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EXECUTIVE SUMMARY

... total world aguaculture production will have reached between 35 million and
40 million tonnes of finfish, crustaceans and molluscs in 2010.
—The state of the world fisheries and aquaculture 1998

More than half a decade ahead of these projections, aquaculture production has already reached
45 million tons, providing more than 40 percent of the global food fish supply. As production
from capture fisheries stagnates, aquaculture is changing the face of our waters.

Focus OF THE STUDY

The objectives of the study are to inform and provide guidance on sustainable aquaculture to
decision makers in the international development community and in client countries of
international finance institutions. The study focuses on several critical issues and challenges:

» Harnessing the contribution of aquaculture to economic development, including
poverty alleviation and wealth creation, to employment and to food security and trade,
particularly for least developed countries (LDCs)

» Building environmentally sustainable aquaculture, including the role of aquaculture in
the broader suite of environmental management measures

» Creating the enabling conditions for sustainable aquaculture, including the governance,
policy, and regulatory frameworks, and identifying the roles of the public and private
sectors

» Developing and transferring human and institutional capacity in governance,
technologies, and business models with special reference to the application of lessons
from Asia to Sub-Saharan Africa and Latin America

A SURGING GLOBAL INDUSTRY

Aquaculture lies at a crossroads. One direction points toward the giant strides in productivity,
intensification and integration, industry concentration, and diversification in products, species,
and culture systems. Another direction points toward the risks of environmental degradation and
marginalized smallholders. Yet another direction invites aquaculture to champion the poor and
provide vital environmental services to stressed aquatic environments.

The development assistance community has an important role to play in supporting countries as
they chart these paths onto a balanced road map for sustainable aquaculture. The vision of
sustainable aquaculture demands not only a favorable business climate, but also a governance
framework that embraces social objectives and enforces environmental standards. Working with
client countries, development assistance can build cross supports and synergies between
aquaculture’s diverse agendas: the market driven, the environmental, and the pro-poor.

Aquaculture production has continually outstripped projections, and there is little reason to
believe that it will not continue to do so. It is inherently more efficient than livestock production.
The production chain is shorter and more efficient than for capture fisheries. Moreover, the
increasing control over aquaculture production systems is in stark contrast to the faltering



management of capture fisheries, for which rising fuel prices are having a disproportionately
higher impact on costs. Massive productivity gains are resulting in the falling prices of cultured
fish and are extending the consumer base. The scarcity of wild fish creates further market space,
while supermarket chains demand stable supplies—uniform-size fish with clear traceability that
cannot be readily supplied by volatile capture fisheries. In addition to fish production, responsible
aquaculture brings environmental benefits, integrating waste management in urban and rural
settings.

New legal instruments are emerging to expand the use of aquatic commons, and good governance
is taking firm root in several developing countries. Aquatic farming is likely to intensify, expand,
and diversify in ways that currently are unforeseen. Artificial selection may increasingly supplant
natural selection and transform aquatic food chains. From fish foods to pharmaceuticals, from
ocean carbon sequestration to management of entire aquatic ecosystems—society will
progressively extend control over aquatic resources. This control will drive a gradual
convergence between aquaculture and the ecosystem approach to fisheries called for in the
Johannesburg Plan of Action.

Fish supply and benefits from aquaculture. Fish supply from capture fisheries has stagnated
over the last decade, and no major increases can be expected even with improved management
practices and benign climate change. Fish is often the lowest-cost animal protein and the world’s
growing food fish supply gap has a disproportionate impact on the nutrition and health of the
poor. Aquaculture must fill that growing supply gap. It is the world’s fastest-growing food
production sector, growing at an annual average rate of 10 percent since the mid-1980s, reaching
59.4 million tons (including aquatic plants) with a farmgate value of $70.3 billion in 2004. More
than 90 percent of aquaculture production occurs in developing countries, and China alone
accounts for 67 percent of global production. Aquaculture products account for about 15 percent
of global consumption of fish and meat, and in the near future aquaculture is likely to contribute
more than half of the world’s supply of food fish. In addition to a growing list of nonfood
products and environmental services, aquaculture provides an important livelihood, directly
employing more than 12 million people in Asia. The sector provides important foreign exchange
to many developing countries, as trade in cultured fish products accounts for 22 percent of the
world trade in fish, mostly from the developing world.

Structural change—from cottage to corporation. Modern aquaculture has developed into a
dynamic, often capital-intensive business frequently controlled by vertically integrated corporate
giants of the food and retail industry. There have been major increases in aquaculture productivity
along the entire production and supply chain. This growth is attributable to a complex interplay of
factors:

» Technological advances (in particular, improved broodstock and seeds), improved fish
nutrition, and better control of diseases, which drive fish prices downward and open new
markets

» Intensification of most forms of aquaculture, including diversification of culture systems,
the species cultured, business models and feed supplies, and integration of aquaculture
with farming and waste disposal systems

» Consolidation and vertical integration through acquisitions and alliances, contracting of
the supply chains, elimination of middlemen, generation of cost savings, and facilitation
of improved quality of products in response to national and international market
requirements (this structural change alters the distribution of value added along the
production and supply chain and forces small producers to organize or risk becoming
marginalized)



The single most important driver of aquaculture is the market, whether for smallholders or larger
commercial farms. It drives increased production, further intensification and competition
resulting in reduced product prices and further market penetration - an expanding feedback loop
along a productivity timeline.

A knowledge-based industry. The modern fish farm is an intensive knowledge-based enterprise,
serviced by dedicated commercial scientific institutions devising new technologies and
innovations for corporate clients that move to ever more productive and intensive farming
practices. Aquaculture has moved from an art to a science. It has diversified, intensified, and
advanced technologically. Improvements in genetics, nutrition, disease management,
reproduction control, and environmental management continue to widen choices for aquaculture,
improve its efficiency and cost-effectiveness, and optimize resource use. These advances not
withstanding, aquaculture is still an infant industry. It lags well behind agriculture in application
of science and technology and in value chain productivity. Despite advances in the production of
high-value carnivorous species (such as salmon and shrimp), more than 70 percent of farmed fish
are herbivores, omnivores, or filter-feeders (such as carp, tilapia, or mussels, respectively).

CHALLENGES AND APPROACHES

Three major challenges confront aquaculture: sustainable economic growth, environmental
stewardship, and equitable distribution of benefits. An effective response to these challenges
requires a coherent interplay of private investment and stewardship of public goods. By fostering
partnerships and providing access to finance and resources, the international community can help
developing countries meet these challenges along two intertwined axes of intervention: good
governance and knowledge generation and dissemination.

Good Governance and the Creation of an Enabling Environment

An effective governance framework will embrace policies and regulations molded by a clear
vision of the future for aquaculture and a road map to realize that vision. The policy framework
will address issues of equity and strategy, including the following:

» Principles for use and allocation of the public domain (lakes, reservoirs, sea areas, and
freshwater supplies)

» Asocially required balance between smallholder and large aquaculture

» Coherence with other policies and strategies, such as those on poverty alleviation,
industrial development, water and land use, rights of indigenous peoples, or regional
priorities

» Environmental sustainability, including mitigation of social and environmental
externalities

»  Clear definition of the roles of the public and private sectors

e Sector leadership and coordination

» Aquaculture’s fiscal regime

Ideally, a national aquaculture plan and strategy will mainstream aquaculture into key
planning and policy instruments such as Poverty Reduction Strategy Papers (PRSPs), foreign
direct investment (FDI) policies, and rural development strategies. It will create space for
aquaculture in the physical planning processes and coastal zone and water management plans. A
national plan has a vital role in creating an attractive investment climate and interagency
coordination, essential to overcome the dynamic nature of an emerging industry where public



authority is dispersed across sectors, agencies, and disciplines. A participatory process to prepare
such national strategies and plans will build awareness, guide diagnostics, forge a shared public-
private vision, and build partnerships among government agencies and with the private sector,
producer groups, and nongovernmental organizations (NGOs).

Good governance will draw on codes of practice and best management practices (BMPs) to
inform and implement policies and plans. Examples of these norms include the Food and
Agriculture Organization (FAO) Code of Conduct for Responsible Fisheries (CCRF) and its
accompanying Technical Guidelines; the Holmenkollen Guidelines; the World Organization for
Animal Health (OIE) International Aquatic Animal Health Code; and other norms prepared with
World Bank assistance, such as the International Principles for Responsible Shrimp Farming and
the principles for a code of conduct for the sustainable management of mangrove forest
ecosystems. Although the application of these codes may raise production costs, the increased
returns from healthy and sustainable aquafarms more than justify the costs.

The regulatory and administrative regime will draw on the policies to set out the rights and
obligations of fish farmers. The regime may specify, among other things, the following:

» Obligation to acquire permits or licenses to establish a farm, based on responsible
physical planning for aquaculture, including zoning and safeguarding critical habitats

» Measures to protect the environment, including environmental impact assessments,
audits, environmental monitoring (including benchmarking), and internalizing of the cost
of environmental impacts

»  Control and enforcement mechanisms and penalties or means to redress damage

» Formal processes for stakeholder consultation with adequate provisions for transparency
and involvement of NGOs

» Standards for aquaculture practices and animal health and certification systems for the
health and safety of aquaculture food products and the quality of seeds and feeds

Private sector investment has dwarfed public investment in aquaculture. A proactive public
sector ideally will be a servant of aquaculture and, in addition to being a steward and guardian,
will create an enabling environment that recognizes the role of the private sector as the engine
of growth, innovation, and change. In addition to setting standards and codes, public authorities
can establish a progressive fiscal regime, facilitate access to credit (for example, through secure
aquafarm tenure), promote trade, and support applied science and capacity building.

Recommendation. The international community can support client countries to improve
aquaculture governance through sector diagnostics and stakeholder dialogue leading to
national policies and plans for sustainable aquaculture. This road map will embrace and
apply the codes of practices referred to above and establish an enabling environment to
nurture private enterprise as a vital innovator and engine of sector growth.

Aquaculture, the Environment, and Human Health

Environmental degradation is aquaculture’s downside. Aggressive export-driven expansion has
frequently caused environmental degradation to lands, waters, and coasts; encroached on the
livelihoods of the poor; and alienated commonages. Biodiversity, critical habitats, and human and
animal health have been placed at risk through irresponsible aquaculture. However, under
increasing regulation and public and consumer scrutiny and by drawing on improved science,
many production systems have become more environmentally friendly, reducing their
environmental footprint and even contributing to environmental services. Despite consumer



confusion from disinformation on the nutritional quality of farmed fish and on the impact of
aquaculture on the environment, aquaculture products continue to capture a growing market
share.

Aguaculture has domesticated an array of plants and animals in half a dozen phyla. This diversity
of species means aquaculture can not only function, but even thrive in degraded aquatic
environments and provide a range of environmental services, including waste treatment, water
purification, control of human disease vectors, rebuilding depleted fish stocks, and, possibly in
the future, carbon sequestration. The expansion of freshwater ponds can result in the spread of
human disease vectors, such as snails (bilharzias) and mosquitoes (malaria). Conversely, the
stocking of rice paddies, canals, reservoirs, and other public waters can reduce the incidence of
human disease.

Today’s farmed salmon is a domestic animal with a widening genetic distance from its wild
cousins and today, there is more Atlantic salmon in farms than in the wild. Aquaculture’s threat to
aquatic biodiversity and wild germplasm is very real and growing: massive numbers of artificially
propagated fish and invertebrates released in the wild reproduce, and currents broadcast their
larvae and progeny over vast distances.

Experience from Asia demonstrated the importance of NGOs and trade in promoting
environmentally sustainable aquaculture, which reverted to farmers and national authorities in the
form of promoting and adopting better practices that reduced or avoided the use of drugs, and
advocated water recycling or treatment before discharge, efficient feeding regimes, the use of
healthy seeds, and clean ponds. Ultimately, it is the returns to the farmer that influence production
decisions. Farmers learned that environmental responsibility made good business sense and that
pollution led to the outbreak of diseases; in short, they recognized the link between disease and
the environment.

Recommendation. The international community can support an environmentally friendly
and healthy aquaculture by providing funding for the public goods dimensions of
aquaculture at national and international levels. This includes protection of aquatic
biodiversity and wild stocks—a global public good, through reinforcing application of
norms and creation of gene banks. It can also support the development of indicators,
scorecards, and certification for environmentally friendly and pro-poor aquaculture, and
inclusion of NGOs in constructive and transparent partnerships. Further studies are
warranted to monitor and evaluate losses of genetic diversity of cultured species.

Pro-Poor Aquaculture

Experiences in Asia provide lessons on pro-poor aquaculture, which, suitably adapted, might
catalyze aquaculture in Sub-Saharan Africa (SSA) and in parts of Latin America. In Asia,
aquaculture was developed under two models: one in which commercial opportunities have been
opened for enterprises; and one in which long-term public support targeted at the poor has
generated the necessary critical mass for smallholder aquaculture. The former has largely been
driven by private sector initiatives and enterprise; the latter through national policies and
programs and external support. The enterprise model has generated growth and employment,
often in poor regions. The public support has endeavored to extend that growth to smallholders
through policy support, adaptive technologies, knowledge dissemination, and services. These pro-
poor approaches varied widely from country to country and included the following:



» Equitable access to resources. Water and land are the two essential resources. Both may
be underused capital assets. Not only is a system of property rights required, but it is an
equitable mechanism for their allocation, administration, and enforcement. An example is
the rezoning of rice land in China and Vietnam that allowed rice-fish farming and
enabled farmers to exit from poverty.

» Use of public waters. Productivity of public waters, such as lakes, canals, and reservoirs,
can dramatically increase by stocking fish. In Bangladesh, when coupled with the grant
of community or individual stocking/harvesting concessions, this strategy proved to be an
effective means of targeting the landless poor.

» Policy bridges to the enterprise model can create the space for the poor to participate in
the enterprises. Examples are the concessions and arrangements facilitating contract
farming and nucleus estates in Indonesia. In some countries, promotion of small and
medium enterprises (SMESs) has indirectly helped the poor through employment creation.

* Integrated design of infrastructure (for example, rural road networks, flood control,
irrigation, and drainage) can open market access, help rice paddy and floodplain fish
farming, and reduce risks to farmers through diversification of farm production.

» Knowledge and capacity building has proven crucial for large and small aquaculture. It
has been delivered through government extension services, universities, service providers
(such as feed producers), NGOs, producer organizations, and networks, such as the
Network of Aquaculture Centres in Asia-Pacific (NACA).

The poor are also part of the private sector. In Asia, it was recognized that lack of knowledge and
capital, higher risks, high opportunity costs for land and water, and access to markets limited
small aquaculture entrepreneurs. As a result, new technologies and innovative culture systems
have been developed that specifically target Asia’s poor. These technologies and approaches have
been shared regionally through the networks supported by the international community. Examples
include the Genetically Improved Farmed Tilapia (GIFT) initiative financed by the Asian
Development Bank (ADB), and the International Principles for Responsible Shrimp Farming
prepared with World Bank assistance.

The relative merits of low-trophic-level culture (carps) versus high-end carnivores (intensive
shrimp, sea bream) are a matter of ongoing debate. Intensive culture may be highly profitable but
has relatively high risks and a high resource budget. In contrast, most low-trophic-level products
are typically low-value herbivores or omnivores, yielding modest profits but requiring ample
pond or water space—capital that the poor may not possess. Their culture may not be sufficiently
viable to lift small producers out of poverty, although it may be highly desirable from a food
security and environmental services standpoint. Thus, as demonstrated by the shrimp farms in
West Bengal, there is an appreciation that the culture of high-value fish for export may be a more
viable strategy than the culture of low-value food fish for local markets. The strategic approaches
in Asia also recognized that the benefits of aquaculture accrue along the production chain—there
are poor producers and poor consumers—and employment in processing and services may exceed
on-farm employment.

Recommendation. The international community can assist client countries to implement a
suite of measures and supports for pro-poor aquaculture. These measures may include
opening access to public waters for the landless, providing for nucleus estate
arrangements as a condition of commercial concessions, integrating public works such as
roads and canals with the needs of aquaculture, and providing for extension services and
access to finance. It can also promote equitable trade in cultured fish products and
address the effects of unwarranted trade barriers on poorer fish farmers.



Knowledge Generation and Dissemination

Agquaculture in Asia has benefited from sustained public support for technology, innovation, and
knowledge dissemination under national and regional partnerships. Advances in fish seeds, fish
nutrition, and control of fish diseases have been fundamental, and any country aspiring to create a
competitive modern aquaculture industry must establish and maintain the required knowledge
infrastructure.

Seeds. Advances in seed production have been the springboard of aquaculture. An increasing
number of species are being domesticated—their reproduction understood and controlled and
their reliance on wild seed reduced. Breeding programs such as GIFT, with an internal rate of
return (IRR) of 70 percent, have catapulted productivity to new levels. The growth rate of catfish,
scallops, and shrimp has increased by 10 percent per generation. The cost-benefit ratio for
Norway’s salmon breeding program was 1:15. Today, only about 1 percent of aquaculture
production is based on genetically improved fish, highlighting the potential for the creation of
improved breeds. Dissemination of improved seed is equally important; for example, inbreeding
has reduced the growth rate of Chinese carps by 20 to 30 percent. Such improvements, however,
must be accompanied by risk assessments and the application of codes of practices and safeguard
policies.

Feeds and fish nutrition. Availability of feeds is a major constraint to aquaculture in developing
countries. Peri-urban aquaculture benefits from the use of local wastes, while a wide range of
polycultures and integrated agriculture-aquaculture systems (for example, fish in association with
rice, pigs, or ducks) offer feed options for rural areas. The vast proportion of aquaculture
production occurs at the lower trophic levels—carnivorous fish account for less than 8 percent of
farmed fish production. Aquaculture uses about 56 percent of global fish meal production and 81
percent of global fish oil supplies. Because there are no prospects of significantly increasing fish
meal and oil production, and given the rapidly rising prices of these products, there is an intensive
search for substitutes and increasing use of yeasts and other sources of essential nutrients.

Disease. Heightened risk of disease accompanies intensification. Following a series of disastrous
disease outbreaks, several advances have allowed production to continue to grow. Disease-free
strains are being produced—some as proprietary products. VVaccines have been developed and, in
the case of Norwegian salmon, have reduced the use of antibiotics to negligible levels.

Dissemination. In Asia, new fish culture technologies and capacity building spread through
regional cooperation fostered largely by external assistance, including NACA, Southeast Asia
Fisheries Development Center (SEAFDEC), and others. This cooperation was marked by
resource pooling, results sharing, and cooperation and trust. Each initiative built on another,
which ensured uptake and continuity after project assistance ended. Developing effective
producer organizations is another cost-effective approach to increasing knowledge, achieving
economies of scale, capturing value and promoting better practices, and gaining access to credit
and markets. One knowledge dissemination model, the One-stop Aqua Shop, has been replicated
in several Asian countries.

Capacity building. The experience in Asia shows that the corporate world was again a key to
acquiring intangible capital. Companies and producer groups invested not only in training of their
staff, but also in research and innovation. Private demand for technical and scientific skills
complemented external support for capacity building. With public support, formal, vocational,
and informal training built human capacity. Links were established with external centers of
expertise and trainers received needed instruction. Development of social capital through civil



society dialogue, community-based approaches, and comanagement of natural resources all
benefited from sustained support.

Recommendation. The international community can support applied research and
innovation on adapting proven technologies to local conditions and build mechanisms to
pilot and transfer the innovations and knowledge to farmers. Particular attention should
be directed to productivity gains from fish breeding; integrated farming systems; use of
land and water unsuitable for other purposes; and commercially viable and
environmentally sustainable systems that can be readily embraced by the poor and
landless. The international community should continue to support institutions, such as
WorldFish Center (WFC), to exploit innovations in aquaculture, not only at low-trophic
levels and for direct uptake by smallholders, but also in development of local
replacements for critical inputs, such as fish oils, in fish health, and the role of
aquaculture in waste treatment in both closed and open systems.

The Challenge of Aquaculture in Sub-Saharan Africa

In contrast to the rest of the world, per capita fish consumption in this region has declined to
almost half the global average and, despite suitable natural conditions, aquaculture provides only
2 percent of the region’s supply and makes only a minor contribution to economic growth,
employment, and foreign exchange. Past agquaculture development efforts have largely failed
because of weak institutions, poor access to finance, and a heavy reliance on failing government
extension services and seed production. The focus on subsistence aquaculture may have been
misguided, because it often lacked the driving force of market demand and impetus provided by
commercial reality.

There is evidence of a sea change—urban demand is driving production increases and new
commercial producers are capitalizing on export markets opened by capture fisheries. Nigeria,
Madagascar, and South Africa are building the critical mass needed for sustainability, while in
Malawi integrated aquaculture-agriculture has proven the vitality of new subsistence farming
models. African leaders have also recognized this potential, and key elements of a regional
approach have been set out in the New Plan for African Development (NEPAD) Fish for All
Declaration and Action Plan. Sub-Saharan Africa and parts of Latin America can apply the
lessons of Asia across a suite of policies and approaches summarized above.

International Partnerships and Finance

Global investment in aquaculture has been estimated at $75 billion in the 1987-97 period,
compared with a combined World Bank and International Finance Corporation (IFC) investment
in aquaculture-related projects of approximately $1 billion (more than 90 percent in Asia) in a
longer period (1974-2006)). Nevertheless, the international financial institutions have made a
significant contribution to the development of aquaculture, particularly through capacity and
institution building, support for applied research, development of codes of practice, and capital
for investment in the production chain.

Recommendation. In consultation with client countries, the international community
should develop a set of safeguards and guidelines for investment in sustainable
aquaculture that can be applied by the international financial institutions and extended
through the Equator Principles. The safeguards and guidelines would be based on
existing international codes and best practices. They should be designed to facilitate



greater alignment of external assistance, assist developing countries in establishing an
enabling investment climate, and secure responsible foreign direct investment (FDI).

Further studies are warranted to acquire a greater understanding of the dynamics of
private investment in aquaculture and the means by which public and international
support can catalyze private investment in sustainable aquaculture and the transfer of
benefits to the poor.

Sustained support should be provided for well-conceived regional knowledge and
capacity-building networks that may be established in Africa and Latin America and have
a broadly similar role as NACA in Asia.

Client countries and the international community should be made more aware of the
entry points for sustainable aquaculture, including natural resource governance, poverty
alleviation, integrated coastal and water basin management, and waste management.

Sustained support for human capacity building and for the transfer and adaptation of
proven technologies should be an integral part of sustainable aquaculture development
programs.



INTRODUCTION AND APPROACH

The World Bank Group has already recognized the important role of aquaculture, investing
approximately $1 billion (IFC and the Bank) in aquaculture projects or projects with an
aquaculture component. As with any rapidly evolving industry, there are challenges across a
spectrum of policy, social, and technical issues. The challenge of sustainable aquaculture is to
contribute to client country objectives for economic development and food security while
simultaneously addressing poverty reduction and environmental protection.

PURPOSE

The study provides strategic orientations and recommendations for Bank client countries and
suggests approaches for the Bank’s role in a rapidly changing industry with high economic
potential. It identifies priorities and options for policy adjustments, catalytic investments, and
entry points for the Bank and other investors to foster environmentally friendly, wealth-creating,
and sustainable aquaculture.

TARGET AUDIENCE

The audience includes client countries’ policy and decision makers in aquaculture, fisheries, and
natural resource management; as well as individuals addressing poverty issues, agriculture
development, and environmental protection. The target audience also includes food industry and
food trade professionals, the scientific community, development partners, and people engaged in
human capacity development for aquaculture.

DEFINITION OF AQUACULTURE

Aquaculture is the farming and husbandry of aquatic organisms, such as fish,! crustaceans,
mollusks, and seaweed, and the production of freshwater and marine pearls and a variety of other
aquatic species, such as crocodiles, frogs, sponges, and sea cucumbers. FAO defines aquaculture
as follows:

The farming of aquatic organisms in inland and coastal areas, involving
intervention in the rearing process to enhance production and the individual or
corporate ownership of the stock being cultivated.

The definition distinguishes aquaculture from capture fisheries and, in fact, the growth potential
of aquaculture lies primarily in its fundamental differences from capture fisheries—far greater
control can be exerted over inputs and production. In this study, aquaculture is referred to as a
sector.?

APPROACH

The study reviewed current trends in aquaculture and aquaculture projects and programs
supported by the Bank and its client countries, other international financial institutions (IFls), and
donors to assess their roles and impacts. Aquaculture codes, guidelines, legislation, and
recommended practices were examined, as were the roles of the public and private sectors and the
nature of the institutional frameworks for development and management of aquaculture. Two
studies explored Asian experiences in the use of agquaculture for poverty alleviation and in the
transfer of technology and human capacity building. Two additional studies on aquaculture in
Sub-Saharan Africa and in Brazil were complemented by literature surveys and discussions. The
study drew on previous work and work in progress by FAO, WFC, NACA, and the Norwegian
salmon industry.
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The review of status and trends drew on draft global and regional reviews prepared by FAQ® as a
result of a mandate by the FAO Committee on Fisheries (COFI) and its Sub-Committee on
Aquaculture.* The study benefited from a range of studies prepared by WFC and from the
collaboration between the World Bank and other institutions, including FAO and NACA.

The identification, planning, design, and implementation of some 67 projects were reviewed,’
including 30 Bank and 8 IFC projects with an aquaculture component (see annex 3). The study
also examined project evaluations and experiences of other IFls, including the Asian
Development Bank (ADB) and the Inter-American Development Bank (IADB), bilateral and
multilateral development assistance projects (for example, FAO and the United Nations
Development Programme [UNDP]), and private and public sector investments. Aquaculture
components are frequently embedded in projects and programs with a broader scope; for
example, coastal management or rural development. The study extracted the lessons of particular
relevance to aquaculture that are often lost in evaluations that focus on overall project impact or
larger non-aquaculture components.

The analyses used the Project Completion Reports, Implementation Completion Reports, and
similar evaluations of the IFls. Interviews were held with a number of project leaders, or task
managers, division chiefs, and sector managers within the IFC, the World Bank, and IADB. The
review also drew on aquaculture evaluations undertaken by ADB, the Canadian International
Development Agency (CIDA), the U.K. Department for International Development (DFID), the
Danish International Development Agency (DANIDA), the German Agency for Technical
Cooperation (GTZ), the International Fund for Agriculture Development (IFAD), the United
States Agency for International Development (USAID), and FAO. Interviews were held with a
number of Bank task managers and staff involved with aquaculture and coastal management
projects.

The study draws on parallels in other sectors, such as science and technology, livestock, and
agriculture, while forging links to generic policy and planning exercises such as PRSPs and
Country Assistance Strategies (CASS). In the case of Latin America, the study focuses on Brazil
as illustrative of many of the issues facing aquaculture on the continent. Although Chile is Latin
America’s most important producer because of the unique character of Chilean aquaculture
(colder waters and species; for example, salmon, trout, and scallops), this study does not
specifically examine aquaculture in Chile.
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OVERVIEW OF GLOBAL AQUACULTURE TRENDS

The extraordinary growth in aquaculture production is well documented (FAO SOFIA 2005;
FAOQ in press). This section highlights some of the economic, social, and technical dimensions of
this still embryonic sector. Supporting statistical information is provided in annex 5.

EMERGENCE OF A GLOBAL INDUSTRY

The recent expansion of modern aquaculture is marked by several key trends and characteristics
described below. These trends are expected to continue as the enabling environment for
investment in sustainable development expands: as science and technology vyield further
productivity gains, reduce the negative environmental impacts of aquaculture, and enable man’s
intervention and management of marine ecosystems to extend.

Productivity

Technical advances are rapidly increasing aquaculture productivity, tracking a path already
mapped by agriculture and livestock. More intensive production systems are being adopted and
economies of scale are being realized through larger units, at times at the expense of the
smallholder producer. Further productivity gains are being achieved through breeding programs
and by improving fish nutrition. Communications and structural change are shortening the supply
chains as producers interact more directly with retail chains, thus eliminating several layers of
intermediaries. Aquaculture is countering resource constraints with knowledge-based advances
using fewer resources to produce more at a lower cost. Pressures to internalize negative
externalities, such as environmental impacts, may raise costs but lead to a more sustainable
industry in the longer term. Corporate giants like Norway’s $4 billion Pan Fish and Thailand’s
Charoen Pokphand Group (turnover $13 billion) represent cutting-edge endeavors of the
aquaculture industry.

Diversification

The aquaculture sector may be the most diverse of the food production sectors in terms of
species, culture systems, culture environment, type and scale of operation, intensity of practice,
and type of management.® The number of species being cultured is increasing while enhanced
varieties and strains enable further innovations in production systems. From urban fish farms with
recirculating water to seeding of the open oceans, aquaculture presents a challenge to the
elaboration of national and international environmental standards. This diversity of production
systems and selected business models are further described and provided in annex 1 and annex 6.

Key Drivers—Markets and Globalization

Markets are the dominant force driving aquaculture development, adaptation, and innovation.
Price competition, changing consumer preferences, new emerging markets, and compliance with
environmental and sanitary standards are forcing adaptation and productivity gains in a dynamic
global market. New commercial alliances are stripping intermediaries from the production chain
as e-commerce, global product standards, and futures markets replace personal contacts. Strong
producers and the consumers gain at the expense of less-organized smallholder producers at the
far end of extended production chains.

Aguaculture is already a global industry, and developing countries account for 90 percent of

global aquaculture production. Fish is the world’s most traded food with more than half of world
fish trade originating in developing countries, and aquaculture accounts for an increasing
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proportion of this trade (trade statistics do not distinguish between captured and cultured fish).
Price competition between traditional fish producers and increasingly productive fish farmers,
mostly occurring in developing countries, is leading to trade barriers and disputes (box 10).
Increasing consumer awareness, biosafety, and traceability issues are molding domestic and
international markets; and as the yield from capture fisheries falls, the fish supply gap grows,
opening further opportunities for aquaculture.

Modern aquaculture is becoming a knowledge-based industry driven by new technologies,
intensive production, and highly competitive global markets. As in other industries in a phase of
high innovation, developing countries are likely to lag behind without the catalytic actions
designed to help them realize the strategic advantages available during a limited window of
opportunity.

Environment

Many of the environmental and resource-related concerns in aquaculture reflect a young industry
that has grown rapidly in a regulatory void and with a modest underpinning of science.
Aquaculture is a minor environmental offender compared with agriculture and other industries.
While some concerns are legitimate, others often lack balance or have little basis in science. This
has damaged the public perception of the industry and influenced policy. Substantial progress has
been made by both private and public sectors to address the negative environmental impacts of
aquaculture. A range of codes and BMPs provide clear guidance for environmentally friendly
sustainable aquaculture, which in some cases is a net contributor to environmental health (e.g.,
cultured seaweeds and shellfish can serve as an important nutrient sink).

Lessons from Agriculture

The recent history of aquaculture parallels that of agriculture; however, it is contracted into
decades rather than spread over millennia. Just as the forests of Europe were felled for farmland,
the aquatic wilds are being converted to aquatic farms at an accelerating pace and scale. Thus,
aquaculture simultaneously poses the risks of transformation of entire wild ecosystems and the
promise of managed aquatic ecosystems. However, aquaculture differs markedly from agriculture
and livestock production in several fundamental ways. Water, the medium of culture, greatly
facilitates the inadvertent transmission and spread of wastes, diseases, and genetic material,
including introduced species and strains. Unlike terrestrial ecosystems, aquatic, and in particular
marine ecosystems, are often more complex and certainly less understood. Aquaculture poses a
range of threats to aquatic biodiversity, and control over breeding and reproduction of farmed
species is substantially more difficult than in the case of most livestock.

PRODUCTION, MARKETS, AND TRADE

Production

Aguaculture has grown at an annual average rate of 10 percent since the mid-1980s, reaching
59.4 million tons with a farmgate value of $70.3 billion in 2004 (table A5-1). Production of
aquatic animals (excluding aquatic plants) for 2004 is reported to be 45.5 million tons (farmgate
value of $63.4 billion). Aquaculture accounted for an estimated 43 percent of the global food fish
supply in 2004. In comparison, since the 1980s, capture fisheries have averaged an annual growth
rate of less than 2 percent, and its contribution to direct human nutrition has actually declined by
about 10 percent, partly because of an increase in the proportion of lower-value species, typically
used to produce fish meal for animal feed. Approximately one-third of capture fish production is
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directed to nonfood use such as fish meal; in the near future, aquaculture is likely to provide half
of the fish used for direct human consumption.

Low-income food-deficit countries (LIFDCs) accounted for 83 percent of production in 2003.
Asia leads world production with 89 percent of aquatic animal production by quantity and 80
percent by value in 2003. China’ accounted for 67 percent and 49 percent of global production by
guantity (table 1) and value, respectively. In 2004, the top 10 producing countries accounted for
88 percent of production (by quantity).

Table 1. Top 10 Producer Countries by Quantity and by Unit Value in 2004

By Quantity By Unit Value
uUss$
Country million tons % millions % $000s/ton Country $000/ton

China 30.6 | 67.3 30,870 48.7 1.01 | Australia 6.61
India 25 5.4 2,936 4.6 1.19 | Colombia 4.61
Vietnam 1.2 2.6 2,444 3.9 2.04 | Ecuador 4.59
Thailand 1.2 2.6 1,587 2.5 1.35 | Turkey 4.21
Indonesia 1.0 2.3 1,993 3.1 1.91 | Chile 4.15
Bangladesh 0.9 2.0 1,363 2.2 1.49 | Japan 4.13
Japan 0.8 1.7 3,205 51 4.13 | Greece 3.77
Chile 0.7 15 2,801 4.4 4.15 | Brazil 3.58
Norway 0.6 1.4 1,688 2.7 2.65 | Mexico 3.27
United
States 0.6 1.3 907 14 1.50 | ltaly 3.10

Source: FAO Fishstat, March 2006.

Since 1970, aquaculture production in developing countries has increased at an average annual
rate of 10.4 percent (7.8 percent if China is excluded) compared with a 4 percent growth rate in
developed countries (figure A5-1). The uneven growth of aquaculture in developing countries and
among continents (see figure A5-5) is due to the lack of tradition in fish farming, technical or
institutional difficulties, and weak supportive knowledge and applied research base. This is the
case particularly in Africa and some countries of Latin America, where development potential is
high but remains unrealized.

Despite being the focus of much attention, carnivorous fish account for only 7.1 percent of
production (table A5-2). Species that feed low in the food chain dominate production (by
volume): omnivores/herbivores, such as carps (34.4 percent); filter feeders, such as mussels (35.4
percent); and photosynthetic plants (22.9 percent). Although more than 230 species are cultured
commercially, 10 species account for almost 70 percent of all production. Freshwater aquaculture
(such as carps) provided the greatest quantity of aquatic animal production (57 percent in 2003)
and marine production contributed 36 percent (figure A5-4). Although brackish-water production
(such as shrimp) accounted for about 7 percent of the quantity produced in 2003, it contributed
15.3 percent of the value of production.

Employment. Aquaculture production employs more than 12 million people in China, Indonesia,
and Bangladesh alone (FAO 2006, in press). Many of these people are rural dwellers and some,
such as collectors of wild seed, are among the poorest and most marginalized. Upstream and
downstream employment ranges from opportunities at specialized feed mills and genetics
laboratories to the aquarium trade and local marketing.
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Supply and Consumption

Fish provided more than 2.6 billion people with at least 20 percent of their average per capita
intake of animal protein in 2001 (FAO 2004), equivalent to almost 16 percent of the total world
animal protein supply. The worldwide average per capita supply from aquaculture has increased
from 0.7 kilograms (kg) in 1970 to 6.7 kg in 2003 (an average annual growth rate of 7.2 percent),
reflecting an increase in food fish production by more than 500 percent since the early 1980s,
compared with an increase of less than 60 percent for meat (excluding milk products) in the same
period. Per capita supply in China was 27.7 kg in 2002, compared with the global total of 16.8 kg.
Per capita supply in LIFDCs (8.5 kg) is approximately half the global level (table A5-6). In
China, more than three-quarters of the food fish supply comes from aquaculture: the share from
aquaculture in the rest of the world is considerably lower, 20 percent in 2003, but is increasing.

The share of aquaculture Figure 1. Global Population and Fish Food Supply from Fish Capture
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Trade

International trade in fish and fishery products has grown from $15 billion (exports) in 1980 to an
estimated 71 billion in 2004, and about 37 percent of world fishery production is now traded
internationally. Developing countries accounted for 48 percent ($30 billion) of global exports
with net earnings of $20 billion in 2004. LIFDCs accounted for 20 percent of exports ($13
billion) and imports were $4 billion—export earnings from fish appear to be paying for food
imports in some LIFDCs (Ahmed 2004). The developed countries absorbed more than 80 percent
of exports.

FUTURE SUPPLY AND DEMAND PROJECTIONS

The rising demand for food fish is driven by population growth, higher incomes, and urbanization
in developing countries. With production from wild fish stocks at or near its limits, aquaculture is
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foreseen as the only major source of additional supplies. In three different scenarios of stagnating
capture fishery production, aquaculture output must grow by between 1.4 and 5.3 percent per year
to bridge the projected future supply gap (table A5-5) and provide the estimated 70 million tons
of food fish required by 2020. Aggregate production targets of selected countries® suggest that
these global forecasts may have underestimated the future supply of fish from aquaculture and
emphasize the key role and potential of such countries as China, Brazil, and Chile.

Asia is projected to continue to produce the bulk of aquaculture output to 2020 and continued
expansion is predicted in Latin America, the Caribbean, and Africa, albeit from a much lower
base. In many Asian countries, there is a relatively high price and income elasticity for fish
consumption (Ahmed and Lorica 2002), suggesting that with the increase in disposable incomes,
consumer demand for fish will increase at a higher rate than that of other staple foods such as
meat. Rising incomes in China and India, two of the most populous Asian nations and the top two
aquaculture producers, is likely to spur the aquaculture industry to meet this rising demand.
Already in China, there has been a rapid rise in the production of high-value species—all for the
domestic market. Similar changes are likely to occur with increasing frequency elsewhere (De
Silva 2001). For example, Vietham plans to produce 2 million tons by 2010, generating $2.5
billion in exports and 2 million jobs in aquaculture.

Food fish prices in developing countries can decline as more productive culture systems are
adopted. In Bangladesh, the Philippines, Thailand, China, and Vietnam, adoption of improved
strains reduced tilapia prices by 5-16 percent (Dey 2000). This mirrors similar developments in
the price of farmed Atlantic salmon, sea bass, and sea bream brought about by increased
production efficiency through genetically improved strains, higher feed efficiency, and more
effective disease control. Innovations have a compounding effect—each innovation feeding off
another across a broad swathe of technologies, sciences, and production systems, generating
further investment in aquaculture technology and innovation. Rising energy prices may place
wild fish products at a competitive disadvantage compared with cultured products, and growth in
aquaculture, predicated on substantial productivity gains, presents the most attractive scenario for
increased supplies of low-value food fish. Furthermore, aquaculture can deliver more
homogenous cultured products to markets in a timely manner and, because of its social
importance, growing support for smallholder aquaculture may stimulate production.

THE ROLE OF EXTERNAL ASSISTANCE AND THE INTERNATIONAL FINANCIAL INSTITUTIONS

Market-driven private investment has been the engine of growth in aquaculture, and this growth
would have occurred irrespective of the external assistance. Global investment in aquaculture has
been estimated at $75 billion in the 1987-97 period, while the combined World Bank and IFC
investment in aquaculture-related projects was approximately $1 billion in a longer period (1974-
2006).

Between 1978 and 1983, total external assistance to aquaculture development is estimated at $368
million (Josupeit 1985), of which $190 million (52 percent) originated from the three major
international development banks (World Bank, ADB, and IADB). During this period,
development assistance to aquaculture increased from 8.5 percent to 17.5 percent of the total
allocated to the fisheries sector. Between 1988 and 1995, official aid for aquaculture development
amounted to $995 million, of which development banks financed 69 percent. By 1995, the
development banks dominated, accounting for 92 percent of external funding (FAO 1997b). Asia
accounted for 65 percent of the investment commitments (38 percent of the projects); Africa
accounted for 16 percent of commitments and about 25 percent of the projects.
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The total value of Bank investment in 24 projects with aquaculture components in the period
from 1974 to 2006 was $898 million. The value of total loans approved was just over $1 billion®
(see table A3-1 for a listing of projects) and aquaculture is considered underrepresented in the
Bank’s portfolio relative to its weight in the portfolios of ADB and IADB (Chobanian 2006). Of
greater concern is the skewed nature of the Bank’s aquaculture portfolio in terms of both
geographic distribution and performance (see table 2). Asian countries (greater than 90 percent of
loans by value), and China in particular, have received repeated loans for projects that generally
have been judged merely satisfactory. Natural disaster (floods) affected one project in China, and
the aquaculture credit component of an Indonesian project failed.

Table 2. World Bank Projects with Aquaculture Components

Latin
Region Asia Africa America Other Total

Project cost® $ millions 1,052 37 58 2 1,150

percent 91.5 3.2 5.0 0.2 100.0
Number of projects Total 23 4 1 1 30

Ongoing 3 0 0 1 4

Dropped 0 1 1 0 2

Completed 21 3 0 0 24
Outcomes Successful 14 1

Partially successful 2 1

Unsuccessful 2 1

Not available 3 0 1

Source: WB projects database, 2006.
Note: For details, see table A3-1.
a. Includes approved loans not drawn down.

In contrast, in Latin America and Africa, issues of internal policy coordination (Mexico) and
donor alignment (Malawi) have prevented drawdown of approved loans. Of the three non-Asian
projects for which completion reports are available, one (Ghana) was rated satisfactory, another
(the Arab Republic of Egypt) was partially satisfactory, and a third (Kenya) was unsatisfactory. In
Kenya, the aquaculture component was abandoned when key counterpart personnel were
withdrawn. At the appraisal stage of the Mexican project, the government rejected the
establishment of an aquaculture fund. While the reasons for project success and failure are
complex, it is likely that the distribution of scarce in-house technical expertise in aquaculture
shaped both the success and failure of the Bank’s portfolio and its geographic composition. The
portfolio review uncovered only three instances in which a comprehensive Bank aquaculture
sector study'® led to environmentally sustainable projects. Preparatory studies were at times
cursory or poorly conceived and, as a result, some projects were neither well designed nor
effectively implemented. In addition to the loan portfolio, through the Consultative Group on
International Agriculture Research (CGIAR), the Bank supports the work of the WFC by
providing a grant on the order of $1 million per year.

IFC has invested in five projects in the aquaculture sector between 1998 and 2006 and approved
$71 million in loans to assist aquaculture development (table 3 and table A3-2). Shrimp
production accounts for 100 percent of these loans. A review of available outcomes indicates that
the projects have had varying success. For instance, IFC financed a pioneer shrimp-farming
project in Madagascar in the early 1990s, and by 1998 the farm accounted for 17 percent of the
country’s total shrimp production (by value) and 11 percent of the employment in the sector. IFC
also supported the largest shrimp farm in Honduras following the devastation caused by the 1997
hurricane., providing an additional 1,000 jobs and training in BMPs in shrimp farming. However,
the environmental management performance of a similar IFC shrimp-farming project in Belize
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was considered less than satisfactory and failed to demonstrate compliance with IFC and Belizean
environmental requirements.

Table 3. Recent IFC Aquaculture Loans by Region

IFC Loans
Region (US$ million) Percent Number of Loans
Africa 6.4 9 1
Asia 45 63 1
Latin America 20 28 3
Total 71.4 100 All shrimp culture projects

Source: IFC, 2006.

Of particular interest is a pipeline project in Indonesia. The shrimp-farming project refinances an
existing nucleus estate and develops additional infrastructure. The farm concession covers an area
of more than 20,000 hectares (ha), of which 25 percent is used for fishponds and supporting
structures (roads and canals). More than 3,100 of the 3,750 ponds are owned and operated by
smallholders under a form of contract farming. The production costs under this model are
between 15 percent (for Penaeus vannamei species) and 99 percent (for Penaeus monodon)
below the production costs of production in other IFC-financed projects.

The important roles of several other donors and agencies, including UNDP, FAO, Japan
International Cooperation Agency (JICA), and CIDA, are further explored in the discussion on
technology transfer and capacity building (see section 4, Technology Transfer and Capacity
Building, and annex 4, The Regional Framework for Science and Technology Transfer in Asia).
The development of GIFT by the International Center for Living Aquatic Resource Management
(ICLARM, now WFC) in collaboration with Norwegian scientists showed an estimated economic
internal rate of return of 70 percent on ADB’s investment.
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AQUACULTURE, ENVIRONMENT, AND HEALTH

THE IMPACT OF AQUACULTURE ON THE ENVIRONMENT

Responsible aquaculture can provide environmental benefits, while unbridled and irresponsible
aquaculture can cause a range of adverse environmental impacts (table 4).

Table 4. Environmental Costs and Benefits of Aquaculture

Negative Environmental Impacts of Environmental Benefits from
Irresponsible Aquaculture Responsible Aquaculture

e Loss or degradation of habitats such as Agricultural and human waste treatment
mangrove systems Water treatment and recycling

e  Salinization of soil and water Nutrient and heavy metal sink

e Coastal and freshwater pollution; for example, Pest control
contamination of water and fauna through misuse Weed control
of chemicals and antibiotics Disease vector control

e Alteration of local food webs and ecology Desalinization of sodic lands

e Depletion of wild resources and biodiversity for Recovery of depleted wild stocks
seed or broodstock Preservation of wetlands

e Spread of parasites and diseases to wild stocks

e Depletion of wild genetic resources through
interactions between wild populations and
cultured populations

e Impacts of introduction of exotics (deliberate or
inadvertent)

Source: Author.

Physical Alteration of Land and Habitats

Massive introduction of ponds, cages, or rafts intensifies competition for land, leads to loss of
esthetic values, and conflicts with other use of aquatic spaces for fishing, recreation, tourism, or
navigation. It can also radically alter ecosystem function and highlights the need for integrated
coastal zone management (ICZM) and similar instruments for water basin planning.

As a result of the destruction of mangrove 