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            he last three decades have witnessed dramatic changes in the structure of supply and 

demand for fish, including a growing demand for fish in both domestic and international 

markets.Global demand has increased rapidly with rising populations and higher fish 

consumption per capita. The rise in demand has been met by a rapid growth in production 

and increased global trade in fish. Asia is the leading contributor to this expansion, 

especially of low-value fish from capture fisheries and aquaculture that play a major role 

in the livelihoods as well as animal protein intake of poor households. 

Technological change is a key factor in this transformation. However, most of the 

current innovations focus on relatively high-value species and resource-intensive 

production technologies. As a result, the majority of poor fishers have failed to benefit 

proportionately from the rising production and trade, as they have limited access to 

capital, new technologies, and land and water resources. Past research has so far neglected 

the assessment and prioritization of key species and technologies that are best suited to 

poor fishers and small-scale fish farmers in the Developing Member Countries (DMCs) 

of the Asian Development Bank (ADB). Moreover, the poor fishers and small-scale fish 

farmers face threats from resource degradation, weak public support and investment, 

and worsening conflicts and inequities in access to resources, infrastructure and markets. 

More focused, specific and comprehensive analyses are essential to identify constraints 

and opportunities as well as to develop strategies to help poor people to benefit from 

fisheries and aquaculture. 

In view of this research gap, the WorldFish Center undertook a three-year project 

called “Strategies and Options for Increasing and Sustaining Fisheries and Aquaculture 

Production to Benefit Poorer Households in Asia’’. The project covered nine DMCs, namely 

Bangladesh, China, India, Indonesia, Malaysia, the Philippines, Sri Lanka, Thailand, and 

Vietnam. These DMCs are active players in the transformation of global fish demand and 

supply. The project, funded by the ADB (RETA 5945) was implemented upon request 

from these countries from March 2001 to March 2004 (with a no cost extension up to 

February 2005). It was jointly conducted by the WorldFish Center and national research 

teams composed of fisheries specialists, economists, extension workers, and experts from 

other relevant disciplines.

The project is divided into five components: 1) profile of key aquaculture technologies 

and fishing practices; 2) analysis of policies, institutions and support services; 3) 

socioeconomic profile of major stakeholders in the fisheries sector; 4) projections of fish 

demand and supply in the nine Asian countries; and 5) formulation of national action 

plans based on the findings and recommendations of the study.

EXECUTIVE SUMMARY

T
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This report, a synthesis of the findings and recommendations of the project, is arranged 

in 11 chapters. Chapter 1 gives the background, objectives and scope of the study. Chapter 

2 provides an overview of the economic performance of the fisheries sector in Asia, where 

growth has been rapid in production, consumption, and trade of fish products. The fastest 

growing component is aquaculture, whereas capture fisheries has remained generally 

stagnant, consistent with experience worldwide. Aquaculture constitutes a huge part of 

fish production and is the largest fisheries component for China (by far the world’s biggest 

fish producer) as well as in Bangladesh. In the nine DMCs, technological change has been 

a major driver of growth. This, to a great extent, has been facilitated by innovative research 

and development activities, spearheaded by the public sector. In recent years, however, 

public investment has failed to respond to the needs of the growth and sustainability 

of the fish sector, as well as to the food and income security of the poor people. There 

should be room for further investments that can be integrated to address the fundamental 

problems of poverty and food insecurity in these countries. 

The technology profile (Chapters 3 and 4) reflects the diversity of technologies and 

production practices in both aquaculture and capture fisheries. Economic analysis 

of these technologies shows that returns per unit of land are highest in aquaculture 

involving intensive systems and high value species, such as shrimp. On the capture side, 

the highest returns per vessel are results of fishing with mechanized crafts using larger and 

more sophisticated gear. However, taking into consideration the amount of investment 

(including working capital), the review finds that rates of return between intensive and 

non-intensive systems in aquaculture (focused on low value species) are comparable; 

likewise, some small-scale gears and non-motorized vessels compare favorably with large-

scale gears and vessels. Production by small-scale fish farmers and fishers (who are much 

more likely to be poor), therefore need not be stereotyped as low return activities. 

On the aquaculture side, a high degree of inefficiency in production appears to persist, 

particularly for less intensive systems. The inefficiency is associated with the low level of 

skills and human capital of many small-scale fish farmers. This suggests a large potential 

for increasing production, not only by expanding the area for aquaculture and introducing 

new technologies but also by disseminating existing technologies through a more effective 

extension and training system.

The post-harvest and processing sub-sector is still largely characterized by traditional 

methods, which is highly suited to the requirements of local consumption, as well as the 

capabilities of poor households that engage in these activities. However, the traditional 

system is unable to comply with stringent food quality and safety standards over the 

length of the dispersed supply chain; hence, it remains a major impediment to the greater 

participation of the poor in the benefits of global trade. 
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The comprehensive review of policies and institutions (Chapter 5) reveals a healthy 

recognition of the growth potential and export performance of fisheries, even when (as 

in many countries) sectoral policies remain embedded in overall national development 

plans for the economy and agriculture. Nevertheless, considerable policy gaps remain. 

Commercialized activities, concentrated among high value species (especially in marine 

and brackishwater systems), continue to receive high priority. Trade policies in some of the 

DMCs are highly protectionist, owing to fears of facing global competition. Prioritization 

of high value species for world markets leads to a strong emphasis on compliance 

with international food safety standards, but policies on increasing the participation 

of the poor in export growth are often quite vague. In particular, there are deficiencies 

in providing infrastructure and support services (particularly in ancillary services over 

the supply chain). The usual problems of a large, cumbersome bureaucracy, as well as 

inconsistent and often contradictory decision-making and regulations, continue to hamper 

fisheries development. In the area of aquatic resource management, disenchantment 

with the enforcement performance under the command-and-control set-up has led to 

the promotion of decentralized, community-based arrangements, although these have 

faced their own implementation problems. In some countries with a more effective set of 

institutions, centralized mechanisms continue to be favored (e.g., in China). 

The socioeconomic profile (Chapter 6) indicates that the poorest households tend to 

be engaged in inland fishing. Noteworthy is the wide variation in household incomes 

between marine fishers and freshwater fish farmers. The lower end of the income scale 

represents large numbers of people who are among the poorest of the poor. In general, 

the data confirm the pervasiveness of poverty among small-scale fishers and fish farmers 

in Asia.

Analysis of supply and demand trends (Chapter 7) confirms the high dependence of the 

poor on fish. In the Philippines, India, and Vietnam, there is an unmistakable rise in the 

percentage of fish in the animal protein intake as the household income drops; the pattern 

is less evident but still exists in Bangladesh. The measurement of demand response reflects 

a high variety of price elasticities for the various fish types, implying that fish should not 

be viewed as a single commodity; it needs to be disaggregated into individual species 

groups. Price and income elasticities vary across income groups. It is likely, therefore, that 

when per capita income increases, the demand for fish in Asia will increase substantially, 

but the species combination will change. On the supply side, own-price parameters 

for aquaculture tend to be significant, implying that price response is important when 

production is conducted under relatively controlled conditions in culture systems. For 

capture systems, however, price parameters tend to be rather insignificant, suggesting the 

relative importance of non-price factors (such as the state of the resource base, weather 

conditions, etc.) in determining the supply. Finally, trends in global trade suggest that 

demand in foreign markets have driven much of the production growth in high-value 
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species, with most of the nine DMCs becoming heavily specialized in the production of 

shrimp; whereas rising domestic demand has been met partly by imports of lower-value 

species from abroad.

Projections in supply and demand (Chapter 8) are based on the AsiaFish model, a 

disaggregated, multi-product equilibrium model of the fish sector in each of the nine 

DMCs. The projections from 2005 to 2020 suggest that production of fish in the DMCs 

will continue to increase, but at a slower rate than in the past. Gains may range from 

as low as just 0.2 percent annually in the Philippines to 3.5 percent in Sri Lanka. The 

gains will continue to be dominated by aquaculture, with China, Malaysia and Thailand 

likely to experience the largest increases in output. Per capita consumption in some of 

the high-consumption countries (Bangladesh, Indonesia, and the Philippines) will 

probably decline, as demand growth outpaces the growth of supply and imports. With 

a few exceptions, fish imports and exports are likely to increase. China is expected to 

be the dominant exporter among the nine countries in 2020, accounting for about 52 

percent of the total exports, while Southeast Asia’s share will probably decline. Projections 

by individual fish types are also available from the AsiaFish model. In general, species 

groups that dominate production quantities, such as carps (China, India), will continue 

to be among the leaders in the foreseeable future. Growth will also be rapid in high-

value brackishwater species, especially shrimp. The impact analysis based on the AsiaFish 

model (Chapter 9) implies that market access restrictions in the fish trade, such as the 

imposition of food safety standards, may noticeably affect exports. Improvements in 

capture categories are not expected to make any significant impact on production and 

consumption, unlike technological changes in aquaculture. 

The foregoing projections and impact assessment is broadly consistent with the list of 

priority technologies and action plans for the fish sector (Chapter 10). In drawing up 

the list of technologies, certain criteria were applied, namely: efficiency, food security, 

environmental sustainability, employment generation, and acceptability to the poor. The 

priority technologies are: aquaculture of common freshwater species (polyculture of carp 

in ponds, integrated agriculture and aquaculture, and monoculture of tilapia in cages); 

small-scale fisheries (especially those using specific gears, such as hook-and-line or gill-

net); and seed production of tilapia (a major species). Also high on the list of priorities 

is shrimp polyculture (both grow-out and seed production), largely due to its economic 

importance. Finally, upgrading traditional methods of preservation and processing (e.g., 

icing, fish drying and salting) remains an important technological priority to prevent 

wastage.

Pro-poor strategies for the fisheries sector are encapsulated in the national action plans, 

which display broad areas of regional agreement. The nine DMCs recognize that capture 

fisheries have reached or are approaching production limits, except perhaps for offshore 
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fisheries. For this reason, coastal capture is targeted for capacity and employment 

reduction, in conjunction with better resource management. Capacity reduction entails a 

strategy for minimizing economic dislocation, involving employment generation, credit 

schemes, training programs, and other support for exiting fishers who are embarking on 

alternative livelihoods. 

Significant expansion in fisheries production to meet growing demand and to offer 

livelihood opportunities can only be sought in aquaculture by means of a combination of 

productivity improvement and area expansion. The former is pursued by a combination 

of R & D investment, extension service, and technical support to close inefficiency gaps 

that are more prominent in the small-scale, non-intensive sector. While aquaculture of 

freshwater, low-value species is characterized as pro-poor activity, brackishwater and 

marine aquaculture remains an important sub-sector, even though the need to incorporate 

the poor in the economic returns of these activities is recognized. 

Sustainability of the remaining natural fish stocks requires prudent management of the 

marine resources. Here the options vary, from decentralization and co-management 

to centralized administration under command-and-control schemes. The bottom line 

is improved formulation and enforcement of fishing rules that may require different 

institutional arrangements across countries. Inland fisheries represents an important sub-

sector owing to its significant contribution to food security and livelihoods of the rural 

poor. Establishing community organizations for managing common areas and investing 

in appropriate stock enhancement and enrichment systems are promising means of 

delivering benefits to the poor, particularly for countries with sizable inland fisheries, 

large reservoir areas and extensive seasonally flooded lands.

All the countries recognize that fish production exists within a wider economic context, 

namely, a supply and value chain beginning with the input supply, down to post-harvest 

services, processing, and marketing. Constraints to growth lie at upstream and downstream 

portions of this chain. On the post-harvest and processing side, wastage and poor quality 

of finished products needs to be addressed by investments in landing and post-harvest 

facilities, training of fishers and processors, and buildup of processing enterprises, towards 

better quality standards, particularly to meet global food safety standards. 

All the countries highlight the need for overall improvement in policy processes and 

implementation of development programs, in terms of coordination, policy consistency, 

and quality of human resources (especially in extension and research). Finally, the 

national action plans call for greater regional collaboration, particularly in the area of trade 

negotiation, to counter the arbitrary imposition of non-tariff barriers and protectionist 

measures in developed countries, as well as to harmonize procedures and standards in 

conducting South-South and North-South trade. 
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An evaluation of the project’s impacts (Chapter 11) highlights the project’s contributions 

to policy research in fisheries in the participating DMCs. National and regional 

consultations, as well as various efforts at disseminating research findings, have raised 

awareness of fisheries in the development community. However, the impact of the research 

will ultimately require integration of the national action plans and analytical methods in 

regular development planning, investment programming, and policy implementation. 

Such integration is expected to receive strong support from the national research partners, 

the international network of fisheries experts and organizations, and donors, particularly 

the Asian Development Bank. 

The project has also generated a storehouse of information useful for policymakers and 

researchers, systematically documented in terms of profiles for production, consumption, 

trade and the policy environment. The project has addressed the information and 

research gaps in terms of socio-economic analysis, by providing quality socioeconomic 

research and databases for supporting the fisheries research in the participating countries. 

A total of 19 scientific papers and 4 books have emanated from this project. A special 

issue of Aquaculture Economics and Management (a top peer-reviewed international 

journal)  based on the findings of this project has been prepared. Finally, there has been 

a considerable build-up of research capacity among the participating countries through 

the project. This includes the capacity to undertake systematic, quantitative approaches to 

sectoral planning at the national level, using the appropriate tools, such as priority setting 

and the AsiaFish model, to aid in the process. No doubt, the lasting impact of the project 

will lie in injecting greater rigor, at the national and regional levels, to goal-setting and 

strategic planning activities for the fisheries sector. 
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1CHAPTER 1 | Introduction

1 Throughout this volume, the term “fisheries” generally refers to both capture and culture systems.  Also, fish is defined in broad sense to include finfish. 

Background

Over the last three decades, dramatic changes 
have been observed in the supply of and 
demand for fish1.  Global fish consumption 
per capita nearly doubled from about 8 kg in 
the early 1950s to about 16 kg in 1999, even 
as global population more than doubled. This 
rise in demand has required rapid growth in 
production, much of which is contributed by 
developing countries. Fish exports from these 
countries now surpass in value their traditional 
food exports, such as sugar, beverages, and meat. 
Developing member countries (DMCs), such 
as the People’s Republic of China (PRC), India, 
Indonesia, and Thailand, are now world leaders 
in fisheries exports. Fisheries in the developing 
world continue to exhibit steady growth in 
production, consumption, and trade although 
the sustainability of this trend is now open to 
question given the rapid degradation of the 
aquatic resource base of capture fisheries. 

Contributing to the changing structure of supply 
and demand are technological advances in both 
capture and culture fisheries, changes in legal and 
institutional regimes, and increased consumer 
awareness of the potential of fish as an alternative 
source of animal protein. Technological progress 
in fish genetics, breeding, nursery and grow-out 
operations for aquaculture, as well as gear and 
fishing methods for capture fisheries, highlights 
the potential for further production growth. 
However, most of the current innovations in 
fisheries focus on relatively high-value species, 
resource-intensive production technologies, 

and expensive operations. Because the majority 
of poor fishers have very limited access to 
capital, new technologies, and land and water 
resources, they do not benefit proportionately 
from recent improvements in technology and 
market expansion. As fish production becomes 
increasingly market-driven, linkages between 
production and consumer demand will tighten, 
and agribusiness corporations using commercial 
marketing methods will increasingly control 
the supply chain. Strategies and options must 
be found to enable poor producers to find 
a defensible niche while participating and 
competing in the network of fisheries and 
aquaculture production, marketing, and trade.
 
However, the net effects of continued growth and 
evolution of the fish and aquatic products sector 
on the DMCs are unknown, particularly for the 
poor segments of the population that derive a 
substantial amount of their food and income 
through participation in small-scale production, 
consumption, and sale of fish. Past research has 
so far neglected the assessment and prioritization 
of key species and technologies that are best 
suited to poor fishers and small-scale fish farmers 
in these countries. 

In most DMCs, existing information and 
data collection on fisheries production and 
consumption are fragmented and often 
inadequate for a comprehensive analysis of 
the fisheries sector. For instance, statistics on 
catch and supply from the Food and Agriculture 
Organization (FAO) and the Intergovernmental 
Organization for Marketing Information for 
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concentrate almost exclusively on commercially 
important fish and fish products. Likewise, past 
research in the field often focused on technology 
development in relation to resource assessment 
and biological productivity in fisheries and 
aquaculture. Often neglected are data on 
subsistence production, consumption, and local 
sale, which remain undocumented. Information 
on the supply and management of land, water 
resources, feed, and other inputs, both in the 
market and subsistence sector, is critical in 
assessing the long-term prospects of aquaculture 
and fishery production. More focused, specific, 
and comprehensive analyses of production, 
farming systems, fish technologies, and markets 
are required for evaluating options and designing 
strategies to favor resource-poor fishers and fish 
farmers. There is an urgent need for research 
and policy support to target these disadvantaged 
people.  

In view of these research gaps, the WorldFish 
Center undertook a three-year project entitled 
“Strategies and Options for Increasing and 
Sustaining Fisheries and Aquaculture Production 
to Benefit Poorer Households in Asia’’, with 
funding from the Asian Development Bank 
(ADB-RETA 5945). The project aimed at enabling 
DMCs to improve fisheries policies affecting 
resource allocation and choices about technology, 
as well as to set targets for investments and 
development to address poverty and increase fish 
production in the long run. 

The research was conducted jointly by WorldFish 
and national research teams composed of 
fisheries specialists, economists, extension 
workers, and experts from other relevant 
disciplines. The implementation period was 
from March 2001 to March 2004 and the Project 
continued running until 28 February 2005 with 

no cost extension. Nine DMCs participated in 
the project, namely, Bangladesh, China, India, 
Indonesia, Malaysia, the Philippines, Sri Lanka, 
Thailand, and Vietnam (see Appendix 1)2. The 
nine countries (henceforth referred to as the 
selected countries) produce more than a third of 
global fish catch and supply over 84 percent of 
world aquaculture demand. Fish production in 
the selected countries represents more than 80 
percent of all fish production in Asia. 

Objectives and Scope of the Study

The general objectives of the project were to 
assist the DMCs in: (a) developing appropriate 
strategies for helping poor (often landless) fishers 
to escape poverty; and (b) identifying appropriate 
fish species and technologies for aquaculture, and 
fisheries management. These policies are directed 
towards increased fish production, higher income 
and better nutrition of poor fishers and fish 
farmers, and protection of fisheries resources. The 
specific objectives are to: 

(i) formulate strategies and an action plan for 
increasing fish production, improving nutrition 
and income, and protecting fisheries resources so 
as to benefit poor fish producers and low-income 
consumers;

(ii) determine the most viable and sustainable 
aquaculture and fisheries practices (including 
prioritization of fish species, farming systems, 
fishing technologies, and management practices) 
that are of critical importance to poor fish farmers 
and fishers as well as low-income consumers; 

(iii) analyze  and  forecast  production  and 
consumption of fish by species and income 
groups to evaluate the market potential for 
alternative fish products of poor farmers and 
fishers, and to identify fisheries management 

2 Strategies and Options for Increasing and Sustaining Fisheries and Aquaculture Production to Benefit Poorer Households in Asia

2 All appendices provided on CD only.
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options for increased participation by small-scale 
fishers; and 

(iv) strengthen the capacity of the participating 
DMC institutions in fisheries policy research 
to monitor the impacts of changes in policy, 
technologies, and markets on poor households.

The following activities were simultaneously 
carried out in the nine participating countries to 
achieve the project’s objectives: 

(i) comprehensive cataloguing of current 
aquaculture and fisheries technologies through 
national surveys of fish production, consumption, 
and marketing;

(ii)   developing archetypal profiles of aquaculture 
and fisheries technologies (prioritization of 
fish species, farming systems, fishing methods, 
and fisheries resource management schemes); 
and describing socioeconomic conditions of 
stakeholders (fish producers, consumers, and 
traders) and support service systems (extension, 
credit, processing, and marketing);

(iii)  analyzing   factors   determining   supply,   
demand, trade, and consumption of fish and 
aquatic products of various consumer groups, 
reflecting disaggregations such as income, 
commodity type, locale (rural versus urban), 
resource limitations, and regional distinctions;

(iv) preparing a 15-year projection of supply 
and demand for fish in the participating DMCs, 
broken down by category of stakeholder; and 
simulation to evaluate production, income, 
and equity effects of alternative policy and 
technological options;

(v) ranking and evaluating strategies and 
action plans for adoption of appropriate fish 
species, and developing aquaculture systems, 

fishing technologies, and participatory fisheries 
management measures for the poorest categories 
of producers, in order to increase and sustain fish 
production and resource management;

(vi)  developing a  replicable framework and 
consistent methodology for assessing appropriate 
technologies, socioeconomic analysis, and 
strategy formulation for the use of all DMCs;

(vii) conducting training activities and 
workshops to strengthen the capacity of national 
planners, scientists, and extension workers 
in fisheries policymaking, fisheries economic 
research, and technology development and 
transfer to benefit poor fish producers and low-
income consumers; and

(viii)   developing   a  comprehensive   database 
on biophysical, socioeconomic, and market 
information for policy analysis and assessment 
of impact of changes within and outside the 
fisheries sector so that the database provides 
reliable estimates of the potential targets for 
pro-poor growth, with clear disaggregation at 
various producer and consumer levels.

The scope of research, training and workshops 
under the project spanned five related 
components, namely:

Component 1. Profile of Key Aquaculture 
Technologies and Fishing Practices
 
Aquaculture and fishing practices, including 
operation, areas, production levels, cost and 
return, and adoption pattern, were profiled. 
Major fish species were identified for both 
inland and marine waters. On the capture side, 
the structure of fisheries, gear types used, and 
stock indicators were covered. A description of 
post-harvest handling and processing was also 
incorporated for key fish species. 



Component 2. Analysis of Policies, 
Institutions and Support Services 

Current policies on fisheries and aquaculture, 
feed production, as well as related sectoral 
and macroeconomic policies were evaluated. 
Institutional arrangements, such as the 
implementation of co-management regimes, 
formal and informal regulations for fisheries, 
role of local organizations, etc. were 
discussed. Support services and infrastructure 
were assessed by examining credit/delivery, 
marketing of input/output, extension, research 
and training, and the role of the private sector.  
 
Component 3. Socioeconomic Profile of 
Major Stakeholders in Fisheries 

Survey data containing information on 
consumption, production, and trade of key fish 
species in the partner countries were analyzed 
to characterize the various stakeholders in 
the fishery sector, namely, the consumers, 
producers, and traders. 

Component 4. Analysis of Fish Supply 
and Demand and Projections

Fish supply and demand were projected over 
a 15-year period by using the AsiaFish model, 
a disaggregated model of the fish sector in the 
nine countries. National statistics were used 
to assemble a consistent fish balance sheet 
for the available fish types and sources (i.e., 
major fish species groups and production 
categories). Detailed elasticities of demand 
and supply were estimated using primary and 
secondary data. Alternative scenarios for the 
fish sector were explored, such as varying rates 
of technological change, reduction of fishing 
effort, varying growth rates of income, and so 
on. The projections of trends and prospects for 

the fisheries sector in Asia would enable DMCs 
and development agencies (including the ADB) 
to formulate country strategies and options for 
fisheries development. 

Component 5. National Action Plans

In the final year of the project, the selected 
countries conducted multisectoral consultations 
with various stakeholders in the fishery sector, 
including governmental and nongovernmental 
organizations. The consultations aimed to draw 
up a national plan of action for each country 
and recommend an appropriate management 
policy on fishing and fish farming practices 
that are socially equitable, technically feasible, 
economically viable, and environmentally 
sustainable. 

About This Report

This report synthesizes the findings and 
recommendations of the study. The remaining 
chapters are organized as follows: An overview 
of Asian fisheries, covering both capture and 
culture systems, is provided in Chapter 2. 
Component 1 is covered in Chapters 3 and 
4, which respectively present the technology 
profile and analyze the technical efficiency 
of fish farming. Component 2 is dealt with 
in Chapter 5, which analyzes the policies, 
institutional environment, and support 
services for fisheries. Component 3, on 
the socioeconomic profile of fishers, fish 
farmers, and traders, is covered in Chapter 6. 
Component 4 spans Chapters 7 to 9, which 
analyze the behavior of fish supply and 
demand, present the baseline projections and 
alternative scenarios, and evaluate the impacts 
of various technology and policy options. 
Chapter 10 summarizes all the components and 
discusses the options and suitable strategies 

4 Strategies and Options for Increasing and Sustaining Fisheries and Aquaculture Production to Benefit Poorer Households in Asia
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to increase and sustain fisheries production 
to benefit poor households in Asia. Finally, 
Chapter 11 discusses the project impact. 

This study is the first comprehensive analysis 
of fisheries from the perspective of the poor, 
in terms of the policy and institutional 

environment, production and consumption 
patterns, earnings structure, and future trends. 
As such, it is hoped that this publication will 
serve as an invaluable reference for DMC 
policymakers, donor agencies, researchers in 
fisheries, and students of development. 
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The Global Context

Fisheries represent one sector in which Asia has 
shown robust performance compared to the rest 
of the world (Table 2.1). From 1980 to 2001, 
Asia’s fisheries production had grown at an annual 
average of 5.8 percent, about twice the global 
average of 2.8 percent (Figure 2.1). In 2001, about 
60 percent of the total global fish production 
came from Asia (Figure 2.2). The main source of 
growth in this sector has been aquaculture; from 
the 1990s onward, aquaculture grew by an annual 
rate of about 11 percent, surpassing that of all 
other agricultural commodities in the region.

The fisheries sector is also a significant employer in 
rural areas, providing livelihood for 34.5 million 
people in Asia (Table 2.1). Nearly 22 percent of 
these people are in aquaculture while the rest are 
in capture fisheries. The employment contribution 
can be multiplied further by incorporating indirect 
jobs created by fish trading and processing. 
Meanwhile, per capita fish consumption in Asia has 
also been on an upward trend, currently reaching 
levels comparable to that of the developed world 
(Delgado et al. 2003). 

Exports of fish products from the region have also 
grown rapidly, in pace with production growth. 
The total value of fisheries export from Asia has 
climbed to about $19 billion, representing 34 
percent of the global total, rivaling that of Europe 
(Table 2.1). Asia is now the major source of 
transcontinental fish exports to North and Central 

America (32%) and Oceania (49%), far exceeding 
its rivals’ shares. Furthermore, Asia has competed 
with Africa as one of the leading fish exporters to 
Europe with a share of 11 percent. Meanwhile, 
trade within Asia itself accounts for 51 percent 
of the total imports of all Asian countries (FAO 
2002b).

Contribution of Fisheries within Asia

These aggregate indicators, however, mask large 
variations in the performance of fisheries within 
different parts of Asia. Table 2.2 subdivides Asia 
into China, the rest of East Asia plus Southeast 
Asia, South Asia, West Asia, and Central Asia. 
China emerges as the single largest producer 
of fish worldwide, accounting for 34 percent of 
world production and 56 percent of Asia’s output. 
China’s fisheries have recorded an unparalleled 
annual growth of 14.3 percent during the last 
decade. The rest of East Asia plus Southeast Asia 
comes second in terms of per capita and total fish 
production. However, its output remained almost 
stagnant during the period 1992-2001, compared 
to the high growth performance of China, South 
Asia and West Asia. Within the same period, 
South Asia and West Asia exhibited healthy 
production growth; however per capita production 
remains low due to high population growth. In 
comparison, West Asia and Central Asia (mainly 
republics of the former Soviet Union) are minor 
contributors to Asia’s production: For Central 
Asia, growth has been sluggish to negative while 
per capita production remains insignificant.

Chapter 2

OVERVIEW OF FISHERIES AND AQUACULTURE IN ASIA
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Figure 2.1 Growth of Fish Production, Asia and the World, 1980-2001
Source: FAOSTAT data 2004a.
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Figure 2.2 Shares of Fish Production by Continent (2001)
Source: FAOSTAT data 2004a.
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Continent
Total 

production 
in 2001

(million t)a

Average 
annual growth,

1992-2001a  %

Per capita
food fish 

supply in 1999

(kg/yr)b

Number of fishers and fish 

farmers (000’s) in 2000b

Share of fish 
in animal 

protein 

intakea

Value of fish 
exports, 2001

(US$ billion)c

Fishers Fish Farmers

Asia 

Africa

Europe

North and 
Central 
America

South America

Oceania

World

78.7

7.3

17.9

8.8

15.8

1.1

129.6

5.8

2.8

-0.8

0.2

-0.4

2.0

2.8

17.6

8.0

19.1

16.8

8.5

22.5

16.0

22,377

2,510

794

561

743

81

34,536

7,132

75

27

190

41

5

7,470

23.1

19.0

10.3

7.2

5.8

9.9

15.8

18.9

2.7

19.2

7.9

5.6

1.7

56.1

Table 2.1 Fisheries Indicators by Continent

a  FAOSTAT (2004a) data for 2001 
b The State of World Fisheries and Aquaculture (FAO 2002b)
c FISHSTAT  (2004 a) data for 2001

Among individual countries in Asia, a large 
variation could be found in terms of production, 
consumption, technology, ecosystem type, and 
institutional characteristics. This is true of the 
selected countries, which vary widely in terms of 
size and aquatic resource endowment. Among 
them are huge subcontinental economies (China 
and India), archipelagic nations (Indonesia and 
Philippines), a small island nation (Sri Lanka) 
and medium-sized mainland states (Thailand, 
Malaysia, Vietnam, and Bangladesh). India and 
Indonesia each produced about 6 million tonnes 
in 2001, coming second only to China. Sri Lanka’s 
production was the lowest, amounting to only 
300,000 tonnes. The contribution of fisheries to 
the gross domestic product (GDP) ranges from 
1 percent in India to 5.2 percent in Bangladesh. 
For all the other countries, the contribution falls 
in the range of 2-3 percent. Direct employment 

contribution, meanwhile, is lowest in Malaysia 
and highest in China, followed rather closely by 
Indonesia. 

Consumption of fish also shows large variations 
across the countries on a per capita basis (Table 
2.3). An average Malaysian consumes the largest 
amount of fish (45 kg/yr) while an average Indian 
consumes less than a seventh of this amount 
(about 6 kg/yr). It should be noted, however, that 
only a third of India’s population are fish eaters; 
thus an adjustment to this fact provides a per 
capita consumption in India comparable to that 
of the other countries. Thailand records the second 
highest annual per capita fish consumption (33 
kg/yr), followed by the Philippines and China 
(27 kg/yr and 25 kg/yr, respectively). In general, 
people in Southeast Asia consume more fish than 
those in South Asia. 
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Regional Block
Fish production 

(million t)
Average annual growth, 

1992- 2001 (%)
Per capita production 

(kg/yr)

China
Rest of East-Southeast Asia
South Asia 
West Asia
Central Asia 

44.1
24.3

8.7
1.6
0.1

14.30
 0.04
4.43
3.23

-6.74

34.5
32.9

6.5
6.6
0.7

Role and Contribution of the Different 
Aquatic Ecosystems 

A broad grouping of these ecosystems is presented 
in Table 2.4 with estimated areas under each 
category by country. (Note however that data 
usually pertain to potential rather than actual 
area.) Archipelagic countries, such as Indonesia 
and the Philippines, naturally have larger exclusive 
economic zones (EEZ), surpassing even that 
of subcontinental countries such as China and 
India. Indonesia, having the largest EEZ, has the 
biggest potential for marine fisheries among the 
Asian countries. In many countries, the potential 
for brackishwater capture-fisheries has not been 
properly assessed1, but brackishwater ecosystems 
are mostly recognized for their potential for 
commercial aquaculture. Only few countries have 
started to utilize this potential for mariculture. 
Lastly, a number of countries have identified vast 
areas for inland capture fisheries. 

The contribution made by different aquatic 
systems under culture and capture fisheries 
production is presented in Table 2.5. Marine 
capture fisheries remains the major contributor 

to the total fish output, with the greatest volume 
coming from the archipelagos while inland 
capture fisheries is only a minor contributor to 
the overall production. Brackishwater aquaculture 
has rapidly grown, encouraged by favorable 
prices of cultured fish products in both local and 
international markets. Currently, aquaculture 
is the source of growth in fisheries as marine 
capture has lately reached production limits 
(FAO 2002a). In the Philippines, Thailand, and 
Malaysia, marine aquatic resources are widely 
utilized for mariculture whereas inland culture is 
a major contributor to overall fisheries production 
in South Asian nations, except for Sri Lanka.

Overview of Fisheries Research and 
Development in Asia

Technological change originating from research 
and development (R & D) has been a major factor 
behind the rapid growth in the region’s fisheries.  
Breakthroughs in aquaculture technologies (e.g., 
new culture species and systems, artificial breeding), 
capture fisheries technologies (gear types, vessel 
designs), and post-harvest technologies (onboard 
refrigeration, canning) have contributed to 

Table 2.2 Performance of Fisheries by Asian Sub-regions

Source: Calculated from FAOSTAT data 2004a and US Census Bureau, International Data Base 2004b. 
The State of World Fisheries and Aquaculture (FAO 2002b).

1  Many countries have recorded the output from brackishwater capture fisheries under marine (coastal) capture production. 
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Table 2.3 Contribution of Fisheries at the National Level, Selected Asian Countries

Country
Total area (000’ ha)

Marine Brackishwater Inland
Capture Culture Capture Culture Capture Culture

Bangladesh

China

India

Indonesia

Malaysia

Philippines

Sri Lanka

Thailand

Vietnam 

16,000

47,000

202,000

580,000

55,000

194,000

52,000

37,000

72,000

-

-

-

0.29

97.70

-

-

-

-

-

-

1,940.0

-

-

-

-

-

-

141.3

-

1,200.0

411.0

140.0

239.3

4.0

2,018.0

446.2

4,047.3

15,983.0

2,300.0

-

-

496.0

162.0

1,743.0

306.0

247.5

2,145.0

2,380.0

210.0

255.0

254.0

100.0

-

596.7

Table 2.4 Area under Different Ecosystems, Selected Asian Countries a

a Source: ADB-RETA 5945 Country Reports.

Country

Total production
Contribution
 to GDP (%)

Employment (000’s) Per capita 
fish 

consumption 
(kg/yr)

Total 
foreign 

earnings 
(US$ 

million)

Quantity 
(million t)

Value 
(US$ million)

Direct Indirect

Bangladesh

China

India

Indonesia 
(2000)

Malaysia 
(2000)

Philippines

Sri Lanka

Thailand 
(1999)

Vietnam

 1.9

43.7

 6.0

 5.7

 1.5

 3.4

 0.3

 3.6

 -

 -

34,022

 -

 -

 1,413

 1,775

 378

 3,079

 -

5.2

2.9

1.0

1.8

1.6

2.2

2.3

2.5

 -

1,200

6,600

-

5,300

 104

1,000

 150

 800

 -

 12,000

 6,529

 -

>10,000

 na

 -

 100

 1,200

 -

20.4 

25.0

 5.6

22.0

45.4

27.0

17.0

32.7

19.0

 -

4,190

 -

1,670

 -

 507

 -

 -

 -

Source: ADB-RETA 5945 Country Reports. Figures are for 2001, unless noted otherwise. 
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Country
Fish production (million t)

Marine Brackishwater Inland

Capture Culture Culture Capture Culture

Bangladesh (2001)

China (2001)

India

Indonesia (2000)

Malaysia (2000)

Philippines (2002)

Sri Lanka (2000)

Thailand (1999)

Vietnam  (2001)

0.45

17.01

2.83

3.80

1.29

2.03

0.25

2.70

-

-

4.93

-

0.20

0.92

0.92

-

-

0.08

0.10

6.37

0.10

0.43

0.12

0.25

0.01

0.44

-

0.69

3.65

0.50

0.30

0.00

-

0.03

0.21

0.88

0.69

12.3

2.50

0.99

0.15

0.15

-

0.25

-

 
 

Table 2.5 Contribution to Fish Production of Different Ecosystems, Selected Asian Countries      

a Source: ADB-RETA 5945 Country Reports.

significant increases in quantity, quality, and 
efficiency in fish production. 

With the leveling off of marine landings, 
compared with the potential for further increases 
in aquaculture production, it is not surprising 
to see a general shift in interest and allocation 
of research funding from capture fisheries to 
aquaculture, especially in China, Thailand, and 
Malaysia. As its share in R & D funding declines, 
capture fisheries research has shifted focus 
towards post-harvest handling, product quality, 
and restoration of resources. 

The private sector has played a vital role 
in technological change. This is especially 
evident in the case of commercial aquaculture; 
likewise, private marine fleets have aggressively 
modernized. Nevertheless, it is the public sector 

that plays a key role in R & D systems throughout 
Asia. The scientific capabilities of the systems vary 
among countries as well as institutions within 
the same country; nevertheless, these systems and 
institutions are looked upon as leading sources of 
innovation in their respective countries. 

The history and structure of fisheries R & D 
systems are summarized in Table 2.6. Most of 
these systems evolved as offshoots of agricultural 
research systems. In five out of the nine countries 
(China, India, Malaysia, the Philippines and 
Thailand), fisheries research falls under the 
agriculture ministry, while the remaining countries 
have a separate fisheries ministry independently 
overseeing fisheries research. 

The approach to fisheries research varies greatly 
across the countries studied. China has a large 
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Table 2.6 History and Structure of the Fisheries R & D System, Selected Asian Countries

Country
Main

responsibility
over fisheries

Main 
coordinating 

body for fisheries

Main research
institute

Founding year 
of research 

institute 

Technical human 
resources Remarks

Bangladesh
Ministry of 
Fisheries and 
Livestock

Department of 
Fisheries

Bangladesh 
Fisheries Research 
Institute

First research 
laboratory at 
Comila, 1947

Bangladesh 
Agricultural 
Research Council is 
overall coordinator

China
Ministry of 
Agriculture

Bureau of Fisheries
Chinese Academy of 
Fishery Sciences 

1950s - with 
special attention 
for fish in 
government 
policy

6,948 staff 
members 
in research 
institutes; 3,154 in 
universities and 
colleges, in 2001
 

Fish R & D is the 
responsibility of 
central government, 
with 216 R & D 
institutes above 
county level 

India 
Ministry of 
Agriculture

Indian Council 
of Agricultural 
Research

Research on fish 
is conducted by 
several  institutions 
under different 
ministries. 

Indonesia
Ministry of 
Marine Affairs 
and Fisheries

Agency for Marine 
Affairs, Fisheries 
Research and 
Development 

Central Research 
Institute for 
Fisheries 

212 researchers, 
551 supporting 
staff members

Fisheries research 
was brought under 
a separate ministry 
in 2001, from 
agriculture 

Philippines Department of 
Agriculture

Bureau of 
Agricultural 
Research (BAR)

National Fisheries 
Research and 
Development 
Institute (NFRDI); 
Bureau of Fisheries 
and Aquatic 
Resources (BFAR) 

In 1950, Bureau 
of Fisheries was 
established.

R&D in fisheries 
is coordinated 
under National 
Integrated Research 
and Development 
Program by BAR

Sri Lanka

Ministry of 
Fisheries 
and Aquatic 
Resources

Department of 
Fisheries and 
Aquatic Resources 
(DFAR) 

National 
Aquaculture 
Development 
Authority (NAQDA) 

National Aquatic 
Resources Research 
and Development 
Agency (NARA)

Began with 
establishment of 
Fisheries Research 
Station under 
Department of 
Fisheries

40 researchers with 
supporting staff of 
40 in NARA

In addition to 
NARA, NAQDA 
has a mandate 
for conducting 
applied research in 
inland fisheries and 
aquaculture 

Thailand Ministry of 
Agriculture and 
Cooperatives

Department of 
Fisheries 

Department of 
Fisheries 

716 fisheries 
scientists and 38 
food and post- 
harvest scientists

Branches of 
research organized 
under separate 
bureaus 

 Vietnam 
Ministry of 
Fisheries

Research Institutes 
for Aquaculture, 
Research Institute 
for Marine Products 

Research institutes 
are organized 
by geographical 
regions 



13CHAPTER 2 | Overview

Country Total annual allocation of research 
funds (US$ million)

Year

Bangladesh
China
India
Indonesia
Malaysia
Philippines
Sri Lanka
Thailand
Vietnam 

-
50-60
96.49

35.8
1.03

-
2.1

11.8
1.95

-
-

2001
1998/99

1996
-

2002
2002
2002

Table 2.7 Public Investment in Research and Development, Selected Asian Countries

Source: ADB-RETA 5945 Country Reports. 

 

Country Fisheries R & D investment 
as a percentage of fisheries GDP 

Bangladesh 0.100

China 0.009

Malaysia
0.020

Sri Lanka
0.550

Thailand 0.410

Table 2.8 Investment in R & D as a Percentage of the Fishery GDP

Source: ADB-RETA 5945 Country Reports.

number of fishery research institutes within the 
agricultural system, each with its own specialty. Sri 
Lanka, meanwhile, has a single national research 
institute operating under the separate Ministry 
of Fisheries. On the other hand, responsibility 
for research on fisheries and aquaculture in 

India is scattered among institutions under 
different ministries. While all other countries 
have institutes divided along disciplinary lines, 
Vietnam has introduced a system of research 
institutes specialized on a regional basis.
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In addition to government research agencies, 
universities also play a vital role in research 
on fisheries and aquaculture in all the nine 
countries. Typically, universities with specialized 
faculties/departments/institutes on fisheries and 
aquaculture serve as the breeding ground for 
skilled human resources in government research 
agencies. Further, the academe often carries out 
either independent or collaborative research 
programs for fisheries research funded by local 
and international donors. 

Despite variations found in R & D structures, many 
countries seem to have a leading body or institute 
that acts as the focal point. Such bodies can take 
leadership and/or coordinating roles, rallying out 
the efforts of other organizations that are engaged 
in research, such as other national or subnational 
government agencies and universities. The level 
of coordination among these organizations and 
other stakeholders, such as the private sector and 
nongovernmental organizations (NGOs), is not 
very clear. However, as already mentioned, the 
existence of relatively efficient mechanisms for 
spreading scientific knowledge and technology 
transfer is apparent in significant adoption rates 
by the private sector. While NGOs have begun to 
play an important role in such mechanisms, the 
core diffusion system is still the extension network 
managed by lead agencies such as national fisheries 
departments.

Data on R & D investment are scarce and, when 
available, usually represent commitments instead of 
actual allocations from the public budgets; hence, 
they may be overestimated (Table 2.7). On the other 
hand, these R & D agencies also receive research 
funds in addition to their budget allocations. While 
countries with developed aquaculture industries, 
such as Thailand and China, receive more than 

50 percent of their funds from the government, 
the low-income countries (Bangladesh, Sri Lanka, 
and Vietnam) are entirely government-dependent 
and rely also on contributions from international 
agencies. Other than state research centers, 
universities also conduct research using their own 
funds, or funds from international agencies and 
private donors. The private sector itself carries out 
much R & D although investment data for such 
entities are seldom available.

In relative terms, however, these investments may 
be seen as inadequate. In the selected countries, 
fisheries R & D budget takes up less than one percent 
of fishery GDP (Table 2.8). Even this small budget is 
over-dependent on public funding, the availability 
of which is tied to the overall performance of 
the national economy. For example, the 1997 
financial crisis in the countries of the Association of 
Southeast Asian Nations resulted in severe cutbacks 
in government funding to research institutions.

Summary

Asia is the engine of growth for fisheries production 
worldwide, with China in a leading role, followed 
by South Asia and Southeast Asia. Fisheries 
growth has been propelled by the spectacular 
performance of the aquaculture sector, both in 
freshwater and brackishwater areas. While marine 
sources still account for the greater bulk of the 
total fisheries output, the percentage of their share 
has been declining. The expansion of fisheries 
was facilitated by R & D investments through an 
evolving R & D system, in which the public sector 
played a prominent role. However, there remains 
considerable room for raising the contribution of 
R & D investment to the development of Asian 
fisheries.
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This chapter builds a profile of technologies 
in aquaculture, capture fisheries, and related 
industries. A diverse set of methods, target species, 
costs and returns, and factor shares are catalogued 
and discussed. The chapter is organized as follows: 
the first section is devoted to aquaculture, covering 
the major production environments (freshwater, 
brackishwater, and marine); the second, to capture 
fisheries; the third, to post-harvest and processing; 
and the fourth, to hatchery technologies, which 
are crucial input suppliers to fish farming.

In the economic analysis of this chapter, costs are 
based on market prices. Fishing and fish farming 
impose a wider set of costs than those revealed by 
the market, e.g., through pollution and destruction 
of aquatic habitats. However, unavailability of 
information on these external and long-term 
costs precludes a more comprehensive definition 
of cost. 

Aquaculture

Aquaculture has been developed in Asia for 
many centuries. Traditionally, it was devoted 
to ornamental fish (China) or practiced for 
subsistence (e.g., naturally stocked water 
catchments). In modern times, aquaculture has 
progressed rapidly in the region. Technologies 
range from sophisticated fish growing to more 
traditional practices that tend to be integrated 
with crop farming or animal husbandry (e.g., rice-
fish or duck-fish systems). 

Freshwater aquaculture 

Table 3.1 is a summary of the major freshwater 
aquaculture technologies in the selected countries1.  
Pond systems are the dominant aquaculture 
technologies, with production shares in total 
freshwater production ranging from 58 percent 
(Indonesia) to 85 percent (Bangladesh). 

Polyculture of Indian and Chinese carps, along 
with a few other exotic species, is the most 
dominant system in Bangladesh, accounting for 
63 percent of freshwater aquaculture production. 
A strikingly high proportion (73%) of rural 
households are involved in this type of culture 
system (Mazid 1999), due to the floodplain 
environment throughout the country. Other 
practices include pond monoculture of Thai 
pangus, polyculture of Nile tilapia and carps in 
seasonal ponds (ditches), and polyculture of carps 
(mainly mirror carp) and silver barb in ricefields. 
Monoculture of genetically improved Nile tilapia 
in ponds is also becoming popular, particularly 
among commercial producers.  

The most popular freshwater aquaculture 
technologies in China are polyculture of Chinese 
carps in ponds and monoculture of tilapia in 
ponds and cages. Monoculture of carp is becoming 
popular for intensive culture in cages, ponds, and 
running water systems. In India, meanwhile, the 

Chapter 3

PROFILE AND ECONOMICS OF AQUACULTURE AND 
FISHERIES TECHNOLOGIES

1 Sri Lanka is omitted in the following discussion due to the negligible size of its freshwater aquaculture sector. 
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System Bangladesh China India Indonesia Philippines Thailand Vietnam 

Pond

Polyculture 
of carp and 
other species; 
polyculture 
of Nile tilapia 
and exotic 
carp or barb in 
seasonal ponds; 
monoculture of
Thai pangus

Polyculture 
of carp and 
other species; 
monoculture 
of 
prawn, tilapia, 
carp, Chinese 
mitten-
handed crab, 
Mandarin fish, 
eel

Polyculture 
of carp; 
monoculture of 
prawn

Monoculture 
of common 
carp; 
polyculture 
of
Nile tilapia 
and other 
local species

Polyculture 
of carp; 
monoculture 
of tilapia, carp, 
catfish

Polyculture 
of carp, 
tilapia, 
and other 
species; 
monoculture 
of walking 
catfish, 
snakehead, 
prawn, and 
sand goby 

Polyculture 
of carp and 
other species; 
monoculture of 
red tilapia

Cage or 
pen

Polyculture 
of carp; 
monoculture 
of prawn, 
tilapia, carp, 
Mandarin fish, 
eel, Chinese 
mitten-
handed crab

Monoculture of 
carp and catfish

Single-cage 
common 
carp,
tilapia; 
double-cage 
common 
carp, tilapia

Monoculture of 
tilapia

Monoculture of
Pangasius
bocourti, 
common carp, 
snakehead

Ricefield
Polyculture of 
carp and tilapia

Polyculture of 
carp, prawn 
and Chinese 
mitten-
handed crab

Polyculture of 
carp

Polyculture 
(mostly carp) 

Monoculture of
Macrobrachium 
rosenbergii
(prawn)

Integrated 
fish culture

Integrated 
fish (mostly 
polyculture 
of carp, duck, 
poultry and pig)

Integrated 
farming of 
fish (mostly 
polyculture 
of carp and 
catfish) with 
pig, chicken, 
or duck

VAC system 
-integrated 
farming of 
fish (mostly 
polyculture of 
carp) with home 
garden and pig

Tanks
Monoculture 
of tilapia and 
catfish

Sewage 
feed

Polyculture of 
Labeo bata and 
Cyprinus reba

Culture 
of air-
breathing 
fish in 
shallow 
water

Monoculture 
of Clarias 
batrachus and 
Heteropneustes 
fossilis

Table 3.1 Major Freshwater Aquaculture Technologies in the Selected Countries

Source: ADB-RETA 5945 Country Reports. 
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dominant technology is composite fish culture, a 
distinct polyculture method of Indian major carps 
and exotic carps. Other prominent technologies 
in India include monoculture of air-breathing 
fish, monoculture and polyculture of freshwater 
prawns, cage culture, pen culture, running water 
fish culture, and pearl culture.

In Indonesia, freshwater aquaculture areas occupy 
only four percent of the estimated potential (DGA 
2002). The most important species cultured are 
carp, tilapia, catfish, gourami, and prawn. The most 
important freshwater aquaculture technologies 
are the running water system in ponds, floating 
net cage aquaculture, and culture of fish in paddy 
fields. The floating net cage aquaculture system 
has two packages: single and double.  Most of 
these technologies are monoculture of either 
tilapia or common carp. Polyculture is limited to 
a few species like tilapia, common carp, gourami, 
catfish, river eel, etc. 

Monoculture of tilapia in ponds and cages is the 
most popular freshwater aquaculture technology 
in the Philippines. Meanwhile, polyculture of 
omnivorous species like tilapia, silver barb, 
common carp, Chinese carp, and mrigal in ponds 
and monoculture of carnivorous species like 
walking catfish, snakehead, freshwater prawn, 
and sand goby in ponds are the most widespread 
freshwater aquaculture practices in Thailand (Dey 
et al. 2005a; ICLARM 2001). 

In Vietnam, a small-scale, integrated farming 
system known as VAC combines three different 
farming components. These are: vegetable or 
fruit garden (vuon), fish/shrimp pond (ao) and 
livestock pen (chuong). VAC is the most common 
freshwater technology in Vietnam, especially in 
the northern and Mekong Delta regions. Ponds 
and lakes are among the most productive systems 

in the country, accounting for 60 percent of the 
total aquaculture production in 1996 while 
occupying only 10 percent of the aquaculture area 
(Lovatelli 1997). 

In summary, freshwater aquaculture technologies 
and culture systems in the region include a wide 
range of techniques and methods. Although both 
monoculture and polyculture are commonly 
practiced, polyculture of carps (with other species 
in some cases) is the most dominant form of 
freshwater aquaculture in Bangladesh, China, 
India, Thailand, and Vietnam while monoculture 
is the major form of freshwater aquaculture in the 
Philippines (for tilapia) and Indonesia (tilapia 
and carp)

Brackishwater and marine aquaculture 

Shrimp culture in pond is the most popular species 
for brackishwater aquaculture technologies. 
Thailand, Indonesia, India, Malaysia, the 
Philippines, and Vietnam are major shrimp-
producing countries and more advanced in 
culture technologies. Vietnam, Bangladesh, 
and India have developed a system of shrimp-
rice rotation, a common practice in rural areas. 
Marine aquaculture using sea ranching is popular 
in the Philippines for seaweed, and in Malaysia 
and Thailand for molluscs. The Philippines, 
Indonesia, and Malaysia lead in cage and pen 
culture of milkfish. In the Philippines, catfish, 
prawn, tilapia, and milkfish are cultured in 
pond enclosures located in estuarine water and 
brackishwater. See Table 3.2 for details.

Aquaculture species

There are innumerable freshwater fish species in 
Asia as shown in Table 3.3. China alone has about 
800 species, over 40 of which are cultured (Cen 
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Country Culture system Main species cultured Management system

Bangladesh Mono/mixed in ricefields; polders
Giant sea perch
mullet (yellow-tailed, large-scaled, 
green back) 

Extensive

China 

 

Monoculture in brackishwater 
ponds 
Monoculture in marine cages

Snapper, grouper, mullet

Seabass, grouper, snapper

Semi-intensive, intensive

Semi-intensive, intensive

India
Monoculture in marine cages/
tanks

Mullet, grouper, seabass, milkfish Extensive

Indonesia

Polyculture in ricefields

Monoculture and polyculture in 
brackishwater ponds

Monoculture in cages

Polyculture in cages

Milkfish

Tilapia, milkfish 

Snapper, milkfish 

Grouper, seabass

Intensive, semi-intensive, 
extensive

Semi-intensive and extensive

Intensive, semi-intensive

Intensive, semi-intensive

Malaysia
 

Monoculture in brackishwater 
ponds, pens and marine cages

Monoculture in marine cages and 
pens

Seabass, snapper

Grouper, tilapia, threadfin, 
pomfret

Intensive, semi-intensive

Intensive, semi-intensive

Philippines
Monoculture and polyculture in 
brackishwater ponds and marine 
cages

Milkfish, grouper, tilapia, seabass, 
pomfret

Extensive, semi-intensive and 
intensive

Sri Lanka Monoculture in brackishwater 
pond and pens

Milkfish Extensive

Thailand

Monoculture in brackishwater 
ponds and cages

Polyculture in brackishwater 
ponds

Grouper (Epinephelus coioides and 
E. malabaricus)

Seabass
Mullet

Extensive, semi-intensive, 
intensive

Extensive, semi-intensive, 
intensive

Vietnam 

Monoculture and polyculture in 
brackishwater ponds 

Monoculture in cages

Polyculture in brackishwater 
ponds

Seabass, grouper (E. coioides, E. 
malabaricus and E. bleekeeri)

Snapper

Tilapia, mullet, milkfish

Extensive, semi-intensive, 
intensive

Extensive and semi-intensive

Table 3.2 Marine Finfish Farming Technology in the Selected Countries

Source: ADB-RETA 5945 Country Reports.
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and Zhang 1998). Silver carp (Hypophthalmichthys 
molitrix), grass carp (Ctenopharyngodon idellus), 
common carp (Cyprinus carpio carpio), and bighead 
carp (Aristichthys nobilis) together accounted for 
about 67 percent of the total national freshwater 
aquaculture production in 2000 (FAO 2002b). 
Crucian carp (Carassius carsius) is also an 
economically important species in the country 
(Huang et al. 2004; ICLARM 2001).

In India, Indian major carps, namely, rohu (Labeo 
rohita), catla (Catla catla), and mrigal (Cirrhinus 
mrigala), accounted for 87 percent of the total 
freshwater aquaculture production in 2000 (FAO 
2002). Other economically important freshwater 
aquaculture species in India include silver carp, 
grass carp, common carp and kalbasu. 

The inland freshwaters of Bangladesh are 
inhabited by 60 indigenous and 13 exotic species 
of fish, and 20 species of shrimp, the majority of 
which are available in impounded water bodies.
The Indian major carps, together with silver carp, 
account for more than 78 percent of the total 
pond production in Bangladesh (FAO 2002a). 
Other major species in Bangladesh include grass 
carp, rohu and common carp.

Common carp is the most popular freshwater 
species in Indonesia, accounting for almost 
40 percent of the total freshwater aquaculture 
production in 2000. Other freshwater species are 
tilapia, Nile carp (Osteochilus hasseltii), and Java 
barb (Barbodes gonionotus). River eel is an emerging 
freshwater cultured species with a growth rate of 
45 percent in the last decade (FAO 2002b).

Freshwater aquaculture practice is one of the 
most diversified systems in Malaysia, producing 
20 species and employing 4-5 different culture 

techniques. Culture in ponds is the most popular, 
followed by in cages and pens. Pond culture 
mainly concentrates on polyculture of carp, tilapia, 
catfish and prawn. In the Philippines, tilapia is 
the major freshwater cultured species, accounting 
for 63 percent of the total freshwater aquaculture 
production. Production of milkfish (Chanos 
chanos) in freshwater environment is decreasing 
at an average annual rate of two percent. Since its 
introduction in the Philippines, carp culture has 
been expanding at an average annual growth rate 
of 55 percent during 1993-1997 (Dey et al. 2005a; 
Olalo 2005).

Nile tilapia (Oreochromis niloticus niloticus), 
catfish, gourami and Thai silver barb (Barbodes 
gonionotus) are the most popular freshwater 
species in Thailand. These species contributed 
around 38, 27, and 16 percent, respectively, to the 
total freshwater aquaculture production in 2000. 
Production of these species has been expanding 
steadily at the annual rates of 17, 11, and 16 
percent, respectively (FAO 2002b). In Vietnam, 
a number of freshwater fish species have been 
cultured. Carp contributed 29 percent to the 
country’s fish production in 1996 (ICLARM 1998; 
2001). Other important freshwater species in the 
country are tilapia, catfish, and Thai silver barb.

For brackishwater and marine culture, China, 
India, Indonesia, and Thailand have similar 
numbers of culture species. In these countries, 
however, the most popular species is shrimp—
produced mostly for export. China is the only 
country in the region producing shrimp mainly 
for domestic markets.
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Species group BAN CHI IND INA MAL PHI SRI THA VIE

Freshwater species

Carp + + + + + + +

Tilapia + + + + + + + +

Prawn + + + + + + +

Crab +

Mandarin fish +

Catfish + + + + + + +

Snakehead +

Pangas + + + + +

Barb + + +

Gourami + + +

Rohu + + +

Perch + +

Eel + + +

Ornamental fish + + + + + +

Brackishwater 
and marine species

Shrimp + + + + + + + + +

Milkfish + + + +

Seabass + + + +

Snapper + +

Grouper + + + +

Mullet + +

Eel +

Sturgeon +

Sea bream +

Flounder +

Balloon fish +

Spinefoot +

Crab + + + + + + + +

Oyster + + + +

Mussel + + +

Cockle and clam + + +

Abalone +

Seaweed + + + +

Sea cucumber +

Lobster + +

Ornamental fish + + + +

Table 3.3 Major Species and Species Groups Recorded in Freshwater,  Brackishwater, and 
Marine Aquaculture in the Selected Countries

Source: ADB-RETA 5945 Country Reports.
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Farming practices and productivity

Table 3.4 contains a summary of information 
on farming practices and productivity in the 
selected countries. In comparing the figures, one 
must bear in mind the differing cycle durations, 
corresponding to the various culture species and 
systems. For example, the cycle of typical  tilapia 
culture is less than a year while that of carp culture 
lasts 6 to 24 months. 

China and Thailand stocked many more fingerlings 
per hectare of water area (27,900 pieces/ha in 
China and 67,300 pieces/ha in Thailand), and 
used greater amounts of supplementary feeds 
and fertilizers. Most of the fish farmers in China 
produce their own fingerlings. In Bangladesh 
and India, fingerlings are available from private 
and public hatcheries, and from intermediary 
fingerling traders. Fingerlings in Vietnam are 
largely produced by private hatcheries – only about 
a quarter of the sample respondents in northern 
Vietnam produce their own fingerlings. In the 
Philippines, cage operators get their fingerlings 
from private hatcheries. Pond operators in the 
Philippines and Indonesia obtain fingerlings from 
private and government hatcheries. Many fish 
farmers (such as in India) cite the unavailiability 
of quality fish seeds as a major problem in their 
operations. 

Intensive culture uses complete feed, with 
proportionally more protein and less carbohydrate 
content than what is used in semi-intensive and 
extensive culture (Panayotou et al. 1982; Edwards 
1993; Tacon and de Silva 1997). Farmers in 
Bangladesh, India, and Vietnam use relatively 
less supplementary feed and fewer other inputs in 
fish farming than farmers in China and Thailand. 
Input application suggests that most of the farms 

in Bangladesh and India are extensive. In China, 
there are no extensive farms; most farms practice 
at least semi-intensive production. Dey et al. 
(2000a) reported that freshwater cage culture in 
China is highly intensive. 

In the Philippines, culture systems are semi-
intensive and intensive operations, with almost no 
small-scale or extensive culture systems (Felsing 
and Baticados 2001). In Indonesia, running 
water systems are semi-intensive and intensive 
while rice-fish systems are extensive (Kontara 
and Maswardi 1999). Running water systems 
are heavily dependent on input. Pond culture 
systems use various types of inputs. Average 
stocking density in ponds is between 10,300 and 
67,000 pieces/ha. Fish are fed commercial feed, 
rice bran, oil cake, and others. Both organic and 
inorganic fertilizers are used. Lime is used only in 
Bangladesh and Thailand.

Yields vary considerably among countries. This 
can be attributed to the variation in production 
intensity levels, production environments, 
farming systems and culture practices. For tilapia 
production, cage culture is more productive than 
pond culture. In general, fish yield is significantly 
higher in China than in Bangladesh, India, 
Thailand, and northern Vietnam. 

Production within a country may vary by area. 
Veerina et al. (1993) reported that in some parts 
of India, particularly in Andhra Pradesh, where 94 
percent of the fish ponds were previously used for 
shrimp culture, farmers have successfully adopted 
semi-intensive production practices. They can 
reach annual yields of 6-8 t/ha using organic and 
inorganic fertilizers and plant-based diets, such 
as rice bran, cottonseed meal, de-oiled bran and 
groundnut cake as supplementary feeds. The yield 
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of pond culture system varies from 1,200 kg/ha 
in Uttar Pradesh and 1,500 kg/ha in Madhya 
Pradesh. In general, however, carp yields in India 
and Bangladesh are relatively similar. Yields in 
Thailand and northern Vietnam are also relatively 
similar and are higher than those in Bangladesh 
and India. In Indonesia, cage culture systems 
produce significantly higher yields than running 
water systems.

Yields also vary according to pond sizes. In 
India, freshwater fish farmers report an average 
production of 1,698 kg/ha on farms smaller than 
one hectare  and the production can go up to 
2,624 kg/ha on farms larger than two hectares. For 
brackishwater and marine aquaculture, farmers 
in India obtain the highest yields from medium 
farms (793 kg/ha/crop) and the lowest from 
large farms (730 kg/ha/crop). Small-scale farmers 
produce 765 kg/ha/crop, with the cycle typically 
running twice a year. 

Cost and returns

Costs and returns of freshwater aquaculture 
technologies are calculated for different culture 
systems (e.g., monoculture, polyculture, cage 
culture, and integrated fish culture of different 
types) and levels of intensity. The definitions of 
intensity level follow Edwards (1993) and Dey et 
al. (2000b), as follows: 

•   Extensive systems rely on natural food produced 
in the waterbody without supplementary inputs.
•  Semi-intensive systems supplement natural feed 
with additional feed and fertilizers.
•   Intensive systems rely on nutritionally complete, 
concentrate feed and fertilizers. 

Variable costs are available for almost all species 
in all countries, unlike fixed costs; fixed costs 
can, however, be imputed from the available 
information. Dey et al. (2000a) reported that fixed 
cost of freshwater culture in the reference countries 
accounted for 9-35 percent of the total cost. In the 
context of Bangladesh and Vietnam, fixed cost is 
a relatively unimportant component (McConnel 
and Dillon 1997); therefore, gross margin may 
have been a good measure of profitability. 

Another important indicator is cost-effectiveness, 
measured here by the ratio of the gross margin to 
variable cost, i.e., the net income that one unit 
of current outlay is expected to earn within one 
production cycle. If cost-effectiveness is low, one 
needs a larger outlay to hit the same gross margin, 
which may be a problem if there are limits to 
expansion due to credit constraints, for example. 

Freshwater aquaculture

Costs and returns of freshwater aquaculture 
production in the selected countries are presented 
in Table 3.5. The data are grouped by species, 
then by intensity level and gross cost. As expected, 
when intensity increases, cost as well as revenue 
rises (though the pattern may be obscured by 
differences across countries). Profitability also 
exhibits a tendency to rise with intensity, but the 
pattern is much less obvious. 

It is noteworthy that cost-effectiveness appears 
to be unrelated to intensity; if at all, increasing 
intensity seems to be associated with lower cost-
effectiveness. What is evident is that extensive 
systems peform relatively poorly in terms of 
profitability and cost-effectiveness. However, 
moderate increments in intensity can make a big 
difference in profitability and cost-effectiveness 
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although this improvement does not necessarily 
continue with increasing level of intensity.

Across species, cost-effectiveness is highest for 
tilapia under semi-intensive pond monoculture 
in Bangladesh. In China, even though mandarin 
culture had the highest gross margin, followed 
by polyculture of carp and tilapia, variable costs 
of these enterprises are higher, thereby reducing 
cost-effectiveness. In India, carp polyculture in 
ponds with low inputs has the highest return per 
dollar of operating capital while ponds with high 
inputs has the lowest return. In Thailand, although 
snakehead culture has one of the highest gross 
margins, cost-effectiveness is among the lowest. 
Both monoculture of carp and fish-paddy culture 
are moderately cost-effective in Vietnam.

Brackishwater and marine aquaculture

Costs and returns data for brackishwater fish 
culture in the selected Asian countries are 
presented in Table 3.6; they are grouped and 
ordered in the same way as in Table 3.5. Similar 
patterns are observed as in freshwater culture, 
although cost, returns, and profits are on a higher 
level, given the higher unit value of brackishwater 
species. It is noteworthy that extensive shrimp 
culture in Thailand is highly cost-effective, and 
semi-intensive culture is even more so, but cost-
effectiveness is mediocre for intensive systems 
(despite higher gross margins).

As for species, shrimp under extensive, improved 
extensive and semi-intensive monoculture in India 
appears to be a good performer in terms of both 
gross margin and cost-effectiveness. Improved 
extensive mud crab farming in the Philippines 
also had reasonably high gross margin and cost-
effectiveness. Overall, the data suggest that the 

technologies which were more profitable and cost-
effective were extensive and semi-intensive. Such 
technologies involve lower operating costs and 
appear to be more affordable from the viewpoint 
of resource-poor farmers.

Factor shares and investment 
requirements

Freshwater aquaculture

Factor shares (i.e., percentages in gross return) 
for the major inputs in freshwater aquaculture 
are presented in Table 3.7. Aquaculture intensity 
would a priori be positively associated with 
capital intensity, an expectation that is met by the 
tabulation. It should be noted that high capital 
intensity implies a greater investment need; hence, 
the large outlays required for fixed and working 
capital raise entry barriers for the poor. 

A notable exception is the case of Indonesia, where 
extensive and semi-intensive pond monocultures 
of tilapia and catfish are associated with very 
low use of labor and high use of feed and seed. 
The other exception is the labor-intensive 
pond monoculture of carp and tilapia in the 
Philippines. 

Intensive culture is also associated with a higher 
proportion of feed cost to the total cost. This is 
illustrated by intensive and semi-intensive pond 
polyculture of carp and pond monoculture of 
prawn in China, intensive floating cage culture 
of tilapia in Malaysia, intensive freshwater prawn 
monoculture in the Philippines, and intensive 
pond monoculture of snakehead, river cage 
culture of tilapia, and semi-intensive freshwater 
pond monoculture of prawn in Thailand. The 
technologies that require a higher share of labor 



Species Country Intensity
Yield
(kg)

Price
(US$/kg)

Gross
return

Gross
cost

Variable
cost

Gross
margin

Gross 
margin/ 
variable 

cost

Shrimp Thailand E     104 4.68    487    184    103    384 3.74

Shrimp Bangladesh E    250 6.27 1,567  1,051    876    691 0.79

Shrimp Vietnam E    500 3.57 1,785  1,215 1,013    772 0.76

Shrimp Indonesia E    650 4.71 3,062  1,860 1,550 1,512 0.98

Prawn Philippines E    450 5.12 2,303  2,046 1,356    946 0.70

Shrimp India E 1,000 5.94 5,944  2,238 1,865 4,080 2.19

Shrimp India IE 2,000 5.94 11,889   5,095 4,246 7,643 1.80

Shrimp Thailand SI    356 5.90   2,100      401    256 1,843 7.19

Shrimp Vietnam SI 2,000 5.36 10,710   9,233 7,694 3,016 0.39

Shrimp India SI 4,000 5.94 23,778 11,889 9,907 13,870 1.40

Prawn Philippines SI 2,700 5.51 14,878 19,341 10,192 4,686 0.46

Shrimp Thailand I 2,116 5.29 11,200 10,122   8,401 2,799 0.33

Shrimp Vietnam I 4,000 5.36 21,420 12,916 10,763 10,656 0.99

Prawn Philippines I 7,020 5.41 37,992 47,614 25,703 12,290 0.48

Shrimp Malaysia I 11,894 7.37 87,650 56,078 46,732 40,919 0.88

Milkfish Indonesia IE   1,138 0.95   1,083   1,062    885     198 0.22

Mud crab Philippines IE   1,050 3.94   4,133   3,222 1,694   2,438 1.44
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Country Species Culture System Intensity
Factor Shares (%) Investment 

Requirement
(US$/ha/100 m2)Seed Feed Labor

Bangladesh Carp Pond poly IE 27 20 30   1,108

China Carp Pond poly SI 24 49 9   6,780

I 28 46 8 10,380

Prawn Pond mono SI 20 68 9 3,000

Crab Pen lake E 29 32 18 1,000

India Carp Pond poly SI (LI) 8 14 10    949

SI (HI) 7 7 10 6,369

Prawn Pond mono SI 10 20 10 3,397

Carp Duck-fish SI 6 16 24 1,303

Indonesia Tilapia Pond mono E 35 58 6   352

Catfish Pond mono SI 24 70 5 1,075

Malaysia Tilapia Floating cage I 10 79 7 6,764

Philippines Carp Pond mono I 28 4 68 2,125

Tilapia Pond mono I 19 23 55 3,109

FW Prawn Pond mono I 24 53 12 4,074

Thailand Carp Pond poly SI 19 32 16 1,435

Snakehead Pond mono I 5 69 12 29,845

FW Prawn Pond mono SI 19 49 7 4,270

Tilapia River cage I 17 73 2 2,997

Vietnam Carp Pond mono SI 25 28 24   976

Carp Fish-paddy SI 20 - 40   712

Table 3.6 Costs and Returns of Monoculture of Fish in Brackishwater in the  Selected Countries (US$/ha/cycle)

Notes: 1;  E - extensive, IE - improved extensive, SI - semi-intensive, I - intensive.
             2;  Shrimp/prawn cycle is biannual; milkfish is typically triannual; mud crab is  biannual. 
Source:  ADB-RETA 5945 Country Reports.

Table 3.7 Factor Shares and Investment Needs in Freshwater Aquaculture Technologies in the Selected Countries

Source: ADB-RETA 5945 Country Reports.
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in the production cost are extensive/improved 
extensive pond polyculture of carp in Bangladesh, 
duck-fish culture in India, extensive lake pen 
culture of crab in China, and semi-intensive pond 
monoculture of carp and fish-paddy culture in 
Vietnam.

Brackishwater aquaculture

With respect to factor shares in the brackishwater 
aquaculture technologies in the nine Asian 
countries, in almost all cases, the species is 
shrimp/prawn and the culture system is pond 
monoculture. Irrespective of the intensity of 
culture, seed constitutes a major share in the 
total production cost, except in the case of semi-
intensive and intensive shrimp/prawn culture 
in Vietnam and the Philippines, where seed 
constitutes relatively a smaller share in the total 
cost of production.

Moreover, intensive culture is also associated 
with higher use of feed inputs, as in the case 
of intensive and semi-intensive shrimp/
prawn culture in Malaysia, Vietnam, and  the 
Philippines. In contrast, extensive culture tends 
to be labor-intensive, as in the cases of  extensive 
pond monoculture and shrimp-rice culture in 
Bangladesh, and extensive pond monoculture of 
shrimp in Indonesia and Vietnam. 

Policymakers face the challenge of promoting the 
aquaculture industry without compromising the 
health of the coastal environment. Coastal shrimp 
farming is very widespread in Vietnam, Thailand, 
and China. However, the industry is still in its infant 
stage in Sri Lanka and India, where 80 percent of 
the potential aquaculture land remains untapped. 
Developmental pressures pose an important policy 
question regarding the zoning of coastal lands for 
aquaculture and other uses (e.g., crop farming).

Potential and pipeline technologies

Aquaculture technologies currently under 
development offer great potential for raising 
productivity and farm incomes. New culture 
methods are being disseminated, as in India, 
where the emerging technology is the flow-through 
aquaculture system. This may mark the beginning 
of a shift to industrial aquaculture using canal 
water2.  Improved fish strains, particularly carp 
and tilapia (following the successful development 
of the GIFT strain) are also being introduced, 
using conventional breeding. Breeding has been 
directed primarily towards increasing growth 
rates, although pest and disease resistance, flesh 
quality, and other objectives are also being studied. 
Genetically modified fish and other biotechnology 
applications are in the pipeline, but considerable 
work still needs to be done in the area of risk 
assessment and biosafety regulation. 

The biology and economics of new cultured 
species in various countries are being developed, 
such as indigenous finfish and freshwater prawns 
in Sri Lanka, and organic farming of freshwater 
prawn in Thailand. In commercial shrimp 
farming, P. vannamei has been introduced as an 
alternative to P. monodon. Technologies are also 
being developed on the input side. Malaysia and 
other countries are aiming to develop indigenous 
feed sources to substitute for expensive imported 
fish meal.

Capture Fisheries 

In the tropical belt, fishing targets multiple species 
using multigear and multivessel technologies. 
Traditional, small-scale, and municipal fisheries 
are generally limited to nearshore waters and 
inland waterbodies, and use labor-intensive 

2   This was designed by the Central Institute of Freshwater Aquaculture (Saha and Paul 2000).
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fishing technologies. In most of the countries 
in the region, traditional fishing technologies 
are typically family-based, using small non-
motorized vessels and fishing gear types, such as 
beach seines, gill nets, hook and line, traps and 
other stationary gears, scoop nets, push nets, and 
cast nets. Industrial, large-scale, and commercial 
fisheries utilize mechanized boats ranging from 15 
to 30 m in length, or from 30 to 600 GT in weight. 
This type of fisheries employs relatively capital-
intensive and high-fishing technologies, such as 
trawl, long line, push net, and purse seine. 

Catalogue of existing fisheries technologies 

Classifications of capture fisheries may be based 
on the type of fishing gear (surrounding net, seine 
net, trawl, gill net, lift net, trap, hook and line, push 
net, cast net, scoop net, shell fish collection, and 
other miscellaneous methods) or type of vessel 
(fishing without a vessel, non-motorized vessel 
fishing, motorized vessel fishing, mechanized 
vessel fishing). All forms of fishing in inland water, 
brackishwater and coastal waters are confined 
to single-day fishing operations. Offshore and 
deep-sea fishing operations are mostly multi-day 
in nature, extending up to several weeks in some 
cases. Fishing practices tend to be more diverse 
in brackish and coastal environments, except in 
China, where diversity of capture fishing is higher 
in inland fisheries. 

Inland capture fisheries

Some 30 different technologies and 43 practices 
in inland capture fisheries can be identified (Table 
3.9). These may be grouped into three broad 
categories based on fishing gear types operated, 
namely, without a vessel, with a vessel, and with 
a motorized fishing vessel. Up to 90 percent of all 

fishing is done with non-motorized vessels. Few 
details on the sizes of vessels for this sector are  
available, but from the available information it is 
clear that the majority of them are small fishing 
vessels of 3-6 m in length. In some countries, the 
very poor engage in inland subsistence fishing 
without a vessel.

Brackishwater and marine capture fisheries

At least 49 technologies and 72 practices can be 
found in the brackishwater and marine fisheries 
sectors (Table 3.10). They are grouped under 
four main categories based on the way they are 
operated, namely, fishing without a vessel, with a 
non-motorized vessel, with a motorized vessel, and 
with a mechanized vessel. In India, Bangladesh, Sri 
Lanka, Indonesia, Vietnam, and the Philippines, 
the highest catch comes from non-motorized 
boats, whereas in Thailand, Malaysia, and China, 
this comes from motorized boats. 

Target species 

Major fish groups recorded in the region are listed 
in Table 3.11. According to the official statistics, 
there are about 17 broad groups of fish living in 
the freshwater environment.  Species diversity 
is very high in some countries; for instance, in 
China, over 800 freshwater species are recorded. 
Meanwhile, species diversity is also evident in 
tropical coastal waters. In Bangladesh, there are 
511 species, of which 475 are fish and 36 are 
shrimp species. Of all these species, however, only 
40-50 are important to commercial fishery. 

In most of the countries, fishing technologies 
are well-developed, targeting high-value species, 
such as Penaeid shrimps, lobsters, crabs, and 
squids. Some tuna and other large pelagics are less 
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No vessel Non-motorized vessel Motorized vessel Vessel size (m)

Cast net

Push net

Scoop net

Cast net 3-5

Lift net 3-6

Gill net 3-6

Traps 3-6

Long line 3-6

Seine net
  Small-mesh
  Large-mesh

Drag net

Push net

Small-mesh seine net

Large-mesh seine net

Cluster hooks

Hand/hook line

Reel line

Mosquito seine net 3-5

Scoop net

Set net

Barrier net

Ring net

Trammel net

Bag net

Gill net
Fixed
Drift

5-9

Drag net 5-9

Long line
Fixed
Drift

Seine nets
Small-mesh
Large-mesh

Beach seine
Beach seine with 
bag

Trawl net 5-7

Set net 3-6

Dredging

Harpooning
Trammel net

Fixed
Drift

3-6

Covering net
Set
Drift

Trap 3-6

Lift net 4-6

Cast line -

Table 3.9 List of Inland Fishing Technologies in the Selected Countries

Source: ADB-RETA 5945 Country Reports.
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Without 
vessel

With non-
motorized 

vessel

With 
motorized 

vessel

With 
mechanized 

vessel

Vessel 
length 

(m)

Vessel 
HP

Country

Angling

Cast net

Push net

Drag net

Drag net 3-5

Cast net  3-5

Push net  Small

Sluice gate 
netting

3-6

Gill net   BSGN 4-6

Surrounding net Small

Hook and line  Small

Fish trap Small

Beach seine Small -

Estuarine set bag 
net

Small

Trammel net Small

Trawl net 8-9

Cast net 6-10 25-40

Push net Medium 25-40

Gill net 9-12 10-25

Surrounding
net

Small 15-40

Hook and line/ 
hand line

Small 10-40

Fish trap 6-9 10-40

Bag net 
  ESBN
  MSBN 
  LMSBN 
  FBN 

Shore seine 4-11

Purse seine 15-40

Pole and line 15-40

Squid jigging 15-40

Trawl net 10-40 10-40

Long line Small 10-40

Bottom long line Small 10-40

Boat seine Small 25-40

Lift net Small 10-40

Ring net 8-20 85-120



Table 3.10 (Continued)

Without 
vessel

With non-
motorized 

vessel

With 
motorized 

vessel

With 
mechanized 

vessel

Vessel 
length (m)

Vessel 
HP

Country

Fish pot Small

Danish seine Small

Speer -

Dredge net - PHI

Gill net
DGN
FGN
LMDGN
BSGN
Mullet GN
Dol net

-

10-15 20-88 IND

Drive in net -

Trammel net Small

Push net 14-25 - THA

Gill net 8-17 25-125

Hook and line <40 GRT INA

Fish trap <40 GRT INA

Bag net 8-10 10 – 25

Shore seine 7-10 10-25

Purse seine 9-25 25- 300

Pole and line 9-25 80-350

Trawl net 10-25 40-600

Long line 10-30 25-600

Lift net <40 GRT

Drag net - -

Set net - 150-

Trawl 
  Otter trawl
  Pair trawl

150-400

Falling net <14

Barrier net

Jigging

Stow net
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Source: ADB-RETA 5945 Country Reports.    
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Species group BAN CHI IND INA MAL PHI SRI THA VIE

Freshwater

Chinese carp + + + + +

Indian carp + + + + + + +

Common carp + + + + + + +

Catfish + + + + + +

Snakehead + + + + +

Crucian carp +

Mud carp + + + +

Eel + + +

Salmon +

Crab +

River cod +

Anchovy +

Barb + + +

Bream + +

Hilsa + +

Prawn + + + + +

Tilapia + + +

Brackishwater/
marine

Prawn/shrimp + + + + + + + + +

Sciaenids + + + + + + +

Pony fish + + + +

Catfish + + + + + +

Shark + + + +

Ray + + + +

Pompret + + + + + +

Mullet + + + + + +

Anchovy + + + + + + + + +

Sardine + + + + + + + + +

Herring + + +

Mackerel + + + + + +

Scad + + +

Hairtail + + + + +

Ribbon fish +

Indian salmon/
salmon

+ - + +

Eel + + +

Tuna + + + + + + +

Cuttle fish/squid + + + + + + + +

Other mollusks + + +

Lobster + + +

Crab + + + + + + + +

Rock fish/
demersals

+ + + + + + + +

Hilsa + + +

Jelly fish + +

Dolphin fish + + +

Barracuda + + +

Bream + + + +

Bill fish + + +

Table 3.11 Common Species and Species Groups in Capture Fisheries

Source: ADB-RETA 5945 Country Reports.
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exploited owing to limited operational range of 
the majority of the existing fishing fleets and lack 
of appropriate technologies. 

Trends in catch per unit effort 

Catch per unit of effort (CPUE) is an important 
indicator of the average productivity of fishing, 
as well as the sustainability of a fish stock. CPUE 
data for inland and marine environments are 
respectively shown in Tables 3.12 and 3.13. 

For inland capture fisheries, information is scanty, 
given the rudimentary level of fishing technology 
for this environment. In Bangladesh, information 
on CPUE is available for Kaputi Lake fisheries, 
where the average CPUE figure for all fishing 
gear types was only 11.44 kg/day (Ahmed 2000). 
The range in CPUE was from 2.91 kg/day for reel 
line to 32.16 kg/day for mosquito seine nets. In 
freshwater fisheries, the highest CPUE figures were 
recorded from seine nets and gill nets. In Sri Lanka, 
declining CPUE was observed in some inland 
waterbodies, a trend that has been attributed to 
the use of small-mesh gill nets and monofilament 
nets. A falling inland CPUE in Vietnam, meanwhile, 
has been attributed to overfishing, pollution, and 
flood control measures. 

For marine fishing, vessels tend to be motorized 
or mechanized, and CPUE information is widely 
available as multi-day vessels typically maintain 
logbooks. In the marine sector, fishing effort 
has been increasing in many types of fisheries, 
resulting in a decline in the CPUE. This has been 
true for India, where substantial increase in fishing 
effort since 1970 is accompanied by declining 
CPUE values for inshore fishing grounds. While 
traditional fishing still constitutes 52 percent 
of the total fishing effort, it has a share of only 

13 percent of the total landing. Hence, CPUE is 
very low, at 25 kg/day, against 284 kg/day  for 
mechanized fishing.

In Sri Lanka, the CPUE for many commercial 
coastal fisheries shows a decline, for example, 
in prawn trawling and lobster bottom set gill 
netting. Use of destructive fishing gear types and 
excessive fishing effort has led to both growth 
and overfishing. Extensive studies conducted on 
the Gulf of Thailand found a pronounced decline 
in the CPUE. Coastal fisheries in Vietnam also 
exhibited a falling CPUE, from 1.1 t/HP in 1985 
to only 0.6 t/HP in 1998. 

However, in Malaysia the CPUE was increasing 
from 1988 to 2000 for all mechanized commercial 
fisheries using trawl, purse seine, drift gill net, hook 
and line, and portable traps. In Indonesia, rising 
fishing effort has likewise been accompanied by a 
higher CPUE in offshore and deep-sea fisheries. 

Costs and returns in capture fisheries

Costs and returns data are obtained mostly from 
the country studies under the ADB-RETA 5766 
and related research. These studies collected 
data mostly from the late 1980s through the 
1990s. Information is presented in Table 3.14 
by country, due to the wide variety of gear types 
across countries. Within each country, the data are 
ordered by increasing investment cost (although 
the same gear types are grouped together); for 
China, however, data are ordered by gross returns. 
Investments tend to be larger for purse seiners, 
trawlers, and offshore boats, with deep-sea boats 
in India posting the largest investment outlay.

In general, higher gross returns require greater 
investment outlays, as well as higher current 
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costs. Profitability also tends to rise with greater 
investment; however, there are some exceptions 
evident in the Table, the most glaring of which 
is in China, where the sample boats posted net 
losses (probably as a result of a shock during the 
survey year). 

The rate of return, however, shows no clear pattern; 
one may in fact point to several low-price gear types 
that pose high rates of return, compared to the 
more expensive gears. This is shown in the case of 
small and medium motorized boats in Bangladesh, 
gill nets in most of the countries (except for King 
mackerel gill net), and small, multi-gear vessels 
in Thailand. In Vietnam there is little difference 
in rates of return across gear types. Clearly, large 
absolute net returns are possible only with higher 
investment in bigger and more sophisticated gears 
and vessels, but certain categories of small-scale 
fisheries are highly profitable relative to the small 
size of the initial investment.

Potential and pipeline technologies

Policymakers in most of the selected countries 
have identified a number of pipeline technologies 
for marine capture fisheries (summarized in 
Table 3.15). Given concerns over declining 
natural stocks, particularly for inshore waters, the 
recommended technologies are generally directed 
offshore, where there is a widespread belief that 
exploitable fish stocks are still available. With 
the export opportunity for tuna, many countries 
intend to expand and modernize their tuna fleets. 
Thailand is promoting the operation of super 
purse seine vessels and long-line fishing for its tuna 
industry although the former requires enormous 
investment and complex technologies, and the 
latter requires more management ability. Sri 
Lanka is also aiming to develop its deep-sea tuna 

industry; in addition, the government is promoting 
environment-friendly fishing technologies, such 
as small-mesh gill net and long line fishing 
among poor coastal fishers. Other environmental 
concerns are evident, such as the introduction of 
turtle exclusion devices for the Philippines and 
the use of sophisticated techniques for coastal 
resource assessment in India. 

For inland capture fisheries, Bangladesh and 
Sri Lanka are planning to recommend fishing 
technologies, such as gill net, cast net, clap net, 
trap, and hook and line, for future implementation 
to ensure sustainable stocks. The most promising 
area of development seems to be enhancement 
and supplementation of natural fish stocks, as 
well as various methods and practices for culture-
based fisheries that are suitable for inland waters, 
particularly in floodplains. Stock enhancement 
has proven to be successful in inland lakes and 
reservoirs in China and India while culture-based 
fisheries, accompanied by community-based 
fishing arrangements, have shown a tremendous 
promise for expanding production and improving 
livelihoods in the case of Bangladesh. 

Processing and Post-harvest 
Technologies

Processing and post-harvest technologies in 
selected countries are listed in Table 3.16. Post-
harvest and processing may be deemed a “dual 
economy” in which traditional, small-scale 
activities co-exist with a modern industrialized 
sector. Throughout Asia, fish is generally 
consumed fresh; whatever processing takes place, 
traditional activities dominate and the products are 
typically for local consumption. Traditional fish 
processing is carried out in small-scale backyard 
operations. Most of these processing units are 



Gear Vessel CPUE (kg/day)

IND INA MAL SRI

Fish gill net
Nonmotorized   8
Motorized 20
Mechanized 68 90-116 80 60

Hook and 
line

Nonmotorized   8
Motorized  23
Mechanized  35

Cast net No vessel 2-6

Long line
Motorized   15
Mechanized    116     90   85

Purse seine
Motorized   85
Mechanized 870 1,072 1,000 250

Ring net
Motorized   85
Mechanized 730    488 -

Push net No vessel    5

Single vessel 
trawl

Non-motorized  25
Motorized 27
Mechanized  234   500 32

Fish trap

Non-motorized   8
Mechanized     80 -
Motorized 26
Motorized 12

Squid trap/
pot

Motorized   4

Hand line
Multiple 
hand line

No vessel   3
Non-motorized   3
Motorized 114 -
Motorized 26
Mechanized 80 35

Hand 
picking

No vessel   2

Trammel net
Non-motorized 12
Motorized 200 -

Beach seine Non-motorized 714 200

Drag net No vessel    5

Squid jig Motorized    5
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Gear Vessel CPUE (kg/day)

Bangladesh Sri Lanka

Gill net Non-motorized  8.4 3-4

Motorized 3.5 4-15

Cast net No vessel 1.5

Hand line/hook and line No vessel 1

Non-motorized 3.4 2.5

Lift net Motorized 24.1

Push net No vessel   3.6

Seine Motorized 30.8

Long line Motorized   4.6

Trammel net Non-motorized 1.5

Motorized 2.5

Table 3.12 Level of Motorization and CPUE Values by Fishing Gear in  Inland Fisheries, 
                       Bangladesh and Sri Lanka

Source: ADB-RETA 5766, 5945 Country Reports.

Source: ADB-RETA 5766, 5945 Country Reports.

Table 3.13 Level of Motorization and CPUE Values by Fishing Gear in 
                       Brackishwater and Marine Sector, Subset of the Selected Countries
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located in coastal areas close to fish landing 
ports, often with family labor  tapped for the 
activities. The processing industry is characterized 
by the application of low-level technology, thus 
producing relatively poor-quality, low-value 
products. Traditional processing and post-harvest 
treatment methods include sun-drying, salting 
and drying, smoking, curing, and making fish 
sauce and fish paste. Modern processing and 
post-harvest handling have recently developed in 
response to a growing export market and rising 
living standards. Icing, freezing, and canning are 
popular modern technologies.

In countries where export of fisheries products 
is predominant, such as Bangladesh, India, 
Indonesia, the Philippines, Thailand, and 
Vietnam, processing and post-harvest technology 
is in line with the demand of importing countries. 
For instance, production of ready-made food, 
such as fish finger/cutlet, prawn tempura, canned 
seafood soup, sandwich spreads, and TV dinners, 
has become popular. In addition, ethnic Asians 
in developed countries have stimulated demand 
for more traditional products such as fish sauce, 
fish/shrimp paste, and fermented fish. There 
is great diversity in traditional technologies 
across countries. As modern technologies are 
mainly applied to export products, they are fairly 
standardized across countries.

Traditional processing is even more widespread for 
inland capture fisheries than for marine fisheries. 
The case of Sri Lanka may serve as a typical 
example. Fish caught from inland reservoirs is 
sold fresh at fish landing sites. Ice is not normally 
available in most of the remote areas; so the fish 
is not chilled but simply carried in noninsulated 
boxes for sale the same morning while it is still 
fresh. Ice is used at bigger landing sites. There are 

practically no freezing or cold storage facilities 
for fish in inland areas. Virtually no processing is 
done on freshwater fish as there are no surpluses 
in production and hardly any spoiled fish on 
landing. The few who process fish do so on a 
limited scale, using traditional methods such as 
smoking, drying, and curing. 

Traditional  processes result in products that 
meet domestic food needs and require minimal 
investments; hence, these activities are undertaken 
by the poor, many of whom are women. However, 
unlike in modern processing business, value added 
tends to be very small, and the products handled 
and processed by traditional means are unable to 
enter world markets. This characterizes a bulk of 
production carried out in aquaculture and capture 
areas of the region, with the exception of high-
value species (e.g., shrimp and tuna).
 
Thailand has an advanced post-harvest and 
processing sector in the region. Unlike in other 
countries, a large proportion of fish production 
is processed, showing a thriving downstream 
sector. About 30 percent of the marine fish catch 
is trash fish; this is used mainly as raw material 
in fish meal industry. Of the remaining amount 
(70 percent of the catch) , 80 percent is processed 
while 20 percent is used as food fish. Meanwhile, 
all freshwater fish is used as food fish, some in 
processed form. Evidence of the replacement of 
traditional technologies by modern ones in recent 
decades may be seen in Table 3.17. 

Both basic labor-intensive and advanced 
automation technologies are employed to produce 
a wide variety of frozen fish products. These 
products are  manufactured in large factories, 
each employing 100-2,000 workers. The frozen 
products include shrimp, fish fillet, surimi and 
surimi-based products, and fish sausage and ham. 



Vessel type TIC GR TVC TFC TC NPT NRR (%)

  Bangladesh

  Small MB    2,599    4,316   1,886        506 2 ,392  1,924 80.4

  Medium MB     6,955    9,392   3,926        919   4,845  4,548 93.9

  Large MB   36,100 27,266 12,112     5,885 17,998  9,267 51.5

  Trawler 837,971 417,95 189,74 157,005 346,749 71,207 20.5

  China

  Single trawler     6,584   4,715 1,728 6,443 141 2.2

  Stow netter   12,110   9,101 5,250 14,351 -2,241 -15.6

  Set netter   18,754   9,167 5,549 14,716 4,038 27.4

  Bottom pair trawler   22,012 17,094 5,836 22,931 -918 -4.0

  Bottom pair trawler   44,880 17,527 20,020 37,548 7,333 19.5

  Jigger 132,073 39,147 68,762 107,909 24,165 22.4

  Purse seiner 138,623 26,303 62,610  88,913 49,710 55.9

  India

  NMA – hook and line        940   1,970       260     260   1,800    170 9.4

  NMA – gill net     1,590   2,070      440    440   1,880    190 10.1

  NMA – boat seine     2,790   4,200       660    660   3,870    330 8.5

  MA – hook and line     1,800   3,800       560    560   3,410    390 11.4

  MA – gill net     2,950   3,640       660    660   3,250    390 12

  MA – ring seine   16,400 21,090     4,820 4,820 17,870  3,220 18

  Small trawl   16,860 28,660    4,950 4,950 25,870  2,790 10.8

  Mechanized gill net   11,150 12,690     3,360 3,360 10,990  1,700 15.5

  Purse seine   32,790 39,350   10,040 10,040 29,060 10,290 35.4

  Dol net   11,400 16,050     3,430 3,430 13,190   2,860 21.7

  Pair trawl   29,070 42,630     7,380 7,380 36,240  6,390 17.6

  Sonar boat   36,070 65,590     9,020 9,020 58,210  7,380 12.7

  Deep-sea boat 518,150 270,550 107,140 109,300 216,440 25,000 2.36

  Indonesia

  Dogol    2,740 11,610 7,110 7,380 4,230 57.3

  Cantrang    5,020   8,020 6,390 6,890 1,130 16.4

  Gill net    5,890 11,290 6,630 7,220 4,070 56.4

  Arad    6,940   8,240 5,840 6,530 1,710 26.2

  Rawal dasar    9,490 12,240 7,220 8,170 4,070 49.8

  Malaysia

  Drift –net    5,020   7,790  4,840    500  5,340  2,450 45.9

  Trawl (25-40 t)  36,450 68,820 51,690 3,650 55,340 13,480 24.4

  Trawl (40-70 t)  50,060 80,250 59,150 5,010 64,160 16,090 25.1

  Purse seine (25-40 t)  25,280 71,260 53,920 2,530 56,450 14,810 26.2

  Purse seine (40-70 t) 33,680 148,880 122,040 3,370 125,410 23,470 18.7
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Table 3.14 Costs and Returns (US$/yr) of Marine Capture Fisheries in the Selected Countries
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Vessel type TIC GR TVC TFC TC NPT NRR (%)

  Thailand

  Small-scale, single-gear   1,810 1,960 1,200 570 1,770 190 10.7

  Small-scale, two-gear   2,850 5,300 3,280 1,080 4,360 940 21.6

  Small-scale, three-gear   3,600 5,750 4,060 700 4,760 990 20.8

  Small-scale, four-gear   4,430 6,210 4,380 1,230 5,610 600 10.7

  Beam trawl   7,730  3,140 2,340 330 2,670    470 17.6

  Push net 20,880  5,880 4,670 1,060 5,730    150 2.6

  Otter trawl 52,950  7,570 5,170 1,040 6,210 1,360 21.9

  King mackerel gill net 93,460  8,420 6,030 1,950 7,980    440 5.5

  Pair trawl 97,100 14,580 11,100 2,220 13,320 1,260 9.5

  Purse seine 119,200 15,120 11,230 1,900 13,130 1,990 15.2

  Vietnam

  Hook and line 13,570 6,976 5,475 1,501 27.4

  Single trawler 33,500 7,213 5,648 1,565 27.7

  Purse seine 41,990 3,448 2,679    769 28.7

  Pair trawler 65,180 7,904 6,299 1,605 25.5

 .

Table 3.14 Continued

Notes:   1.   TI – total investment;       GR – gross returns;     TVC – total variable cost; 
                    TFC – total fixed cost;     TC – total cost; NPT – net profit;   NRR – net rate of return. 
                    We have: TVC + TFC = TC;  NPT = GR – TC; and NRR = NPT/TC. 
                2.   Data from the Philippines were omitted due to non-comparability with available data.
               3.   Data from Thailand are at a household level; hence, they include multiple gears, consisting of combinations of 
                     shrimp gill nets, cuttlefish trammel nets, and Indo-Pacific mackerel gill nets.
                4.   MB – motorized boat; NMA – non-mechanized artisanal vessel; MA – mechanized artisanal vessel. 
 Source:  ADB-RETA 5766 Country Reports.

For canned products, mostly in the form of canned 
tuna and shrimp, technological progress has led 
to improved quality and safety, as well as to new 
types of packaging. Modern processing techniques 
have even been introduced to manufacture 
traditional products, such as fish sauce,  and fish 
snacks (shrimp, fish and squid crackers). A new 
direction of development is dried fish seasoning. 

Thailand has successfully tested and implemented 
the Code of Conduct for responsible 
shrimp production. Certification pertains to 
environmentally friendly production processes, as 
well as low chemical residues and contaminants 
in finished products.

Hatchery Technologies

A well-functioning hatchery system is a 
prerequisite for the successful dissemination of 
aquaculture technologies. However, information 
on the hatchery system in each country is scanty. 
In 2000, Malaysia had two specialized government 
hatcheries and 195 private hatcheries/nurseries 
producing both freshwater and marine fish 
and shrimp/prawn fry. In addition to local 
production, fry, particularly of marine finfish, 
were imported from overseas. The government 
hatcheries produced 15.30 million fry from 
freshwater environment and 174.08 million fry 
from brackishwater environment in 2000. Private 



39CHAPTER 3 | Profile of Technologies

Country Pipeline technology

Bangladesh
Development of industrial fishing fleet
Increased motorization of artisanal vessels 

China
Establishment of artificial reefs
Release of fish and shrimp seed

India

Conversion of trawlers into long liners 
Popularization of monofilament long-line fishing
Seasonal conversion of bottom trawlers into drift gill netters
Conversion of purse seiners to trawlers along the upper south west  coast
Resource assessment through remote sensing and geographic information system

Malaysia
Development of onboard navigational technologies in large fishing vessels
Development of onboard capture fishing technologies in large fishing vessels 

Philippines
Introduction of turtle exclusion devices to trawl nets
Introduction of new designs of deepwater fish aggregating devices for tuna fishing 

Sri Lanka
Promotion of tuna long lining and ring netting using modern technologies in offshore waters
Promotion of small-mesh gill netting among coastal fishers
Popularization of low-cost fish aggregating devices in selected coastal fishing communities 

Thailand Development of offshore and deep-sea tuna fishing through purse seining and long lining 

Vietnam Development of tuna and other pelagic fisheries in upwelling areas (potential)

Table 3.15 Potential and Pipeline Technologies in the Marine Sector of the Selected Countries

Source:  ADB-RETA 5945 Country Reports.

hatcheries’ production of fish and prawn fry from 
both environments was placed at 0.28 billion and 
2.84 billion fry, respectively. The government and 
private hatcheries also produced fish and prawn 
seeds from both freshwater and brackishwater 
environment to support the aquaculture industry. 
The main species bred are tilapia, carp, and catfish 
from freshwater environment, and prawn, shrimp, 
Barramundi freshwater prawn and grouper from 
brackishwater environment (DOF – Malaysia 
2001).

In India, the average cost of production of fish 
seeds has been estimated at Rs50,000 (US$1,000) 
per hectare; the brooders’ share in this amount is 
12-15 percent. Maintenance and supplementary 
feeds amount to around 50 percent of the total 
cost. The cost of production of 1,000 seeds ranges 
from Rs60 in private rearing ponds to Rs140 
in government hatcheries, with a net return of 
Rs25/1,000 seeds. The net return/ha is around 
Rs40,000.
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Table 3.16 Post-harvest Technologies in the Selected Countries

Technology BAN CHI IND INA MAL PHI SRI THA VIE

Traditional

1. Drying + + + + + + + + +

2. Salting + + + + + +

3. Curing + +

4. Boiling + +

5. Smoking + + + + + + +

6. Dried and wet-salting + + + +

7. Icing + + +

8. Salting and dehydrating + + +

9. Making fish sauce + + + + +

Modern

10. Freezing + + + + + + + +

11. Quick freezing + + + + + + +

12. Deep freezing + + + +

13. Blast freezing + +

14. Canning + + + + + + + +

15. Deboning + +

16. Extracting +

17. Steaming +

18. Fermenting + + + +

19. Fish milling +

20. Bottling + +

21. Retort pouching +

22. Making fish/shrimp paste + + + + + +

23. Others + + + + + +

24. Fish meal processing + + +

25. Fish oil + + + + +

26. Chilling + + + +

27. Mincing +

28. Value adding + + + +

29. Vacuum pouching + +

Source: ADB-RETA 5945 Country Reports.

In Bangladesh, hatchery development began 
in the early 1970s, when government-owned 
hatcheries began producing quality seed through 
artificial breeding. By 1988, there were a total of 

239 hatcheries, and by 1998, the number rose to 
776, a large number of which were small-scale 
privately owned hatcheries. 
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Type of plant 1979 1982 1987 1992 1997 1999

Freezing (modern) na 41 80 120 130 134

Canning (modern) 13 24 41 49 44 42

Steaming (traditional) 63 147 78 71 52 78

Smoking (traditional) 9 170 86 28 24 19

Dried shrimp (traditional) 121 301 176 188 139 140

Table 3.17 Number of Fish Processing Factories in Thailand

Source: ADB-RETA 5945 Country Reports.

Item Average per farm of 2.40 ha size

Jessore Mymensingh All locations

A. Total variable cost 12,423 16,824 14,623

B. Total fixed cost 4,692 5,016 4,853

C. Gross cost (A + B) 17,114 21,840 19,477

D. Gross return 29,482 35,099 32,291

Gross margin (D-A) 17,060 18,275 17,667

Net return (D-C) 12,368 13,259 12,814

Net return per hectare 5,111 5,618 5,361

Gross margin/operating capital 1.37 1.09 1.21

Gross return/gross cost 1.72 1.61 1.67

Table 3.18 Costs and Returns (US$/yr) of Hatcheries for Freshwater Aquaculture in Bangladesh

Source: Khan 2003. 

Detailed costs and returns data for Bangladesh 
were obtained from a survey of 50 hatcheries. 
The average farm size was only 2.39 ha, of which 
2.24 ha was the brood pond area and 0.15 ha was 
the hatchery area. Costs and returns of hatchery 
operation were calculated both on per farm and 
per unit area bases (Table 3.18). Human labor 
was the single major cost item, representing 26 
percent of the total cost. The other cost items 
were feed, hormone and rent for land. Most of the 
return (97.75%) was obtained from the sale of 
the spawn. The brood fish sold represented 2.10 
percent of the gross return and brood fish used 

at home accounted for the remaining portion 
(0.15%) of the gross return. Net return per hectare 
was much higher than that of typical aquaculture 
operations in Bangladesh. 

Hatchery operations are profitable although 
investment costs are high  and technical skills 
are required for proper management, causing 
considerable entry barriers for the poor. 
Nevertheless, hatchery development can indirectly 
benefit the poor by offering employment (owing 
to its high labor need) and supplying fingerlings 
to poor fish farmers.



Introduction

The   biophysical potential for growth in aquaculture 
in the region is still far from being exhausted. 
At the national level, Asian countries continue 
to search for technological breakthroughs such 
as developing genetically improved freshwater 
fish species to increase productivity.  In general, 
the production potential of fish farming can be 
realized through the following options: (1) more 
efficient use of farmers’ resources and inputs given 
existing technology; (2) further development and 
adoption of new technologies; (3) increase in the 
use of inputs; and (4) expansion of area for fish 
production. The fourth option is feasible only if 
a country still has unexploited area suitable for 
aquaculture. Similarly, intensification is a feasible 
option only if farmers are using inputs below 
economically and environmentally optimal levels. 
However, reducing the inefficiency of farmers 
(option 1) is a potential strategy for increasing 
fish production without resorting to increased use 
of inputs. Often, farmers are not efficient in their 
production due to lack of knowledge in the proper 
use of inputs; this problem can be traced back 
to inadequate extension services and improper 
adoption of an existing technology. 

The state of adoption of existing aquaculture 
technologies in the region presents enormous 
potential for increasing productivity of fish farmers 
beyond the average yield currently achieved. It 
is often the case that the output of fish farmers 

applying a certain technology differs considerably, 
with some producing close to the potential while 
others fall short by varying amounts (Arjumanara 
2002; Dey et al. 2004a). Dey et al. (2004a) 
reported that the ratio of the average farm yield 
to the maximum farm yield of carp polyculture 
in Bangladesh was 0.46, suggesting a significant 
potential for carp farmers to increase their outputs 
and incomes. It is, therefore, important to examine 
the level of technical efficiency (i.e., the ability of 
a farmer to obtain the maximum yield from a 
given set of inputs) of the fish farmers in Asia in 
order to assess the potential by which aquaculture 
production can be increased without necessarily 
increasing the use of physical inputs1.  

Among various approaches to estimate farm 
efficiency, the most popular is still the stochastic 
frontier production function approach (Aigner 
et al. 1977; Meeusen and van den Broeck 1977). 
This technique is appropriate in fisheries and 
agricultural applications, especially in developing 
countries, as data from these sectors are likely 
to be heavily influenced by measurement errors 
and effects of weather conditions, diseases, etc. 
(Jaforullah and Devlin 1996; Coelli et al. 1998; 
Kirkley et al. 1998). Recent applications of 
frontier analysis in Asian aquaculture have mostly 
used the stochastic frontier production approach 
(Gunaratne and Leung 1996, 1997; Sharma 1999; 
Sharma and Leung 1998, 2000a, 2000b; Bimbao 
et al. 2000; Bimbao et al. 2000; Dey et al. 2000b; 
and Irz and McKenzie 2003).

Chapter 4

TECHNICAL EFFICIENCY OF AQUACULTURE  
SYSTEMS IN ASIA
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1    For a detailed discussion on the concept of technical efficiency, refer to Coelli et al. (1998). 



Consolidated in this chapter are the results of 
technical efficiency studies conducted by the 
WorldFish Center for Asian aquaculture systems.  
The authors compare farm-level technical 
efficiencies of various aquaculture systems in 
seven major producers of farmed fish in Asia, 
namely, China, India, Thailand, Vietnam, the 
Philippines, Bangladesh and Indonesia, by 
using the stochastic frontier production function 
approach. They also investigate the determinants 
of technical efficiency beyond the contribution 
of physical inputs to identify other key variables 
(such as socioeconomic or demographic variables) 
that cause differences in farmer efficiency. These 
variables may offer important clues to developing 
strategies for increasing production of fish farms 
in the region. 

Given the inherent differences among the 
participating countries in terms of productivity 
and intensity levels, factor prices, production 
environment, climatic and ecological features, 
species combination, farming systems, and culture 
practices, the estimated technical efficiency indices 
may not be directly comparable. Nevertheless, the 
absolute estimated efficiency index per culture 
system may reveal the state of adoption and 
adaptation of aquaculture technologies in the 
countries being studied. 

Analytical Framework

Farrrel’s (1957) seminal article on efficiency 
measurement led to the development of several 
approaches to efficiency and productivity analysis. 
Among these, the stochastic production function 
approach (Aigner et al. 1977; Meeusen and van 
den Broeck 1977) and Data Envelopment Analysis 
(DEA) (Charnes et al. 1978) are the two principal 
methods. It has been noted that the stochastic 
frontier is considered more appropriate than the 
DEA in fisheries and agricultural applications, 

especially in developing countries where the data 
are likely to be heavily influenced by measurement 
errors and effects of weather conditions, diseases, 
etc (Coelli et al. 1998; Kirkley et al; 1998; 
Jaforullah and Devlin 1996). 

The stochastic frontier production function used 
in this study, following Aigner et al. (1977) and 
Meeusen and van den Broeck (1977), assumes 
that the relationship between output and inputs 
can be modeled as follows:
                                                                 
                                                                (1)

where Yi is the production of the ith farm (i = 1, 
2, 3……n), Xi is the vector of input quantities 
applied by the ith farm, and βi is the vector 
of unknown parameters to be estimated. The 
expression (V

i
 - U

i
) is the random error term of 

the model, divided into Vi and Ui. The error term 
Vi is associated with the usual exogenous shocks 
that are beyond the control of the farmer and is 
assumed to be independently and identically 
distributed with zero mean and variance equal to 
σ2

v, i.e., V ∼ [N (0, σ2
v)]. 

On the other hand, Ui is assumed to be a non-
negative random error term associated with 
technical efficiency effects in the production of 
farm i. Following Battese and Coelli (1995), Ui 
is assumed to be independently and identically 
distributed as a half-normal random variable 
truncated at zero with mean µi and variance σ2

u, 
namely, | U∼ N (µi, σ

2
U)|. 

The technical efficiency index (TE) of the ith 
sample farm is derived as follows:

                                                                             (2)

The TE index can be estimated on a per farm basis 
using the predictor variables included in equation 
(1) and is based on the conditional expectation of 
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exp(-U) (Battese and Coelli 1998). The variance 
of the model σ2 is computed as the sum of the 
variances of the two error terms V and U, that is, 
σ2 = (σ2

U + σ2
V), while the parameter γ is computed 

as the ratio of the half-normal variance to the total 
variance, that is, γ = (σ2

U/σ2 ). This parameter (γ) 
measures the relative size of the efficiency effect of 
a given specific production system with respect to 
the total random component of the model. The 
value of γ ranges from 0 to 1, where values close 
to 1 suggest that more variations in the farmers’ 
output are associated to the efficiency effects 
instead of the random effects. The maximum 
likelihood estimate (MLE) of the parameters of the 
model defined by equation (1) and the generation 
of farm-specific technical efficiency (TE) defined 
by (2) are estimated by using the FRONTIER 4.1 
package (Coelli 1994).

Empirical Model

Despite its restrictiveness, the Cobb-Douglas 
(CD) functional form has performed well in  
several studies of the aquaculture production 
function (i.e., Dey et al. 2000b; Bimbao et al. 
2000). In this study, the researchers used the CD 
specification to estimate the stochastic production 
frontier function of the different levels of intensity 
of freshwater pond polyculture production in 
each country. In general, the frontier production 
function is specified by relating yield Yi as a 
function of the physical inputs Xi, such as stocking 
density, feeding rate, fertilization rate (nitrogen/
phosphorus), depth of pond, size of pond/cage 
and pre-harvest labor. Where actual quantities of 
the inputs are unavailable, either their monetary 
equivalents or representative dummy variables D 
for utilizing such inputs can be used. The CD model 
for different levels of intensity of each country is 
specified. The country-specific frontier production 
function is formulated by the following translog 
model:

                                                                             (3) 
  
(Subscripts for country and household operators 
were suppressed to simplify notation.) The model 
includes the linear and squared forms of the 
input variables, as well as their interaction effects, 
represented by the cross products of the input 
variables. The effects of the interaction and squared 
terms were jointly tested using the likelihood ratio. 
Where the effects of the interaction and squared 
terms are not significant, the translog reduces to 
the Cobb-Douglas model.

To determine the effects of the non-input variables 
in the TE of fish farmers, the following model is 
specified:                                                                         
                                                                     
                                                                            (4)
(Subscripts for country and household operators 
were omitted for simplicity.) The Z-variables refer 
to the measures of human capital (as represented 
by age, education and years of experience of 
farmers), total farm size (a proxy of income), 
distance of farm from the nearest market/seed 
supplier, and chemical application for disease 
prevention. The D-variables for the TE model are 
dummy variables representing regional location 
and tenurial status. Definitions of all the variables 
used in the CD frontier production function and 
TE models for different levels of farming intensity 
of each country are presented in Table 4.1.

Data

This study uses country data collected by the 
WorldFish Center and its partner institutions 
under two ADB-funded projects, namely, 
“Genetic Improvement of Carp Species in Asia” 
conducted in 1998-99, and “Strategies and 
Options for Increasing and Sustaining Fisheries 
and Aquaculture Production to Benefit Poor 
Households in Asia” conducted in 2001-2004.
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Variable Variable name Description

symbol

Input variables

X
1

 Stocking density   Number of fish seeds or fingerlings stocked per ha

X
2

 Energy   Feeding rate in terms of energy (kg/ha)

X
3

 Protein   Feeding rate in terms of crude protein (kg/ha)

X
4

 Feeds   Feeding rate in terms of value (US$/ha)

X
5

 Nitrogen   Amount of nitrogen (kg/ha)

X
6

 Phosphorus   Amount of phosphorus (kg/ha)

X
7

 Fertilizer   Amount of fertilizer (kg/ha)

X
8

 Labor   Pre-harvest hired and family labor (person days/ha)

X
9

 Chemicals   Amount of chemicals, e.g., pesticides (US$/ha)

D
1

 Energy dummy   Equals 1 if energy was applied; 0 if otherwise.

D
2

 Protein dummy   Equals 1 if protein was applied; 0 if otherwise.

D
3

 Nitrogen dummy   Equals 1 if nitrogen was applied; 0 if otherwise.

D
4

 Phosphorus dummy   Equals 1 if phosphorus was applied; 0 if otherwise.

D
5

 Fertilizer dummy   Equals 1 if nitrogen was applied; 0 if otherwise.

   Farm-specific variables

Z
1

 Age   Age of the farmer/operator (years)

Z
2

 Education   Level of education of farmer (years)

Z
3

 Years   Length of time the farmer has been in fish culture (years)

Z
4

 Total farm size   Total area of farm as proxy to total household income (ha)

Z
6

 Distance from supplier   Distance of the pond from the nearest seed supplier (km)

D
7

 Regional dummy   Equals 1 if sample farm is from Jiangsu; 0 if otherwise.

D
5

 Private ownership dummy   Equals 1 if the pond is privately owned; 0 if otherwise.

Table 4.1 Independent Variables of the Stochastic Frontier 
                    Production Function and Technical Efficiency Models

In this study, the production intensity of the 
aquaculture systems (i.e., intensive, semi-intensive 
and extensive) is determined by yield per hectare. 
For countries with widespread carp polyculture, a 
farm with a yield of 1,000 kg/ha or below is an 
extensive system; between 1,001 and 5,000 kg/ha 
is a semi-intensive system; and greater than 5,000 
kg/ha is an intensive system. For China, where 
yields are much higher than in other countries, 
levels of intensity are defined by higher yield 
levels: ≤ 7,000 kg/ha for semi-intensive farms; 
7,001-15,000 kg/ha for semi-intensive/intensive 
farms; and > 15,000 kg/ha for intensive farms 

(Edwards 1993, 1998). In the case of other 
species, such as shrimp for Bangladesh and tilapia 
for the Philippines, the level of farming intensity 
is based on stocking density of fry/fingerlings. 
For Indonesia, systems are semi-extensive for 
cage culture and semi-intensive for running water 
culture. 

Results and Discussion

The average values of the input-output and farm-
specific variables defined in Table 4.1 are presented 
in Table 4.2. On the average, fish farmers in the 
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Table 4.2 Mean Values of Input-output and Farmer-specific Variables for Fish Carp Farms
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China India Thailand Vietnam

Extensive Semi-intensive Intensive Extensive
Semi-intensive/

/intensive
Extensive

Semi-intensive/
Intensive

Extensive
Semi-intensive/

Intensive

(n= 64) (n=163) (n=73) (n= 83) (n = 326) (n= 45) (n=135) (n= 80) (n=40)

  Yield (kg/ha) 4,943 10,808 20,711 577 3,916 674 4,182 406 8,606
  Stocking density 
  (fingerlings/ha)

7,901 25,925 44,201 11,796 20,169 44,084 74,346 5,557 10,833

   Energy (Cal/ha) 6,715.81 12,799 1,693.92 3,726.73 767.7 794.29

   Protein (kg/ha) 238.00 330.49 43.16 299.91

   Feeds (US$/ha) 1,268 3,429 7,166

   Nitrogen (kg/ha) 83 93 6 29.53 17.84 101.52

   Phosphorus (kg/ha) 44 21

   Fertilizer (US$/ha) 125 186 102

   Labor (person-days/ha) 131 173 382 70 158 99 131.95 369.71 363.86

   Chemicals (US$/ha) 115 156 190

   Energy dummy 0.94 0.95 0.81 0.91 0.72 0.77

   Protein dummy 0.93 0.97

   Nitrogen dummy 0.9 0.88 0.3 0.35 0.69 0.65

   Phosphorus dummy 0.5 0.29

   Fertilizer dummy 0.80 0.91 0.92

   Age (years) 44.55 47.72 48.61 51.1 44.43 40.5

   Education (years) 6.8 6 5.2 5.18 9.02 8.31

   Experience (years) 17.84 16.34 14.41 8.38 10.70 5.26 2.24

   Private ownership    
   dummy 

0.31 0.29 0.21 0.55 0.65 0.91 0.87 0.53 0.18  

   Farm size (ha) 5.37 12.75 6.44 2.29 2.01 3.46 4.23 0.59 2.01

   Distance from seed 
   supplier

3.39 5.19 5.34 5.00 5.54 11.82 6.33 2.39 2.74

   Regional dummy 0.19 0.33 0.05

Indonesia Philippines Bangladesh

Semi-extensive
(Cage Culture)

Semi-
intensive

(Running Water)

Extensive Semi-intensive Extensive Semi-intensive/
Intensive

Extensive
Semi-

intensive

   Variable name (Carp) (Carp) (Tilapia) (Tilapia) (Carp) (Carp) (Shrimp) (Shrimp)

  Yield (kg/ha) 5,744 4,817 2,600 15,000 3,580 6,034 143 169

  Inputs

   Stocking density 
   (fingerlings/ha) 

861 565 9,533 37,800 11,521 11,684 55,000 200,000

   Feeds (US$/ha) 7,180 8,079 57 73

   Feeding rate 432 3,925

   Nitrogen (kg/ha) 254 756

   Phosphorus (kg/ha) 148 463

   Labor (person-days/ha) 108 97 50 303 357 617

   Labor (US$/ha) 261 404

   Chemicals (US$/ha) 7.30

   Fertilizer (US$/ha) 8 94

   Lime (US$/ha) 10 162

  Farm-specific variables

   Age (years) 40.87 46.55 52 43

   Education (years) 8.07 7.43 5.0 10

   Experience (years) 4.52 13.25 7.0 4.3
   Proportion of privately 
   owned farm

1.00 0.65

   Farm size (ha) 2.4 2.29 0.05 0.03 0.182 0.065 3.13 12.85

   Age of pond 44 45

Table 4.2 Mean Values of Input-output and Farmer-specific Variables for Fish Carp Farms (Continued)



47CHAPTER 4 | Technical Efficiency

region are between 40 and 52 years old, with 5-10 
years of schooling and a wide range of farming 
experience, from 2 to 18 years. In general, fish 
farmers who are younger are often more educated, 
as found in the case of Vietnam, Indonesia and 
the Philippines; and this is particularly the case 
with carp farmers in Thailand2. Fish farmers in 
China are found to be relatively more experienced 
than other farmers in the region. 

Most of the aquaculture farms in Thailand and 
the Philippines are privately owned. In China, 
where many farms are state-owned, large-scale 
enterprises, the average farm size (about 10 ha) is 
much bigger than in other countries3. In Vietnam, 
however, fish farms are often part of the integrated 
VAC systems; therefore, they are relatively small, 
ranging from 0.57 among extensive farms to 2.01 
among intensive farms4.  The smallest farm sizes 
are found in Bangladesh and the Philippines5; 
they only range from 0.03 to 0.182 hectare.

Grow-out operators depend on the capacity of the 
seed suppliers to supply fingerlings that enable 
them to sustain their operations. Their productivity 
and efficiency also depend on the accessibility 
of available inputs from the market and other 
infrastructure amenities related to production 
and marketing of their produce. A greater distance 
from input supply tends to reduce efficiency. On 
the production side, it means additional cost for 
transporting the inputs from the market to the 
farm and, in some cases, untimely application 
of these inputs. On the marketing side, storage 
facilities are required to keep the harvested fish 
fresh because fish is a perishable commodity. 
The shortest distances between fish farms and the 
market and seed suppliers are found in Vietnam 
(about 2-3 km) while the longest are found in 
Thailand (6-12 km). 

Yield and input structure fish culture varies across 
the countries. In China, levels of yield and input 
are much higher than those in other countries. 
In general, yields and inputs increase in line 
with levels of intensity. This is in accordance to 
the generalization that fish farmers practicing 
intensive culture used complete fish feed with 
proportionally more protein (energy in terms of 
Cal) and less carbohydrate content than those 
operating under semi-intensive and extensive 
culture systems (Panayotou et al. 1982; Edwards 
1993; Tacon 1997). 

Stocking density varies considerably as farmers 
shift from extensive to intensive systems. On 
the average, the stocking density of an extensive 
farm is about 6 times smaller than that of an 
intensive farm and 4 times smaller than that of a 
semi-intensive farm. The level of intensity of fish 
farms is often proportional to stocking density, 
supplemental feeding and scale of operation. This 
is exemplified by the case of Vietnam, Thailand, 
and Bangladesh, where operations of the intensive 
farms are larger than those of the extensive farms.

Empirical results

The maximum-likelihood estimates of the 
parameters for the frontier production function 
and those for the TE model are presented in Tables 
4.3 - 4.9. Most of the parameter estimates of both 
functions are statistically significant with the 
expected signs, which is evidence of an adequate 
model fit. In general, proper stocking density, 
feeding rate, pond depth, labor, and fertilization 
(nitrogen) significantly increase aquaculture 
output. 

Results from the fitted TE model reveal that different 
sets of factors influence technical efficiency of 

 

2   Though the general level of literacy is quite high in Thailand compared to many other Asian countries, the educational attainment of carp-based fresh 
     water fish farmers is comparatively low. Commercial fish farmers from the Central Plain of Thailand have much higher educational attainment.
3   The state-owned fisheries sub-sector used to dominate the supply side (production, procurement and rationing to consumer) of fishery economy 
     until  the late 1970s, when market reforms were initiated (Li and Huang 2001).
4   Around 70 percent of the total national aquaculture in the country is carried out by smallholders (Luu 1999).
5   Fish cages in Lake Taal, Philippines, are stipulated at 100 m2 by local government regulation (Tan and Navarez 2004).
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farmers operating under different intensity levels. 
The demographic factors that significantly influence 
efficiency of fish farmers in these countries are 
education, age, and experience. Socioeconomic 
factors, such as distance of farms to markets and 
seed suppliers, farm size and land tenure status also 
help explain variations in technical efficiency of the 
aquaculture farms. Among these factors, education 
is found to be significantly positive in most of the 
country TE models.

In China, Thailand, and Vietnam, fish farmers 
who have bigger land holdings are also more 
technically efficient. However, in India, smaller 
farms are more efficient than bigger farms. This 
apparently strange result becomes less surprising 
when viewed against the literature on Asian crop 
agriculture, which overall shows no conclusive 
relationship between farm size and technical 
efficiency (Ali and Byerlee 1991; Singh 1998). 

Extensive Semi-intensive Intensive

Estimates s.e. Estimates s.e. Estimates s.e.

  Stochastic frontier function

  Constant 6.745 *** 0.388 7.137 *** 0.487 8.799 *** 0.393

   Ln (stock) 0.163 *** 0.043 0.098 *** 0.022 0.080 * 0.040

   Ln (feed cost) 0.036 0.028 0.118 *** 0.024 0.038 0.039

   Ln (fertilizer cost) 0.139 *** 0.031 0.000 0.017 0.084 ** 0.040

   Ln (chemical cost) 0.011 0.012 -0.030 * 0.017 -0.017 0.031

   Ln (labor) 0.014 0.028 0.062 *** 0.022 0.002 0.036

   Fertilizer dummy -0.932 ** 0.215 0.008 0.121 -0.615 ** 0.279

   Technical inefficiency model

   Constant -0.353 0.695 -3.656 *** 1.406 0.181 0.243

   Years of experience -0.345 0.293 0.026 0.039 -0.006 0.110

   Farm size 0.014 0.014 -0.002 *** -0.001 -0.017 ** 0.006

   Distance from seed supplier 0.001 0.005 0.001 ** 0.001 -0.002 0.002

   Regional dummy -0.501 * 0.275 0.086 ** 0.035 -0.136 0.289

   Variance parameters

  σ2 0.111 * 0.072 0.029 *** 0.003 0.037 *** 0.010

  γ 0.979 *** 0.027 0.630 0.855 0.544 0.422

  Mean technical efficiency (%) 77 84 93

Table 4.3 Maximum-likelihood Estimates of the Stochastic Frontier Cobb-Douglas    
                     Production Function and Technical Efficiency Model, China

*         significant at α= 0.10
**       significant at α= 0.05
***     significant at α= 0.01
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Extensive Semi-intensive/Intensive

Estimates s.e Estimates s.e

  Frontier production function  

   Constant 6.450 *** 0.040 5.165 *** 0.317

   Ln (stocking) 0.052 *** 0.005 0.184 *** 0.033

   Ln (energy) 0.145 *** 0.006 0.258 *** 0.028

   Ln (nitrogen) 0.073 *** 0.005 0.100 *** 0.027

   Ln (phosphorus) 0.122 *** 0.006 0.058 0.052

   Ln (labor) 0.053 *** 0.005 0.220 *** 0.023

   Energy dummy -1.470 *** 0.051 -2.184 *** 0.272

   Nitrogen dummy -0.050 * 0.025 -0.155 0.138

   Phosphorus dummy -0.739 *** 0.029 -0.192 0.182

  Inefficiency model 

   Constant -10.173 *** 1.964 -1.291 ** 0.214

   Age 0.000 0.018 0.026 0.019

   Education -0.207 *** 0.053 -0.045 * 0.019

   Farm area 0.171 *** 0.029 0.062 * 0.006

   Ownership dummy -12.784 *** 1.907 -0.155 0.144

   Distance to seed supplier/market 0.016 0.010 0.021 0.015

  Variance parameters

  σ2 9.509 *** 1.477 0.263 *** 0.048

  γ 0.930 *** 0.000 0.534 ** 0.147

  Mean technical efficiency 0.649 0.862

 Table 4.4 Maximum-likelihood Estimates of the Stochastic Frontier Cobb-Douglas  
                      Production Function and Technical Efficiency Model, India

*      significant at α = 0.10   
**    significant at α = 0.05   
*** significant at α = 0.01

In Thailand and Vietnam, distance to amenities 
(market and seed supplier) is a significant factor 
that affects efficiency of fish farmers. Land tenure is 
also found to be an important factor for extensive 
farmers in India and Thailand, that is, owner 
operators are more efficient than tenant farmers.
Table 4.10 contains a summary of all the technical 
efficiency estimates in the seven countries by level 
of production intensity. On the average, the TE 
index was found to be highest among Chinese 
producers (77 percent for extensive farms; 84 

percent for semi-intensive farms; and 93 percent 
among intensive farms) and lowest among farmers 
in Vietnam (42 and 48 percent among extensive 
and semi-intensive/intensive farms, respectively). 
In general, the average TE index was higher for 
intensive farms, with values ranging from 0.91 
to 0.94. The extensive system yielded the lowest 
TE index, ranging from 0.42 to 0.77. In Thailand, 
the average TE index of semi-intensive/intensive 
farms is 91 percent compared to 72 percent among 
extensive farms. For India, the average TE index 
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Extensive Semi-intensive/Intensive

Estimates s.e Estimates s.e

Frontier production function

 Constant 6.335 *** 0.386 5.446 *** 0.677

 Ln (stocking) 0.093 *** 0.025 0.221 *** 0.067

 Ln (energy) 0.045 0.030 0.073 ** 0.042

 Ln (protein) 0.004 0.004 0.014 0.021

 Ln (nitrogen) 0.050 *** 0.014 0.080 0.064

 Ln (labor) 0.093 *** 0.033 0.129 0.091

 Energy dummy -0.290 * 0.149 -0.725 ** 0.340

 Protein dummy 0.979 *** 0.083 -0.207 0.289

 Nitrogen dummy 0.179 *** 0.052 0.093 0.249

Frontier production function

 Constant -1.334 * 0.740 -0.160 0.855

 Age -0.003 0.013

 Education 0.004 0.017

 Experience 0.003 0.069 0.021 0.017

 Farm area -0.069 *** 0.026 -0.048 *** 0.004

 Ownership dummy -1.536 *** 0.355 -0.160 0.460

 Distance to seed supplier/market 0.006 ** 0.003 0.004 * 0.002

Variance parameters

 σ2 0.183 *** 0.037 0.435 ** 0.078

 γ 0.971 *** 0.000 0.559 *** 0.003

  Mean technical efficiency 0.716 0.908

 

Table 4.5 Maximum-likelihood Estimates of the Stochastic Frontier Cobb-Douglas    
                    Production Function and Technical Efficiency Model, Thailand

*         significant at α= 0.10
**       significant at α= 0.05
***     significant at α= 0.01

for semi-intensive/intensive and extensive farms 
are 86 and 65 percent, respectively.

The value of the parameter γ, which is associated 
with the ratio of the variances in the stochastic 
frontier production function was found to be 
mostly significant, except in semi-intensive and 
intensive farms in China and the Philippines, 
intensive farms in Bangladesh, and semi-intensive 

farms in Indonesia. It should be noted that the 
γ is inversely proportional to the measure of the 
TE index. Hence, when γ is large and statistically 
significant, the efficiency index tends to be small, 
suggesting that more outputs can be achieved by 
improving technical efficiency. These findings 
imply that technical efficiency is a significant 
influence on the production of farmed fish in 
these countries.
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Extensive Semi/Intensive

Estimates s.e Estimates s.e

Frontier production function

 Constant 7.017 *** 0.127 6.035 *** 1.118

 Ln (stocking) 0.026 ** 0.005 0.364 *** 0.078

 Ln (energy) -0.010 0.007 0.144 ** 0.034

 Ln (nitrogen) -0.001 0.003 0.034 0.089

 Ln (labor) 0.035 *** 0.013 -0.133 0.118

 Energy dummy -0.381 *** 0.091 -0.827 0.641

 Nitrogen dummy 0.367 *** 0.031 -0.421 0.335

Inefficiency model

 Constant 0.018 0.769 -0.285 0.938

 Age -0.030 *** 0.007 0.011 0.015

 Education -0.584 ** 0.023 -0.090 0.059

 Farm area -0.522 3.383 -0.258 *** 0.088

 Distance to nearest market 0.057 0.072 0.089 ** 0.043

Variance parameters

  σ2 0.581 *** 0.111 0.479 *** 0.097

  γ 0.890 *** 0.000 0.653 *** 0.014

  Mean technical efficiency 0.420 0.480

Table 4. 6 Maximum Likelihood Estimates of the Stochastic Frontier Cobb-Douglas  
                      Production Function and Technical Efficiency Model, Vietnam

*         significant at α= 0.10
**       significant at α= 0.05
***     significant at α= 0.01

Implications

A big difference in the production and intensity 
levels exists among farms in each country and 
among countries. While fish farmers in China 
are at an advanced stage, those in other countries 
in the region are still lagging behind, especially 
the extensive farmers. In general, the potential 
of the region to increase productivity depends 
on the current level of technology and resource 
endowments in the country, as well as the level of 
technical efficiency.

Low-intensity farms in Asia, with lower levels of 
yield, input usage and technical efficiency, have 
the greatest potential to increase productivity by 
intensification and improved efficiency. For one, 
protein application in these farms is low. With 
high output elasticity; hence, increase in protein 
application is a promising means to increase 
yield. In short, the low-intensity farms in these 
countries have the potential to increase yield by 
means of intensification, that is, raising the input 
level in general, and increasing protein used in 
particular. The use of supplementary feeds should 
also be emphasized to realize the full production 



6     A number of well-established international training programs in the region are organized by regional and international agencies, such as the Network 
of Aquaculture Centers in Asia-Pacific (NACA), the Southeast Asian Fisheries Development Center (SEAFDEC), the WorldFish Center, and the Asian Institute 
of Technology (AIT). 
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Table 4.7 Maximum-likelihood Estimates of the Stochastic Frontier Cobb-Douglas  
                    Production Function and Technical Efficiency Model, Philippines, 2002

*         significant at α= 0.10
**       significant at α= 0.05
***     significant at α= 0.01

Semi-intensive Extensive

Estimates s.e. Estimates s.e.

  Frontier production function

   Constant -87.076 *** 1.80 1.19

   Ln (depth) 9.037 *** -0.74 0.44

   Ln (stocking) 8.226 *** 0.38 ** 0.16

   Ln (feeds) 19.249 *** 0.32 ** 0.17

   Ln (labor) -5.462 *** 0.006 0.21

   Ln (depth*feeds) -2.171 ***

   Ln ()depth*labor) 0.904

   Ln (stocking*feeds) -1.606

   Ln (feeds*labor) 0.708

   Technical efficiency model

   Constant 0.508 *** 1.02 0.59

   Age 0.001 ** -0.32 ** 0.14

   Experience 0.002 ** 0.04 0.47

   Tenure status 0.010

   Education dummy 1 0.002 0.04 ** 0.16

   Education dummy 2 0.003 *

   Variance parameters

  σ2 0.127 0.70

  γ 0.480 0.71

   Mean technical efficiency 0.83 0.62

                  

potential of these farms. Consistent with the 
results of this study, numerous empirical analyses 
of agriculture and aquaculture in developing 
countries have shown that human capital (age, 
education, experience, and training) affect 
productivity through technical efficiency. This 
implies a need for appropriate and comprehensive 
extension and research strategies to enable farmers 
to improve their management ability and skills in 
using new technologies, particularly for those who 

are technically disadvantaged (i.e., less educated, 
young and new operators). 

One of the many reasons why farmers in China 
have high technical efficiency is the presence of 
a national farm extension system staffed by well-
trained technicians and competent personnel. 
This professional base, established largely by 
the fisheries education system in China, has 
made a major contribution to the development 
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Table 4.8 Maximum-likelihood Estimates of the Stochastic Frontier Cobb-Douglas                       
                     Production Function and Technical Efficiency Model, Bangladesh

*         significant at α= 0.10
**       significant at α= 0.05
***     significant at α= 0.01

Extensive Intensive

Estimates s.e Estimates s.e

   Frontier production function

   Constant 3.141 * 0.258 0.58 0.98

   Ln (stocking) 0.592 *** 0.028 0.51 *** 0.18

   Ln (depth) -0.048 * 0.026

   Ln (pond age) 0.078 * 0.037

   Ln (labor) -0.014 0.022 0.44 *** 0.19

   Ln (feeding rate) -0.03 0.24

   Ln (fertilizer) -0.09 0.50

   Ln (chemical use) 0.09 0.55

   Feed dummy 0.002 0.030

   Fertilizer dummy 0.002 0.004

 

  Technical efficiency model 

  Constant 0.570 *** 0.111

   Pond size -0.009 0.064

   Age -0.00002 0.00002

   Education -0.004 0.002

   Income 0.116 * 0.058

   Training of operator -0.203 ** 0.066

   Regional dummy -0.090 * 0.046

  Variance parameters

  σ2 0.120 *** 0.21 ***

  γ 0.689 *** 0.05

  Mean technical efficiency 0.70 0.94

of fisheries and aquaculture in the country (see 
Chapter 5). Unfortunately, the state of extension 
services in other countries suffers from inadequate 
support programs implemented by inexperienced 
personnel. The establishment and strengthening 
of training and extension programs in these 
countries, particularly at the grassroots level,  
are crucial to improving technical efficiency and 
productivity6.  

In this study, owner farmers were found to be 
more technically efficient than tenant farmers. 
Results showed that pond owners are relatively 
more efficient. This could be explained by the 
fact that owners have freedom in production 
decisions and are motivated to adopt and invest 
in recommended technologies.

Under the threats of insecure rights for land and 
water use, farmers may opt to use these resources 
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Table 4.9 Maximum-likelihood Estimates of the Stochastic Frontier Cobb-Douglas  
                     Production Function and Technical Efficiency Model, Indonesia

*         significant at α= 0.10
**       significant at α= 0.05
***     significant at α= 0.01

Semi-extensive Semi-intensive

Estimates s.e Estimates s.e

   Frontier production function

   Constant 1.15 1.04 -0.26 0.75

   Ln (stocking) 0.22 *** 0.05 0.15 *** 0.00

   Ln (labor) 0.03 0.07 0.17 *** 0.04

   Ln (feeds) 0.68 *** 0.08 0.76 *** 0.03

   Ln (medicine) -0.03 0.07

   Medicine dummy 0.41 1.08

  Technical efficiency model

   Constant 0.21 0.26 0.28 ** 0.16

   Age 0.00 0.00 0.00 0.00

   Education -0.04 0.02 0.00 0.00

   Experience -0.01 0.06 -0.05 *** 0.02

   Farm area 0.01 0.02 0.00 0.00

   Training dummy 0.05 0.18 -0.05 0.04

  Variance parameters

  σ2 0.01 0.02 0.01 *** 0.00

  γ 0.21 1.40 0.99 *** 0.00

  Mean technical efficiency 0.79 0.96

Country Extensive
Semi-intensive /
Semi-extensive

Intensive

  China 0.77 0.84 0.93

  India 0.65 0.86

  Thailand 0.72 0.91

  Vietnam 0.42 0.48

  Philippines 0.62 0.83

  Bangladesh 0.70 0.94

  Indonesia 0.79/ 0.96

Table 4.10  Summary of the Average Technical Efficiency Indices of
                        Aquaculture Production by Country and Intensity of Operation
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in a sub-optimal way. Investment in infrastructure 
might be insufficient and long-term productivity 
growth could be hindered. On the whole, insecurity 
of tenure not only affects technical efficiency but 
also exists as a constraint for development. 

Compared to extensive and semi-intensive farms, 
high-intensity farms, especially in China, have 
less potential to increase productivity by raising 
technical efficiency levels since the TE levels are 
already high. Therefore, higher productivity 
of intensive farms in China will have to come 
from development of new technologies, such 
as genetic enhancement, improvement of pond 
and water management, and feed and disease 
control. However, in many Asian countries, 
reducing technical inefficiency still offers a huge 
potential in increasing aquaculture production. 
ICLARM (2001) and Dey et al. (2004b) analyzed 
various technical (both biotic and abiotic) 
constraints contributing to total yield losses in 
pond polyculture of carps in Asia. These studies 
reported that poor water quality and disease 
infestations are the two major technical constraints 
to carp production in the region. In particular, fish 
diseases are responsible for more than 30 percent 
of the total estimated yield losses in China, India, 
and Vietnam. 

Conclusion

This study estimates and compares the magnitudes 
and determinants of farm-level technical 
efficiencies for several aquaculture systems in 
selected Asian countries, namely, China, India, 
Thailand, Vietnam, Indonesia, the Philippines, 
and Bangladesh. Technical efficiency (TE) indexes 
were estimated for different intensity levels of 
aquaculture farms in each country by estimating 
respective stochastic frontier production 
functions.

The findings suggest that yield, input levels, and 
TE increase as farming system intensifies. On the 
average, productivity in China is much higher 
than in the six other countries as indicated by 
their high levels of technical efficiency index for 
all intensity categories. 

Regression analysis of the determinants of 
technical efficiency shows that different sets 
of factors influence technical efficiency among 
farmers operating at different levels of intensity. 
One clear pattern that emerges is that the education 
attainment of fish farmers plays an important role 
in increasing aquaculture production. 

The data reveal sizable inefficiency among 
extensive/semi-intensive farms in Bangladesh, 
Vietnam, India, and the Philippines. The decision 
makers in these countries can use extension 
service and education as policy tools to achieve 
higher degree of efficiency. This is aimed not at 
downplaying the importance of new technologies 
for the long-term development of aquaculture, but 
rather at pointing out other cost-effective options 
to realize gains in productivity. As Shultz (1975) 
maintained a decade after enunciating the “poor 
but efficient hypothesis”, the twin approaches 
of improved farm efficiency and technological 
change form a continuum of strategies towards 
agricultural development. Because intensive fish 
farmers are already quite efficient in utilizing their 
existing resources and technology, there is a fresh 
need to develop and disseminate new technology 
to help increase productivity of these farmers. 
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The development of fisheries is dependent on the 
policy and institutional environment, which spans 
a wide range of laws, regulations, administrative 
directives, institutions, services, infrastructure 
support, and incentives. This chapter reviews 
and evaluates policies, institutions, and support 
services related to fisheries in the selected countries. 
It begins with a discussion of fisheries-specific 
policies and sectoral development plans, followed 
by policies related to trade and macroeconomy. 
The support service system and the institutional 
environment are also examined.

Sectoral Policies

Overview

Fisheries policies remain embedded in the 
broader framework of national and agricultural 
development strategies. Nevertheless, in all 
the countries considered, fisheries constitute a 
priority sub-sector within agriculture because 
of their significant contribution to livelihoods, 
food security, gross domestic product (GDP), 
and foreign exchange. Globalization trends, the 
liberalization of domestic and foreign markets, 
and the pressures of global competition have in 
the past two decades driven sectoral policies and 
institutional support. 

Bangladesh

The primary goal of Bangladesh is to attain 
food self-sufficiency. (At present, self-sufficiency 

has been achieved for food grains, but not for 
other food including fish). The government 
of Bangladesh has declared fisheries as one of 
the thrust sectors of the economy. Under its 
agricultural sector policy incentives, subsidized 
credit was provided to investors in agriculture 
(including fisheries) at the interest rates of 10-
14 percent, and to exporters of agricultural and 
fish products at the interest rates of 8-10 percent. 
During the same period, the commercial lending 
rate was between 15 and 18 percent. However, 
Bangladesh normally has no distinct credit or 
input incentives for fisheries as such. 

Consistent with a market-friendly stance, the 
government encourages private entrepreneurship 
in fisheries. As a result, the private sector now 
provides a much higher share of investment in 
fish feed processing, manufacturing, and fish seed 
production. There are 711 fish/shrimp hatcheries 
and 3,441 nurseries in the private sector, in 
comparison to a total of 113 fish and 6 shrimp/
prawn hatcheries in the public sector. Nevertheless, 
the public sector maintains a lead role in research 
and infrastructure development. 

Public investments, however, are biased towards 
shrimp, which accounts for the bulk of the foreign 
exchange earnings of the sector. For instance, 
there are 7 fish/shrimp training centers, 21 shrimp 
service centers, 9 fish landing centers, 7 fisheries 
research stations, and only 3 quality control 
laboratories in the public sector. Still government 

Chapter 5

POLICIES, SUPPORT SERVICES, 
AND INSTITUTIONAL ENVIRONMENT IN FISHERIES
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investment may still be inadequate because the 
share of public investment in the fisheries sector 
declined during the period of 1992-1999, when 
fisheries contribution to GDP was rising rapidly.

China

Food self-sufficiency has been a central goal of 
China’s policy. The Tenth Five-year Plan (2000-
2005), anchored on market-based approaches, 
called for agricultural production growth, raising 
farm incomes, and eliminating poverty. Like other 
sectors in the Chinese economy, the fisheries 
sector has also benefited from the reform efforts 
towards market liberalization. The first policy 
milestone for this sector is the renewal of the 
long-term land lease (30-50 years) introduced 
in 1994-95. This made a tremendous impact on 
an overall agricultural productivity as it removes 
a major disincentive to making long-term 
investments in lands and ponds. This, combined 
with rising demand, has led fish farmers to expand 
aquaculture areas.

The government has targeted support for fisheries 
at 8.5 percent of fisheries GDP, much higher than 
the historical record of public investment. Two 
important policy measures have been identified, 
namely: (a) institutional reform and (b) measures 
in response to technical barriers to trade and 
sanitary and phyto-sanitary (SPS) aspects. China 
is now focusing its aquaculture development 
policy on fish diseases control and prevention 
by identifying appropriate number and density 
of sea cages, improvement of seawater systems 
for indoor tanks, and development of effective 
vaccines.

After accession to the World Trade Organization 
(WTO) in 2005, the country has been reconsidering 
its existing policies to remain competitive in 

the world market. The Standing Committee of 
the National People’s Congress has approved a 
new Rural Land Contract Law, effective since 1 
March 2003. A new approach in water surface 
tenure has been encouraged and is now under 
trial to promote investment in infrastructure for 
aquaculture production, storage, processing, and 
delivery.

China considers investment in biotechnology 
as one of the most important measures to 
improve fish feed production, and to raise both 
marine and inland fish productivity. Recently, 
public investment in biotechnology research has 
increased much faster than in other sectors. The 
Chinese government has also aimed at improving 
the efficiency of domestic market by increasing 
investment in market infrastructure. As part of 
tax policy reform, the government of China has 
experimented with a bold rural tax reform in 
Anhui province, starting in 2000. The reform 
converts existing fees into taxes that will reduce 
the direct and indirect burdens imposed upon 
rural farmers. Another competitiveness measure is 
the quality standardization of aquatic products in 
the world market.

India

Currently, India is on its Tenth Five-year National 
Plan (2002-2007). The Plan states the following 
goals for fisheries: enhancing production and 
productivity, generating employment and higher 
income, improving socioeconomic conditions 
of fishers and fish farmers, augmenting exports, 
increasing fish capita consumption, adopting 
integrated management, and conserving aquatic 
resources and genetic diversity. With the country’s 
deepening involvement in world trade, policies 
have been directed at upgrading domestic 
processing and post-harvest technologies to 
international standards. 
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Investments in the sector have been focused on 
infrastructure development, joint ventures in 
deep-sea fisheries, and shrimp aquaculture. The 
country is also implementing a National Program 
for Fish Seed Development. Credit policies are 
another window for sectoral promotion. Domestic 
banks are required to allocate 12 percent of loans 
for exports, on top of priority sector lending 
regulations; for preferred sectors, they are also 
prohibited from charging more than 1.5 percent 
points below the prime-lending rate. Export taxes 
on fisheries products and minimum export prices 
are not imposed.

Indonesia

With the growing importance of fisheries in the 
national economy, the Indonesian government 
created a separate Ministry of Marine Affairs 
and Fisheries (MAF) in 2000. The major theme 
of sectoral development is the creation of 
integrated aquaculture zones for both freshwater 
and brackishwater fisheries. The zoning strategy 
aims at intensifying aquaculture through the 
development of entrepreneurship among 
fishing communities. The strategic aquaculture 
development program intends to provide quality 
fish seed supply by developing private hatcheries, 
creating distribution and marketing channels of 
seeds, providing training to fish seed farmers, and 
creating a network of seed information systems. 
The program also proposes a support system 
for providing aquaculture technology, product 
certification, and capital. 

Historically, the policy regime has encouraged 
domestic consumption and fisheries exports. 
Presidential Decree No. 23 of 1982 promotes 
mariculture with explicitly higher priority to 
small-scale farmers and cooperatives. It also allows 
private investment, both foreign and domestic, to 

encourage modern technology adoption; however, 
foreign investment is restricted in some cases 
(e.g., shrimp hatchery). From 1980 to 1999, the 
fisheries sector had been able to mobilize a sizable 
amount of foreign investment totaling US$ 169.8 
million, compared to a public investment of US$ 
118.9 million during the same period. 

After the economic turmoil of 1997-98, the 
rescue program “PROTEKAN 1999-2003” 
identified both capture fisheries and aquaculture 
as potential growth areas. Infrastructure support, 
product development, and product diversification 
were elements of the rescue program. Under 
the program, capture fisheries was targeted to 
contribute one-fourth of the total foreign exchange 
earnings of the entire fisheries sector. 

Malaysia

Currently, fisheries have been identified as a 
priority sector in Malaysia under the Third National 
Agricultural Policy, covering the period 1999-2010. 
The policy aims at transforming fisheries into 
an efficient commercial industry by promoting 
intensive aquaculture technology through private 
sector participation and creation of fisheries zones, 
with necessary infrastructure and support services 
from the government. It also pledges to intensify 
research and development to promote new culture 
systems, genetically improved fish species, and 
fish feed and fry production. The policy targets 
a production level of 0.6 million tonnes by the 
end of 2010; for this purpose, 50,000 hectares of 
land have been identified as potential areas to be 
developed as aquaculture industrial zones. 

The statutory body on fisheries industry 
development is the Fisheries Development 
Authority of Malaysia. Its major responsibility is to 
regulate fish marketing, develop entrepreneurship, 
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and provide infrastructure support. Fisheries 
management and regulation fall under the ambit 
of the Ministry of Fisheries, as well as the State 
Ministries of Fisheries. 

Under the Promotion of Investment Act 1986 and 
the Income Tax Act 1967, the government provides 
tax and other investment incentives for certain 
fishery activities, including spawning, breeding, 
and farming of aquatic, offshore fisheries, 
harvesting and processing of aquatic products, 
and processing of aquaculture feeds. Fishers and 
fish farmers are eligible to obtain credit from 
financial institutions, such as the Agricultural 
Bank Malaysia, through the Agricultural Credit 
Financing and the Fund for Food schemes. 

Philippines

Government planning in the Philippines is 
centralized and put under the National Economic 
and Development Authority, which formulates 
the Medium-term Development Plan. This Plan 
consolidates all sectoral plans and provides the 
blueprint for economic and social development, 
both nationally and by sector. The Plan emphasizes 
the achievement of food security, reversing the 
recent trend of net food importation. Priority is 
given to the fisheries sector, a net food exporter. The 
Bureau of Fisheries and Aquatic Resources (BFAR) 
under the Department of Agriculture, together with 
the local government units, implement fisheries 
regulations. However, the overall management of 
coastal resources (including land use decisions, 
control of polluting activities, and so on) is the 
responsibility of the Department of Environment 
and Natural Resources, a separate line agency. 

Under the Agricultural and Fisheries Modernization 
Act of 1997, the government pledges greater 
access to credit for production, processing and 
trading of agricultural and aquatic products. The 

Philippine Fisheries Code of 1998 provides at 
least 10 percent of the total available credit and 
guarantees funds for post-harvest and marketing 
projects to enhance fish farmers’ competitiveness. 
The code also grants input incentives in the form 
of subsidized credit and tax exemption. Under 
the scheme, the commercial fishers are eligible to 
obtain subsidized long-term loans as well as tax 
and duty exemptions to procure or improve fishing 
vessels and related equipment. The duty and tax 
rebates are also applicable on fuel consumption 
for commercial fisheries. 

Currently in place is the Ginintuang Masaganang 
Ani - Countrywide Assistance for Rural 
Employment and Services Program for fisheries. 
The credit component of the program includes: (a) 
income augmentation and livelihood for the self-
reliant farmer/fisher; (b) seaweed and fish culture 
program; and (c) agro-fishery mechanization 
credit and guarantee program. This credit program 
provides loans to agro-based small-scale fishers, 
producers, manufacturers, and traders of fish 
and seaweed for the acquisition of machines and 
equipment. The loan amount, depending on the 
acquisition costs of fishery equipment, is provided 
with an  interest rate of 12 percent. 

Sri Lanka

The latest fisheries policy in Sri Lanka is contained 
in the National Policy and Development Plan of 
2002, under the Fisheries and Ocean Resources 
Sector. The focus of the Plan is on increasing 
production, improving nutritional status, 
generating employment opportunities, increasing 
foreign exchange earnings, and conserving 
and managing the coastal environment and 
living aquatic resources. The fisheries plan is 
implemented by the Department of Fisheries and 
Aquatic Resources (DFAR). 



60 Strategies and Options for Increasing and Sustaining Fisheries and Aquaculture Production to Benefit Poorer Households in Asia

The government encourages joint-venture 
cooperation with foreign vessels to fish in offshore 
and high-sea areas. The government-owned 
Ceylon Fisheries Corporation also enters into 
partnerships with foreign vessels. The Ceylon-
Norway (Cey-Nor) Development Foundation is 
a government-owned public company engaged in 
producing fishing boats, nets and input supply. 

Currently, the private sector, in cooperation with 
local communities, is encouraged to initiate 
investment and entrepreneurship activities 
whereas the government facilitates and regulates 
them to ensure best environmental and production 
practices. The Sri Lankan Board of Investment 
provides incentives as well as facilitates access to 
natural resources for the private sector to develop 
aquaculture.

Management of coastal areas (under a Coastal 
Zone Management Plan) is implemented by the 
Coast Conservation Department. The exclusive 
economic zone (EEZ) is reserved entirely for 
local fishers. Labor benefits for fishers (pension 
and social security) are provided for by the Social 
Division of the DFAR. The government also 
protects and safeguards fishing rights of inland 
fishers by relying on stakeholder communities 
and local authorities. 

Thailand

Long a world leader in fisheries exports, Thailand 
emphasizes fisheries in its national planning 
process, which is administered by the National 
Economic and Social Development Board 
(NESDB). The national fisheries development 
policy, covering the period 2002-2006, had five 
principal components, namely, development 
of fisheries and related organizations; fishery 
resources and environmental management; 
aquaculture development, policy on fisheries 

beyond Thai waters; and fisheries industry and 
business development. 

The private sector is the principal source 
of investment in the fisheries industry. The 
government is active in facilitating raw material 
acquisition, product certification and regulation 
to maintain global standards, international 
trade promotion, and so forth. Fisheries policies 
highlight the provision of fish feed and seed, labor, 
capital, and subsidies. Investment in fisheries aims 
to strengthen the fishers’ community, provide 
infrastructure for deep-sea fishing, develop 
advanced aquaculture technology including new 
species, and enhance efficiency in production and 
marketing. 

The National Board of Investment (BOI) lists 
aquaculture (except shrimp culture), deep-sea 
fishing, fish feed manufacturing, trading centers 
for fisheries products, agro-industry processing 
zones, and aquariums and ocean marine services 
as priority activities for investment promotion. As 
the domestic supply of high-quality fishmeal (with 
protein content of over 60 percent) is insufficient, 
the government has reduced tariffs for importing 
quality fishmeal, along with those of maize and 
soybeans; the tariff rate stands at 5 percent for 
imports for sources within the Association of 
Southeast Asian Nations Free Trade Area (AFTA), 
and 15 percent from non-AFTA sources. 

Current policy on fish seed emphasizes 
standardization and controls over hatcheries. The 
Thai government has been providing resources to 
coastal and freshwater fisheries research stations 
to develop seed production techniques. There 
are also species-specific research centers as well 
as fisheries centers in provinces where fisheries 
are dominant. Importation of foreign species 
for breeding and reproduction purposes is tax-
exempted. 
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Small-scale fishers (using vessels smaller than 
18m in length), as well as commercial fishers 
who register for a change of damaged gear, are 
eligible for a diesel fuel subsidy. The government 
also provides subsidized credit for and price 
support to tuna fisheries cooperatives for their 
acquisition of fishing boats at the interest rate 
of 4 percent, and for long-line tuna fishers at 
various rates. There is also a special low-interest 
credit scheme for target fishers at a lower-than-
market rate of interest to buy and renovate 
boats, fishing gears, cages and ponds. 

Vietnam 

The fisheries sector is now being recognized in the 
public policy, and its importance grows in terms 
of earning foreign exchange and alleviating rural 
poverty. While the fisheries sectoral development 
remains at its infancy, Vietnam is shifting away 
from the traditional reliance on inshore capture 
fisheries towards aquaculture and rationalized 
exploitation of marine resources. Sustainable 
fisheries are being guided by the precautionary 
approach. Aquaculture is the prime target of 
investment, along with related industries, such 
as feed production and broodstock hatcheries. 
Aquaculture development is guided by the 
following targets: increased production of finfish, 
shrimp, and other aquatic animals and plants 
from marine habitats; improved and enhanced 
shrimp farming technologies; and increased 
production of freshwater aquaculture, particularly 
of the high-value species. 

A high priority is placed on human resource 
development in fisheries to strengthen domestic 
capacity for fisheries research and development, 
resource management, and aquaculture 
development. User rights and obligation towards 
fisheries resources are currently a key issue and 

the co-management and community-based 
management concepts have been tested. Results 
have so far favored the expansion of these 
institutional arrangements although the concepts 
have yet to be incorporated into legislation. 

Despite moves towards market liberalization, 
the private sector remains under considerable 
government controls by a system of quotas and is 
obscured by large public investments in fisheries 
processing. While the government has relaxed its 
investment policies, slow bureaucratic procedures 
and inefficient handling of cases, common to 
many countries in transition, continue to impede 
investment growth.
 

Trade and macroeconomic policies 

Overview

The recent export surge from developing Asian 
countries was driven in part by the international 
trade liberalization, as tariff and non-tariff barriers 
were lowered, and preferential agreements, such as 
the generalized system of preferences (GSP), were 
implemented. Although there is still room for 
further tariff reduction, it is unlikely that current 
tariffs are or will be a major constraint on the 
growth of fish exports from developing countries 
to developed countries. The future of fish exports 
from these countries will depend mainly on 
compliance with food safety standards in the form 
of Sanitary and Phyto-sanitary (SPS) measures 
and other standards under the Technical Barriers 
to Trade (TBT) Agreement. For countries in which 
post-harvest and processing sectors are dominated 
by traditional methods, these standards adopted 
in developed and even developing countries pose 
as disturbing impediments for future expansion 
of North-South as well as South-South trade. 
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Country Legal status/National regulations Implementing agency

Bangladesh1 Fish and Fish Products (Inspection on Quality Control) 
Ordinance 83/89/97

Ministry of Fisheries, Directorate of Fisheries

India2 Voluntary
Export Inspection Council, Marine Products 
Export Development Authority

Indonesia2 Ministerial Decree 41/1998
Department of Fisheries (DOF) Decree 4128/1998

Ministry of Fisheries, Provincial Laboratories

Philippines2 Philippine Fisheries Code, 1998 (and various Fisheries 
Administrative Orders) 

BFAR

Malaysia2 Voluntary Department of Health (on request)

Sri Lanka2 Fish Product (Export) Regulations, 1998 DOF, Sri Lanka Standard Institution 

Thailand2 Voluntary
DOF, Food and Drug Administration, National 
Food Institute, private laboratories

Vietnam2 Voluntary National Fisheries Inspection and Quality 
Assurance Center, private firms

Table 5.1 Legal Status of HACCP Implementation in the Selected Countries

Sources: 1 Ali and Islam 2002. Standard in fisheries sector vis-à-vis international standard and its role for promoting export. Paper 
                   presented at  the National Workshop on Sanitary and Phyto-sanitary Measures, Tariff Commission, Dhaka, Bangladesh, 
                   May 2002. 
                2 Based on field visits by the authors.  

Country
Pre-WTO Post-WTO

Year Tariff rate Year Tariff rate 

China 1991 47.2 2001 11.7-23.3

Thailand 1995 60 1999 5-30

Philippines 1994 10-60 2000 3-5

India 1993-94 60 2002/3 35.20

Bangladesh 1991-92 59.33 2000/1 28.23

Malaysia na na 2010 5

Table 5.2 Average Tariff Rates (%) of Fisheries Products in Selected Developing 
                    Countries Before and After WTO Accession

Source: Compiled from WTO and official documents. 
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The implementation of SPS for fisheries products 
has largely shifted from product inspection to 
certification methods based on hazard analysis and 
critical control points (HACCP). This approach 
requires that harvest, post-harvest, and processing 
standards are observed along key stages of the 
production-processing-distribution pathway. 
Institutional responses within the selected 
countries to maintain HACCP compliance are 
summarized in Table 5.1. 

Despite the initial setup costs, clearly the selected 
countries have been making considerable 
headway in HACCP implementation. They now 
come under the top compliance category based 
on classifications of the European Union (EU) 
and the Food and Agriculture Organization 
(FAO) (Dey et al. 2004b). Compliance rates are 
highest in Malaysia and Thailand, the two most 
developed countries in the region, despite the 
fact that HACCP compliance remains voluntary. 
Nonetheless, major difficulties in overcoming 
technical barriers to trade exist in all countries.

WTO membership has compelled developing 
countries to liberalize their domestic markets. 
Tariff reductions undertaken in a subset of 
the selected countries are shown in Table 5.2. 
Along with these cuts, many of the developing 
countries have also taken initiatives to eliminate 
quotas and subsidies. China and Thailand have 
already eliminated quotas and subsidies from the 
production and processing of fisheries products. 
Nevertheless, significant tariffs remain for some 
fisheries products (except for the Philippines). 

India and Bangladesh in particular still maintain 
high tariff walls due to fears of dislocation for 
affected sector. The WTO has, therefore, extended 
the deadline for full compliance to 2005. The 
following review discusses the progress and 

setbacks of individual countries with respect to 
trade reforms and implementation of international 
trade standards.

Bangladesh

Over the last decade, the government of 
Bangladesh has been focusing on increasing 
non-traditional exports, such as fish and fisheries 
products, and textile and garments. The public 
sector subsidizes interest rates on working capital 
of exportable commodities, extends an export 
performance bonus scheme, and exempts the 
import of machinery for export-oriented industries 
from import duties and excise taxes. During the 
last couple of years, the government devalued 
its currency against the US dollar several times, 
culminating in the free float of the exchange rate.

In 1997, the government amended its Fish and 
Fish Product (Inspection and Quality Control) 
Ordinance of 1983 and related rules of 1989 in 
order to accommodate HACCP procedures (Ali 
and Islam 2002). Currently, there are 129 fish 
processing plants in Bangladesh, producing for 
both domestic markets and for export to the 
EU, USA, and Japan. Sixty of those in operation 
have the capacity to process 250,000 tonnes of 
fish annually. However, due to scarcity of raw 
materials, only 20-25 percent of the installed 
capacity can be utilized. Fifty-three of these plants 
have an approval to export to the EU. 

Bangladesh exports continue to be vulnerable to 
regulatory barriers in foreign markets. For instance, 
in 2002, Bangladesh experienced a 10 percent 
decline in its shrimp exports because of perceived 
quality differences, resulting in a loss of US$30 
million in value. Another threat is the imminent 
withdrawal of the GSP treatment it receives from 
the EU, after the full implementation of WTO 
rules from 2005 onwards. 
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China

China has pursued a tariff reduction program, with 
the average tariff rates expected to fall to between 
10 and 12 percent by 2005 (Table 5.3). Until 2004, 
a few aquatic products, such as live prawns and 
fresh or chilled fish fillets, faced protective tariff 
rates of 24 percent; from 2005 onwards, these rates 
are expected to be cut by half. 

These moderate reductions (accompanying China’s 
accession to WTO) are not expected to subject 
most of the fisheries sector to large import shocks. 
However, specific sectors may be subject to strain, 
as in the case of live prawn and fillets. A major 
policy gap in China is the absence of legislation 
to address HACCP implementation; the country 
has been considering institutional reforms to deal 
with SPS-HACCP and TBT.

India

India is another country that has rapidly reduced 
tariffs on fisheries products, from 60 percent 
in 1993-94 to 24 percent in 1998/99. In 2000, 
it removed quality restrictions on 715 items, 
including fisheries products (more than 120 
items). However, in 2000/01 the tariff rate was 
momentarily raised to 44 percent, and quickly cut 
back to 35 percent after a year. 

The quality and food safety measures are maintained 
under a number of  rules and regulations that are 
enforced by many different agencies. The Bureau 
of Indian Standards has been designated as the 
WTO-TBT enquiry point, and the Ministry of 
Commerce is responsible for implementing and 
administering the WTO agreements on TBT. India 
also has accepted the Code of Good Practices in 
1995. 

The competitiveness of fisheries exports of India 
has been substantially eroded with the SPS 

compliance because the costs of restructuring the 
industries are higher than in other countries, such 
as Thailand and Malaysia. Across the subcontinent, 
many processing plants are relatively small 
and geographically dispersed, making full 
implementation of HACCP problematic. For 
instance, its exports to the USA have faced rejection 
due to the presence of Salmonella bacteria. 

Indonesia

Although a deregulation policy was announced 
in Indonesia in May 1995, there has been little 
progress with respect to the elimination of 
government interventions in the market. The 15 
percent or more tariff and import charges imposed 
on a number of commodities were reduced to 
11 percent after 1995. While tariffs on fisheries 
products were planned to reach a maximum of 
5 percent by 2002, implementation had been 
severely delayed. Recently, however a deregulation 
package reaffirmed its commitments to AFTA 
through implementing major tariff cuts by 2003. 

Compliance with international product standards 
has also been a top concern of government policies. 
Harmonization and direct negotiations with 
importing countries have been pursued, resulting 
in a Memorandum of Understanding with Canada 
on quality control systems, a similar agreement 
with the EU, and a de facto acknowledgment by 
the USA’s Food and Drug Administration. 

Malaysia

Although Malaysia is a net importer of fish in terms 
of quantity, it is a net exporter in terms of value. 
Over the period 1989-98, the value of fish exports 
almost doubled. Its penetration of foreign markets 
may be linked to its handling of international 
food safety regulations. The EU and the USA 
have recognized the HACCP certificate issued by 
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the Malaysian Ministry of Health. While HACCP 
compliance remains voluntary, applications are 
numerous. Twenty out of 50 applications have 
been approved, with more companies being 
anticipated to apply for certification in the near 
future. The government has also taken measures 
to ensure that fish catches from the sea are of high 
quality and safe for consumption. It has identified 
33 sampling sites in the coastal zones to test for 
freshness and level of contaminants. 

Philippines

The Philippines continues to enjoy the GSP 
privilege for certain products in the major fish 
importing countries, such as the USA, EU, and 
Japan over the period 1995-2005. It will continue 
to enjoy the maximum GSP advantage from the 
USA for its export of shrimp/prawn and tuna at the 
tariff rate 0 per cent and 3.2 percent for seaweeds. 
Specifically, for shrimp and tuna exported to 
Japan, tariffs are only 4.8 and 3.5 percent, 
respectively, and no tariff for seaweeds. However, 
the rates are much higher for the EU countries, 
i.e., shrimp/prawns and tuna face rates of 12 and 
22 percent, respectively, during the same period; 
seaweeds are again tax-free. As for other countries, 
the Philippines has to comply with non-tariff 
barriers, such as HACCP and SPS measures. The 
BFAR acts as the accrediting agency, as authorized 
by the major importing countries. 

Public sector investments on the infrastructure 
of these food safety and health regulatory 
institutions are constrained by the centralized 
administrative structure. Besides, the BFAR is 
slow in accelerating the process of inspection of 
plants and in providing certification to fish and 
fish product exporters. By 2001, BFAR had only 
certified 36 processing plants, a crucial step in the 
process of obtaining EU approval. 

Sri Lanka

Substandard handling and processing technologies 
have seriously impeded Sri Lankan fisheries 
exports. About 30-40 percent of catch landed by 
the fishing boats is of low quality; the major causes 
of this loss are poor handling and ineffective post-
harvest technologies. The Department of Fisheries 
(DOF) addresses this problem through its Fishery 
Product Quality Control Division to achieve 
HACCP compliance. The government has also 
published hygiene and safety regulations to guide 
exporters of processed fisheries products.

Thailand

The government of Thailand has taken a number 
of steps to open its domestic markets to foreign 
trade. Tariffs on maize and soybean feeds from 
AFTA countries have been reduced; importation 
of foreign species for breeding and reproduction 
purposes is likewise tax-exempt. Since 2002, 
selected fish and fishery products have been 
exempted from import duties and taxes. These 
measures have stimulated fisheries imports from 
adjacent countries, such as Myanmar, Vietnam 
and Cambodia, for processing and subsequent 
export to developed countries. 

Externally, Thai fisheries have been facing tariff 
and non-tariff barriers as well. Since 1999, it 
has lost the GSP offered by the EU and has 
faced the tariff rate of 14.4 percent while its 
competitors are tax-free. As a result, the Thai 
prawn industry has lost about 50 percent of its 
market share. The EU also subsidizes European 
canned tuna, the measure that also decreases the 
share of Thai canned tuna in the US market. With 
higher tariff rates and requirement for product 
standardization, competitiveness of Thai canned 
and processed seafood for exports may further 
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erode. Nevertheless, Thailand remains optimistic 
that WTO membership will secure further 
reduction in both tariff and non-tariff barriers. 

Thailand’s seafood industries have generally 
adopted SPS measures. Almost all export-oriented 
fish processing industries have complied with 
HACCP as well as requirements imposed by 
importing countries. Thailand pioneered in 
setting up a two-step method of quality control. 
Under this system, fish processing plants become 
eligible for HACCP certification after satisfying 
the conditions set for the good manufacturing 
practices. 

The domestic fish processing industry has 
undergone rapid technical change, switching to 
semi-automated processes since 1991 to achieve 
higher yields, better quality and faster production 
cycles. Processing and post-harvest technologies 
have been developed and improved for frozen, 
canned, retort pouch, and comminuted products. 
Preservation technology for dried and fermented 
products uses modern equipment and technology 
to extend shelf life and to improve their quality 
standards.

However, modern processing plants have been 
plagued by intermittent excess capacity, as supplies 
of raw materials remain unstable in terms of 
timeliness, quantity, and quality. Smaller plants, 
furthermore, have difficulties adopting new 
technologies, partly due to difficulties in securing 
access to credit to fund the requisite investments. 
 
Even Thailand is not immune to arbitrary changes 
of safety standards in importing countries. In 
addition, there is still much to do to improve 
internal standards compliance. A major problem 
is the dispersal of the authority to issue HACCP 
certification to different government agencies 

(DOF and Ministry of Health), as well as to a semi-
public institute (National Food Institute) and 
accredited private laboratories. This has resulted 
in procedural overlap, interagency competition, 
and confusion on the part of processors. 

Vietnam

Vietnam plans to join the WTO in the near 
future. Export regulations have been made more 
transparent, and the role of private exporters, 
more important. The government has already 
implemented measures to promote HACCP, 
resulting in the certification in 2000 of 51 
fisheries processing firms, or about 21 percent of 
the total number of such firms. Three concerns 
being addressed are: equivalence with domestic 
standards of importing countries; building 
capacity in certification bodies and private sector 
processors; and strengthening post-harvest and 
processing industries. The government has also 
attempted to raise global awareness of Vietnamese 
fisheries products, spending US$ 170,000 in 2001 
for international trade promotion.
 
Support Services 

Development and growth in the fisheries sector 
are sustainable only if complemented by adequate 
support services. Training, extension, credit, 
skilled human resource, and market infrastructure 
lay the groundwork for increasing productivity 
and competitiveness. However, the establishment 
of an adequate support system is a daunting task 
because it requires considerable investments, 
meticulous planning, and integration of activities 
to assure quality and timeliness in service delivery 
over the entire supply chain. Traditionally, 
support services were focused on capture fisheries, 
but recently service delivery has been shifting to 
aquaculture.
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Extension

In the selected countries, extension systems have 
been at the forefront of disseminating  techno-
logical innovations to enhance productivity. The 
availability and quality of such support services 
vary across Asian countries, depending on sector 
importance and government priorities. China has 
the most effective extension service, consisting of 
2,792 stations and employing over 15,000 field 
staff. In the other countries, extension and training 
activities are proactive to facilitate quick adoption 
of new technologies. 

The flow of new knowledge or information to fish 
producers follows more or less the same trend in 
most countries, that is, from the source (national) 
to provincial (state) and municipal (district) 
offices. In national systems where fisheries fall 
under the agriculture ministry, overlapping and 
competition on service delivery are inevitable 
under a pooled support system, in which the same 
resources and facilities are shared among several 
departments of a ministry. 

Credit

Credit support is essential for development and 
growth of any industry. In fisheries, both formal 
credit sources (commercial banks, finance 
companies, and government-initiated institutions 
and schemes) and informal ones (money lenders, 
traders, relatives, and others) are available to 
fishing communities for production, processing, 
and marketing. However, small fisheries investors 
reported difficulties in gaining access to the formal 
sector, even prior to Asia’s financial crisis in 1997. 
The perceived risks of fisheries investments vis-
à-vis agricultural loans, along with inadequate 
collateral, are two main reasons for this difficulty, 
especially for small-loan applications. Hence, 

poor fishers remain dependent on informal credit, 
which is far easier to obtain but charges a hefty 
interest rate. In contrast, large firms and listed 
companies that have been drawn into the fish 
sector have had good access to bank borrowings 
in recent years. 

Most Asian governments (Malaysia, Bangladesh, 
Indonesia, and Thailand) assist fishers through the 
provision of loans, often subsidized, channeled 
to fisheries associations, special agencies 
(agricultural banks, Indonesian Peoples’ Bank) 
and loan schemes (Special Agricultural Credit 
Scheme and Fund for Food Scheme in Malaysia). 
In Thailand, Indonesia, and the Philippines, 
contract farming of prawns and tilapia awarded to 
small-scale farmers by big firms has enabled the 
disadvantaged poor to reap some of the benefits 
of large-scale operators. 

The recent aquaculture and export boom has 
prompted international funding agencies to 
extend more loans to developing countries than 
in the past. The ADB, World Bank, and various 
bilateral institutions (such as the United States 
Agency for International Development (USAID), 
UK Department for International Development 
(DFID), and Danish International Development 
Agency (Danida) have been active in funding 
resource management, aquaculture development, 
and post-harvest and processing projects. 

Ancillary Support Services

Ancillary support services, such as administration, 
input delivery, and market infrastructure, 
are important complements to the present 
production-oriented support services. However, 
these support services have received little attention 
from planners and are generally weakly organized 
or at the rudimentary stages of development. 
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Aquatic products
Tariff rate (as of 
December 2001)

Final bound tariff rate
Year of final bound 

tariff rate

Live eels 16 10 2004

Other live fish 12 10.5 2002

Fresh or chilled fish
  -    Trout

- Pacific salmon
- Herrings

12
11.7

16

12
10
12

2002
2002
2003

Frozen fish
- Trout
- Eels
- Pacific salmon

12
16
16

12
12
10

2002
2003
2004

Fresh or chilled fish fillets 24 12 2005

Frozen fish fillets 23.3 10 2005

Frozen shelled shrimp and prawn

Frozen unshelled shrimp and 
prawn

17.5 5 2003

Frozen crabs 23.3 10 2005

Table 5.3 Tariff Rates (%) on Selected Aquatic Products in China

Source: China’s WTO Protocol of Accession, November 2001.

Country R & D
Extension 

and 
training

Human 
resource 

skill
Credit

Administration
Input Market

Bangladesh F F F P F F P

China S S S S F F S

India S F F P P F P

Indonesia F F F F P F F

Malaysia S S S S F F F

Philippines S S S P F F F

Sri Lanka F P F P P P P

Thailand S S S S F F S

Vietnam P F P P P P P

Table 5.4 Adequacy of Support Services for Fisheries in the Selected Countries

Note: S - strong (well-defined goals, institutional infrastructure in operation, and beneficial to the target groups); 
           F - fair (services available but yet to make significant impact on target groups); 
           P - poor (absent or uncoordinated effort with little impact on target groups);
Source: Expert opinion elicited during the ADB-RETA 5945 Regional Workshop in Penang, 1-16 June 2004. 
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A major impediment to growth, particularly 
for aquaculture, is the inadequacy of the input 
delivery system for fingerlings, feed, fertilizers, 
and chemicals. Downstream, producers 
and traders are also plagued by primitive 
infrastructure and weak links in a long supply 
chain. Standardization of fisheries processes 
and products to global norms is impeded by the 
absence of an efficient institutional mechanism 
for harmonization. 

With the new surge in aquaculture investments, 
production, and exports, as well as the need to 
conform to stringent international regulations 
and requirements, a “one-stop” administrative 
center is necessary for all countries to provide 
guidance on all matters on fisheries, from 
production to international trade. Such a 
center could take the initiative in product 
standardization, and serve as a coordinator of 
fishery institutions, a processor of stakeholders’ 
needs, a provider of industry information, as 
well as a depository for national, regional, and 
international data on fish. 

Evaluation summary

The fishery experts’ assessment of the adequacy 
of support services in the selected countries is 
presented in Table 5.4. Leading fish-producing 
countries, such as Thailand and China, have 
strong core support services while ancillary 
services are yet to be fully developed. For those 
countries down the scale, both core and ancillary 
support services are yet to be in place. Taken as 
a whole, what is apparent for all the nine Asian 
fish-exporting countries is the urgent need to 
develop ancillary support services in order 
to provide the crucial link between domestic 
production and foreign markets.

Human resources 

The effectiveness of the support service system 
is heavily dependent on the human resource 
base in the form of specialized professionals. 
Marine biologists, oceanographers, breeders, 
biotechnologists, nutritionists, food technologists, 
environmentalists, and social scientists will be 
needed to support the anticipated growth of the 
fisheries sector, especially in aquaculture. With 
the global trend towards precise, traceable and 
environmentally-friendly production systems, 
and international markets imposing stringent 
hygienic standards, the demand for specialized 
services will be on the increase. At present, such 
expertise is lacking and there are few universities 
in the region that provide quality undergraduate 
and graduate education as such. 

However, at the forefront of human resource 
development is China, whose fisheries educational 
system underpins its strong extension and support 
system. Four universities and colleges stand out as 
the lead fishery education institutions, with about 
1,467 faculty members and 23,811 students. At 
the middle level, there are 25 fisheries specialized 
schools with a total of 1,272 teaching staff 
members and 26,140 students. Quality research is 
conducted both in specialized research institutions 
and universities. The number of aquatic research 
institutes increased from 185 in 1990 to 217 
in 2000. In 2000, there were about 4,000 
professionals who engaged in aquatic research at 
these institutes nationwide. The Chinese Academy 
of Fishery Sciences (CAFS), the leading institution 
engaged in aquatic research in China, was 
established in 1978. It has a number of centers 
and institutes, such as the Institute of Fisheries 
Engineering; Fisheries Information Center; 
Fisheries Environment Protection; Freshwater 
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Aquatic Research Center; and Aquatic Research 
Institutes of Eastern China Sea, of Huanghai, of 
Yangtze River, and of Zhujiang River; etc. 

Given the vast potential for increasing aquaculture 
output in the nine Asian fish-exporting countries, 
it is not premature to propose the establishment 
of a regional center (such as the Asian Institute 
of Management and the Asian Institute of   
Technology) for advanced education, research, 
and training in tropical fisheries sciences and 
management. Furthermore, such a center can 
provide an avenue to pool the regions’ brainpower 
and experiences and to promote regional 
collaboration. 

Fisheries Institutions 

Overview

Aquatic resources are vulnerable to over-
exploitation due to their open access and common 
pool properties. Institutional arrangements at 
the local, regional, and international levels are 
essential to sustain the resource base. These 
arrangements determine the allocation of rights 
as well as the implementation of rules. 

Previously, the problem of overfishing was 
interpreted in terms of international encroachment. 
However, in 1982, coastal countries ratified the 
United Nations Convention on the Law of the 
Sea, which demarcates the EEZ of each marine 
state. Problems of encroachment (intentional or 
unintentional) still exist, as EEZs at certain points 
may be unclear, unmarked and overlapping with 
other claims. However, fisheries management 
has practically been nationalized worldwide; 
nevertheless, overexploitation remains a problem, 
highlighting the complexity of interactions 
among users, institutional arrangements, and the 
resource base. This complexity poses tremendous 
challenges for institutional policies and design. 

Fisheries laws and regulations

A list of fisheries laws, regulations, and informal 
rules in the selected countries is presented in 
Appendix 2, Table 1. In countries where formal 
laws and regulations are extensively applied, 
informal laws seem to be less significant. In a 
situation when formal rules are not covering 
dominant aspects of fisheries management 
or when enforcement of formal laws is weak, 
the gaps are filled by informal rules. China, 
Indonesia, Malaysia, Sri Lanka, and Thailand are 
examples where formal laws extensively cover the 
most important aspects of fisheries management. 
In Bangladesh, the Philippines, and Vietnam, 
informal rules, such as customary and traditional 
knowledge, play equally important roles especially 
at the grassroots level. India has fairly sufficient 
formal laws, but these laws cover few extensive 
topics on fisheries management. 

An assessment of the fisheries laws and regulations 
in the selected countries is summarized in Table 
5.5. All the countries seem to have sufficient 
implementing agencies equipped with all necessary 
legal instruments. However, in all these countries 
implementation effectiveness is questionable 
due to institutional capability, overlapping tasks, 
and implementation transparency. Corruption 
remains an endemic problem in some countries. 
Countries plagued by weak institutions at the 
national level are also poor at the enforcement of 
fisheries regulations. 

Property and access rights to fisheries

Fisheries rights have been used as effective 
instruments for the allocation and conservation of 
fisheries resources. As shown in Appendix 2, Table 
2, all the countries clearly define their fisheries 
resources rights. Sri Lanka has a slightly more 
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complicated assignment of rights. Bangladesh, 
India, and Sri Lanka have defined their fisheries 
rights to benefit primarily disadvantaged groups. 
Indonesia, Malaysia, the Philippines, and Thailand 
have applied zoning to clarify fisheries rights, 
with zones bordering the coast reserved for local 
communities. In the Philippines, fisheries rights 
are clearly defined and assured by legal and formal 
institutions. An assessment of the property rights 
framework in the selected countries is summarized 
in Table 5.6. In all these countries, formal and legal 
instruments are sufficient to guarantee fisheries 
rights. However, informal instruments tend to be 
overshadowed by legal and formal institutions, 
such as in China and Vietnam, or otherwise weak 
as in Bangladesh, India, and Thailand. In the case 
of Sri Lanka and the Philippines, the informal 
assurance of rights is recognized more than in the 
other countries.

Local governments and communities

Management approaches in development 
are increasingly adopting the principle of 
“subsidiarity”, i.e., the delegating of authority to 
the unit closest to the resource or organization 
being managed. This is concretely expressed by 
moves towards decentralization, co-management, 
and community-based management. Appendix 2, 
Table 3 summarizes the decentralization policy 
and management arrangements at the community 
level in the nine Asian fish-exporting countries. 
The Philippines is the most advanced country 
in this respect as it has legally devolved central 
authority to the local level since 1991. Indonesia 
and Thailand have followed the trend. China 
and Vietnam have strong centralized policy in 
public administration, which is reflected in state-
controlled management. Other countries, such as 
Bangladesh, India, and Sri Lanka, are unclear on 
their decentralization policies. 

Table 5.7 contains a summary of a qualitative 
assessment of the progress made in the area of 
community management and decentralization. 
All the countries, which have actively sponsored 
decentralization, have also officially supported 
community-based management of fisheries, 
whether in the form of community management 
or co-management. This management system 
is being tested in Bangladesh and Indonesia, 
is in the process of being legally recognized in 
Vietnam, is being encouraged or promoted in Sri 
Lanka and Thailand, has advanced considerably 
in the Philippines, but is not promoted in China, 
India, and Malaysia. 

The private sector and the international 
community

A summary of the roles of local organizations, the 
private sector, and NGOs in fisheries management 
in the nine Asian fish-exporting countries is 
provided in Appendix 2, Table 4. In all the 
countries, the private sector is uniformly dominant 
in the investment side of fisheries production, 
processing, and trade, while local organizations 
show varying degrees of involvement in fisheries 
management; they are considered very important 
in Indonesia, the Philippines, Sri Lanka, and 
Vietnam and are becoming increasingly important 
in Bangladesh, China, India, and Thailand. As 
may be seen in Table 5.8, the roles of NGOs are 
very important in Bangladesh and the Philippines, 
fairly important in Sri Lanka and Thailand, but 
not so in China, India, Indonesia, Malaysia, and 
Vietnam. 

As shown in Appendix 2, Table 5, most of the 
nine Asian fish-exporting countries are active in 
international involvement, either receiving or 
providing technical and financial support, but the 
degrees of involvement vary (Table 5.9). While 
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Country Formal laws Informal laws
Enforcement 

effectiveness of formal 
laws

Bangladesh Sufficient, covers fewer extensive topics
Dominant at the 
grassroots level

Weak, traces of corruption

China Sufficient, covers extensively most topics
Less significant Strong by government 

order

India
Fairly sufficient, covers fewer extensive 
topics

Less significant
Weak, traces of corruption

Indonesia Sufficient, covers extensively most topics
Significant

Weak, traces of corruption

Malaysia Sufficient, covers extensively most topics
Less significant Strong

Philippines Sufficient, covers extensively most topics
Significant Fairly strong, problem with 

enforcement integration

Sri Lanka Sufficient, covers extensively most topics
Significant Weak

Thailand Sufficient, covers extensively most topics
Less significant Weak

Vietnam
Fairly sufficient, covers extensively most 
topics

Significant
Strong 

Table 5.5 Evaluation of Laws and Regulations related to Fisheries Management in the Selected Countries

Source: This summary is based on ADB-RETA 5945 Country Reports.

Bangladesh appears to be less active in joint-
investment or joint-venture arrangements with 
foreign counterparts, China, the Philippines, Sri 
Lanka, and Thailand are active in most aspects 
of fisheries, with China being prominent in 
international initiatives. India, Indonesia, 
Malaysia, and Vietnam are not active in deep-
sea fisheries while Thailand is developing its 
technology through experimentation. 

Overall assessment 

A summary of institutional adequacy and 
effectiveness is presented in Table 5.10.  This 
evaluation was conducted on 11 June 2004 

by fisheries experts during a Regional Project 
Workshop. In all the countries, fisheries policy 
closely adheres to national goals, and plan 
formulation is deemed adequate, with the 
exception of India. Moreover, all countries have 
institutional settings on fisheries management 
and development in place. The institution with 
the main responsibility is either the Ministry/
Department of Fisheries (Bangladesh, Indonesia, 
and Vietnam), or a separate department/bureau 
within the Ministry of Agriculture. Bangladesh, 
China, Malaysia, and Thailand are adequate and 
effective in their fisheries planning, owing to their 
long history of dependence on fisheries and the 
recent rapid development of the sector. 
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Country Rights clarification Rights assurance

Bangladesh
Clearly defined and revised for benefits of poorer 
section through cooperatives

Sufficient assurance by formal and legal 
instruments; informal assurance weakening

China
Clearly defined and adjusted to fit  local conditions; 
government retaining rights

Sufficient assurance by formal and legal 
instruments; informal assurance dominated 
by government policies

India

Clearly defined in some waterbodies. 
State property is clearly defined but resources are 
separately defined. 
Rights are revised for benefits of the poorer 
section through cooperatives.

There exist degrees of confusion among 
implementing agencies.
Informal assurance is disappearing.

Indonesia Clearly defined with different zones
Sufficient assurance by formal and legal 
instruments

Malaysia Clearly defined with different zones
Sufficient assurance by formal and legal 
instruments

Philippines
Clearly defined

Sufficient assurance by formal and legal 
instruments; in some areas, informal 
assurance predominant

Sri Lanka

Highly and clearly defined; rights assignments to 
safeguard open-access nature of resources, and for 
the benefit of local (and poorer) people 
Local government is rights guarantor.

Sufficient assurance by formal and legal 
instruments; informal assurance recognized

Thailand
Clearly defined with different zones; rights flexible 
to political changes

Sufficient assurance by formal and legal 
instruments; informal assurance  weak

Vietnam
Clearly defined; government assuming rights 
classification

Sufficient assurance by formal and 
legal instruments; informal assurance 
overshadowed by government rules

Table 5.6 Evaluation of Fisheries Rights Clarification and Assurance in the Selected Countries

Source: This summary is based on ADB-RETA 5945 Country Reports.

Only India and Sri Lanka have separate institutions 
dealing with coastal zone management policy 
and plan implementation. However, these new 
bodies remain at an early developing stage and 
continue to face various constraints, such as lack 
of authority in the case of the coastal zone body 
of India.

Implementation is similarly rated low to moderate 
in terms of adequacy and effectiveness, except 
for China, which has had historical experience 
in centralized administration. Institutional and 
regulatory inefficiencies are widespread. A major 
problem is that many institutions have overlapping 
roles and responsibilities. For instance, in most 
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Country Decentralization policy
Management arrangement at community 

level

Bangladesh
Mainly by local government body and 
cooperatives; unsupported by laws

Community management models are being 
tested.

China
Not currently a policy Community management is not currently 

promoted.

India
Unclear decentralization policy; existing 
constitutional supports 

Community management is not currently 
promoted.

Indonesia
In the process for full decentralization since 
1999; supported by formal laws

Community management models are being 
operated.

Malaysia
Not currently a policy Community management is not currently 

promoted.

Philippines
In the process for full decentralization since 
1991; supported by formal laws

Community management models are well 
advanced and implemented.

Sri Lanka
Not currently a policy Community management is being encouraged 

by the government.

Thailand
In the process for full decentralization since 
1998; supported by formal laws

Community management models are 
increasingly recognized.

Vietnam
Not currently a policy

Community management models are 
increasingly recognized.
The models have potential to become legal and 
formal management arrangements.

 Table 5.7 Evaluation of Decentralization and Management Arrangements at the 
                     Community Level in the Selected Countries

Source: This summary is based on ADB-RETA 5945 Country Reports.

of the countries a confusing array of institutions 
is directly or indirectly involved in the approval 
of land use for aquaculture. In Bangladesh and 
Malaysia, there are as many as ten agencies involved 
in the process, delaying approval by years. In Sri 
Lanka, more than ten government departments 
have legal or administrative responsibility for 
the coastal zone and management of fisheries 
resources, causing difficulties in implementing 
programs. The Philippines, Sri Lanka, Thailand, 

and Vietnam also appear to have a lower degree 
of institutional cooperation.

With respect to social and environmental conflict 
resolution, all the countries, except the Philippines, 
have moderately adequate institutions. In terms 
of their effectiveness, Philippines and Vietnam are 
rated low, with China rated high, and the rest only 
moderate. One may conjecture that the Philippines, 
with strong emphasis on decentralization, should 
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Country Local organizations Private sector NGOs

Bangladesh Increasingly important Increasingly important Highly important

China Increasingly important Highly important in some special areas Not important

India Increasingly important Highly important in marketing aspects Not important

Indonesia Highly important
Highly important in aquaculture and 
marketing

Not important

Malaysia
Important Highly important in aquaculture and 

marketing
Not important

Philippines Highly important Highly important in all sectors Highly important

Sri Lanka
Highly important Highly important in aquaculture and 

marketing
Fairly important

Thailand Increasingly important
Highly important in aquaculture and 
marketing

Fairly important

Vietnam
Highly important Highly important in aquaculture and 

marketing
Not important

Table 5.8 Evaluation of Roles of Local Organizations, Private Sector and NGOs in Fisheries 
                    Management in the Nine Asian Fish-exporting Countries

Source: This summary is based on ADB-RETA 5945 Country Reports.

also face problems of institutional coordination. 
Fisheries resources are non-stationary; hence, good 
management by one local body may be nullified 
by mediocre or poor management by another 
local body. Further study is needed to determine 
the overall impact of decentralization on fisheries 
management and enforcement. 

Concluding Remarks

Fisheries policies, institutions, and support 
systems have attempted to keep pace with the 
sector’s economic transformation, the changing 
global environment, and the dwindling resource 
base. Planning and policy setting have in general 
recognized the importance of fisheries and the 

gravity of impending threats. However, specific 
responses, arrangements, and implementation 
vary across countries. In countries, such as China 
and Malaysia, where institutions and support 
systems may be characterized as effective, there 
is usually a capable, centralized administration 
and extension machinery  firmly in place. 
Other countries (Bangladesh, Indonesia, and 
the Philippines) are burdened by bureaucratic 
inefficiency, institutional weakness, and fragile 
human resource base. In these countries, solutions 
have been sought by the promotion of local 
administration and extension, community-based 
management, and active participation of private 
business and NGOs. The contrasting experiences 
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Country
Technical and 

financial supports
Joint-investment 

aquaculture
Joint-venture 

continental fisheries
Joint-venture 

deep-sea fisheries

Bangladesh
Active in both 
aquaculture and 
capture fisheries

Not active Not active Not active

China
Increasingly active after 
economic liberalization

Increasingly active in 
feed investment

Active with other 
countries, territories

Highly active 

India
Active in post- harvest 
technologies

Active in shrimp 
farming, feed, and 
hatchery

Active with other 
countries

Not active

Indonesia Active in trade issues
Active in shrimp 
farming, feed and 
hatchery

Active with 
neighboring countries

Not active

Malaysia
Active in fisheries 
management

Active in shrimp 
farming, feed and 
hatchery

Active with 
neighboring countries

Not active

Philippines
Highly active in most 
aspects

Active in aquaculture in 
seaweed

Active with 
neighboring countries

Active

Sri Lanka Active in most aspects
Active in shrimp 
farming

Active in fisheries 
facilitation onshore

Active in tuna and 
marine surveillance

Thailand
Highly active in most 
aspects

Active in shrimp 
farming, feed, and 
hatchery

Active with 
neighboring countries 
and beyond

Active but still at 
experimental stage
Active with onshore 
facilitation

Vietnam
Highly active

Active in shrimp 
farming, feed, and 
hatchery

Increasingly active Not active

 Table 5.9 Evaluation of International Involvement in Fisheries in the Selected Countries

Source: This summary is based on ADB-RETA 5945 Country Reports.

deserve further study based on cross-country 
comparisons, synthesis of regional similarities, 
and identification of models that can be adopted 
for the institutional systems in each country. 
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Country
Fisheries policy and plan 

formulation
Fisheries policy and plan 

implementation

Fisheries social and 
environmental conflicts 

resolution

Bangladesh Adequate/effective Moderately adequate/effective Moderately adequate/effective

China Adequate/effective Adequate/effective Moderately adequate/effective

India
Lowly adequate/lowly 
effective

Lowly adequate/lowly 
effective

Moderately adequate/ 
moderately effective

Indonesia
Adequate/ moderately 
effective

Moderately adequate/effective Moderately adequate/effective

Malaysia Adequate/effective Moderately adequate/effective Moderately adequate/effective

Philippines Adequate/lowly effective
Moderately adequate/lowly 
effective

Adequate/lowly effective

Sri Lanka
Moderately adequate/ 
moderately effective

Moderately adequate/effective Moderately adequate/effective

Thailand Adequate/effective
Moderately adequate/lowly 
effective

Moderately adequate/effective

Vietnam
Adequate/ moderately 
effective

Moderately adequate/lowly 
effective

Moderately adequate/lowly 
effective

 Table 5.10 Evaluation of Institutional Adequacy and Effectiveness in the Selected Countries

Source: This summary is based on an expert panel evaluation conducted during an ADB-RETA 5945 Regional Workshop on 11 June 2004.
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Introduction

This chapter provides a socioeconomic profile 
of different stakeholders in fish production. The 
profile covers income, employment, scale of 
operation, degree of subsistence production, and 
so forth. While some of the discussions on costs and 
earnings may overlap with the material in Chapter 
3, here the household perspective is emphasized. 
Aside from actual fish producers, this chapter also 
includes the profile of other stakeholders that 
are directly or indirectly related to fishing, such 
as fish seed producers and collectors, processors, 
and traders. 

Fish producers fall into two groups: capture 
fishers and aquaculture farmers. The former 
refers to those who harvest from natural fish 
stocks, whether marine or inland, under open (or 
nominally restricted) access rights. The latter refers 
to farmers who culture fish either in freshwater 
or brackishwater ponds and cages, which are 
operated with full private ownership/rights. A grey 
area is culture-based inland fisheries, in which 
the natural productivity of the aquatic ecosystem 
is utilized, although fishers need to acquire 
access rights (to community tanks, ponds, and 
reservoirs). In this system, fingerlings are stocked 
on communal ponds and fish harvesting is done 
collectively or individually. 

In the process of transition from small-scale 
traditional fishing to commercial fishing, a dual 

economy has been observed within fisheries. That 
is, a small-scale, traditional sub-sector coexists 
with modern farmers and fishers operating with 
modern technology and at industrial scales. The 
heterogeneity of the sector highlights the need 
for multi-faced policy approaches focusing on 
the divergent problems of the stakeholders. In 
particular, policies in fisheries that target the poor 
would have to locate where the poor are in the 
sector.

Data are drawn from both secondary and 
primary sources, collected by researchers from 
published fisheries data or through the use of 
different social research methods, respectively. 
Primary information makes use of household 
surveys based on questionnaires, participatory 
rural appraisal, focus group discussions, and 
key-informant consultations. Secondary informa-
tion is obtained through published data reported 
by various state and central fisheries directorates of 
the respective countries, which contains informa-
tion on production, distribution, marketing, price, 
and consumption of fish in respective countries.

Freshwater Fish Farmers

Freshwater fish farmers can be classified into 
pond fish farmers and cage culture farmers. 
Throughout Asia, pond farmers far outnumber 
cage farmers. Fish farming on private land is 
undertaken in addition to crop farming and has 
become one of the important sources of livelihood 

Chapter 6

PROFILE OF FISH FARMERS, FISHERS, AND TRADERS
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in most of the Asian countries. The socioeconomic 
profile of freshwater fish producers across the nine 
countries is presented in Tables 6.1 and 6.2.

Bangladesh 

Fish farmers in Bangladesh are basically crop 
farmers for whom fish farming is a secondary 
activity. Most of the farmers have education up to 
the secondary level and the mean household size 
of five members, which is slightly smaller than 
the national mean of six members. Their averaged 
annual household income is Tk 126,698 (US$ 
2,112). The income per capita, approximated by 
dividing the household income by the household 
size, is around US$ 404 per year, which is above 
a rule-of-thumb poverty line of US$ 1/day. (Note, 
however, that the average figure may obscure 
a wide variation of household incomes within 
the sample.) The share of crop farming in the 

household income was 31 percent, followed by 
fish farming (27%) and other business activities 
(20-25%). In some regions, the fish-farming 
share can go up as high as 60 percent. Household 
members supply about three-fourths of the labor 
requirement. While 30 percent of the fish farmers 
directly sell their produce to the traders, more than 
half do so through fishers’ cooperatives, indicating 
the importance of collective organization in 
marketing. 

China

Freshwater fish production in China has become 
mostly a private, family-based activity although 
15 percent of production still originates from 
state-owned collectives and companies. There has 
been significant reduction in the farm household 
size during the last 15 years, from five members 
in 1989 to the present level of three members. 

Category Indonesia Malaysia Philippines Thailand

Number of households 37,022 1,241 846

Household size 2–6 5 4–6 5

Educational attainment (yr) 3–8 6–8 4–6

Age of farmer (yr) 32–52 40–45 35–45 44

Fish culture experience (yr) 3–17 8 2–6 3

Average farm size (ha) 3–4 0.02 4–6 0.04 ha

Productivity (kg/ha) 1,630.75 1,960 18

Average income of fish farms (US$) 1,011 473 556 1,435

Table 6.2 Socioeconomic Profile of Freshwater Fish Farmers in the Selected Countries (Cages)

Source: ADB-RETA 5945 Country Reports.
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The average age of fish farmer is 43 years, with 
the average of 9 years of schooling. Very few 
have a graduate degree or technical training. The 
average farm size of freshwater ponds is 1.5 ha, 
yielding 12,000 kg/ha. The household income of 
fish farmers could be as high as US$ 8,000/ha/
season. 

Fish farmers in China obtain 70 percent of their total 
annual household income of US$4,960 from fish 
farming; the rest comes from salaries, businesses, 
and other sources. Hence, specialization in fish 
farming is very evident, in contrast to the findings 
for other countries. Over the period 1990-2002, 
the fish farming income share has been rising, 
suggesting an increasing level of specialization 
and intensity. 

India

Across the regions of India, freshwater fish 
producers differ in the scale of operation, 
intensity, and culture technology. The educational 
attainment of fish farmers is one of the lowest 
among the nine countries included in the study, 
registering only up to three-five years of schooling, 
with no supplementary technical training. The 
family size varies between five and six members, 
with two-three earning members. The average size 
of the farm also varies from 0.5 to 10 hectares. 

The average income from fish farming varies from 
US$ 1,246 to US$ 1,780, which constitutes about 
60 percent of the annual household income. The 
majority of the fish farmers generate 20-25 percent 
of their income from crops and livestock. Per 
capita income falls below the US$ 1/day poverty 
threshold. In fact, upon further examination of 
the sample data, freshwater fish producers appear 
to be mostly poor, with as many as three-fourths 
of them earning below this threshold. 

Indonesia

Freshwater fish culture contributes 8 percent to the 
national fish production but employs 53 percent 
of fish-dependent households. The average 
household size ranges from two to five persons 
for pond culture families and from 2 to 6 persons 
for cage culture families. The pond fish farmers’ 
ages are between 30 and 50 years, and they have 
up to 9 years of schooling. The cage farmers have a 
similar age profile (32-52 years), but they have less 
schooling (3-8 years). Pond sizes per household 
range from 0.10 to 2.43 ha, while cage sizes are 
between 9 and 49 m2. 

The average national productivity of fish farming 
is 2,761 kg/ha/yr (pond); 1,610 kg/unit/yr (cage); 
and 591 kg/ha/yr (paddy field). The productivity 
per household is 287 kg/ha/yr; 1,631 kg/ha/yr; and 
310 kg/ha/yr for ponds, cages, and paddy fields, 
respectively. The freshwater aquaculture industry 
generates an average annual income of US$ 2,027/
ha/yr (ponds); US$ 1,024/ha/yr (cages); and US$ 
447/ha/yr (rice-fish farms). The annual income 
per household practicing freshwater fish farming 
in ponds, cages, and paddy fields is, respectively, 
US$ 211; US$ 1,024; and US$ 234. Households 
doing pond culture are mostly poor, averaging 
only US$ 353/capita/yr.  

Malaysia

There are 17,604 fish farmers in the country 
with a total area of 6,835 ha. In the pond system 
environment, the level of education, farmers’ age, 
and farm experience are 5-8 years, 40-45 years, 
and 5-15 years, respectively. In the cage system 
environment, the level of education, farmers’ age, 
and culture experience are 6-8 years, 40-45 years, 
and 8 years, respectively. The average farm size 
and productivity are 0.34 ha and 7,700 kg/ha, 
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respectively, for pond culture; and 0.02 ha and 
19.6 kg/m2, respectively, for cage culture. The total 
value of the fish produced is RM 304,538 with an 
average quantity of 50,688 tonnes. This translates 
into an average annual income of RM 18,500 or 
US$ 4,830 per household.

Philippines

In the Philippines, cage culture is common. Cages 
are operated mainly by owners. An average cage 
operator is mostly educated up to the high school 
level, and has a household ranging from three 
to six members. The male members generally 
supervise and monitor the culture operations 
while the female members take care of stocking, 
feeding, and harvesting activities. The women 
are also involved in keeping records of farm 
operations, finding the source of fingerlings, and 
marketing of fish produce. The cage owners also 
employ laborers to help in culture operations at 
the rate of PhP250-350 (US$ 5-6) per day. 

The average stocking density in tilapia cages 
ranges from 33 to 611 fingerlings/m2. The stocking 
density depends on water temperature, price of 
fingerlings, harvest price of fish, availability of 
credit, etc. The culture period is 3-5 months for 
tilapia and 6 months for milkfish. The average 
yield for tilapia cages ranges from 6 kg/m2 to 42 
kg/m2. For milkfish, the average yield is 27 kg/m2. 
The main capital investment of the cage operators 
is on the construction of cages and the acquisition 
of craft and gears required for harvesting the fish. 
Initial investment for cage construction ranges 
from US$ 500 to US$ 2,000, depending on the 
size of the farm. The highest gross return has been 
found for tilapia grow-out operators at US$ 4,760/
yr or US$ 1,250/cycle of 4-5 months. Milkfish 
producers receive a net income of US$ 980/cycle 
of 6 months.

Sri Lanka

Freshwater fish producers in Sri Lanka are almost 
entirely dependent on inland culture-based and 
capture fisheries, with only a handful of pond 
farmers among them. The pond farmers have an 
average family size of five members and average 
education up to the high school level. They are 
basically crop farmers, with an average land 
holding of 1-1.5 ha. These fish farmers have 
better access to public utilities than seasonal tank 
fishers and inland fishers. Their average annual 
income is three times higher than that of the 
other freshwater fish producers (US$ 2,350), with 
a possible maximum of US$ 21,850. About 51 
percent of their income comes from fish farming. 
Because the annual household income of rural 
households is only US$ 1,020, it is clear that fish 
farming has helped pond farmers to generate a 
substantial part of their total income. 

Thailand

Freshwater aquaculture in Thailand is one of 
the important farming activities,  second only 
to crop farming. Although it is mostly reported 
as a secondary activity, farmers engaged in fish 
farming claim it is an important source of income 
and employment. Most of the fish farmers have 
primary education, and a few have high school 
and college education. 

The average total farm size is four hectares, with 
90 percent of the farms being privately owned. 
The average size of the fishponds is one hectare. 
Fish farming constitutes around 20 percent of 
the total annual family income of B 87,600 (US$ 
2,185). The average per capita income is around 
US$ 1.20/day. However, the net income of a small-
scale farmer could be as low as US$ 175/ha/yr. 
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Vietnam

Among the farm households in Vietnam, 15-
20 percent are involved in fishing, fish farming 
and fishery-related activities. The average fishing 
household has five members, with the household 
head having between 7 and 9 years of schooling. In 
many provinces, aquaculture farms are located close 
to the district centers, indicating the importance 
of fish farms over other farm enterprises. The 
hatchery farms are also found close to fish farms 
with distances ranging from 1.8 km to 4.5 km. 

The average size of land holding by fish farmers 
ranges from 0.85 hectare to 2.85 hectares. Less 
than 1 percent of the farms are privately owned 
while the rest are rented. The farmers normally 
practice polyculture and integrated fish culture 
system, i.e., fish-swine-poultry. Fish farmers 
purchase seeds from private nursery operators 
and national hatcheries, with a small percentage 
of farmers growing their own seeds. A fishing 
household normally harvests 789-13,560 kg 
from their ponds. The net household income 
from aquaculture production varies from VN$ 
1,817,000 to 19,285,000 (US$ 120-1230). The 
common problems faced by fish farmers in 
Vietnam are pollution, natural disasters, poor seed 
quality, and lack of capital. Most of the farmers 
are finding it difficult to expand their aquaculture 
operations. 

Brackishwater and Coastal Aquaculture 
Farmers

Shrimp aquaculture has emerged to become 
an important contributor to income and 
employment of many Asian economies. Some 
socioeconomic indicators of shrimp producers 
under a brackishwater environment are presented 
in Tables 6.3 and 6.4. 

Bangladesh 

Shrimp farming in Bangladesh is one of the 
lucrative enterprises, which has complex 
backward and forward production and marketing 
linkages. The departure from predominantly rice-
based farming system to commercial culture has 
created a new employment structure involving 
both skilled and unskilled rural labor. Shrimp 
farming also has opened up avenues for female 
employment through shrimp depots and 
processing companies. 

Households engaged in shrimp farming earn 
most of their income from this activity. Only 
around 10-15 percent of the farmers also engage 
in crop farming. The income from shrimp farming 
constitutes 75-80 percent of the total annual 
household income. A survey conducted during 
2003 showed the annual household income 
reaching US$ 14,250, which was higher than 
incomes of similar operators in China, India, 
and Indonesia. However, the bulk of this goes 
to owner operators while the annual household 
income of leasehold operators is only US$ 2,300. 
Among the industry stakeholders, it is the shrimp 
fry/seed collecting households that count among 
the poorest. Their household incomes average 
only US$ 250 per year.

China

Shrimp farmers in China mostly adopt a semi-
intensive culture system. Gross yields average 
2,100 kg/ha. Shrimp farming households earn a 
gross annual income of US$ 6,176 from shrimp 
farming, plus a net income of US$ 1,740/crop. 
On average, farmers operate two crops per year.
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Category BNG CHI INA IND MAL THA

Number of households 186,485 1,131 32,461

Household size 6 3 6 4–5 1.94

Educational attainment (yr) 7 12 9–13 6–10 8–10 9–10

Age of farmer (yr) 38–42 45

Aquaculture experience (yr) 8 10 5–8 3–10 5 12.50

Farm size (ha) 1–2 1.66 0.50–13 0.44–2.25 6.3 0.14–8.49

Productivity (kg/ha) 1,080 2,500 740 430–3,500 2,440 3,640

Gross income (US$/ha) 14,257 1,695 6,000 2,136 18,376 37,485

Table 6.3 Socioeconomic Profile of Brackishwater Fish Farmers (Ponds), Subset of the Selected Countries

Sources: ICLARM field surveys 1998-99, 2002-2003; ADB-RETA 5534 Regional Study and Workshop Report (1998); FAO FishStat (2002a)
 (http://www.fao.org/fi/statist/Fisoft/Fishplus); judgment of experts from the selected countries.

India

The average size of sampled shrimp farms in India 
ranges between 0.9 and 13 ha. These farms are the 
largest among the selected countries. The sample 
covers a wide range of operators, from small-
scale and marginal farmers on the one hand to 
commercialized enterprises on the other. Shrimp 
farming has become a major source of livelihood. 
The average productivity of shrimp farmers 
per crop is 740 kg/ha, and the average net farm 
income is Rs 134,000 (US$ 2,980)/crop/ha. Thus, 
large-scale farmers who tend to crop twice per 
year have an average annual household income of 
US$ 5,800. However, because small-scale farmers 
operate only once a year, the income potential of 
shrimp farming is not realized. Generally, most 
of the shrimp farmers consider themselves better 
off and only a small proportion of the small-scale 
farmers are deemed poor. 

Malaysia

Shrimp culture in Malaysia started in the early 
1930s as a subsistence activity. Over the past 
25 years, it has developed into a commercial 
activity, with the development of infrastructure 
and hatcheries for tiger prawns to meet increasing 
global demand. At present, the country has 50 
shrimp hatcheries. The shrimp farmers are able to 
achieve a high yield of up to 6 t/ha. The national 
average productivity has increased from 1.4 t/ha 
to 2.4 t/ha, indicating growing income levels. 

Philippines 

In the Philippines, catfish, prawn, tilapia, 
and milkfish are cultured in estuarine and 
brackishwater ponds. The owners operate these 
ponds directly or through their caretakers. Based 
on a survey of shrimp farmers, a significant 
proportion of shrimp farms are operated by 
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Table 6.4 Socioeconomic Profile of Brackishwater Fish Farmers (Cages), Subset of the Selected Countries

Sources: ICLARM field surveys 1998-99, 2002-2003; ADB RETA 5534 Regional Study and Workshop Report (1998).

owners (26-61%). Brackishwater pond farmers 
are usually educated up to the high school level. A 
male member usually heads the farm and he has 
an average household of five members. 

The average size of farms and number of ponds per 
farm vary, depending on the type of fish produced. 
Milkfish and prawn ponds are normally 100 times 
larger than tilapia and catfish ponds. The average 
size of catfish cages is 761 m2, compared to 108,000 
m2 for milkfish and 53,000 m2 for prawns. The 
average culture duration ranges from four to five 
months, with an average yield of 200 g/m2 of 
prawns and of 3.65 kg/m2 of catfish. In terms of 
productivity, the catfish gives a higher yield per unit 
area than the other cultured species, within the 
shortest duration of 4 months. The higher yield is 
attributed to the higher stocking density for catfish 
culture at 38 fingerlings/m2, followed by 22 for 
tilapia and only 1-2 for milkfish and prawns. The 
estimated net income per cage ranges from US$ 52 
to US$ 220 per cycle. 

The survey has also revealed that a large number of 
farms incurred losses of up to US$ 720. Reasons for 
the loss included high cost of fingerlings, poaching, 
and predation. The overall net return was estimated 
to be US$ 196/unit. Milkfish generated the highest 
net income for farmers, but catfish netted the 
highest income per unit at US$ 1/m2 compared to 
only US$ 0.08/m2 for tilapia and milkfish and US$ 
0.01/m2 for prawn. 

Thailand

The socioeconomic status of coastal aquaculture 
farmers in Thailand is relatively better than that 
of their counterparts in freshwater aquaculture. 
Most aquaculture farms are privately owned 
(72%). While the average fish-farm size is about 
two hectares, shrimp farms vary between two 
and nine hectares. Other culture species under 
the brackishwater environment are oyster, green 
mussel, sea bass, and grouper. Most of the coastal 
aquaculture farmers have education up to the high 

Category Malaysia Thailand Vietnam

Number of households 1,590 5,217 2,100

Household size 4–5 5 4.7

Educational attainment (yr) 8 10 9

Age of farmer (yr) 40–45 50

Aquaculture experience (yr) 8 15

Average farm size (ha) 0.0535 0.1 2.56

Productivity (kg/ha) 7,792

Gross income (US$/ha) 894 13,976
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school level and a few have college education and 
professional training. 

The productivity of shrimp farming could be as 
low as 381 kg/ha in extensive farms and as high 
as 5,000 kg/ha in intensive farms. In terms of 
net farm income, the intensive farmers make the 
highest income, followed by semi-intensive and 
extensive farmers. The net income per hectare of 
intensive shrimp farms is US$ 5,300 compared to 
only US$ 2,195 in the extensive farms. In the case 
of cage culture of sea bass and grouper, the net 
returns per square meter are Baht 987 and Baht 
750, respectively. 

Vietnam

Shrimp culture is now one of the most important 
aquaculture activities in Vietnam in terms of 
area, production, employment, and foreign 
exchange earnings. This is particularly the case in 
the Mekong Delta, where 80 percent of the total 
shrimp production is being carried out. While 
saline water shrimp farming in the Mekong Delta 
has been expanded in the coastal zone or estuarine 
areas by mainly following the extensive farming 
system, some shrimp farming has transformed 
from an extensive system to an intensive one. 
Farming is practiced either in the monoculture 
system or in combination with rice. 

The gross income from rice growing is Dong 
8,800,000/crop, compared to Dong 33,000,000 
from shrimp monoculture and Dong 48,500,000 
from shrimp-rice farming practice. In the Mekong 
Delta, the vast expanse of flooded areas during the 
wet season offers considerable potential for rice-
aquaculture activities that have been practiced 
by Vietnamese farmers for a long time. These 
integrated farming systems include rice-fish, 

rice-freshwater shrimp, rice-saline water shrimp, 
mangrove forestry-shrimp, coconut-shrimp, 
salt-shrimp, artemia-shrimp, and crop-livestock-
fish. However, the net family income per crop 
for shrimp monoculture farmers (US$ 195) is 
much lower than for rice monoculture (US$ 350) 
and rice-shrimp farmers (US$ 1,100). The rice-
shrimp farming system also allows diversification 
of farm output and production activities. Aside 
from aquaculture production of mud crab and 
fish, farmers can also produce perennial upland 
cash crops (such as chili, tomatoes, cassava, sweet 
potato, sugarcane, and palm) and raise livestock 
(pigs, ducks, and chickens). 

Marine Aquaculture 

Marine aquaculture had shown remarkable growth 
over the last five years in countries that have 
adopted the technology. Various culture techniques 
are currently in use, such as rafts, cages, and 
pens. However, the most important are cages for 
cultivating species of grouper, snapper, sea perch, 
and sea bass, and rafts for cultivating seaweeds. 
Statistics and official data from Indonesia indicate 
that the current area under marine aquaculture 
covers only about six percent of the potential area, 
estimated at 2,002,680 ha 1. In 2000, the culture 
industry contributed 197,114 tonnes to the total 
national production. The marine fish culture 
industry provides a large annual income of US$ 
9,431 per household (see Table 6.5).

Marine Capture Fishers

Marine capture fisheries, being an open access 
resource, provide one of the greatest opportunities 
for equitable distribution of benefits. However, 
owing to technological change and the rise of 
industrialized fishing, access to the resource 

1   This figure was calculated from 20 percent of total marine water area of < 5 km coastline that was estimated by the Directorate General of Aquaculture, 
Ministry of Marine Affairs and Fisheries of Indonesia in 2002.
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has effectively become unequal, resulting in a 
tremendous divergence in earnings across fisher 
categories (see Table 6.6).

Bangladesh

The commercial fishing operation started in 
Bangladesh in the early 1970s with the introduction 
of trawlers. There is a clear demarcation of fishing 
grounds for small-scale and mechanized fishing 
units. However, quite often the latter would 
encroach on the inshore areas up to 40 m, which 
are reserved for small-scale fishers. On the average, 
the annual net income for trawl fishers is US$ 
53,946 compared to US$ 7,020 for fishers using 
motorized units and US$ 2,103 for traditional 
fishers. The annual household income of a crew 
member in a mechanized unit can be as low as 
US$ 575, as recorded in 1996.

A survey of marine fishers in Bangladesh shows 
that they are often poor and have lower education 
than their counterparts in the aquaculture sector. 
The literacy level is even lower among female 
fishers, with only 60 percent having some formal 
education. Coastal fishing households face 
problems of food insufficiency and lack of access 
to potable water and sanitation. Marine fishers 
are typically landless people, which is an evidence 
of vulnerability to risk. The average family size is 
seven, which is higher than the national average 
of five members per family. Aside from fishing, 
members of the family do fishery-related activities, 
such as trading, processing, and marketing. 

China

The average family size of marine fishing 
households is only slightly bigger than that of 
their counterparts in the fish-farming sector. 
The educational level of marine fishers is much 

Category Indonesia Thailand

Household number 17,414 4,553

Household size 3–5 4.47

Level of education (yr) 6–10 8

Farmers’ age (yr) 35–47 43.47

Culture experience (yr) 2–5 10

Average pond size (unit, m2) 25–50 25-40

Production (t) 197,114 245,000

Gross income (US$/ha) 9,431.472 4,836.42

Table 6.5 Socioeconomic Profile of Marine Water Fish Producers in a Subset of the Selected Countries 

Sources:  ICLARM field surveys 1998-1999, 2002-2003; ADB-RETA 5534, Regional Study and Workshop Report (1998); 
FAO FishStat (2002a) (http://www.fao.org/fi/statist/Fisoft/Fishplus).

2   This figure was calculated from figures cited in the National Statistics of Aquaculture Indonesia 2000. 
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Category BNG INA IND MAL PHI SLA THA

Household size 6 4-6 6.65 3-6 5

Educational 
attainment (yr)

5-7 6-9 7 3-8 9-10

Age of fisher (yr) 40-45 35-45 42 25-50

Fishing experience 
(yr)

8 15-23 10-15 2-32

Number of vessels
- Commercial (%)
- Small-scale (%)

49
51

52
48

32,581
 22
 78

3,601
 60
 40

75,801
 14
 86

Production 
(‘000 t)
- Commercial (%)
- Small-scale (%)

353.7
 10.0
 90.0

2,700.3 
     66.0
     34.0

3,807.2
1,286
76.5
23.5

1,946.1
     50.2
     49.8

2,287
 14.5
 85.5

Gross Income 
(US$/yr)

3,884 876 1,736 1,128 1,125

Household number
- Commercial (%)
- Small-scale (%)

475,392
81,994

49.0
51.0

57,801
 12.5
 87.5

Table 6.6 Socioeconomic Profile of Marine Fishers in Selected Countries of Asia

Sources:   ICLARM field surveys 1998-99, 2002-2003; ADB-RETA 5534 Regional Study and Workshop Report 1998; 
FAO FishStat 2002a  (http://www.fao.org/fi/statist/Fisoft/Fishplus).

lower than the national average and that of their 
counterparts in aquaculture. Often, the marine 
fishers do not have more than secondary education 
and about 6 percent of them have no formal 
education at all. Marine fishing has been evolving 
into a privately run, family-based enterprise, 
although about 60 percent of the families are 
members of the state-owned collectives, which 
play a dominant role in the organization of the 
production. 

India

India’s 8,000 km coastline is inhabited by 49 
percent of the country’s population, which 
spread over nine coastal states. These states have 
a population density of 600-2,000/km2, which is 
much higher than the national average of 300/
km2. 

Motorized fishing vessels utilize about 30 
persons per operation, with 15-18 serving as crew 
members on board and the rest assisting in post-
harvest activities. Normally, after deducting the 
variable expenses like fuel and food, one-third of 
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the catch value is divided among craft and gear 
operators; the remaining catch value is shared 
equally among the crew.

A survey shows that the educational level of 
mechanized fishers is improving over the years 
as many graduates are entering this sector in the 
absence of alternative employment opportunities. 
Meanwhile, the educational level appears to be 
lowering among traditional fishers. Similarly, 
access to clean drinking water, ownership of 
LPG ranges, transport vehicles, and television 
sets are better among mechanized fishers than 
traditional fishers. The percentages of actual 
fishing individuals in a family are 26 percent 
among mechanized fishers and 35 percent among 
traditional fishers, indicating higher dependence 
of the latter on marine resources. Very few women 
in mechanized fishing families are involved in 
fish vending (1.68%) compared to those from 
traditional fishing families (6.58%). Further, 20 
percent of members of the former live in other 
villages while only 3 per cent of members of the 
latter do so.

Mechanized fishing families also have more 
diversified sources of income. Some 16 percent of 
them have income from other sources, compared 
to only 2 percent of motorized fishing families. 
The net household annual income of mechanized 
fishers is around US$ 1,200-1,400, compared to 
only US$ 500-1,200 for small-scale, motorized 
fishers.

Indonesia

In 2000, small-scale fisheries accounted for 95 per 
cent of the total number of vessels in the country, 
and 475,392 households were engaged in fishing. 
The estimated productivity of the capture fishery is 

8,009 kg/yr per household. The average household 
had four to six members, with six to nine years 
of schooling. The fishers were 35-45 years of age 
and their fishing experience ranged from 15 to 23 
years. Marine capture fishery provides an annual 
income of US$ 4,661 per household. Problems 
commonly experienced by fishers included 
limited capital, presence of too many small-scale 
fishers, high cost, especially of fuel, and low price 
at landing site.

Malaysia

There is a clear distinction between commercial 
and small-scale fishers in Malaysia. The 
commercial fishers mainly use trawl and purse 
seine nets while the traditional fishers use drift/
gill nets, hook and line, and portable traps. Aside 
from non-mechanized boats, some small-scale 
fishers also use mechanized boats with outboard 
and onboard engines. The regular catch per unit 
of effort (CPUE) for a trawl net operator is 100 
tonnes, followed by 207 tonnes for a purse seine 
operator. The harvest by gill nets is only 8 tonnes, 
indicating the vulnerability of their operators.

Although there is a substantial increase in CPUE 
of gill nets with the use of bigger engines, fishers 
still earn considerably less than trawlers and purse 
seiners. The net profit per year of a trawler is RM 
30,000-142,000 (US$ 7,893-37,360), depending 
on the scale of operation. The purse seiners earn 
substantially higher net profit per unit compared 
to trawlers. Their average annual net profit is US$ 
52,620-99,978. The gill net operators earn a net 
profit of US$ 14,112 per year. The net income of 
the fishing crew varies from US$ 1,127 among 
trawlers to US$ 8,227 among gill-netters and hook-
and-liners. Thus, the income of the fishing crew 
is substantially higher in small-scale fishing than 
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commercial fishing, indicating that the transition 
from small-scale to commercial fisheries may not 
always benefit the laborers. 

In the trawl fishery of Malaysia, net income is 
divided among the different parties involved in 
fishing according to the contributions to capital, 
skills, and responsibilities. For example, out of 
8 shares on a 4-member trawler, 4.75 shares go 
to the boat owner; 1.25 to the skipper; and the 
2 crew members receive 1 share each. In the 
purse seine fishery, the sharing system is more 
complicated. In the case of a purse seiner with 14 
people on board, the first 450 kg of catch goes to 
the workers. Net operating income, calculated by 
deducting operating costs from catch in excess of 
450 kg, is divided into 20 shares. The boat owner 
receives 5 shares; the skipper, 1.5; the engine 
operator, 1.25; and the rest of the crew, 1 each. 
For the anchovy purse seiner, the crew receives 
a fixed wage, plus a commission per basket of 
catch. The skipper is awarded a bonus of about 3 
percent of the net value of the catch. The sharing 
system is also practiced in traditional fishing. A 
boat owner normally receives 20-60 percent of the 
total catch.

Philippines

Marine fishers in the Philippines are broadly 
classified into municipal and commercial fishers. 
The municipal fishers operate small-scale fishing 
units with an average initial capital investment of 
US$ 440, while commercial fishers require US$ 
4,256, or about ten times as much. The majority 
of municipal fishers use motorized boats with 5-
16 HP engines. There are some non-motorized 
traditional crafts that cost US$ 14–50 and are 
operated by poor fishers in inshore areas. A survey 
done for this study shows that the average net 

return per trip for municipal fishers is US$ 4.90-
9.30 while commercial fishers earn US$ 622 per 
trip. In general, commercial fishers, despite their 
higher capital investment in vessels and gears, are 
better off compared to municipal fishers. 

Sri Lanka

The marine fishing communities in Sri Lanka 
consist of multi-ethnic and multi-religious groups. 
The coastal fishing households are distributed 
in 1,300 fishing villages, with 25 percent of the 
households engaged in fishing. The majority of 
these fishing households are Christians, although 
Buddhists and those from other religious groups 
are also involved in fishing on a smaller scale. 
Fishing is the major source of income in these 
coastal communities (90%), but their employment 
is becoming more diversified. The fishers’ levels of 
education differ with respect to their occupation. 
Most of the boat owners and skippers have 
education up to the high school level. 

Boat owners have a yearly income of about US$ 
2,130; this constitutes 78 per cent of their total 
income. Thus, the annual household income of 
boat owners from all sources is US$ 2,500–3,000. 
The annual income of skippers and crew are only 
US$ 1,250 and US$ 1,000, respectively. 

The households depending on fishing as a sole 
source of income declined from 82 percent in 
1972 to 70 percent in 1996. The average annual 
net income of commercial and small-scale fishers 
with different fishing gears shows wide differences 
in their socioeconomic status. The annual net 
income of a household from a multi-day fishing 
unit is around US$ 3,000, compared to US$ 668 
from a traditional motorized craft and US$ 200 
from a traditional non-motorized craft. It should 
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be noted that the income of fishers using non-
motorized vessels is comparable to the income of 
workers in agricultural estates and urban informal 
employment sectors. 

Some of these traditional fishers also earn a part of 
their income from working as crew in commercial 
fishing vessels. The crew in a multi-day fishing 
vessel normally receives US$ 1,800-2,000 per 
year; this indicates that the households with 
family members working in a commercial vessel 
are relatively better off. 

Thailand 

Marine fishing in Thailand is traditionally a 
family-based enterprise. Eighty-five per cent of the 
fishing households (75,800) are engaged in small-
scale fisheries. Most of the fishers have primary 
education; only 4 percent of them are without any 
formal education. 

These families are mainly dependent on fishing, 
which contributes 75-80 percent to their total 
income. During the last 15 years, there has been 
a substantial increase in the number of small-
scale fishers while that of commercial fishers has 
declined. However, the annual income of small-
scale fishers (US$ 2,242) is substantially lower 
than their commercial counterparts (US$ 11,800). 
For small-scale fishers, fishery-related incomes 
account for 18 percent of their total income, 
compared to 24 percent for that of commercial 
fishers. 

As discussed in Chapter 3, the financial profitability 
of small-scale fishing gears such as gill nets for 
harvesting shrimp and mackerel is very attractive 
due to low capital investment. Daily wages of 
laborers in small-scale fisheries are lowest (US$ 
3.5) in the three-gear fishing vessel and highest 

(US$5.9) in the two-gear one. Meanwhile, most 
commercial fisheries offer daily wages of US$ 5-
7.5. The highest daily wage of US$ 12.50 is paid 
in push net operations and the lowest, in otter 
trawl units.

The mode of payments in the fisheries sector of 
Thailand varies among types and sizes of fishing 
gear. For example, about 80 percent of small otter 
trawls with length less than 14 m pay fixed wages 
to crew. Medium-sized and large otter trawls, and 
50-75 percent of the pair trawls use both the fixed 
wage system and the benefit sharing method. Most 
beam trawlers and push netters employ sharing 
systems, whereby net income is divided at a ratio 
of 70:30 between boat owners and crew. The 
crew share is again divided according to rank and 
responsibility. Most purse seiners and gill-netters 
rely on mixed systems of fixed monthly wages and 
sharing the catch value.

Vietnam

Small-scale fishers who employ multi-species/
multi-gear traditional fishing techniques dominate 
capture fishery in Vietnam. Often, fishers have 
limited capital investment. Fishing boats with 
less than 84 HP constitute 94 percent of the total 
fishing fleet, and almost all fisheries activities 
have been conducted in coastal waters. In recent 
years, the number of fishing boats and the size 
of the engines used have continuously increased. 
From 1987 to 1997, the total horsepower capacity 
of fishing boats has increased 200 percent, from 
597,022 HP to 1,880,000 HP. However, the total 
catch only increased 100 percent, from 624,445 
tonnes to 1,130,660 tonnes. During this period 
as well, the number of fishing households and 
fishing vessels in inshore areas has increased to 
the point of overexploitation. 
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Trawl fishing is the dominant fishing technology 
in coastal waters. It contributes 45 percent of 
total marine fish production, followed by purse 
seine fishing, which contributes about 20 percent. 
The net annual income of a single trawler ranges 
from US$ 5,000 to US$ 25,000/yr while a pair of 
trawlers could earn as much as US$ 7,000-60,000/
yr. The purse seine fishers can earn an annual net 
income of about US$ 1,500-30,000. The small-
scale hook-and-line fishers make an income in 
the range of US$ 5,000 to US$ 40,000/yr. On the 
other hand, the gill net fishers are relatively poor 
and have low investment and income; many of 
these traditional fishers operate in coastal waters, 
harvesting demersal fish.

Inland Capture Fishers

Inland capture fisheries production from Asia was 
5.8 million tonnes, contributing 65 percent to the 
world production in 2000. In 2001, production 
reached 2.1 million tonnes in China, 1 million 
tonnes in India, and 0.7 million tonnes in 
Bangladesh. These countries are recognized as 
important geographical points in inland fisheries, 
together with Indonesia, Thailand, Vietnam, and 
the Philippines (FAO 2003). 

Unlike freshwater fish from culture systems, 
production from inland capture fisheries is 
consumed mostly within the region. FAO (2003) 
reported that the inland capture fish production is 
increasing slowly in most of the Asian countries. 
The inland open waterbodies, consisting of rivers, 
floodplains, reservoirs, lakes, small and medium 
seasonal/perennial tanks, covered 4 million 
hectares, which contributed 80 percent of the 
total inland fish production during the 1960s. 
However, the contribution of these waterbodies 
to the total fish production has declined over the 

years. At present, the average productivity is as low 
as 12 kg/ha. Hence, households dependent on 
inland fishing are counted among the poorest of 
the rural poor. Often, they have unprotected access 
rights, and need to move from one waterbody to 
another. Owing to their migrating behavior, it is 
often difficult to assess the socioeconomic status 
of these fishers. 

China

Reservoir fishing in China is one of the major 
sources of employment for poor fishing families 
who are often located in remote rural areas. The 
average annual income per capita ranges from 
US$ 250 to US$ 800. 

India

Wage employment is one of the main occupations 
of inland fishers. Most fishing families own their 
houses; basic amenities, such as toilets and piped-
in water source, are absent. About 80 percent of 
the fishers either depend on public toilets or do 
not have any facility at all. For drinking water, 
households normally depend on multiple sources 
like public tube wells, piped water, and nearby 
waterbodies. Only 65 percent of the fishers have 
education up to the high school level. Land 
ownership of the sampled households varies from 
0.9 to 3.5 hectares. The gross annual income of 
the fishers’ family fishers varies from Rs 32,000 to 
Rs 22, 400 (US$ 500-800). 

Indonesia

Inland capture fisheries in Indonesia are practiced 
in floodplains, rivers, lakes, and reservoirs. 
Fish from inland capture fisheries provides an 
important source of protein in the diets of a large 
number of households, both in rural areas and 



93CHAPTER 6 | Socioeconomic Profile

urban centers. In 2000, inland fisheries contribute 
five percent of the total fish production, and 14 
per cent of the total fishers are dependent on 
inland fishing activities. Inland fisheries are small-
scale subsistence activities and the fishing pattern 
reflects social, cultural, and ecological dimensions 
in the locality (Welcomme 1985; Koeshendrajana 
1997). For example, rules on leasing, auction, 
and lottery of fishery resources vary across 
communities.

The average fisher household has from three to six 
members. On the average, these fishers have 4 to 
7 years of schooling and 5 to 10 years of fishing 
experience.  Their annual income from fishing is 
US$ 67–518/household.

Malaysia

The inland open waterbodies of Malaysia, such 
as lakes and reservoirs, offer a high potential 
for fishery exploitation. The total area of such 
open water resources includes 141,500 hectares, 
constituting nearly 30 percent of the total area 
available for inland fisheries and aquaculture. 
However, the contribution to total production 
from these waterbodies is insignificant (only 
0.2%) and has been declining over the years. This 
suggests the vast potential available for increasing 
the productivity and revenue of the fishers through 
better utilization and management of the inland 
fishery resources.

Sri Lanka

The inland fishers of Sri Lanka are basically 
small crop farmers who also engage in capture or 
culture-based fisheries as a secondary occupation. 
They operate in small reservoirs and other 
common waterbodies, catching mainly tilapia 

and carps introduced through stocking. The 
productivity of these reservoirs is often very low.  
The fishing communities of these reservoirs are 
basically migratory in nature, shifting from tank 
to tank during the season. The average household 
size varies according to the ethnic background; 
45 percent of household members are female. 
Most of the fishers have high school education, 
with very few college graduates among them, and 
about five to seven percent of them have no formal 
education. The fisher households also cultivate 
0.5-2 hectares of cropland. Although most of them 
have access to drinking water and sanitation, only 
50 percent have access to electricity. 

The income of the fishers varies with the 
productivity of the tank and the cropland. The 
average annual household income of seasonal 
tank fishers is relatively higher than that of 
reservoir fishers. The pond operators make twice 
as much as the seasonal tank fishers (US$ 2,200 
vs. US$ 1,280). Unlike seasonal tank and pond 
fishers, reservoir fishers are fulltime professional 
fishers and they do not have any alternative 
sources of income. Their annual income is less 
than the national average of US$ 1,630; this 
indicates that they are the most disadvantaged 
among the inland fishers. Despite the marginal 
income derived from inland fishing, 90 percent 
of Sri Lanka’s total freshwater fish production 
originates from this resource. 

Thailand

Inland capture fishing is an important livelihood 
in Thailand. A case study conducted in one of 
the largest reservoirs (Ubolratana) in the country 
revealed that the culture-based fishers are normally 
rice growers and also dependent on farm labor 
employment. They engage in fishing regularly 
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and sometimes migrate to other waterbodies. 
Men are often in-charge of fishing activities 
while women are involved in post-harvest and 
marketing activities. During the off-season, these 
fishers also migrate to nearby urban areas to find 
employment as construction workers. They have 
an annual family income of US$ 3,964.

Seed Producers

The fish seed producers can be classified into 
hatchery operators and seed rearing farmers. 
Artificial breeding of fish in Asia, started in 
China in the 1950s, was initially designed for 
carp species. This practice has later been carried 
out with other freshwater species such as catfish, 
tilapia, gourami, milkfish, and prawn. The grow-
out industry has also been rapidly expanded 
in conjunction with the development of the 
hatchery sub-sector. 

In South Asian countries, such as India and 
Bangladesh, the public sector previously provided 
the investment for hatcheries operation, while 
commercial production and marketing of the 
fingerlings were undertaken by the private sector. 
However, since the 1990s, the private sector has 
participated in the propagation of hatcheries 
and today a major supply of fry comes from the 
private sector. 

The seed industry includes small-scale (backyard) 
hatcheries, medium- to large-scale water-based 
hatcheries, pond nursery systems, and integrated 
rice-fish in the paddy field technology. Freshwater 
hatcheries are typically small-scale operations 
whereas the brackishwater and marine hatcheries 
are usually operated at a large scale. 

Bangladesh

The hatchery owners in Bangladesh are often 
around the average age of 40 years. They have 
relatively high educational background and 
ample training in fish hatchery and nursery. The 
hatchery owners spent 75 percent of the total 
production cost on variable inputs, such as fish 
eggs and feeds. Their average net return amounts 
to US$ 4,960/ha, with revenues exceeding costs 
by nearly 70 percent. 

China

The well-established artificial breeding and 
hatchery technologies of fish fueled the rapid 
development of aquaculture industry in China. 
Currently, the breeding and hatchery technologies 
that have been developed were extensively adopted 
for most of the cultured species in the country. 
Hatcheries for different cultured species are 
operated by different bodies. For example, large 
state-owned farms usually run carp hatcheries; 
hatcheries for freshwater crabs and prawns are 
often operated by private farms; and commercial 
companies or research institutes often operate 
marine fish hatcheries. 

India

Fish seed production in India started with state 
support, but it has now developed into a major 
sub-sector of the aquaculture industry with large 
private sector participation. However, while fish 
seed production is still mostly in the hands of the 
small-scale producers, shrimp seeds are produced 
by large private companies or in partnership with 
government agencies. Although most farmers 
procure fish seed directly from the seed producers, 
seed traders have been emerging as a major source 
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during the last five years. Sometimes, large-scale 
fish operators purchase seeds in bulk for sale 
to fellow farmers. The West Bengal is the hub 
of seed production, supplying seeds to Bihar, 
Uttar Pradesh and even up to Punjab. Andhra 
Pradesh is one of the leading states supplying fish 
seeds to neighboring states through private seed 
producers. 

The average income of private seed growers is 
about Rs 176,000/million seeds (US$ 3,826). 
Shrimp seed production is highly capital-intensive 
and is mostly undertaken by private companies or 
in partnership with local government agencies. 
With increasing risks of disease outbreaks, these 
hatcheries are equipped with diagnostic facilities 
and laboratories. 

Fish Traders

Fish traders form another major group of 
stakeholders in the fish business. In the selected 
countries, trading arrangements and systems 
diverge widely across countries, fish types, and 
destination markets (e.g., domestic versus foreign 
markets). This section provides an overview of these 
arrangements, together with some information 
about marketing margins and earnings in the 
trading sector. 

Bangladesh

Three types of intermediaries handle fish 
marketing in Bangladesh, namely: beparies, 
artdars, and retailers. The beparies are professional 
fish traders who buy from farmers and sell to 
artdars and retailers. The artdars are basically 
commission agents who facilitate transaction 
between retailers and traders. A breakdown of the 
total marketing expenses shows that 20 percent 
goes to transportation cost and 22 percent to 

commission charges. A survey of traders shows 
that the price spread ranges from US$ 0.45/kg 
to US$ 0.58/kg and the farmer’s share in the 
final consumer price varies from 63-69 percent, 
depending on the length of the marketing 
channel. 

The marketing network for shrimp and other export-
oriented products is different from that for domestic 
commodities. The shrimp passes through depot 
owners/traders, commission agents/wholesalers, 
and then to processing companies. The price spread 
ranges from US$ 2.7/kg to 4.9/kg, depending on 
the marketing channel. The producer’s share in the 
export price ranges from 60 to 70 percent. Female 
workers in the different sections of the shrimp 
industry are relatively poor and suffer from labor 
market discrimination, receiving lower wages for 
identical work. 

China

Fish trading in China, like fish farming, is also a 
family-based enterprise although there are some 
companies and collectives involved in large-scale, 
wholesale trade that is controlled by the state. 
About 75 percent of the overall trading expenditure 
is integrated vertically into the retail business. 
However, rent, trade license, and tax constitute 44 
percent of the total cost, and the rest is shared by 
transport and labor. Fish retailers in China have the 
average annual household income of US$ 4,883, 
with 30 percent of them having an annual income 
less than US$ 2,440. In general, 78 percent of the 
total income of fish traders comes from the trading 
business and the rest from other sources. The 
role of women in fish trading is very prominent, 
with women accounting for 40-45 percent of 
the retailers. The profit margin of fish retailers is 
around 22 percent of the selling price. Women in 
coastal communities are also involved in small-
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scale processing, but not in fishing; this is unlike 
in aquaculture where women contribute to labor 
and management of farms as well.

India

A survey of fish wholesalers and retailers finds 
marketing margins to be quite high, which 
suggests the presence of high risk, and possibly an 
oligopolistic market structure. Within localities, 
the number of competing players is very few, with 
only a handful of families active at wholesale and 
retail levels, particularly in the case of inland fish 
marketing. The retail price of fish in a local market 
may double the ex-vessel price, e.g., fish purchased 
at Rs 19/kg by the wholesaler is sold at Rs 39/kg 
in the local market with a price spread of Rs 20/
kg. The cost of transport, ice, packing, handling 
losses, plus other fixed costs for both wholesaling 
and retailing is only around Rs 8/kg. Hence, there 
is a vast scope to reduce the price spread and 
increase the producer share from the consumer 
price by improving efficiencies and competition 
in marketing. In the case of exportable species, the 
producers’ share in export proceeds varies from 31 
to more than 83 percent. It is possible that in the 
case of items with low processing cost, the share 
of the producers in the export proceeds is higher. 
In general, however, the producers’ share in the 
final consumer price is relatively low, around 45-
50 percent for most of the marine and inland 
markets. However, because of the relatively higher 
marketing efficiency with respect to exportable 
varieties and keen competition among processors 
in this sub-sector, the fishing households receive 
up to 70 percent of the export price. 

Indonesia 

Fish traders play an important role in the fisheries 
industry of Indonesia, both in the domestic and 

international markets. In the domestic market, 
patron-client relationships are often formed, 
with the traders acting as the patron. Although 
the farm gate fish price is decided through 
negotiation, fish traders play an influential role 
in price setting. Local fish traders consist of fish 
collectors, wholesalers, and retailers. The majority 
of the local fish traders handle more than one type 
of fish species, especially from capture fisheries. 
Normally, fish from various producers in the local 
area are sold to a fish trader who in turn sells to 
the local and neighboring markets. Marketing 
margins are between 30–70 percent of the farm 
gate price.

Malaysia

Fish trade in Malaysia is generally handled by 
the private sector. These trading companies 
are registered with the Fishery Development 
Authority. From a survey of 88 traders located 
along the west coast of Malaysia, it was found that 
the majority of them handled one or two types 
of products, such as fresh fish, frozen fish, and 
prawns. Large-scale dealers with an investment 
of RM 890,000 conduct trade of both local fish 
and fish imported from Thailand and Indonesia. 
Normally, they depend on multiple supply sources. 
Apart from selling in domestic supermarkets and 
other outlets, the traders also export fish to other 
countries. Eighty-five percent of the traders operate 
in the domestic market while the rest are in export 
trade. Each trader, on an average, employs 20 
workers and incurs RM 821,570/yr on marketing 
cost. The majority of the traders reported that the 
profitability of fish trading has been increasing 
over the years.
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Philippines

Fish trade in the Philippines is normally carried 
out through a multiple layer of intermediaries, 
such as wholesalers, retailers, brokers, and 
commission agents. They specialize both in fresh 
fish and dried fish marketing. In many provinces 
of the country, women sellers dominate the retail 
marketing. The educational level of the members 
of this trading community is low, with most 
having only elementary education and a few 
having high school education.   The traders are 
between 40-50 years of age and have 4-6 members 
in their households.  On the average, the monthly 
gross and net incomes of traders are around US$ 
1,374 and US$ 348, respectively. Their biggest 
expense is for the procurement of fresh fish and 
labor. The dried fish sellers earn a net income of 
US$ 220/month. Problems faced by the traders in 
general include natural disasters that disrupt their 
operations, uneven size of fish, high transportation 
cost, and irregular supply. 

Sri Lanka

In Sri Lanka, a relatively simple marketing system 
prevails, consisting of wholesalers, retailers and 
intermediaries. The absence of commission agents 
may be partly explained by the low quantity 
of fish per trader, and the preference for direct 
relationships with fishers. Fish is transported to the 
landing centers either by bicycle or motorcycles. 
The trader normally employs one or two boys to 
collect and transport fish from scattered landing 
centers. During the fishing season when there are 
large landings, the wholesale traders transport 
fish by trucks. The average quantity handled by 
an individual trader is around 150 kg/day, with a 
marketing margin of 20-25 percent.

Fish traders are often personally funded. To 
expand their business, they may borrow from 
finance companies or friends. The fish trader’s 
annual household income from all sources ranges 
from US$ 650-US$ 800, indicating the small scale 
of the trade transactions. A survey conducted for 
the study shows that while approximately eight 
percent of the traders have no formal education, 
the national average is up to high school level. 
On the income side, around 80 percent of the 
wholesalers earn an annual household income 
greater than US$ 1,500 while the majority of 
the retailers make an annual household income 
of US$ 700-800, reflecting the disadvantaged 
position of this sector in the marketing chain. 

Thailand 

Fish trading in Thailand is complex and consists 
of a large number of intermediaries, including 
women, particularly as retailers. The marketing 
margin depends on several factors, such as species, 
freshness, competition, distance traveled, etc. The 
marketing margin in the case of freshwater fish 
varies from 25-40 percent, depending on the type 
of species traded. Similarly, the producers’ share 
in consumer price ranges from 60-70 percent. The 
market structure of marine fisheries is relatively 
simple in the sense that the marine fishers 
themselves undertake a part of the marketing 
activity especially in the case of small-scale 
fisheries. Usually fishers establish a long-standing 
relationship with the merchants. The producers’ 
share in consumer price is 52 percent in the case of 
non-fish species, such as cephalopods, cuttlefish, 
and squids. In the case of export-oriented products, 
the traders normally earn a profit of 18 percent.
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Vietnam

In Vietnam, fish trading is basically a family 
enterprise, combined with crop farming and 
animal husbandry. Normally one to two family 
members are engaged in fish trading activities, 
such as retail/wholesale trade, transport, 
processing, and storage. The wholesale trade 
in each province is often controlled by few big 
enterprises. However, the retail trade is relatively 
competitive and involves a large number of small-
scale sellers. The average net annual income of 
wholesale traders is Dong 65 million (US$ 4,200) 
from an average annual sale of 128 tonnes. The 
small-scale retailers have the annual net income 
of Dong 7.2 million (from an average annual 
sale of 8.4 tonnes). The traders normally depend 
on regular suppliers for their trading operations 
through credit linkages. The producers’ share 
is estimated at 78-80 percent of the consumer 
price, indicating higher marketing efficiency. Fish 
trading is regarded as a profitable business. 

Conclusion

The foregoing socioeconomic profile deals with 
the capabilities and economic well being of 
households engaged in fish production. In most 
cases, the average household head has limited 
education (secondary education for a few, with 
primary education being the most common). 
This is a serious constraint on the adoption 
of technologies for generating incomes. The 
household size does not differ greatly from the 
overall average for the rural sector, e.g., fairly large 
households in South Asia and smaller ones in 
China. 

There is a wide variation in the standard of living 
within fisheries communities, depending on 

country, production system, and technology used. 
The average pond fish farmer in India, Indonesia, 
Malaysia, Thailand, and Vietnam tends to be poor, 
but not so in Bangladesh, China, the Philippines, 
and Sri Lanka. Meanwhile, households engaged 
in freshwater cage culture in the Philippines are 
poorer than those in pond culture, but this is not 
the case in Indonesia, Malaysia, and Thailand. 
Households in brackishwater and marine culture 
are doing relatively well. In marine fisheries, 
households equipped with small vessels and 
fishing gears tend to be poor in India, the 
Philippines, Sri Lanka, and Vietnam. The poorest 
socioeconomic conditions are found among 
households dependent on inland fishing. 

Poverty also exists among households engaged 
in fish production-related activities, such as wage 
earners in commercial fisheries (Bangladesh), 
fry collectors for shrimp hatcheries (India), 
and workers in labor-intensive components of 
shrimp processing, particularly female workers 
(Bangladesh). Entrepreneurs in fry production 
and trading seem to be better off than their 
production counterparts, even in sub-sectors 
where the scale of activity is small (e.g., freshwater 
fish hatcheries). 

Dependency on fish production also varies 
substantially. In China and India, fish farming 
households carry out the activity as their primary 
occupation, though with different outcomes 
(i.e., high incomes in the former and relatively 
low incomes in the latter). Small-scale fishers in 
coastal communities are often highly dependent 
on fishing as the sole income source. This is true 
in the case of South Asia, but there are exceptions, 
like in Thailand. Such high dependence, combined 
with marginal socioeconomic conditions, 
indicates a high degree of vulnerability to shocks 
– as experienced by coastal communities in the 
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region in the extreme case of the December 2004 
tsunami tragedy.  

Information from the socioeconomic profile 
is valuable in designing pro-poor strategies for 
fisheries development. The review confirms 
that poverty is a serious problem among 
fishery-dependent households. However, 
careful targeting is essential as there is a large 
heterogeneity of living standards within 
fisheries. To optimize anti-poverty assistance, 
top priority should be accorded to inland fishers 
in all countries, as well as to small-scale marine 
fishers and freshwater fish farmers in most of the 
developing member countries studied. However, 
economic linkages dictate that large-scale 
operators and people in related sectors should 
not be ignored either. For example, assistance 
should be extended to development of hatcheries 
for freshwater aquaculture, market competition 
and infrastructures in fisheries trade, as well as 
to conditions for workers in commercial fisheries 
and labor-intensive fish processing activities. 

Promotion of aquaculture is highlighted in 
the developing member countries both to 
improve the plight of the rural poor and to 
provide alternative livelihoods for marine 
fishers facing resource depletion. However, in 
designing programs to enhance productivity, the 
capabilities and acceptability of recommended 
technologies should be taken into account. The 
socioeconomic profile presented here is consistent 
with the analysis in Chapter 4, which shows that 
low levels of education and training impede 
the maximization of productivity potential 
in aquaculture. Another major obstacle is the 
inability to access formal credit, a market failure 
that is probably compounded by the perceived 
riskiness of lending to poor households already 
eking out a marginal existence. This calls for a 
two-pronged strategy of safety net provision and 
of expanded availability of credit.
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Introduction

This chapter includes a detailed discussion of the 
patterns of demand, supply, and trade, as well 
as the structure of supply and demand behavior. 
This behavior is quantitatively analyzed in terms 
of measuring response parameters to changes in 
price, income, and other economic factors. Clearly, 
estimates of behavioral response are essential in 
obtaining supply and demand projections for 
fisheries. 

One of the main arguments here is the importance 
of disaggregated analysis. In contrast, the literature 
on fish and food security tends to aggregate 
fish into broad categories, or even as a single 
commodity altogether (Williams 1996). Doing 
so obscures the tremendous heterogeneity within 
the fish sector, concerning types of fish, sources 
of its production, and behavioral response, 
thus blunting the usefulness of the analysis for 
designing and targeting anti-poverty programs. 

In the demand section of this chapter, data on 
fish consumption are provided to ascertain its 
contribution to food security and well-being of 
the poor. Estimates of demand elasticities are then 
presented, along with implications for policy. In 
the supply section, the analysis dwells on the price 
response of various production systems and fish 
types. Supply response analyses are also useful in 
addressing fishery policy concerns regarding the 
pace of output growth, the alteration of output 

composition, and the flow of marketed surplus 
(Rao 1989). Lastly, the trade section rounds up the 
discussion by discussing fish exports and imports 
in the selected countries. Given the globalization of 
the fisheries economy in recent years, a discussion 
of foreign sources of demand and supply is essential 
for a comprehensive understanding of the overall 
structure of production and consumption of fish. 
Documentation of the estimation procedures for 
demand and supply is unavoidably technical, 
hence material of interest to specialists is provided 
separately in Appendix 3. 

Demand

Overview

Fish consumption in the selected countries is the 
highest among the world’s most populous nations 
(Table 7.1). In contrast, in 1997 per capita fish 
consumption in the US was below 20 kg/yr, and 
that in the EU was below 24 kg/yr (Delgado et al. 
2003). Fish consumption in the selected countries 
has been rising at a relatively high rate. Based on 
data from the Food and Agriculture Organization 
(FAO), annual per capita consumption during 
1985-97 for China, Southeast Asia, India, and 
other countries in South Asia increased at 10.4, 
1.3, and 0.9 percent, respectively, whereas for 
the developing world (except China), per capita 
annual consumption shrank by 0.1 percent 
(Delgado et al. 2003). 

Chapter 7

ANALYSIS OF FISH DEMAND, SUPPLY, AND TRADE
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The following analysis probes deeper into the 
structure of fish consumption in two ways. First, 
household survey data are used to compare with 
information from the indirect approach (as in 
FAO datasets) that is prone to measurement error1.  
Appendix 3, Table 1 documents the sources of data 
for fish consumption used in this study. It may 
be seen in Table 7.1 how household survey data 
may lead to revisions of per capita consumption 
figures for Malaysia, Bangladesh, and India. In 
poor countries, food fish obtained from various 
sources (e.g., subsistence production) may be 
omitted, hence leading to an underestimation of 
the importance of fish in food security. Dey et al. 
(2005b) showed that, in fact, fish is an important 
source of animal protein for the selected countries, 
especially for the poor. 

For example, the share of fish in animal protein 
intake exceeds 70 percent for countries such as 
Thailand, China, and Bangladesh. For India and 
the Philippines, the share of fish in expenditures 
on animal protein is about 30 percent higher for 
the first quartile than the fourth quartile (Dey et 
al. 2005b). 

Second, the analysis here is highly disaggregated. 
In Asia, fish is consumed as a whole or in pieces; 
this practice is unlike in the West (where fillet is 
popular). Hence, consumers distinguish among 
the various types of fish, and even a particular 
type can be characterized by various traits (size, 
color, flesh quality, etc.) Unfortunately, most of 
the past studies of demand and consumption in 
Asia rarely differentiated fish according to species 
or fish types, a gap that is remedied in the present 
study. Further disaggregation is conducted by 

examining demand responses by income group 
and region. 

Contribution of fish to food security

The allocation of the food budget on various food 
groups commonly purchased by Asian households 
is presented in Table 7.2. Cereal generally assumes 
the largest expenditure, share ranging from 24 to 
38 percent of the total food budget across the nine 
countries. This is followed by meat and fish. In 
most countries, the proportion of the budget spent 
on fish is larger for consumers belonging to the 
higher income group than for the lower income 
group (Table 7.3). Similarly, the share of fish 
expenditure is found to be higher for consumers 
in the urban areas than in the rural areas (except 
for India). This suggests that increasing affluence 
and urbanization will lead to higher demand for 
fish. 

In the case of Bangladesh, the average monthly 
household expenditure on food for 1996 was Tk 
4,026. The annual per capita fish consumption 
varied from 13 kg for the lowest income group to 
34 kg for the highest income group, with an average 
of 22 kg for all groups. Apparently, the share of 
fish in the total food expenditure increased with 
increasing income. 

A typical household in China consists of three 
members, and earns about US$ 3,487/yr. Up to 
70 percent of the income originates from salaries 
while the rest comes from business and other 
sources. The household in the lowest income 
group earns less than US$ 1,830 annually while 
that in the highest income group earns more 

1      FAO figures on per capita fish consumption (and many national estimates) simply take the production data, add net exports, and subtract non-food 
uses of fish to estimate total food consumption. This is then divided by the total population. 
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than US$ 4,500. Most households are in the 
income range of US$ 1,800-3,000. They spend 
35-40 percent of their income on food, the 
percentage that is much lower than in other 
Asian countries. 

On the average, per capita fish consumption in 
India is very low, as only a third of the population 
eats fish. However, low-income families, 
especially those residing along the coastal states, 
post higher than average fish consumption. The 
average per capita consumption of fresh fish 
for rural consumers is 4 kg/yr, ranging from 2 
kg/yr for low-income households to 8 kg/yr for 
high-income households. For marine species, 
the figure is 1 kg/yr for poor households and 2 
kg/yr for the more affluent. Among the urban 
consumers, the Indian major carps dominate 
their fish basket. The lowest-income households 
in urban areas consume 3 kg/yr, slightly higher 
than their counterparts in rural areas. However, 
the consumption of Indian major carps is only 3 
kg/yr for the rich group in urban areas as against 
8 kg/yr for their counterparts in rural areas. 
This may be due to the recent increase of fish 
consumption in rural, inland areas as a result 

of the expansion of freshwater aquaculture. The 
consumption of all types of fish tends to rise with 
household incomes. 

Indonesia, with its large population and relatively 
affluent households in urban areas, represents a 
promising market for fish and fisheries products. 
Annual per capita fish consumption in Indonesia 
has increased significantly in the past five years, 
from about 19 kg in 1999 to 25 kg in 2003. The 
fish share in the total food spending is higher 
among the rural households than the urban ones, 
and likewise, it is higher in the lower income 
group than in the higher income group. Both low 
and high-income groups in the urban and rural 
areas commonly consume low-value species.

Fish consumers are unevenly distributed in 
Malaysia, with a large concentration in urban 
centers of the west coast of Peninsular Malaysia. 
The per capita monthly expenditure on non-fish 
food is RM 57 for rural households, RM 63 for 
urban households, while the expenditure on 
fish food is RM 32 for the former, RM 36 for the 
latter. 

Country Population (‘000) Per capita fish consumption (kg/yr)

FAO (2001) Survey

Malaysia      23,492 58.1 45
Thailand      61,555 31.3
Philippines      77,151 29.8
China 1,292,585 25.8
Sri Lanka      18,752 22.4
Indonesia    214,356 21.0
Vietnam      79,197 na 19.0

Bangladesh    140,880 11.6 20.4

India 1,033,395 4.9 5.6

   

Table 7.1 Population and per Capita Consumption of the Selected Countries

Sources: FAO 2002a and ADB-RETA 5945 Country Reports. 
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In Sri Lanka, a typical family has five members, 
with an average annual income of US$ 1,100.  
Among the different income groups, estate workers 
are considered the poorest, with an average annual 
household income of US$ 550, followed by US$ 
1,050 for rural farm households. The urban rich 
households earn an average annual income of 
US$ 1,350. The urban consumers prefer marine 
fish to freshwater fish. Consumption of low-value 
and dried fish is more common among estate 
workers and rural households.
 
The average household consumption expenditure 
in Thailand is US$ 930. About 33 per cent of this 
expenditure is on food, and 16 per cent of the food 
expenditure is spent on fish. Finally, an average 
consumer in Vietnam spends 10-11 percent of his 
total food expenditure (Dong 55,600/week) on 
fish. There is wide variation in fish consumption 
behavior among households due to income 
differences. The highest income group is estimated 
to spend five times more on fish than the lowest 
income group. The household consumption per 
week is 1.62 kg, with a total expenditure of Dong 
12,500. The species preferred by consumers are 
Mud carps, followed by Grass carps and Common 
carps. 

Model and sample data

This section is concerned with the procedure 
for estimating demand responses to changes. 
Essential to the estimation are the definitions 
of fish types, based on the classifications in the 
official data, availability of information in survey 
data, and differentiability in terms of consumer 
tastes. The fish types defined for each country 
are shown in Table 7.4. There is a wide disparity 
in the definitions, hence, some regrouping is 

necessary to facilitate cross-country comparisons. 
Seven broad categories are adopted, namely: low-
value freshwater fish, high-value freshwater fish, 
low-value marine fish; high-value marine fish, 
shrimp/prawn, other crustaceans/mollusk, and 
processed fish. 

The expenditure shares of different fish groups 
across countries are shown in Table 7.5. Freshwater 
fish exhibited the highest average share (48%) 
among all the fish groups, with the highest share 
found in Bangladesh (71%) while the lowest share 
was registered in Malaysia (3%). Marine fish ranks 
second, posting an average expenditure share of 34 
percent, registering the highest share in Malaysia 
(86%) and the lowest in Bangladesh (13%). This 
pattern highlights the importance of freshwater 
species in the fish consumption behavior of Asian 
households. Specifically for freshwater fish, the 
low and high-value species registered the same 
average shares of 26 percent each. The highest 
shares of the high-value freshwater fish category 
were found in India and Vietnam (47% and 49%, 
respectively) while Bangladesh and Thailand 
registered the highest shares of the low-value 
category (46% and 36%, respectively).

On the one hand, the average share of low-
value marine fish (25%) was higher than that 
of its high-value counterpart (10%). The highest 
share of the high-value category was found in 
the Philippines (23%) while the highest share 
of the low-value one was posted by Malaysia 
(75%). Expenditure shares of the two non-finfish 
categories averaged eight percent. For shrimp, 
Bangladesh and China yielded the highest 
share of 14 and 13 percent, respectively. On the 
other hand, China and Malaysia exhibited the 
highest shares for crustaceans/mollusk (12% 
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Food Item Bangladesh China India Indonesia Malaysia Philippines Sri Lanka Thailand Vietnam

  Cereals 38 24 32 24 24 33 0 31 34

  Fish 20 5 6 9 21 14 0 16 19

  Meat 12 26 6 3 15 13 0 22 20

  Eggs 0 0 1 4 0 0 0 4 0

  Milk 0 0 11 0 10 0 0 0 0

  Pulses 2 0 7 0 4 0 0 0 0

  Fruits and  
  vegetables

9 17 9 13 7 10 0 14 15

  Beverages 0 0 0 3 8 5 0 0 0

  Fats and oils 5 5 9 5 0 0 0 0 0

  Spices 7 0 0 0 0 0 0 0 0

  Tubers 3 0 0 1 0 0 0 0 0

  Others 4 23 19 40 10 25 0 12 12

  Total 100 100 100 100 100 100 0 100 100

Table 7.2 Share (%) of Food Items in the Total Food Budget in the Selected Countries

Table 7.3 Share of Fish Expenditure in the Total Food Budget by Income Group and Location, 
Subset of the Selected Countries

Food Item Bangladesh China India Indonesia Malaysia Philippines Thailand Vietnam

  Total   
  population

20 5 6 9 21 14 16 19

  Income    
  group

  Lowest 5 16 15 15

  Highest 8 12 18 21

  Location

  Rural 10 3 7 15

  Urban 21 7 6 32

and 11%, respectively). In the case of processed 
fish, the average expenditure share for dried 
fish posted an average of 13 percent, with the 
highest expenditure share found in Indonesia 
and the Philippines (both at 22%), followed by 
in Thailand (16%). Bangladesh and Vietnam 

yielded minimal share of only two and three 
percent, respectively. 

Also presented in Table 7.5 are the comparative 
prices of various fish categories in the nine 
countries. The highest average price of fish and 
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other marine products was registered in Malaysia 

(US$ 2.55/kg) while the lowest was in India 

(0.59/kg). Across all fish groups, the average price 

of marine fish was found to be slightly higher 

than that of freshwater fish, that is, US$ 1.28 vs. 

US$ 1.25/kg. This pattern was observed in most 

countries except Bangladesh, India, Malaysia, and 

the Philippines. In all the countries, shrimp was 

found to be the most expensive fisheries product, 

averaging US$ 3.67/kg. It was found to be highest 

in Vietnam and Malaysia (US$ 6.30 and US$ 

4.30/kg, respectively) and was lowest in India 

(US$ 1.23/kg). The observed difference in prices 

can be attributed to the heterogeneous quality 

and size of shrimp/prawn mix commonly found 

in respective countries. 

Demand elasticities

Own-price elasticities of fish demand in the 

selected countries are presented in Table 7.6. 

Values were found to vary across fish types, 

ranging from -0.89 to -1.28, demonstrating the 

heterogeneity of fish as a commodity. Except for 

the Philippines and Vietnam, all the elasticities 

were found to have values less than one, that is, 

the demand for fish is inelastic. This suggests that 

fish is generally considered as a necessary food 

item in most of these countries. It should be noted 

that freshwater fish have slightly higher average 

price elasticity than marine fish, especially for 

the high-value species, i.e., -1.27 vs. -1.17 (Table 

7.6). Furthermore, the price elasticities of the 

low-value counterparts were found to be almost 

the same, i.e., -0.93 and -0.94. These results 

emphasize the role of high-value freshwater fish 

in the Asian fish consumption as a luxury food 

item. 

With respect to the non-finfish category, the 
average price elasticity of shrimp was found to 
be higher (-1.28) than that of other crustaceans 
and mollusks (-0.96). This could be explained 
by the relatively high price of shrimp and prawn 
compared to the other marine non-fish products, 
namely, other crustaceans and mollusks. In the 
case of the dried fish, the demand was found 
to be highly inelastic in most of the countries, 
with elasticity values ranging from -0.66 to -0.85. 
Since dried fish is often cheaper than fresh fish, 
the results imply that dried fish is often treated as 
a necessity, especially in areas where the supply 
of fresh fish is scarce.

Among the low-income households, only the low-
value marine fish and dried fish showed inelastic 
demand, i.e., -0.85 and –0.78, respectively (Table 
7.7). The rest of the fish types registered rather 
high demand elasticities ranging from -1.02 to 
-2.05, suggesting that the poorer households 
are more responsive to changes in price of the 
more expensive fish types than of the low-value 
species. Among the more affluent households, 
only the high-value fish types, such as high-
value freshwater and marine species and shrimp, 
showed elastic demand (Table 7.8). Demand for 
the rest of the fish types is inelastic.

In general, fish demand elasticity tends to be 
lower among households with higher incomes 
than those with lower incomes, as may be seen 
in the overall average elasticities of -1.06 for the 
former group (Table 7.8) and -1.22 for the latter 
group (Table 7.7). This fact suggests that poorer 
households are more sensitive to changes in fish 
prices than the more affluent households. 
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The income elasticities of the seven fish types in the 
nine countries all showed positive values (Table 
7.9). This implies that fish in general (whether 
fresh or dried) is considered a normal commodity 
in the Asian countries. The average elasticities were 
found to be mostly high, with values greater than 
one in Bangladesh, China, India, Indonesia, and 
the Philippines, suggesting that fish is considered 
a luxury item in these countries. Malaysia, Sri 
Lanka, Thailand, and Vietnam yielded inelastic 
values, indicating that fish is a necessity there. 
Overall, the average value 1.08 for all the nine 
countries, indicating an almost uniform elastic 
demand for fish with respect to income.

On the average, marine fish, especially the high-
value species, indicated higher income elasticity 
than freshwater fish (1.21 vs. 0.98). The low-value 
species of both types, however, registered almost 
the same income elasticities (1.08 and 1.04, 
respectively). At the same time, income elasticities 
for all the fish types were quite high among the 
low-income households, with values raging from 
1.21 to 2.43 (Table 7.10). Conversely, the high-
income households yielded inelastic values for 
all the fish types ranging from 0.61 to 0.92 (Table 
7.11). This suggests that fish consumption among 
the poorer households respond more to income 
than the richer households, and that increases 
in incomes of the poorer households will boost 
demand for fish in Asia. 

Implications

Two important points emerge from this analysis. 
First, fish is clearly a heterogeneous product, as 
shown by the wide disparity in the estimated 
income and price elasticities for the different fish 
types. Second, the estimated price and income 

elasticities vary across income groups. Specifically, 
both price and income elasticities for all fish types 
tend to be higher among the poorer members of 
the society than among the more affluent members.  
This implies that the poor often consider fish as a 
luxury commodity while the rich consider it as an 
ordinary food item. 

A simple, “back-of-the-envelope” analysis suggests 
that as per capita incomes and populations grow 
in most Asian countries, there will be tremendous 
increases in fish demand. If there is no increase in 
the supply of fish to meet the demand, then prices 
of fish in the market will go up, and this will hurt 
consumers, with worrisome consequences on the 
protein intake of the poor. However, if fish supply 
increases dramatically, probably from aquaculture 
sources, then prices will fall, and with other factors 
being constant, this may be disadvantageous 
to fish farmers. The fact that demand is elastic 
(particularly for freshwater species) suggests that 
a price decline shall be followed by rising gross 
incomes of fish suppliers. This reasoning however 
will need to be confirmed by a rigorous projection 
exercise based on a multi-product supply and 
demand system (see Chapter 8). 
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Supply 

The supply side of fisheries is crucial to evaluating 
the market outlook, addressing requirements of 
demand and food security, and the long-term 
prospects of fish producers. Provided in Table 
7.12 is a breakdown of global output trends 
(mentioned earlier in Chapter 2) by production 
source in 1997-2001. Marine capture output has 
reached a plateau at around 70 million t/yr; in 
Asia, a similar stable trend is observed at around 
30 million tonnes. Prospects for growth in fisheries 
are evident only outside marine capture fisheries, 
particularly in aquaculture. The inland capture 
and culture outputs have risen to 50-60 million 
tonnes in just five years, with their share in the 
total world output climbing from 40 to 46 percent. 
A large part of this expansion comes from Asia, 
which holds a stable share in global aquaculture 
and inland capture fisheries at around 80 percent. 
Within Asia, the nine selected countries, which 
account for a large bulk of Asia’s output, have 
posted rapid growth over the past decade (1991-
2001), at an average of 7.8 percent/yr. This rate 
is more than twice as high as the growth rate of 
the world fish production (2.9%). Only Thailand 
(at 2%) and the Philippines (at 0.3%) recorded 
growth rates slower than the world pace.

As pointed out earlier, disaggregated analysis 
should be undertaken on the supply side, due 
to differences in production systems and input-
output relations across fish types. As with the 
demand side, the definitions of fish types on the 
supply side rely on economic criteria, as well as 
the availability of data in official statistics. Data 
sources are provided in Appendix 3, Table 2. 

The fish types adopted for discussions of the 
supply side in the study are identified in Table 

7.13. Capture fisheries are typically subdivided 
into marine and inland fisheries. With a few 
exceptions, aquaculture is disaggregated into 
freshwater and brackishwater categories (with 
marine being occasionally distinct). Many 
countries make a distinction between high-value 
and low-value fish. It should be noted that the 
differences in fish type definitions on both supply 
and demand sides entail a special technique for 
matching the fish types, in order to balance supply 
and demand in each market (see Chapter 8). 

Data on the shares of different fish types in the 
total production are shown in Table 7.14. Inland 
culture systems in India, Bangladesh, and China 
are dominated by carp; other freshwater species, 
such as tilapia and catfish, become important 
in Southeast Asian countries (Indonesia, the 
Philippines, Malaysia, Thailand, and Vietnam).
Brackishwater aquaculture is dominated by 
shrimp; other brackishwater species include 
mollusks (Malaysia) and milkfish (Philippines). 
Marine capture fisheries produce multi-species, 
although low-value fish are typically captured in 
greater quantities. 

Supply estimation

A significant feature of fish production in most of 
Asia is its multi-product, joint input technology. 
This is true for marine capture fisheries (especially 
in the tropics), as well as in aquaculture, which is 
dominated by polyculture systems. An example of 
a multi-product approach is seen in an application 
of the normalized quadratic profit function, which 
yields a system of related supply functions that are 
linear in normalized prices. (Details are given in 
Appendix 3.) This functional form is used in the 
supply estimation procedure for this study. 
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A priori expectation on the magnitudes and 
signs of the estimated parameters is important 
in assessing the quality of the fitted econometric 
model. Economic theory suggests that the 
relationship between the quantity supplied and its 
price should be positive. Cross-price relationships 
with other fish species can be either positive or 
negative, depending on whether they are rivals or 
jointly produced. The relationships between the 
quantity supplied and other exogenous variables 
can similarly be positive or negative, depending 
on whether they enhance or restrain the fish 
production process. 

From the estimated coefficients, own and cross-
price elasticities were computed using the 
arithmetic mean values of the model variables in 
the sampled data for each country. A summary 
of own-price fish supply elasticities by country is 
presented in Table 7.15 while the computed cross-
price elasticities are shown in Appendix 3, Tables 
4.A.1 to 4.I.4. 

Parameter estimates of the supply response 
functions for various marine and inland capture 
species were found to be mostly insignificant. 
Nevertheless, the computed supply elasticities are 
indicative of the behavior of fish supply coming 
from these sources. In the capture categories, fish 
types were generally inelastic to changes in own 
price, except for shrimp, snakehead, and other 
high-value finfish. Supply elasticity for own-price 
of marine capture species averaged 0.40, while 
those from inland capture averaged slightly higher 
at 0.62. Fish supply from capture fisheries in the 
selected countries is generally non-responsive to 
price changes. 

Because fish catch from marine and inland waters 
are often uncertain and highly dependent on 

available fish stock in the wild, price incentives 
may induce more fishing effort but not necessarily 
fish catch. This further suggests that non-price 
factors (such as weather, scale of operation, type 
of gear, etc.) may be more important in explaining 
variations in fish supply. 

Own-price supply elasticities of some marine 
capture fish species in Malaysia and Thailand 
were found to be negative (e.g., shrimp and other 
finfish). This apparent contradiction to usual 
theory of supply response can be explained by 
the possible existence of the backward bending 
supply curve due to the overexploitation of the 
fish stocks. As fishing effort increases in response 
to rising prices, the declining catch could be 
attributed to the dwindling fish stock in the wild2.  
On the other hand, the elasticities for low-value 
fish (either for direct consumption or processing) 
tend to have the appropriate signs, that is, price 
response is measurable, perhaps because these 
species are relatively less overexploited.

For simplicity of presentation, Table 7.15 does 
not include the cross-price elasticities of fish 
species included in the study. Positive cross-
price elasticities indicate that the paired fish 
species are substitutes while negative values show 
complementary relationships in supply. Based 
on Appendix 3, Table 3, positive cross-price 
elasticities derived from significant parameters 
were observed between marine high-value and 
low-value fish. This suggests that some fishing 
gears are designed to catch specific fish species; 
when the gear is being used to catch one fish type, 
it may not be used for other fish types, thus making 
them substitutes. On the other hand, negative 
cross-price elasticities exist for the supply of crab, 
shrimp, and mackerel, especially for Thailand and 
Malaysia. This highlights the multi-species feature 

2        This of course needs to be qualified by the time dimension, i.e., the rate at which higher fishing effort is able to impact upon fish stocks and steady 
yields. This hypothetical explanation warrants closer study. 
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of some fishing gears that can capture different 
fish species concurrently. 

Supply elasticities for aquaculture 

Most of the parameters of the estimated supply 
response functions for marine/brackishwater 
and inland aquaculture species were found to be 
statistically significant and indicate the expected 
sign (Appendix 3 Tables 3.A.1 to 3.E.4). On the 
average, the own-price elasticities of cultured 
species (both marine/brackishwater and 
freshwater) were found to be positive (greater 
than one), that is, supply elasticity of marine/
brackishwater culture species averaged highly 
at 9.66 while those of inland culture species 
averaged much lower at 1.18. These results suggest 
that price plays an important role in determining 
aquaculture supplies, which is quite different 
from capture supplies. Since production of 
cultured species can be controlled and managed, 
fish supply, therefore, become more adjustable 
to price changes. 

Supply of tilapia, snakehead, and high-value 
crustaceans was found to be highly responsive to 
price changes with elasticities ranging from 3.16 
to 43.9, while those of barb and catfish ranged 
from 1.08 to 1.5. Fish farmers, especially those 
engaged in tilapia culture (a popular species 
that is often grown at a commercial scale), 
were more flexible in adjusting production 
given higher prices. However, supply of shrimp 
was observed to be relatively inelastic (0.62). 
Perhaps, this could be explained by adverse 
culture environments, such as deteriorating water 
quality, disease outbreak, and salinity problems, 
partly brought about by the excessive expansion 
of shrimp ponds in marginal environments and 
fragile habitats. 

Supply shifters

Shifter variables were also included in the models 
of some countries to determine the effect of non-
price and non-input variables in the supply of 
capture and aquaculture species. Specifically, 
the effect of pond/cage area, household size 
and educational level of the fish operator, 
geographical location, and investment in research 
and development (R & D) were investigated 
under the aquaculture system while fishing effort 
and length of coastline were incorporated in the 
supply equation of capture species. 

For Malaysian brackishwater aquaculture species, 
most of the parameter estimates for pond/cage 
area were found to be positive and statistically 
significant at the 5 percent level or lower. This 
implies that increasing the area of culture 
operation can significantly increase production. 
However, whereas the size parameter of the 
fish farmer’s household was found to be non-
significant in all the supply equations for Vietnam 
and the Philippines, the education parameter was 
found to be highly significant. This underscores 
the importance of farmer’s knowledge and skill in 
aquaculture operations. Likewise, the parameter 
of investment on R & D was significant in all the 
supply equations of the Thai model while the 
regional dummy showed a significant coefficient 
only in some species. Aquaculture supplies can 
be increased by altering the shifter variables, for 
example, increasing pond and cage area, investing 
in R & D, and building up human capital. 

On the other hand, shifter variables in the supply 
equations for capture species, such as fishing area 
as represented by length of coastline and fishing 
effort (specifically in the Thai and Malaysian 
models), showed positive and statistically 
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significant parameters. The educational level of 
the fish operator was likewise found to be highly 
significant in the Philippine model. However, 
in contrast to the case of aquaculture supply, 
investment on R & D failed to generate significant 
parameters. 

Implications

An important conclusion apparent from the 
results of this study is that supply elasticity of 
cultured species is relatively higher than that 
of captured species. This suggests that price 
plays different roles in providing incentives 
to fishers and fish farmers. Where production 
of fish can be controlled through breeding 
and aquaculture, price increases can trigger 
expansion in production. However, for capture 
fisheries where fish catch is uncertain, price is 
not the key determinant of supply; instead, non-
price factors proved to be more important in 
increasing fish output. 

Fish supply from aquaculture (both marine/
brackishwater and freshwater) could be further 
enhanced either through price incentives or by 
increasing the area and intensity of the culture 
systems, as well as the know-how of the fish 
farmer. Thus, altering the shifter variables of the 
supply equation can be viewed as potential policy 
interventions that could boost fish supplies 
from both aquaculture and capture sectors in 
the nine developing member countries. The 
finding of growth potential and price response 
for aquaculture, rather than of capture fisheries, 
mirrors the global trend, in which supply growth 
is mainly originating from non-traditional 
fisheries sectors. 

Exports and Imports

Shown in Table 7.16 are fish export values and 
average growth rates of the selected countries, in 
descending order of exports until 2001. China 
and Thailand were the top exporters with high 
rates of growth, but it is actually Vietnam that 
had the highest rate of growth during the period. 
The average growth rate of the selected countries 
was 14.5 percent while the rest of the world 
experienced export growth averaged 7.7 percent 
over the same period. 

Net exports (exports less imports), however, 
provide a more complete picture of trade 
performance. Net exports of the top five selected 
countries from 1976 to 2001 are shown in Figure 
7.1, with Thailand, China, and Vietnam at the 
top of the table as their exports outpaced their 
imports.  However, the net exports of these 
countries were more erratic than their exports, 
especially in the case of Thailand, where the 
instability was compounded by the need to 
import raw materials for its fish processing 
industries. Among the bottom four exporters 
(Figure 7.2), Malaysia was a net importer, and 
Sri Lanka exports were minimal, due to the high 
import volume of their trade. Bangladesh net 
exports were quite impressive owing to a very 
minimal import volume.

Net exports by commodity types of the selected 
countries are shown in Figure 7.3. Highlighted 
here is the importance of crustaceans among the 
export commodities. The only commodities net 
imported are demersals (for food) and pelagic 
meals extensively used in the fish culture industry. 
A breakdown of export and import shares by fish 
type for each country is presented in Table 7.17. 
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1976 1981 1986 1991 1996 2001 Growth

Thailand 126,500 288,500 494,794 1,184,881 2,955,499 4,106,214 17.0

China 150,378 412,451 1,011,896 2,904,036 4,120,443 4,054,130 13.7

Vietnam 19,770 90,493 278,888 503,552 1,783,513 28.8

Indonesia 124,224 203,590 340,619 1,197,725 1,705,767 1,561,604 11.6

India 192,600 317,668 362,266 653,166 1,121,962 1,249,552   8.8

Philippines 27,869 146,163 200,099 492,725 482,309 414,976 13.8

Bangladesh 11,922 39,724 118,154 160,817 317,229 277,416 16.8

Sri Lanka 106,819 129,754 132,547 265,954 328,695 220,126   5.0

Malaysia 8,857 18,098 22,690 21,786 67,039 101,535 15.0

Table 7.16 Export Values and Average Annual Export Growth of the Selected  Countries, in US $‘000 and %, 1976-2001,   
                       Selected Years

With the exception of China, the top export of 
all these countries is shrimp. China turns out to 
be more diversified regarding its export basket. 
However, its main export is fish from marine 
capture fisheries, which has limited opportunity 
for further expansion. Lack of diversification in 
the other countries is a major concern in light of 
the frequent fluctuations in the export market, as 
seen in the preceding figures. 

The next major export item is marine finfish 
(except mollusks for India and cephalopods for 

Thailand). Imports are dominated by low-value 
fish categories, or otherwise “other fish”, which 
covers a large portion of the low-value fish. They 
are usually marine fresh fish, either fresh or 
in processed form; at the extreme is Sri Lanka, 
where imports are almost entirely in the form 
of processed fish. This pattern indicates that the 
lower income groups within each country are 
demanding cheap foreign fish. There are some 
exceptions, however. For Thailand, imports are 
mostly feeds for cultured shrimp; similarly import 
for India importation is mostly in the form of 

Figure 7.1 Value of Net Exports of the Top Five Exporters among the Selected Countries, 1976-2001
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Figure 7.2 Value of Net Exports of the Bottom Four Exporters among the Selected Countries, 1976-2001

Figure 7.3 Net Exports by Major Commodity of the Selected Countries (Totals), 1990-2001
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high-value pelagic fish, suggesting that domestic 
demand for foreign fish originates mostly from 
the middle and upper classes. The reliance on 
foreign markets for low-value fish, while salutary 
from the consumer’s viewpoint, is of concern to 
producers and processors of low-value fish in all 
developing countries of Asia. 

Conclusion

In this chapter, the author evaluates supply 
and demand patterns and responses in the 
selected countries, which account for the bulk of 
production and consumption in developing Asian 
countries. A major part of the study is devoted to 
the disaggregation of fish into individual species 
groups for a more meaningful analysis and 
assessment of trends. Rising fish consumption 

in Asia is partly explained by rising per capita 
incomes, as fish demand is reflective of positive 
income elasticities. That is, the more expensive the 
fish, the higher the income elasticity. Fish demand 
elasticity is also related to changes in own-price, 
particularly for the low-income groups and the 
fish consumed mostly by these groups. Supply has 
also risen sharply, with the bulk obtained in recent 
decades from aquaculture. Consistent with this, 
supply response to price is higher for aquaculture. 
Finally, foreign markets have driven much of the 
production of high-value species, with most of the 
selected countries becoming heavily specialized 
in the production of shrimp. Rising demand 
meanwhile has been met partly by imports of fish, 
with most of the selected countries apparently 
obtaining low-value species from abroad. 
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Introduction

A disaggregated model of fish supply, demand, and 
trade is useful for making detailed projections on 
the potential of fish production and consumption. 
As such, it can answer the following important 
questions: Will past trends in supply, demand, 
and exports be sustained into the future? Can 
additional demand from rising populations 
and per capita incomes be met by fish supplies? 
Which types of fish offer the most promising 
opportunities for growth in terms of production, 
consumption, and trade? The last question is 
particularly interesting from the viewpoint of 
policy and investment allocation. In this vein, a 
quantitative model is also useful for analyzing 
alternative scenarios of relevance to policy, such 
as: What is the impact of increased investments 
in R & D and accelerated technological change? 
How great are the impacts of declines in capture 
supplies? What effect can increased marketing 
efficiency in fish trade have on production and 
consumption? Which fish types are most likely to 
be affected by these alternative scenarios? 

To answer these related questions, the information 
collected in the previous chapters is applied 
in the construction of the AsiaFish model. The 
AsiaFish model denotes a set of multi-market, 
country-specific models of fisheries. It can be 
used to evaluate the effects of technology and 
policy changes on price, demand, supply and 
trade. Unlike in previous fish modeling exercises, 
the AsiaFish model takes a highly disaggregated 
approach; hence, it is in a better position to 

highlight changes that are of direct relevance 
to the poor (i.e., changes in consumption and 
production of low-value species). Furthermore, it 
is to a large extent based on empirically estimated 
parameters. In this chapter, the author discusses 
the model, the parameters used, the underlying 
assumptions for the most likely and alternative 
scenarios relevant to policy and investment, 
and the resulting projections by fish type and 
category.
 
The Asia Fish Model

Overview

The AsiaFish model consists of a set of equations, 
specific for a country, which can be divided into 
three parts or cores:  producer core, consumer core, 
and trade core. The structure of each core reflects 
the descriptions made in the previous chapters 
(especially Chapter 7) on production systems, 
consumption patterns, and trade relationships. The 
technical reader is referred to the detailed model 
discussion in Dey et al. (2004b). The following is 
a general overview of the model structure. 

The consumer core contains the demand 
equations, separately specified for urban and 
rural regions. The structure reflects the three-stage 
budgeting framework and the Quadratic Almost 
Ideal Demand System (QUAIDS). The producer 
core contains the supply equations, separately 
specified for the various capture and culture 
categories. For fresh fish, the functional form is 

Chapter 8

PROJECTIONS FOR FISH SUPPLY AND DEMAND
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derived from the normalized quadratic profit 
function. For processed fish, the supply functions 
contain a technology index that can be used to 
introduce changes in technology or productivity.
 
A novel feature of the AsiaFish model is the trade 
core, which follows the tradition of Applied 
General Equilibrium (AGE) models that require 
the Armington assumption, that is, domestic 
and foreign goods (fish types) are treated as 
differentiated products. The equations suggest 
that the export supply of a particular fish type is a 
function of its (a) price in foreign markets relative 
to domestic markets and (b) domestic output. The 
import demand for a particular fish type depends 
on: (a) the price of imports relative to domestic 
goods and (b) the domestic demand. Prices in 
foreign markets are considered constant under the 
small open economy assumption. 

Domestic prices in the model are determined 
by the aid of equilibrium conditions. These 
conditions require that the domestic demand for 
each fish type is equal to the domestic supply. 
In the context of the model, this is equivalent to 
equating the sum of domestic production and 
imports to the sum of household consumption, 
intermediate demand, and exports. 

Aside from disaggregating the level of analysis, 
the multi-market feature of the model allows the 
incorporation of cross-price and feedback effects. 
A simple hypothetical case illustrates the need to 
incorporate these effects. Suppose there are only 
two fish types, catla and mrigal. A productivity 
improvement causes a rightward shift in the 
supply curve of mrigal. With the other factors 
remaining constant, mrigal output would rise and 
its price would fall. Consumption would also rise. 
Integrating the cross-price and feedback effects into 

the analysis makes it more difficult to determine 
the responses of the fish types that were subjected 
to the productivity shock. If catla and mrigal were 
complements in supply (owing to the prevalence 
of polyculture systems), then the reduction in the 
price of mrigal might decrease the output of catla. 
This would be equivalent to a leftward shift in the 
supply curve of catla, a change that would exert 
upward pressure on the equilibrium price of catla. 
If mrigal and catla are substitutes in demand, 
then the consumption of catla is expected to 
fall. This is tantamount to a leftward shift in the 
demand curve for catla, which in turn would exert 
downward pressure on its price. Combining the 
effects on the demand and supply curves would 
suggest a decline in the equilibrium quantity 
of catla. However, the effect on the equilibrium 
price of catla would be ambiguous. Moreover, 
price adjustments in catla would feed back into 
the mrigal market. If say, catla price fell, then this 
might shift mrigal supply to the left, and so on. 

The introduction of foreign trade multiplies the 
cross-price and feedback effects. This is only a 
simple hypothetical case – in a typical country 
model, there could be a dozen or so fish types, 
from three or four production categories, with 
consumers differentiated into regions. Numerical 
analysis through a well-specified model is, 
therefore, essential. 

Matching fish types in the producer and 
consumer cores

A complication in the implementation of 
the equilibrium conditions arises from the 
inconsistency of available data in the producer and 
consumer cores. In many of the countries adopting 
the model, demand side data are often more 
aggregated than supply side data. Hence, there are 
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instances in which a fish type in the demand side 
is actually a composite of two or more fish types 
in the supply side. This issue of disaggregating the 
(known) demand composite into its (unknown) 
components in demand is handled by means of a 
simple optimization problem. This assumes the 
existence of a representative consumer that seeks 
to minimize the cost of purchasing the quantities 
of the (unknown) fish types, given the quantity of 
the (known) composite fish type. The first order 
conditions to this problem generate demands 
for the unknown components of the composite 
commodity. The solutions to these equations 
are then used in the model as the household 

demands in the equilibrium conditions of the 
component fish types. The list of fish types is 
presented in Table 8.1a and the corresponding 
match with the demand composite is given in 
Table 8.1b. In four countries (India, Indonesia, Sri 
Lanka, and Vietnam), fish types in the producer 
and consumer cores were identical, that is, there 
were no demand composites. In the remaining 
countries, demand composites were present. 
Composites are generally the combination of 
capture and culture categories (as in the case of 
shrimp in China) or the combination of residual 
categories qualified by “others” (as in the case of 
the Philippines). 

India  Sri Lanka

Large pelagic fish
Small pelagic fish
Demersal fish
Other marine fish
Cultured prawn
Freshwater fish
Processed fish

Indonesia

Shrimp
Tuna
Mackerel
Assorted pelagic fish
Grouper
Snapper
Other finfish
High-value pelagic fish
Low-value pelagic fish
Carp
Tilapia
Catfish
Milkfish
Dried fish
High-value processed fish
Low-value processed fish

Vietnam

Catfish
Tilapia
Other freshwater fish
Shrimp
Mollusk
Squid
High-value marine fish
Low-value marine fish
Anchovy
Processed fish

Table 8.1a Fish Types in Countries with Identical Categories in the Producer and Consumer Cores
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Data set construction

The country models require data on demand, 
supply, trade and prices for each fish type. These 
also need extraneous information for variables 
like income, prices of non-fish food types, etc. 
In order to ensure a consistent data set, it is 
necessary to organize the information for each 
fish type into a balance sheet. On the one hand, 
each balance sheet assumes that the total supply 
of each fish type (S) is equal to imports (M) and 
the sum of outputs from capture fisheries (Q

CF
) 

and aquaculture (Q
A
), that is, S = M + Q

CF
 + Q

A
. On 

the other hand, the total demand (D) is the sum 
of exports (X), intermediate demand (ID), rural 
household demand (HD

R
), and urban household 

demand (HD
U
). In other words, D = X + ID + HD

R
 + 

HD
U
. In the end, it must be the case that S = D or M 

+ Q
CF

 + Q
A 

= X + ID + HD
R
 + HD

U
. 

The construction of the data set requires making 
adjustments to the raw data for the following 
reasons. First, for each country, there is no single 
source for all the data needed in the model. In the 
case of the Philippines, for example, consumption 
data were obtained from the National Statistics 

Office (NSO) while production data were taken 
from the Bureau of Agricultural Research (see 
Rodriguez et al. 2004). Second, some of the raw 
data had to be transformed in order to suit the 
requirements of the model. Returning to the 
Philippine example, consumption data from the 
NSO was based on survey information. As this 
does not constitute information for the entire 
country, the approach adopted was to compute 
per capita consumption for each fish type. This 
was then multiplied with regional population 
data in order to compute regional and national 
consumption. Third, there is documented 
evidence that questions the reliability of the raw 
data for some countries, such as the case for China 
for which fish production data are believed to be 
overestimated (Watson and Pauly 2001). Given 
this information, the construction of the model 
for China required a downward adjustment of 
selected production data. The basic principle in 
adjusting the raw data was to retain as much as 
possible the original values for which relatively 
reliable or at least model consistent data were 
available. The remaining variables were then 
adjusted to ensure that the balance sheet identities 
are satisfied.

Country Supply fish type Demand fish type

Bangladesh

Indian major carp  (culture)
Indian major carp  (capture)

Indian major carp (composite)

Other carp
Tilapia
Pangus
Live fish
Hilsha
Freshwater fish
High-value marine fish
Low-value marine fish
Dried fish

Other carp
Tilapia
Pangus
Live fish
Hilsha
Freshwater fish
High-value marine fish
Low-value marine fish
Dried fish

Table 8.1b Fish Types and Correspondence in Countries with Demand Composites 
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Country Supply fish type Demand fish type

China

Shrimp (culture)
Shrimp (capture)

Shrimp (composite)

Other finfish (culture)
Other finfish (capture)

Other finfish (composite)

Other fish (culture)
Other fish (capture)

Other fish (composite)

Tilapia
Carp

Tilapia
Carp

Philippines

Grouper
Tuna
Other (capture)
Other (culture)
Carp 
Catfish

Others (composite)

Mussels and oysters
Other shellfish

Shellfish (composite)

Anchovy
Roundscad
Squid
Milkfish
Tilapia
Shrimp
Processed fish

Anchovy
Roundscad
Squid
Milkfish
Tilapia
Shrimp
Processed fish

Malaysia

Low-value crustacean
High-value crustacean

Crustacean (composite)

Anchovy
Low-value fish
High-value fish
Mollusk
Tilapia
Other fish
Processed fish

Anchovy
Low-value fish
High-value fish
Mollusk
Tilapia
Other fish
Processed fish

Thailand

Shrimp (culture)
Shrimp (capture)

Shrimp (composite)

High-value freshwater fish
High-value marine fish

High-value fish

Low-value freshwater fish
Low-value marine fish

Low-value fish

Tilapia
Silver barb
Catfish
Snakehead
Indo-Pacific mackerel
Cephalopods
Processed freshwater fish
Processed marine fish
Prawn

Tilapia
Silver barb
Catfish
Snakehead
Indo-Pacific mackerel
Cephalopods
Processed freshwater fish
Processed marine fish
Prawn

Table 8.1b Fish Types and Correspondence in Countries with Demand Composites (Continued)
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Model parameters and exogenous 
variables

Elasticities

The model requires parameters for the behavioral 
equations of the producer, consumer, and trade 
cores. In this study, the original objective was to 
estimate the relevant elasticities and response 
parameters for the consumer and producer cores 
and to borrow elasticities for the trade core. 
Once obtained, these were transformed to suit 
the specification of the equations in Dey et al. 
(2004b). The intercept terms of all the relevant 
equations were then calibrated to ensure that the 
model replicates the base data set. See Table 8.2. 

The estimation of the demand side yielded 
satisfactory results from the viewpoint of generating 
plausible values for the elasticities. In fact, elasticity 
estimates for the Philippines and India were ready 
for use in the model while those from Bangladesh 
and Malaysia only required minor modifications. 

In the cases of Sri Lanka, Thailand, and Vietnam, 
however, estimates taken from national data were 
used in place of elasticities based on regional data. 
Lastly, demand side elasticities from Indonesia and 
China relied heavily on estimates derived from 
literature review and expert opinion. The initial 
estimates for these countries were not used for the 
projection exercises because: (a) the values did 
not perform well in simulation, and/or (b) there 
were problems in generating a disaggregation in 
the data set for estimation consistent with that 
specified in the model.

The estimation of the supply side elasticities was 
met with limited success. With the exception of 
Bangladesh, India, Malaysia and Thailand, most 
of the supply side elasticities were not satisfactory 
or did not perform well under simulation. Part 
of the explanation here lies in the incomplete 
data from which elasticities can be derived. The 
unavailability of reliable elasticity estimates for 
the supply side was addressed as follows. First, 
the country modelers attempted to borrow 

BAN CHI INA IND MAL PHI SRI THA VIE

Supply 

 Aquaculture 0.64 0.67 1.33 0.28 0.90 0.65 0.27 1.24 0.37

Capture 0.47 na 0.34 0.20 0.22 0.30 0.48 0.48 0.28

Demand

Own price

 Rural -2.55 -0.80 -0.98 -1.20 -1.21 -1.43 -0.89 -0.56 -1.11

 Urban -0.37 -0.45 -0.98 -1.18 -1.21 -1.37 -0.89 -0.62 -1.33

 Estate na na na na na na -0.89 na na

Expenditure

 Rural 1.82 1.23 1.62 0.94 1.03 1.04 0.99 1.07 0.65

 Urban 0.82 1.05 1.62 0.89 1.07 1.03 0.99 0.98 0.65

Table 8.2 Summary of Demand and Supply Elasticities Used in the Models

Notes: India makes no distinction between urban and rural groups; only Sri Lanka has a third region (estates); Bangladesh and Vietnam 
have no imports; elasticity for China was set to 0 to represent fixed supplies in capture fisheries.
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elasticities from literature or other participants 
in the project. Second, for specific fish types in 
which such elasticities are not available elsewhere, 
the decision was to consult a panel of experts on 
plausible values for the elasticities. 

A summary of the elasticities is given in Table 8.2. 
The result of the exercise yielded literally hundreds 
of estimates for the producer and consumer cores. 
The complete documentation of the numbers 
used is provided in Appendix 4, Tables 1.A.1 to 
1.I.2. (All Appendix data provided on CD only.) 
In general, the elasticities used are consistent with 
the patterns and magnitudes found in Chapter 7.

Exogenous variables are not determined in 
the model but given in its formulation, are 
denoting external factors or drivers of fish 
supply and demand. This practice provides the 
engine for analyzing future trends, as well as 
undertaking impact assessment. The external 
factors include the biophysical environment, 
mix of technologies, policies, and institutions, 
which are represented in some form in the 
set of exogenous variables, as well as the data 
and parameters of the model (Figure 8.1). 
Also represented in the model structure is 
the socioeconomic profile of consumers and 
producers. Supply and demand in turn are 
divided into domestic and foreign components, 
allowing analysis of export and import trends. 
The interaction of supply and demand to 
achieve a balance determines market outcomes. 
The impact of changes in the external factors 
is simulated by introducing the corresponding 
changes in exogenous variables, called “shocks”, 
which then determine new equilibrium 
solutions. Previous and new solutions are then 
used to determine projections and impacts at 
the market level. 

Baseline projections and scenarios

The baseline denotes the most likely case identified 
by the modelers with respect to trends in the 
exogenous variables. For the baseline projections, 
the country modelers in general used historical 
trends to project the exogenous variables, such as 
income, input prices, non-fish commodity prices, 
and regional populations (see Table 8.3). 

Countries, however, differ in assumptions 
regarding future technological changes in the 
fisheries sector. At one extreme, simulations for the 
Philippines and Malaysia assume no productivity 
changes during the projection period. As such, 
the projections for these countries should be 
interpreted as one in which technology in 2020 is 
the same as it is at present. 

At the other extreme are India and Sri Lanka, for 
which it is assumed that technological progress 
will raise the productivity of aquaculture by 3-
4%/yr. 

It is unlikely that all the assumptions in the baseline 
will actually hold in the future. Developing 
countries are vulnerable to internal and external 
shocks, and policy responses to the changing 
political and economic landscape are highly 
influential but hard to predict. The possibility for 
such changes to occur is made more likely by the 
fact that the projection exercise is conducted over 
a relatively long period (15 years). 

The possibility of future shocks and policy changes 
supports the need to make projections under 
alternative scenarios. Such an exercise provides 
a plausible range of values for the projections of 
key variables in the fisheries sector. In addition, a 
comparison of the results of the different scenarios 
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Figure 8.1 The Framework for Making Projections Using the AsiaFish Model

Variable Bangladesh China India Indonesia

Population
 Urban
 Rural

1.8
1.8

 2.64
-2.30

1.50
1.82
1.66

Non-food prices 3.1 0.375 8.00 na

Food prices 3.1 0.375 6.70 to 9.00 4.00

 Input prices 3.1 0.375
Fuel: 4.20
Fertilizer: 8.60 
Feed: 8.80

4.95

 Export prices 3.1 1.00

Pelagic high-value fish: 4.18
Pelagic low-value fish: 5.31
Demersal high-value fish: 6.17
Shrimp 10.34

0.77

 Import prices NA 2.00 0 0.5

Nominal per capita income
 Urban
 Rural 

6.2
6.2

5.5
4.5

5.00
8.96
8.77

No. of firms 0 0 0 0

Capture technology 0.0 0 1.90
Marine: 1.00
Inland: 1.00

Culture technology 5.0
Carp, other aquaculture fish: 1.0
Shrimp, tilapia, other finfish: 5.0

3.80
Inland: 2.00
Brackish: 2.00
Marine: 3.00 

Marketing margins 0.0 -2.0 0 0

Table 8.3 Assumed Changes in the Exogenous Variables
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with the baseline solutions also provides insights 
into the potential effects of policies and actions 
on stakeholders in the fisheries sector. 

For this study, the scenarios identified can be 
grouped into four categories. The first category, 
which includes two scenarios, highlights 

productivity changes in aquaculture. Scenario 1 
involves improvements in the productivity of low-
value aquaculture fish and Scenario 2, those of 
high-value aquaculture fish. Scenario 3 and 4 fall 
under the second category, which addresses the 
changes in production and productivity in capture 
fisheries due to management regime shifts and 

Variable Malaysia Philippines Sri Lanka Thailand Vietnam

Population
 Urban
 Rural

1.00
1.50

2.35
2.25 

-1.40
2.90

Estate: 1.80

 1.00
 1.10

1.00
1.00

Non-food prices 3.08
Rural: 7.40
Urban: 5.60
Estate: 4.30

 3.50 0.00

Food prices 1.50 8.85 - 8.98 4.3 to 7.4  3.50 1.00

 Input prices 1-3.08
Labor: 7.60
Fuel: 3.64
Fertilizer: 2.68

Labor: 3.90
Fuel: 2.80
Ice 3.10
Seed: 2.00
Feed: 2.00

Labor: 2.00
Fuel: 3.00
Feed: (car) 3.00 1.00

 Export prices 0.80
Fresh: 3.58
Process: 5.76

Large pelagic: 12.00
Other marine: 8.50 

3.50 0.50

 Import prices 0.50
Fresh: 6.64
Process: 3.86

Large pelagic: 4.20
Process: 4.20

3.50 na

Nominal per capita 
income
 Urban
 Rural 

8.37
7.87

6.64
3.86 

10.50
11.50

Estate: 4.50

6.00
6.00

9.00
9.00

No. of firms 0 0
Marine capture: 1.00
Inland capture: 1.00
Culture: 1.00

0.00 1.00

Capture technology 0 0
Marine: 2.00
Inland: 1.36

0.00 1.00

Culture technology 0 0  3.00
Coastal: 2.00
Inland: 1.00

1.00

Marketing margins 0 0

Large pelagic: 2.30
Small pelagic: 0.80
Demersal: 1.88
Other marine: 1.60
Freshwater fish: 2.20
Process: 2.20

0 1.00

Table 8.3 Assumed Changes in the Exogenous Variables (Continued)
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adoption of resource enhancement technologies. 
Scenario 3 explores the effects of reducing fishing 
effort in capture fisheries. Scenario 4 examines 
the impacts of improvements in the resource base 
for capture fisheries. The third category, which 
includes scenarios 5 and 6, examines downstream 
interventions in fisheries, i.e., in marketing and 
processing. Scenario 5 focuses on compliance 
to multilateral agreements on food safety, while 
Scenario 6 examines the effect of reducing 
marketing margins in fish trade. The fourth and 
last category is a loose collection of events that 
are external to the fisheries sector. This represents 
demographic and economic events, policy-driven 
or otherwise, which are beyond the control of the 
authorities and stakeholders in the sector. There 
are two scenarios in this category: faster income 
growth (Scenario 7) and faster rate of urbanization 
(Scenario 8). 

Scenarios 1 and 2 were implemented with an 
acknowledgment that fish types in aquaculture 
are divided into low-value and high-value species 
(typically the former pertains to freshwater fish 
and the latter to brackishwater and marine fish). 
Then productivity improvements were introduced 
by raising the value of the technology index for 
the identified fish types. 

The resource management scenarios were 
implemented by means of an intercept shift. For 
countries that incorporated fishing effort as a 
supply shifter, the intercept shift was applied by 
reducing the level of fishing effort. This reduction 
implies a leftward shift in the supply curve; from 
a partial equilibrium perspective, this will lead 
to higher price and lower output. (As pointed 
out earlier though, one must be cautious in 
extending this expectation to the multi-market 
case.) Resource enhancement is implemented by 
assuming an exogenous increase in the output of 

capture fisheries. Ignoring cross-price and feedback 
effects, this is expected to produce results that are 
the opposite of the reduction in fishing effort. 

Expanded implementation of hazard analysis 
critical control points (HACCP) and sanitary and 
phyto-sanitary-related standards is expected to 
raise per unit costs in export-oriented fisheries. 
Alternatively, this may be seen as a reduction in 
the export price (interpreted as price received by 
exporters, net of processing costs). In practice 
though, a dynamic element was introduced, 
that is, expanded compliance over time implies 
increasing costs over a wider segment of the sector. 
Hence, HACCP compliance is implemented by 
adding a negative growth component to the export 
price trend. 

The faster growth scenario is implemented simply 
by raising the per capita income growth. This will 
directly affect the demand side of the model. The 
magnitude and direction of these effects in turn 
depend on the impact of the income changes on 
aggregated food and fish expenditure, and the 
expenditure elasticities of the different fish types. 
However, higher income growth is expected to 
raise fish consumption and prices as a whole (see 
Figure 8.2).

Lastly, the urbanization scenario (Scenario 8) 
is based on recent demographic trends in the 
countries of this study. It is especially relevant to 
Bangladesh, China, Indonesia, Malaysia, and the 
Philippines, as the proportion of the population 
living in urban areas of these countries has risen 
significantly in recent years (see Figure 8.3). 
Similar to income changes, the direct effect of 
demographic changes is on the demand side of the 
model. Other things being equal, a faster increase 
of the population in the urban areas means that 
the number of fish consumers in these areas is 
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Figure 8.2 Growth Rates (%) of Per Capita Real GDP, 1992-2001 

Source: IMF 2004 .  

Figure 8.3 Proportion (%) of the Population Living in Urban Areas 

Source: World Bank 2004.
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likely to rise faster than that in the rural areas. In 
other words, fish consumption in the urban areas 
is likely to rise while that in the rural areas is likely 
to fall. In addition, the contrasting responses for 
the urban and rural regions suggest that impact 
on aggregate consumption is ambiguous. 

It is important to note that the country modelers 
were given enough latitude in the implementation 
of the experiments. As a consequence, there are 
many instances in which the modelers did not 
conduct the eight scenarios mentioned above. 
For example, only six countries participated 
in the simulation of Scenario 1. Moreover, 
the magnitude of the changes varies from one 
country to the next. In Scenario 8, for example, 
the experiments involved reducing margins by 
anywhere between 0.5 and 1 percent. Hence, for 
countries that conducted a particular experiment, 
no attempt was made to compare the results 
across countries. 

Results

Aggregate trends 

Discussion of the results begins with consideration 
of the baseline projections for production, 
consumption, and trade at an aggregated level. 
This is followed by a disaggregated, country-by-
country discussion incorporating the baseline and 
alternative scenarios. As shown in Table 8.4, the 
projected changes in the output of fresh fish from 
2005 to 2020 indicates that the total fisheries 
output is expected to rise anywhere between 0.21 
percent per year in the Philippines to 3.57 percent 
in Sri Lanka. 

While these projections are quite conservative 
when compared with the actual performance of 
these countries from 1992 to 2001, the implied 

changes over the 15-year projection period are 
at times quite dramatic. For example, the results 
indicate that the outputs of fresh fish of India and 
Sri Lanka in 2020 will be approximately two times 
their values in the base year.

The same table presents the projected growth 
rates for the different sources of fresh fish across 
countries. Aquaculture is expected to expand in 
all countries, especially in China (4.69%/yr), 
Malaysia (4.45%/yr), and Thailand (4.01%/
yr). The results for capture fisheries are mixed. 
While a majority of the countries are expected 
to experience an increase in the output, the 
opposite is true for Bangladesh (-2.02%) and the 
Philippines (-0.17%). 

The relatively high rate of increase in aquaculture 
output implies an increase in its share in the 
total fisheries output. These changes are more 
pronounced for China, Bangladesh, and Thailand 
in which the share of aquaculture in the total fresh 
fish output rises by 18.9, 17.9, and 15.3 percent, 
respectively. In the cases of China and Bangladesh, 
aquaculture is expected to account for roughly three 
quarters of their total fresh fish output in 2020. 
For China and Thailand, the increase in the share 
of aquaculture is mostly due to the relative growth 
of this resource over the projection period. For 
Bangladesh, however, the explanation lies partly 
in the projected contraction of capture fisheries; 
and it should be noted that, in the baseline, 
technological change is confined to aquaculture; 
hence, cultured products may become cheaper 
and substitute for capture products. 

The projected patterns for fish consumption 
(Table 8.5) indicate that aggregate consumption is 
expected to rise in all countries. The growth rates 
range from a low 0.22 per year in Bangladesh to 
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a high 9.95 per year in Malaysia. The results are 
quite dramatic for Malaysia and, to a lesser degree, 
Sri Lanka. 

In the case of Malaysia, aggregate fish consumption 
in 2020 is expected to be more than six times 
higher than in 2000, while in Sri Lanka, it is 
expected to be more than two times higher. 

The results are mixed at the regional level. Rural 
consumption in Malaysia is expected to expand 
at the fastest rate of 12.55 per year, and the 
highest projected increase in urban consumption 
is for China at 3.62 per year. While regional 
consumption is expected to rise in most of 
the countries, it is expected to decline in some 
countries. The consumption of the urban region 
in Malaysia is expected to decline by an average of 
1.87 per year. Also, rural consumption is expected 
to contract at an average annual rate of 2 and 1.56 
percent per year in China and the Philippines, 
respectively. 

Increase in aggregate consumption is due to a 
combination of population growth and higher 
per capita consumption. In the cases of Indonesia, 
Bangladesh, and the Philippines, the low average 

annual increase in aggregate consumption relative 
to population growth suggests that per capita 
consumption in these countries is expected to 
decline over the projection period. This means that 
the increase in aggregate consumption for these 
countries is due solely to population growth. 

The projected decline in the per capita 
consumption in the Philippines is actually 
consistent with current trends (see Dey et al. 
2005b and Rodriguez et al. 2004). However, the 
same cannot be said for Indonesia and Bangladesh 
as these countries experienced an increase in per 
capita fish consumption at 2.87 and 4.14 percent 
per year, respectively, from 1991 to 2000.

The projections for trade among the different 
countries are shown in Table 8.6. With a few 
exceptions, imports and exports of fish are 
expected to increase over the projection period. As 
for imports, the changes range from -3.85 percent 
per year for the Philippines to 15.72 percent for 
Malaysia. Exports are projected to change in the 
range of -2.67 percent for Malaysia to 8.68 percent 
for Bangladesh.

Total Output Aquaculture Capture
Aquaculture share, 

baseline
Aquaculture share, 

2020

Bangladesh 1.36 2.77 (2.02) 60.18 78.10

China 3.29 4.69 - 54.26 73.19

India 3.10 3.99 1.99 51.98 61.44

Indonesia 0.88 1.80 0.83 12.50 14.74

Malaysia 1.49 4.45 1.12 9.55 16.67

Philippines 0.10 2.17 (0.17) 17.23 24.85

Sri Lanka 3.57 3.60 3.33 2.00 5.63

Thailand 1.75 4.01 0.46 25.96 41.25

Vietnam 2.03 2.01 2.01 36.66 36.67

Table 8.4 Projections for Growth of Fish Output and Aquaculture Share (%), 2005-2020
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Share of 

urban region, 
baseline

Share of urban 
region, 2020

Growth 
rate in total 

consumption

Growth 
rate in rural 

consumption

Growth rate 
in urban 

consumption

Projected 
population 

growth, rural

Projected 
population 

growth, urban

Bangladesh 20.00 20.49 0.22 0.06 0.82 1.80 1.80

China 70.53 87.19 2.53 (2.00) 3.62 -2.30 2.64

India na na 2.47 na na 1.50 1.50

Indonesia 46.08 55.55 1.05 0.12 1.92 1.66 1.82

Malaysia 59.38 5.67 9.95 12.55 (1.85) 1.00 2.35

Philippines 63.12 75.03 0.50 (1.56) 1.38 2.35 2.25

Sri Lanka 18.10 9.84 3.91 4.45 0.42 2.9 -1.40

Thailand 36.34 33.18 1.83 2.07 1.37 1.10 1.00

Vietnam 33.14 30.61 1.73 1.91 1.33 1.00 1.00

 

Quantities, ‘000 t Values, US$ millions Growth rates (%)

Exports Imports Exports Imports
Net 

exports
Export

quantities
Import 

quantities
Export 
values

Import 
values

Bangladesh 40.88 - 191.71 - 191.71 8.68 na 12.10 na

China 2,390.73 1,899.78 3,932.18 1,285.51 2,646.66 2.92 1.82 6.69 4.10

India 307.86 70.65 1,057.06 40.14 1,016.92 3.69 0.94 14.18 0.96

Indonesia 587.54 40.27 1,420.52 34.71 1,385.80 0.64 1.44 1.74 1.99

Malaysia 132.24 313.36 344.29 292.29 52.00 (2.67) 15.72 (1.38) 15.48

Philippines 131.60 154.27 311.52 44.69 266.83 0.24 (3.85) 5.08 2.77

Sri Lanka 12.92 71.08 77.96 63.96 14.00 4.69 7.32 10.12 7.32

Thailand 755.22 103.55 2,209.97 220.00 1,989.97 1.91 3.40 6.36 6.99

Vietnam 574.00 - 173.85 - 173.85 2.23 na 2.38 na

The results also point to changes in the relative 
importance of the regions in terms of exports. 
As of 2001, data from the Food and Agriculture 
Organization indicate that China, South Asia, and 
Southeast Asia accounted for 5.6, 42.17, and 52.23 
percent of the total exports of the nine countries. 
The projected growth rates of exports in this study 
suggest that China will outpace Southeast Asia in 
the share of the total fish exports. By 2020, the 
share of China in the total exports of the nine 
countries is expected to be 51.8 percent, and the 
share of South Asia is expected to be 11.6 percent. 

This means that the share of Southeast Asian 
countries in the total exports of the nine countries 
is expected to decline. 

Projections by fish type: baseline and 
scenarios
 
The following is concerned with the disaggregated 
analysis by fish type. Owing to the country-
specific classification of fish, the discussion has 
opted to follow country lines both for baseline 
and alternative scenarios, as shown in Tables 8.7 
to 8.15.  

Table 8.5 Projections (%) for Fish Consumption, 2005-2020

Table 8.6 Projections for Fish Trade, 2005-2020
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Bangladesh

The projected output growth of Bangladesh is led 
by brackishwater culture (i.e., for shrimp), and to a 
lesser extent, by inland aquaculture (Table 8.7). For 
the latter, the model predicts diversification, away 
from traditional Indian major carps to tilapia and 
other carp species. In fact, Indian major carps are 
projected to decline in output. Within the capture 
fisheries, trends are highly uneven, that is, high-
value, marine fish post robust growth, while supply 
of other capture species decline. A similar trend 
is reflected in the demand projections. Relative 
to the projected inflation rate (3.1%), retail fish 
prices are projected to rise gradually, except for 
captured species from freshwater sources (Hilsha 
and other freshwater fish). Interestingly, the fastest 
growing freshwater fish type (other carps) with the 
highest production growth suffers an absolute fall 
in price. Finally, the fastest-growing export earner 
may be dried fish, although this finding may have 
to be treated with caution owing to the small base. 
More importantly, shrimp exports will continue 
to grow rapidly, outpacing the overall output and, 
because of its dominant volume, will drive the 
overall trends in fisheries exports. 

The scenario of increased productivity in freshwater 
or low-value aquaculture is implemented by 
adding a one-percentage-point increase in the 
technology index. As expected, freshwater cultured 
species grow faster in both production and 
consumption, and experience a slower growth in 
consumer price (or faster decline). There is a mild 
substitution away from captured species (and 
almost none from brackishwater culture species). 
Exports decline slightly as a result. In general, this 
experiment amplifies the effect of technological 
change in freshwater aquaculture observed in the 
baseline. It should be noted, however, that the 

productivity shock is not enough to overcome the 
declining per capita consumption, as consumption 
growth remains below the population growth of 
1.8 percent per year. 

The scenario of increased productivity in 
brackishwater or high-value aquaculture is 
implemented by a similar one-percentage-point 
increase in the relevant technology index. The 
effects are similar to the previous experiment, but 
veer in the direction of shrimp culture and the 
magnitudes tend to be more pronounced. 

The inland and marine capture scenarios are 
implemented by a 2% change in the intercept 
terms of the relevant fish supply functions. An 
improvement in inland capture fisheries (say, 
by the widespread adoption of culture-based 
fisheries in the floodplains) will slow down the 
contraction of inland captured supplies, as well 
as the growth of inland culture output. Similarly, 
a reduction in marine fisheries supplies, say, by 
a reduction in fishing effort, will exacerbate the 
projected contraction in marine capture output. 

Compliance with HACCP, translated here as a 
1% slowdown in the growth of export prices, 
does indeed slow down export growth, though 
only mildly. The effects can also be seen in the 
contraction of output growth of exported fish 
types (i.e., shrimp and hilsha). Demand increase, 
however, is very minimal due to the market 
switching by suppliers from foreign to domestic 
markets. 

Finally, sensitivity analysis on the projected change 
in income (the last scenario) is implemented by a 
1% increase in the growth rate of gross domestic 
product (GDP) per capita income. Baseline 
patterns generally reflected in higher levels of 
output, consumption, and price; however, the 
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leading role of other carp is no longer seen. 
Rather, Indian major carp continues to grow and 
dominates production and consumption, and 
even shows an increase in price. Hence, this fish 
species should remain under serious consideration 
as a major contributor to freshwater aquaculture. 

China

Baseline projections for China (Table 8.8) reflect 
the assumption that capture fisheries exhibit 
zero growth; hence, production increases must 
be generated solely from aquaculture. The 
fastest-growing aquaculture species is tilapia, 
followed closely by other cultured species, mostly 
brackishwater or marine. Carp output is projected 
to grow much more slowly (reflecting the effect of 
a slow rise in its technology index). Supply growth 
is partly motivated by export markets, although 
exports from capture fisheries are projected to 
decline. Therefore, increase in domestic demand 
is met not so much by domestic supply as by 
imports. Consumer prices are expected to rise 
much faster than the projected inflation rate (of 
only 0.6%), led by prices of tilapia and of other 
non-finfish aquatic products.  

Productivity improvement in aquaculture is 
posited at a 1-6% additional growth in the 
technology indices of shrimp, tilapia, and other 
finfish. Price increases are reduced for other finfish 
and shrimp; quantities of demand, supply, and 
exports also rise. 

Compliance with HACCP (also implemented by 
a one-percentage–point reduction in the growth 
of export price) results in a moderate decline in 
exports. Unlike in the case of Bangladesh, demand 
does not fall, indicating the absence of market 
switching, that is, there may be a high level of 
differentiation between foreign and domestic 

markets. A 1.26 percentage-point decline in the 
growth rate of the marketing margin has the 
expected beneficial effects on output, demand, 
prices, imports, and exports across the various 
fish types. Similarly, faster income growth (1.5 
percentage points higher for urban areas; 1.0, 
for rural areas) and urbanization (2.9 percentage 
points higher population growth in urban areas; 
2.9 lower in rural areas) reflect the expected 
directions of effect, without major alterations in 
the composition of output across fish types.

India

In the case of India, baseline projections show a 
striking conformity with the technological change 
assumptions. A growth rate of 3 percent in the 
technology index for aquaculture generates a 3.9-
4.0% growth in aquaculture output for Indian 
major carp and other freshwater fish, and a growth 
rate of 1.9 percent in capture fisheries generates 
a 2.0% or so expansion in capture fish types. 
Demand growth, however, varies for the capture 
species, with shrimp, mollusk, and high-value 
demersals expected to pose a decline by 2020. 
Consumer price rise also varies across capture 
fish types; however, all positive price increases are 
below the expected inflation rate of 8.0 percent, 
reflecting cheaper and more available fish. Exports 
will grow faster than imports, with hardly any sign 
of increase in mollusks and a contraction in the 
imports of pelagic, high-value fish. 

The scenarios turn out to show very minimal 
changes in the baseline trends in production. 
This is not due to the small sizes of shock under 
each scenario; for example, technological change 
under Scenario 1 (more productive, low-value 
aquaculture) posits a 5-percentage-point rise in 
the technology index. Rather, this result reflects a 
structural feature of the fisheries sector as modeled. 
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If correct, it also implies the resilience of fisheries in 
the face of shocks, as well as a difficulty in applying 
development policies to accelerate productivity. 

Indonesia

In the most likely case, output growth in Indonesia 
will be led by marine culture, followed by freshwater 
and brackishwater culture. This order fully reflects 
the size of the productivity shocks in the baseline. 
Among the fish types, grouper exhibits the fastest 
growth (it is 50 percent cultured, according to 
the baseline data set), followed by some of the 
freshwater and brackishwater species (milkfish, 
catfish, tilapia, and carp). 

Demand is rising faster than supply for most 
fish types; in addition, rising demand for 
processed fish further increases derived demand 
for the fresh fish types. However, because prices 
are not rising as fast as the general inflation rate 
(around 4-5%/yr), fish is actually becoming 
cheaper in relative terms. This probably results 
from the availability of imports, whose prices 
are assumed to rise very slightly in the long term 
(half a percentage point per annum). Exports 
are projected to grow more slowly than imports, 
with grouper leading export growth by a wide 
margin over the other fish types.

The higher productivity growth for low-value 
culture species is effected by making the technology 
index rise faster by 3 percentage points for inland 
culture species. Carp responds most forcefully to 
the impetus from technology. Demand growth 
also rises, and carp prices are projected to fall over 
the period. Exports also respond dramatically. The 
effects of the change are limited to inland culture 
species, with catfish and tilapia trailing carp in 
terms of the size of response. 

Higher productivity growth for brackishwater and 
marine culture species (1% and 3% faster growth 
of the technology index for cultured shrimp and 
grouper, respectively) results in corresponding 
effects in the output of the species directly affected, 
but hardly affects the other fish types. Even 
consumption of shrimp is almost unchanged, 
with the demand changes apparently ending up 
in the export market. 

A reduction in fishing effort (equivalent to a 10% 
drop in the use of fuel) has dramatic effects on 
the output of some marine species (such as tuna), 
but little effect on the output of other fish types. A 
decline in productivity of inland capture fisheries 
(a half percentage point drop) causes minimal 
changes over the baseline projection. 

Meanwhile, a 1% faster growth of export prices 
has an appreciable impact on export growth. 
This, however, can hardly affect the total domestic 
production and consumption. Lastly, urbanization 
(higher population growth in urban regions, from 
1.82% to 2%) has an impact going in the expected 
directions, but indicate minimal changes in overall 
supply and demand conditions. 

Malaysia

The growth of output in Malaysia is projected to 
remain sluggish because most fish is produced by 
marine capture fisheries. Anchovy (produced by 
a highly specialized purse seine fishery) is even 
projected to decline over the projection period. 
The fastest-growing sector is brackishwater 
aquaculture, which produces high-value fish, 
high-value crustaceans, mollusks, and tilapia; the 
last item has by far the highest projected supply 
growth. 
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Projected export performance is even less 
impressive; the contraction in total exports is led 
by anchovy, followed by low-value fish, high-value 
fish and shellfish. However, demand is projected 
to grow very dramatically. As discussed earlier, this 
demand would have to be met by large imports, 
mainly of low-value fish, tilapia, and other fish. 
Nevertheless, a rise in consumer prices of fish will 
be in line with a general inflation rate of around 3 
percent. 

Faster technical progress in freshwater aquaculture 
(additional 1%/yr) can accelerate supply growth, 
and mitigate the export decline. Faster technical 
progress in brackishwater culture (also an 
additional 1%/yr) has a lesser effect overall. Neither 
a reduction in fishing effort (1% reduction in the 
effort variable) nor an improvement in aquatic 
resource productivity (implemented by intercept 
shifts) significantly alters trends in the sector. 

Philippines

Baseline projections for outputs in the Philippines 
show a long-term decline in municipal capture 
fisheries, stagnant commercial capture fisheries, 
and an aquaculture sector with moderate growth. 
Aquaculture growth is anchored upon milkfish, 
tilapia, and shrimp. Among the marine capture 
species, only roundscad, anchovy, and tuna exhibit 
positive growth. Exports are also anemic, with 
some fish types (other capture fish, shellfish, and 
processed fish) posting declines. Consumption 
growth is also so minimal that imports are actually 
in decline across the board. 

The scenario of increased productivity in low-
value aquaculture is affected by a 5%/yr growth 
in the technology index to tilapia, carp, mussels 
and oysters. Tilapia’s response to this shock is 
the strongest, followed by cultured shellfish and 

milkfish. Export growth of tilapia also shoots up, 
followed by those of mussels and oysters, carp, 
and milkfish. There are no appreciable changes in 
consumption, or in consumer price. 

Lower fishing effort (a 10% drop on the intercept 
terms of municipal and commercial capture 
fisheries) hardly alters baseline trends, although the 
directions of effect are consistent with expectation. 
HACCP compliance (a one percentage point decline 
in export price growth) makes a big dent on the 
overall exports, turning a small positive growth into 
a small negative growth over the 15-year period. A 
reduction in marketing margins (by 1%/yr) has a 
slight but usually positive effect on both production 
and consumption, and a negative effect on price 
growth, all consistent with expectation. Finally, 
sensitivity analysis on per capita income trends 
(1% faster economic growth) or population (a 
0.1% faster growth in urban areas and 0.1% slower 
growth in rural areas) results in a similar pattern of 
supply and demand corresponding to the baseline. 

Sri Lanka

Baseline projections for Sri Lanka exhibit a growth 
in supply for all the fish types. Cultured prawn 
exhibits higher than average growth, along with 
large pelagic fish; freshwater fish also exhibits a 
fairly rapid growth. Demand growth is strong for 
pelagic fish, cultured species, and processed fish, 
but weak or even negative for demersal fish and 
other marine fish. Although consumer prices 
for fish will rise, fish will get cheaper in relative 
terms as the overall inflation rate is at 8-9 percent. 
Demand for other marine fish will fall, as shown 
by its negative price trend. Exports of fish will also 
rise rapidly, with an exception for other marine 
fish, as domestic supplies are diverted to foreign 
markets, while domestic demand that is also 
growing at a fairly rapid rate is met by imports.  



145CHAPTER 8 | Projections

A critical development issue in Sri Lanka fisheries 
is the development of inland aquaculture that 
currently holds a miniscule share of output. Growth 
can happen here through faster technological 
change (implemented by a 0.6 percentage-point 
additional growth in the technology index), 
or through an area expansion (a scenario not 
analyzed in the other country models). The latter 
is implemented by an additional four percentage-
point growth in firm entry into the industry. More 
rapid technological change does have a strong 
effect on the output of cultured species, but causes 
a contraction in some of the capture species, 
namely, demersals and other marine fish; thus, 
the overall growth is, in fact, slower under this 
scenario. The effects of posited area expansion on 
aquaculture growth are even stronger. The drop 
in demersals and other marine fish is faster, and 
even small pelagics suffer a contraction. Overall, 
demand growth is slower and price increases are 
faster under this scenario. Export growth led by 
cultured prawn is also higher than the average 
growth. Finally, moving to processing, the 
projection with HACCP compliance does impose 
a significant slowdown on exports, particularly of 
cultured prawn, followed by large pelagics. The 
overall output growth slows down while prices 
increase at a faster pace.

Thailand

Baseline projections for Thailand indicate a 
growth led by coastal and freshwater aquaculture, 
followed by inland capture fisheries (and 
remotely by marine capture fisheries). Top growth 
performers are freshwater fish, such as snakehead, 
silver barb, and tilapia; also doing well are prawn 
(cultured) and high-value marine fish (which 
is also partly cultured). Growth in demand is 
strongest for snakehead, silver barb, prawn, and 
processed freshwater fish; only catfish shows 

signs of contracting demand, (corresponding to 
a contracting supply of the same magnitude). 
Most consumer prices of the various fish types 
rise faster than the posited inflation rate of 
3.5 percent, except for tilapia, silver barb, and 
snakehead, which are the only fish types getting 
relatively cheaper over time. Exports are rising, 
particularly of tilapia, cultured shrimp, and high-
value marine fish. However, growth in import of 
some marine fish is also high, indicating a need 
for Thailand to also seek for supply from outside 
the country. As domestic and foreign supplies are 
more than sufficient to meet demand, per capita 
consumption of most fish types rises throughout 
the period.

The promotion of low-value species raises the 
overall outputs from coastal and freshwater 
aquaculture. The species contributing to growth of 
coastal aquaculture are mainly low-value marine 
fish, and the growth of freshwater aquaculture 
is led by catfish, low-value freshwater fish, and 
prawn. Consumption of these fish types also rises,  
in line with lower price growth of these species. 
However, this scenario is not associated with an 
improvement in net trade. Besides, promotion of 
high-value aquaculture only reflects minor gains 
in production and consumption, but decelerates 
price growth, and exports. 

A restriction on fishing effort (proxied by a ten-
per cent increase in fuel cost both for inland 
and marine capture fisheries) causes a growth 
contraction in the overall fish output, although the 
contraction in the growth of capture species is to a 
large extent offset by the growth of culture species. 
The growth contraction also affects demand for 
and exports of capture species, although for some 
cultured fish (e.g., tilapia), the offsetting expansion 
of aquaculture ends up increasing export growth. 
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Finally, faster urbanization (1% faster growth in 
urban areas and only 0.5% faster growth in rural 
areas) does not cause dramatic changes for most 
of the growth trends, except for cephalopods, 
catfish, and processed fish. This may warrant 
further study on the robustness of the model to 
other alternative scenarios. 

Vietnam

Baseline projections for output in Vietnam 
reveal a remarkable symmetry (all fish types 
increase by around 2.0%), which in part are 
due to the symmetry of the assumptions for the 
exogenous variables. Greater growth variations 
are observed for demand, price, and exports 
(there are no imports in the Vietnam model). 
Demand growth is highest for catfish and squid, 
and lowest for anchovy. Prices for four of the fish 
types rise faster than the general inflation rate 
(set very low at 0.5%), although absolute price 
reductions are forecasted for shrimp, tilapia, 
mollusks, anchovy, and processed fish. The 
fastest export growth is expected from shrimp, 
mollusks and anchovy, and the slowest, from 
squid. 

Accelerating technical progress (one percentage 
point faster increase in the productivity index 
for catfish, tilapia, and other freshwater fish 
increases output growth for these fish types 
by about the same margin (except for other 
freshwater fish). Consumption and export are 
also faster, except for some marine capture 
species. Applying faster technical progress to 
brackishwater culture species (i.e., shrimp, and 
high-value fish) by the same magnitude makes 
only a minor impact on production, aggregate 
consumption, and aggregate exports. The same 
goes for a reduction in the marketing margin 

and the impact of urbanization. The model is, 
therefore, robust, similar to the India model, and 
a straightforward partial equilibrium analysis 
generally works, at least for forecasting changes 
in production.
 
Conclusion

In this study, it is found that income elasticities 
for fish products are positive; hence, rising 
populations and per capita incomes will ensure 
rising domestic demands. Global demand, a large 
part of which is contributed by developing Asia 
itself, will also continue to rise. Fish production 
must, therefore, also meet this rising demand. 
Markets regulate this supply-demand balance by a 
price system; its outcomes are largely determined 
by price responses on both supply and demand 
sides, which were also empirically examined 
by this study. The study conducts a simulation 
exercise using the AsiaFish model, covering the 
period 2005-2015, and confirms that, for the 
most part, supplies may indeed increase to meet 
this demand without painful increases in fish 
price, or decline in per capita consumption. The 
exceptions are Bangladesh and the Philippines, 
where consumption will apparently fall, probably 
due to consumers’ desire to diversify protein 
sources. 

In general, trends in production and foreign 
trade will continue to rise, perhaps at a slower 
pace than in the previous decades when fisheries 
saw a spectacular and rapid transformation of 
supply and demand structures. As was the case, 
the bulk of the increased supply will originate 
from aquaculture on the assumption that capture 
fisheries will not collapse within the period. 

Disaggregation of the simulation results confirms 
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Baseline

Productivity Changes

HACCP 
compliance

Income 
growth (+)

Inland 
culture

(+)

Brackish 
culture

(+)

Inland 
capture

(+)

Marine 
capture

(-)

Supply

Total quantity 1.36 1.56 1.78 1.37 1.33 1.19 1.92
Inland cultured fish 1.63 2.02 1.66 1.56 1.54 1.55 2.39
Inland captured fish -2.12 -2.28 -2.16 -1.78 -2.12 -2.24 -1.87
Brackish cultured fish 7.45 7.37 9.02 7.45 7.47 6.94 7.85
Marine captured fish -1.78 -1.82 -1.78 -1.71 -1.82 -1.83 -1.82
Indian major carp (Aq) -0.89 -0.59 -0.07 -0.51 0.02 -0.09 1.42
Indian major carp (cap) -2.78 -3.06 -2.48 -2.15 -1.52 -1.47 -0.38
Other carp 5.03 5.79 4.85 4.73 4.53 4.49 4.84
Tilapia 1.27 0.78 0.50 0.90 0.73 0.97 1.18
Pangus -0.28 0.57 0.19 0.16 -0.55 -0.48 1.15
Live fish 0.82 -0.15 0.69 0.30 0.42 0.84 0.63
Hilsha -1.58 -1.58 -1.61 -1.32 -1.54 -2.10 -1.59
Freshwater fish -4.20 -4.09 -4.32 -3.79 -4.39 -4.25 -3.88
Shrimp 7.45 7.37 9.02 7.45 7.47 6.94 7.85
High value marine fish 6.02 5.40 4.71 4.10 4.82 5.17 3.38
Low value marine fish -2.14 -2.13 -2.04 -2.03 -2.07 -2.11 -2.01
Demand
Total quantity 0.22 0.50 0.27 0.32 0.20 0.24 0.95
Indian major carp -1.11 -0.88 -0.36 -0.69 -0.15 -0.25 1.21
Other carp 5.03 5.79 4.85 4.73 4.53 4.49 4.84
Tilapia 1.27 0.78 0.50 0.90 0.73 0.97 1.18
Pangus -0.28 0.57 0.19 0.16 -0.55 -0.48 1.15
Live fish 0.82 -0.15 0.69 0.30 0.42 0.84 0.63
Hilsha -4.67 -4.95 -5.04 -3.67 -5.08 -6.18 -4.57
Freshwater fish -4.20 -4.09 -4.32 -3.79 -4.39 -4.25 -3.88
Shrimp 2.26 1.98 2.51 2.18 2.27 2.90 3.69
High value marine fish 6.02 5.40 4.71 4.10 4.82 5.17 3.38
Low value marine fish -2.14 -2.13 -2.04 -2.03 -2.07 -2.11 -2.01
Dried fish -12.85 -7.42 -6.32 -11.76 -5.08 -4.62 -8.28
Consumer price 
Indian major carp 0.87 0.69 0.81 1.22 0.25 1.07 1.99
Other carp -0.54 -0.60 -0.67 0.03 -1.03 -0.42 0.31
Tilapia 2.23 2.32 2.36 2.37 1.66 2.86 3.57
Pangus 2.20 2.21 2.24 2.22 1.72 2.85 3.58
Live fish -1.52 -1.51 -1.78 -0.69 -1.99 -1.79 -0.88
Hilsha 3.90 4.40 4.51 3.60 4.14 5.63 6.36
Freshwater fish 9.61 9.78 9.77 8.46 9.70 9.69 11.39
Shrimp 0.36 1.18 0.41 0.84 0.91 0.44 1.78
High value marine fish 1.22 1.26 1.46 1.55 0.91 1.98 2.84
Low value marine fish 1.33 1.35 1.42 1.59 0.88 1.82 2.71
Dried fish 2.22 2.08 2.01 2.39 1.26 2.27 2.92
Exports
Total quantity 8.68 8.63 9.98 8.17 8.58 8.22 8.89
Hilsha 6.96 6.77 6.91 5.78 6.44 7.30 6.94
Shrimp 8.76 8.76 10.36 8.72 8.81 8.12 9.02
Dried fish 17.01 17.55 19.87 8.88 18.43 20.68 16.39

Table 8.7 Projections by Fish Type for Bangladesh, Average Annual Growth Rates (%)
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Baseline
Productivity 

improvement in 
culture

HACCP 
compliance

Lower 
marketing 

margin

Faster
income 
growth

Urbanization

Supply
Total quantity 3.29 3.92 3.28 3.51 3.60 3.32
Other finfish from aquaculture 9.61 10.87 9.57 10.15 10.07 9.69
Shrimp from aquaculture 9.74 10.77 9.75 10.17 10.50 9.82
Other aquaculture 3.23 3.28 3.23 3.42 3.56 3.31
Tilapia 10.07 12.18 10.05 10.10 10.68 10.11
Carp 1.22 1.27 1.23 1.26 1.28 1.19
Demand
Total quantity 3.05 3.56 3.08 3.25 3.35 3.09
Other finfish 2.66 2.98 2.73 2.99 2.94 2.71
Shrimp 3.78 4.27 3.81 4.02 4.20 3.82
Other non finfish aquatic products 3.09 3.15 3.13 3.30 3.44 3.18
Tilapia 10.07 12.18 10.05 10.10 10.68 10.11
Carp 1.22 1.27 1.23 1.26 1.28 1.19
Consumer price 
Other finfish 2.08 1.76 2.01 1.76 2.60 2.17
Shrimp 1.20 0.52 1.21 1.17 1.94 1.27
Other non finfish aquatic products 2.40 2.48 2.40 2.37 2.84 2.52
Tilapia 3.01 3.24 2.99 2.87 3.72 3.06
Carp 1.42 1.78 1.49 1.75 1.89 1.21
Imports
Total quantity 1.59 1.58 1.67 1.94 1.96 1.66
Other finfish from aquaculture 9.17 10.24 9.15 9.84 9.73 9.26
Shrimp from aquaculture 9.02 9.81 9.07 9.53 9.93 9.11
Other aquaculture 3.42 3.50 3.45 3.67 3.86 3.54
Other finfish from capture 1.34 1.26 1.42 1.71 1.66 1.40
Shrimp from capture 0.46 0.35 0.49 0.59 0.69 0.48
Other capture 2.04 2.13 2.17 2.34 2.56 2.17
Exports
Total quantity 2.82 3.50 2.70 3.04 3.08 2.85
Other finfish from aquaculture 9.67 10.98 9.57 10.18 10.10 9.74
Shrimp from aquaculture 9.97 11.10 9.87 10.36 10.67 10.04
Other aquaculture 2.89 2.93 2.70 3.03 3.14 2.95
Other finfish from capture -0.52 -0.50 -0.66 -0.65 -0.63 -0.54
Shrimp from capture -0.51 -0.43 -0.70 -0.61 -0.69 -0.53
Other capture -0.34 -0.36 -0.46 -0.39 -0.42 -0.36
Tilapia 9.56 11.59 9.37 9.58 10.02 9.58
Carp 1.13 1.12 0.92 1.13 1.12 1.15

Table 8.8 Projections by Fish Type for China, Average Annual Growth Rates  (%)

this broad prospect for most individual fish 
types, while identifying specific items of steady 
growth, stagnation, or decline. In many cases, fish 
types from capture fisheries face a poor market 
outlook, largely as aquaculture products (of 
which production conditions are more favorable) 

replace them in the consumption basket. The 
analysis also performs an impact assessment under 
alternative scenarios for fisheries. A summary of 
this assessment, combined with material from the 
previous chapters, is provided in Chapter 9. 
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Productivity changes Processing/marketing

Baseline
Inland 

culture (+)
Brackish 

culture (+)
Capture (-)

HACCP 
compliance

Marketing margin 
(-)

Supply
Total quantity 3.10 3.14 3.18 3.14 3.14 3.14
Captured fish 1.99 1.99 2.10 1.99 1.99 1.99
Cultured fish 3.97 3.99 3.99 3.99 3.99 3.99
Indian major carp 3.96 3.98 3.98 3.98 3.98 3.98
Other freshwater fish 3.93 3.96 3.96 3.96 3.96 3.96
Shrimp 3.37 3.37 3.69 3.37 3.37 3.37
Pelagic HV fish 1.98 1.99 1.99 1.99 1.99 1.99
Pelagic LV fish 1.98 1.99 1.99 1.99 1.99 1.99
Demersal HV fish 1.96 1.97 1.97 1.97 1.96 1.97
Demersal LV fish 2.00 2.00 2.00 2.00 2.00 2.00
Mollusks 1.99 2.00 2.00 2.00 2.00 2.00
Demand
Total quantity 2.39 2.47 2.47 2.49 2.53 2.48
Indian major carp 3.96 3.98 3.98 3.98 3.98 3.98
Other freshwater fish 3.93 3.96 3.96 3.96 3.96 3.96
Shrimp -1.91 -2.12 -1.97 -2.02 -1.66 -2.02
Pelagic HV fish 0.81 0.72 0.72 0.79 1.03 0.79
Pelagic LV fish 1.98 1.99 1.99 1.99 1.99 1.99
Demersal HV fish -1.30 -1.43 -1.43 -1.36 -0.97 -1.36
Demersal LV fish 2.00 2.00 2.00 2.00 2.00 2.00
Mollusks -1.03 -1.13 -1.14 -1.06 -0.70 -1.06
Consumer price 
Indian major carp -2.66 -2.68 -2.68 -2.68 -2.68 -2.68
Other freshwater fish -2.57 -2.59 -2.59 -2.59 -2.60 -2.59
Shrimp 3.23 3.44 3.29 3.35 2.97 3.35
Pelagic HV fish 0.47 0.56 0.56 0.49 0.25 0.49
Pelagic LV fish -0.49 -0.50 -0.50 -0.50 -0.53 -0.50
Demersal HV fish 2.31 2.43 2.43 2.36 1.99 2.36
Demersal LV fish -1.10 -1.12 -1.12 -1.11 -1.07 -1.11
Mollusks 2.27 2.38 2.38 2.30 1.92 2.30
Imports
Total quantity 0.98 0.94 0.94 1.05 1.09 1.05
Pelagic HV fish -0.34 -0.45 -0.37 -0.31 -0.21 -0.31
Pelagic LV fish 1.05 1.00 1.00 1.11 1.16 1.11
Mollusks 0.09 0.04 0.03 0.15 0.25 0.15
Exports
Total quantity 3.99 3.69 3.82 3.69 3.65 3.68
Shrimp 4.85 4.41 4.73 4.41 4.42 4.41
Pelagic HV fish 4.40 4.20 4.20 4.15 3.91 4.15
Demersal HV fish 3.38 3.12 3.12 3.11 3.08 3.11
Mollusks 3.23 3.02 3.02 3.01 2.98 3.01

Table 8.9 Projections by Fish Type for India, Average Annual Growth Rates (%)
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Productivity scenarios
Export 

price (+)
Urbanization

Baseline
Inland 

culture (+)
Brackish 

culture (+)
Marine 

culture (+)
Marine 

capture (-)
Inland 

capture (-)

Supply
Total quantity 0.88 1.07 0.98 0.98 0.61 0.72 0.90 0.88
Marine captured fish 0.72 0.72 0.72 0.71 0.19 0.72 0.74 0.72
Inland captured fish 0.85 0.84 0.85 0.85 0.86 0.33 0.86 0.85
Inland cultured fish 1.85 4.97 1.85 1.85 1.86 1.88 1.86 1.86
Brackish cultured fish 1.27 1.30 2.39 1.26 1.27 1.26 1.33 1.29
Marine cultured fish 2.53 2.55 2.53 7.61 2.56 2.52 2.60 2.55
Shrimp 0.83 0.83 1.38 0.83 0.53 0.83 0.95 0.85
Tuna 0.51 0.52 0.51 0.51 -0.03 0.50 0.53 0.51
Mackerel 0.93 0.94 0.93 0.93 0.43 0.93 0.93 0.93
Assorted pelagics 0.80 0.80 0.80 0.80 0.29 0.79 0.80 0.80
Grouper 1.63 1.64 1.63 5.05 1.43 1.62 1.68 1.64
Snapper 0.58 0.58 0.58 0.57 0.04 0.58 0.61 0.59
Other finfish 0.81 0.81 0.81 0.81 0.56 0.56 0.83 0.81
Carp 1.33 3.15 1.33 1.32 1.33 1.11 1.33 1.34
Tilapia 1.10 1.56 1.10 1.10 1.10 0.66 1.10 1.10
Catfish 1.10 1.58 1.10 1.10 1.10 0.67 1.10 1.10
Milkfish 1.24 1.29 2.22 1.24 1.21 1.22 1.22 1.27
Demand
Total quantity 1.05 1.26 1.15 1.10 0.82 0.90 0.79 1.07
Shrimp 1.42 1.42 1.64 1.40 1.21 1.42 1.02 1.48
Tuna 0.66 0.70 0.68 0.66 0.20 0.63 0.37 0.67
Mackerel 0.94 0.94 0.94 0.94 0.43 0.93 0.93 0.94
Assorted pelagics 0.88 0.90 0.88 0.88 0.41 0.87 0.73 0.89
Grouper 1.62 1.65 1.63 4.18 1.45 1.60 1.33 1.65
Snapper 0.94 0.95 0.94 0.92 0.51 0.93 0.66 0.97
Other finfish 1.14 1.16 1.15 1.14 0.97 0.98 0.80 1.17
Carp 1.33 3.15 1.33 1.32 1.33 1.11 1.33 1.34
Tilapia 1.11 1.57 1.11 1.11 1.11 0.68 1.09 1.11
Catfish 1.10 1.58 1.10 1.10 1.10 0.67 1.09 1.10
Milkfish 1.25 1.30 2.21 1.24 1.22 1.22 1.21 1.27
Dried fish 1.16 1.52 1.42 1.22 1.01 1.09 0.95 1.19
HV processed fish 0.72 0.90 0.79 0.75 0.29 0.63 0.11 0.73
LV processed fish 1.07 1.26 1.49 1.13 0.86 0.80 0.76 1.05
Consumer price 
Shrimp 1.17 1.17 0.96 1.16 1.23 1.17 1.46 1.20
Tuna 1.43 1.53 1.47 1.45 1.70 1.38 1.55 1.46
Mackerel 1.46 1.54 1.50 1.47 1.71 1.41 1.38 1.50
Assorted pelagics 1.53 1.61 1.56 1.53 1.88 1.48 1.56 1.58
Grouper 0.96 1.00 0.98 -0.84 1.02 0.94 1.10 1.00
Snapper 1.81 1.83 1.81 1.79 2.10 1.80 1.98 1.88
Other finfish 1.49 1.52 1.50 1.48 1.63 1.63 1.81 1.53
Carp 1.54 -0.33 1.54 1.52 1.59 1.77 1.57 1.64
Tilapia 1.69 1.25 1.68 1.66 1.71 2.15 1.73 1.78
Catfish 1.58 1.15 1.58 1.56 1.59 2.02 1.59 1.64
Milkfish 1.33 1.44 0.31 1.32 1.26 1.28 1.27 1.38
Dried fish 1.47 1.16 1.17 1.39 1.63 1.54 1.70 1.51
HV processed fish 1.20 1.39 1.27 1.23 1.32 1.09 1.38 1.20
LV processed fish 0.78 1.01 0.92 0.86 0.77 0.64 0.66 0.75

Table 8.10 Projections by Fish Type for Indonesia, Average Annual Growth Rates (%)
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Productivity Scenarios
Export 

price(+)
Urbanization

Baseline
Inland 

culture (+)
Brackish 

culture (+)
Marine 

culture (+)
Marine 

capture (-)
Inland 

capture (-)

Imports
Total quantity 1.44 1.59 1.66 1.59 1.25 1.26 1.18 1.45
Shrimp 1.76 1.76 1.87 1.73 1.58 1.76 1.50 1.83
Tuna 1.13 1.22 1.17 1.14 0.80 1.07 0.90 1.16
Mackerel 1.41 1.46 1.44 1.42 1.03 1.39 1.37 1.44
Assorted pelagics 1.39 1.45 1.42 1.40 1.10 1.36 1.26 1.43
Grouper 1.85 1.91 1.87 3.48 1.71 1.83 1.64 1.90
Snapper 1.59 1.61 1.59 1.57 1.31 1.59 1.40 1.66
Other finfish 1.64 1.68 1.65 1.63 1.54 1.55 1.45 1.69
Carp 1.86 2.67 1.86 1.80 1.86 1.74 1.86 1.91
Tilapia 1.70 1.94 1.70 1.69 1.72 1.50 1.71 1.75
Catfish 1.64 1.90 1.64 1.63 1.65 1.43 1.64 1.67
Milkfish 1.66 1.77 2.11 1.66 1.60 1.62 1.60 1.72
Dried fish 1.65 1.85 1.76 1.67 1.58 1.61 1.55 1.70
High value processed fish 1.08 1.35 1.18 1.12 0.71 0.93 0.55 1.08
Low value processed fish 1.22 1.52 1.71 1.32 1.01 0.88 0.85 1.19
Exports
Total quantity 0.64 0.64 0.77 1.06 0.26 0.49 0.97 0.63
Shrimp 0.82 0.82 1.38 0.82 0.51 0.82 0.96 0.83
Tuna 0.22 0.17 0.20 0.21 -0.49 0.25 0.81 0.21
Mackerel 0.49 0.41 0.45 0.49 -0.26 0.54 1.57 0.45
Assorted pelagics 0.37 0.30 0.34 0.36 -0.44 0.41 1.17 0.33
Grouper 1.65 1.64 1.64 6.17 1.41 1.65 2.22 1.64
Snapper 0.05 0.04 0.05 0.06 -0.68 0.06 0.59 0.02
Other finfish 0.58 0.56 0.58 0.58 0.26 0.26 0.88 0.56
Carp 0.80 4.55 0.80 0.81 0.76 0.35 1.77 0.71
Tilapia 0.44 1.34 0.45 0.47 0.42 -0.43 1.38 0.36
Catfish 0.55 1.45 0.54 0.56 0.54 -0.31 1.52 0.48
Milkfish 0.93 0.87 2.92 0.93 0.96 0.95 1.94 0.90
Dried fish 0.68 1.35 1.24 0.83 0.38 0.54 1.23 0.66
High value processed fish 0.47 0.44 0.46 0.46 -0.09 0.48 0.64 0.48
Low value processed fish 0.97 0.65 1.09 0.86 0.78 1.02 1.93 1.03

Table 8.10 Projections by Fish Type for Indonesia, Average Annual Growth Rates (%) (Continued) 
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Baseline

Changes in productivity

Inland culture 
(+)

Brackish 
culture (+)

Fishing effort 
(-)

Aquatic resources 
(+)

Supply
Total quantity 1.49 2.15 1.36 1.22 1.53
Marine captured fish 1.20 1.19 1.12 0.85 1.18
Brackishwater cultured fish 4.29 7.48 9.04 4.33 4.87
Freshwater cultured fish 0.78 0.57 0.17 0.78 0.73
Anchovy -4.78 -4.74 -4.26 -4.11 -3.27
LV fish 1.79 1.79 1.58 1.47 1.79
HV fish 0.61 1.53 0.45 0.34 0.74
LV crustacean -0.07 0.02 -0.08 -0.09 -0.02
HV crustacean -2.08 3.55 -2.48 -1.65 -0.82
Mollusk 1.40 1.01 1.40 0.80 1.32
Tilapia 9.19 11.33 8.28 9.15 9.46
Others 2.14 2.04 2.14 1.70 0.92
Demand
Total quantity 9.95 9.95 9.88 9.83 9.96
Anchovy 5.93 5.93 6.10 6.07 6.31
LV fish 10.94 10.92 10.78 10.80 10.97
HV fish 0.36 1.23 0.16 0.12 0.55
Crustacean -1.46 1.43 -1.84 -1.06 -0.26
Mollusk 5.39 5.17 5.41 5.03 5.35
Tilapia 9.19 11.33 8.28 9.15 9.46
Others 18.76 18.24 18.70 18.76 19.19
Consumer price 
Anchovy 4.16 4.14 4.02 4.00 3.90
LV fish 3.53 3.53 3.63 3.58 3.58
HV fish -0.69 -0.94 -0.93 -0.56 -0.43
Crustacean 0.35 0.60 0.30 0.41 0.51
Mollusk 5.06 5.25 5.08 5.34 5.11
Tilapia 4.37 2.26 5.30 4.29 3.95
Others 0.53 0.53 0.53 0.53 0.54
Imports
Total quantity 15.72 15.68 15.73 15.67 15.83
Anchovy 12.14 12.12 12.11 12.04 12.13
LV fish 16.34 16.31 16.36 16.28 16.46
HV fish -1.46 -1.03 -2.04 -1.51 -0.88
LV crustacean -1.81 1.99 -2.31 -1.26 -0.22
HV crustacean -1.44 1.35 -1.84 -1.02 -0.18
Mollusk 13.15 13.24 13.20 13.24 13.18
Tilapia 18.82 18.30 18.76 18.82 19.27
Exports
Total quantity -2.67 -0.13 -3.02 -2.88 -2.08
Anchovy -13.81 -13.75 -13.16 -12.85 -11.65
LV fish -6.15 -6.14 -6.41 -6.61 -6.20
HV fish 2.27 3.48 2.39 1.86 2.11
LV crustacean 0.95 -0.47 1.13 0.72 0.34
HV crustacean -2.08 3.59 -2.48 -1.65 -0.82
Mollusk -3.80 -4.43 -3.83 -4.78 -3.82
Tilapia 1.90 1.83 1.90 1.44 0.77

Table 8.11 Projections by Fish Type for Malaysia, Average Annual Growth Rates (%) 
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Baseline

Productivity change Processing and trade
Income and 

demographics

Low-value 
culture (+)

Fishing 
effort (-)

HACCP 
compliance

Marketing 
margin (-)

Faster 
growth

Urbanization

Supply

Total quantity 0.10 0.74 0.12 0.08 0.43 0.24 0.11
Municipal capture -1.36 -1.29 -1.52 -1.37 -1.23 -1.31 -1.35
Commercial capture 0.55 0.48 0.59 0.52 1.04 0.74 0.56
Aquaculture 2.11 4.58 2.10 2.12 2.32 2.25 2.13
Grouper -0.19 -0.12 -0.21 -0.20 -0.01 -0.13 -0.19
Tuna 0.39 0.50 0.40 0.18 0.62 0.47 0.40
Anchovy 1.28 0.27 1.39 1.28 1.21 1.29 1.30
Roundscad 1.36 0.73 1.42 1.34 1.49 1.45 1.38
Other captured fish -1.24 -1.03 -1.33 -1.20 -0.69 -1.05 -1.24
Squid 0.87 0.83 0.97 0.80 1.08 0.97 0.88
Shrimp 1.90 2.66 1.94 1.66 2.01 2.06 1.91
Shellfish -0.09 0.37 -0.07 -0.18 0.05 -0.02 -0.09
Mussels and oysters -1.18 3.72 -1.22 -1.04 -0.58 -0.88 -1.18
Carp -1.87 1.26 -1.99 -1.70 -1.22 -1.65 -1.87
Catfish -1.20 -0.56 -1.29 -1.08 -0.73 -1.05 -1.21
Milkfish 2.54 2.59 2.51 2.57 2.66 2.66 2.56
Tilapia 1.76 7.23 1.77 1.79 2.05 1.87 1.78
Other aquaculture -2.71 -2.37 -2.89 -2.50 -1.94 -2.49 -2.72

Demand

Total quantity 0.50 1.38 0.54 0.64 0.84 0.65 0.52
Anchovy 1.28 0.27 1.39 1.28 1.21 1.29 1.30
Roundscad 1.36 0.70 1.42 1.38 1.51 1.46 1.39
Squid 0.51 0.44 0.59 0.58 0.88 0.70 0.53
Shrimp 1.41 2.94 1.46 1.73 1.64 1.74 1.44
Milkfish 2.54 2.59 2.51 2.57 2.66 2.66 2.56
Tilapia 1.76 7.23 1.77 1.79 2.05 1.87 1.78
Processed fish -0.71 -0.44 -0.75 -0.38 -0.21 -0.55 -0.70
Shellfish 0.13 1.67 0.15 0.44 0.61 0.37 0.13
Others -2.01 -1.64 -2.10 -1.71 -1.15 -1.71 -2.01
Rural

Consumer price 

Anchovy 4.91 3.36 4.77 4.91 4.53 4.93 4.93
Roundscad 3.76 3.02 3.71 3.73 3.70 3.87 3.79
Squid 4.49 4.41 4.46 4.36 4.40 4.67 4.51
Shrimp 2.98 3.95 2.99 2.67 3.19 3.19 3.00
Milkfish 3.46 3.51 3.43 3.49 3.28 3.57 3.48
Tilapia 3.82 -0.19 3.76 3.86 3.56 3.94 3.85
Processed fish 5.62 5.49 5.63 5.32 5.19 5.63 5.64
Shellfish 4.15 5.55 4.17 3.82 4.13 4.40 4.15
Others 4.06 4.21 4.03 4.04 3.89 4.24 4.06

Table 8.12 Projections by Fish Type for Philippines, Average Annual Growth Rates (%)
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Baseline

Productivity change Processing and trade
Income and 

demographics

Low-value 
culture (+)

Fishing 
effort (-)

HACCP 
compliance

Marketing 
margin (-)

Faster 
growth

Urbaniza-
tion

Low-value 
culture 

(+)
Imports

Total quantity -3.85 -3.44 -3.83 -3.91 -3.62 -2.65 -3.42 -3.84

Tuna -3.60 -3.14 -3.56  -3.70 -3.35 -2.46 -3.20 -3.59

Roundscad -2.10 -2.99 -2.10  -1.48 -2.10 -1.32 -1.32 -2.10

Other captured fish -4.58 -4.03 -4.53 -4.69 -4.27  -3.20 -4.10 -4.58

Squid -1.72 -1.87 -1.81 -1.67 -1.77 -0.99 -1.35 -1.68

Shrimp -2.40 0.09 -2.56 -2.34 -2.43 -2.04 -1.87 -2.35

Other shellfish -2.51 0.60 -2.74 -2.47 -2.56 -1.52 -2.02 -2.51

Mussels and oysters -0.91 -1.36 -1.10 -0.81 -0.75 -0.09 -0.50 -0.91

Carp -4.66 -6.22 -4.66 -3.97 -4.66 -3.41 -4.66 -4.66

Milkfish -0.88 -0.88 -0.65 -0.88
        -
0.88

-0.65 -0.65 -0.88

Tilapia -1.32 -0.63 -1.32 -1.32 -1.32 -0.63 -1.32 -1.32

Processed fish 1.14 1.28 1.18 1.11 1.16 1.81 1.32 1.18

Exports

Total quantity 0.24 0.43 0.46 0.27 -0.34 0.36 0.30 0.24

Grouper 1.14 0.94 1.13 1.24 0.54 0.60 0.96 1.14

Tuna 0.43 0.51 0.43 0.44 0.15 0.62 0.49 0.43

Roundscad 1.10 1.52 1.12 1.24 -0.31 1.00 1.04 1.08

Other captured fish -1.03 -1.14 -1.04 -1.09 -2.27 -1.30 -1.12 -1.03

Squid 0.31 0.38 0.35 0.44 -0.83 -0.01 0.15 0.29

Shrimp 2.30 2.39 3.63 2.33 1.59 2.32 2.33 2.30

Other shellfish -0.41 -1.41 -0.34 -0.41 -1.03 -0.69 -0.54 -0.41

Mussels and oysters -5.53 6.58 -5.53 -5.53 -5.53 -5.53 -5.53 -5.53

Carp -2.16 9.31 -2.16 -2.25 -3.71 -2.89 -2.36 -2.16

Catfish 0.61 1.92 0.61 0.68 -0.99 -0.64 0.01 0.61

Milkfish 2.72 2.70 2.71 2.74 1.22 2.66 2.67 2.71

Tilapia 1.37 13.35 1.37 1.53 -0.07 1.20 1.31 1.37

Processed fish -0.56 -0.10 -0.51 -0.60 -1.21 -0.27 -0.42 -0.58

Table 8.12 Projections by Fish Type for Philippines, Average Annual Growth Rates (%)  (Continued)
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Productivity and Area Change

HACCP Compliance
Baseline Inland Culture (+)

Culture Area
(+)

Supply

Total quantity 3.57 3.31 3.30 2.70

Marine captured fish 3.60 3.28 3.15 2.63

Inland captured fish 3.08 3.15 3.01 3.04

Cultured fish 4.38 5.09 8.20 3.84

Large pelagic fish 4.74 5.03 5.48 4.72

Small pelagic fish 2.56 0.94 -1.44 -0.56

Demersal fish 1.70 -1.87 -2.95 -6.12

Other marine fish 0.19 -0.05 -1.49 -1.00

Cultured prawn 4.34 5.05 8.15 3.78

Freshwater fish 3.11 3.18 3.10 3.06

Demand

Total quantity 3.91 3.68 3.36 3.49

Large pelagic fish 2.35 1.73 1.96 2.00

Small pelagic fish 3.54 2.92 1.08 2.19

Demersal fish 0.68 -1.70 -0.69 -3.68

Other marine fish -6.65 -6.99 -9.56 -6.56

Freshwater fish 3.57 3.86 3.12 4.16

Processed fish 5.31 5.34 5.47 5.17

Consumer price 

Large pelagic fish 2.29 3.04 3.15 3.41

Small pelagic fish 1.07 0.88 0.69 0.60

Demersal fish 4.21 3.84 2.64 1.80

Other marine fish -1.32 -2.04 -3.64 -1.94

Freshwater fish 3.61 3.61 3.72 2.72

Processed fish 1.57 1.60 1.59 1.62

Imports

Total quantity 7.32 7.47 7.57 7.37

Large pelagic fish 6.78 8.89 9.54 10.54

Processed fish 7.32 7.46 7.56 7.35

Exports

Total quantity 4.69 4.14 5.13 2.91

Large pelagic fish 5.46 4.41 4.58 3.50

Other marine fish -1.83 -1.83 -3.75 -1.42

Cultured prawn 4.32 5.04 7.62 2.91

Table 8.13 Projections by Fish Type for Sri Lanka, Average Annual Growth Rates (%)
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Baseline

Productivity Changes

UrbanizationLow-value 
aquaculture (+)

High-value 
Aquaculture a(+)

Fishing effort (-)

Supply

Total quantity 1.75 1.88  1.77 1.61 1.77

Marine captured fish 0.21 -0.04 0.14 0.05 0.01

Coastal cultured fish 4.63 5.23 4.59 4.31 4.45

Freshwater cultured fish 2.61 4.00 3.39 3.26 3.91

Inland captured fish 2.08 0.83 1.97 1.86 2.41

Tilapia 3.02 3.01 3.35 3.15 3.95

Silver barb 3.55 2.41 3.49 3.27 4.22

Catfish -0.01 1.97 0.59 0.73 0.56

Snakehead 4.45 3.44 4.90 4.72 5.64

Indo-Pacific mackerel 1.40 0.89 1.22 1.20 1.46

Shrimp cultured fish 3.27 3.11 3.29 3.06 3.16

Shrimp captured fish 0.65 0.38 0.55 0.54 0.66

High-value freshwater fish 1.30 1.62 1.53 1.51 1.76

High-value marine fish 3.44 2.02 3.36 2.13 2.15

Low-value freshwater fish 1.97 2.68 2.63 2.55 3.03

Low-value marine fish 1.25 1.84 1.21 1.23 1.28

Cephalopods 0.22 -1.17 -0.10 -0.82 -1.44

Prawn 3.28 3.89 3.59 3.23 3.92

Demand

Total quantity 1.83 2.13 1.87 1.83 2.10

Tilapia 2.98 2.86 3.28 3.09 3.87

Silver barb 3.55 2.41 3.49 3.27 4.22

Catfish -0.01 1.97 0.59 0.73 0.56

Snakehead 4.45 3.44 4.90 4.72 5.64

Indo-Pacific mackerel 1.40 0.89 1.22 1.20 1.46

Shrimp 2.95 2.81 2.94 2.80 3.05

Cephalopods 2.11 2.35 2.34 2.27 2.91

Processed freshwater fish 2.99 2.93 3.32 3.14 3.90

Processed marine fish 2.26 2.18 2.34 2.18 2.59

Prawn 3.28 3.89 3.59 3.23 3.92

High-value fish 1.92 2.16 2.16 2.03 2.43

Low-value fish 1.44 2.00 1.43 1.44 1.54

Table 8.14 Projections by Fish Type for Thailand, Average Annual Growth Rates (%)
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Baseline

Productivity Changes

Urbanization
Low-value 

aquaculture (+)
High-value 

aquaculture (+)
Fishing effort

Consumer price 

Tilapia 2.60 1.17 2.12 2.20 1.89

Silver barb 3.04 2.05 2.37 2.37 2.23

Catfish 5.61 3.42 4.96 4.83 5.39

Snakehead 2.78 2.84 2.39 2.45 2.11

Indo-Pacific mackerel 4.81 3.02 4.25 4.09 4.33

Shrimp (cultured, captured) 3.89 3.94 3.89 3.93 4.08

Cephalopods 3.65 3.77 3.69 3.74 3.82

Processed freshwater fish 5.00 2.80 4.06 3.91 3.71

Processed marine fish 4.36 4.98 4.56 4.84 5.26

Prawn 4.92 3.67 4.27 4.19 4.58

High-value fish 4.75 4.91 4.86 4.84 5.23

Low-value fish 4.11 3.88 3.92 3.94 3.97

Imports

Total quantity 3.40 4.03 3.62 3.80 4.76

Shrimp (cultured) 3.63 3.59 3.62 3.59 4.19

High-value marine fish 3.84 4.61 4.31 4.33 5.46

Low-value marine fish 2.97 2.96 2.53 2.59 2.79

Cephalopods 2.49 3.02 2.81 2.86 3.69

Processed marine fish 4.41 5.87 4.98 5.51 7.00

Exports

Total quantity 1.91 1.43 1.85 1.33 1.23

Tilapia 3.88 5.23 4.67 4.40 5.51

Shrimp (cultured) 3.23 3.06 3.25 3.01 3.05

High-value marine fish 3.43 1.96 3.34 2.09 2.08

Low-value marine fish 0.77 1.53 0.84 0.85 0.86

Cephalopods 0.17 -1.27 -0.17 -0.91 -1.57

Processed freshwater fish 1.52 3.64 2.76 2.73 3.70

Processed marine fish 0.58 -0.87 0.24 -0.54 -1.19

Table 8.14 Continued…..
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Baseline

Productivity Changes

Margin (-) Urbanization
Inland culture (+)

Brackish 
culture (+)

Supply

Total quantity 2.03 2.19 2.03 2.03 2.03

Captured fish 2.01 2.01 2.01 2.01 2.01

Cultured fish 2.01 2.65 2.01 2.01 2.01

Catfish 2.01 3.02 2.01 2.01 2.01

Shrimp 2.21 2.21 2.21 2.21 2.21

Tilapia 1.98 3.01 1.98 1.98 1.98

Mollusk 2.01 2.02 2.01 2.01 2.01

Squid 2.01 2.01 2.01 2.01 2.01

High-value marine fish 2.01 2.01 2.01 2.01 2.01

Low-value marine fish 2.01 2.01 2.01 2.01 2.01

Anchovy 2.01 2.01 2.01 2.01 2.01

Other freshwater fish 2.01 2.53 2.01 2.01 2.01

Demand

Total quantity 1.93 2.06 1.93 1.92 1.92

Catfish 2.23 2.58 2.23 1.97 2.08

Shrimp 1.46 1.53 1.46 1.54 1.49

Tilapia 1.98 3.01 1.98 1.98 1.98

Mollusk 1.18 1.55 1.18 1.43 1.31

Squid 2.14 2.03 2.14 2.06 2.07

High-value marine fish 1.62 1.56 1.62 1.50 1.58

Low-value marine fish 1.99 1.92 1.99 1.98 1.97

Anchovy 1.03 0.76 1.03 1.13 1.06

Other freshwater fish 2.01 2.53 2.01 2.01 2.01

Processed fish 2.01 2.01 2.01 2.01 2.01

Consumer price 

Catfish 1.15 0.41 1.15 0.85 0.98

Shrimp -0.30 -0.21 -0.30 -0.20 -0.26

Tilapia -0.08 -0.38 -0.08 0.11 -0.03

Mollusk -0.91 -0.29 -0.91 -0.48 -0.69

Squid 1.13 0.79 1.13 0.86 0.92

High-value marine fish 0.09 0.01 0.09 -0.06 0.04

Low-value marine fish 0.52 0.20 0.52 0.49 0.42

Anchovy -0.56 -0.90 -0.56 -0.41 -0.51

Other freshwater fish 1.13 0.64 1.13 0.90 0.92

Processed fish -0.37 -0.33 -0.37 -0.34 -0.34

Exports

Total quantity 2.23 2.44 2.23 2.24 2.24

Catfish 1.98 3.08 1.98 2.02 2.00

Shrimp 2.52 2.49 2.52 2.49 2.51

Mollusk 2.73 2.47 2.73 2.55 2.64

Squid 1.72 1.95 1.72 1.91 1.87

High-value marine fish 2.11 2.13 2.11 2.14 2.12

Low-value marine fish 2.12 2.39 2.12 2.15 2.20

Anchovy 2.48 2.57 2.48 2.44 2.47

Table 8.15 Projections by Fish Type for Vietnam, Average Annual Growth Rates (%)
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Introduction

The simulations conducted in the previous 
chapter are based on assumed shifts in the 
exogenous variables. These changes, however, 
do not occur in a vacuum, but are attributable to 
actual technology and policy interventions. This 
chapter takes a more detailed look at the story 
behind the numbers in the previous chapters to 
assess the potential impacts of various technology 
and policy options for fisheries development in 
the developing member countries. 

Dimensions of assessment and the 
menu of options

The assessment will be based on economic, social, 
and environmental impacts. Economic impact at 
the micro-level depends on both profitability and 
return on investment. The latter is an important 
factor determining the scale of activity, as poor 
farmers lack access to resources (such as credit) for 
large-scale undertakings; so they must operate at 
the levels of investment within their reach. Export 
performance is also a good indicator of economic 
returns, given the need for foreign exchange, as 
well as the relatively high prices commanded by 
export products. The long-term market outlook 
becomes a critical element in the evaluation of 
potential economic impact at the national level.

Social and environmental impacts are additional 
dimensions of assessment. Social considerations 

dictate a preference for pro-poor technologies 
and policies, to enable the poor to improve their 
standards of living, as well as to maintain equity 
in the distribution of benefits. Environmental 
criteria cover the long-term ecological 
sustainability of production activities and factor 
in values not typically incorporated in market 
prices (i.e., externalities), such as pollution and 
the destruction of aquatic habitats.   

These dimensions of assessment can be applied to 
a large set of options for technology, management, 
and policy support. Not all of these options are 
mutually exclusive. However, given that exercise 
of each option entails commitment of resources, 
options must be carefully prioritized within a 
coherent strategy, based on a solid assessment of 
prospective impact. In the following analysis, the 
menu of options is summarized in broad categories 
distinguishable by options for aquaculture, capture 
fisheries, and upstream-downstream activities. 

Aquaculture technologies may be distinguished 
by production environment, i.e., freshwater 
versus brackishwater and marine. Within each 
environment, technology options may be 
categorized by species, system (e.g., polyculture, 
monoculture, or integrated), intensity (extensive, 
semi-intensive, intensive), and by approach (i.e., 
dissemination of existing technology, or of new 
technologies through research and development 
[R & D]). 

Chapter 9

THE POTENTIAL IMPACTS OF VARIOUS TECHNOLOGY AND 
POLICY OPTIONS
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Finally, policy and production support, governing 
the use and development of natural resources 
(land, water, stocks of wild fry, etc.), capital 
provision, and market incentives, are also options 
that can prove to be pivotal in the promotion of 
aquaculture. For example, tariffs on fish meal used 
in aquaculture may generate public revenues but 
put a drag on aquaculture growth. 

On the capture side, options can again be 
distinguished by environment (inland versus 
marine). Capture technologies can be categorized 
by gear type and vessel, and fishing area (inshore 
versus offshore, reservoirs and lakes versus 
rivers). Technology options also cover resource 
enhancement measures, such as restocking, 
artificial reefs, sea ranching, and so on. 

The common pool nature of natural fish stocks 
makes the exercise of resource management 
a more critical factor in capture fisheries than 
in aquaculture. Management options cover 
access and use rights regimes and institutional 
arrangements. Use rights include open access, 
group-specific rights, and private ownership. These 
rights are administered under various institutional 
arrangements, ranging from command and 
control to reliance on user organizations under co-
management or community-based management 
options. Exercise of state authority can remain in 
the hands of the national or federal government, 
or be decentralized to various levels of local 
administration. 

Part of the menu of options is the set of 
support measures directed at the upstream and 
downstream activities. Aquaculture support 
options are diverse. These can be directed to the 
forward and backward linkages of the industry, 
that is, backward into the development of input 

systems for seeds and feeds, or forward into the 
processing and marketing sectors. These linked 
sectors in turn have their respective technologies 
for which alternative approaches (dissemination 
versus R & D) are again relevant. Infrastructure 
support is a key ingredient in ensuring that the 
entire supply chain is connected, stable, and well-
coordinated: for example, roads linking fishponds 
to markets (input or output) should exist and be 
maintained in good condition, port facilities and 
landing stations should be set up and adequate, 
and so on. 

Freshwater aquaculture

Outlook under most likely and alternative 
scenarios 

Within aquaculture, freshwater species account 
for the bulk of output, producing mostly low-
value fish. This will remain true over the next 15 
years. However, other freshwater culture species 
are expected to become prominent, introducing a 
much-needed diversification. This is true for carps 
other than Indian major carps in Bangladesh, 
tilapia in China and Malaysia, and snakehead and 
silver barb in Thailand. In other cases, traditional 
species remain primary, e.g., Indian major carp in 
India. 

Technological change in freshwater or low-value 
aquaculture is likely to have a positive impact 
on the total production and consumption. 
The exception among the nine countries is Sri 
Lanka, due to the substitution effects on capture 
species. For the other countries, the growth could 
be substantial: for instance, output expansion 
accelerates from 1.49 to 2.15 percent in Malaysia. 
With more rapid technological change, the rise 
of new species continues to hold true. A similar 
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effect could be produced by expansion of pond 
area, as illustrated in the case of Sri Lanka, the 
only country to have carried out the area growth 
experiment. 

Furthermore, the higher growth in productivity 
will tend to bring down prices of most fish in all the 
countries studied. This, combined with favorable 
effects on demand growth, highlights the potential 
contribution of freshwater aquaculture expansion 
on securing animal protein requirements. As 
noted earlier, the evidence points to the high share 
of low-value freshwater fish in the animal protein 
consumption of poor, food-insecure households. 
Dey et al. (2005b) showed this to be the case for 
Bangladesh, China, India, Thailand, Vietnam and 
the Philippines. In China, for example, the shares 
of crucian carp, grass carp, common carp and 
silver carp in the total fish expenditure are higher 
for households in the first quartile than in the 
other income groups. 

However, great impacts on trade balance cannot 
be expected from the promotion of freshwater 
aquaculture. Because freshwater fish products are 
mostly consumed domestically, they play minor 
roles in fisheries trade. Increases in exports are, 
therefore, minimal, except in a few cases in which 
freshwater fish species are exported, namely, carp 
in Indonesia, tilapia in the Philippines, and catfish 
in Vietnam. 

Evaluation of technology options

Systems and intensity

With promising species identified, attention is 
then turned to the species- and systems-specific 
technologies. For carps, the technology is 
mainly pond polyculture (though monoculture 

is commonly practiced in Indonesia and the 
Philippines); for tilapia, it is either polyculture or 
monoculture in ponds or cages; and for snakehead 
and catfish, it is mostly pond or pen monoculture 
(as in Thailand and Vietnam). 

These technologies can generate substantial 
incomes for farmers, depending on levels of 
intensity. On per hectare basis, extensive tilapia 
culture can net US$ 200-300/cycle, while extensive 
carp culture can net US$ 400–600/cycle. Intensive 
systems can net anywhere from US$ 3,000 to US$ 
16,500 per ha/cycle. 

Measures to promote freshwater aquaculture will, 
therefore, have different impacts on the size and 
distribution of farm incomes, depending on the 
levels of intensity of the systems promoted. A 
non-discriminatory policy may lead to the bulk 
of income gained by the affluent farmers who 
can afford highly intensive practices. However, if 
the measures concentrate on extensive and semi-
intensive systems, benefits could well be greater 
and more equitably distributed. Returns on 
current variable costs typically exceed US$ 1 for 
each dollar investment in variable inputs in semi-
intensive systems, in contrast to intensive systems, 
which typically have lower returns (i.e., less cost-
effective). 

Moreover, semi-intensive and intensive 
technologies are within reach of small-scale 
farmers. Besides, the rural poor who have no 
access to land and other resources can still benefit 
from aquaculture expansion and productivity 
growth through employment. A typical freshwater 
fish farm allocates about 30 percent of its costs on 
labor, much of it unskilled, which can be a source 
of wage benefits to rural workers. 
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Approaches

Promoting technical progress in aquaculture 
may be undertaken by disseminating existing 
technologies or introducing new ones. The R & 
D to create new technologies will continue to 
impact strongly on aquaculture production. This 
is particularly true for scale-neutral technologies 
that can be adopted by extensive farmers to 
increase their yields. For example, selectively 
bred tilapia known as GIFT strains have proved 
to have large impacts on yield, regardless of the 
scale of operation or intensity of practice (Dey 
2000a). Hence, the breeding and dissemination 
programs can have positive impacts on incomes 
and household welfare, and lead to very high rates 
of return (Deb and Dey 2004). 

The analysis in Chapter 4 suggests that there exists 
a large scope for increasing productivity simply by 
improving the management of farms and the use 
of more efficient practices of semi-intensive and 
extensive systems. This will optimize the potentials 
of aquaculture innovations from research 
stations. So far the intensive systems have been 
getting close to their efficiency frontier. China, for 
example, has illustrated the possibilities of rapid 
growth through the dissemination of existing 
technologies. This, however, is conditioned on a 
well-trained, responsive, and well-funded corps of 
extension personnel in rural areas. 

However, extension systems outside of China tend 
to be weak and ill equipped. Substantial impacts 
on productivity may, therefore, be expected from 
improving the extension systems and directing 
them towards smaller-scale operators of extensive 
and integrated fish farms in South and Southeast 
Asia. This requires considerable investments 
upfront, particularly for human resource 

development. Institutional frameworks will also 
need to be re-examined, i.e., the possibility of 
greater participation of the private sector to service 
intensive farmers, while focusing the efforts of the 
public sector on the disadvantaged, resource-poor 
farmers. 

Brackishwater and marine aquaculture

Outlook under most likely and alternative 
scenarios

Brackishwater and marine aquaculture will remain 
a vital growth sector. Over the next 15 years, it will 
stay on top in terms of growth performance in 
most of the countries studied. The primary species 
group is shrimp in South and Southeast Asia, and 
various marine species in China. Growth of shrimp 
production is highest among the domestically 
produced fish types in Bangladesh and Malaysia. In 
Indonesia, grouper leads in supply growth among 
the cultured fish types, while in the Philippines, 
milkfish will continue to remain predominant. 

Brackishwater and marine products also dominate 
the export basket of these countries. Export growth 
shall proceed at a high pace for Bangladesh, 
China, India, Sri Lanka, Thailand, and Vietnam. 
In Malaysia and Indonesia, however, shrimp 
production faces mediocre prospects for export 
growth and exporters in both countries may soon 
be diversifying to other species. In India, shrimp 
has only a narrow room in the domestic market. 

Technological progress in brackishwater and 
marine aquaculture will lead to growth in 
production; exports will also respond favorably. 
However, domestic consumption response is 
weak, confirming the lack of direct contribution of 
this aquaculture sub-sector to food security. Some 
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countries though have adopted the argument that 
marine and brackishwater culture will contribute 
to export earnings and cushion the food import 
bill, thus indirectly contributing to food security. 

Evaluation of technology options 

Brackishwater and marine culture in ponds (e.g., 
shrimp), cages (e.g., milkfish) and other systems 
are highly profitable. The amount of net income 
again depends on intensity, with highly intensive 
systems yielding more profit per hectare. However, 
in terms of cost-effectiveness, even extensive 
systems generate relatively high returns, as in the 
case of Thailand. Semi-intensive systems are not 
clearly superior in terms of cost-effectiveness. 

Investment requirements on a per-hectare basis 
for brackishwater and marine systems tend to 
be greater than for freshwater systems. This 
implies that poor, small-scale farmers will have 
some difficulty gaining access to the technology. 
Participation of the poor in the benefits of growth 
is further undermined by the low labor intensity 
of this system, as the bulk of costs go to feed and 
seed. The high feed requirement can be directly 
traced to reliance on carnivorous species that are 
highly preferred in domestic and foreign markets. 
Management, particularly for export markets, also 
tends to be more skill-intensive. 

Finally, the brackishwater and marine culture 
system can be quite voracious in its natural 
resource requirement. Brackishwater ponds 
require operation in estuarine areas that are 
important habitats of wild species. The destructive 
nature of extensive systems in Thailand has been 
well documented. Hence, while extensive systems 
are economically profitable, and accessible to 
small-scale farmers, the environmental costs may 
end up negating their benefits (from the society’s 

viewpoint). Meanwhile, intensive systems are less 
costly in terms of area requirement, but they also 
generate large amounts of effluent and waste, and 
are inaccessible to the poor. 

It may also be said that while promotion of marine 
and brackishwater technologies, as currently 
practiced, has the potential to generate large 
export revenues and benefits for the industry, it 
makes little contribution to food security and 
the reduction of poverty. Moreover, threats to 
the environment and aquatic resources will be 
amplified, both domestically and abroad, where 
fish meal production is rapidly extracting fish 
stocks. 

These adverse impacts may be mitigated by 
intensification of marine and brackishwater 
aquaculture regulations regarding waste products 
and effluents, and technological change to 
reduce input requirements (i.e., breeding and 
biotechnology applications, combined with feed 
technology research, to reduce the fish component 
of feeds). Finally, design of collective arrangements 
to facilitate participation of small-scale farmers 
and landless workers in brackishwater and marine 
production may also help distribute the benefits 
from export-oriented growth. However, little is 
known about the status, prospects, and design of 
these types of collective institutions; thus a major 
information gap exists, which warrants further 
study (Delgado et al. 2003). 

Marine capture fisheries

Outlook under likely and alternative 
scenarios

The market outlook confirms that capture 
fisheries will register weak to negative growth 



1        Similarly, stock enhancement technologies and “sea ranching” are possible options, and there are instances of their practice (e.g., tuna culture). How-
ever, these are also large-scale commercial ventures that are not treated in detail here.
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while aquaculture will continue its dominance in 
the growth of fisheries into the near future. The 
reason behind this is the stagnant productivity 
of capture fisheries in contrast to the expected 
productivity growth in aquaculture. Combined 
with information on price and income responses 
and a consistent data set on demand and supply, 
quantitative analysis shows that these assumptions 
are sufficient to assure this conclusion. 

In fact, the zero productivity growth may even 
appear optimistic in the case of marine capture. 
Throughout Asia, marine fish stocks are known to 
have suffered serious declines; for some demersal 
fish, for example, stocks have plummeted to only 
10 percent of the level in the 1970s (Silvestre 
et al. 2003). However, as the extent of expected 
productivity decline is currently unknown, the 
baseline assumptions reflect what is hopefully a 
conservative stance of zero (rather than negative) 
productivity growth.

In Bangladesh, marine capture as a whole is on 
the decline, although high-value fish may see 
good prospects, owing to favorable demand 
trends reflected in rising prices of this fish type. 
Simulations for China show a likely prospect 
of zero growth in capture fisheries, in line with 
government targets for the sub-sector. China 
exports of marine catch are expected to fall while 
imports continue to rise. 

For India, in contrast to Bangladesh, it is the low-
value species that will propel the growth of the 
marine sub-sector. This growth trend is mainly 
driven by exports because domestic demand for 
these fish types appears to be declining. Domestic 
demand is instead shifted to high-value marine 
fish, as reflected in rising imports for this fish 
type. 

Indonesia and Malaysia both exhibit weak 
growth trends for the marine capture sub-sector 
as a whole, and for individual fish types, such as 
anchovies in Malaysia that will suffer declining 
supplies. The same is true for the Philippines, 
where  the capture sub-sector, which accounts for 
the bulk of marine output, is projected to decline. 
Thailand, like Bangladesh, will see only high-value 
marine fish as the sole type with healthy growth. 
But, in contrast to Bangladesh, this growth will be 
driven mostly by export demand. Only Sri Lanka 
and, to some extent, Vietnam, will see a relatively 
rapid growth in marine capture fisheries. Supply 
contraction in fisheries, due to controls of fishing 
effort (or alternatively, reduction in natural stocks) 
will have mild to moderate adverse impacts on 
production, consumption, and trade, and price 
growth. 

Evaluation of technology and management 
options

Trends in CPUE confirm that the average catch has 
been falling while fishing effort has been climbing, 
for example, in India, the Gulf of Thailand, and 
the Philippines, as well as in Sri Lanka (for shrimp 
trawling and lobster bottom set gill netting). 
Technology options for expanded productivity 
are directed only at offshore capture fisheries, 
particularly in the Indian Ocean and parts of the 
Western Pacific. This is based on the conjecture of 
unexploited or lightly exploited stocks offshore. 
However, these areas are accessible only to the 
large-scale commercial operators owing to large 
gears and vessels required, and sophisticated 
technologies employed (i.e., in deep-sea demersal 
fishing or tuna long-lining).1 

The main thrust for coastal capture fisheries is the 
management of fishing effort and fishing practice 
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to maintain long-term sustainability and restore 
the health of natural stocks. Regulations are 
being aimed at fishing gears to reduce by-catch, 
particularly of non-target species and juveniles of 
target species. Dangerous and destructive practices, 
such as blast and cyanide fishing, are prohibited. 
It is, however, recognized that fishing capacity 
must be reduced drastically; to a large extent, this 
measure requires exit of fishers from the industry, 
both in the commercial and small-scale sectors. 

Technology options are being directed to gears 
that can maintain incomes of the remaining 
fishers, while continuing to restrict fishing effort. 
In this regard, cost and return analysis (Chapter 
3) points to gears that are affordable and generate 
high returns and net incomes to small-scale fishers. 
These include small and medium motorized boats 
in Bangladesh, gill nets in most countries, and 
small-scale multi-gear fishing vessels in Thailand. 

Various management options are being pursued in 
each country. Decentralization is the route taken 
by the Philippines, Indonesia, and Thailand. Co-
management and community-based management 
are also favored policies in these countries, as well 
as in Bangladesh, India, and Sri Lanka. In countries 
such as Vietnam and Malaysia, community-based 
management is being pilot tested in limited areas. 
China, however, adheres to the conventional 
command-and-control approach, given its history 
of a strong central government and effective 
enforcement. 

The impacts of these management options will 
only be felt when effort is effectively managed. As 
the simulations suggest, the impacts at the market 
level are not expected to be strong, should supplies 
indeed be reduced to levels closer to sustainable 
harvest. The failure of traditional command-and-

control approaches is widely accepted. However, 
the jury is still out on the effectiveness of the new 
management regimes being introduced. There are 
some indications of effectiveness, for example, in 
the establishment and maintenance of marine 
protected areas for coral reef rehabilitation in 
Indonesia and the Philippines. 

However, while these management options work 
for stationary aquatic systems, the effectiveness 
of community-based management for coastal 
fisheries is less convincing because multiple 
communities may be exploiting a single fish 
stock. Anecdotal evidence from the Philippines 
suggests that decentralization has not been 
beneficial due to conflicts of interest at the local 
level or local government indifference caused by 
inability to control fish exploitation outside their 
jurisdiction. 

However, there are also indications that “scaling-
up” co-management may remedy the problem. 
In Philippines, evidence is being gathered on the 
effectiveness of bay-wide or large-scale fisheries 
being administered under co-management 
institutions (Viswanathan et al. 2003). 

Finally, the allocation of use-rights to restrict access, 
if enforced, ultimately implies a mass exodus of 
both small and large-scale fishers from the industry. 
For this, support polices are required to manage 
this exit and reduce economic dislocation. While 
aquaculture expansion can help absorb some of 
the exit, such capacity reduction must necessarily 
be channeled elsewhere in the economy. Policy 
options to avoid painful dislocation are discussed 
in the last section of this chapter.



2        This type of fishery straddles capture and culture categories. Official statistics classify it under capture.
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Inland capture fisheries

Outlook under likely and alternative 
scenarios

Inland capture fisheries form a big sub-sector in 
Bangladesh, China, India, Indonesia, Sri Lanka, 
and Thailand (though negligibly small in the other 
countries). However, significant growth prospects 
for the sub-sector are found only in Sri Lanka and 
Thailand; in Bangladesh inland capture output is 
projected to actually contract, while in Indonesia 
the growth prospects are unimpressive. The 
reason is mainly the crowding out effect, as inland 
culture grows owing to technological change. Like 
in the case of marine capture fisheries, restrictions 
in fishing effort (or negative supply shocks) at the 
scenario assumptions produce little effect, except 
to exacerbate somewhat the negative growth 
trends.

Evaluation of technology and management 
options for inland capture fisheries

Technology options for inland capture fisheries 
cover various types of fishing gears and vessels. 
However, information on the returns, costs, 
and household incomes from inland fishing is 
unavailable in systematic form for the selected 
countries. Even official data on inland catch are 
doubtful because the rudimentary nature of the 
activity, which makes it difficult to monitor, as 
well as the reliance of many poor households on 
inland fishing for subsistence. 

An important technology option is the application 
of stock enhancement and restocking methods, 
not usually considered viable in the case of marine 
capture fisheries. This is a common practice in 
China and India for reservoir fisheries, and in 

Bangladesh for culture-based fisheries.2 However, 
this technology typically must be applied 
in conjunction with some form of use right 
regime and management option, such as private 
leasehold, community-based management, and 
co-management. 

This type of culture-based fishery is similar to the 
fish culture technology employed in flood-prone 
rice fields in Bangladesh and Vietnam. These 
rice fields are seasonally flooded. Traditionally, 
wild fish is captured during this period; under a 
community-based arrangement, the flooded fields 
were enclosed, stocked, and protected until an 
agreed harvest period. Fish production in excess 
of the wild fish catch may reach 600 kg/ha/yr in 
shallow flooded areas and 1.5 t/ha/yr in deep-
flooded areas. Net returns range from US$ 100 to 
US$ 170 per ha/yr in Vietnam, and US$ 650 to 
US$ 1,100 in Bangladesh (ICLARM 2002). 

While these options apparently offer high 
returns at low investment costs, a key constraint 
lies in creating institutional arrangements that 
can sustain the productivity of inland capture 
fisheries. If successfully scaled up, culture-based 
fisheries have a significant potential for increasing 
the output of freshwater fish production.
 
Evaluating options for upstream and 
post-harvest activities

Seed development

The unavailability of quality fish seed is a perennial 
problem facing grow-out aquaculture. The 
development of the seed industry is to help close 
efficiency gaps in fish farming and is, therefore, 
complementary to the technology options at the 
grow-out stage. 
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Hatcheries are known to be profitable activities, 
but they are prone to their own management 
inefficiencies. Systematic extension programs 
aimed at hatchery operators may, therefore, 
contribute greatly to hatchery development. 
Another cause of poor seed quality is genetic 
deterioration of broodstocks. Maintenance of 
quality broodstock is typically a highly technical, 
commercial operation. Policies that encourage 
increased and sustained investments in broodstock 
operations, which will likely come from the private 
sector, will also indirectly relax the constraints to 
growth of grow-out aquaculture. 

Post-harvest activities and processing

Processed fish is an important fishery product in 
six of the nine countries (except China, India, and 
Malaysia). This product experiences contracting 
demand in Bangladesh, even as domestic prices 
and foreign demand are rising. Hence, the outlook 
for demand growth seems favorable, but the supply 
side may become a bottleneck, particularly if the 
bulk of raw materials are coming from capture 
species. In Sri Lanka, Indonesia, and Thailand, 
domestic consumption and exports of processed 
fish are expected to rise along with its price; in the 
Philippines, however, trends are mostly negative 
for processed fish. 

The processing sector is, however, not limited to 
a “processed” fish type. Considerable processing 
takes place for the individual fish types, but on 
the demand side, these are aggregated along 
with the fresh form of consumption (so long 
as the original fish type remains unique and 
recognizable, e.g., canned tuna). As the model 
presents quantities in fresh weight, the added value 
from processing is absorbed into the marketing 
margin. Improvements in processing, say by 

upgrading quality of traditional products, show 
up as reduced costs of the same added value, and 
may, therefore, be treated as a way to reduce the 
marketing margin (see the following subsection). 

Processing for exports faces a major obstacle in 
the form of stringent standards known as hazard 
analysis critical control points (HACCP). The 
main option facing policymakers is to promote 
compliance, or to do nothing and avoid some 
of the requisite investments, but at the risk 
of exclusion from lucrative foreign markets. 
Simulation results for HACCP compliance do not 
in general indicate a major slowdown in export 
growth as a consequence of this policy. The 
exception is the Philippines, where export growth 
declines across the board. 

These results at the industry level may, however, 
obscure significant structural effects within the 
industry. It is likely that promotion of HACCP 
compliance will have differential impacts 
depending on firm size, owing to scale economies 
in processing. As may be seen in data from a survey 
of processors in India (Table 9.1), the impact of 
HACCP protocols is felt at all scales of operation, 
in proportion to unit costs. 

Clearly the traditional sector faces more daunting 
prospects as it takes considerable resources up 
front to shift from traditional processing to 
modern, hygienic techniques; long supply chains 
(owing to geographic dispersion) make food 
preservation and standards compliance costly on 
an individual basis. Hence, policies that overcome 
these entry barriers, which keep the poor out of the 
supply chain and probably entail novel collective 
arrangements, will contribute greatly to sharing 
the benefits of export-oriented growth. 
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Marketing efficiency

Options to improve marketing efficiency include 
improved transport infrastructure, investments 
in post-harvest facilities and handling, as well as 
market promotion, linkaging, and information. 
If successful, costs and rents (in the case of an 
uncompetitive trade services sector) at the post-
harvest stage would decline, which should be 
reflected as smaller marketing margins. The need 
for improved efficiencies is indicated by the 
surveys on fish trade, which finds that margins can 
be as much as 70 percent of the retail price. 

Simulation results from the relevant country 
studies indicate a positive, across-the-board 
increase in growth of production, consumption, 
and exports, as well as slow rise of consumer 
prices. Improved efficiencies and lower costs are 
beneficial to the trading sector itself, which in 
some cases (e.g., Sri Lanka) constitute part of the 
marginalized rural sector. 

Economic support and price policies

Price and support policy options include tariffs, 
subsidies, and credit provision. In some countries, 
tariffs on some fisheries products remain high 
(e.g., India and Bangladesh and, to some extent, 
Thailand and China). Tariff reduction may 
significantly make imported fish cheaper and 

reduce materials costs for processors (as in the 
case of Thailand). Such policies may also have 
beneficial effects on food security. A study for the 
Philippines, using the AsiaFish model (Rodriguez 
and Garcia 1994) to simulate the impacts of 
the tariff cuts for 2000-2004 on fisheries, found 
that the tariff reductions increased overall fish 
consumption growth. While some sub-sectors 
experienced a growth contraction due to import 
competition, the overall supply growth increased 
slightly over the period. 

Some of the countries continue a subsidy policy 
for capture fisheries. This promotes intensified 
fishing effort and runs counter to the measures to 
reduce overfishing. A subsidy scheme that focuses 
on preferred, environmentally friendly gears 
would contribute to fishing sustainability. 

Subsidies may also be extended on input prices 
for aquaculture (i.e., feeds and seeds). However, 
the greater consequences of pursuing all types 
of subsidy policies should be carefully reviewed 
because this measure diverts scarce government 
revenue that could be otherwise used for 
development projects, as well as adds to the fiscal 
burden of some deficit-prone countries in the 
region. 

The foregoing argument applies to a popular form 
of subsidy, namely, cheap, direct credit. Against 

Plant capacity Without compliance With compliance 

Small (< 10 t/day)
Medium (10-15 t/day)
Large (> 15 t/day)
Average

0.142
0.095
0.072
0.093

0.189
0.131
0.110
0.123

Table 9.1 Average Processing Cost (US$/kg) for Sample Enterprises in Asia, with and without HACCP Compliance

Source: Dey et al. (2004a).
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this option is a newer form of credit program that is 
anchored on cost-recovery, market-based lending 
rates. This program is implemented by legitimate 
financial institutions, which are oriented towards 
cost-recovery practice, but also provide service 
for traditionally excluded clientele. The clientele 
includes households without land or assets to 
put up as collateral. Micro-credit programs of this 

variety (pioneered in Bangladesh) are growing 
rapidly across the region. Implementing this 
option for small-scale aquaculture, as well as 
alternative enterprises for small-scale fishers, may 
have a strong and lasting impact on the poor, 
many of whom are willing and able to venture 
into micro-entrepreneurship, but are denied 
access to formal credit. 
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Overview

The previous chapters covered profiles of fisheries 
technologies, institutions, and stakeholders. 
They also assessed supply and demand trrends, 
as well as the impact of alternative options for 
policy, management, and technology. The final 
task  involved synthesizing all the information 
presented earlier in order to (a) identify appropriate 
technologies and (b) formulate national action 
plans, which together would lead to increased 
and sustained benefits to poor households from 
fisheries production. 

The identification of technologies to be 
recommended for an investment program directed 
at fisheries production to benefit the poor was 
accomplished by means of a priority-setting 
exercise on the numerous options that were 
enumerated and assessed in the foregoing chapter. 
The exercise was conducted by fisheries technical 
experts from participating research institutes. 

The formulation of national action plans was 
achieved by a participatory process. National-
level consultations were undertaken in the 
selected developing member countries (DMCs) in 
the form of national workshops participated by 
multisectoral representatives from industry, policy 
and planning, management, education, research 
and development (R & D), and training. The 
participants were presented with research findings 
from the project, namely, profiles of fishing and 
aquaculture technologies, policy and institutional 

perspectives, socioeconomic profiles of the fishers 
and fish farmers, and fish demand-supply analysis 
including preliminary results of the fish projection 
models. These consultations concluded with the 
formulation of national action plans (NAPs). By 
nature of the process, the NAPs cover an expansive 
checklist of directions and thrusts for orienting 
fisheries development towards the long-term 
welfare of the poor. The specific value of each NAP 
is to provide a blueprint for effective planning and 
policymaking within the relevant participating 
DMC. 

Priority Technologies 

The identification of priority technologies for R &D 
investment is aimed at maximizing net benefits 
for the target group as well as the society. This 
entails a set of criteria and a systematic method 
of applying the criteria to evaluate technology 
options for aquaculture, capture fisheries, and 
post-harvest management. 

Criteria for priority setting

The methodology for ranking and selecting the 
technologies was developed in a workshop where 
research partners from all the nine participating 
countries agreed to adopt five criteria for 
prioritizing pro-poor aquaculture and fishing 
technologies. These criteria are: (1) production 
efficiency, (2) food and nutrition security, (3) 
employment generation, (4) impact on the 
environment, and (5) acceptability by the poor. 
The criteria and their respective indicators are 
summarized in Table 10.1. 

Chapter 10

PRIORITY TECHNOLOGIES AND NATIONAL STRATEGIES
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Criteria
Indicators

Aquaculture Capture fisheries Post-harvest

Efficiency

Gross return/total cost Gross return/total cost Gross return/total cost

Operation cost/kg fish 
produced

Operational cost/kg fish 
produced

Minimum loss during 
processing (%)

Vulnerability to natural hazards
Adverse effect on catch of 
poor fishers

-

Food/nutrition 
security

Retail price of fish produced 
through the technology

Retail price of fish produced 
through the technology

Retail price of fish produced 
through the technology

Quantity share of fish 
produced by the system in the 
poor’s fish consumption (%)

Quantity share of  fish 
produced by the system in 
the poor’s fish consumption 
(%)

Quantity share of  fish 
produced by the system in the 
poor’s fish consumption (%)

- - Scoring of food safety 

Employment

Labor factor share (%) Labor factor share (%) Labor factor share (%)

No. of jobs generated (person-
days/US$100 invested or 
scoring)

No. of jobs generated 
(person-days/US$100 
invested or scoring)

No. of jobs generated (person-
days/US$100 invested or 
scoring)

Higher share of women in 
the total employment (% or 
scoring)

-
Higher share of women in 
the total employment (% or 
scoring)

Environment

Degree of waste discharge 
(scoring)

Adverse impact on bio mass 
(including bycatch) (scoring)

Impact on environment (waste 
from post- harvest) (scoring)

Risk of disease spread (scoring)
Adverse impact on 
ecosystem (scoring)

-

Adverse impact on bio-
diversity (scoring)

- -

Acceptability

Low investment needs (total 
= fixed + operational capital) 
(scoring)

Low investment needs (total 
= fixed + operational capital) 
(scoring)

Low investment needs (total 
= fixed + operational capital) 
(scoring)

Simplicity of technology 
(scoring)

Simplicity of technology 
(scoring)

Simplicity of technology 
(scoring)

Social, cultural, and legal 
acceptability (scoring)

Social, cultural and legal 
acceptability (scoring)

Social, cultural and legal 
acceptability (scoring)

Compatibility with natural 
resources endowment 
accessible to the poor

Promotion of community 
participation (scoring)

Utilization of locally available 
raw materials

Table 10.1 Criteria and Indicators for Prioritizing Capture and Aquaculture Technologies

Source: Dey et al. (2004a). 
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Efficiency

The application of technology generally results 
in higher yield and subsequent returns from the 
production. Hence, as new fishing gear technology 
should increase fish catch with the same effort, 
post-harvest technology should reduce losses 
during processing. The adopted technology 
should increase profitability and give adequate 
rates of return for any additional investment. 

Food and nutrition security

Food and nutrition security refers to accessibility 
to adequate food, including fish, by all houshold 
groups. An important issue is to provide cheap 
protein to a growing population. The desired 
technology should lead to greater availability and 
improve affordability of fish and fisheries products 
for the poor. The corresponding indicators are 
the retail price and consumption share (by 
value) of fish species produced under the given 
technology.

Employment

An important consideration when designing 
aquaculture and fisheries technologies is the 
generation of employment opportunities for the 
rural poor. Labor markets in underdeveloped 
countries are far from efficient, often trapping the 
poor in conditions of chronic underemployment. 
Neither does self-employment provide an outlet 
for the poor, due to the lack of access to capital 
for starting a productive enterprise. Women in 
particular are discriminated against even though 
they often are breadwinners in many poor 
communities and are great assets to the fishery 
industry, especially in the seafood processing 
sector. The corresponding indicators for this 

criterion are labor factor shares in the total cost, 
the number of jobs generated per unit, and the 
percentage of women employment in the total 
labor requirement.

Environment

Most technologies interact with the surrounding 
environment and their potential effects must 
be taken into account in prioritizing them. 
The selected technology must be environment-
friendly to make the industry sustainable in the 
long run. For example, in aquaculture technology, 
there must be adequate provision for efficient 
waste treatment to minimize negative impacts 
of wastewater discharge into the surrounding 
crop fields or river system. Disease outbreaks 
should be checked quickly to prevent a fish 
epidemic. Security measures need to be taken 
to confine invasive cultured species and protect 
local biodiversity. New fishing gears should not 
lead to biomass destruction or put undue stress 
on aquatic ecosystems. Likewise, implementation 
of a processing or post-harvest technology should 
not generate excessive or toxic discharges to the 
environment. The measurable indicators of this 
criterion are the degree of waste discharges, risk 
of contagious diseases, and impact of technology 
on biodiversity.

Acceptability

Any successful implementation of a fishery 
technology must gain wide acceptance and support 
of the general community. Due to inequitable 
access to capital, the poor cannot typically afford 
technologies with high investment requirements. 
The technology should also be compatible with the 
local endowments of natural resources. Simplicity 
of the technology means ease of adoption. The 
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indicators under the acceptability criterion are: 
investment needs of the technology; simplicity or 
ease of adopting the technology; natural resource 
endowment of the area; and social, cultural and 
legal acceptability of the technology as perceived 
by poor fishers, fish farmers, and processors.

A systematic procedure was adopted in prioritizing 
the technologies using the aforementioned criteria 
and their corresponding indicators. First, each 
criterion was assigned a given weight that, in turn, 
was split into weights of indicators corresponding 
to the criterion. The weight assigned to a criterion 
varied according to the relevance of the criterion 
to the technologies applied in a particular country. 
Second, scores were given to each indicator of each 
criterion. The technology score was computed 
as a weighted average of indicator and criterion 
scores; this score was then used for ranking the 
technologies. 

Ranking of technologies

Freshwater aquaculture technologies

Shown in Table 10.2 are ranks of major pro-
poor freshwater aquaculture technologies in the 
nine Asian countries. The top-ranked grow-out 
technologies are mostly extensive, improved 
extensive, or semi-intensive. The top-ranked 
technology for Bangladesh, India, Indonesia, 
Thailand, and Vietnam is carp polyculture in 
ponds, in the extensive or improved extensive 
system (except Vietnam, which prioritizes the 
semi-intensive system). The same technology 
is ranked second in China. Other methods for 
carp rearing are ranked either second or third in 
China, India, and Thailand. 

The prioritization of carp species is consistent 
with its very favorable market outlook in most 

countries: demand for carp or fish categories 
inclusive of carp (i.e. low-value freshwater) 
species is projected to grow faster than the average 
demand for fish in Bangladesh, India, Indonesia, 
Malaysia, Sri Lanka, and Vietnam. Low-value 
aquaculture technology (with equal productivity 
growth rates for all relevant species) enables the 
output of carp species to grow faster than average 
output in the same countries, including Thailand 
(i.e., all the countries that rated carp at the top 
rank). 

Another pro-poor technology with high priority 
is integrated farming, which is top-ranked in 
China (in the form of rice-fish culture) as well 
as in Malaysia (fish-duck/pig/poultry). Rice-fish 
is ranked second in Vietnam and Bangladesh. 
The other priority species are tilapia, catfish, 
and freshwater prawn. The Philippines ranks 
hatcheries of ornamental fish, tilapia, and carp  
in the top three. 

Brackishwater and marine aquaculture 
technologies

The ranking of brackishwater aquaculture and 
mariculture technologies practiced in the nine 
Asian countries is shown in Table 10.3. Shrimp 
monoculture in ponds (in the extensive system) 
is top-ranked for Bangladesh, Indonesia, 
Thailand, and Vietnam, and is second-ranked 
in China. Semi-intensive culture of shrimp is 
second-ranked for Thailand, and shrimp with 
rice in rotation is second-ranked for Vietnam 
and Bangladesh. Again, this is broadly consistent 
with the projections: productivity growth of 
brackishwater and marine aquaculture in the 
same countries implies a faster growth of shrimp 
in relation to the supply as a whole. 



174 Strategies and Options for Increasing and Sustaining Fisheries and Aquaculture Production to Benefit Poorer Households in Asia

B
A

N
C

H
I

IN
D

IN
A

M
A

L
P

H
I

SR
I

TH
A

V
IE

C
ar

p
 p

o
ly

cu
lt

u
re

 in
 p

o
n

d
E/

IE
1

2
1

1
1

SI
4

3
4

2
1

C
ar

p
 m

o
n

o
cu

lt
u

re
 in

 p
o

n
d

SI
5

2
7

I
3

C
ar

p
 m

o
n

o
cu

lt
u

re
 in

 c
ag

e
SI

5
2

3

I
2

6

C
ar

p
 m

o
n

o
cu

lt
u

re
 in

 p
en

SI
6

4

I
5

Fr
es

h
w

at
er

 p
ra

w
n

 c
u

lt
u

re
SI

4
3

8
5

Ti
la

p
ia

 m
o

n
o

cu
lt

u
re

 in
 p

o
n

d
/c

ag
e

E/
IE

3
3

SI
7

6

I
9

1

Ti
la

p
ia

 m
o

n
o

cu
lt

u
re

 in
 c

o
n

cr
et

e 
ta

n
k

SI
5

I
6

1
1

C
at

fi
sh

 m
o

n
o

cu
lt

u
re

 in
 p

o
n

d
/c

ag
e

SI
6

4
3

4

I

R
ic

e-
fi

sh
 c

u
lt

u
re

E/
IE

2
1

4
1

0
2

SI

In
te

g
ra

te
d

 fi
sh

-d
u

ck
/p

o
u

lt
ry

/p
ig

 c
u

lt
u

re
E/

IE
5

1
4

H
at

ch
er

ie
s:

 
C

ar
p

 
Ti

la
p

ia
 

 
O

rn
am

en
ta

l fi
sh

I
6

3

I
2

I
1

Ta
bl

e 
10

.2
 R

an
ki

ng
 o

f F
re

sh
w

at
er

 A
qu

ac
ul

tu
re

 Te
ch

no
lo

gi
es

 in
 th

e 
Se

le
ct

ed
 C

ou
nt

rie
s

No
te

:   
BA

N 
=

 B
an

gl
ad

es
h,

 CH
I =

 Ch
in

a, 
IN

D 
=

 In
di

a, 
IN

A 
=

 In
do

ne
sia

, M
AL

 =
 M

al
ay

sia
, P

HI
 =

 P
hi

lip
pi

ne
s, 

SR
I =

 Sr
i L

an
ka

, T
HA

 =
 Th

ai
la

nd
, a

nd
 V

IE
 =

 V
ie

tn
am



175CHAPTER 10 | Priority Technologies and National Strategies

B
A

N
C

H
I

IN
D

IN
A

M
A

L
PH

I
TH

A
V

IE

Sh
ri

m
p

 m
o

n
o

cu
lt

u
re

 in
 p

o
n

d

E/
IE

1
2

3
1

1
1

SI
4

2

I
3

3

Sh
ri

m
p

-r
ic

e 
cu

lt
u

re
 in

 p
o

n
d

E/
IE

2
2

M
u

d
 c

ra
b

 c
u

lt
u

re
 in

 p
o

n
d

E
3

3
1

3

SI
4

G
ro

u
p

er
 c

u
lt

u
re

 in
 p

o
n

d
5

Se
ab

as
s 

m
o

n
o

cu
lt

u
re

 in
 p

en
2

6

O
ys

te
r c

u
lt

u
re

 (h
an

g
in

g
 ra

ft
)

5
7

7

M
u

ss
el

 c
u

lt
u

re
 (h

an
g

in
g

 ra
ft

)
1

2
1

6
4

C
au

le
rp

a 
p

o
n

d
 c

u
lt

u
re

1

G
ra

ci
la

ri
a 

p
o

n
d

 c
u

lt
u

re
2

M
ilk

fis
h

 c
u

lt
u

re
 in

 p
en

I
2

8

Ta
bl

e 
10

.3
 R

an
ki

ng
 o

f B
ra

ck
is

hw
at

er
 a

nd
 M

ar
in

e 
Aq

ua
cu

ltu
re

 Te
ch

no
lo

gi
es

 in
 th

e 
Se

le
ct

ed
 C

ou
nt

rie
s

No
te

: B
AN

 =
 B

an
gl

ad
es

h,
 CH

I =
 Ch

in
a, 

IN
D 

=
 In

di
a, 

IN
A 

=
 In

do
ne

sia
, M

AL
 =

 M
al

ay
sia

, P
HI

 =
 P

hi
lip

pi
ne

s, T
HA

 =
 Th

ai
la

nd
, V

IE
 =

 V
ie

tn
am



176 Strategies and Options for Increasing and Sustaining Fisheries and Aquaculture Production to Benefit Poorer Households in Asia

Mussel culture (with hanging rafts) is top-ranked 
for China and Malaysia, and is ranked second in 
India. Mussel culture is presently not a large sector 
in these countries, nor is its growth opportunities 
unusually promising, based on the market outlook 
for mollusks or other aquaculture as a whole. 
Nevertheless, the accessibility of this technology 
for the poor commends it for prioritization. For 
India, the top-ranked technology is extensive 
culture of mudcrab in ponds; although this is not 
practiced widely, it is gaining popularity in the 
southern coastal region. This technology is also 
ranked highly (at third place) in Bangladesh. 

Seaweed culture is top-ranked in the Philippines 
(for Caulerpa and Gracilaria, in that order). 
Milkfish pen culture and seabass pen culture are 
ranked second both for Indonesia and Malaysia. 
Moderately ranked technologies are culture of 
grouper in ponds and oyster culture (hanging 
raft). 

All aquaculture technologies

The final prioritization of aquaculture technology 
was done through a participatory exercise in 
which the project team members, planners, and 
policymakers of all the nine countries derived 
composite scores for all the technologies practiced 
under common environments in the participating 
countries (Table 10.4). Freshwater polyculture of 
carp in pond appears to takes the top rank among all 
technologies practiced under all environments. The 
second rank is taken by brackishwater polyculture 
of shrimp in pond. Monoculture of tilapia in cage 
is ranked third, and seed production of tilapia is 
ranked fourth. It is noteworthy that the market 
outlook for tilapia is highly favorable in countries 
such as China and the Philippines, suggesting that 
a ranking just behind these top two species groups 
is consistent with economic viability. 

Integrated culture of fish with duck/livestock/
horticulture is also quite popular in most of 
the selected countries, and it takes the fifth 
rank among all technologies practiced in the 
region. Polyculture of tilapia in pond and seed 
production of milkfish are ranked sixth and 
seventh, respectively. Polyculture of carps with 
noninvasive species in the floodplain is also a 
popular practice in the Asian region, and is ranked 
eighth. Brackishwater monoculture of milkfish 
in pond ranks ninth. The remainder of the list 
covers an assortment of species in various systems 
(tilapia, carps-mixed, seaweed, mollusks, prawns, 
shrimp-rice, and catfish). These are broadly the 
same combination of species with promising 
market outlook in the supply-demand forecasts. 

Capture technologies

Shown in Table 10.5 is the ranking of pro-poor 
capture fisheries technologies for the nine Asian 
countries. The ranking was done separately for 
inland and marine capture fisheries. For inland 
capture fisheries technologies in Bangladesh, the 
gill net occupies the top rank, followed by the 
long line, seine net, push net, and cast net. The 
lift net and trap are ranked relatively low. For 
marine capture fisheries, the seine net and set 
net are ranked first and second, followed by the 
hook-and-line and mini-trawl.

In China, the hook-and-line and gill net are the 
top two fishing gears, popularly used by the poor 
in inland China. The push net and lift net are 
ranked in the middle, while the trap and cast 
net are relatively low in rank among the inland 
capture fisheries technologies. As for marine 
capture fisheries technologies, the push net is at 
the top, followed by the cast net and gill net.
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Among the inland capture fisheries technologies in 
India, the gill net is at the top, followed by the cast 
net and hook-and-line. The trap and push net are 
in the middle. Among the marine capture fisheries 
technologies, the gill net is ranked first, followed 
by the hook-and-line, seine net, and trap. The 
mini-trawl and trawl are relatively low in ranking.

Among the marine capture technologies in 
Malaysia, the portable trap tops the ranking, 
followed by the hook-and-line, gill net, and seine 
net. Trawl fishing is relatively capital-intensive; 
so both the mini-trawl and trawl have relatively 
lower rankings.

In the Philippines, the gill net is top-ranked, 
followed by the hook-and-line both for inland 
and marine capture technologies. The tuna hand 
line ranks third, followed by the set net and squid 
line. The mini-trawl is relatively low in ranking, 
particularly among pro-poor capture fisheries 
technologies.

Thailand also has a good number of inland and 
marine capture fisheries technologies. Among 
the former, the lift net is top-ranked, followed 
by the hook-and-line, gill net, and cast net. The 
trap and long line are ranked lower. Among the 
marine capture fisheries technologies, the hook-
and-line is ranked first, followed by the gill net, 
trap, and cast net. 

Among the inland capture fisheries technologies 
in Vietnam, the long line is at the top, followed 
by the gill net and hook-and-line. The set net 
is top-ranked among marine capture fisheries 
technologies, followed by the hook-and-line and 
trap. 
 
 

Fish processing and post-harvest 
technologies

The ranking of fish processing and post-harvest 
technologies practiced in the nine Asian countries 
is shown in Table 10.6. The same five criteria 
were used, with varying distribution of weights 
depending on the degree of relevance of the 
criterion in different countries/environments. 
In the case of missing information on some 
indicators, the ranking is completed by relying on 
expert judgment. 

The prioritization of fish processing and post-
harvest technologies includes both traditional 
and modern technologies. Most of the traditional 
technologies are ranked higher than the modern 
technologies, due to low investment needs, 
simplicity, and local availability of raw materials. 

In Bangladesh, the top-three technologies are 
icing for short period/distance preservation, solar 
drying, and salting. Freezing for long period/
distance preservation is also ranked moderately 
high. Processing of fish into fish meal ranks very 
low because it is an industrial activity that requires 
high capital investment. However,  the practice of 
this technology offers an employment opportunity 
due to the backward and forward linkage activities 
associated with it. The ranking of post-harvest 
technologies in India does not differ much from 
that of Bangladesh, with solar/electric drying top-
ranked, followed by salting and drying.

In Malaysia, fish smoking is top-ranked, followed 

by solar/electric drying and fish fermenting. In 

the Philippines, processing and value-adding 

activities, such as making shrimp crackers, rank 

prominently. In Thailand, salting and drying of 

fish are top-ranked, followed by fish smoking  and 
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canning. In Vietnam, solar/electrical drying is top-

ranked, followed by salting and drying.

National Action Plans 

The ranking of technology options (and their 
underlying methodology and data) provide 
valuable guidance for a pro-poor investment 
program on research and development (R & D) 
and technology promotion. Such an investment 
program can materialize only within an overall 
strategy for fisheries. The NAPs provide a broad 
statement of strategies and viable options for 
increasing and sustaining benefits from fish 
production for the poor. The checklists of 
strategies and options for the selected countries 
are presented in Tables 10.7 - 10.9.  

Bangladesh 

In the Bangladesh NAP, high priority is placed 
on aquaculture. The semi-integrated system of 
mixed type polyculture in the annually operated 
fishponds is expected to benefit the poor 
households. The family-based culture system is 
popularized in the seasonal ponds. Community-
based culture of carps and noninvasive species 
is recommended for promotion in the inland 
culture fishery. Extension services made accessible 
to the poor are aimed at semi-integrated culture 
systems of tilapia, milkfish, and seabass in ponds, 
cages, openwater, and brackishwater near the 
coastal zone. Inland aquaculture is supported by 
the development of hatcheries and local feeds.

Marine capture technology is directed towards 
deep-sea fishing, for which marine stock 
assessment is mentioned as management need. 
The spillovers of income and employment in the 
deep-sea fisheries subsector are expected to benefit 
poor households. 

Community-based management is identified 
as a key strategy in coastal fisheries. Finally, 
employment alternatives to inshore fishing 
are to be supported by micro-credit programs 
under the administration of a non-governmental 
organization (NGO) and government monitoring, 
as well as by training for poor fishers to move into 
agroprocessing.

For fish processing and post-harvest technology, 
the action plan underscores the need for quality 
control of fisheries products. Options to be 
emphasized include the improvement of fish 
drying and processing technologies, freshwater 
fish landing centers, and other marketing 
infrastructures, as well as observance of food 
safety standards in the export-oriented shrimp 
processing plants. Regional cooperation is 
recommended as a means to secure bargaining 
power in trade negotiations over anti-dumping, 
labeling, and certification requirements.

China 

The NAP for China calls for increased public 
expenditures on aquaculture and capture 
fisheries R & D. The strategy for inland and 
marine aquaculture is based on zoning of fish 
farm areas and expanding the practice to the 
vast areas of underutilized water bodies, such 
as inland saline lakes, offshore seas, and cold 
waterbodies in the hinterlands, where the bulk 
of China’s remaining poor reside. There is a need 
to develop, disseminate, and extend existing pro-
poor aquaculture technologies and managerial 
schemes, such as polyculture of carps, integrated 
paddy and fish culture, and tilapia culture. The pro-
poor technologies embrace important concepts of 
environment-friendly practices and high quality 
of cultured fish products.
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Capture fisheries in China are to be placed under 
closer management. Marine catch is targeted for 
zero increase; this is to be carried out by imposing 
closed seasons, widening no-take areas, reducing 
the number of fishing firms, and restricting fishing 
power of vessels. The resulting job displacement is 
to be mitigated by skill training and microfinance 
support to shift workers from capture to culture 
or other activities, such as the recreational fishing 
industry. Resource enhancement, for both inland 
and coastal areas, will be pursued by restocking, 
hatchery development, artificial reefs, and so 
forth. 

Rather than to increase marine capture production, 
investments will be directed to improving port 
facilities and establishing an effective marketing 
system to provide better support and market 
information. The action plan calls for improving 
quality control management of aquatic products 
(production/post-harvest) to comply with food 
safety standards such as the hazard analysis critical 
control points (HACCP) and the sanitary and 
phyto-sanitary (SPS) measures. Tariff reduction on 
aquatic products should continue. Technologies 
for fish processing should be developed to increase 
value of the products and generate employment. 
There is a need to establish producers’ and 
traders’ organizations to support marketing and 
processing, as well as to strengthen cooperation 
with other concerned sectors, related government 
agencies, and other countries, particularly in the 
area of trade negotiations on nontariff barriers 
and anti-dumping measures. 

India 

The NAP for India suggests the implementation 
of a fisheries development strategy based on the 
following activities: 

 Adopt a people-centered approach, rather 
than a commodity-centered approach. 

 Adopt a systems approach.
 Prioritize technologies for the poor at 

national, regional, and household levels.
 Build skills and human capital of poor 

fishers.
 Maintain ecological sustainability.
 Enhance investment and reorient policies 

to facilitate percolation of benefits from 
trade to all sections of society, particularly 
the poor and women.

 Explore the domestic market, so far 
regarded as a “sleeping giant”.

 Innovate and strengthen institutions and 
policies.

 Monitor the development programs, 
make on-course corrections, and assess 
the impacts of all programs.

 Strengthen the fisheries database and use 
it for better planning and policymaking in 
the sector.

Aquaculture should be given high priority in 
the national fisheries strategies. Technologies of 
seed production of catfish are to be improved. A 
hatchery system for the support of aquaculture 
is to be developed, especially for the domestic 
market. The extension service system is to be 
strengthened to upgrade the technical skills of fish 
farmers in production and processing of fish, and 
to promote aquaculture among the poor. 

Some state governments are advised to treat 
fisheries at par with agriculture in all aspects, 
including input subsidies and income tax rebate. 
For other states, the strategies point at better 
coordination of fisheries activities with other 
departments, such as the Irrigation Department. 
There is also a problem of ownership rights in large 
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watersheds that requires immediate attention. 
Similarly, the policy of land leasing and rights is 
to be rationalized. Marine aquaculture, recognized 
for its foreign exchange contribution and its role 
for reducing poverty and providing livelihood to 
women, should be developed in accordance with 
the aforementioned principles. 

For capture fisheries, the action plan calls for the 
formation of self-help groups and cooperatives 
that may offer a wide range of services to fishers. 
Post-harvest and processing industry requires 
the development of infrastructure for market 
facilitation, fish handling and processing, as well 
as initiatives for market promotion. Fish drying 
technologies, water supplies for landing facilities, 
and ice making need to be improved. Supply 
bottlenecks in processing should be addressed 
(such as scarcity of polyethylene sheets for fish 
drying). 

Indonesia 

The NAP for Indonesia stresses the incorporation 
of aquaculture in a rural development program. 
Tilapia is pinpointed as an aquaculture species 
for the poor. Promotion will need to cover all 
aspects of the aquaculture sector, from hatcheries 
and grow-out, to infrastructure development, 
human resource development, and market 
promotion. However, more expensive and export-
oriented commodities, such as shrimp, seaweed, 
and milkfish are still encouraged as they have a 
potential to generate income and employment for 
poor fishers and fish farmers.

For capture fisheries, the main goals are food 
security, income generation, optimal resource 
use, and economic growth. To achieve these goals,  
organization of self-help groups is encouraged to 

handle input acquisition, market development, 
and support facilities. Management of fisheries is 
to be based on co-management, protection of the 
environment, and positive actions to rehabilitate 
and enrich resources. For processing and post-
harvest activities, the action plan calls for improved 
fish handling, infrastructure development, and 
diversification of production to enhance food 
safety standards. Finally, price policies to be 
followed include reduction of domestic tariff and 
non-tariff barriers, as well as collaboration with 
other countries in the region to overcome non-
tariff barriers imposed against Indonesian and 
other regional products. 
 
Malaysia 

The current fisheries development plan of Malaysia 
aims at raising the annual fish production from 
the current 1.3 million tonnes to 2 million tonnes 
by the year 2010. This target is distributed as 
follows:
 

 0.5 million tonnes from deep-sea 
fisheries; 

 0.6 million tonnes from aquaculture; 
and

 0.9 million tonnes from coastal 
fisheries.

These targets entail an almost six-fold increase 
in aquaculture, but only a 30 percent increase in 
capture fisheries. Coastal and inland waterbodies 
in Malaysia are relatively untapped (less than 5% 
utilization) for aquaculture. Also, farm surveys 
indicate that the main culture systems, such as 
cage culture of finfish and pond culture of prawns 
are viable, generating an average return of over 30 
percent to investment. Aquaculture development 
is, therefore, both a commercially viable and 
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sustainable means to meet rising demand. 
Private sector participation is expected to feature 
prominently in future growth of both capture 
fisheries and aquaculture. 

Aquaculture expansion prioritizes high-value 
species (prawns, snappers, groupers, and tilapia), 
using proven culture systems (cages and ponds). 
New aquaculture technologies and species need to 
be developed; R & D is to be directed into input, to 
lower costs of feed and fish seed. Infrastructure to 
provide access to sites, as well as related facilities 
(hatcheries, cold rooms, etc.) are to be developed. 
Commercialization of aquaculture would require 
the development of human resources to provide 
technical skills for the sector. 

The aquaculture industrial zone concept, recently 
proposed by the government, is a useful approach 
to develop the aquaculture sector. The zones are 
areas equipped with all the necessary support 
facilities (hatcheries, grow-out aquaculture 
systems, processing, packaging, and marketing) and 
infrastructure. The right incentives (e.g., pioneer 
status, export tax exemptions, etc.) are offererd 
to attract private sector involvement. Small-scale 
farmer organizations can participate in these 
ventures. The rural poor can also benefit from the 
spillovers and other employment opportunities 
arising from the new growth centers. 

As for marine capture fisheries, the 
overexploitation of coastal fishery resources in 
Malaysia is well-recognized; hence, increased 
fish landings are to come largely from offshore 
fisheries. Coastal production is expected to 
increase only if fishing capacity can be reduced 
in overexploited areas. The number of inshore 
fishers will be reduced by freezing the issuance 
of new licenses, prohibiting transfer of existing 

licenses, and undertaking buyback schemes to 
reduce fishing efforts in overexploited coastal 
areas (e.g., the west coast). 

The private sector is encouraged to enter new 
fishing grounds offshore, particularly in the 
Indian Ocean and waters off Sabah and Sarawak. 
These areas require large vessels and investments 
that are beyond the reach of poor fishers. However, 
the private sector’s participation in deep-sea 
fishing offers employment opportunities on-
board vessels for inshore and poor fishers.

For post-harvest management, processing, and 
marketing of fisheries products, the action plan 
targets the development of integrated fish landing 
ports to support offshore fisheries as well as to 
attract landings from foreign vessels (e.g., Batu 
Maung, Tg. Manis and Tok Bali). Inshore fishers 
are encouraged to participate in offshore venture, 
marine aquaculture, improved value addition of 
fisheries products, and other land-based economic 
activities.

As the main policy objective in increasing fish 
production is to generate foreign exchange 
earnings, fish exports must conform to the world 
trade requirements in terms of food quality and 
safety assurance. Value-adding, branding, and 
promoting trade of fishery products can assist 
penetration in new and existing markets.

Marketability of Malaysian processed and post-
harvested products can be enhanced by the farm 
accreditation schemes for aquaculture enterprises, 
covering production, post-harvest, and processing 
aspects. Fish products should be processed in 
accordance with HACCP and good management 
practices or other international trade requirements 
(eco-labeling, traceability, and food security). 
Finally, market linkages should be established 
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and encouraged by way of branding, promoting, 
and participating in trade fairs.

Philippines 

For the Philippines, the national consultation 
workshop considered 41 aquaculture technology 
options and arrived at ten priority technologies 
for pro-poor fish farming. These include seaweed 
production in marine waters, ornamental fish, 
shrimp, tilapia, and milkfish. The action plan 
emphasizes organization of self-help groups, 
commodity councils and roadmapping, 
infrastructure and human resource development, 
and market promotion, all within an aquaculture 
zoning approach. Management of aquaculture 
zones shall comply with international codes of 
good practice. The entire length of the supply loop, 
from seed producing to grow-out, processing, 
and marketing stages, shall be targeted for 
development, in compliance with international 
product quality standards. 

For marine capture fisheries, 23 capture technology 
options were considered. Identified priorities for 
the poor are handlines (for finfish, squid, tuna), 
set nets, and drift gill nets. Fishers’ organizations 
should be established and strengthened to serve 
as agencies for pro-poor technologies extension, 
provision of technical assistance, credit facilitation, 
and incentive and training programs, while 
enabling representation in forums for industry 
dialogues. Laws on protection and conservation 
require strict enforcement. Finally, options on 
exploiting non-traditional fishing grounds, aimed 
at poor fishers, need to be explored. 

Under devolution, the local government, in 
coordination with other agencies, is responsible 
for fish processing and post-harvest development. 

It is  encouraged to implement several strategies, 
namely: improvement of fish processing and 
post-harvest facilities such as ice-making and 
cold storage, and village-level processing plants; 
and comprehensive upgrading of fish handling 
techniques beginning from fishing-fleet design 
up to processing and post-harvest management. R 
& D, with training programs for poor fishers and 
processors should be undertaken, especially on 
ways to add value to fish and seaweed products.

Sri Lanka 

The strategies and options formulation identified 
major resource systems and major target groups, 
and prioritized broad action measures. The action 
plan calls for community-based organization 
to establish culture-based fisheries in seasonal 
waterbodies. Currently, seed for restocking is 
entirely from government-owned hatcheries, with 
very few entrepreneurs going into the hatchery 
business. For aquaculture, the strategy involves 
establishing a network of hatcheries and grow-
out facilities for freshwater fish for urban and 
export markets. However, this activity should 
be supported by strategies to increase effective 
demand from urban and export markets, as well 
as by the promotion of locally produced feeds and 
inputs, through participatory R & D.

Commercial shrimp farming is the only 
substantial brackishwater aquaculture activity. 
Owing to the lucrative nature of this enterprise, 
its rapid development has been largely unchecked 
by environmental and social agencies. Presently, 
disease outbreaks are blocking the progress of the 
industry and damaging the surrounding wetland 
environment. Hence, a disease mitigating strategy 
needs to be put in place, aimed at restoring 
environmental health, as well as industry growth. 
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For inland capture fisheries, stakeholder analysis 
has indicated that regular fishing communities 
in perennial reservoirs are highly vulnerable to 
poverty. Given that these irrigation reservoirs are 
for multiple-use, establishing co-management 
systems in individual reservoirs is a major 
alternative solution to the problem. Supplementary 
measures are to be implemented to enhance fish 
stocks and conserve habitats where stocks appear 
to have been depleted.

In recent decades, Sri Lanka has witnessed a boom 
in its offshore fisheries, produced in both territorial 
and international waters. While the fisheries are 
mostly capital-intensive commercial operations, 
they have created a class of fish workers employed 
as crew members of multiday and single-day long 
distance crafts. Offshore fishing, however, requires 
support in terms of technical improvements 
and training. Measures should be introduced to 
enhance the employment and social security of 
existing workers and to upgrade their skills. 

Lagoon and estuarine fisheries along the coastal belt 
mainly represent brackishwater capture fisheries 
practiced by small-scale fishing communities. 
Recently, the livelihoods of these fishers have 
been threatened mainly by urban activities 
spilling over into their communities. Loss of 
habitats and damage to fisheries due to pollution 
from adjacent areas have been identified as major 
problems preventing sustainable exploitation of 
the aquatic resources. Hence, pollution and land 
use need to be addressed from a wider perspective. 
The fishers themselves need to be organized in co-
management institutions. 

Finally, post-harvest losses have been identified by 
researchers as a critical issue for all types of fish 
products. Post-harvest problems affect all stages 

of the fish supply chain, from the fishing vessel 
onward. Fish handling and post-harvest losses 
need to be addressed through a multifaceted 
strategy. On one hand, it is a matter of establishing 
a well-developed fish processing industry, which is 
presently in its infancy in Sri Lanka. On the other 
hand, it demands upgrading facilities at all levels 
of fish supply chains, such as cold storage facilities, 
starting from fishing vessels to processing plants, 
and finally at the retail outlets. Existing practices 
of fish handling should also be improved through 
a strict quality assurance system. As all such 
improvements require investments, availability 
of credit is an essential part of overcoming post-
harvest losses. For export products, compliance 
with international standards for food safety is to 
be ensured by close supervision, monitoring, and 
control, which further require investment in both 
improved technologies and training programs.

Thailand 

In Thailand, small-scale fish farmers lack capital, 
management knowledge and experience, as well 
as access to appropriate technology. They face  
competition from inexpensive imported fish and 
have limited bargaining power in product pricing. 
For the marine fisheries subsector, additional 
problems include conflicts with other agriculture 
activities, as well as poor water quality caused 
by industrial pollution. Disease outbreaks are 
common, input costs are continually rising, and 
natural brood stocks are quickly disappearing. 

On the capture fisheries side, while the country 
has benefited greatly from rapid fisheries 
development, it has also borne tremendous 
costs of this success. Overfishing has depleted 
marine resources, and scarcity of supplies has 
been accompanied by fisheries conflicts among 
stakeholders. The difficulties are exacerbated by 
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rising costs of fishing, particularly for fuel and 
labor. Shortage of labor in commercial fisheries 
is still an ongoing problem. For inland capture 
fisheries, the major problems encountered are 
resource deterioration and pollution due to rapid 
urbanization and industrialization. 

The NAP for Thailand is formulated in line with the 
aforementioned considerations. For aquaculture, 
the emphasis is placed on small-scale production 
system along with the King’s “sufficient-economy” 
paradigm. Mollusk culture, intended for poor 
households, is targeted towards underutilized 
coastal areas. Credit constraints are addressed by 
supporting small lending schemes for fish farmers. 
To increase production, seed quality needs to be 
improved, and effective measures imposed to 
control and prevent diseases. Investments in R & 
D are required to initiate technologies on high-
yielding and high-value fish, combined with 
more effective technology dissemination. Finally, 
environmental concerns need to be reconciled 
with regulatory decisions for the long-term 
development of aquaculture.

Expediting the management of capture fisheries 
will require speeding up amendments to fisheries 
laws, reducing excess capacity, and increasing 
participation of all people in the fishing 
community. For inland fisheries, the NAP calls 
for conservation of genetic diversity in wild and 
domestic stocks, continuing stock enrichment 
programs in public waters, and better cooperation 
among researchers, fisheries managers, and  
fishers. 

The government will support post-harvest 
processing with the provision of facilities, such 
as central markets, while providing access to 
microcredit for small-scale fishers and fish 
processors. Such credit windows will increase 

their bargaining power with traders. Fish handling 
needs to be improved by means of training on 
quality standards, and technical assistance on 
new product development. Domestic fish demand 
can be increased and new “niche” markets 
formed, through marketing and public awareness 
campaigns on the nutritional value of fish.

Vietnam 

The NAP for Vietnam identifies the priority of pro-
poor technologies for aquaculture by focusing on 
traditional and new species through integrated 
farming (of crop-fish-livestock), in both inland 
and marine environments. Broadening market 
access, providing infrastructure, and building 
institutional linkages are three ways to develop 
the fisheries market. 

The overexploitation of capture fisheries resources 
is recognized in Vietnam; hence, management 
options include reducing overcapacity and 
enforcing proper regulations. An exit strategy for 
fishers is envisaged, accompanied by an alternative 
job generation program outside capture fisheries. 
The promotion of aquaculture, such as small-scale 
cage culture of lobster and fish, and community 
mollusk culture are seen as one way to absorb 
departing capture fishers, while the government 
will support a complementary microcredit scheme. 
Meanwhile, resource enrichment activities will 
include the establishment of conservation zones, 
artificial reefs, and fish ranching. In addition, 
resource enhancement will also be undertaken for 
reservoir and riverine fisheries. For the remaining 
fishers, the relevant laws and regulations (closed 
season, no-take zones, and so on) will be strictly 
enforced. The NAP recognizes community-based 
and co-management institutions as a means to 
manage fisheries resources more effectively to 
benefit poor households. 
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Modern fish processing and post-harvest 
technology will be pursued to upgrade traditional 
processing and post-harvest practices to meet 
international product and hygiene standards. This 
measure will require extensive support through 
training, technical assistance, and credit provision. 
The employment of female workers in processing 
and post-harvest handling activities is strongly 
encouraged.

A synthesis of priority technologies and 
action strategies

While the foregoing national strategies are 
country-specific, a number of common issues and 
responses can be identified. Together with the 
findings from the previous chapters, the following 
key points can be made on the national action 
plans for fisheries. 

Demand and supply

1. Fish is a major source of nutrition for the 
poor in Asia. Demand for fish will continue 
to rise, in both domestic and foreign markets, 
due to increasing populations and per capita 
incomes in the developing world. This 
implies a continuous scarcity of fish, which, 
if not met by rapidly growing supplies, will 
lead to declining fish consumption and 
pose a threat to food security. Supply and 
demand projections confirm the likelihood 
that in at least two cases (Bangladesh and the 
Philippines), the per capita consumption of 
fish may fall over the next 15 years. 

2. Expanding supplies will have to come from 
farmed fish rather than fish caught in the wild. 
The selected DMCs recognize that capture 
fisheries have reached or are approaching 
production limits. Significant expansion in 

production to meet growing demand and to 
widen livelihood opportunities can only be 
sought in aquaculture. For capture fisheries, 
especially in marine inshore areas, the thrust 
is to sustain productivity of natural stocks 
through prudent management. 

Aquaculture

3. For aquaculture, supply growth is sought 
through a combination of productivity 
improvement and area expansion. The 
former is pursued by a combination of R & D 
investment, as well as extension and technical 
support to close efficiency gaps, which are 
more prominent in the small-scale, non-
intensive sector. 

4. Delivering benefits of aquaculture growth 
to the poor entails prioritization of 
commodities consumed by the poor, and 
technologies adopted by enterprises operated 
by or employing them. At the same time, 
these commodities should have a favorable 
market to ensure economic viability and 
return on development investments. On 
this score, carp aquaculture and integrated-
aquaculture-agriculture systems rate the 
highest. Depending on the country, other 
major species (tilapia, catfish, etc.) may also 
be on the list of priorities. 

5. Maintaining sustainability and mitigating 
environmental deterioration affecting 
fisheries growth are key concerns. Here, low-
value, freshwater aquaculture, while posing 
its own risks (e.g., invasive species), also rates 
well against the other capture and culture 
systems. 
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6. Brackishwater and marine aquaculture offer 
very promising economic returns, particularly 
from foreign exchange earnings. However, as 
currently practiced, the poor cannot afford 
the scale and investment required to generate 
these returns. 

Environmental impacts could also be adverse; 
hence, despite a favorable market outlook, for 
most countries, these sytems are rated behind low-
value aquaculture as pro-poor and sustainable 
technologies. Nevertheless, they maintain 
their place in all the aquaculture development 
strategies. In general, the countries are optimistic 
about reorienting the systems towards greater 
participation by small entrepreneurs, and 
poor rural workers, in addition to setting up 
organizations of poor fish farmers.

Capture fisheries

7.    Only offshore capture fisheries are targeted
 for significant increases in fishing effort, 

investment, and production, in the expectation 
that the poor will benefit through employment 
on offshore vessels and related activities 
onshore (e.g., landing sites and processing). 
On the contrary, coastal capture fisheries  
are targeted for capacity and employment 
reduction, in conjunction with better resource 
management. 

8. Capacity reduction entails a strategy for 
minimizing economic dislocation. Again 
aquaculture and related activities (e.g., 
processing, tourism) are to be promoted to 
absorb exiting fishers, although absorption 
outside fisheries also needs to be  facilitated 
through credit schemes, training programs, 
and other support. 

9. For the remaining fishers, stronger and more 
effective management measures should be put 
in place. Here the management options vary, 
from decentralization and co-management, to 
centralized administration under command-
and-control. The bottom line is improved 
formulation and enforcement of fishing rules, 
which may require different institutional 
arrangements across countries. 

10. Pro-poor technologies to be promoted are 
small-scale gear, such as gill net and hook-and-
line. Resource rehabilitation and enrichment 
measures will be undertaken. 

11. Inland fisheries are important due to their 
significant contribution to food security and 
livelihoods for the rural poor. Establishment 
of community organizations for managing 
common areas, as well as investments 
in appropriate stock enhancement and 
enrichment systems, are promising means of 
delivering benefits to the poor, particularly for 
countries with large inland fisheries, reservoir 
areas, and seasonally flooded lands.

The supply and value chain

12. All the countries recognize that fish 
production exists within a wider economic 
context, namely, a supply and value chain 
beginning from input supply, through post-
harvest services, processing, and marketing. 
Constraints to growth lie at upstream and 
downstream portions of this chain, such 
that focusing only on fish production would 
likely yield low or even negative returns on 
development investments. 
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13. On the input side, the major constraint is the 
unavailability of quality fish seed, and lack of 
access to credit for poor farmers and fishers. 
Both problems need to be solved by hatchery 
and broodstock programs as well as credit 
schemes. 

14. On the post-harvest and processing side, 
wastage and poor quality of  the final products 
characterize traditional practices. To achieve 
better quality standards, there is a need to 
invest in landing and post-harvest facilities, 
in training of fishers and processors, and 
in building processing enterprises. Global 
food safety standards need to be enforced, 
particularly as the short-term consequences 
of increased processing costs are modest 
compared to repercussions on market access 
in case of non-compliance. 

15. On the marketing side, inefficiencies and 
lack of competition must be addressed. Price 
policies, particularly on tariffs for imported 
products, may need to be reduced to the 
detriment of some fish-producing subsectors. 
However, tariff reforms may, on the whole, be 
beneficial to food security and even sectoral 
growth. 

Institutional transformation

16. All the countries highlight the need for 
government agencies to get their act together 
in terms of coordination, policy consistency, 
and quality of human resources (especially 
in extension and research). Cooperation 
across agencies is critical in addressing the 
natural resource context of capture fisheries 
and culture, which requires rationalization of 
policies on land use, water management, and 

competing demands between sectors (rural 
versus urban areas, agriculture versus industry, 
and demands within agriculture, including 
fisheries). 

17. Organizing poor fishers, farmers, and 
processors is the preferred option in 
handling developments in global trade 
and technological change that tend to favor 
large-scale operations. A collective, pro-poor 
approach confronts great challenges in light 
of the geographic dispersal of fish producers, 
as well as traditional resistance to community-
based institutions. Cooperation from other 
stakeholders, such as private investors and 
NGOs, may in some countries be drawn upon 
to meet this challenge. 

18. The NAPs call for greater regional collaboration, 
particularly in the area of trade negotiation, 
to counter the arbitrary imposition of non-
tariff barriers and protectionist measures in 
developed countries, as well as to harmonize 
procedures and standards in conducting 
South-South and North-South trade. 

The foregoing issues and strategies for the 
development of fisheries in Asia highlight broad 
themes and needs for the next 15 years. The future 
of the poor who depend on fish hinges on these. 
None of the suggested options are particularly 
new; however, this multicountry study has, for the 
first time, identified requirements and responses 
within a framework of stakeholder analysis 
and consultation, backed up by systematic, 
quantitative analysis on the marketing prospects 
for fish. Stakeholders can, therefore, take these 
findings and strategies as a platform for change. 
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ADB-RETA 5945 was designed as a policy 
research project aimed at identifying options 
and appropriate strategies to increase and sustain 
fish production for the benefit of the poor in the 
selected developing member countries (DMCs). 
It is no small matter to quantify the effects of 
this type of research because policy responses 
and their impacts are very difficult to predict. 
However, if indeed policies respond favorably, 
such studies may well have more wide-ranging 
and permanent impacts than other types of 
research, such as commodity technology research, 
for which the outputs are actually tangible. In 
this concluding chapter, an attempt is made to 
qualitatively evaluate the likely impacts, based 
on the accomplishments of the project, as well as 
the outlook for stakeholder responses to project 
findings and recommendations. 

Framework

The results of the project on the ground are 
envisioned to progress along the following impact 
pathway (Figure 11.1). The research was jointly 
undertaken by the WorldFish Center and national 
research partners. The WorldFish Center, as an 
international organization, is a repository of skills 
and resources that allow it to provide capacity-
building services to its partners, especially during 
the research process and through specially 
organized training workshops. 

The lynchpin for achieving impact lies on the 
national action plans (NAPs). The NAPs were 
formulated on the basis of project findings and 

consultation among researchers, government 
agencies, and other stakeholders. These plans 
need to be integrated into regular processes of the 
planning agencies concerned, both in national 
development planning in general and in planning 
regarding fisheries in particular. 

If implemented, the action plan (in conjunction 
with further measures identified on the basis of 
the other study findings, databases, catalogs, and 
models) would feed into actual policy actions and 
investment programs, financed by government 
funds, overseas development assistance (ODA), 
and participating stakeholders (i.e., the private 
sector). When realized, these policies and 
investments are expected to lead to sustainably 
higher fish supplies, produced under better 
functioning markets (i.e., with expanded access 
for the poor and with less distorted market prices). 
These in turn generate more food to be consumed 
by the poor, better livelihoods from fish sales, 
viable employment in fisheries enterprises, and 
better living standards of the poor who depend 
on fish. 

Throughout the diagram, dual-pointed arrows 
denote the need for constant monitoring, 
surveillance, and impact assessment to ensure that 
the policies and investments are on track. Here 
the capacity of the national research institutions 
to pursue subsequent research, analysis, and even 
advocacy become crucial. 

Chapter 11

IMPACTS OF THE PROJECT
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Figure 11.1 An Impact Pathway for ADB-RETA 5945
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Project Activities and Outputs

The outputs of the research, in line with project 
objectives, consist of the following:
1. a comprehensive catalog of current 

aquaculture and fisheries technologies;

2. archetypal profiles and prioritization of 
aquaculture and fisheries technologies;

3. an analysis of factors determining supply, 
demand, trade, and consumption of fish and 
other aquatic products;

4. a 15-year projection of supply and demand 
for fish in the participating DMCs; 

5. strategies and action plans for the adoption of 
appropriate fish species, aquaculture systems, 
fishing technologies, and participatory 
fisheries management measures for the 
poorest categories of producers, for increased 
and sustained fish production and resource 
management;

6. a replicable framework and consistent 
methodology to be used in all the DMCs, 
including a fish sector model to assess 
appropriate technologies, socioeconomic 
impacts, and strategy formulation; and

7. a comprehensive database consisting of 
biophysical, socioeconomic, and market 
information for policy analysis and impact 
assessment of changes within and outside the 
fisheries sector.

These outputs were generated and disseminated 
through a variety of activities, including 
workshops, special sessions during conferences, 
and scientific publications. 

Workshops

To generate the project outputs, a number of 
workshops were organized.  These consisted of: 

1. National planning meetings: National 
planning meetings (generally two-day affairs) 
were conducted from April to July 2001 in 
each participating DMC. The meetings had 
these aims: (a) to provide an overview of the 
project including its research components; 
(b) to discuss the methodologies for each 
research component; (c) to review the 
implementation arrangements, including 
administrative and financial matters, 
workplan/timelines and the Memorandum 
of Agreement; and (d) to form the national 
project teams from the collaborating 

agencies. 

2. Regional Planning Workshop: The regional 
planning workshop was held during 21-24 
August 2001, in Penang, Malaysia, with 60 
participants from ten Asian countries. The 
workshop was the culmination of the national 
planning meetings. It aimed to discuss 
and finalize the methodologies, analytical 
framework, survey design, implementation 
arrangements and the detailed workplan of the 
project. The project webpage was inaugurated 
and activated during the Opening Session. 
The website URL is: www.worldfishcenter.
org/demandsupply/index.htm

3. Regional Workshop: A regional workshop 
on “Aquaculture Technologies and Fishing 
Practices in Asia” was held during 17-27 
March 2003, with 14 participants from nine 
Asian countries. The workshop aimed to 
finalize the fish classifications for supply and 
demand analysis, and draw up policies and 
recommendations for incorporation in the 
National Action Plans. 
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4. Training Workshops: Two training work-
shops were held, namely: “Analysis and 
Projection of Fish Supply and Demand”, 
21 July-11 August 2003, in Penang, Malaysia 
(21 participants from nine Asian countries.); 
and “Projection of Fish Supply and Demand 
Asia”, 16-22 November 2003, in Bangkok 
(12 participants from nine Asian countries.) 
The first workshop trained the partners on 
supply and demand estimation methods, 
discussed and finalized different technical 
issues, such as supply-demand balance, and 
the structure of the AsiaFish Model. The 
second workshop was devoted to training 
required for the actual construction of the 
AsiaFish model in each country; this will be 
used for making projections on baseline and 
alternative scenarios for supply and demand. 

5. Final Workshops: At the national level, a 
number of final project workshops were 
conducted from January to March 2004. In 
each of these workshops, the findings of the 
project for each country were discussed, and 
national action plans to address the project 
objectives were drafted. The final project 
workshop was held during 17-20 March 2004, 
in Manila, Philippines, with 42 participants 
from nine Asian countries. During this 
workshop, all research findings of the project, 
along with the National Action Plans, were 
presented, and finalized for implementation 
in the regular planning processes of the 
participating DMCs. 

6. Writing Workshop: A writing workshop was 
conducted during 1-16 June 2004, with 14 
participants from nine Asian countries. The 
workshop generated a draft synthesis report 
based on the country reports prepared by the 
national project teams in the nine partner 
countries. 

Special conference sessions/workshops

The project organized the following special 
sessions of various scientific conferences.  

1. “Strategies and options for sustainable 
aquaculture development in Asia”, World 
Aquaculture Society in Beijing (23-27 April 
2002, ten papers from the project)

2. “Fish in security and income in developing 
countries: Role of growing aquaculture 
and changing trade regime”, International 
Institute on Fisheries Economics and Trade 
special session in New Zealand (19-22 
August 2002, six papers from the project)

3. “The outlook of global fish production, 
consumption, and trade: Implication and 
options for the developing countries”, IIFET 
special session in Tokyo, Japan (21-30 July 
2004, four papers from the project)

4. “Fisheries trade and the reconciliation of 
fisheries conservation”, World Fisheries 
Congress in Canada (2-6 May 2004, four 
papers from the project)

5. “Technology needs and prospects for 
Asian aquaculture”, Asian Fisheries Society 
scientific session in Penang, Malaysia (29 
November – 3 December 2004, five papers 
from the project)

6. “Economics of small pelagics and climate 
change”, SPACC Workshop in Portsmouth, 
UK (14 September 2004, one paper from the 
project)

In total, 19 scientific papers and four books were 
published in various conference proceedings and 
workshop reports.
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Scientific publications

The last set of outputs is a set of scientific papers 
published in various peer-reviewed journals. 
A special issue of Aquaculture Economics and 
Management (vol. 9, no. 1&2, 2005) has been 
published. The abstracts of the papers are found in 
Appendix 5, with the following titles: 

Special issue of Aquaculture Economics and 
Management

1. Dey, M. and M. Ahmed. Aquaculture for food 
and livelihood of the poor in Asia: a brief 
overview of issues.

2. Dey, M.M., M.A. Rab, F.J. Paraguas, R. Bhatta, 
F.M. Alam, S. Koeshendrajana and M. Ahmed. 
Status and economics of freshwater aquaculture 
in selected countries of Asia.

3. Dey, M.M., F.J. Paraguas, N. Srichantuk, X. Yuan, 
R. Bhatta and L.T.C. Dung. Technical efficiency 
of freshwater pond polyculture production 
in selected Asian countries: estimation and 
implication.

4. Dey, M.M., M. Rab, F.J. Paraguas, S. 
Piumsombun, R. Bhatta, M.F. Alam and M. 
Ahmed. Fish consumption and food security: a 
disaggregated analysis by types of fish and classes 
of consumers in selected Asian countries.

5. Garcia, Y., M.M. Dey and S. Navarez. Demand 
for fish in the Philippines: a disaggregated 
analysis.

6. Dey, M.M., M.A. Rab, K.M. Jahan, A. Nissapa, 
A. Kumar and M. Ahmed. WTO, food safety 
standards and regulatory measures: implications 
for selected fish exporting Asian countries.

7. Li, L. and J. Huang. China’s accession to 
WTO and its implications for the fishery and 
aquaculture sector.  Also published as a report 
of the Center for Chinese Agricultural Policy, 
Institute of Geographical Sciences and Natural 
Resources Research, Chinese Academy of 
Sciences, Beijing, China.

8. Dey, M.M., R. Briones and M. Ahmed. 
Disaggregated analysis for fish supply, demand 
and trade in Asia: baseline model and estimation 
strategy.

9. Rodriguez, U.E, Y.T. Garcia and S. Navarez. 
The effects of export prices on the demand and 
supply for fish in the Philippines.

10. Piumsumbun, S., M. Rab, M.M. Dey and N. 
Srichantuk. The farming practices and policies 
of aquaculture in Thailand.

11. Katiha, K.P., J.K. Jena, N.G.K. Pillai, C. 
Chakraborty and M.M. Dey. Inland aquaculture 
in India: past trends, present status and future 
prospects.

Other refereed articles and books

1. Kumar, P. and M.M. Dey. 2004. A study on 
modelling of household demand for fish in 
India. Indian Journal of Agricultural Economics 
59(3):465-475.

2. Li, L. and J. Huang. 2004. Transformation of 
China’s fishery economy and policy in the new 
era. Chinese Fisheries Economics 2004 (6):19-
21.

3. Briones, R., M.M. Dey and M. Ahmed. 2004. 
The future for fish in the food and livelihoods 
of the poor in Asia. NAGA 27(3&4):48-50.
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4. Kumar, A. 2004. Export performance of Indian 
fisheries sector: strengths and challenges ahead. 
Economic and Political Weekly 39(38):4264-
4270.

5. Kumar, A., P.S. Birthal and Badruddin. 2004. 
Technical efficiency in shrimp farming in India: 
estimation and implications. Indian Journal of 
Agricultural Economics 59(3):413-420.

6. Kumar, P., A. Kumar and C.P. Shiji. 2004. Total 
factor productivity and socioeconomic impact 
of fisheries technology in India. Agricultural 
Economics Research Review Conference Issue 
2004:131-144.

7. Kumar, A. and P. Kumar. 2003.  Food safety 
measures: implications for fisheries sector in 
India. Indian Journal of Agricultural Economics 
58(3):365-374.

8. Kumar, A., Elumalai and Badruddin. 2005. 
Technical efficiency in freshwater aquaculture 
in Uttar Pradesh. Indian Journal of Economics. 
(In press)

9. Mruthyunjaya. 2004. Research report on 
strategies and options for increasing and 
sustaining fish and aquaculture production 
to benefit poor households in India, 142 p. 
National Centre for Agricultural Economics 
and The WorldFish Center.

10. Pillai, N.G.K. and P.K. Katiha. 2004. Evolution 
of fisheries and aquaculture in India, 240 p. 
Central Marine Fisheries Research Institute, 
India.

11. Li, L., S. Chen, H. Liu and J. Qiu. 2004. Analysis 
of fish consumption pattern and projection 
of demand for fish in China in 2006-2010. 
Ministry of Agriculture, Beijing, China.

12. Garcia, Y., M.M. Dey and R.L. Tan, Editors. 
2004. Sustaining fisheries and aquaculture 
production to benefit poor households in 
the Philippines, 311 p. University of the 
Philippines, Los Banos, and The WorldFish 
Center, Penang.

As the project ends at the point of generating 
the outputs and the action plan, the rest of the 
impact pathway must progress to deliver results 
at the national level. The prospects for the results 
materializing can be gauged by two criteria: (a) 
whether the research processes and outputs respond 
to a felt need of stakeholders; and (b) whether 
there is an effective capacity and constituency 
for implementing the project recommendations. 
The answers to these interrelated questions are 
discussed in the following. 

Evaluation

Did research processes and outputs 
respond to a felt need? 

Fisheries policies and management are directed to 
a sizable and complex sector. Decisions made are 
often based on inadequate information, or they 
are simply postponed in the absence of data. Prior 
to the project, major gaps were noted, in particular 
the absence of a coherent compilation and 
rigorous assessment of possible policy measures, 
institutional capacities, as well as options for 
management and technology development. 
Granted, the information was present, albeit in 
fragmentary and incoherent forms. This state is 
partly due to the relatively early emergence of 
fisheries research in the selected DMCs, particularly 
with respect to policy. 

The project has responded to this need by providing 
a storehouse of information, systematically 
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documented in terms of profiles of technology, 
consumption, trade, and the policy environment. 
The information is consolidated in the individual 
country reports and the final project report. As such, 
the documents, papers, reports, and other outputs 
make them valuable references for policymakers, 
researchers, and stakeholders. 

A common perception within fisheries agencies is 
that their research expertise is highly concentrated 
on the biological sciences, with very little in-house 
capacity for quality research on socioeconomic 
conditions and relations. The multidisciplinary 
approach followed by the project has produced 
quality research that addresses this imbalance. 
The quality of the research can be gauged from: a) 
the project-sponsored special sessions held within 
distinguished international conferences; and b) 
the scientific publications generated by the project 
that have successfully passed through international 
peer review (internal to the editorial process of 
the Aquaculture and Economics Management 
Journal). 

Furthermore, the quantitative analysis undertaken 
in the study has integrated economic behavior into 
the outlook for fish supplies, whereas traditionally 
technical analysis of fish production has been 
formerly dominated by biologists, as well as 
aquaculture and fisheries technologists. The logic 
of price response, as well as the effects of economic 
factors (such as those that drive consumption and 
trade), are fully incorporated along with biological 
and technological considerations. 

A set of quantitative projections on prices, 
production, and consumption further injects 
much-needed rigor in the formulation of sectoral 
development plans. Often these plans undertake 
forecasts and targets based on rule-of-thumb 
methods and analysis. Dissatisfaction with these 

methods has previously been outweighed by 
their practicality, which is not to be discounted; 
nevertheless, a systematic quantitative framework 
will go a long way in making the assumptions 
behind planning targets explicit and, therefore, 
subject them to extensive scrutiny by researchers 
and stakeholders. No doubt the lasting legacy of 
the project will lie in infusing greater rigor, at the 
national and regional levels, to goal-setting and 
strategic planning for the fisheries sector. 

Strengthening the capacity of partner institutions, 
particularly in socioeconomic analysis, responds 
strongly to the need for a sustained research 
program to backstop sectoral planning and 
policy decisions. With the compiled databases, 
experiences in analytical and planning methods 
(e.g., statistical analysis, priority setting), and self-
contained decision-making tools (e.g., the AsiaFish 
model), the researchers in these institutions are 
now equipped to pursue future research along 
multidisciplinary lines. 

Finally, the NAPs themselves offer a valuable 
complement to existing fisheries and agricultural 
development plans. They provide a concise, 
systematic checklist of strategies and broad 
statements that have been reviewed by a consultative 
process. Furthermore, the link between the NAPs to 
the other outputs of the project, i.e., the databases, 
surveys, analyses, and quantitative projections, 
buttress the credibility of the plans. 

In particular, the profiles, projections, and 
priority-setting exercises, despite their apparently 
specialized content, appeal to investment 
planners in the business sector, donor agencies, 
and government budget offices, all of which are 
key actors in providing the financing requirements 
of a fisheries development plan. An investment 
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program, particularly one financed by public or 
donor funds, will have to confront hard choices 
among competing demands, particularly those 
supported by interest groups. The priorities 
identified by the project, particularly with respect 
to pro-poor technologies and species, credibly 
backed up by rigorous technical analysis, become 
an essential input for pushing through with the 
investment decisions. Ideally, the action plans, 
once fully fleshed-out with the information from 
the socioeconomic profile, would recommend 
investment decisions that target the species and 
technologies benefiting the poor most directly. 
Finally, the demand and supply projections 
and impact analysis would also ensure that the 
investments and policies promote financially 
viable investments and policies, now and into 
the foreseeable future. 

Are the action plans supported by an 
effective constituency?

A number of considerations suggest that the 
action plans are indeed supported by an effective 
constituency. First, the technical workshops, 
national workshops (some of which have received 
media coverage), and the final regional workshop 
have served to elevate fisheries and the poor to 
prominence in development discussions and 
debates, both nationally and regionally. This has 
helped build up greater awareness on fisheries 
and will help secure its representation in broader 
agricultural and national development plans. 

Second, within the fisheries sector, the collaborative 
and consultative approach taken by the project 
has established groups of domestic and regional 
“champions” that are committed in following 
through with the action plans. To a large extent, 
these plans overlap with their own development 
objectives, and they benefit greatly from the 

research findings that have been generated. That is, 
few novelties have been introduced in the NAPs, 
which is to be expected given their broad scope 
and consultative background. Rather, the value of 
the NAPs lies in fact that commitments have been 
secured according to a specific agenda supported 
by research activities. 

The first group includes fisheries agencies, 
government research centers, and key agency 
officials and other staff members. The project 
has been conducted under their sponsorship and 
active participation. They are, therefore, expected 
to follow-through with the recommendations and 
advocate the integration of the action plans and 
decision-making tools into the regular planning 
process. The second group includes academics 
and national institutions whose research and 
advocacy receive widespread dissemination 
and are held in high regard. Finally, regional 
networks and organizations (such as the Network 
of Aquaculture Centres in Asia-Pacific and the 
Southeast Asian Fisheries Development Center) 
are also dedicated to pushing the agenda forward, 
particularly those elements pertaining to regional 
collaboration. This constituency forms part of an 
alliance and network among these institutions 
and the WorldFish Center. Finally, the WorldFish 
Center itself can play a vital role in pursuing the 
uptake and dissemination of the research along 
the impact pathway, even after the close of the 
ADB-RETA 5945. 

Future plan

The WorldFish Center and its research partners plan 
to continue formal and informal collaboration 
along the lines initiated in this project. Some of 
the specific steps to be taken are as follows:
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1. Further work is needed in expanding and 
refining the outputs of the project. This entails 
updating and maintaining the database, 
particularly as new information is generated, 
new technologies develop, and the conditions 
of the stakeholders change over time. Greater 
disaggregation across sub-sectors and 
geographic areas can be undertaken for the 
technology and socioeconomic profiles. 

2. In common with other food models that have 
undergone protracted development (e.g., the 
International Model for Policy Analysis of 
Commodities and Trade of the International 
Food Policy Research Institute), the AsiaFish 
model must be subjected to further testing, 
upgrading, as well as extension into more 
detailed analysis. This includes further 
disaggregation of fish types, incorporation of a 
household model for explicit welfare impacts 
on the distribution of income, by remodeling 
to increase the number of predicted variables 
(e.g., export and import prices), and so forth. 

3. The implementation of the action plans 
requires further detailed planning. Specific 
targets and goal setting for the sectoral and 
sub-sectoral components can be revisited. 
The priority-setting exercise can be applied to 
a broader set of options and actions beyond 
the technologies that were evaluated. In 

conjunction with a more detailed projection 
exercise, the resulting operational plans 
would become more valuable for investment 
programming purposes.

4. Finally, uptake and dissemination of the NAPs 
(as well as detailed operational plans) may 
require testing of the policy, management, and 
technology recommendations. The validation 
of the research will come with monitoring 
and impact assessment after sufficient time 
has passed for the impacts to be observed on 
the ground. This type of action research can 
take the form of piloting of recommended 
technologies and management options on a 
site-specific basis. 

The last step will, of course, require considerable 
investments, not so much for the research 
component, as for the development and 
implementation component. Potential investors 
in this plan would be national governments and 
donor agencies, including the Asian Development 
Bank itself. The action and research agenda of 
this project are broad enough to encompass 
the Bank’s lending programs for fisheries in the 
selected DMC. Implementation of an action 
research approach can bring Bank investments 
in closer alignment with the principles of equity, 
sustainability, and efficiency, as pronounced in 
the Bank’s own strategy for fisheries in Asia. 
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