, 
it was decided to draft a follow-up 
collaborative project.

Conclusions and 
Recommendations 

The two WorldFish conflict 
management projects demonstrated 
that conflicts due to excess fishing 
capacity in the small-scale sector 
cut across the social and biological 
dimensions of managing the fisheries. 
This complexity reinforces the 
challenge for all stakeholders to 

develop the necessary management 
and policy interventions. The Fish 
Fights over Fish Rights project 
identified the following thematic 
policy recommendations for managing 
fishing capacity and related conflicts 
in small-scale fisheries in the region: 

Institutional partnership in 
research and development.
The academe and the government 
are encouraged to collaboratively 
undertake relevant research and 
development (R&D) programs; 
provide scientific/technical advice 
and other relevant information; and 
enhance institutional networking.

Building non-fishery human 
capacity to reduce fishing 
capacity. The government and 
NGOs are admonished to build 
capacity of institutions at all levels 
of governance; develop coordination 
and partnership among stakeholders; 
facilitate community organizations 
and development; act as key partners 
in sustainable resource management; 
participate actively in action programs 
at the local level; and secure access to 
resources for sustainable livelihood.

Promote and harmonize action 
plans through good governance.
Fishery agencies should formulate 
and implement a national plan of 
action for addressing over-capacity 
and resource use conflicts in fisheries;  
harmonize relevant plans of action 
at the international/regional levels; 
and promote collaboration in 
implementing international/regional 
action programs.

Advocate management 
interventions and politicize 
security threats. All groups of 
stakeholders, from fishers to  
policy-makers and academicians,  
are encouraged to promote a 
conducive policy climate; promote 
effective natural resource 
management; and support fisheries 
and resource management.
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The above policy recommendations 
are indicative of the need for an 
integrated approach to address 
overcapacity and fisheries conflicts. 
Some solutions to conflicts arising 
from overcapacity are beyond the 
fisheries sector.  Thus, under each 
policy recommendation are detailed 
action plans for managing fishing 
capacity and exit of some fishers 
from the fisheries.  These have to be 
adopted and implemented – singly or 
collectively – by various stakeholders. 
However, partnerships and collective 
efforts are preferred and encouraged 
to ensure comprehensiveness 
and multi-lateral understanding, 
and acceptability of measures for 
managing fishery resources and 
resolving conflicts. These policy 
recommendations evolved from the 
case studies and national/regional 
multi-stakeholder workshops 
attended by fishery stakeholders  
in the region.

Meanwhile, the Enabling Better 
Management of Conflicts project 
produced IEC materials for 
the implementation of planned 
strategies for managing fisheries 
conflicts.  One such output is a 

Fisheries Conflicts Communication 
Framework (FishCom) composed 
of tools for evaluating and managing 
conflicts.  Another output is an 
adaptation called the Participatory 
Action Plan Development (PAPD)-
Based Consensus Building Tool:  A 
Facilitator’s Guide, an outcome of 
collaboration on consensus building 
exercises with the Center for 
Natural Resources Studies (CNRS) 
in Bangladesh and a trial in India. 
The third is a draft Policy Brief 
on Managing Fisheries Conflicts: 
Communication and Consensus 
Building in South and Southeast Asia. 
These IEC materials are intended for 
policymakers, conflict management 
practitioners and other stakeholders 
in the field who could be part of the 
conflict management process.
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Introduction

The past decade has seen growing 
recognition of the crisis facing the 
world’s water resources and the 
need for concerted action to use 
them more efficiently.  The efficiency 
of water use (or water productivity) 
can be increased by producing 
more output per unit of water 
used, or by reducing water losses, 
or by a combination of both. So far, 
strategies for increasing output have 
been limited to crop cultivation 
only.  Water productivity at several 
organizational levels can be increased 
further by integrating fish and other 
living aquatic resources into the 
existing water use systems. Such 
opportunities for integration  
include community-based fish  
culture in irrigation schemes  
and seasonal floodplains.

A variety of studies show that the 
reservoirs and canals of irrigation 
systems continue to yield substantial 
fish harvests, which are an important 
source of protein and livelihoods for 
the poor and landless households. 

Yet the current use of irrigation 
systems and floodplains for fish 
production falls far short of its 
potential. In seasonal floodplains, 
where wild fish enter, reproduce and 
are harvested from the flooded fields, 
fish production essentially results 
from capture activities by seasonal 
or part-time fisher-farmers.  In the 
Cambodian floodplains, the value of 
fish caught through trap ponds within 
rice fields is 37-42 per cent of that 
of rice production (Gregory and 
Guttman 1996; Guttman 1999).

A number of studies were conducted 
in the 1980s to test the technical 
feasibility of culturing fish in 
seasonally flooded rice fields in 
India (Roy et al. 1990; Das et al. 
1990;  Mukhopadhyay et al. 1991), 
Bangladesh (Ali et al. 1993, 1998), 
Cambodia (Gregory and Guttman 
1996; Guttman 1999, 2000), and Viet 
Nam (Rothuis et al. 1998a, Rothuis 
et al. 1998b).  These studies showed 
that fish production can be increased 
by more than 1 t/ha/year by stocking 
flooded rice fields with fish (i.e., 
individual farmers fencing their plots 

and stocking fish during the flood 
season).  In addition, the culture of 
fish within rice fields can increase 
rice yields, especially on poorer soils 
and in unfertilized crops where the 
fertilizing effect of fish is greatest 
(Halwart 1998).  Savings from lower 
pesticide use, earnings from fish sales 
and increased yields result in net 
incomes that are 7 to 65 per cent 
higher than for rice monoculture 
(Halwart 1998).  But the adoption of 
this technology by farmers has been 
very low due to the high cost of 
fencing individual plots.

The WorldFish Center recently 
established a new approach in 
Bangladesh and Viet Nam, where fish 
is cultured communally during the 
flood season and the same land is 
individually cultivated with rice during 
the dry season.  The results of initial 
trials show a 10 per cent lower cost 
of rice production and a net return 
from fish production of US$400/ha in 
the Ganges and Meghna floodplains 
(Bangladesh), US$340/ha in the  
Red river delta (Viet Nam), and  
US$220/ha in the Mekong delta  

Community-Based Fish Culture in 
Seasonal Floodplains
M.M. Dey and M. Prein

Abstract

During the rainy season in extensive river floodplains and deltaic lowlands, floods render the 
land unavailable for crop production for several months each year. These waters are considerably 
underutilized in terms of managed aquatic productivity. This raises the opportunity to enclose parts 
of these floodwater areas to produce a crop of specifically stocked aquatic organisms aside from 
the naturally occurring ‘wild’ species that are traditionally fished and are not affected by the culture 
activity, resulting in more high-quality, nutrient-dense food production and enhanced farm income 
for all stakeholders, notably the poor. The WorldFish Center and its national partners recently tested 
the concurrent rice-fish culture in the shallower flooded areas and the alternating rice-fish culture 
in the deep-flooded areas of Bangladesh and Viet Nam through a community-based management 
system. Results indicate that community-based fish culture in rice fields can increase fish production 
by about 600 kg/ha/year in shallow flooded areas and up to 1.5 t/ha/year in deep-flooded areas, 
without a reduction in the rice yield or wild fish catch.
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cultivate a wide range of crops (such 
as pulses, oil seeds, and vegetables) 
during the post-flood dry season 
(Fig. 1). In the Gangetic floodplains 
(Bangladesh and eastern India), 
farmers used to get a maximum  
2 t of traditional rice and 
approximately 200 kg of wild  
fish/ha/year, with an average  
income of about US$300/ha/year.

Over the last few decades, the 
flood-prone ecosystems in Asia have 
undergone some dramatic changes 
due to the establishment of deep 
wells (for example, in Bangladesh 
and eastern India) and construction 
of the Flood Control Drainage 

(Viet Nam). Significantly, these 
benefits were obtained with no 
reduction in the wild fish catch, 
composed mainly of small indigenous 
species (SIS).  The returns from 
the sale of the fish produced 
were distributed among the group 
members according to a sharing 
arrangement that they pre-negotiated 
at the beginning of the season. Gains 
to the landless were in the form of 
cash income, which was significant 
as they did not have any alternative 
income generating opportunities.

There are many options for 
enhancing food production from  
fish in managed aquatic systems.   
The most appropriate technology 
will vary from country to country 
and site to site.  Additionally, the 
social and economic conditions under 
which these technologies can be 
implemented need to be understood. 
Although our studies in Viet Nam 
and Bangladesh demonstrated the 
feasibility of the community-based 
fish culture systems, much more 
work is needed to understand 
the social and economic viability 
of these approaches under 
different socio-cultural and 
institutional environments, and to 
design appropriate institutional 
arrangements for different social 
settings.  Similarly, the governance 
arrangements for fish culture in 
irrigation systems (canals, fields, 
reservoirs) also require detailed 
analyses if the full social value of 
these resources is to be harnessed.

At the ecosystem or basin level, 
water provides a wide range of goods 
and services, all of which need to be 
considered in the broader analyses 
of the value obtained from water. 
Most of the previous studies of 
water productivity have concentrated 
on measuring the value of crop 
production only, and excluded the 
existing and potential contributions 
by living aquatic resources.  There 
is, therefore, a need not only to 

increase water productivity, but also 
to improve the methodologies for 
measuring water productivity.

Floodplain Farming 
System Evolution

Farming practices in the flood-prone 
ecosystem are governed by a number 
of interacting physical factors, of 
which the chief ones are the flooding 
regime (onset, depth, recession, 
and variability), topography, rainfall 
pattern, soil texture and the water 
management regime. Traditionally, 
farmers used to grow deepwater 
rice and capture fish during the 
rainy/flood season and subsequently 

Figure 2. Farming systems evolution in floodprone areas.

Figure 1. Farming systems evolution in floodprone areas.
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1	Rice variety used in areas of shallow to moderate flooding depths, in which young plants tolerate total submergence of leaves for up to 10 (some varieties maximum 20) days and after this 
period grow quickly and produce panicles.

and Irrigation (FCDI) systems. 
With the availability of irrigation 
facilities, farmers grow high yielding 
varieties (HYV) of rice in the dry 
season under irrigated conditions. 
In the Gangetic floodplains, the 
dominant farming pattern in shallow 
flooded areas is irrigated HYV rice 
during the dry season, followed 
by transplanted deepwater rice 
varieties during the rainy seasons 
(Fig. 2); while the dominant pattern 
in deep flooded areas is single-
crop irrigated HYV rice (Fig. 3). 

Late harvest of HYV dry season 
(winter) rice does not allow timely 
establishment of a deepwater rice 
crop in the deep-flooded areas 
during the rainy season.

In shallow flooded areas in the 
Red river delta (in northern Viet 
Nam), farmers generally grow high 
yielding irrigated rice during the dry 
season, and a tall-growing local or 
higher yielding variety during the 
rainy season. In the Mekong delta 
of southern Viet Nam, where rice 

fields are also deeply flooded in the 
rainy season, two irrigated crops 
of high yielding rice varieties are 
grown with a flood fallow period in 
between. Although the introduction 
of irrigation-based ‘green revolution’ 
technology has increased the total 
rice production in flood-prone areas 
(from about 2 t/ha/year to about 
6-7 t/ha/year), the wild fish harvest 
from flooded rice fields has declined 
substantially (from 200 kg/ha/year to 
less than 100 kg/ha/year).

An opportunity for further 
increasing production in the 
flood-prone ecosystem is in the 
integration of fish culture with rice 
farming. The flood-prone areas 
are seasonally flooded during the 
monsoon and remain submerged 
from four to six months. In these 
flood-prone areas, land ownership 
is fixed according to tenure 
arrangements during the dry  
season. But during wet season 
floods, individual land holdings 
are not visible and waters are a 
community property granting all 
members access to fish in all areas 
of the community. Therefore, 
it is essential that the rice-fish 
culture activity in the flood-prone 
ecosystem is undertaken by the 
rural community using a group 
approach. The group should 
include the landless as they have 
traditionally accessed the flooded 
areas for fishing, but would lose 
this essential resource if they were 
denied access because the areas 
were stocked with fish.

Generally, three types of rice-fish 
culture systems can be established 
in flood-prone areas: (i) concurrent 
culture of deepwater rice (with 
submergence tolerance1) with 
stocked fish during the flood  
season followed by dry season  

Figure 3. Farming systems evolution in floodprone areas.

Figure 4. Farming systems evolution in floodprone areas.
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rice in shallow flooded areas;  
(ii) concurrent culture of deepwater 
rice (with elongation ability2) with 
stocked fish during the flood season, 
followed by dry season non-rice 
crops; and (iii) alternating culture  
of dry season rice followed by 
stocked fish only during the flood 
season (i.e., without rice) in an 
enclosed area (e.g., as in a fish pen). 

The WorldFish Center and its 
national partners recently tested  
the concurrent rice-fish culture 
given as option (i) above (Fig. 4) in 
shallower flooded areas, and the 
alternating rice and fish culture 
option (iii) (Fig. 5) in deep-flooded 
areas of Bangladesh and Viet 
Nam through a community-based 
management system. Results 
indicate that community-based fish 
culture in rice fields can increase fish 
production by about 600 kg/ha/year 
in shallow flooded areas and up 
to 1.5 t/ha/year in deep-flooded 
areas, without a reduction in the 
rice yield or in the wild fish catch. 
These (Fig. 6) and other potential 
technical options need to be tested 
and validated in various floodplains 
of Asia and Africa under varying 
institutional arrangements suitable 
for locally prevailing socio-cultural-
economic and political conditions.

Conclusions From 
Recently Conducted Trials

In the trials conducted over a 
three-year period in Bangladesh 
and northern and southern Viet 
Nam, the approach taken was that 
communities were encouraged to 
determine the management criteria 
and institutional arrangements 
which they considered suitable to 
their local conditions and social 
environment. Further details are 
provided in Dey and Prein (in press).

Institutional arrangements
Arrangements between stakeholders 
are necessary. During the flooded 
season when individual plots are not 
discernable, the water body becomes 
a temporary common property in 
contrast to the dry season when 
individual land holdings are clearly 
discernable and respected. This 
approach is needed to exploit  
the resource.

A group approach was used, with 
around 20 households per group, 

comprising landowners, fishers of 
the community and landless laborers 
(holding customary access rights 
for fishing in the flood season). 
Benefit arrangements were required 
to organize and consolidate the 
group. Landowners comprised 
of participating (active) and non-
participating (passive) persons. 
Landowners participating actively 
in the group activities received an 
additional share of the benefits for 
their role as group members (on  
top of the share they already 

Figure 5. Farming Systems Evolution in Floodprone Areas.

Figure 6. Farming Systems Evolution in Floodprone Areas.

2 Rice variety used in deepwater areas with longer flooding durations of up to 4-5 months in which the stems have the ability to elongate quickly in response to increasing flooding depth.
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received through mere provision  
of their land).

It was found that existing social 
harmony among the groups 
before the introduction of the 
community-based fish culture 
approach was a requirement for 
its successful implementation. 
Artificial memberships based on 
previous linkages with facilitating 
organizations (e.g., NGOs) proved 
to have destabilizing effects or were 
even detrimental. The predisposition 
of the population to community-
based activities in some countries 
also was an important determinant. 
For example, in southern Viet Nam 
farmers were highly averse to any 
form of group arrangements, even 
if these involved close relatives, and 
preferred individual management 
of smaller, individually owned 
and controlled areas. Further 
assessments of the attributes of 
successful group approaches and the 
reasons for spontaneous adoption 
and spread of the technology are 
planned in the near future.

Selection of concurrent versus 
alternating systems. The selection 
is dependent upon the flooding 
pattern in the area and the 
preferences among the groups.

Selection of appropriate sites.
The sites should be in 
topographically suitable areas and 
existing embankments should be 
included as much as possible. Initially 
the number of suitable sites was 
perceived to be limited. However, 
spontaneous adopters fenced up 
to 75 per cent of the perimeter of 
the enclosed areas (the remainder 
being existing embankments) 
at a comparatively high cost. 
Nevertheless, these sites still  
proved to be highly profitable.

Fish species, stocking  
densities, sizes. Recommendations 
were given on stocking densities of 

several fish species in a polyculture 
system, preferably of larger sizes 
to avoid predation and to achieve 
greater sizes at harvest. However, 
these were not prescriptive packages 
(to avoid straightforward rejection) 
and the numbers of individual 
fingerlings and species proportions 
actually stocked depended on the 
local availability from hatcheries and 
other sources. Given the size of 
some of the enclosed areas, these 
were large numbers, far greater 
than the usual requirements for 
fish ponds. This, together with 
the preference for larger sizes and 
several different species, posed 
considerable logistical challenges 
(sourcing, transport)  
to the communities and the 
facilitating NGOs.

Market supply versus timing  
of harvests. Both the capture 
phase for wild fish and the harvest 
phase are bound to coincide as they 
depend on the flood duration, levels 
and recession pattern. However, the 
culture operation can be staged  
over a longer period through 
sequential harvests leading to 
thinning out of the standing fish 
stock for higher growth and  
greater returns. Further, deeper  
pits in the area can be used to  
keep fish beyond the normal  
capture season until fish prices 
increase and greater returns from  
markets can be achieved. This was 
done by some of the trial groups.

Financial management issues.
In the first year, the communities 
received financial support for the 
initial investment in fences. In 
subsequent years, communities  
were expected to reinvest a portion 
of their proceeds from the previous 
year’s fish sales into the subsequent 
year’s fish culture operation, e.g., for 
the purchase of fish fingerlings and 
the maintenance of the fences.

Effects on biodiversity (wild fish).
Although no specific analyses were 
conducted as part of these early 
trials, it was generally observed  
that wild fish biodiversity and 
abundance were not affected  
by the culture operations. The 
conclusion is based on comparisons 
of the wild fish catch (biomass 
and species composition), which 
was essentially similar, except for 
reduced catches of predators such 
as catfish (Clarias sp.) and snake 
head (Channa sp.). 

However, in some cases farmers 
observed that the biomass of small 
indigenous species was considerably 
higher than in neighboring unfenced 
areas and a few species that had 
previously been rare in their areas, 
had appeared again in their catches 
in the fenced areas. This was 
attributed to the reduced abundance 
of predators within the fenced areas.

More detailed studies are required 
to validate the presumptions that 
stocking fish into fenced areas 
of seasonally flooded waters has 
no negative effects and that the 
fences control the access of juvenile 
predatory fish into the fenced areas 
as the flood waters rise.

Beneficiaries and Impact

Globally, freshwater fisheries are 
the most heavily exploited aquatic 
resource, producing about a quarter 
of the world’s food fish from less 
than 0.01 per cent of the world’s 
water resources. However, over 
exploitation is only one of many 
threats to inland aquatic resources: 
water resources development 
for agriculture and other habitat 
modifications, invasive species and 
pollution are serious threats and 
make freshwater biota the most 
threatened components of global 
biodiversity. Yet, these fish are of 
the highest importance for the rural 
poor for income, quality nutrition 
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and food security. Fish have a high 
nutritive value due to their proteins, 
oils and micro-nutrients which are 
in a highly bio-available form in most 
small fish species. Fish demand is 
increasing, as reflected in constant 
price rises.

Fish production from the fenced 
floodplain areas can be increased 
two to tenfold over the natural 
catch through culture activities, as 
shown from our work in Bangladesh 
and Viet Nam. Harvests are in bulk 
and are, therefore, sold on the 
market producing cash returns that 
are shared among group members, 
including the landless. Capture 
of non-stocked, small indigenous 
species by the landless using 
traditional fishing methods within 
the culture areas during the culture 
period is specifically permitted by 
the groups and thereby ensures a 
continued supply of protein and 
income over the culture season  
from the fenced areas. Cash income 
is increased for all involved, notably 
for the landless, relative to their base 
income. We expect similar levels  
of benefits from group-based  
fish culture approaches in  
irrigated systems.

In the longer term, the approach 
aims to provide rural populations 
in the floodplain areas and irrigated 
systems of the targeted basins with 
an equitable source of additional 
income and supply of fish, both from 
natural fish production as well as 
from stocked culture species.  This 
will directly benefit the members of 
the communities involved as well as 
fish consumers outside the culture 
areas due to the increased supply 
on the markets, thereby countering 
the negative trend in production 
from inland fisheries.  Revenues from 
fish production can also be used to 
improve the maintenance and, hence, 
the sustainability of irrigated systems.

Extrapolation Domains

The potential application areas for 
the community-based fish culture 
approach in floodplains and irrigation 
systems are considerable. These 
areas are usually densely populated. 
However, the seasonal floodwaters 
are underutilized.

This approach helps to mitigate the 
trend of declining production from 
inland capture fisheries accompanied 
by increasing price of fish, making 
it less affordable to the poor. For 
example, in Bangladesh there are 
3 million ha of medium and deep 
flooded areas, out of which about 
1.5 million ha are estimated to be 
suitable for community-based fish 
culture. If this approach is adopted 
in only 50 per cent of these areas, 
annual fish production will increase 
by 450 000 t (additional to the 
presently produced 60 000 tonnes of 
wild fish caught in these areas) with 
an approximate value of  
US$340 million, and will be of 
benefit to an estimated 6.7 million 
people (2.7 million of which are 
landless and/or functionally landless). 
Similar opportunities are seen for 
floodplain and deltaic systems in 
other countries in Asia and Africa.

In the Mekong river basin, there are 
0.8 million ha of medium and deep 
flooded areas that could be utilized 
by the local communities for joint 
fish culture activities during the flood 
season, which is otherwise a fallow 
season with very low economic 
and agricultural activity. Of the 
5.2 million ha of medium and deep 
flooded areas in the Indo-Gangetic 
basin, 3 million ha are in Bangladesh, 
wherein an estimated 27 million 
potential direct beneficiaries live. If 
only 25 per cent of these adopt the 
approach, 6.7 million would benefit, 
of which 2.7 million persons are 
landless. Other areas suitable for this 

approach in other river basins  
in Asia are in Myanmar  
(1.2 million ha), Thailand  
(0.7 million ha), and the Red river 
delta in Viet Nam (0.1 million ha).

In Africa, the potential for 
application of community-based 
fish culture is greatest in seasonal 
floodplains and in irrigation schemes. 
In the West African floodplains,  
470 000 ha are used to grow 
deepwater rice (Catling 1992) 
which could be used for concurrent 
deepwater rice and fish culture.
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Impact of Development and Dissemination of
Integrated Aquaculture-Agriculture (IAA) 
Technologies in Malawi 

Abstract

Malawi is a small but densely populated country in Southern Africa. Fish is an important part of 
the nutrition of Malawians, providing essential protein and micronutrients. However, per capita 
fish consumption has halved over the ten-year period between 1988 to 1998 due to over-fishing in 
the lakes and doubling of the population since the 1970s, accompanied by an increase in the price 
of fish. This has worsened access to food insecurity, especially in rural areas, in a country where an 
estimated 66 per cent of the population consume less than the minimum daily calorie requirement. 
This paper presents an ex-post impact assessment of the development and dissemination of small-
scale integrated aquaculture-agriculture technologies by The WorldFish Center and its national and 
international partners over more than 15 years in Malawi. The impact study measures the effects of 
these outputs on the degree of integrated aquaculture-agriculture (IAA) technology adoption and 
diffusion, the effects on farm income and health of household members, and the welfare effects of 
increased fish supply on the Malawian economy.

M. M. Dey, P. Kambewa, M. Prein, D. Jamu, F. J. Paraguas, D. E. Pemsl and R. M. Briones

Introduction

Malawi is a small but densely 
populated country in southern  
Africa.  The major source of income 
for rural households is agriculture  
(64 per cent), but landholdings 
are small and land productivity is 
generally low.  The major constraints 
on land productivity include lack 
of irrigation (predominantly rain-
fed agriculture) and environmental 
degradation.  The options to intensify 
agriculture by means of external 
inputs (such as new varieties, 
fertilizers and pesticides) are limited 
as only a few smallholder farmers sell 
their produce with profit and credit is 
generally unavailable to farmers.

Fish is an important part of the 
nutrition of Malawians, providing 
essential protein and micronutrients. 
However, due to overfishing in the 

lakes and doubling of the population 
since the 1970s, per capita annual  
fish consumption has decreased 
from14 kg in 1988 to half that 
figure in 1998, with a corresponding 
increase in the price of fish.  This 
has further worsened access food, 
to especially in rural areas, in a 
country where an estimated 66 per 
cent of the population consumes 
less than the minimum daily calorie 
requirement (Jamu and Chimatiro 
2004).

The Fisheries Department of Malawi 
designated aquaculture to play a 
complementary role to the capture 
fisheries sub-sector (ICLARM and 
GTZ 1991). Aquaculture increases 
fish supply and hence reduces the 
pressure on capture fisheries.

Over the last few decades, several 
donor organizations have tried 

to introduce aquaculture to rural 
farmers in Malawi.  However, these 
projects showed little success as 
farmers discontinued fish production 
as soon as subsidies were terminated. 
Furthermore, there was no diffusion 
of the technology outside the  
project areas.

With the objective of generating an
appropriate and sustainable aqua-
culture technology for smallholder 
rural farmers, The WorldFish Center,1 
in collaboration with the Malawi 
Department of Fisheries and with 
funding from the German BMZ/GTZ 
(Federal Ministry for Economic 
Cooperation and Development/
German Agency for Technical 
Cooperation), started aquaculture 
research in Malawi in 1986.  Box 1 
provides an overview of the major 
milestones and key research outputs. 
The WorldFish Center applied a 

1 Prior to 2002, The WorldFish Center was known as the International Center for Living Aquatic Resources Management (ICLARM).
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new Farmer Participatory Research 
approach, in which the potential 
for farmers to add an additional 
enterprise to their farms through  
fish farming was assessed.

This approach, termed RESTORE 
(Research Tools for Natural 
Resource Management, Monitoring 
and Evaluation), is a combination of 
farmer-participatory field procedures 
and an analytical database (Lightfoot 
et al. 2000). The approach involves 
the use of integrated aquaculture-
agriculture (IAA) in which existing 
resources (in the form of organic 
wastes and byproducts) on and 
around the farm are utilized as much 
as possible as nutrient inputs to the 

pond and also to other enterprises, 
leading to more environmentally 
sound farming systems (Lightfoot et 
al. 1993; Lightfoot and Noble 2001).

It was implemented by Research 
Extension Teams (RETs) under  
the Farmer-Scientist Research 
Partnership (FSRP) concept 
(Brummett and Noble 1995; 
Brummett 2002).  The adoption 
of IAA technologies enhances the 
sustainability and productivity of 
farming systems through resource 
recycling and use of pond water  
and nutrients for growing 
agricultural crops (Chimatiro and 
Scholz 1995; Brummett and Costa-
Pierce 2002).

The outputs of The WorldFish 
Center’s project in Malawi are 
twofold:  (i) generation of integrated 
aquaculture-agriculture production 
technologies and (ii) development  
of a technology transfer approach  
for aquaculture in small-scale farming 
in Africa.
 
This paper presents an ex-post  
impact assessment of the 
development and dissemination of 
small-scale integrated aquaculture-
agriculture technologies by The 
WorldFish Center and its national 
and international partners over  
more than 15 years in Malawi.
The impact study measures the 
effects of these project outputs 

Box 1. Description of the research by the WorldFish Center and partners in Malawi that led to the technical innovation.

Phase 1 (1���-1��0):  The WorldFish Center, in collaboration with the Malawi Government and the University of Malawi, conducted a broad 

range of biological, socio-economic and interdisciplinary research to develop aquaculture technologies and to integrate these into low-input 

farming systems in the country (ICLARM and GTZ 1991).  On-station studies were carried out at the Malawi National Aquaculture Center (NAC) 

in Domasi to devise management strategies based on locally available resources.  A basket of technologies for fish production within an IAA 

system context suitable for small-scale farming was developed.  Extension personnel disseminated these technologies to farmers through 

the concurrently operating, bilateral Malawi-German Fisheries and Aquaculture Development (MAGFAD) project. Technology adoption by 

smallholders, however, did not meet aspirations.

Phase � (1��1-1���):  The WorldFish Center moved away from the classical top-down dissemination of technology to a new approach for 

aquaculture technology development through on-farm experimentation (Lightfoot et al. 1993; Lightfoot and Noble 1993) and transfer that 

was based on farmer-scientist research partnerships (FSRP).  The approach utilized the prevailing resource base and considered constraints 

faced by farmers to establish an incremental process of adoption steps, in which the technology changes were individual farmer-approved 

and farm-specific (Brummett and Noble 1995; Brummett and Costa-Pierce 2002; Brummett 2002).  The relationship established with the 

farming community also facilitated the collection of longer-term monitoring data on technology adoption and impact, using the RESTORE tool 

(Lightfoot et al. 2000).

 Major milestones of IAA research by The WorldFish Center and its partners:

Year Major milestone

1988 Understanding of the agro-ecological and socio-economic environments in which Malawian small-scale farmers live.

1988-1990

Development of the integrated resource management concept, which refers to the synergistic movement and utilization of 
resources between and among farm and household enterprises.
Assessment of local availability of potentially useful bio-resources and their efficiency as pond inputs.
On-station testing of IAA technologies.
Demonstration of the impact of IAA through farmer-managed on-farm trials.

1991 Wide adoption of integrated rice-fish technology in the Zomba district.

1991-94

On-farm testing of IAA technologies.
Development of the FSRP approach to aquaculture technology development and dissemination utilizing RESTORE through 
Research-Extension Teams (RETs).
2000 Incorporation of the FSRP approach into the National Fisheries and Aquaculture Policy.

2003-04
The aquaculture sector benefited from the Highly Indebted Poor Countries initiative funds that were allocated for the construction 
of fishponds for poor female-headed households. The funds paid for locally supplied labor.  About 751 fishponds were constructed 
in 2003 with an individual area ranging from 300 m2 to 400 m2.
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on the degree of IAA technology 
adoption and diffusion, the effects  
on farm income and health of 
household members and the welfare 
effects of increased fish supply on  
the Malawian economy.

Impact Assessment 
Framework

The study rests on the overall
hypothesis that IAA leads to improved 
farm productivity.  This is because 
firstly IAA offers a set of technologies 
in which conventional inputs such as 
labor, organic fertilizer and capital can 
be used more effectively.  Secondly, 
IAA improves human and social 

capital, thus increasing farmers’ 
efficiency and improving the use of 
natural resource capital, such as soil, 
water and biodiversity. Improvements 
in human and social capital result from 
learning new input use techniques 
via extension or technology transfer 
between farmers. Finally, IAA offers 
farmers an opportunity to increase 
utilization of biodiversity. In this way, 
through the improved use of natural 
capital and other inputs, farmers are 
likely to increase their productivity 
(Fig. 1).

This results in households realizing 
higher incomes and higher 
consumption, which lead to better 

health. From this, the following 
hypotheses can be drawn:

•  An IAA household as compared to 
a non-IAA household is likely to 
have 

 - higher farm productivity,
 - greater technical efficiency,
 - greater human capital.

•  Higher human capital and social 
capital result in higher efficiency  
of farmers.

•  Increased farm productivity leads 
to higher household income and 
higher consumption.

•  Higher income and higher 
consumption leads to better 
household health.

Thus, it is of interest to determine 
which factors facilitate the adoption 
of the IAA technology and which 
factors bring about improved 
productivity and, therefore, lead to an 
improved health status.  A two-stage 
framework was used for this ex-post 
impact assessment of IAA research in 
Malawi. Stage one identified factors 
determining adoption of IAA and thus 
established which technical, socio-
economic, institutional and policy 
factors can be associated with its 
successful adoption. In stage two, the 
effect of IAA adoption on efficiency, 
food security, employment, and 
sustainability of farming systems  
was assessed.

The welfare impact of the IAA 
technologies on producers and 
consumers at the national level was 
estimated using standard economic 
surplus techniques. In addition, 
the Internal Rate of Return (IRR) 
of investment in IAA research 
and development was estimated. 
Small-scale farm households that, 
in principle, could have but chose 
not to adopt IAA technology, were 
used as the basis for comparison 
(counterfactual).

Study team interviewing farmers at a field site in Mwanze, Malawi.

Figure 1. Schematic diagram of farm productivity and household welfare.
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Data were collected in early 2004 
through a survey of IAA-adopting 
and non-adopting farmers at six 
sites in Malawi.  At each of the six 
study sites, 30 IAA and 30 non-IAA 
(i.e., ‘control’) respondents were 
selected representing agro-ecological 
conditions with a good potential 
for fish farming and typical socio-
economic conditions for rural Malawi. 
Out of 360 sample farmers, 315 were 
available for interview. Additional data 
sources used included monitoring 
data from a small sample of farmer 
project participants and a household 
health survey of 545 respondents 
including IAA and non-IAA farms.

The analysis applied a comprehensive 
impact assessment framework and 
included an adoption study. Impact 
pathways were explored based 
on land use changes, input use 
efficiency, total factor productivity, 
farm profitability and farm income. 
To describe the adoption process, a 
two-stage adoption model was used. 
The first step captured the adoption 
decision and the second one the 
intensity of adoption as measured by 
the integration level of aquaculture 
with other farm enterprises. Land 
use changes were measured by using 
frequency statistics.  To account for 
the multi-output multi-input setting 
of the IAA system the concept of 
interspatial total factor productivity 
was applied.  Profitability was 
compared using descriptive statistics, 
while the income effects of IAA 
adoption were measured by applying 
econometric procedures (Dey et 
al. 2006). In addition, a stochastic 
production and technical efficiency 
function was estimated that could 
provide some indication of the IAA 
technology transfer approach on the 
technical efficiency of input use.

At the household level, descriptive 
statistics and parametric tests 
were used to assess the impact 
of IAA adoption on the food 
consumption pattern and the 

household’s nutritional status.  The 
welfare effects of the project on the 
Malawian economy were estimated 
by calculating the economic surplus 
using a multi-commodity model. 
The increase in consumer and 
producer surplus was used as a 
measure of gross benefit. Accounting 
for the research and development 
(R&D) investment and taking into 
consideration the effect of other 
aquaculture projects on fish output, 
the internal rate of return was 
calculated.  The quantitative analysis 
was further complemented by case 
studies reporting on the success of 
individual adopters.
 

Adoption

The use of IAA as a strategy to 
promote the development of 
aquaculture in Malawi has resulted 
in sustained increases in fish 
production from small farms.  When 
The WorldFish Center started its 
operations in Malawi in 1986, the 
total annual fish production from all 
fishponds combined was around  
90 t per year.  The total fish 
production from fishponds has 
currently (in 2005) increased to 
around 1 000 t per year.

Aquaculture production in Malawi 
increased at an average annual rate of  

View of farm with vegetable plots adjacent to fish ponds in Thyolo district.

Box �. Summary of farm level impacts of IAA adoption in Malawi.

•  IAA farmers grow more high value crops (e.g., vegetables) around their fishponds.

•  Total factor productivity of IAA adopters exceeds those of non-adopters by 11 per cent.

•  Labor input of IAA adopters exceeds those of non-adopters by 25 per cent.

•  Average farm profits per unit area owned by IAA adopters are more than double those of 

non-adopters.

•  Net farm income of IAA adopters exceeds those of non-adopters by 60 per cent.

•  Fish accounts for slightly more than 10 per cent of net farm income of IAA adopters.

•  An increase of 1 per cent in the probability of IAA adoption increases net farm income per 

ha by 0.9 per cent.

•  Farm size has a negative corelation with net farm income per ha positive corelation with the 

IAA adoption decision, i.e., larger farmers are more likely to adopt IAA.

•  IAA adopters are technically more efficient than non-adopters.

•  IAA adopters consume more animal protein than non-adopters.

•  No significant impact of IAA adoption on the nutritional status of children below five years 

could be demonstrated. However, this may be shown in the longer term.

•  Case studies revealed that IAA reduces nitrogen loss, increases nitrogen use efficiency and 

has a positive effect on sustainability.
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7.36 per cent during the period  
1970-2001.  Much of the increase  
can be attributed to the dissemination 
of IAA since 1995. During the phase 
from 1986 to 1995, i.e., the period 
when basic research and on-farm 
trials on IAA technologies were 
conducted, the annual growth rate 
was 2.4 per cent. However, after the 
dissemination of technology (i.e., the 
years from 1996 to 2001), the annual 
rate of increase of production was  
22 per cent (Dey et al. 2006).

Results of the adoption model 
analyses showed that the decision to 
adopt IAA was influenced by several 

Figure 2. Profitability and productivity from farming activities in IAA and non-IAA 
households in Malawi. The Total Factor Productivity (TFP) index value is 1.33 for 
IAA farmers and 1.20 for non-IAA farmers.

Figure 3. Household income among IAA and non-IAA households in Malawi. Income 
from fish culture was US$21/year.

factors: (i) access to extension;  
(ii) the intensity of IAA training;  
(iii) endowment with land; and  
(iv) farmer age.  Conversely, the 
degree of aquaculture integration, 
which could also be a measure of 
the success of the participatory 
technology transfer concept, 
was found to be influenced by: 
(i) irrigation access; (ii) gender; 
(iii) educational attainment of the 
household head; and (iv) endowment 
with land.  Hence, the adoption 
decision is influenced by the project 
variables, but the level of aquaculture 
integration is driven by factors 
external to the project’s transfer 

concept.  While the analysis provided 
a good understanding of the adoption 
process; no exact data on the scale of 
adoption were available. Hence, the 
total number of IAA practitioners 
and what proportion of aquaculture 
production can be attributed to IAA 
had to be assumed.  Also, no data 
were available on the uptake of the 
technology by other development 
organizations in Malawi and in 
neighboring countries, although it was 
reported that these effects exist.

Farm Level Impacts

Income from Farming Activities
Our study of IAA adoption in Malawi 
found a range of farm level impacts 
(Box 2).  The two major constraints 
to crop production on smallholder 
farms in Malawi, low soil fertility and 
water availability, are to some extent 
overcome in IAA systems through the 
role of fish ponds in nutrient recycling 
and water storage. One of the 
reasons for the higher income among 
IAA farmers is the increased cropping 
intensity (due to increased cultivation 
of vegetables and other crops).  There 
is a positive association between 
productivity and profitability, and the 
level of integration, i.e., productivity 
and profitability increase as the level 
of integration increases (Fig. 2).

Total Household Income

The total household income was 
almost 1.5 times higher for the IAA 
farmers (average US$254) compared 
to the non-IAA farmers’ average 
income of US$174 (Fig. 3).  This 
difference is mainly due to  
the difference in farm income 
(income earned from farming 
activities) and larger farm size among 
IAA farmers, IAA farmers had an 
average farm income of US$185, 
which is 1.8 times as much as non-
IAA farmers’ average of US$115. 
Around 80 per cent of the total 
income of the IAA farmers was 
derived from farming, compared to 
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only 66 per cent of the total income 
of non-IAA farmers.  Out of the farm 
income of IAA farmers, an average of 
US$21 (about 10 per cent) is directly 
contributed by fish culture (Fig. 3).

Non-IAA respondents, however, had 
a higher off-farm income (earned 
from outside the homestead, e.g., 
employment or piecework) and 
more income from non-farm 
activities (e.g., business within the 
homestead), though the difference 
is not statistically significant.  IAA 
practices may require a higher labor 
input, particularly in initial pond 
construction. IAA adopters sell less 
labor (and earn less non-farm income) 
than non-IAA respondents. The higher 
off-farm incomes were generally from 
the sale of labor, and lower for IAA 
adopters, who invested higher labor 
amounts on their farm (Box 3).

Consumption of Fish and Other 
Protein Food

Farmers were requested to indicate 
the number of times their household 
had eaten a given type of protein 
food (beans, meat, dried fish, fresh fish 
and chicken) during the past month. 
Overall, dried fish was the protein 
most frequently consumed, followed 
by beans and fresh fish (Fig. 4).  IAA 
farming households consumed fresh 
fish more frequently than non-IAA 
households and also, on average, 
stated a higher frequency for all 
other animal protein foods.  Non-
IAA farmers consumed, on average, 
slightly more beans compared to 
IAA respondents.  There was a 
significant difference between the 
two groups in the consumption of 
fresh fish and chicken (Fig. 4).  It can 
be assumed that the consumption 
of fresh fish (that is more expensive 
than dried fish) is higher for fish-
growing households that do not have 
to purchase this food. The higher 
consumption of chicken can be 
explained by the higher household 
income of IAA farmers, which leads 

Figure 4. Frequency of protein food consumption within households in the one-
month period preceding the interview (based on recall).

Box �. Benefits of on-farm labor use in IAA Activities

IAA farmers use more family labor on-farm than non-IAA farmers. As the 

productivity of family labor in IAA activities is higher than through alternative 

opportunities of selling family labor for off-farm activities, the overall return to 

labor from IAA is higher. Therefore, though non-IAA farmers can generate a higher 

income from non-farm activities (through sale of family labor) than IAA farmers, 

overall, IAA farmers will have higher income by using their family labor in IAA 

practices, and not by selling their labor.

to an increase in purchased animal 
protein on top of increased on-farm 
production.  However, beans were  
still the major protein source 
in terms of the overall quantity 
consumed monthly for both groups. 
The low price of beans may be  
the explanation. 

Impact on Sustainability

Results from RESTORE analyses 
indicate that farmers who have 
integrated their farms with fish 
farming increased enterprise 
diversity, increased recycling flows 
among enterprises, increased the 
overall biomass production, and 
increased economic efficiency 
(Lightfoot et al. 1993).  While these 
may vary over time, the overall 
observable trend on a given farm 
adopting IAA is that the values of 
the sustainability indicators tend 
to increase with time (Lightfoot 

and Noble 2001).  One underlying 
hypothesis is that farmers increase 
their aquaculture knowledge and 
integrated pond management skills, 
selecting what fits best in the often 
variable, agro-ecological and socio-
economic context.

In Fig. 5, the case study farm 
experienced typical variability over 
the six years shown here.  Two years 
were affected by drought (1991-92, 
1994-95) and the farm was stressed 
by a severe drought during 1993-94. 
Although enterprises were affected 
(reflected in reduced production), 
the farmer managed to achieve high 
profit cost ratios during the two 
latter drought years through IAA-
enabled strategies such as growing 
additional varieties of vegetables 
around ponds using residual 
moisture from dried-out ponds 
(Noble 1996).
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Welfare Effects and Rate 
of Return

Project benefits and costs are 
calculated using a number of 
assumptions.  The cost of IAA 
technology development by The 

WorldFish Center was around 
US$1.5 million for the entire period 
from 1986 to 1994.  Another  
US$100 000 per year was added  
to account for the costs incurred  
by the collaborating national  
aquatic research systems (NARS). 

From 1994 onwards, US$100 000 
per year was added to reflect  
the cost of dissemination activities 
undertaken by the Government  
of Malawi and various NGOs.

The supply impact of R&D on IAA 
in Malawi was estimated from the 
increase in aquaculture production. 
Twenty-five percent of the growth 
was attributed to growth in demand, 
the remainder divided equally 
between yield increase and area 
growth.  Assuming that two thirds of 
the observed growth in aquaculture 
was attributable to the WorldFish 
project, a net present value of some 
US$800 000, a benefit cost ratio of 
1.4, and an internal rate of return 
of 15 per cent was calculated.  Most 
of the benefits (60 per cent) go 
to consumers through lower fish 
prices.

Conclusion

This study is an example of a 
comprehensive impact assessment 
framework using a combination of 
methodological tools to assess the 
impact of a complex natural resource 
management R&D project.  For the 
analysis, technology adoption and the 
impacts on the farm household as 
well as economy-wide welfare effects 
of the project were attributed to two 
separate outputs: (i) an integrated 
multi-output multi-input technology; 
and (ii) a technology transfer model.

Though the study shows some of
the impacts of this type of project, 
additional data are required to
clearly prove the impact this project
had in the fields of human health and
the environment.
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Introduction

Kenya relies heavily on the 
agricultural sector as a base for 
economic growth, employment 
creation and foreign exchange 
generation. Agriculture contributes 
26 per cent of the GDP,  53 per 
cent of export earnings,  45 per 
cent of government revenue 
and 75 per cent of industrial 
raw materials (Nalo 2000).  The 
sector also provides income and 
employment to 80 per cent of the 
population and more in the rural 
areas. However, over the years the 
sector has performed below its 
potential annual growth rate of over 
4 per cent per annum, while the 
population has grown at a faster 
rate than food production (Nalo 
2000).  This has resulted in declining 
per capita food production and a 
high incidence of protein and calorie 
malnutrition, with an estimated 
50 per cent of the population 
living below the poverty line. Food 
security, defined as access by each 
citizen to an adequate level of 
nutritionally balanced food, is now  
a core component of the food  
policy in Kenya (Government  
of Kenya 1994).

Agriculture production can be 
enhanced by increasing area under 

cultivation, reducing post harvest 
losses and increasing yield per unit 
of production area.  The use of 
rice fields to grow rice and raise 
fish concurrently or rotationally is 
one way of increasing productivity 
without increasing the area under 
cultivation.  It is generally accepted 
that integrated rice-fish farming often 
increases rice yield and produces 
fish while using the same resource 
base of land, water and labor.  Indeed 
there is a growing recognition of the 
considerable potential of rice-fish to 
diversify livelihood options for poor 
farmers and increase their income 
while reducing their vulnerability. 
Rice-fish farming, is therefore, 
relevant to Kenya’s agricultural 
development plan of increasing 
productivity, farmers’ income, and 
improving the nutrition of the  
rural population.

This paper presents the general 
research findings of the first year of 
a three year on-farm integrated rice-
fish research activity.

Methodology

All the trials were carried out 
on-farm in the South West Kano 
Irrigation Scheme (SWKIS) situated 
in Nyanza Province, Kenya. The 
SWKIS is a scheme entirely owned 

by small scale rice farmers who are 
organized into self help groups. The 
on-farm trials were expected to 
increase the relevance of the results 
and, hence, the degree of adoption 
of the rice-fish technology.  A total 
of eight resident farmers, each with 
a minimum of 0.405 ha of rice field, 
were selected and recruited to 
participate in the trials. Data from 
only five out of the eight were 
used. Each farmer’s field had a rice 
monoculture plot and a rice-fish 
culture plot averaging 915 m2 in area.

The field plots for integrated rice- 
fish were physically modified to 
provide refuge for the fish by 
constructing a peripheral trench  
using about 10 per cent of the area  
of the plot and having a depth of 
0.5 m – 1.0 m on one side of the 
plot. The fields were provided with 
separate screened water inlets and 
outlets.  The dikes had base widths 
of 0.5 m, top widths of 0.3 m and 
heights of 0.4 m. Water height  
was maintained at an average of  
20 cm in the rice monoculture plots 
and 25 cm in the rice-fish culture 
plots. Mixed sex tilapia (Oreochromis 
niloticus) of individual weight of 
approximately 20 g were stocked 
at the rate of 6 000 fish/ha in the 
trench 14 days after transplanting 
the rice.  To monitor fish condition 

On–Farm Trials with Rice-Fish Cultivation in 
the West Kano Rice Irrigation Scheme, Kenya
J. Rasowo and E.O. Auma

Abstract

The viability of integrating rice farming with fish culture was studied in ten (10) rice plots. The on-
farm research was done during one rice-growing season starting May 2003. The rice variety used 
was IR 2793-80-1 while the fish species was the Nile tilapia, Oreochromis niloticus. The fish culture 
period lasted 77 days. An average fish production of 132.4 kg/ha was obtained. The mean recovery 
rate of tilapia was 43 per cent. Total rice yield from the fields stocked with fish was lower than from 
unstocked fields. The net returns were not significantly different.
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and growth, fortnightly fish sampling 
was done in the pond refugia by 
netting.  The fish were provided with 
supplementary feed of rice bran at 
2 per cent of the total body weight 
per day.  The amount of feed was 
adjusted after each sampling. Water 
quality parameters (dissolved oxygen 
(DO), pH, temperature, alkalinity, 
orthophosphate, nitrate-N) were 

monitored every week at 12 noon. 
The fish were harvested after 77 
days of culture and per cent survival, 
standard length, and total wet  
weights recorded.

The rice variety IR 2793-80-1 was 
transplanted at random after seedbed 
preparation. For seedbed planting, 
seeds were soaked in water for  

24 hours.  The pre-germinated seeds 
were broadcast evenly on a ploughed, 
puddled and levelled nursery bed. 
Phosphate and nitrogen fertilizers 
were applied as recommended in 
the nursery bed a day before sowing. 
The seedlings were in the nursery for 
one month and then transplanted at 
random in the field.

Rice yields were evaluated following 
the crop cut method wherein panicles 
were quantitatively collected from  
a randomly selected area (1 m2) 
in the field.  These were then sun 
dried and the grains collected after 
careful threshing.  The rice grains 
were cleaned and dried to a moisture 
content of 14 per cent and dry crop 
yield expressed on the basis of the  
14 per cent moisture content.

Computed means were compared 
using Student’s t-test. 

Results

The physical and chemical 
parameters of water determine 
the survival of fish in a rice field. 
The mean values (S.E.) of the 
water quality parameters measured 
in the pond refugia and the rice 
fields are presented in Table 1. 
The temperature, DO and pH 
values of the water showed diurnal 
fluctuations.  The temperature in 
both the rice fields and pond refugia 
was within the optimum range for 
Nile tilapia (29°C - 32°C) (Balarin 
and Hatton 1979).

The DO values were significantly 
(P0.05) higher in the exposed fields 
than in the pond refugia.  The values 
gradually declined as the growing 
season progressed.  This was probably 
due to shading by the rice plant. 
Photosynthesis by algae, aquatic 
weeds and phytoplankton contribute 
to the dissolved oxygen content 
in the water. Oxygen production 
through photosynthesis is determined 
by the light intensity reaching the Sampling to monitor fish condition and growth.

Peripheral trenches in integrated rice-fish field plots.
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water and depends on the plant 
canopy. It has been reported that 
light is usually reduced by 50 per cent 
after 15 days, 85 per cent after 30 
days and 95 per cent after 60 days 
under transplanted rice (Halwart et 
al. 1996).

In the morning hours the DO levels 
in the pond refugia fell below the  
5 mg/l critical value, below which fish 
growth is retarded (Boyd 1982), but 
these levels gradually increased during 
the course of the day.

Table 1. Mean water quality parameters measured in pond refugia and rice fields  
at 12 noon.

Parameter Mean

Temperature (°C)
(i) Pond refugia
(ii) Rice field

 
28.1 ± 1.5
27.3 ± 1.1

Dissolved oxygen (mg/l)
(i) Pond refugia
(ii) Rice field

 
4.45 ± 0.13
6.60 ± 0.11

Water pH
(i) Pond refugia
(ii) Rice field

6.4 ± 0.07
6.3 ± 0.15

Alkalinity (mg/l)
(i) Pond refugia
(ii) Rice field

26.0 ± 1.5
23.8 ± 0.7

Nitrate-N (mg/l)
(i) Pond refugia
(ii) Rice field

0.32 ± 0.1
0.35 ± 0.3

Orthophosphate (mg/l) 
(i) Pond refugia
(ii) Rice field

0.07 ± 0.03
0.09 ± 0.02

Table 2. Rice plant growth and yield parameters for integrated rice-fish (R-F) crop and rice monoculture(R) crop.

Farmer 
number

Hills/m2 Final plant height 
(cm)

Effective tillers/m2 Grain yields (kg/ha) Harvest index (%)  1 000-grain wt (g)

R R-F R R-F R R-F R R-F R R-F R R-F

1 74 52 76 74 91.8 93.7 7 986 5 686 43.3 40.1 23.74 20.96

2 56 56 72 76 85.5 88.9 6 293 6 163 49.7 40.3 22.84 23.16

3 48 48 72 79 89.4 79.8 5 729 5 122 43.0 39.7 23.46 23.04

4 43 48 54 69 84.4 91.6 6 380 4 687 35.8 44.3 20.55 21.89

5 61 48 52 57 84.6 56.5 2 344 1 953 18.9 21.6 20.54 21.73

Mean
56 

±12
50 
±4

65 
±11

71 
±9

87.1 
±3.3

82.1 
±15.3

5 746 
±2 079

4 722 
±1 646

38.1 
±18.8

37.2 
±8.9

22.23 
±1.57

22.16 
±0.93

CV % 21 8 17 12 4 19 36 35 31 24 7 4

Both the rice fields and the pond 
refugia had slightly low pH, but it 
was within the range considered 
optimal for fish growth (Boyd 1982).
The acidity was probably due to 
the humic acids resulting from the 
decomposition of aquatic weeds 
and rice stalks left over from field 
preparation and harvesting. The 
alkalinity in the rice fields and refugia 
was average and did not show any 
significant difference. In earthen 
fish ponds, liming is usually done to 
increase both pH and alkalinity and 

this eventually results in an increase 
in phytoplankton and carbon dioxide 
for phytoplankton growth. However, 
liming is not a common practice  
in rice farming in Kenya and needs  
to be introduced for effective  
rice-fish farming.

The nitrate-N in both the pond 
refugia and the rice fields was fairly 
high with no significant difference  
(P 0.05) between the two habitats. 
The concentrations, however, 
should have been higher due to 
the application of fertilizers (urea 
and NPK) in the fields.  Soluble 
orthophosphate levels were also 
relatively low considering the amount 
of fertilizers applied during the 
growing season.  Means for both the 
refugia and the rice fields were not 
significantly different (P 0.05).

The rice monoculture crop was 
shorter in size than the rice-fish 
culture crop (Table 2).  This was not 
due to spacing differences since the 
number of hills per square meter was 
not significantly different between 
the two treatments (Table 2).  The 
water was maintained at a depth of 
25 cm in the rice-fish culture plots 
and 20 cm in the rice monoculture 
plots.  As a survival mechanism rice 
is known to grow taller with increase 
in water depth. This could explain the 
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differences in the height of the rice 
crop between the two treatments. 
As a general observation also, the 
number of hills per square meter 
achieved by random transplanting  
(50-56 hills/m2) gave a plant 
population equivalent to planting in 
rows at the recommended spacing of 
20 cm x 10 cm.  This is a significant 
finding since farmers had been 
reluctant to do row planting claiming 
that it consumed a lot of time and 
resulted in low plant population.

The growth of the fish was fairly 
good, with the majority doubling 
their initial wet weights during the  
77 days of culture (Table 3).  The 
average fish production from the 
plots was 132.4 kg/ha.  The average 
fish size attained was, however, 
considered undersized by the local 
people who are used to larger fish 
of over 150 g usually caught from 
the adjacent Lake Victoria by the 
fishermen from the community. 
Parameters like size at stocking, 
culture period in the rice fields 
and the amount and quality of 
supplementary feed could all have 
influenced size of fish at harvest.  
Recovery rates were low and 
adversely affected the net yields. 
The poor recovery was probably 
due to escape of the fish into the 
inlet and outlet channels because of 
poor maintenance of the gates by 
the farmer cooperators, poaching by 

man, birds and other wild animals and 
improper puddling and leveling of the 
rice fields resulting in pockets of un-
drainable water in several parts  
of the fields.

Table 3 shows the returns obtained 
from both the rice monoculture and 
integrated rice-fish culture.  There 
was a slight lowering of rice yield 
from the fields with rice-fish culture 
as compared to those with rice 
monoculture. However, when the fish 
yield was taken into account, it was 
noted that there was no difference in 
net returns between the two systems. 
Of the operational costs required 
for rice-fish culture, fingerling 
costs accounted for the greatest 
proportion, making up 64 per cent 
of total operational expenses.  Apart 
from fingerlings, rice bran was the 
primary additional input.

Discussion

Kenya has an estimated 11 000 ha of 
irrigated and 12 000 ha of rain fed 
rice fields (Kouko 2000) that can play 
an important role in fish production. 
The rice fields are potential fish 
ponds since in its aquatic phase the 
rice field is a rich and productive 
biological system that can produce 
a crop of fish.  Egypt has exploited 
this system successfully, with fish 
production from rice field reported 
to account for over 30 per cent 

of the country’s total aquaculture 
production (Shehadeh and Feidi 
1996).  In China, fish farming in 
rice fields is promoted through the 
National Aquaculture Development 
Plan and fish yields ranging from 
180-750 kg/ha have been achieved in 
concurrent rice-fish, with production 
being twice as high in rotational rice-
fish farming systems (FAO and NACA 
1997).  Kenya also needs to utilize the 
rice fields to produce fish (Rasowo et 
al. 2003).  Although earthen ponds are 
the dominant aquaculture production 
system in Kenya (Government of 
Kenya 2002;  Immink et al. 2001), 
the potential of other production 
systems such as rice paddies needs 
to be exploited fully since the cost 
of constructing earthen fish ponds is 
prohibitive for most farmers, who still 
view aquaculture as a low investment, 
low risk enterprise.  As raising fish 
in rice fields is an extensive form of 
aquaculture involving low investment, 
it should be more attractive to  
the farmers.

Production of fish from the rice 
fields will increase the consumption 
of protein and improve the 
nutrition of the rural population. 
Rice-fish technology has another 
complimentary health benefit.  The 
stagnant or slowly moving water 
in the paddies is usually a breeding 
ground for mosquitoes, snails 
and other worms, leading to the 
proliferation of associated diseases 
like malaria, schistosomiasis and 
worm infestations.  Growing fish in 
paddies has been shown to lead to a 
reduction of these diseases as the fish 
feed on the vectors (Halwart 1994; 
IRRI 1998).

Integrated rice-fish farming is not 
a new technology. It has been 
practiced in tropical Asia for 
centuries.  In Africa, it is practiced 
in several countries, including 
Senegal, Madagascar, Malawi and, 
most prominently, in Egypt (Halwart 
1998).  Information about physical 

Table 3. Production data for rice-fish and rice monoculture trials. 

Production data Rice-fish Rice monoculture

Stocking density (fish/ha) 6 000 -

Mean stocking weight (g) 20 ± 1.0 -

Mean harvest weight (g) 56.8 ± 10.1 -

Mean weight gain (g) 36.8 -

Recovery (%) 43 ± 18.3 -

Culture period (days) 77 -

Fish yield (kg/ha) 132.4 ± 38.3 -

Rice yield (t/ha) 4.72 ± 1.65 5.75 ± 2.07

Gross returns (US$/ha) 1 530 1 325.2

Expenditure (US$/ha) 533.3 333.3

Net returns (US$/ha) 996.7 991.9
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modification of rice fields, fish 
species, stocking densities and 
ratios is, therefore, readily available 
and only needs to be extended 
in Kenya.  However, to ensure its 
adoption, we have to make certain 
that the technical research and 
technology transfer fits within the 
natural resource, socio-cultural and 
economic conditions of the specific 
local area in Kenya.  According to 
Rogers (1983), five characteristics  
of a technology affect the rate at 
which it is diffused and adopted. 
These are compatibility, relative 
advantage, complexity, triability and 
observability.  Indeed fish farming and 
rice farming have many commonalities 
since they require similar resources 
and inputs and are compatible. By 
participating with farmers in farm-
based trials we hope to address the 
remaining four characteristics and at 
the same time build local capacity to 
ensure sustainability.

Several constraints were observed 
during the first year of this research. 
The most serious one was the 
availability and accessibility of both 
fish seed (fingerlings) and rice seed. 
The nearest source of fingerlings was 
the government owned Lake Basin 
Development Authority (LBDA) fish 
farm, a distance of over 30 km.  The 
cost of transporting the fish from 
LBDA to the project site was almost 
equal to the cost of purchasing the 
fingerlings themselves and it was 
also not easy to get the right sizes 
and quantities of the fish required. 
The government owned National 
Irrigation Board (NIB) at Ahero is the 
main supplier of certified rice seed 
to farmers.  Very often the rice seed 
is in limited supply and, therefore, 
the majority of farmers do not use 
certified rice seed.

Experience from several countries 
shows that government firms are 
usually inefficient as suppliers of seed. 

We propose to identify and train a 
few farmers in rice seed and fish seed 
production techniques.  The other 
farmers will then be able to buy fish 
fingerlings and rice seed from them 
locally and this would ensure a ready 
availability of quality seed as well as 
create a new business opportunity.

Most of the farmers indicated that 
they lacked cash to buy the necessary 
inputs, particularly for purchasing 
fingerlings, seeds, feeds and fertilizers. 
Therefore, it is necessary to identify 
microfinance organisations that 
will give them credit at reasonable 
interest rates to purchase the inputs. 
Land ownership was also a problem 
as tenant farmers were not willing 
to invest in modifications of the rice 
fields to accommodate fish farming. 
The poaching of fish by other people, 
wild animals and birds can be reduced 
by having more farmers adopt rice-
fish farming.

The local people around the 
lakeshore are part time fishers and 
are used to a fairly large sized fish. 
Due to the short growing period 
of 77 days, the fish we produced 
were comparatively small and were 
considered undersized.  Nonetheless, 
all the harvested fish were readily 
consumed by the farmers’ families. 
They also realized that small sized 
fish could be an asset to the family’s 
nutrition since there is no incentive 
to sell it. However, it would be better 
to extend the growing period for the 
fish to over six months to allow them 
to attain the required table size.

Conclusion

In this study we were able to 
demonstrate to the local farmers that 
rice and fish can be harvested from 
the same field with minimal additional 
expenditure.  This was a major 
objective of the first year of research. 
This demonstration generated a lot 

of interest in the project site with 
several visitors coming to view the 
project, including local administrators, 
policy makers and rice farmers from 
other rice schemes.
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Small-Scale Rural Aquaculture in Assam, India 
– A Case Study 
S. K. Das

Abstract

The state of Assam in northeastern India has an excellent sub-tropical climate for the development 
of fresh water fish culture in a variety of aquatic bodies.  Aquaculture not only plays an important 
role in nutrition but also in the rural economy of the State.  A pilot project conducted with a group of 
resource poor tribal farmers revealed that a production of about 1 800 kg/ha/yr could be achieved 
from small seasonal homestead ponds through integrated use of locally available biological 
resources.  This implies an excellent opportunity for improving the rural economy through the 
development of small-scale fish culture enterprises.  In this project, a greater emphasis was placed on 
improving the knowledge and skills of the farmers and their farming practices so that in the future 
they would be in a position to expand their activities with financial assistance made available locally. 
Aquaculture being a new activity in the area, this pilot project was only a start in acquainting the 
farmers with the practice and potential of aquaculture.

Introduction

The state of Assam covers about 
30 per cent of the North Eastern 
Region of India, which has an 
area of 78 438 km2 and is located 
between 21.570N – 29.30°N latitude 
and 89.460E – 97.30°E longitude. 
The State has the Brahmaputra 
and Barak river systems and their 
numerous tributaries (combined 
length 4 820 km), a large number of 
flood plain wetlands (locally called 
Beels) and swamps (112 000 ha).

Despite the vast aquatic resources, 
Assam has not been able to produce 
ample fish to cater to the needs 
of its ever increasing population. 
Assam’s share of the total inland fish 
production in India is reported to 
be low (6.55 per cent). As natural 
fish production is slowly declining, 
aquaculture is the alternative for 
producing more fish to meet the 
demands of the local population.  

Rice and fish are the two basic items 
in the diet of the Assamese people. 
For 95 per cent of them, fish is an 

important protein rich food.  
Assam currently produces about 
159 000 t of fish from all sources 
annually as against an estimated 
annual demand of 250 000 t. The 
demand is estimated to increase  
to 320 000 t in the near future.  
A substantial amount of fish is 
brought into the state daily from 
other states, especially Andhra 
Pradesh, Uttar Pradesh, Bihar and 
West Bengal.

Assam has a total population 
of more than 25 million and a 
substantial proportion is composed 
of tribal people. Out of all the plain 
tribes, Tiwa and Karbi are the best 
known in the Karbi anglong , Nagaon 
and Morigaon districts of Assam.

A study conducted by Das and 
Goswami (2002) on the present 
status of fish culture being practised 
by the rural farmers in four villages 
of two districts of central Assam, 
viz., Nagaon and Morigaon, clearly 
established that productivity was 
very low. The mean fish production 
in the study area was found to be 

very poor. There was a requirement 
for the development of technology 
for seasonal fish ponds, faster 
growing fish and quality fish seed. 
A massive extension program 
was needed. As fish culture in the 
small ponds can be operated with 
resources available within the family, 
there was an excellent opportunity 
for the development of small-scale 
fish culture enterprise.

In many parts of Asia, small-scale, 
low input aquaculture technologies 
are seen as an important tool for 
improving food security, especially 
in areas where there is a shortage 
of fresh fish. In Bangladesh, several 
projects have been undertaken to 
assist farmer adopt fish culture in 
small water bodies in and around 
their homesteads (Ahmed et  
al. 1995). 

The Project

An attempt was made to introduce 
a farmer participatory small-scale 
aquaculture extension program in 
three villages of the Amsoi area in 
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the Nagaon district of Assam under 
an innovative scheme of the Assam 
Rural Infrastructure and Agriculture 
Service Project (ARIASP, World 
Bank) for three years starting from 
1998. The primary objectives of 
this pilot program were to develop 
appropriate technologies suitable 
for the target community and to 
create a farmer-based extension 
system. A total of 29 households 
that possessed small to medium 
sized ponds (a total of 31 ponds) 
were selected as the beneficiaries 
of the project for undertaking a 
farmer participatory extension 
program. Most of the ponds were 
seasonal in nature (Fig.1). All except 
four of the 29 households lived 
below the poverty line. Two were 
landless and 11 owned cultivable 
land less than one ha. The maximum 
cultivable area for any household 
was 5-6 ha. Those who had little or 
no cultivable area usually worked as 
daily wage labour. The average rice 
production was about 2 t/ha. Small 
field studies were also undertaken 
on appropriate stocking density, use 
of wood ash as partial replacement 
of lime, production of Magur seed 
(Das 2002) and carp seed using 
low-cost hatcheries (Das 2003). 
The farmers participating in this 
project cultured fish in their family 
ponds for the first time and actively 
cooperated in all the small field trials 
that were undertaken to develop an 
appropriate method for the specific 
area and people. In a similar type of 
aquaculture extension work, Das et 
al. (1998b) also emphasised a need 
for more farmer-run field trials.

These resource-poor farmers 
usually dug out a portion of their 
land to build the foundations of 
their thatched houses. The project 
utilized these depressions, with 
little renovation, as fish ponds for 
the project activities. The farmers 
belonged to a disadvantaged tribal 
group known as the Tiwa and Karbi 
whose primary occupation was rice 

cultivation. For all of them, the most 
preferred source of animal protein 
was fish, but they had been able to 
harvest only a meagre amount of 
fish from the natural water bodies.

Production of cultured fish from 
the existing water bodies included 

in the project was negligible as the 
water bodies were not utilized  
for scientific fish farming,  
indicating low consumption of fish.  
The price of fresh fish in the local 
market, ranging from Rs.100 to 
Rs.250/kg (US$1 = Rs.46.00), 
was unaffordable for these 

Table 1. Benefits and constraints

Benefits Constraints

Increase in fish availability Lack of knowledge, skills and experience for fish farming

Food security Lack of quality fish seeds for stocking in ponds

Income generation Lack of capital

Employment generation. Lack of support from Government agencies

Figure 1. Type of ponds owned by the participating farmers.

Figure 2.  Animals owned by participating farmers.
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farmers. Given the very low 
purchasing power of these farmers, 
consumption of fresh fish in the 
area was low. 

Initially, a base-line survey was 
conducted to assess the socio-
economic condition, needs and 
resources of the participating 
farmers (Fig. 2). It was observed that 
the farmers lacked the knowledge, 
skills and experience for fish farming. 
Several training programs were 
conducted to impart skills required 
for fish culture, live-stock farming, 
integrated farming, fish breeding 
and hatchery management, fish 
seed nursing, fisheries extension 
motivation and organization and 
micro credit. The participating 
farmers were trained to culture fish 
in their ponds using locally available 
resources. Farmers in the project 
areas identified the benefits of 
and constraints on productive fish 
farming (Table 1).

Extension 
       
An extension strategy was developed 
to help the farmers help themselves. 
A farmer’s committee was formed 
with a unanimously selected  
President, Secretary and an advisor 
(Fig. 3).  A few representatives from 
each village were also selected, 
based on their literacy and capability 
to act as village extension agents. 
The village extension agents were 
given specialized training at several 
locations, including the project site, 
and were able to train other farmers 

Figure 4. Bioresource flows in a small-scale aquaculture system in the project area 
of Amsoi,  Assam , India. 

Table 2. Relationships between stocking density and fish production. 

Stocking density/m2 1998-99 Mean fish 
production (kg/ha)

Stocking density/m2 1999-2000 Mean fish 
production (kg/ha)

Stocking density/m2 2000-2001 Mean fish 
production (kg/ha)

3.0-4.0 1 129.84 (131.92) 3.0-4.0 1 369.40 (458.54)

3.0 1 144.13 (371.06)
1.0-2.99 1 005.96 (373.00) 1.0-2.99 1 091.14 (364.21)

0.35-0.9 688.85 (161.57) 0.5-0.9 933.55 (381.14)

- - 6.97 869.56

Note: Figures in parentheses are the Standard deviation.

Figure 3. Framework for the small-scale aquaculture extension project. 

Base-line survey conducted and identified objectives, constraints, 
resources and available support systems in project areas.

Identified need-based topics for training, extension and farmer 
participatory research

Capacity building of 
extensionists-trainers and 
farmers. Organisation of 

farmers committee

Training and extension 
method and material 

preparation

Training, extension 
and research facilities 

created 

WELL TRAINED 
FISH FARMERS
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upon their return to their villages.  
The participating farmers kept 
records of inputs used and output 
obtained.  The project provided 
field implements and bicycles to the 
extension agents to carry out their 
field activities more efficiently. 

Average literacy was poor among 
the 29 households.  A few extension 
materials with sketches, especially  
a booklet and a poster, were prepared 
in the local language and distributed 
free to all farmers as training material. 

In the absence of a local financial 
support system, the project 
encouraged and guided participating 
farmers, especially women, to form 
self help groups (SHGs) for micro 
credit.  The lone women fishery 
extension agent was trained in micro 
credit within and outside the project 
to motivate other women in the 
villages to form credit groups.  She 
played an important role in organising 
the SHGs.  This was organised to 
initiate a financial support system to 
provide loans for farming activities. 
The SHGs functioned well with only 
the farmers’ contributions. 

Technology and 
Production   

At the start of the project, 
discussions were held with the 
participating farmers about species 
selection. They preferred the fast 
growing species of carp and Magur 
fish for family consumption and 
because of their higher market  
value.  As seed were not easily 
available, the project had to start 
a small-scale seed production unit 
in the second year of operation. 
The farmers were advised to feed 
the fish daily, fertilize the ponds 
periodically and harvest fish at a 
size of about 250 gm each. Farmers 
were motivated to culture Rohu, 
Mrigal, Catla, Silver carp, Grass 
carp, Java Puthi and Common 
carp in a polyculture system. On-

farm resources such as cow dung, 
chicken manure, pig manure, rice 
bran, kitchen wastes, termites, duck 
weeds and wood ash were used as 
pond inputs.  Most of the farmers 
were satisfied with the production 
obtained each year, as it was the first 
time they had been taught scientific 
fish farming in small ponds. In the 
first year, carp fingerlings were 
distributed to all the 29 families 
with an agreement that they would 
pay back the cost of seed after 
three months of the growing period 
when they were convinced about 
the success of the technology. All 
the farmers paid back the cost of 
seed within a period of 3-4 months. 
All the seven species were made 
available to them during the project 
period. The farmers were trained to 
produce seed of all the seven species 
using the hatcheries developed for 
them in the village. There were 
many fish seed vendors who went 
round the villages on bicycles. The 
farmers were advised to maintain the 
recommended stocking density, even 
if they were unable to maintain the 
seven species ratio. No inputs were 
given free of cost. However, some 
field implements and other essential 
items were provided by the project, 
either to the community or for field 
trial purposes. At the end of the first 
year, a farmer’s day was organized 
to evaluate the progress made in 
terms of pond fish production. The 
successful implementation of the 
project motivated some farmers in 

the area to expand their existing fish 
ponds or to dig new ones. 

Results

The results of the project were 
encouraging. A summary of the fish 
culture trials conducted over the 
three years is given in Tables 2, 3 and 
4. The results indicated that in small 
seasonal village ponds, a production 
of more than 1 800 kg/ha/year can 
be achieved if scientific methods are 
followed. The study further indicated 
that a stocking density of three fish 
(juveniles) per square meter in a 
small seasonal pond may yield good 
fish production (Table 2). It was also 
observed that farmers could not 
obtain better fish production from 
large sized ponds (Table 3) compared 
to small sized ponds. This may be 
due to the lack of resources for 
the required inputs and inadequate 
management skills.  It was noted 
that production from the pond could 
be increased if the fish grew to a 
bigger size before harvest. Most 
farmers made partial harvests of fish 
for their family’s consumption after 
the fish attained about 100 gm in 
weight. Generally, the farmers made 
the final or bulk harvest when the 
water level of the pond went down 
to a minimum as most ponds were 
seasonal in nature. The surplus fish 
was either sold at the local market 
or distributed in the village on any 
auspicious occasion/ceremony. For 
fish farming activities farmers spent 

Table 3. Relationships between pond size and fish production.

Pond size 
(m2)

1998-1999 Mean fish 
production (kg/ha)

1999-2000 Mean fish 
production (kg/ha)

2000-2001 Mean fish 
production (kg/ha)

<100 1 058.87 (174.52) 1 334.33 (199.83) 1 205.35 (200.20)

100-200 1 058.68 (283.28) 1 156.01 (441.36) 1 229.41 (409.92)

200-300 852.15 (184.84) 1 187.39 (571.18) 1 266.92 (588.30)

300-400 1 019.08 (214.70) 1 077.86 (307.83) 996.36 (189.45)

400-500 1 400.40 (849.72) 1 651.47 (977.62) 1 249.98 (75.00)

>500 724.76 (128.35) 1 186.42 (420.83) 848.80 (143.64)

Note: Figures in parentheses are the Standard deviation.
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money for the fish seed (Rs.100-150 
per 1 000), rice bran, oil cake and 
inorganic fertilizers. A participating 
farmer who owned a rice mill 
provided rice bran at a subsidized 
rate of Rs.1.50/kg. For a 100 m2 

seasonal pond, an individual farmer 
spent Rs.200-400 on inputs.

Fish seed production

Seed is the basic input for fish culture. 
In the first year, the project arranged 
to deliver the stocking materials 
(primarily fish seed) for fish culture at 
the project site from outside sources. 
In the second year, fish spawn were 

bought from a Government carp 
hatchery and the farmers were 
trained to rear them to fingerlings for 
distribution.  The farmers made some 
profit on this in the very first trial.

An attempt was also made to 
produce seed of Clarias batrachus 
as the adult fish fetched a very 
high price in the market, ranging 
from Rs.150 to Rs.250/kg.  The 
establishment of a farmer-run small-
scale hatchery was a vital component 
of the basic extension strategy (Das 
et al.1998a). Therefore, a low-cost, 
portable and small-scale Magur fish 
hatching trough was designed and 

successfully operated by the farmers 
(Das 2002). A small quantity of Magur 
seed was produced and sold to the 
farmers at a marginal profit.  This was 
the first successful farmer operated, 
village level, small-scale Magur seed 
production unit in Assam.  A low-cost 
carp hatchery was also designed and 
commissioned to produce fish seed 
locally (Das 2003).  In the third year, 
a significant number of fish seeds 
were produced locally to cater to the 
needs of the fish farmers.  The land 
required to construct the hatchery 
was provided by one of  
the beneficiaries. 

Integrated farming 

Research carried out by ICLARM 
(Lightfoot and Pullin 1994) had 
indicated that there is a potential 
to increase the number of recycling 
flows on a farm through aquaculture 
integration.  Although the project’s 
basic aim was to introduce scientific 
fish culture in this tribal area for 
increasing fresh fish production, it 
was soon realized that culturing fish 
in a small homestead and seasonal 
pond could not provide an adequate 
livelihood for a family.  The farmers in 
the area depend on rainfall for paddy 
cultivation.  Therefore, an effort was 
made to help the farmers to cultivate 
paddy during the winter months.  An 
STW (shallow tube well) was installed 

Farmers produce seed of Clarias batrachus using 
a small-scale rural model hatching trough.

A Tiwa woman at her pond.

Table 4. Results of fish culture trials conducted between 1998-2001.

Parameters 1998-1999 1999-2000 2000-2001 

Minimum culture period (day) 140 120 117

Maximum culture period (day) 285 302 287

Average culture period (day) 182.0 (28.19) 209.24 (48.13) 201.31 (38.90)

Total actual production (kg) 840 1104 1022

Total pond area (m2) 8 936.30 9 135.85 9 762.35

Minimum production (kg)
574.60  

(in 180 days)
328.95  

(in 160 days)
712.95  

(in 250 days)

Minimum production (kg)
2 345.67  

(in 285 days)
2 716.04  

(in 297 days)
2 380.95  

 (in 238 days)

Average Fish production (kg)
939.98 kg/ha/182 

days
1 208.42 kg/
ha/209 days

1 046.87 kg/ha/ 
201 days

Fish production (kg/ha/yr)
1 885.12 kg/ha/

year
2 110.41 kg/ha/

year
1 901.04 kg/ha/

year

Note: Figures in parentheses are the Standard deviation.
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at the project site in the third 
quarter of the second year under the 
Department of Agriculture’s ARIASP 
supported STW scheme.  A group  
of participating farmers were 
motivated to share the cost of the 
STW and cultivate Bodo (a winter 
variety of rice) paddy in an area of 
about 1.8 ha to recover the cost  
of the pump. The farmer collected 
Rs.7 500/- to pay for the STW and 
in the third year it was first used to 
operate the carp hatchery for fish 
seed production. The farmers were 
able to plant the Ranjit, a high yielding 
variety of paddy, and harvested a 
higher production than with the 
traditional variety. Seeds of the Ranjit 
paddy were distributed to more 
farmers in the next season.  However, 
the farmers could not cultivate Bodo 
paddy again during the winter months 
as the water table fell and the STW 
failed to pump out water.  Further, 
the local variety of pig, Doom, was 
replaced by the Hampshire variety.  A 
farmer co-operator was successful 
in crossing a large black male with a 
Hampshire female under the technical 
guidance provided by the project. 
Eight piglets were produced.  Farmers 
who reared pigs and ducks along with 
the fishery earned additional income.

Conclusion

In Assam, aquaculture in small aquatic 
water bodies such as ponds, khals, 
roadside ditches and small canals 
holds great potential within the 
existing farming system.  Fish culture 
in homestead ponds can be operated 
with resources available within the 
family as a household enterprise. 

In terms of maintaining fresh fish 
supplies from homestead ponds 
for family consumption, the project 
has shown little success.  However, 
the project was able to motivate 
some of the young village boys to go 

into farming activities to earn their 
livelihood.  Several farmers around 
the project site also started fish 
and pig rearing.  Some farmers from 
non-project areas visited the project 
areas to get technical assistance 
from the project beneficiaries.  Some 
of the project’s extension workers 
also provided technical services and 
gave vaccinations to livestock in 
non-project areas.  A low-cost field 
laboratory-cum-training centre and 
a low-cost pig breeding unit were 
established under the project.

The extension poster prepared on 
the basic concept of rural aquaculture 
was appreciated and widely circulated. 
The initiatives under the project have 
made a significant contribution to the 
promotion of aquaculture in the area. 
However, more field trials under the 
guidance of scientists are required to 
refine and improve the technologies 
for increasing production per unit 
area of pond.
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Integrating Fish into Seasonally Flooded Rice 
Fields: On-Farm Trials in Assam, India
U. K. Baruah and B. Chetia Borah

Abstract

In the State of Assam, floodplains cover 2.6 million ha of area that is traditionally rice growing. 
The ecosystem in the rice-growing areas has undergone major changes as a result of various 
developmental activities and adoption of modern farming technology. Rice fields were once the 
major source of fish for the rural farmers. There has been a sharp decline in fish population in rice 
field leading to a chronic shortage of fish in the State and a deterioration of the rice ecosystem. This 
paper describes two on-farm experiments for integrating rice cultivation and fish production with 
the intent of contributing to the understanding of how raising fish can improve rice yields, rice-
ecosystems and farm incomes.

Introduction

Seasonal floodplains are generally 
used for cultivating rice. Catching fish 
from rice fields is an extensive system 
of fish production without control of 
fish population, sex and size (Diallo 
1992). The State of Assam (located  
between 24°-28° N latitude and 
89°50’-97°4’ E longitude) has about 
2.6 million ha of seasonal floodplains, 
which are traditionally rice-farming 
areas associated with fish trapping. 
The water remains for 4-6 months 
in these floodplains (Bhagowati et 
al. 1997) and serves as a breeding 
ground for fish. 

Most of the rice farmers of the 
State are smallholders and have 
small ponds (Bhagowati et al. 1997), 
measuring 25-30 m2, in their rice 
fields, locally known as kon pukhuri 
(Baruah et al. 1999a). These ponds 
are used to harvest rainwater for 
irrigating land during puddling for 
rice transplantation (Baruah et al. 
1999a) and to trap the wild fish that 
enter with the floodwaters.  These 
localized small ponds were once 
regarded as a promising source of 
fish. Over the last three decades, 
the rice-ecosystems have undergone 
major ecological changes due to 
construction of embankments along 

the sides of the river Brahmaputra 
and its major tributaries, construction 
of roads, town and country planning 
and technological innovations in 
rice farming. With intensification of 
modern rice farming, the farmers  
have changed their practices in 
terms of use of genetically modified 
varieties, pesticides and chemical 
fertilizers. Crop management 
practices have been impacting the 
floodplain ecology and its economy 
and the process of ecological change 
is still continuing. As a result, there 
has been a sharp decline in the fish 
population leading to a chronic 
shortage of fish in the State. 

The rice-ecosystem is an agro-
ecosystem, which is made up of many 
components. The agro-ecosystem 
structure illustrates two potential 
descriptors: system components 
and their interactions (Dalsgaard 
1995). Fish is a major component 
of the rice-ecosystem, where rice 
and fish complement each other, 
utilize different ecological niches and 
function together. The change in the 
ecosystem has seemingly deteriorated 
the system components, especially 
the fish population, their ecological 
interactions, ecological sustainability 
and carrying capacity. 

This paper describes integrated rice-
fish systems and two on-farm studies 
with the intent of contributing to our 
understanding of how raising fish can 
increase farm incomes and improve 
rice yields and the implication of 
these farming strategies for the 
management of the rice-ecosystem.

On-Farm Study I

An on-farm trial was conducted in 
two consecutive culture seasons, 
1995-96 and 1996-97, in central 
Assam in an area of 66.8 ha, 
impounded by village roads and 
owned by 109 farmers. The flood 
level in the rice field during 
July-November is 50-60 cm.   
The area had 70 ponds, measuring 
30-1 400 m2 with depth ranging 
from 1-2 m, owned by 70 farmers. 
The total area under ponds was  
2.8 ha. The site was rain fed with  
an average annual precipitation  
of 2 000 mm.

While rice cultivation was done at 
the individual level, fish farming was 
operated as a communal activity as 
the flooded areas become common 
property with little scope of being 
bounded by individual farmers. The 
owners of the plots formed an 
Association. The farmers contributed 
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to a common fund for the fish 
farming component. The Association 
agreed upon certain management 
interventions: (a) formation of 
an Association consisting of all 
the owners of the plots; (b) shift 
from fishing to fish farming in rice 
fields; (c) raising a common fund 
by contributions, based on the size 
of land holdings, for meeting the 
operational cost of fish crop; 
(d) sharing the benefits of fish 
crop on the basis of land holding 
and pond size; and (e) voluntary 
restrictions on fishing till the 
Association decided to harvest. 
Meetings of the Association were 

conducted regularly for any decision 
relating to the operation of the rice-
fish system. 

Farming methods

Banas (bamboo screens) were 
erected at the waterways, i.e., at 
the bridges and culverts, to prevent 
escape of farmed fish and entry of 
wild fish. Rice transplantation was 
completed in mid-July. Fish seed were 
stocked after 15 days of transplanting 
the last plot. Early fry of Catla catla, 
Cirrhinus mrigala, Labeo rohita, Labeo 
calbasu, Hypophthalmichthys molitrix, 
Barbodes gonionotus and Cyprinus 

carpio were released in the rice 
field  at the rate of 20 000/ha with 
a 14:18:14:9:18:9:18 ratio. Ponds 
received 50 kg/ha of agricultural lime 
during plot preparation. Fertilization 
was done with cow dung and 
inorganic fertilizers as given in Table1. 
Feeding was done daily at two per 
cent of initial fish biomass with a  
1:1 mixture of rice bran and  
mustard cake. 

Ranjit, a high yielding semi dwarf 
variety of rice, was cultivated in all 
the plots. The culture duration was 
120 days. The flood level in rice fields 
during the rice cultivation period 
ranged between 50-60 cm and water 
depth in the ponds ranged between 
1-2 m.  As the rice grains ripened 
the water level receded and the fish 
took shelter in the ponds. Rice was 
harvested by each farmer individually. 
The Association farmed the fish from 
the ponds with 0.5-1.0 m water 
within one month of the rice harvest.   

Results

The results of the study are 
summarized in Table 2. Rice yield 
increased by 100-200 kg/ha over 
the year when only wild fish were 
trapped. Fish production increased 
from 50-60 kg to 400-450 kg/ha 
after the integration of fish farming 
with rice farming. In addition, stunted 
yearlings were produced from the 
rice fields. The seeds harvested were 
20 000 and 30 000 in 1996 and 1997, 
respectively. Figure 1 shows changes 
in income derived from the rice-fish 
system in central Assam from 1995 
to 1997.

The program also resulted in 
significant psychosocial changes 
amongst the farmers (Fig. 2). 
Unauthorized fishing in the rice 
fields completely stopped. The 
farmers developed a positive attitude 
towards participatory management 
(81.7 per cent) and a strong sense 
of ownership (79.8 per cent). A 

Table 1. Liming fertilization and feeding schedule for rice-fish farming in central Assam.

Items Quantity Time of application

Lime (per ha pond area) 50 kg Before stocking

Cow dung (per ha pond area) 100 kg Monthly interval

Urea (per ha pond area) 10 kg Monthly interval

Single super phosphate (per ha pond area) 8 kg Monthly interval

Feeding (2% of initial fish biomass) 2 kg Daily

Table 2. Results of the rice-fish farming with 109 farmers in central Assam.

Dimensions Unit 1��� 1��� 1���

Rice yield (paddy area) kg/ha 2 000-2 200 2 100-2 300 2 100-2 300

Average income from rice grain Rs. 9 450 9 900 9 900

Fish yield (total area) kg/ha 50-60 300-350 400-450

Average income from fish Rs. 1 650 9 750 12 750

Carried over fish seed Number - 20 000 30 000

Average income from fish seed Rs. - 6 000 9 000

Equivalent rice seed kg/ha 366.7 3 500 4 833

Irrigation for puddling Number 50 50 59

Extent of indiscriminate fishing Number 109 10 -

Attitudes

Favorable Number - 59 89

Unfavorable Number - 50 20

Satisfaction with fish yield

Satisfied Number 60 82 98

Not satisfied Number 49 27 11

Sense of belonging

High Number - 76 97

Low Number - 33 12

Number of ponds (increased) Number 70 70 80

Number of ponds expanded Number - - 10

Total pond area ha 2.765 2.765 3.335
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significant development was the 
creation of 10 new ponds and the 
expansion of 10 existing ponds.  An 
increase in satisfaction with the 
decision-making process and fish yield 
was also observed. The total pond 
area increased from 2.8 ha to 3.4 ha 
in the third year. 

On-Farm Study II

Another study was conducted over 
one year in upper Assam during 1996-
97 in typical rice fields that are not 
flooded annually. A total of 50 rice-
fish operating plots were selected 
in different villages employing 
the Participatory Rural Appraisal 
technique (Townsley 1996). The size 
of plots ranged between 0.07-0.14 ha. 
Another 10 rice plots owned by 10 
farmers in different locations were 
selected for comparison. Data on 
inputs used, management practices, 
yields and operational costs were 

Figure 3. Cost and income of rice monoculture and rice-fish 
farming in upper Assam.

Figure1. Income trend in rice-fish system in central Assam. Figure 2. Psychosocial change after introduction of rice-fish 
system in central Assam.

obtained from 
the beginning 
to the end of 
the culture 
operation. 

Farming 
methods

About 10-20 per 
cent of the plot 
area (average 
135 m2) was 
utilized for the 

construction of dykes and refuge 
ponds/ditches and the remaining 
80-90 per cent of the area (average 
935 m2) was utilized for rice 
transplantation. For both mono and 
integrated farming, a partial adoption 
of the recommended technology 
packages was observed in terms of 
varieties used, transplantation, plant 
protection, liming, size of fish seed 
and supplementary feeding. The 
farmers used different rice varieties 
and stocked with different species 
composition. Further, they did not 
feed the fishes at the recommended 
dose.

Results

The rice-fish system yielded 280.6 kg 
of rice grain and 479 kg of hay from 
the 935 m2 area, while the calculated 
value for rice monoculture indicated 
that an area of 1 100 m2 could yield 
280.1 kg rice grain and 475.8 kg of 

hay. There was a 17.7 per cent higher 
yield of rice under the rice-fish 
system as compared to the non-
integrated rice plots (Fig. 3). 

Fish yield from trapping in the control 
plots was 2.3 kg/0.11 ha (20.5 kg/ha) 
and the average fish yield in rice- 
fish system was 55.1 kg/0.11 ha 
(501.1 kg/ha). The fish production 
from the rice-fish system was very 
minimal, which was attributed to 
poor management. 

The average operational costs were  
Rs.1 834.1 and Rs.732.9/0.11 ha  
for rice-fish farming and rice 
monoculture, respectively, and the 
returns were Rs.2 990.3 and  
Rs.1 378.3/0.11 ha for rice-fish and 
rice plots, respectively (Table 3 and 
Fig. 3). The comparative analysis 
reveals an additional income of  
Rs.1 612/0.11 ha. 

Conclusion

Rice is the most important cereal crop 
in Assam. The State currently produces 
3.9 million t of rice and envisages 
producing 13.5 million t by the end 
of 2025 (Pathak 2001). A significant 
amount of work has been done for 
crop improvement, crop management 
and the development of rice varieties 
suited to specific stressed conditions. 
However, very little has been done so 
far to restore the rice-ecosystem and 
enhance its productivity. 
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Table 3. Summary of yield and economics of rice-fish farming in upper Assam (per 0.11 ha unit).

Head of expenditure/income
Area

Quantity/No.
Total cost/income 

(Rs)
Remarks

Inputs for rice crop

Tilling 3 -4 times 201.10

Rice seed 4 -7 kg 68.32 4 kg in case of high yielding varieties and 7 kg in case 
of traditional varieties

Farm yard manure 900 kg 300.51

Urea 4.0 kg 20.34

Single super phosphate 5.6 kg 42.71

Murate of potash 1.5 kg 13.73

Harvesting - 96.50

Cost of rice cultivation
(Non integrated)

1 100 m2 732.86

Cost of rice cultivation
(Integrated)

935 m2 753.57

Cost of fish farming in rice field 1 100 m2

Renovation of plot 235 m2 263.74 10-20 per cent space of the plot

Fish seed (Number) 1 100 601.70

Fish feed 10-15 kg 77.88

Others - 55.82

Harvesting - 81.60

Cost of rice-fish farming 1 100 m2 1 834.11

Yield/income from non-integrated rice farming

Rice grain 280.10 kg 1 190.43 @ Rs. 4.25/kg

Hay 475.82 kg 142.74 @ Rs. 0.30/kg

Fish (wild) 2.26 kg 45.10 @ Rs. 20.00/kg

Yield/income from integrated rice farming

Rice grain 280.82 kg 1 192.81 @ Rs. 4.251/kg

Hay 479.47 kg 143.96 @ Rs. 0.30/kg

Fish (reared) 55.08 kg 1 653.51 @ Rs. 30.00/kg

Increase in income - 1 612.00

Table  4. Comparison of growth of rice in rice-fish and rice systems. (Variety: Ranjit).

Parameter Rice-fish system Rice plot

Plant height (cm) 104.3 101.9

Tillers/plant (number) 16 12

Panicle/plant (number) 12 9

Grains/plant (number) 358 310

Fish plays a major role in the rice-
ecosystem. It controls weeds and 
pests in the rice fields. It also reduces 
use of pesticides. Horstkotte et al. 
(1992) described rice-fish farming as 
an Aquatic Life Management (ALM) 

practice and opined that it can play a 
vital role as a vehicle for sustainable 
crop technologies such as Integrated 
Pest Management (IPM). Fish combat 
iron toxicity in rice by dibbling at 
the root zones and thereby help in 

releasing phosphorus to the water 
from association of iron. Phosphorus 
nourishes the blue-green algae that 
fixes nitrogen from the atmosphere 
and makes the soil fertile for the next 
crop. Moreover, the faecal matter of 
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fishes is rich in nutrients, which are 
distributed evenly in the rice field by 
the fish.

Rice grows better in terms of height, 
tillers and panicles in rice-fish systems 
than in rice only systems (Table 4). 
A study conducted at the Fisheries 
Research Centre of Assam Agricultural 
University showed 48 grains more per 
plant in a rice-fish system than in a 
control plot (FRC 1998). 

These observations clearly indicate 
that the income of the farmers can be 
doubled by effectively managing the 
rice-flood for rearing fish. Though the 
rice yield in the first study increased 
marginally (7 per cent), there was 
a 17.7 per cent increase in rice 
production in the second study.

The major constraints faced by 
the farmers in taking up rice-fish 
farming are security, apathy, poaching, 
input shortage, pests, disease 
and the lack of support services 
(Baruah et al. 2000). In contrast, 
added advantages are on creation 
of permanent infrastructure, which 
would significantly reduce the costs in 
subsequent years.

These studies indicate that the 
government should encourage 
the adoption of integrated rice-
fish farming in the State through 
policy interventions. The lack of 
interdisciplinary communication limits 
the integration of research outcomes 
into the overall development 
program (Mitchell and De Silva 
1992). The government should give 
policy support to the creation of 
opportunities for collaboration 
between various disciplines such as 
agronomy, soil science, hydrology, 
limnology, fisheries ecology and 
management, rice field engineering, 
pollution ecology and aquaculture 

(Mitchell and De Silva 1992). This 
will definitely have far reaching 
effects on the sustainability of the 
rice-ecosystem and increase the 
production of rice and fish.
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From Participation to 
Governance

This report discusses the role, nature and 
mechanisms of governance in inland fisheries. 
After reviewing the wider concepts of 
governance, participation and co-management 
in natural resource management, the report 
then focuses on small-scale fisheries and, 
in particular, on inland artisanal fisheries 
operating in developing countries.

Drawing upon lessons from the literature 
outside the fisheries sector, the first 
part of the report reviews and discusses 
the definitions of governance and ‘good’ 
governance, and highlights some of the main 
issues related to these concepts, before 
focusing more specifically on issues related 
to these concepts in fisheries.  The analysis 
reveals, in particular, the frequent confusion in 
fisheries literature between ‘management’ and 
‘governance’ and argues that the two concepts 
are quite distinct.

Part II discusses governance mechanisms 
and reforms in greater detail.  The 
report concentrates initially on cases of 
decentralization reforms in sectors other than 
fisheries and reviews some of the positive 
and negative consequences of those types of 
governance reforms.  It then focuses more 
specifically on two governance mechanisms, 
participation and accountability.  The report 
shows that while participatory processes can 

play a key role in improving governance, these 
approaches will not benefit the end-users 
(and in particular the poor) unless efficient 
downward accountability mechanisms are put 
in place.

Part III of the report discusses governance 
reform in particular co-management, in 
fisheries and raises a series of questions 
about the implementation of this concept 
for the artisanal fisheries of developing 
countries.  The analysis shows that the 
conceptualization of co-management as 
currently presented in the literature does not 
provide a particularly useful framework to 
analyze the reasons for success or failure of 
current decentralization programs in fisheries. 
The review demonstrates that by focusing 
exclusively on the level of participation as 
the key explanatory element of success (or 
failure) of these reforms, the current approach 
to co-management neglects some of the 
other crucial dimensions of governance and 
overlooks the real effect of these reforms on 
equity and poverty (alleviation).

Part IV draws upon the lessons derived from 
the three previous sections and develops a 
series of questions for future research.  The 
section highlights the role that such research 
should play in the debate about governance 
in natural resource management, within the 
more general context of poverty alleviation in 
developing countries.

The papers in this volume were pesented 
at the final project workshop held in July 
2002 in Accra, Ghana under the auspices 
of the project Fish Biodiversity in the 
Coastal Zone:  A Case Study on the Genetic 
Diversity, Conservation and Sustainable Use 
in Aquaculture and Fisheries of the black-
chinned Tilapia (Sarotherodon melanotheron) 

in West African Coastal Lagoons and 
Watercourses.  The project was supported 
by the German Bundesministerium für 
Wirtschaftliche Zusammenarbeit und 
Entwicklung (BMZ) through the Gesellschaft 
für Technische Zusammenarbeit (GTZ) and 
coordinated by the WorldFish Center.

Biodiverity, Management and Utilization  
of West African Fishes
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New FMSP stock assessment and 
management guidebooks available  
for free download

With the current trend towards 
the use of participatory 

approaches and co-management, it 
can sometimes appear that ‘fish stock 
assessment’ has gone out of fashion, 
at least for small-scale fisheries.  
These days, fishery management is 
more often driven by a set of goals 
and objectives agreed with the users, 
than by the outputs of some technical 
fisheries model or software package.  
Although good planning and better 
collaboration among stakeholders is 
clearly the right way forward, we must 
not forget the limitations imposed by 
the biology of the natural resource.  
Since the agreed goals should always 
recognise the need for ‘sustainability’ 
in some form, some method must 
be used to determine what level and 
type of fishing is compatible with the 
natural productivity of the fish stock.  
Stock assessment is still needed as a 
central element in fishery management 
to guide management options, prevent 

stock collapses and ensure that the 
stakeholders’ goals are achieved.  

With most of the world’s fisheries 
now fully or over-exploited, and with 
millions of people relying on fisheries 
for their livelihoods, there is an urgent 
need for management practices that 
ensure that fish stocks are sustained, 
along with the benefits they provide. 

Over the last decade, the DFID-
funded Fisheries Management Science 
Programme (FMSP) has developed a 
number of stock assessment tools that 
can help to ensure the sustainability of 
fisheries.  As listed in the box below, 
these include four different software 
packages and a series of guidelines 
for specific management options or 
approaches.  The tools are appropriate 
for a range of differing situations, 
including data-limited and small-scale 
fisheries.  The software packages are 
available to download, free of charge, 

What are the FMSP stock assessment tools?

Software:  (including help files and tutorials. Please visit www.fmsp.org.uk) 
•  CEDA - Catch Effort Data Analysis: uses non-equilibrium methods to provide estimates of stock sizes,  MSY 

reference points, catchability and other parameters.
•  LFDA – Length Frequency Distribution Analysis: estimates growth parameters and total mortality.
•  Yield software: estimates yield and biomass-based indicators and reference points, allowing for uncertainty in 

parameter inputs.
•  ParFish – Participatory Fisheries Stock Assessment:  fits production model to standard fisheries and/or other data, 

using a Bayesian approach to integrate uncertainties.

Guidelines:  (see FAO Fisheries Technical Paper 487 for further details)
•  Costs and benefits of age and length based assessment methods.
•  Multi-species fisheries management.
•  Bayesian stock assessment approaches for fisheries with limited data.
•  Estimating yield and stock status using life history parameters.
•  Empirical stock assessment approaches.

from the FMSP website (www.fmsp.
org.uk).  Week-long training courses 
for the FMSP tools have been held in 
East Africa (Kenya) and Southeast Asia 
(Vietnam) in 2003, India in 2004 and 
Bangladesh in 2005.

The overall aim of the FMSP is 
to promote improved fisheries 
management for the benefit of poor 
stakeholders.  Towards this end, two 
recent FMSP projects have produced 
guidebooks showing how the FMSP 
stock assessment tools may be used 
to manage fisheries according to the 
principles and concepts of the FAO 
Code of Conduct for Responsible 
Fisheries and the UN Fish Stocks 
Agreement.  Among other things, 
these international agreements 
promote the use of reference points 
and indicators for measuring the 
achievement of fishery goals, and the 
provision of precautionary advice that 
recognises uncertainties and risks.
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Fisheries Technical Paper ��� Stock Assessment for Fishery 
Management.

In 2004, FMSP Project R8360 developed a detailed, 260-page technical guide about the different 
FMSP tools.  This is now being ublished by FAO as Fisheries Technical Paper 487 Stock Assessment 
for Fishery Management.  It may be downloaded as a .PDF file from the R8360 page of the ‘Projects 
Database’ on the FMSP website and will also be available on the FAO website shortly. 

In 2005, FMSP Project R8468 further developed a shorter two-part set that attempts to explain 
in simpler terms how and where stock assessment fits into the management process, and how 
managers and scientists can choose between the different tools that are available to them.  These 
guides emphasise the complementary roles of fisheries managers and scientists in the responsible 
management of fishery resources.  Although the subject is technical, the guides have been designed 
to be easy to read and understand.  The contents of the two guidebooks are outlined below.

How to Manage a Fishery – A Simple Guide to Writing a Fishery 
Management Plan

This guide is aimed at fishery managers and goes step by step through a process of developing a 
fishery management plan.  This includes setting the goals and objectives for your fishery, designing 
management measures to achieve those goals, monitoring the fishery to provide necessary feedback 
and ensuring success.  The need for good scientific information to guide management decisions is 
emphasised, as is the use of reference points and indicators to measure the state of the fishery 
against each objective of the plan.  Examples are given of different summary management plans for 
a range of different biological, social and economic objectives, showing how the tradeoffs between 
competing objectives can be reconciled.

A Guide to Fisheries Stock Assessment using the FMSP Tools

This guide is aimed principally at fishery scientists.  It shows where and how stock assessment 
information is needed by managers, and how the necessary advice should be provided.  It illustrates 
the use of the different FMSP tools, both in long-term ‘strategic’ stock assessments and for providing 
short term ‘tactical’ advice.  The latest FMSP stock assessment tools have significant advantages over 
some alternative products, particularly in the provision of advice that recognises uncertainty and 
enables precautionary approaches to management, as required by the FAO Code of Conduct.

These two new guides may also be downloaded, free of charge, as PDF files from the Project R8468 page 
of the FMSP ‘Projects Database’ at www.fmsp.org.uk.  Arrangements are also being made by the Indian 
publishers, CEE, to market hard copies in due course.  A complementary set of Microsoft PowerPoint 
presentations is also available on the FMSP site.  These may be used either as quick introductions to the 
new guidebooks, or for running full stock assessment training workshops using the FMSP software. Users 
are welcome to adapt the presentations to their own needs, provided the FMSP origin is acknowledged. 

The R8468 guides were written by a team from MRAG Ltd, Scales Consulting Ltd, the Field Studies 
Council (UK) and the Centre for Environmental Education (India), in collaboration with partners in West 
Bengal, Orissa and Andra Pradesh (India), and the Caribbean. 

For more information on FMSP projects, please visit the program website at www.fmsp.org.uk.  The FMSP 
is funded by the UK Department for International Development and managed by Marine Resources 
Assessment Group Ltd.  This document is an output of the FMSP and the views expressed in it do not 
necessarily represent those of DFID.
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NAGA Award Competition

You can nominate candidate(s) for the 
competition by sending us a scientific paper 
or book on any aspect of fisheries including 
aquaculture, published in the last five years 
by developing country scientist(s).  Tell us in 
your own words the important contribution 
the paper/book has made to science 
and sustainable management of aquatic 
resources. Your nomination can win the 
author(s) of the paper/book the prestigious 
NAGA Award given by The WorldFish Center, 
which includes a plaque of appreciation and  
US$ 500.  You, as nominator of the winning 
submission will be rewarded with a book prize.    

The conditions: The scientific paper or book 
should have been authored by a developing 
country scientist(s)—and have made a 
significant contribution to any area of fisheries 
science (capture fisheries/aquaculture 
resource management/policy) within the 
last five years. Please include the curriculum 
vitae of the author(s) in your nomination. You 
cannot nominate yourself or colleagues from 
the same institution. 

Send your entries to:
Information and Knowledge Group, 
WorldFish Center, P.O. Box 500 GPO, 
10670 Penang, Malaysia.

Deadline for submission for the 2006 NAGA Award 
is 30 June 2007. Please note that submissions 
received after this date will be considered for the 
subsequent  NAGA Award.

Inside NAGA
NAGA, the WorldFish Center Quarterly publishes information on all aspects of fisheries 
and aquaculture, including results of research projects, notices of new publications and 
forthcoming workshops or conferences as well as news from The WorldFish Center.

Articles appearing in the quarterly may be quoted without permission from The 
WorldFish Center. However, we would request that an appropriate reference is made 
to the source of any reprinted material.

Why NAGA?
The Naga is an underwater creature from Asian mythology. Superior to humans, 
it inhabits sub-aquatic paradises, living at the bottom of rivers, lakes and seas in 
resplendent palaces studded with gems and pearls. It is the keeper of the life-energy 
that is stored in the waters of springs, wells and ponds. It is also the guardian of the 
riches of the seas — corals, shells and pearls. Naga represents the very focus of The  
WorldFish Center, namely, protecting the wealth and productivity of tropical waters.

New articles — authors please note
Since January 2005 we have not been able to accept unsolicited papers for 
publication. This policy is set to continue for the foreseeable future.

Your last NAGA?
Due to the increased circulation costs for print media, WorldFish Center has 
reviewed its policy for NAGA distribution and will only send free copies to 
institutions associated with fisheries and aquaculture in developing countries. 
Copies will not be mailed free to individuals. However, all articles in NAGA are 
available through The WorldFish Center website at www.worldfishcenter.org.

For those individuals who love their printed copy and would like to subscribe, 
the fee is currently US$20 per annum*. To include your institution on our 
mailing list or to subscribe, please contact us at naga@cgiar.org or write to 
the Information and Knowledge Group, The WorldFish Center, at the address 
below.

Payment should be made to ICLARM in US dollars by bank draft or check drawn 
on a US-based bank.

* Subject to change without prior notice

Mail: P.O. Box 500 GPO, 10670 Penang, Malaysia
Tel: (+60-4) 626 1606
Fax: (+60-4) 626 5530
E-mail: worldfishcenter@cgiar.org

Visit our website at www.worldfishcenter.org
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