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Foreword

The Network of Aquaculture
Centres in Asia-Pacific (NACA) and
the Food and Agriculture
Organization of the United Nations
(FAO) are pleased to make widely
available Aquaculture in the Third
Millennium, the Technical
Proceedings of the Conference on
Aquaculture in the Third
Millennium. It is the third major
report from the Conference; the
others are the Bangkok Declaration
and Strategy for Aquaculture
Development Beyond 2000 that
was published in April 2000 and the
Report of the Conference, published
in December 2000. As with the
previous two reports, these
Technical Proceedings are available
on the Websites of NACA and FAO.

Together, the three reports present
a potent source of knowledge of the
past, present and future status of
world aquaculture, in-depth
discussion of experience and ideas
on how to reach the desired goals
for the future of aquaculture, and
inspiration to achieve this potential.
Preparing and organizing the
Conference was an undertaking
buoyed significantly by the
enthusiasm and cooperation that
marked everyone’s efforts and
input on an international scale.

The Conference was held in

actions suggested in the Bangkok
Declaration and Strategy. Among
the tasks achieved was the
formulation of NACA’s Work
Programme for 2001-2005, which
incorporates salient
recommendations of the
Declaration and Strategy. Likewise,
FAO convened a meeting at its
regional headquarters in Asia-
Pacific immediately after the
Conference. This included
aquaculture experts from many
parts of the world, who proposed
constitution of a sub-committee on
aquaculture within the FAO
Committee on Fisheries (COFI),
and outlined ways to implement the
Conference recommendations,
particularly those with inter-
regional implications.

These modest first steps are
intended to pave the way for many
more initiatives to be taken to get
the objectives outlined in the
Bangkok Strategy “on the road”
and “into the water”. In the one-
year period during which these
Technical Proceedings were being
edited, many more steps have been
initiated. As with the
implementation of the Millennium
Conference, NACA and FAOQO, in
cooperation with other concerned
organizations, institutions and
agencies, have started to forge
ahead to assist aquaculture



Bangkok between 20-25 February,
2000, and generously hosted by
the Government of Thailand with
major support from six
organizations and agencies whose
names and corporate logos appear
on the back cover of this and the
previous two publications. In
addition to our official hosts and
supporting agencies, many others,
too numerous to mention
individually, helped in countless
heartwarming ways. We reiterate
our deep appreciation for all the
assistance given by each and every
person, group and organization that
enabled the Conference to be held
successfully, and are grateful to
everyone who took part. Your
participation made it possible to
achieve its immediate purpose of
launching the pursuit of the long-
term objectives outlined throughout
these Technical Proceedings.

Regardless of the length of time it
may take to realize our goals for
aquaculture in the third millennium,
the journey starts with the first
step. NACA and FAO have taken
those initial steps. The day after
the Conference, Asian government
representatives to the Governing
Council of NACA met to map the
immediate and long-term

Hassanai Kongkeo

Coordinator

Network of Aquaculture Centres in
Asia-Pacific (NACA)

stakeholders, especially the
governments and people who
depend on aquaculture for their
livelihoods, to achieve the social,
economic and environmental
sustainability goals embodied in the
Bangkok Declaration and Strategy.
Our optimism, that these goals are
realistic and attainable, is firmly
founded on the dedication and
drive shown by all sectors involved:
farmer cooperatives and agencies,
regulators, policymakers and
planners, scientists, workers of non-
governmental organizations, and
other aquatic resource users. This
optimism is further reinforced by a
new wave of international
collaboration, which clearly reflects
increased recognition that
sustainable use of our aquatic
resources can only be achieved
through vigorous and combined
efforts.

These Technical Proceedings reflect
this unity of effort. They also
emphasize the openness of
communication, singularity of
purpose, and wisdom to adapt to
dynamic aquatic systems and social
conditions. It will be this flexibility,
guided by principles founded on the
common good, that will allow us to
make optimal and sustained use of
the aquatic environment, to which
we are linked and on which we, and
all who follow us, depend.



Bangkok

Ichiro Nomura
Assistant Director General
Fisheries Department
FAO Rome



From the Editors

We, the editors of Aquaculture in
the Third Millennium, the Technical
Proceedings of the Conference on
Aquaculture in the Third
Millennium, would like to
acknowledge the tremendous
undertaking - and satisfaction -
that this responsibility entailed for
both the authors and us. Concept
to compilation took a mere two
years, but this final product
embodies years of experience and
a vast range of expertise on the
part of all contributors. An
“"Advance Copy” was produced for
limited pre-publication circulation at
the 24th Session of the Food and
Agriculture of the United Nations
(FAO) Committee on Fisheries
(COFI) meeting in Rome, from 26
February to 02 March 2001.
Following one more proof and style
review, this final document was
published in June 2001.

The Editorial Team was faced with
the task of compiling information
and manuscripts submitted by the
authors, in many cases comprising
writing teams whose members are
working in various parts of the
world. Editorial style was based on
standard FAO editorial guidelines,
however, Keynote Addresses and
some Plenary Lectures are
published as submitted, due to the
narrative presentation of the talks
given at the Conference. The

Every effort was made to protect
the sense and opinions expressed
by the author(s), and editorial
changes and questions were made
in consultation with them. Every
manuscript has been proofed by its
authors or at least by the senior
author. We thank everyone for
their prompt and gracious
responses to the numerous,
repeated and often insistent
requests for more information or
clarification. Despite the close and
repeated scrutiny described above,
however, errors may still emerge
for which we, the editors, take full
responsibility and apologize in
advance.

The Editors

Rohana P. Subasinghe

Senior Fishery Resources Officer
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Thematic Reviews were edited for
language, style and technical
consistency. The Regional Reviews
and the Global Synthesis were
subjected to the same editorial
review, in addition to standardising
production data and statistical
presentations. Tables, figures and
graphs were also standardized for
better visual quality and ease of
comparison. Production figures and
analytical methods were based on
FAO FishStat Plus Version 2.3
(2000)1. The editors were assisted
in this task by many staff at FAO
Fisheries Department and the
Network of Aquaculture Centres in
Asia-Pacific (NACA). Significant
acknowledgement is due to: Uwe
Barg, Devin Bartley, Matthias
Halwart, Jiansan Jia, Manuel
Martinez, John Moehl, Melba
Reantaso and Zhou Xiaowei. Felix
Marttin of FAO Fisheries
Department helped with producing
standardized graphs, tables, and
figures. Juancarlos Trabucco helped
in page formatting. The cover page
was designed by Delfin Laforteza
and the credit for final page
formatting, layout design and
desktop publishing goes to Sylviane
Borghesi of the Inland Water
Resources and Aquaculture Service
(FAO/FIRI).
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Introduction

These Technical Proceedings
represent the most comprehensive
and authoritative review assembled
to date of the status of aquaculture
development in the world. This
volume, the third major publication
arising from the Conference on
Aquaculture in the Third
Millennium, contains the
information essential to conduct
well-informed discussion of
sustainable aquaculture
development - both at the
Conference, as well as after. The
conclusions and recommendations
were derived from the following
discussion fora:

e Two keynote papers, one
reviewing the progress of
aquaculture since 1976, when
the first technical conference
on aquaculture was held in
Kyoto, and one looking ahead
to where sustainable
aquaculture should be in 20
years time, including possible
ways to get there;

e One global review of the
status, progress and future
role of aquaculture;

e Nine regional aquaculture
development trends and
reviews, including one
dedicated to China, which
provided the basis for the
global review;

e Five plenary lectures

the regional workshop to
formulate the Asian
aquaculture development
strategy for 2000-2020
conducted by the Network of
Aquaculture Centres in Asia-
Pacific (NACA) in September
1999;

the review of South Pacific
aquaculture by the Secretariat
of the Pacific Community
(SPC), with the assistance of
the International Center for
Living Aquatic Resources
Management (ICLARM);

the reviews on the state of,
and trends in, aquaculture
development in six other
regions, facilitated and
conducted by FAO with the
participation of various
regional organizations;

the review of Chinese
aquaculture developed by the
Bureau of Fisheries of China
(BFC) with inputs from various
centres under the Chinese
Academy of Fishery Sciences
(CAFS), as well as the NACA
Secretariat;

fourteen specialized expert-
led thematic reviews;

a workshop on regional
reviews and global synthesis
of trends in aquaculture
development, held at the FAO
Regional Office in Asia-Pacific
in October 1999;



providing the information
settings for the thematic and
technical reviews; and

e Fourteen thematic (policy-
related and production-
based) reviews.

These all provide basic reference
points on the progress, direction
and magnitude of aquaculture
changes, and the factors associated
with these changes, within global,
regional, sectoral, thematic and
technical perspectives. As a
collective, these offer a holistic
view, thorough analyses and multi-
dimensional perspectives on the
progress of aquaculture, upon
which stakeholders can base
decisions for future development
requirements.

The reviews were prepared in
various fora by individuals or
groups of expert authorities. The
intensive preparatory work
included: organization of expert
consultations, national studies and
workshops; regional workshops;
and an international expert meeting
that refined the draft regional
reviews and initiated the
development of the global
synthesis on trends in aquaculture
development. Specifically, these
included:

e the preparation of the two
keynote papers, the first by
Dr T.V.R. Pillay, who was the
architect of the Kyoto
Aquaculture Conference of
1976, the second by Mr
Jiansan Jia, Chief of the Inland
Water Resources and
Aquaculture Service of the
FAO Fisheries Department;
and

o the development of the five
plenary lectures.

Additionally, technical and
experience papers were submitted
voluntarily, many of which were
presented as posters.

For the purposes of the Conference,
the presentation of the reviews was
arranged in a sequence and
manner that enabled the
Conference participants to develop
a broad understanding of the status
of aquaculture and a systematic
recognition of the key issues
associated with its status. The
program enabled a deliberate,
iterative and participatory process
that allowed every participant
ample opportunity to contribute
constructively to the deliberations,
formulation of conclusions and
recom-mendations, and the
framing of the Bangkok



Declaration and Strategy for
Aquaculture Development Beyond
20001.

The two keynote papers
complemented each other. The first
reviewed the progress made in
development of aquaculture, and
how this has been achieved over
the 24 years since 1976, when the
first conference on aquaculture was
held in Kyoto; the second keynote
reviewed the prospects for
aquaculture development over the
next 20 years, the potential for
sustainable aquaculture
development, and the mechanisms
by which this potential can be
achieved. Following the keynote
papers, during the first day of the
Conference, eight regional reviews
of aquaculture development status,
trends and issues were presented,
along with those within China and a
global overview which was largely,
but not wholly, the synthesis of the
regional reviews. The plenary
lectures were delivered prior to the
thematic sessions, their purpose
being to provide the context and
setting for issues to be described
and analysed by the reviewers
undertaking the thematic reviews.
The platforms for discussion were
divided into eight thematic sessions

Vii

In addition to the Bangkok
Declaration and Strategy, the
recommendations of the thematic
sessions were brought together in
the Reportof the Conference on
Aquaculture in the Third
Millennium?2. The recommendations
were developed by the members of
the session panels and other
specialists present at the
conference, presented in plenary
workshops, redrafted, and refined
through post-conference
consultation by correspondence
among the panel members and
interested participants. These
provide a comprehensive set of
recommendations on key issues to
address for the future development
of sustainable aquaculture.

The three publications produced
from this Conference are
complementary. Together, they
provide a useful reference for
anyone with an interest or stake in
aquaculture development.
Moreover, they underline the need
for direction towards higher
production within the bounds of
sustaining the aquatic resource
base upon which aquaculture
depends (habitat, water quality,
stock resources). The Conference
also emphasized the benefits from



covering policy-related issues, such
as legal frameworks, stakeholder
involvement etc., and six sessions
addressing technical issues, such as
health, nutrition and genetics. The
results of these discussions,
specifically the conclusions and
recommendations, were presented
in plenary workshops and subjected
to further deliberations. These
conclusions and recommendations
were further synthesized by a multi-
national, multi-sectoral and
multi—disciplinary Technical

Drafting Committee into a draft
Bangkok Declaration and Strategy.
The Draft was discussed and
adopted at the final plenary
session. After being subjected to a
post-conference public review over
a period of one month, it was
refined and published.

equitable distribution of the income
and products generated by
aquaculture. These have to support
not only those who work directly
for the sector, but also the rural
communities and socio-economic
dependants upon which
aquaculture is developing.
Sustainability is not only founded
upon, but also best supported by,
well-nourished and educated
workforce communities.

lhttp://www.fao.org/fi/statist/fisoft/fishplus.asp

1 NACA/FAOQO. 2000. Aquaculture Development Beyond 2000: the Bangkok
Declaration and Strategy. Conference on Aquaculture in the Third Millennium,
20-25 February 2000, Bangkok, Thailand. NACA, Bangkok and FAO, Rome.
27pp. http://www.fao.org/fi/default.asp, www.eNACA.org

2 NACA/FAO. 2000. Report of the Conference on Aquaculture in the Third
Millennium. Conference on Aquaculture in the Third Millennium, 20-25
February 2000, Bangkok, Thailand. NACA, Bangkok and FAO, Rome. 120pp.
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Part I - Keynote Addresses

Aquaculture Development:
From Kyoto 1976 to Bangkok 2000
Keynote Address I

T.V.R. Pillayl

45/1 Palace Road, Bangalore, India

Pillay, T.V.R. 2001. Aquaculture development: from Kyoto 1976 to Bangkok
2000, Keynote Address I. In R.P. Subasinghe, P. Bueno, M.]. Phillips, C.
Hough, S.E. McGladdery & J.R. Arthur, eds. Aquaculture in the Third
Millennium. Technical Proceedings of the Conference on Aquaculture in the
Third Millennium, Bangkok, Thailand, 20-25 February 2000. pp.3-7. NACA,
Bangkok and FAO, Rome.

ABSTRACT: During the intervening period of 24 years between the Kyoto
Conference and the Bangkok Conference, aquaculture has gone through
major changes in many areas, ranging from a small-scale homestead-level
activity to large-scale commercial farming. Against the erstwhile perception of
aquaculture as an insignificant subsistence activity, aquaculture production in
some areas has, in fact, exceeded landings in capture fisheries. The Kyoto
Conference adopted the Kyoto Declaration on Aquaculture that underlined the
real potential for future development into a major industry. Its specific
recommendations, addressed to those that were responsible for the
development of the sector, covered the areas of increasing production and
raising the profile of aquaculture in government development plans and
private-sector investment priorities, investment and aid for aquaculture
development, transfer of technologies and pilot projects, and coordination
and integration of research. The Kyoto strategy was to infuse more science
into traditional aquaculture practices, spread improved technologies and
develop manpower through cooperation among developing countries. The
strategy thus included the establishment of regional networks of aquaculture
centres in developing regions to be subsequently converted into
intergovernmental organizations. One of those networks was the Network of
Aquaculture Centres in Asia-Pacific (NACA).



KEY WORDS: Aquaculture, Kyoto Conference, Aquatic production,
Development, Global trends, Regional trends, Asia

Introduction

The two landmark events in the
recent history of aquaculture are
the holding of the FAO Technical
Conference on Aquaculture in
Kyoto, Japan in 1976 and the
Conference on Aquaculture in the
Third Millennium in Bangkok,
Thailand, in the year 2000. During
the intervening period of 24 years,
aquaculture has gone through
major changes, ranging from small-
scale homestead-level activities to
large-scale commercial farming.
Over-production has also occurred,
leading to dumping in foreign
markets and the imposition of tariff
barriers. Against the erstwhile
perception of aquaculture as an
insignificant subsistence activity,
aquaculture production has
exceeded landings from capture
fisheries in many areas. Both
Conferences were designed to take
stock of elements that are relevant
to the future of the sector and to
recommend action plans to be
implemented by identified public-
sector entities.

The regional workshop reports and
subject matter reviews were
intended to lead to vision
statements and action plans to
solve envisaged problems.

The Conference was convened at a
time when many organizations had
an interest only in capture
fisheries, in the belief that only well-
managed natural stocks can
support fishery industries.
Aquaculture production was
perceived as an insignificant
contributor to food security. It was
believed that aquaculture would
survive only as a small-scale
industry, contributing to rural
development in developing
countries. Although the Conference
was essentially focused on the
potential of aquaculture in meeting
the objectives of rural
development, it was decided to
adopt a general Declaration that
underlined the real potential for
future development into a major
industry. This Declaration came to



The first and only FAO Technical
Conference on Aquaculture was
held, along with an international
festival of educational and
documentary films, in 1976 in
Kyoto. Over 463 delegates
nominated by member
governments participated in the
Conference. It brought together all
interests directly concerned with
aquaculture development:
scientists, administrators,
industrialists, financiers and
representatives of academic and
private institutions in member
countries. The main documentation
of the Conference, which was held
in 12 consecutive sessions,
consisted of 38 review papers and
82 experience papers, copies of
which were made available to
participants before each session to
enable in-depth discussion in panel
sessions. The distinguishing feature
of this Conference was that there
were no oral presentations by the
authors. Instead, each session
facilitated interaction between the
audience and the selected panel
members. Recommendations from
these sessions, as far as possible,
were directed to the agencies
concerned for implementation. The
accepted papers were published in
a volume entitled Advances in
Aquaculture (Pillay and Dill, 1979).

Regional workshops that preceded
the Conference discussed plans for

be known as the Kyoto Declaration
on Aquaculture, to distinguish it
from subsequent Kyoto declarations
or protocols.

Kyoto Declaration on
Aquaculture

Since the Declaration formed the
basis of the Action Plan that
followed, I may take the liberty of
quoting in toto the Declaration that
was adopted by the Conference
(FAO, 1976). It declared:

e That aquaculture has made
encouraging progress in the
past decade, producing
significant quantities of food,
income and employment; that
realistic estimates place future
yields of food at twice the
present level in ten years, and
five times the present level in
thirty years, if adequate
support is provided.

e That aquaculture,
imaginatively planned and
intelligently applied, provides
a means of revitalising rural
life and supplying products of
high nutritional value, and
that aquaculture, in its various
forms, can be practised in
most countries, coastal and
landlocked, developed and
developing.

e That aquaculture has a unique
potential contribution to make
to the enhancement and



development of aquaculture in each
of the member countries, and
identified those that could be
accomplished by national efforts
and those that required regional
cooperation to ensure speedy
implementation with the available
resources.

e That aquaculture can, in many
circumstances, be combined
with agriculture and animal
husbandry with mutual
advantage, and contribute
substantially to integrated
rural development.

e That aquaculture provides
intellectual challenge to skilled
professionals of many
disciplines, and a rewarding
activity for farmers and other
workers at many levels of skill
and education.

e That aquaculture provides
now, and will continue to
provide, options for sound
investment of money,
materials, labour and skills.

e That aquaculture merits the

maintenance of wild aquatic
stocks and thereby to the
improvement of capture
fisheries, both commercial and
recreational.

e That aquaculture forms an
efficient means of recycling
and upgrading low-grade food
materials and waste products
into high-grade protein-rich
food

million mt as the 1976 world
production, based on the available
information from government
sources. In less than two decades,
the recommended figure was
exceeded. Production reached an
impressive 27.2 million mt in 1995,
and subsequently, over 36 million
mt in 1998. Aquaculture thus
became the main growth sector of
the fishery industry, contributing
nearly 30 percent of the world
production from fisheries by 1998.

Investment and aid for
aquaculture development

Recognising that over-capitalization
and increased fishing effort are
problems facing the fishing



fullest possible support and
attention by national
authorities for integration into
comprehensive renewable
resource, energy, and land
and water use policies and
programmes, and for ensuring
that the natural resources on
which it is based are
enhanced and not impaired.

e That aquaculture could benefit
greatly from support and
assistance from international
agencies, which should include
the transfer of technology,
actively planned and
executed, with research
carried out in centres
representative of the various
regions concerned.

Recommendations and
their implementation

In furtherance of the policy implicit
in the Declaration adopted by the
Conference, the Conference made a
number of specific
recommendations to those who
were responsible for the
development of the sector.

Increasing production

Noting that there are a number of
proven aquaculture systems that
could be expected to expand
production, governments were
urged to give high priority to
aquaculture development in

industry, many national
governments, including those of
major fishing nations, have
accorded higher priority to
aquaculture development,
especially in order to reduce fishing
pressure on exportable species.
Inclusion of aquaculture in rural
development has achieved
considerable importance in aid
projects. Strengthened extension
services, organized independently,
or as part of agriculture extension,
have helped in promoting
aquaculture in rural areas. National
and regional centres have provided
training of core personnel, such as
extension workers, as also
recommended by the Conference.

Till recently, before environmental
issues gained prominence, private
investments, as well as institutional
financing from national
development banks and donor
agencies, gave considerable
support to aquaculture projects.
The statistics of external support,
however, are very sketchy. In the
six-years from 1988-1993, more
than US$910 million is reported to
have been committed in loans and
grants for aquaculture from
external sources. Thus the average
annual input of aid is estimated to
be about US$152 million during the
same period. Investment in
aquaculture from national sources
is obviously much greater.



national planning, and
governments and the private sector
were recommended to promote
aquaculture-production projects to
increase harvests to a minimum of
five-fold over the next three
decades.

Even though regular compilation of
aquaculture statistics started in the
Food and Agriculture Organization
of the United Nations (FAQO) only in
1984, the Conference had taken a
figure of 6.1

Several pilot-scale and commercial
projects had been carried out,
however, on shrimp farming; cage
farming of valuable fish species like
salmon, trout, seabass and
seabream; pond farming of turbot,
strains of selected tilapia, and giant
freshwater prawn; raft systems for
growing oysters and mussels;
scallop farming in lantern-type
cages; and seaweed farming.

Transfer of technologies and
pilot projects

Another recommendation
emanating from the Kyoto
Declaration relates to the expected
expansion of aquaculture
production through transfer of
existing technologies,
improvements of technologies and
development of new technologies.
Based on reviews of aquaculture
world-wide, the Kyoto Conference
noted that considerable basic
information on new aquaculture
species and farming systems was
available, but a lack of pilot-scale
model projects to test technical and
economic viability hampered
commercial applications.

Bangkok Conference

In a number of regional meetings,
including those of the Governing
Council of NACA, it was recognized
that it was time to hold a
conference similar to the FAO
Technical Conference, in order to
take stock of the changed scenario
of aquaculture in the last few
decades and identify future



Coordination and integration of
research

Recognising the relevance of
systems-oriented multidisciplinary
research, the Conference
recommended that the diffused
research efforts underway in many
institutions could be made more
productive through coordination
and integration. In implementing
the recom-mendation with regard
to this, it was decided to combine
research, practice-oriented training
and information dissemination. FAO
with the support of the United
Nations Development Programme
(UNDP), attempted to establish
regional networks of Lead Centres
and National Centres to carry out
applied research, training and
information dissemination. The
strategy was to provide external
funding for initiating the network in
each developing region, to be later
converted into inter-governmental
organizations. Long-term training
was recognized by the national
universities as equivalent to their
master’s degree courses.

The first network established, the
Network of Aquaculture Centres in
Asia-Pacific (NACA), was in the Asia-
Pacific, with China, India, Thailand
and the Philippines specialising in
the areas of their major interests.
NACA, as per the original provision,
became an inter-governmental

opportunities and challenges that it
may have to face to achieve its
optimum potentials. Since FAO did
not have such a conference in its
agenda, the Governing Council of
NACA asked its secretariat to take
the initiative in this regard as part
of its five-year program of work, if
possible with FAO cooperation. FAO
Fishery Department proposed that
this Conference be made a world
conference and agreed to
cooperate in its organization.

A preparatory regional workshop
was held for the formulation and
discussion of national development
plans for the countries of the Asia-
Pacific Region. FAO agreed to
arrange for the preparation of
review papers on the state of, and
trends in, aquaculture development
in other regions in order to achieve
a global coverage. These plans and
reviews are meant to delineate the
global opportunities and constraints
that have bearing on the
development of the aquaculture
sector.

This Conference is being organized
together with the Aquaculture and
Sea Food Fair, to focus on the
participation of the private sector in
the development of aquaculture
and allied industries. It is conceived
as a futuristic exercise to envision
the state of aquaculture in the next
millennium and to formulate
strategies for national, regional and



organization when the UNDP
support ended. Networking in Africa
and Latin America had started with
the establishment of lead centres in
the regions. The African lead centre
was established in Nigeria and the
Latin American lead centre in
Brazil. Because of changed
circumstances, efforts to expand
and regionalize the two centres had
to be suspended. The Freshwater
Fish Farming Institute in Szarvas,
Hungary, which received UNDP
support for its expansion, agreed to
function as an inter-regional centre
for long-term fundamental
research.

inter-regional actions. The Kyoto
Conference concentrated, though
not exclusively, on aquaculture as a
small-scale enterprise integrated
with rural development.

Even though aquaculture the world
over is still a small-scale enterprise,
the compulsions of ensuring food
security for the increasing world
population and the need to utilize
the opportunity for international
trade and investment will likely
make large commercial farms
become more common, which may
involve greater use of intensive
farming methods to increase
production and profitability.
Consequently, environmental
concern and sustainability problems
can be expected to intensify in this
new millennium. The growth of
environmental-activist groups and
public-interest litigation may retard
progress, unless the concerned
institutions and agencies give high
priority to the development of
appropriate and tested
technologies.



The correct information has to be
made accessible to aquaculture
practitioners and the general
public. The revolutionary
development of information
technology expected in this new
millennium can facilitate
dissemination of such authentic
information. This is important,
because much of the present-day
opposition to development is
caused by lack of correct
information, or by misinformation.

Technological progress in the next
millennium has to go hand-in-hand
with the social and ethical
acceptability of development
measures. Research and
assessment policies have to be
evolved to suit different socio-
economic conditions.

The reference to overall economic
climate and its impact on the
aquaculture sector would become
evident if investment requirements
and opportunities are adequately
dealt with by the Conference.
Adoption of intensive farming
methods may lead to greater
disease outbreaks. Crop insurance
procedures, regular farm
inspections and maintenance of
disease diagnosis centres will all
become imperative. Though still a
small-scale enterprise, aquaculture
has emerged as the major growth
sector in the fishery industries.
Since one cannot see much scope

This applies not only to the
environmental sustainability of
development, but also to the use of
genetic modification in farming.
Though the maintenance of
biological diversity in ecological
management of aquatic farming is
of special importance, aquaculture
and resource enhancement often
require the transplantation of non-
indigenous species or strains, and
this is likely to increase in the
future as efforts intensify to rebuild
diminishing stocks of commercially
important species.

I do not wish to forestall the
discussion at this Conference and
the agenda of action plans that
may be adopted. I have tried to
pinpoint some of the challenges of
the next millennium that I consider
to be of relevance to this
Conference. I am sure the speakers
that follow will deal with these in
greater detail. I have attempted to
underline the major considerations
needed to arrive at an adequate
vision of the aquaculture sector in
this new millennium, so that
appropriate action plans can be
identified and implemented.
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ABSTRACT: Over the past three decades, aquaculture has developed to
become the fastest growing food production sector in the world; it has
expanded, diversified, intensified and technologically advanced. Its potential
contribution to local food security and livelihoods can be very significant,
especially in remote and resource-poor areas. To attain its full potential to
contribute to human development and social empowerment, the aquaculture
sector may require new approaches. These could vary with countries, and the
challenge is to develop approaches that are realistic and achievable in the
context of current social, economic, environmental and political
circumstances. Such approaches should not only focus on increasing
production; they should focus on producing a product that is affordable,
acceptable and accessible to all sectors of society. The concerns and needs to
be addressed will include increasing the emphasis on aquaculture and
aquafarmers in national development plans to enhance institutional and
financial support to the sector; providing an enabling environment with
appropriate policy, legal and institutional framework to facilitate access to key
development resources such as money and knowledge; stimulating
investments in aquaculture development; producing products in the
acceptable manner for specific consumer preferences and complementing the
efforts of other food production sectors; involving the participation of all



stakeholders in decision making and policy planning; and broad and closer
cooperation among stakeholders, countries and regions. In sum, the
prospects for aquaculture development are bright and envisaged expectations
are achievable. Their achievement can be ensured by creating the
appropriate environments for improved support to producers, enhanced
participation, strengthened networking, better information and regional and

global cooperation.

KEY WORDS: Aquaculture development, Global trends, Regional trends,

Future outlook, Sustainable aquaculture.

Professor Sena De Silva and Dr
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Fellow Participants.

It is my pleasure to be here today,
at this Conference on Aquaculture
in the Third Millennium, to deliver
this Second Keynote Address

entitled “Aquaculture Beyond 2000:

Global Prospects”.

During the last Keynote Address,
Dr. Pillay elaborated the journey
from Kyoto to Bangkok. Dr.
Subasinghe’s Introduction covered
the scope and purpose of the
Conference. In my Keynote, I do
not intend to provide you with a
detailed analysis of specific trends
in the aquaculture sector. They will

Thus, this sector contributes to
food security, poverty alleviation
and social well-being in many
countries. The contributions of
aquaculture to trade, both local and
international, have increased over
the past decades, and its share in
the generation of income and
employment for national economic
development has increased in many
countries.

The world population is on the
increase, as is the demand for
aquatic food products. Production
from capture fisheries at a global
level is levelling off, and most of
the main fishing areas have
reached their maximum potential.
Global fish supply could be
increased through reduction of
discards and better use of by-catch



be covered by the regional and
global trends reviews and the
thematic reviews that will be
presented over the next few days.

Rather, in this Keynote Address, 1
will attempt to look at some broad
global trends, key issues and
constraints, and important
challenges and development
prospects for the future, in realising
the full potential of aquaculture for
humankind. I would like you to
debate, discuss and consider these
“Food for Thought” ideas over the
next few days, in order to achieve
our objectives of the Conference.

In my presentation, I attempt to
cover, briefly, within the given 25
minutes or so, the following:

e Short introduction and an
overview of the aquaculture
sector today;

e Major trends and issues -
where do we stand?;

e Future aquaculture
development - prospects and
outlook; and

¢ Conclusions.

Introduction and overview

Over the past three decades,
aquaculture has developed to
become the fastest-growing food-
producing sector in the world.
Aquaculture has expanded,

for human consumption, e.g. use of
at least part of the catch now going
for reduction to fishmeal and fish
oils. Better management of fishery
resources and enhanced efforts to
protect fishery resources from
accelerating environmental
degradation, particularly in inland
waters and estuaries, may well
contribute to sustained, if not
enhanced, fish supplies in the
medium to long term.

However, aquaculture appears to
have stronger potential to meet the
increasing demands for aquatic
products in most regions of the
world. Potential contributions from
aquaculture to local food security
and livelihoods can be highly
significant, especially in many
remote and resource-poor rural
areas. However, it appears that the
full potential of the aquaculture
sector to contribute to human
development and social
empowerment is yet to be realized,
and the sector may require new
approaches to realize its goals
beyond 2000. These approaches
will undoubtedly differ between
different countries, and depend on
country-specific circumstances and
national development plans, goals
and aspirations. The challenge is to
develop such approaches, which
are realistic and achievable, within
the context of current social,
economic, environmental and
political circumstances. Such



diversified, intensified and
advanced technologically and, as a
result, its contribution to aquatic
food production has also increased
significantly. Aquaculture is highly
diverse and consists of a broad
spectrum of systems, practices and
operations ranging from simple
backyard, small-household pond
systems to large-scale, highly
intensive, commercially oriented
practices. A large proportion of
aquaculture production comes from
small scale producers in developing
countries and Low Income Food
Deficit Countries (LIFDCs).

10

approaches should not focus only
on increasing production; they
should also focus on producing a
product that is affordable,
acceptable and accessible to all
sectors of society.

Major trends and issues -
where do we stand?

Aquaculture is an activity that
produces nutritious, high-value
species using sophisticated
systems; a mechanism for local
food security, rural livelihoods and
poverty alleviation; and a sector
that provides both income (local
and foreign exchange),
employment and food security.



Aquaculture is an income-
generating activity. However, rapid
sector growth has, in some
instances, outstripped planning and
regulatory activities. As a result,
many areas have seen a regulatory
rebound, with disproportionate
requirements as resource use
conflicts have occurred, resource
scarcities have become more
constraining, and demand for
product quality and safety has
increased significantly.
Increasingly, some markets will
consider additional product
attributes, like environmental and
social impacts of production. It may
be necessary to redefine and/or
reassess the respective roles of
government and private sector,
including producers’ associations
and organizations, in managing
aquaculture development.

In some regions, aquaculture faces
a considerable problem with public
perception. Yes, in some cases,
aquaculture development has failed
to keep up with, or meet, many
environmental and socio-economic
issues and expectations. Future
aquaculture development needs to
produce a product that is not only
acceptable to the public and
consumers in terms of price, quality
and safety, but also in terms of
environmental cost.

Development prospects

The essential challenge for future
aquaculture development will be to
ensure that the full potential of
aquaculture is realized, and that a
nutritious, safe, high-quality
product that is affordable,
acceptable and accessible to all
sectors of society, is produced. In
doing so, we need to address the
following needs and opportunities.
We have to assist in feeding people
in this millennium. This means
investing in food security.
Aquaculture can play a significant
role in this respect.

We have to assist in social
development, poverty alleviation
and improving the livelihoods of
people. In doing so, there is a need
to increase emphasis on
aquaculture and aqua-farmers in
national social and economic
development plans, with the view
to enhance institutional and
financial support for the sector.
This can only be achieved through
investing in human resources,
including existing and future
aquaculture practitioners, as well
as government and non-
government agencies and
institutions. Investing in training,
education, extension, information
and communication are important
in this respect. Use of modern
information and communication
tools and methods such as the
Internet and other state-of-the-art
communication methodologies will



and outlook

The constraints in farming can be
highly complex and often of a
technical/technological nature.
However, the overall success of
farming may depend largely on
economic and social issues. The
challenge will be to focus on
meeting social needs - i.e. food
security, poverty, livelihoods,
community development etc.,
rather than solely trying to produce
aquatic animals. While doing so,
the sector should be well integrated
into the overall development
programme so that conflicts can be
minimized. It is also important that
necessary technical/technological
means/solutions and capacity
building needs are met for the
future success of the sector.
Aquaculture will continue to grow,
but has to address the costs of
production, quality and safety of
products, international trade
obligations and requirements,
environmental concerns etc. More
emphasis on investment, research,
information and public education is
needed. Challenges for increasing
aquaculture’s contribution to food
security, poverty alleviation and
rural livelihoods will have to be
met.

have to be given due consideration,
as will the essential requirement to
ensure broad-based public access,
especially for farmers, to these
sources of information.

We must create and provide an
enabling environment, with
appropriate policy and legal and
institutional frameworks to facilitate
access to key development
resources, such as financial
resources and knowledge. There is
a strong need for greater emphasis
on institutional support, that is,
support not only to government
ministries and public-sector
agencies dealing with
administration, extension and
research and development, but also
to organizations and institutions
representing the private sector,
consumers and other stakeholders.

Aquaculture development,
especially if it is to be sustainable
for food security goals, may need
to be stimulated, at least in the
beginning, so there should be a key
point on increasing access to credit
for farmers, producers and local
marketing. It is important to
understand the investment
opportunities in the sector. In an
era of globalization, it is imperative
to emphasize national and
international trends of trade. Trade
of aquaculture produce, input
supplies, capital and information
are all important to mention and



Aquaculture is dependent on key
natural resources such as water,
land, seed and nutrients. There is
strong pressure for production and
marketing systems that are more
efficient and more effective in
terms of resource utilization. In this
respect, we should invest in
research on developing production
and marketing systems with better
resource utilization and more
efficient performances.

During production, there should be
emphasis on targeting the
consumers. We must emphasize
the difference between mass
production and production for the
masses. For example, formerly
expensive produce such as salmon
and shrimp are increasingly
becoming affordable to larger
segments of the population. We
should compete with, and
complement, other food-producing
sectors and providers. Aquaculture
produce should be acceptable to all
sectors of society. Tremendous
gains will be possible through
improved biotechnology, genetic

acknowledge.
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Stakeholder participation and
consultation in decision-making and
policy planning for aquaculture
development should be duly
considered. Aquaculture’s potential
for social empowerment should be
harnessed, and the involvement of
more women in aquaculture
development should be given due
respect. Trust between producers
and consumers needs to be
improved, and avenues must be
found to achieve this. Public
relations campaigns and labelling
issues will have to be addressed.
The role of regional and
interregional cooperation in
achieving the future development
goals for aquaculture should be
reviewed and strengthened. There
are considerable opportunities to
increase the impact on aquaculture
development through continued
regional and interregional
cooperation. As agreed in 1995 by
our Member Governments, in
particular through the
implementation of the FAO Code of
Conduct for Responsible Fisheries
(CCRF), further strengthening of



modification, improved nutrition,
probiotics, and disease diagnosis
and treatment. However, the
problem of consumer resistance to
perceived risks stemming from
“unnatural” products, ethical
problems and fear of unknown
technologies will affect potential
gain. Environmental and human
health issues will slow development
or reduce market access. Strategic
solutions are required. We should
emphasize biosafety issues,
development and promotion of
biotechnology that conserve the
environment. We should promote
policies that support ethical issues
of welfare and autonomy, and
emphasize labelling and
transparency for production process
and beneficiaries. There is a need
to increase the impact of research
to understand technical and other
constraints and to enhance the
applicability and use of research
results in the development of
strategies to overcome these
challenges.

such cooperation is highly
recommended.

Conclusions

The challenge for the new
millennium should be sustainable
aquaculture development for
enhanced food security and
economic development. Prospects
for future aquaculture development
are good! The envisaged
expectations can be achieved! To
ensure this, we must create
appropriate environments for
improved support to producers,
enhanced participation, better
networking and information
exchange and strong regional and
inter-regional cooperation.

1 This presentation did not intend to provide a detailed analysis of specific
trends in the aquaculture sector. Instead, it attempted to look at some broad
global trends, key issues and constraints, important challenges and
development prospects for realising the full potential of aquaculture. These
ideas or “Food for Thought” were debated, discussed and considered during
the Conference. The views expressed in this manuscript are personal to the
authors and do not necessarily reflect the views of the Food and Agriculture
Organization of the United Nations (FAO).



2 The Keynote Address was delivered by Mr. Jiansan Jia. Jiansan.Jia@FAQO.Org
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Ladies and gentlemen, and friends:

It is indeed a pleasure to be here at
this Conference, a great
opportunity to meet friends of
yesterday and to make new ones. I
should thank Dr Pillay for this. He
brought me into the Aquaculture
Development Coordination Project
(ADCP) and aquaculture. I should
thank former colleagues, many of
whom are here: Chen Foo Yan,
Chua Thia Eng, Jim Kapetsky. Many
I miss - foremost among them
Joseph Kovari and Michel Vincke.
All have been great friends and

They all, with very few exceptions,
will do their best to improve the
livelihood they derive from fish
farming. They will attempt to
improve returns. They will try to
reduce costs. They will try to make
the animal or plant they raise more
acceptable to those who buy it. For
some, this continuous striving to
improve will lead to a substitution
of species.

I believe these actions constitute
the essence of the farmer’s policy
and provide the context within

which he/she plans and manages



teachers.

First of all, what I will tell you
during the next half-hour or so is
my view, as a long-time staff
member of the Food and
Agriculture Organization of the
United Nations (FAO), about policy
and planning in aquaculture. It is
what I would try to convince my
colleagues to accept as an FAO
position on these matters, if asked
to do so. However, they have not
had the chance to endorse or reject
what I will tell you. This will permit
them to intervene in the debate,
and I expect they will, as I know
they do not all agree with me on
several points below. We should all
benefit from the exchange.

Is it useful to address this subject
globally? I believe it is useful to do
so. There are three main reasons:

Fish farmers — one motive

As we all know, there are an
immense variety of fish farmers.
They vary in the technology they
use and in the species they culture,
and are active in a range of
differing economic and social
contexts. However, they do have
something in common.

his/her activities. I do not believe
much can be said usefully in a
general manner about how he/she
goes about this task, and so I will
say no more about how the
individual farmer should, could or
will manage and develop his/her
farm. But, established fish farmers
may want to take action as a
group, and I will return to this
subject.

So I will talk mostly about “public
sector” policy making and planning
for aquaculture development and
management. I said I had three
reasons for believing that it is
feasible to talk meaningfully about
policy development and planning in
a global perspective, so what is the
second one?

Public administrations -
uniform assignment

The way I see it, in almost all
countries the public administration
should promote an economic and
social environment that is optimal
for the fish farmer while ensuring
that his/her activities do not cause
undue costs for others. Thus the
public sector intervenes to promote
efficient production; to protect the
environment, including ensuring
biodiversity; and to ensure that the
evolution of the sector is socially
acceptable.



Thus we have a situation where fish
farmers as a group have
fundamental concerns in common -
and so do the civil servants tasked
with supporting and guiding them -
thus a global discussion of public
aquaculture policy may have some
merit.

Globalization

The third reason has to do with
globalization. The “open market
economy” tends to be a part of
globalization. Governments
increasingly adopt open-market
economies as a framework for their
economies. Even the poorest
economies are drawn into
international economic relations. No
economy can remain isolated, and
issues in economic management
rapidly involve most countries. This
is the third reason why I believe
countries can learn from each other
in policy development and
planning, also within the narrow
area of aquaculture.

But, the topic is still enormously
large. Not much can be said in half
an hour. However, the conference
programme states that plenary
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History

What does experience tell us? That
many countries — with no sector or
at the time when they did not have
any sector — at one time or another
adopted policies aimed at positively
trying to create a sector. They
conducted surveys to identify which
species/culture systems would be
possible to pursue, then conducted
both research and training aiming
to get the industry going, at times
trying to speed up developments by
economic incentives.

In some countries, aquaculture
developed. In others, it did not, or
the results were modest compared
to expectations or targets. In those
cases I am familiar with, I believe
the reason is basically one of an
inadequate balance between costs
and revenue for the concerned
enterprises or farmers. Revenues
did not, or were not expected to,
cover costs. That is, in my view, a
minimum condition for the sector to
take off.

However, for some sectors of the
industry in some countries, the
initiatives have come from the



lectures “are meant to draw a
scenario of the state and prospects
of aquaculture and outline the
requirements for its development.”
I will try to do that from the
perspective that has been given
me: that of policy formulation and
planning for development and
management of aquaculture.

To guide myself I have added a
subtitle: “What can the public
administrator do to facilitate the life
of the fish farmer in the coming
decades - or help him get started if
he has not yet begun?” I will start
by saying a few words about the
situation and possible role of the
public sector in countries or regions
where aquaculture has not yet
started or taken off in any
meaningful way. I will then look at
policy development and planning in
countries or regions within
countries in which aquaculture is an
established sector of the economy.
I will try to pay attention not only
to issues which are still with us,
and those which seem about to
appear from within the sector, but
will also look out for those that will
arrive from outside the aquaculture
sector proper.

Regions/countries with
little or no aquaculture

I will start by going back to basics:
do we need a policy at all?

private sector. In fact, I do not
believe there are many countries
left where enthusiasts have not
attempted to start culture of some
form or another, with or without
the support of governments.
Sometimes they succeeded, on
other occasions they found they did
not have sufficient capital, or that
the market was willing to pay a
lower price than expected, etc.
However, sometimes they did
succeed and externalities were
contained, or they did succeed and
results — while being acceptable to
the fish farmers — were negative
for others; that is, externalities
were not contained.

Lessons

I draw two lessons from the above.
The first lesson is that it is not
possible to substitute long-run,
positive economic farming results
with a large amount of public-
sector efforts dedicated to
developing policy and plans. I have
some personal familiarity with
Gabon, Sweden and Tunisia. In
these countries, governments have
not put considerable efforts into
developing policies and plans, and
relatively little has come in terms of
aquaculture production. There are
probably more examples. I rest
convinced that, if the economic
conditions are not there, there is
very little that can be usefully done
by public administrations.
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The second lesson is that unless
some form of legal structure is in
place, considerable harm can be
done through unregulated,
uncontrolled aquaculture
development.

That is a reflection on the past.
What is next in these regions where
aquaculture has not yet established
itself? First of all, globally,
aquaculture is set to grow. We
believe in FAO that capture
fisheries will expand only slowly
during the coming decades; so the
aquaculture enthusiasts will come
back. Thus it would seem to be
imperative for public-sector
administrations in countries with no
or only a very small aquaculture
sector to make certain that they
have at least an appropriate
minimum legal framework for the
industry. I see three components of
the legal framework: basic legal
texts, procedures for issuing
aquaculture permits and zoning for
aquaculture.

Generally, they have neither the
means nor, in fact, the task to
create such conditions.

The difficult scientific/political issue
here is to determine the amount of
alteration that is acceptable to the
marine milieu and the landscape.
The great attraction is that the
issues are addressed once, and
hopefully for all, for the zone as a
whole and are not decided on the
merits of any individual prospective
fish farmer.

Thus, a partway conclusion of mine
at this point is that this legal
framework should be a priority in
all countries where it does not exist
and where there is a likelihood that
aquaculture can develop.

But, some of you will say, should
we not do more? A legal framework
is not good enough - will not by
itself generate a full-scale
aquaculture sector. So let’s take a
more positive approach. I am
sceptical, and believe public
administrations should be hard-
nosed and selective at this point.
There are a couple of reasons for



A few words about these. I expect
Annick VanHoutte will tell you
more.

The basic legal texts should
make certain that aquaculture is a
recognized economic activity
enjoying — particularly in respect of
the use of renewable natural
resources - the same rights and
obligations as farming, fishing and
forestry activities. Furthermore,
these texts should be clear about
how the sector should be managed.

The procedure for issuing
permits should identify the species
that may be cultured and the
technologies that may be used,
specifying limits inter alia related to
possible externalities derived from
practices employed in the search
for fish health and in the
management of aquaculture waste.
The procedure should also specify
the administrative procedures and
the information requirements linked
to applications, as well as establish
procedures to be followed in the
interest of transparency and
consultation with those directly
concerned by the granting of an
aquaculture permit.

Zoning: The main purpose of
delimiting geographical areas within
which aquaculture will be allowed is
to address the issue of equity. This
would seem to be particularly

this.

Technology transfer: In today’s
world - and even more so in
tomorrow’s - technologies are
moved around the globe rapidly by
entrepreneurs in search of low-cost
locations for production. This is
happening, and will happen with
increasing frequency. It seems to
me that this is the most likely
avenue for the spread of new
technologies and the practice of
commercially oriented aquaculture
to countries where it is not yet
widely practised in Europe, Latin
America, Africa and Asia.

In the poorest of the countries that
do not have an established
aquaculture, I do not believe there
is much of an alternative. I believe,
in fact, that economically self-
sufficient aquaculture will take off
by producing for urban markets,
most of them, foreign urban
markets. The local markets will not
be wealthy enough and consumers,
for reasons of economy, will be
carefully considering substitutes.

Thus, in my view the fastest way of
starting a sector is by inviting
already established entrepreneurs;
but before doing so, the minimum
legislative package should be in
place, at the very least.

Infant-industry argument: What
are the alternatives to inviting



important for marine areas. The
general notion in most countries is
that the sea belongs to all. The
issuance of aquaculture permits is
contrary to this belief, and the very
idea runs into opposition, and not
only from direct users of the water
areas concerned. When establishing
a zone these issues must be
addressed squarely.

The support should permit the
sector to overcome initial economic
difficulties, and it should be
withdrawn after a brief period.

This argument is not generally valid
in wealthy economies. In less
wealthy ones, it has more validity
but should be inspected on a case
by case basis. In fact, with growing
globalization and the relatively
large share that international trade
has for several aquaculture
products, there will be a growing
international opposition to direct
governmental transfers in favour of
aquaculture producers, or of other
forms of shielding domestic

foreign entrepreneurs? Some of
you will argue that the “infant-
industry argument” applies. That is,
that there is a “potential” but the
potential will not be realized
because the potential producers
cannot make the initial investment
or cannot compete against
established entrepreneurs
supplying possibly foreign markets.
Therefore, some economic support
should be given to those who are
willing to start aquaculture.
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Economic activity: Also, for the
poor, fish farming is an economic
activity. There is no doubt about
this; the poor can ill afford hobbies.
The poor will get involved in fish
farming or aquaculture activities
only if they believe that it will
improve their income (in cash or
kind) and will only continue the
activity if that proves to be the
case.

Cheap fish for poor people: At
times in the past, the stated
objective of these policies has been
to make the poor people produce
cheap fish for other poor people to
buy. If such a policy is pursued, it



producers against foreign
competition.

Government obligation: Others
will argue that it is the duty of the
public sector to provide “basic
support” to the industry. Potential
producers should be supported
through aquaculture research,
training of aquaculture technicians
and extension of technologies.

Most poor countries do not have
the resources required to develop
commercially viable technologies
for local species not yet subject to
culture. To my mind, to do so
ahead of the establishment of a
sector should require exceptional
conditions. Much of the work
needed for technology development
and adaptation is costly. It would
benefit from international
cooperation, perhaps of the kind
initiated by the International Center
for Living Aquatic Resource
Management (ICLARM) for the use
of traditional animal breeding
technologies also in the field of
aquaculture.

But, let us end on a somewhat
more positive note. I would say
that government policy in
developed economies, at a
minimum, should focus on
informing potential entrepreneurs
and financiers. It is important that
they receive up-to-date information
on technologies, markets and the

should be recognised that it is, in
principle, contrary to what the
farmer in his role as producer
wants to produce. He/she wants to
produce expensive products so that
his income increases. If the policy
is seriously pursued, it is likely to
need increasing subsidies.

Subsidies - indefinitely? The
first issue to settle is to see that
aquaculture - usually some form of
fish farming - is indeed the best
alternative, given the objectives of
better nutrition and food security.
Once that is done, direct subsidies
should be avoided as far as
possible. If they need to be
provided, it is essential to maintain
them as long as necessary. It
would be cruel to withdraw them
before the activity has become self-
sustaining.

Diversification vs.
specialization: The second issue
to remember is that introduction of
pond culture, with or without
association with other livestock,
often represents a diversification.
However, with economic growth,
specialization is more likely than
continued diversification. Thus it is
likely that in any given farming
population, as economic growth
occurs, the number who continue
to be active in fish farming will
decline. Some will remain and
probably expand their operations;
others will abandon this activity.



best intelligence about possible
future developments.

Exception - reducing poverty
and improving nutrition: There
is, of course, an exception to all of
what I have just said -that is the
case where aquaculture can serve
as a means of reducing poverty and
improving nutrition. The fact that
aquaculture has, and will continue
to have, also this role is the main
reason for FAO to be closely
involved in this activity. However,
experience tells us that also, in
these regions, it is essential to
proceed with care.
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The information revolution and
globalization of markets will cause
change in rural areas to be much
faster during coming decades than
it has been. The technologies used
in agriculture, forestry, fisheries
and fish farming will change with
increasing speed. This will be
reflected in changing values of
land. In order not to be displaced,
the poor need to acquire the

However, this does not mean that it
has been a failure. The opposite
may be the case. Aquaculture can
have served as a stepping stone to
a higher living standard.

Finally, I would like to draw your
attention to the fact that in
economically underdeveloped
regions, the challenge for the poor
is how to obtain a chance to have
an occupation from which they can
derive sufficient income to provide
a decent life. Where most
aquaculture is practised today -
you have that chance if you have
access to land and water, that is, if
you have access to natural
resources, you have a base with
which to earn a livelihood.

It would be useful to develop
implementation plans for this
framework. Such plans should
consider inter alia the following
issues:

Up-to-date: First of all, the
framework needs to be kept up to
date. After all, it was designed to
handle the latest technology at the
time of its development. It should,



knowledge needed to realize the
income from the land.

In my view, the task of the public
sector should be one of attempting
to anticipate change by preparing
rural producers to become part of
the change. If not they run the risk
of being pushed aside by it.
Information about developments in
aquaculture should also be
provided to them. They should be
encouraged to form producer
associations and to improve their
technical know-how.

I conclude for regions without a
sector, by saying that it is
important to elaborate a policy for
the management of the sector that
will help ensure its development. A
policy that favours development (in
the sense of providing support to
producers) and forgets
management may be heading the
wrong way. Finally, it is important
to remember that the poor also
count their money.

Countries, regions with
well-established
aquaculture sectors

In these regions, the minimum
legal texts are often in place.
Where they are not, it is urgent to
get them into place along with
institutions and staff to make them

therefore, evolve as technology and
economy evolve. A joint
government, civil society, producer
group should be established to
review these issues.

Costs: The public costs associated
with implementation should be kept
as low as is reasonable. The level
should reflect the costs to society
of not monitoring the adherence to
the framework by the farming
sector. These costs should be
added to the direct costs of
implementation and a minimum
sought.

Incentives versus other
instruments: The plan should
specifically review the possibilities
of gradually replacing some of the
command-and control-measures by
economic incentives.

Role of producers: The
introduction of incentives may go
hand in hand with a larger role for
producers, probably as producer
associations, in the management of
the sector. The plan should review
and establish a schedule for the
gradual transfer of management
responsibility from public
administrations to producers.

Civil society: Also, more or less
formal groups in civil society may
demand a role in the management
of the sector. Their role should be
agreed with producers and the



effective. The industry and the
government then need to keep
them up-to-date; that is, to see
that they reflect economic and
technological realities, inside and
outside the aquaculture sector.

However, we all know that the laws
do not solve all the problems of the
sector, and in particular, there is no
guarantee that they will be
effective in handling future ones. I
will address some of those I see,
from the policy and planning
framework. I will classify them
under: technology, markets and
“spill-over”. I do not presume to
identify how they should be
resolved; I highlight them simply
because I believe they need to be
dealt with.

However, before discussing these,
a few words about the regulatory
framework and its implementation.

public administration.
Technology

The sector faces a number of
technology issues: feed; new
species, including genetically
modified organisms (GMOs); and
health.

Technological developments
outside the aquaculture sector
in communication, transportation
and food preservation will lead to
better knowledge of distant, often
foreign, markets and provide the
economic possibilities to supply
them with high-quality products.
Technological developments in
various maritime industries will
feed into the aquaculture
equipment sector, and technologies
involving offshore, submersible,
automated culture units will come
into increasing use. These
developments will make it essential
to modify parts of the legal
framework.
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Aquaculture feeds: The issue is
global; it is one where the
individual producer has little
possibility to play a role. Informed
observers believe that by the end
of this decade the aquaculture
industry may absorb as much as 70-
80 percent the world fish oil
production and at least 50 percent
of the white fish meal production.
Fishmeal will also continue to be
demanded by the livestock
industry.

Interests in the industry differ and
therefore, also the approach used
in dealing with the issue. The
producers of fishmeal and oil, of
course, would like to see the
demand grow even further, while
users look for substitutes. Research
in support of both strategies is
carried out in the industry and by
university-based scientists. The role
of the public sector is foremost, to
ensure that research results come
to good use, by keeping
aquaculture producers up-to-date
on developments.

Other factors of production:
Land and water - will they be
available in the quantities needed?
Yes, but not perhaps at a price that
can be afforded. They are basically
difficult to move, so in technologies
where they are needed in large
quantities, production sites will be
selected accordingly, that is,
essentially to sites where human

Genetically modified aquatic
species: My colleague Devin
Bartley tells me that so far only a
few genetically modified aquatic
species have been brought into
commercial aquaculture operations.
But, the know-how to develop
genetically modified fish is
spreading. So far, consumer
reactions to genetically modified
foods have been - at least in
Europe - hostile. The aquaculture
industry would probably find it to
be in its interest to join forces and
agree, jointly with governments
and consumer organizations, on a
protocol to be followed by anyone
intending to develop commercial
cultures using genetically modified
aquatic species. Once agreed, the
protocol would become part of
national legislation. To me, it
seems important that such a
protocol be in place before the
industry develops genetically
modified organisms (GMOs) that
satisfy the desires of the consumer
more than the economic needs of
the producer, which is now the
case. The reason is that there is no
reason to believe that such
modifications are more benign to
humans than modifications that
makes life easier for the producer.

Markets
Natural limits: As for any other

agricultural or livestock product,
the consumer also imposes



population densities are low. Or,
technologies will be modified.
Where fresh water is increasingly in
short supply, closed recirculating
systems, then relying on intensive
feeding, may be used. However, in
the more distant future it is not
easy to see what will happen. If
desalination technology becomes
very efficient, we may be in a
situation where we have more fresh
water available then we thought,
especially if simultaneously gene
technologies permit grain (wheat,
barley, rice etc.) to be grown in salt
water.

New species: 1t is indeed rare that
the individual producer manages to
domesticate new species on his
own. It seems often to be a drawn-
out and costly undertaking.
Considerable work is done on this,
particularly by industries in wealthy
economies, and especially amongst
those for which the fishery sector is
of vital economic interest. It is in
these industries and countries that
most new domestications will
occur. In countries with large
aquaculture production, but spread
out amongst a large number of
small producers, the sector faces a
bottleneck, and this is an area
where it would seem to me that
governments should concentrate
their resources available for
research and development. The
fisheries aquaculture administration
should pursue a policy that

limitations on the aquaculture
sector. The salmon industry has
experienced this and confronted it
inter alia with generic advertising.
The Mediterranean marine
aquaculture industry is getting
ready to do the same. In America,
the catfish industry has faced such
limits; so has the culture of milkfish
in the Philippines and rainbow trout
in Europe. Also, in the future the
industry will face market
saturation.

Created limits: Besides quality
and price, other considerations may
affect the size of the market. In
large parts of Europe and North
America, products from capture
fisheries and aquaculture have a
bad name with many consumers.
Both industries are seen - fairly or
unfairly — as doing harm to nature.
This is not only a constraint on the
aquaculture licensing process, but
it also reduces the size of the
market. Where industry
associations are strong, they need
to do something, and where the
public understanding is decidedly
mistaken, the public administration
could intervene and support the
industry in its search for a balanced
view by the general public of the
industry relationship to nature.



facilitates such research in the
public and private sectors.
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There is also the possibility that
capture fisheries will, through eco-
labelling schemes and other means,
create niche markets. They would
do so, as one of the better avenues
to increasing income is by
increasing unit value, as the near-
term possibilities to achieve
sustained increases in volume are
limited. One strategy for creating
niche markets is to emphasize the
healthy quality of its wild product -
in contrast with the “unnatural”
products of aquaculture. Again, it
could be a task for the public sector
to try to forestall any “marketing-
war” between aquaculture and
capture fisheries, as it would
probably be detrimental to both
industries.

Spillover issues

There are several: substitutes,
subsidies, cost-recovery, the
information explosion and
increasing globalization.

The first spillover I will say a few

Subsidies: The practice of
providing financial transfers in the
fishing industry is a subject of
much controversy amongst World
Trade Organization (WTO)
members. The issue was one of the
very difficult subjects in the
negotiation of the recent
International Plan of Action for the
Management of Fishing Capacity.
The salmon aquaculture industry,
both in Norway and Chile, has
already experienced international
controversy related to alleged
subsidies. As subsidies to the
capture fisheries have been
significantly reduced during the last
15 years, it seems more than likely
that the concern - essentially of
large fish-exporting countries — will
turn to the aquaculture sector.
Strong arguments will be made for
the elimination of all subsidies also
in the aquaculture sector. If
subsidies to fisheries become part
of a future trade negotiation in
WTO, I suppose that aquaculture
produce will be included.



words about is that of substitutes.
First the almost perfect one - fish
caught in capture fisheries. The
thinking in the Fisheries
Department of FAO on this point
now is that by the middle of the
next decade there will have been
some expansion of capture fishery
landings. Production is likely to
oscillate around at least about 100
million mt per year from capture
fisheries in marine waters, some 85
million mt destined for human
consumption. Thus a reduced
portion of small pelagic species
would be used for reduction. These
figures are tentative and will be
revised in the course of this year.

Consumption of terrestrial
meats: The livestock industry is
predicting a rapid growth of
production; average consumption
reaching in developing countries
some 30 kg/capita by 2020
(according to International Food
Policy Research Institute
(IFPRI)/International Center for
Living Aquatic Resources
(ICLARM)/FAQO), and importantly,
this would happen under stable, or
even slightly falling, relative prices
for both meat and grains. This will
impose a constraint upon retail
prices for fish in developing
countries. The less well-off part of
the populations will have a viable
alternative to fish. As I said before,
this will put a lid on possibilities of
local aquaculture production for

Cost recovery: Closely related to
the issue of subsidies is that of cost
recovery. Some countries are
starting to request that the capture
fishing industry refund to the public
budget the cost of the public-sector
management of the sector. Where
this is the practice fishers will, of
course, argue that all those who
sell to whatever market they sell
to, should do the same.
Compatriots in the aquaculture
industries will be first to feel the
pressure; those abroad will be
included as this argument is
extended to all those who share the
same export markets. Industry
organizations would probably do
well to consider how to tackle this
issue.

Conclusions

It seems to me, that in the
presence of developed aquaculture
sectors, the public administration
vis-a-vis these sectors should have
a somewhat different policy than
that advocated vis-a-vis areas
where no aquaculture exists,
assuming that the legal framework
is in place and operational. The
policy should be to establish an
early warning mechanism and
consultation procedure facilitating
public-sector response to the
number of issues likely to befall the
sector from outside itself.



local markets. The stage will be set
for continued growth of fish
exports.

1 UIf.Wijkstrom@FAQ.Org
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Twenty-four years after the Food
and Agriculture Organization of the
United Nations (FAQO) Technical
Conference on Aquaculture in
Kyoto, Japan, where my Asian
experience started, I am
particularly happy to present this
lecture dealing with Research
Priorities for Sustainable
Aquaculture Development, a talk
which is based on the keynote
lecture I presented last year in
Sydney at the World Aquaculture
‘99 Conference.

I would like to repeat my
appreciation to many colleagues
and friends from all over the world
(in fact, many of them are

Allow me to simplify things by
classifying present-day aquaculture
into two types: traditional food
aquaculture, mainly practised in
Asia with a few species of
freshwater and brackishwater fish,
shellfish and sea weeds, and the
more recent business aquaculture
of shrimp, catfish and salmon, just
to list the key groups. Although
food aquaculture still represents
the dominant output, this type of
aquaculture has evolved along
minimal research inputs. Trial and
error practices, developed over
several decades, even centuries,
have resulted in well-balanced,
extensive production systems.
Continuous expansion of production



attending this conference). Thanks
for all the ideas and suggestions
you provided me.

I would like to make a critical
remark at the start of this
presentation. Many reports propose
that in the decades to come
aquaculture should bridge the gap
between market demand for
aquatic products and supply from
capture fisheries. I want to
underline that there is great
consensus in the research
community that, following present-
day aquaculture approaches, this is
a very simplistic goal. It would not
be the right decision to try to
achieve this goal by applying
current technology and business
methods. Risks of major
environmental and human-health
problems need to be weighed
against achieving a more cautious
rise in production that is, in the
longer term, sustainable. We
should all see this not only as a
challenge to do it well and
responsibly, but also as a
commercial opportunity for the
industry.

Aquaculture is clearly at a
crossroads and can come, in fact,
should come of age in the twenty-
first century. However, this will
require more responsible
researchers and more integrated
R&D approaches than we apply at
present.

area and further improvements in
culture systems have been
responsible for the fast growth over
the last decades. Many agree,
however, that productions cannot
increase at the same pace, simply
because of limitations of suitable
water resources. Furthermore, the
recent interest to “modernize”,
which in fact means to intensify
freshwater fish production, will
imply very serious threats to
sustainability.

Fast progress in business
aquaculture has benefited most
from R&D inputs, especially in
western countries, although we
need to admit that it has often
been following very empirical
approaches. Short-term oriented
research had to find ways:

e to grow the animal;

e to maximize profitability; and

e to assure long-term
sustainability.

This three-step process has been
accelerated by high profits, and
accompanied by abuses in some
regions (although at the start,
often by ignorance) and vocal
opposition to these types of
industrial farming in some sectors
of the nongovernmental
organization (NGO) community.
Still, in other wording, the
approach has been to develop
monocultures, and apply



Their treatments often resulted in
more problems (e.g. bacterial
resistance, not to speak of the
environmental problems), until one
realised that disease prevention is
the new procedure to adopt.

It is interesting to see how both
types of aquaculture begin
duplicating some of each other’s
approaches: business aquaculture
starts to adopt the principle of
polyculture widely applied in food
aquaculture, whereas China is
intensifying its traditional
freshwater pond cultures and is
using formulated feeds. Such
approaches open very interesting
opportunities, but serious
constraints as well.

Further development of the
aquaculture industry must take a
holistic approach to culturing
technologies, socio-economics,
natural resour-ces and the
environment, so that sustainability
can be achieved. The momentum of
the sustainability dialogue in

intensification, which brought about
diseases.
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Various funding agencies are finally
giving high research priority to
“integrated coastal zone
management studies”, which are
not restricted to ecosystem studies
involving biologists,
oceanographers and aquaculturists,
but consider the socio-economical
and legal aspects as well. Our Asian
colleagues, for example, have
identified the need for more socio-
economic studies for integrated
farming systems in poor coastal
communities, for example, by
developing sustainable coastal
production systems that integrate
aquaculture and fisheries under
community management.
Conclusions from the research
results of these studies in
developing, as well as developed
countries, may well be
straightforward. However, it is clear
that special motivation will be
required to see proper
implementation of the true cost of
certain farming practices. New tax
systems or - better even - a system
of incentives should be considered



aquaculture has increased
dramatically in recent years.

Despite increasing institutional
focus, the amorphous nature of the
sustainability concept continues to
constrain progress towards
objective definitions and
applications. It is here that
researchers need to fill in by
developing criteria and
documenting test cases. At
present, “codes of conduct” and
“development criteria” often lead to
over-generalizations and to
qualitative goals with little or no
specific means of measure or
application.

One of these new concepts which
deserves further study and
application is the “ecological
footprint”, which reflects the land
and water areas necessary to
sustain current levels of resource
consumption and waste discharge
by a given aquaculture practice.
Cultures that combine species from
different trophic levels, both
terrestrial and aquatic, application
of ecocyclic production, and
generation of multiple services and
outputs all can reduce the
ecological footprint substantially.

All agree that freshwater resources
are limited and, thus, priority is to
increase production in the presently
available volumes of water, not
necessarily by further

here.

In the case of aquaculture activities
in the coastal zone, the purpose is
to reach a balance between
“extractive” aquaculture and “fed”
aquaculture. Extractive aquaculture
refers to seaweed and mollusc
farming, which can play a
significant role in nutrient recycling,
in fact of any waste nitrogen and
phosphorus, not only from
aquaculture farms. R&D projects in
Europe are exploring the potential
of extensive mariculture for
“anthropogenic nutrient recycling”.
Seaweeds are efficient nutrient
scrubbers that could assist in the
management of nitrification of
coastal waters. Other ideas are
based on the fact that the cost of
mussel farming, if used only for
nitrogen removal, is about the
same as in a conventional
purification plant.

Fed aquaculture systems are, for
example, the cage farming of
carnivorous marine fish such as
salmon, bream and grouper. These
systems might have to be removed
from the more sensitive inshore
waters to more offshore systems,
eventually integrated with further
nutrient trapping by seaweeds and
molluscs. Shrimp farming is
another example of such “fed”
aquaculture systems, the impact of
which on coastal ecosystems needs
to be better remedied by



intensification but rather by
polyculture and integration with
terrestrial productions.

With regard to the coastal and
marine environment, one has come
to realize that these ecosystems
must be managed as a whole, and
that we need to model these
systems for the nutrient carrying
capacities of the different water
systems involved, and for the
various human activities and the
different ecological conditions at
any one location.
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Broad species diversification leads
to an exponential growth of
research requirements that are
difficult to meet in view of limited
resources. Clear exception is made
for a few key species such as the
genus Anguilla and the bluefin
tuna, for which controlled breeding
would mean a major breakthrough.
In the case of eel, it would alleviate
the pressure on wild stocks of glass
eel in Asia as well as in Europe.
Hatchery availability of bluefin tuna
would reduce pressure on tuna
fisheries and thus reduce the by-
catch problem significantly. Still,

integration with proper nutrient
trapping and/or recirculation.

The next level to explore in the
research priorities is the farmed
species. There is general consensus
that species diversification,
especially of carnivorous types, is
not a research priority.

to introduce effective genetic
improvement programmes using
selective breeding. We are decades
behind developments in the
agricultural sector, where genetic
research has resulted in huge gains
in productivity. In recent times,
milk production is up 150 percent,
daily weight gains in pigs has
doubled, and time to produce
marketable broilers cut in half. The
Norwegian salmon industry, where
a lot of research money has been
targeted in the past, has seen
overall gains of 60 to 70 percent.
Productivity of most other farmed



little effort is devoted to search for,
and to cultivate more species of
shellfish, sea urchin, sea cucumber
and especially, herbivorous fish,
the primary consumers that are
able to utilize the primary
productivity most efficiently. They

have been listed on many occasions

as a priority to improve overall
energy budgets. It is clear that for
several species market demands,
consumer preferences or
restrictions are the driving force
here. A good example is the
milkfish, which is considered a
staple in the Philippines but is not
appreciated at all in many other
Southeast Asian countries. Market
researchers claim that there is
room for improvement here, and
this research challenge should be
taken up very seriously, especially
in Asia. The same applies to the
molluscs, where further handicaps
are health risks in consuming
contaminated product, as a result
of which interest is down in several
species and regions (e.g. mussels
in the Philippines). Suggestions are
made to consider new approaches
to increase the value of low-in-the-
food-chain products, if not as food
products maybe as dietary
ingredients.

Fresh water becoming more and
more a limited resource, air-
breathing fish (clariid catfish and
snakehead) are proposed as a
valuable extension of the species

species has remained almost
constant, close to that of the wild
founder stocks. Research is
proceeding with several species of
fish (carp, tilapia, trout, bream,
bass) and molluscs (oysters, clams,
abalone) and with others, like
shrimp, work is barely starting, as
very few species can be regarded
as domesticated. The technical
challenge is to close complex life
cycles, not only with empirical
culture techniques, but especially
to understand how the nervous and
the endocrine systems coordinate
with the changing external
environment. Once fully
domesticated breeds are available
and all factors for good genetic
management of broodstock are
fulfilled, the selection work can
start. The importance of such a
strategy of selective breeding is
two-fold: first, it provides a sound
population within which incremental
improvements can be begun;
second, much of this work is
practical, and the sooner the
industry people are involved the
better the technology transfer and
the closer to return on investment.
Another point is that no other
genetic approach offers continuing
incremental improvement. The
formation of improved selected
lines provides a base population
upon which, sooner or later, the
additional advantage of other
genetic approaches can be applied,
on top of the incremental change.



list of freshwater fishes. Among the
primary producers, seaweeds are
clearly identified as still having a
very important potential, not the
least because their domestication is
still at the very pioneering stages.
As mentioned earlier, several
research groups are exploring their
possible role in large-scale nutrient
recycling and even in increasing the
capacity of the sea as a carbon
dioxide sink. However, the search
for, and development of, new
utilizations of seaweeds, either as a
source of fine chemicals and/or as
an ingredient in formulated feeds,
will be crucial here.

Let us turn now to research in
genetics. All believe that for the
next decade the real challenge is to
get the aquaculture industries

First priority is thus developing
domesticated broodstock, still an
art with some key species such as
the penaeid shrimp, then followed
by selective breeding schemes,
allowing the production of certified
seed.

The ability to use techniques in
molecular biology to mark and
identify stock by genetic
fingerprinting will enable a much
faster selection of advantageous
traits. Highest priority in selective
breeding programmes involves
disease-related aspects. Two
approaches are considered: disease-
free as well as disease-resistant
lines. Although no miracles are to
be expected either, as good
farming practices, optimal health
management and appropriate
measures of quarantine should not
be neglected. Other factors of
interest in selective breeding
programmes are growth rate,
market size and quality, food
conversion ratios, fecundity and
ease of domestication.
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Although selection on a wide
genetic base will give continued
improvement, the development of
monosex and polyploid strains can
yield large gains.

The logical approach is to work for
a combination of gains as is
successfully done with genetically-
male-tilapia (GMT) and genetically
improved farmed tilapia (GIFT).
Several of these strains have
already proven their benefits;
however, their impacts on the
environment are not well-enough
documented yet. Finally the use of
transgenics or genetically modified
organisms (GMOs) is a very
sensitive issue indeed, especially
since opinions are so extreme, with
work ongoing and supported in
some countries, completely halted
in others. On one hand, public
concern is at such level, at least in
the western world, that the
products will have to be proven
safe for consumption and for the
environment three times over. Let
me warn you, however, that
perceptions of safety are equally as
important as safety itself. Proper
testing is essential here. It seems
likely that public debate will
increase on this front and that the
well-publicized precautionary
approach with strict application of
“performance standards” developed
as a guide for researchers, will be
adopted with absolute priority. The
main danger seen is less one of

One could explore the potential to
increase primary and secondary
productivity, for example, by
providing extra substrate as with
the new idea of aquamats used in
fish and shrimp farming. In fact, a
very similar approach has been
applied for decades in some
traditional estuarine and coastal
fisheries: the acadjas in Cote
d’'Ivoire and the katha fisheries in
Bangladesh and India, where extra
substrate suitable for colonization
by periphytic flora and fauna
results in increased food supplies.
It is very likely that more research
on pond-culture systems could
improve the economics of the
production and especially, ensure
better environmental sustainability.

In view of the need to move
mariculture more off-shore, extra
research is needed on open sea-
cage farming: equipment and
materials, knowledge of fish
behaviour, use of submersible
lights to adjust photoperiod to
control cycles of growth and
maturation, and integration with
seaweed and mollusc farming, as
practised, for example, in Chile.

Recirculation technology will
receive much more attention, as it
offers lots of opportunities for
captive markets and for safe
applications with GMOs, as absolute
guarantees can be provided to
prevent escapees. Systems need to



health, but more of the
maintenance of biodiversity
through effects of escapes into the
wild. In this respect, the often
proposed need for gene-banking of
aquatic organisms should receive a
higher priority.

In any case, the development of
transgenic aquaculture organisms
is not expected to proceed so fast
as some are claiming. The utility of
any transgenic work is dependent
upon inserting genes into
individuals and having the insertion
stable so that it is inherited. The
expression of genes is dependent
upon the genetic background into
which they are inserted. That, and
their continuance in a breeding
population, means that there has to
be a sound domesticated
population into which they can be
introduced for them to be effective.
That is another reason for ensuring
that industries establish sound
selective improvement programmes
first.

Let us now turn to research
priorities in culture systems and
techniques. Although pond cultures
make up by far the most dominant
form of aquaculture, still very little
is understood about pond
ecosystem functioning. It is time to
plan more studies on nutrient
dynamics in the water, the soil and
their interactions, as well as the
role of microbes in these processes.

be further improved in order to
make the production more efficient
to be able to deliver competitive
products for the market.

Consider restocking and stock
enhancement: beneficial effects are
well documented for confined areas
such as lakes and reservoirs and
for benthic organisms. However,
more research is needed with
pelagic species in the marine
environment. Focus needs to be on
how to make fish juveniles more fit
for life in the wild, on releasing
strategies and on their possible
impact on wild populations. Most
needed are validation studies,
which can be better planned now
that appropriate tagging and
genetic marking techniques have
become available. Also, the matter
of artificial reefs and offshore
drifting nets requires more
attention. Can we better document
increased primary productivity, or
is it the sole effect of an
aggregation of the fishable stocks?

As aquaculture feeds often make
up 50 percent and more of the
production cost, it is clear that
research in this field will remain a
priority. The nutritionist is to
develop economical feeds, and here
the concerns around the availability
of fish meal and fish oil are
paramount. Although some claim
that we are OK for another one to
two decades, many others are not
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As I explained earlier, a gradual
conversion is taking place in China
of extensive freshwater fish
production to semi-intensive
systems using pelleted feeds. The
search is on for alternative protein
and lipid sources. Plant-based
protein sources are highest on the
list; rendered products could be
valuable, although the human
health concern will require careful
study. Single-cell proteins and by
no means least, the recovery
proteins from the waste of seafood
processing and from fisheries by-
catch are also important alternate
protein sources. Disease issues that
might be involved with this
approach also need to be
understood. Of course, these
substitutions will require
supplementation to fulfil the
essential amino acid balance and
essential fatty acid requirements.

Microbial products might alleviate

as optimistic. Who can guarantee
that global meal production will
remain high? What about the
sudden increase of fish meal
consumption in aquafeeds in China?

Disease control in aquaculture
should focus first on preventive
measures related to good
management practices that
maintain good water quality, with
better/certified seed, less stress,
high-quality feeds etc. In many,
maybe most, farming practices,
there is still plenty of room for
improvement on many of these
counts. More applied research
should better document these
effects. We still need to acquire a
lot more basic knowledge of the
microbial, viral and parasitic
diseases and their epidemiology in
aquatic organisms. Access to a
large arsenal of molecular
techniques will certainly assist in
quick progress in this area.

Development and validation of
appropriate diagnostics has high
priority. However, whilst PCR-based
kits are very sensitive and can
detect very small quantities of



demands for selected amino acids
and fatty acids of the n-3 and n-6
series. Before this can become a
reality, production must be
increased, supplies must be stable
and prices must fall to a
competitive level. Improved
nutrient availability should optimize
the digestible protein to energy
balance, but also be effective for
maintaining good health and
improving disease resistance.
Finally, the so-called eco-friendly
feeds, more nutrient-dense diets
that allow for the reduction in
phosphorus and nitrogen waste
output, will further gain in
importance. Progress in diet
formulation is a must, but
improved feed management is
another field where research could
contribute to more environmentally
friendly productions: development
of regimes that lead to reduction in
losses from unconsumed feed and
use of interactive feeding systems,
to mention a few approaches.
Consumer preferences will have to
be better considered, as diet and
feeding practices influence
attributes of the farmed fish - their
nutritional quality, texture and
flavour. Further progress is also
required with the starter feeds: use
of less live food could be further
improved and made more
predictable. One could consider
better-selected and eventually,
manipulated strains of algae,
rotifers and Artemia. Another need

organisms, in the wrong hands they
are very dangerous, as false
positives and negatives are
common from non-standardization
of techniques, contamination etc.
Lack of time does not allow me to
further elaborate on research needs
for vaccine development,
quarantine systems and basic
immunology research, especially in
invertebrates.

Because of our preliminary
research experience with microbial
manipulation in larviculture
systems, I would like to mention
here that I expect important
progress in the study of microbial
processes and their regulation in
many aquaculture systems.
Competitive exclusion is one of the
ecological processes that allow
manipulation of the bacterial
species composition in the water,
the sediment and the animals’
digestive tracts.

It is a shame that I don't have
enough time left to cover regional
differences in research priorities.
However, one continent I want to
at least mention is Africa,
considered by many as the sleeping
giant in aquaculture. Experts agree
that the approach of the past - to
adapt foreign technology - has
failed. The way forward would be to
research the indigenous knowledge
base in Africa which has been
largely neglected. Furthermore, one



is more diversity in Artemia
resources. Also required are
improved formulations and
manufacturing of micro-diets for
use in co-feeding and full
substitution of live food.

With annual losses of several billion
US dollars caused by diseases in
aquaculture, it is clear that this is
another area of high research
priority. However, first we should
realize that we need to leave
behind the decade of disease
treatment with all the negative
environmental and other
consequences, and move to a
future of disease prevention.

Furthermore, researchers often
might not realize that, depending
on specific circumstances, social
and economic factors may be more
important than technological
factors. More interdisciplinary
interaction will pay off, as is
illustrated by recent aquaculture
progress in the Mediterranean
through various schemes of support
by the European Union (EU) for
joint initiatives between the private
sector and the research

should develop economic options
that are needs based and demand
driven.

I mentioned earlier that extension
of research results has to be better
considered, as there are too many
failures in technology transfer. We
need more adaptive research:
partnerships between the farmers
and various service providers.
Researchers need to realize that we
have the responsibility to prove our
research findings.
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Today, we live in a small world with
unique opportunities for
communication and inter-action. I
am also convinced that, in the field
of aquaculture, humanity has an
opportunity to better benefit from
the historical differences. The
diversity of our cultures and ways
of thinking (for example, with
regard to identifying research
priorities and performing research
and extension), the diversity in
aquaculture farming practices and



community. Furthermore, North-
South and especially South-South
R&D interactions and networking
are to be much more stimulated.

1 patrick.sorgeloos@rug.ac.be
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the differences in consumer
interests - all can help us to
understand aquaculture principles
better and to consider better the
challenges for the century to come.
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ABSTRACT: The resources available for designing and implementing
aquaculture development projects are no more immune from the current
“down-sizing” trends than are those of most other publicly funded
development initiatives. There is also an increasing onus on recipients to
demonstrate greater accountability for their wise use. The aquaculture sector
must now move towards development strategies which favour greater
cooperation in collectively addressing the issues important to achieving
sustainable development, not just in developing countries, but in all regions
of the globe where aquatic animals and plants are farmed. To achieve a level
of cooperation which emphasizes complementarity rather than duplication
and competition, improved processes need to be identified to partition
responsibilities fairly and equitably amongst existing agencies.

Cooperation first requires a focal point to give it life, and then a strategy to
sustain it. It is suggested that the most effective focal points for regional
development are the Regional Indigenous Organizations (RIOs). They are
seen to be particularly important in taking the lead in regional development,



since they have been established to serve their constituent member states,
and thus have a strong sense of ownership, commitment and responsibility
for development in their respective regions. Moreover, they already have a
government-mandated framework upon which to structure programmes and
projects. They can, therefore, be viewed as being the logical lead agencies
around which sustainable development can be pursued. Accordingly then, as
the focal point for functional cooperation, they can also be considered for
taking on the coordinating role for regional programme participants, which
may include: regional intra-governmental representation, universities and
research institutes, private-sector interests, industry associations, regional
chambers of commerce, nongovernmental organzations (NGOs) and others
who have interests in aquaculture development. These same arguments hold
true when considering inter-regional cooperation. There is much to be gained
through inter-regional cooperation. Specific climatic, cultural or other features
usually prevent “wholesale” transplantation of development programmes
from one region to another. There are tremendous benefits to be derived
from the greater understanding and cooperation made possible by expanding
the development process to consider the inter-regional level.
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regional Cooperation

Introduction

On a global scale, the resources
available for designing and
implementing aquaculture
development projects are no more
immune from the current “down-
sizing” trends than are those of
most other publicly funded
development initiatives. This,
despite the fact that aquaculture is
being increasingly looked to by
nations of the world to replace the
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Elements of cooperation

Establishing Development
Priorities

One of the key elements in
measuring how effective we are at
achieving cooperation relates to the
process of how we go about setting
priorities for development. This
holds true at all levels: locally,
nationally, and both intra-regionally
and inter-regionally. With



declining resources of our oceans
and inland waters. The impacts are
being felt at all levels; donor and
recipient governments alike are
being told to “"do more with less”.
So too are intergovernmental
organizations, such as specialized
agencies within the United Nations
(UN) system, intergovernmental
organizations outside the UN
system, nongovernmental
organizations (NGOs), financial
institutions, the private sector and
others who have traditionally
contributed to development of the
aquaculture sector. While it is not
the message one wants to hear, it
is nevertheless the operating
principle that is likely to be with us
for several years to come.

The message also has a corollary:
not only are the resources
shrinking in magnitude, but when
and where they are made available,
there is an increasing onus on
recipients to demonstrate greater
accountability for their wise use.

For the aquaculture sector, at least,
we have come face-to-face with the
reality that the “narrow view” is no
longer acceptable, and that we
must now move towards
development strategies which
favour greater cooperation in
collectively addressing the issues
important to achieving sustainable
development, not just in developing
countries, but in all regions of the

diminished resources available to
us, the process through which
development priorities are
established must necessarily be
rigorous and easily defendable from
technical and economic, as well as
political perspectives. As such,
governments and agencies involved
in aquaculture development
initiatives are being increasingly
vigilant to ensure that their
decision-making processes satisfy
these criteria. Inevitably, the
numbers of worthy projects far
outweigh the resources to support
them. Clearly, stronger debate and
greater wisdom are required to
ensure that resources are not
applied too thinly nor ineffectively
in the hopes of broadening
coverage, instead of allocating
them to key constraints to
development.

Long-term vs. short-term goal
setting

Where the process of debate may
have once focused on the short-
term benefits to be achieved from
development projects, in particular
tangible assets such as new
equipment, buildings and overseas
visits to gather information - in
effect the narrow view - this track
is no longer in keeping with
achieving the goals of sustainable
development. In seeking to address
the longer-term view, attention
needs to be diverted from the more



globe where aquatic animals and
plants are farmed. For years,
decades even, we have spoken
about a regional programming
focus. While there are vivid
examples of how regional
programming can be effective,
there is still a reluctance on the
part of many nations to move from
the more familiar and comfortable
bilateral project perspective.
Nevertheless, there is increasing
pressure to do so and we must,
therefore, respond.

This paper considers some of the
elements important in achieving
strong regional and inter-regional
cooperation in aquaculture
development. It reviews some
features of existing regional
approaches, offers suggestions for
new approaches, and will hopefully
provoke Conference participants to
consider how they can promote and
achieve greater cooperation within
their own particular spheres of
influence.
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immediate tangible benefits to
those achievable within a broader
view. This requires a higher level of
cooperative thinking and decision
making, to ensure that the longer-
term goals remain clearly in focus
and that scarce internal resources
are not side-tracked into achieving
short-term objectives which,
though they may momentarily
appear attractive, are in reality,
inconsistent with achieving the
major goals.

Internal vs. external priority
setting

Further, in formulating aquaculture
development programmes, greater
recognition needs to be given to
the importance of ensuring that
those priorities which are
established are internally driven,
and not ones that serve some
external agency’s agenda,
especially if that agenda is not
consistent with the recipient’s
established priorities for
development.



This, in itself, is often difficult,
since no one wishes to turn down
assistance; however, if over the
longer term, it means a delay in
addressing the important priorities,
great care needs to be exercized in
proceeding along this path.

Development agencies - the UN
system

On the regional scene, there are a
number of levels of cooperation to
consider. In Asia for example, there
are the various specialized agencies
of the UN system which have
involvement, at some level, in
aquaculture (including inland
fisheries) development. These
include the Food and Agriculture
Organization of the United Nations
(FAO), the Asia-Pacific Fishery
Commission (FAO/APFIC), the
Intergovernmental Oceanographic
Commission Sub-Commission for
the Western Pacific (I0OC/SC-
WESTPAC), the United Nations
Development Programme (UNDP),
the United Nations Environment
Programme (UNEP), the United
Nations Children’s Fund (UNICEF),
the United Nations Educational,
Scientific and Cultural Organization
(UNESCO) and others.

Regional indigenous agencies
(RIOs)

There are the regional indigenous
organizations (RIOs), such as the

Areas for cooperation in
aquaculture development

When considering topical areas for
cooperation in aquaculture
development, the following come to
mind:

e Exchange of coastal zone
management strategies - how
can we achieve sustainable
aquaculture development
while also protecting the
quality of our coastal waters?
Are there national or regional
strategies which could serve
as models for other areas?

e Development and
implementation of aquaculture
policies - do all RIOs have an
aquaculture development
policy that recognizes specific
needs and opportunities for
aquaculture development? Or
are aquaculture development
activities included as an
appendage of fisheries or
agriculture? Are there existing
models for national
aquaculture policy which could
be adapted into a regional
format?

e Marketing has strong
proprietary implications for
the private sector;
nevertheless there is
opportunity for generic
marketing activities on a
regional level that are in
support of individual company



Association of Southeast Asian
Nations (ASEAN), the Network of
Aquaculture Centres in Asia-Pacific
(NACA), the Southeast Asian
Fisheries Development Center
(SEAFDEC) and the South Pacific
Forum (SPF), which are funded by
their member states and, as well,
attract programme and project
funds from external sources.
Included in the equation are the
various country dialogue partners,
who provide funding to bilateral
and regional development projects;
the regional financial institutions;
education, training and research
institutions; and private-sector
interests, all of which are involved
in development processes.

Complementing vs. competing

During the evolution of
development agencies in Asia, or in
any region, it is to be expected
that, amongst them, there are
some over-lapping, perhaps even
competing interests. To achieve a
level of cooperation which
emphasizes complementarity rather
than duplication and competition in
positioning activities on their
respective priority agendas,
improved processes need to be
identified to partition
responsibilities fairly and equitably
amongst existing agencies.

efforts. Such activities as
identification of new export-
market opportunities, regional
market promotion endeavours
and other related activities
would be acceptable to most
companies.

The balance between food
security for the domestic
market and the need to earn
foreign exchange currency
through export of higher value
products such as prawns and
shrimp can be viewed in a
regional context.

Control of transfer of exotic
species - there is an obvious
need to minimize the transfer
of pathogens and diseases
which may accompany
movement of live aquatic
animals and their products
intra- and inter-regionally.
Maintaining biosecurity also
needs to be considered in
terms of the policies of the
World Trade Organization
(WTO), as well as in terms of
the practicalities and
considerable costs associated
with establishing and
maintaining biosecurity zones.
While most nations have their
own extension programmes
developed and implemented
internally, the commonalities
of aquaculture within regions,
and in some cases between
regions, would suggest that
there are real advantages to



For aquaculture chemicals,
therapeutants and other
treatment products, there is a
strong need for regional
cooperation in establishing
acceptable treatment
strategies which meet the
needs of the grower, as well
as recognize the requirement
for environmental
sustainability. There needs to
be cooperation on which
products are acceptable; what
limits should be permissible in
target and non-target
organisms, and in the
surrounding environment;
how to monitor and enforce
compliance; and on how to
develop policy and legislation
that support the technical
requirements. Cooperation
involves regional authorities

focusing on more cooperative
approaches. This would apply
to the training and education
of extension workers, as well
as to the delivery of their
services.
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Inter-regional cooperation

It is now also clear from previous
gatherings, such as the 1997 CIDA
Regional Oceans Programmes
Workshop (Hinds, 1998), that there
is much to be gained through inter-
regional cooperation. Specific
climatic, cultural or other features
usually prevent “wholesale”
transplantation of development
programmes from one region to
another. However, it is
acknowledged that there are
tremendous benefits to be derived
from the greater understanding and
cooperation made possible by
expanding the development
process to consider the inter-
regional level. While geographic
distances remain considerable, the
advent of the World Wide Web has
done much to shrink distances



from the exporting states, as
well as authorities from the
importing states or region. In
many cases, there are already
existing limits imposed by
importing countries. Even so,
there is a need for regional
cooperative strategies to
determine how to meet these
limits, especially since
rejection or detention from
one member state of the
region may place others under
suspicion. Representatives of
the companies manufacturing
the products should also be
considered in the equation,
since they should be included
when it comes to supporting
the costs for demonstrating
efficacy. Clearly, because of
the cost of the equipment and
activities involved, it makes
more sense to have one
regional centre to address
these types of problems,
rather than leaving it to each
country to establish its own
centre(s).

For other areas of research
and development, including
husbandry and farm systems,
education and training,
communications and
information dissemination,
postharvest technology and
social dimensions, it has
already been demonstrated
that regional cooperation
offers significant economies of

“virtually” and permit opportunity
for “south-south” sharing of
knowledge, relative to the
opportunities and constraints facing
people and organizations engaged
in aquaculture development in all
regions of the globe.

While this particular workshop
focused on seven regional projects
not specifically devoted to
aquaculture, the aim was to arrive
at some generic “lessons learned”
in regional programme
development, and then to examine
how these could be applied to the
development of subsequent
regional projects. This was the first
time in which participants from five
of CIDA'’s regional projects were
gathered together to formally
present their experiences with their
projects and how, from a recipient’s
perspective, the process could be
improved. There were 160
participants from over 40 countries -
over one-third of whom were
women - representing a
considerable range of experiences,
ideas and approaches.

The five projects represented West
Africa (Dioh, 1998), the Caribbean
(Saul, 1998), Southeast Asia (Tan,
1998; Jusoh, 1998) and the South
Pacific (Maiava, 1998). In addition
to the project participants
themselves, there were
representatives of multilateral and
bilateral donor agencies, agencies



scale.

¢ When committed to regional
cooperation, there are also
benefits to be gained in terms
of maintaining focus on the
political and priority agenda
levels. Once agreed to at the
regional level, it is more
difficult for a member state to
unilaterally declare a separate
agenda that is inconsistent
with the region as a whole.
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Coming out of this forum was a
fresh view of the importance of
establishing a strong understanding
of how partners develop synergy
through cooperation in project
design, implementation and
measuring progress. The bringing
together of the delegates was
viewed as the beginning of a
process of advancing
communications and understanding
of how to improve the cooperation
required to achieve better designed
and delivered projects.

e With the emphasis on
cooperation, most of the
lessons learned (Hinds and
Bacon, 1998) are directly

of the UN, NGOs, the private sector
and the universities.

e While events such as this
CIDA workshop are not
inexpensive, the argument
can be made that periodic
gatherings of regional project
participants are a wise
development strategy. Direct
discussions amongst regional
project participants are more
likely to achieve inter-regional
cooperation than if it is
imposed by external dialogue
partners or agencies.

Cooperation - how do we
“programme” it?



applicable to sustainable
aquaculture development,
since they relate to how
donors and recipients can
interact between and amongst
each other to achieve stronger
projects. Some of these
lessons for the future include:
A key ingredient for project
success is ensuring input from
all stakeholders, particularly
the target audience (growers)
during all phases of a project,
but especially during the
design phases. Experience has
indicated that when the target
audience is excluded from the
design process, the project
usually encounters
considerable difficulty in
implementation. When this
occurs, there is tremendous
loss of development
momentum, since the project
either needs to be halted for
redesign purposes, or in the
worst cases, the project fails
to achieve its objectives.
During project formulation,
there needs to be strong
regional cooperation in
selecting activity centres.
There also needs to be
regional agreement
concerning postproject
support for operation of the
centres. If regional support is
withdrawn at the conclusion of
the project, and if the host
country alone is left to

Clearly, cooperation does not
happen uni-laterally; it first
requires a focal point to give it life,
and then a strategy to sustain it.
Looking first at the focal point,
there are a number of options that
could be considered, depending on
which agency takes the lead. These
could include specific dialogue
partners, specialized agencies of
the UN, regional financial
institutions and perhaps others.
However, other than the regional
financial institutions, none of these
has an exclusive focus on a
particular region. As for regional
financial institutions, they are
lending agencies and their primary
focus is not necessarily directed at
the detailed strategies involved in
sustainable development.

Regional indigenous
organizations as the lead
agencies for regional and
inter-regional cooperation

It is suggested here, that the most
effective focal points for regional
development are the RIOs. RIOs
are seen to be particularly
important in taking the lead in
regional development since, having
been established to serve their
constituent member states, they
have a strong sense of ownership,
commitment and responsibility for
development in their respective



support the operations,
chances for successful
continuation of the centre’s
activities will likely be
threatened. Conversely, host
countries need to ensure that
project centres visibly project
a “regional persona” and are
not seen as having a national
focus.

Greater cooperation and
coordination need to be
exhibited when, as often
occurs, several projects are
being designed or
implemented simultaneously
in a region. There is a
tendency for projects to
become compartmentalized
with linkages restricted to
between specific donors and
recipients rather than
amongst them. In many
instances, the opportunities
for synergism are overlooked
because the coordinating

agencies are not fully aware of

other projects or are too
narrowly focused on the
activities of a single project.

regions. Moreover, they already
have a government-mandated
framework upon which to structure
programmes and projects. They
can, therefore, be viewed as being
the logical lead agencies around
which sustainable development can
be pursued. Accordingly then, as
the focal point for functional
cooperation, they can also be
considered for taking on the
coordinating role for regional
programme participants, which
may include: regional intra-
governmental representation,
universities and research institutes,
private-sector interests, industry
associations, regional chambers of
commerce, NGOs and others who
have interests in aquaculture
development.
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These same arguments hold true
when considering inter-regional
cooperation. While it is
acknowledged that some RIOs are
more developed than others, this
only emphasizes the need to
include greater inter-RIO dialogue
when considering the strategy for
achieving sustainability.

Elements of
“Sustainability”

Technical imperatives and
associated resources

Key elements in the formulation of
a sustainable aquaculture
development strategy focus on the
technical imperatives that need to
be addressed, and on marshalling
the human and other resources
needed to build the elements of the
strategy. It is important to
recognize that the technical aspects
of development cannot be achieved
with any lasting effect unless
consideration is first given to the
institutional architecture needed to
support them. All of this needs to
be considered within an
organizational framework that
favours institutional strengthening,
capacity building and service
delivery with a long-term view.
There are plenty of examples of
projects that were implemented
with too much emphasis placed on
the technical contributions of

From a project design and
implementation perspective,
traditional thinking needs to
be revised. Where capacity-
building projects previously
measured achievement of
objectives somewhat
subjectively, a results-based
management (RBM) approach
requires that such projects
have a strong objective
component and that the
results achieved are linked to
demonstrable improvements
in the state of aquaculture
development.

e This “new order” implies that

project designers must be
able to rely on having the
appropriate policies in place to
support this process of
institutional building, and as
such, must also have the
human intellectual skills
available to develop,
implement, measure and
analyse success towards
achieving sustainability.
Effective policy decisions are
the institutional basis for
sustainable aquaculture
development. As such, when
developing policy there is a
need for strong
communication, cooperation
and coordination amongst the
RIOs, the education and
research institutions and the
business community. In
assigning the mandate for



foreign experts, rather than on
transferring their expertise and
experience to counterparts who
have the long-term responsibility
for ensuring sustainability.
Wherever failure occurred in
development projects, it is usually
apparent that the technical
initiatives were not accompanied by
development of the indigenous
capacity and capability which would
ensure continuation of the project
benefits after the departure of
foreign experts. The result is that
subsequent “trips to the well” were
required to ‘sustain’ the previous
project. This clearly is not an
acceptable definition of
“sustainability”.

Institutional strengthening and
capacity building

In identifying the key elements of a
human resource strategy for
achieving sustainable aquaculture
development, the focus needs to be
on institutional strengthening and
capacity building. These are clear
prerequisites for better resource
management and physically
improving the regional
development process. Paraphrasing
Watson (1998), who discusses
institutional strengthening in terms
of environmental management, one
could suggest the following for
sustainable aquaculture
development:

project development and
management to reside with
the RIOs, they will then look:
i) to the research and
education institutions to
provide the intellect and
innovation needed to improve
the technology and
methodology, and ii) to the
business community to
translate it into sustainable
aquaculture production.

As a strategy for sustainable
capacity building, institutional
strengthening requires advisors and
counterparts to prepare a
comprehensive action plan that is
specifically targeted at the
resolution of important aquaculture
development constraints, or at
taking advantage of development
opportunities. This process can be
considered in two phases:

e Phase I is an outwardly
looking “situation assessment
where needs are assessed;
priorities for development
agreed upon; objectives for
capacity building established;
and anticipated improvements
identified, assuming the
objectives are achieved.
Strategically, resources need
to be targeted at filling
institutional gaps rather than
being dispersed over a range
of secondary activities which
cannot be achieved without

n
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e Phase II is the inwardly
looking “baseline assessment”
in which institutional
constraints facing people and
organizations responsible for
development are identified. In
addressing this phase, the
role of the advisors is to assist
their counterparts in
improving their capabilities
through analysis, planning,
training and providing
opportunities to gain hands-on
experience in situations that
can be monitored and
evaluated objectively using
some previously established
and accepted performance
standards.

A rigorous approach to institutional
strengthening is a prerequisite to
preventing so called “strategic
drift”, i.e. fading of original clear-
cut objectives and dissipation of
targeted resources over a broader

the critically important
institutional strengthening
being considered first.

This issue, together with others
relating to environmental
degradation linked directly to
aquaculture development, has
gained considerable profile and is
thus well placed on priority
agendas for consideration.

Policy and legislation support
technical initiatives

A second aspect of “sustainability”
relates to the policies and
legislation that are created to
support scientific and technical
developments. The establishment
of regional environmental, aquatic
animal health, transportation and
other criteria for aquaculture
operations is only truly useful if
they are given some effect in law.
In formulating sustainable
aquaculture strategies, it is
important to recognize the
downstream legislative process as
an integral, though perhaps



range of activities. “Successful
implementation of strategy requires
that the long-term project
objectives are kept in view,
activities and outputs are linked to
expected outcomes and that
frequent journeys down side-tracks
without clear objectives, priorities
or endpoints are avoided” (Watson
1998).

Framework to support technical
activities

In terms of the technical
imperatives, “sustainability”, in
itself, can be viewed from at least
three perspectives:

e The first relates to all of the
technical components of
aquaculture development.

e The technical components
must be set in a framework
which promotes economical
production, considers social
obligations to development,
and of course, ensures
environmental sustainability.

e The last perspective has both
an internal and external
component; first, aquaculture
operations need to adopt
practices that are at least
environmentally neutral; and
secondly, surrounding
industrial and domestic
activities must themselves be
environmentally neutral to
prevent detrimental impacts

subsequent, component of the
process. The argument can be
made that the technical
developments may be the easier of
the two to accomplish, since
legislative development is likely to
have many external competing
factors that could delay
promulgation. This, then, makes a
strong case for the focus on RIOs,
since they can provide a
responsible forum for building
credible regional development
strategies to promote and protect
aquaculture development. RIOs can
serve as effective vehicles for
consensus building that includes
“bottom-up” input at the national
level, integrated with an effective
“top-down” management function
when extended to the regional
level.

Sustainability and international
profile

The third aspect of “sustainability”
relates to its international profile.
As indicated earlier, development
funds are limited, and competition
for them is vigorous. Most nations
within a region share similar
problems and opportunities in
aquaculture development. The
bilateral approach is now viewed as
economically inefficient, as well as
being too time-consuming if one
considers sequential nation-by-
nation, project-by-project
aquaculture development.



on nearby farms.

Linkage - environmental
sustainability and sustainable
aquaculture development

Inexorably, sustainability in
aquaculture development is linked
to environmental sustainability.
Much has been studied and written
about the need for more vigilance
in maintaining an equilibrium
between the needs of the shrimp
growers and the need to protect
coastal mangrove areas as critical
nursery habitat for marine species
and as an important ecological
buffer between tropical marine and
terrestrial ecosystems.

As a regional instrument of a group
of cooperating governments, a RIO
projects a strong image which is
the summation of all its member
states. Enabled by their charters,
RIOs can serve as effective focal
points for the development and
implementation of regional policy
and regulation to support a
coordinated approach to
sustainable aquaculture
development. In doing so, they can

Accordingly, cogent arguments can
be made for focusing on RIOs
which have been assigned strong
mandates from their member
nations for aquaculture
development, and which have
equitable arrangements for division
of responsibilities among
themselves and individual member
states, as well as amongst other
RIOs within the same region that
may have overlapping interests.
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Participants were from government
depart-ments, a university and a
research institute representing the
Philippines, Indonesia, Malaysia,
Thailand, Singapore and Brunei
Darussalam. Project outputs
included:

e through the delivery of more
than 100 workshops, technical
studies and case studies to
over 830 participants, a



also develop, project and sustain a
strong regional image of
aquaculture as a responsible
activity with demonstrated
commitment to achieving “best
practices”, even when some
member states, which may be less
well developed, are having difficulty
in attaining regional performance
targets. With the encouragement
and support of other members of
the RIO, less well-developed states
have a greater chance of achieving
sustainable development than if
they were left to do so on their
own.

a successful regional
development project - an
example for model
consideration

An example of a successful
regionally implemented project
focusing on sustainable
development is the ASEAN-Canada
Cooperative Program On Marine
Science (CPMS-II) 1992-1998
(Vigers, pers. comm.). This project
also embodies many of the features
which have been identified above
as being important elements in a
successful strategy for regional
cooperation. Paraphrasing Vigers
(pers. comm.), some of the
highlights of the project are as
follows:

strengthened ASEAN
understanding, technical
knowledge and institutional
capacity in marine
environmental management
leading to greater recognition
of the need to work
regionally;

strengthening of human
resource skills, knowledge and
technical capabilities through
the placement of graduate
student trainees, short-term
training attachments and
study tours;

establishment of a cadre of
ASEAN specialists, and the
development of a networking
system amongst them;
formulation of a common set
of ASEAN marine
environmental quality criteria
for key environmental
parameters;development of
toxicity testing and analytical
protocols that are contributing
to data comparability and
reliability within the region;
regional agreement on
standard methods, procedures
and quality analysis/quality
control (QA/QC) methods for
sampling and analyses;
identification of regional
marine environmental quality
targets and establishment of
regional baseline data sets;
establishment of a red tide
surveillance and advisory
network;
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e The goal of CPMS-II was to

support ASEAN’s own regional
effort to cooperatively
optimize its marine resource-
based benefits while also
maintaining resource integrity
and promoting human health
protection.

The broad objective was to
upgrade ASEAN marine
science capabilities through a
programme of training
initiatives and through the
hands-on execution of three
major technical activities:

- development of tropical
marine environmental quality
criteria,

undertaking pollution
monitoring and baseline
studies, and

- investigation of toxic red
tides, which cause
contamination of shellfish,
marine fish kills and human
deaths.

e an increasingly harmonized
approach to regulatory
implementation monitoring,
enforcement and policy
development in marine
environmental management
that recognizes the conflicting
needs of industrial
development, population and
economic growth, as well as
ecological sustainability; and

e closer technical cooperation
between Canada and ASEAN.

One of the key features of this
project, which has particular
relevance to sustainable
aquaculture development, concerns
the management strategy for the
project. Specifically, the Canadian
Executing Agency (CEA) adopted an
advisory role to the Project
Steering Committee and Technical
Working Groups.



The CEA, working in a consultative
manner, administered funds on
behalf of CIDA, sourced technical
specialists to be made available to
the project, maintained overall
project momentum, and provided
an assistant project coordinator to
help in managing and administering
the many project activities
occurring in the region from the
Project Execution Centre located
within the Department of Fisheries,
Government of Malaysia, Kuala
Lumpur.

However, the Project Coordinator
was selected by ASEAN, and the
direction of the project and the
forces impacting on its focus were
very definitely ASEAN. This was in
keeping with the project design
philosophy of having ASEAN
assume the lead role when it came
to responsibility for the conduct of
the project. This approach was
possible because ASEAN, as a well-
structured RIO, has the strength
needed to assume this level of
responsibility. As it turns out, this
approach was successful. Moreover,
when analysing the inputs to
human resource development and
physical resources dedicated to the
project, it was evident that for
every two dollars Canada
contributed to the project, ASEAN
contributed three dollars.

A regional sustainable

In Asia, there are currently three
RIOs (NACA, SEAFDEC, ASEAN)
with strong ties to aquaculture
development. Of these, NACA with
its regional network of centres, is
seen as being the focal point for a
strong regional approach to
aquaculture development. There
are several reasons to support this
suggestion, including NACA's:

e exclusive focus on aquaculture
development through regional
cooperation;

e approximately 20 member
and participating nations
encompass most of the people
of Asia;

o ability to provide the “bottom-
up” elements from an R&D
perspective;

e endorsement by FAO and the
confidence of other agencies;
and

e experience in designing and
delivering effective R&D
programmes.

It makes sense then, that with this
profile and level of regional
representation, favourable
consideration needs to be given to
NACA as a lead agency.

However, consideration needs also
be given to the other two RIOs.
SEAFDEC has a well-developed
aquaculture programme and a
strong history of institutional
strengthening in partnership with



aquaculture development
strategy for consideration

It is fitting, though not coincidental,
that we are discussing models for
regional sustainable aquaculture
development, here in Asia. After
all, it is generally agreed that
aquaculture had its beginnings in
Asia, probably at least two
millennia ago. Moreover, in terms
of RIOs, it is generally agreed that
Asian organizations have probably
achieved a higher level of
development to date, than those in
other parts of the globe.
Accordingly, looking eventually at
inter-regional strategies as a
means of promoting greater
sustainability in aquaculture
development, it makes sense to
first ensure that there is a solid
model in at least one region upon
which to build future initiatives.

Synthesising the elements from the
foregoing discussion, we would
suggest that the following are the
major considerations in designing a
regional strategy for sustainable
aquaculture development:

A RIO as lead agency

For all of the reasons indicated
earlier in this discussion, a suitable
RIO to take the lead in the
development process is a primary
consideration.

the governments of its member
states. Moreover, SEAFDEC also
has considerable experience in
technology transfer initiatives.
Specifically, many of SEAFDEC’s
pilot-scale projects have involved
bridging the gap between the R&D
institution laboratory bench level,
and commercialization through an
industry partner. As a facilitator of
aquaculture industrial development,
SEAFDEC too, clearly has an
important role to play as a lead
agency for development.

ASEAN is a formal political
organization representing
governments of seven countries,
has close ties with other countries
in the region, and has well-
established connections to
multilateral and other development
organizations. As such, ASEAN will
be important in providing the
political leadership to keep
aquaculture development high on
the priority agenda. To
subsequently enable specific
development initiatives, ASEAN will
also be important in ensuring that
funds are sourced, either internally
or in partnership with other NACA
members, or in broader
partnerships involving bilateral and
multilateral development agencies.



It is concluded then, that while all
three RIOs are currently pursuing
aquaculture development in Asia,
that a more synergistic approach
focused on complementing each
other’s strengths could be achieved
through a partnership involving the
technical and institutional strengths
of NACA and SEAFDEC, combined
with the political expertise resident
within ASEAN. One could envisage
the aquaculture development
initiatives undertaken by these
three organizations being
integrated and consolidated in a
manner which would give a more
effective regional voice to
sustainable aquaculture
development issues.

It is suggested that initially there
needs to be a forum in which senior
representatives of NACA, SEAFDEC
and ASEAN can meet to explore
possibilities and hopefully develop a
common front on approaches to
sustainable aquaculture
development in Asia. Also included
in the forum could be traditional
dialogue partners, FAO and other
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The principal task will be designing
and implementing the process by
which development initiatives can
be moved from scientific and
technical design, through the
bureaucratic level, to the political
level where they can garner greater
profile and compete more
effectively with other issues on the
political agenda. This proposed
strategy, which also provides for
appropriate monitoring and
evaluation, is illustrated in Figure 1.
It is envisaged that the chain of
events in the process may
resemble the following: The private
sector identifies the need for a
particular research and
development initiative, which has
generic implications for the industry
as a whole, or for some subsector
of it. For example, a particular
disease issue in a farmed species
may require better diagnostic and
treatment strategies, or some other
issue that, when addressed
adequately, can improve the
standard of aquaculture in general.
The need is communicated to the
RIOs.



specialized agencies who would be
viewed as critical to the process of
establishing the priority agendas
for regional development. Such a
high profile forum, aimed at
consolidating regional efforts in
aquaculture development, should
also emit positive signals to attract
regional and global support for
initiatives emanating from this
cooperative approach.

Assuming that an agreement can
be reached, the next step could be
a five-year pilot programme
designed to permit the integration
and consolidation process to
proceed on an experimental basis.
This would provide an adequate
timeframe in which to work through
the various issues associated with
the move in this direction. The
intention here is that NACA,
SEAFDEC and ASEAN would carry
on their normal work programmes,
but would also focus on
determining how they can optimize
combined expertise to accelerate
development, as well as reorganize
activities amongst themselves to
avoid duplication of effort. For
example, there could be “trade-
offs” in the form of one agency
taking the lead for a specific
technical initiative, with others
adopting support roles. This would
not only reduce duplication in the
system, but could enhance
complementary activities, in place
of competition.

NACA/SEAFDEC, with their
expertise in undertaking R&D
programmes, identify the
technical elements required to
address the issues; compare
these to the inventories of
specialists within their
member centres, and prepare
the project design. If external
expertise is required, this
would be identified at this
stage. A commercialization
strategy would also be
included, using private-sector
participation to ensure that
results from the R&D
component are translated into
commercial benefits.
SEAFDEC, with its expertise in
the commercialization of R&D
initiatives, would play a lead
role in this aspect of the
programme.

ASEAN'’s political expertise
would be enlisted to move the
technical plan forward for
consideration by the
appropriate bureaucratic
levels (usually by economic
planning units of
representative regional
governments).

When senior bureaucratic
approval is received, ASEAN
would be enlisted to move the
process to the political level
for approval. In doing so,
consideration would also be
given to strategies for



Setting priority agendas

Placing aquaculture high on the
priority list of regional development
initiatives will be a rigorous
exercise in consensus building.
Nevertheless, the proposed
NACA/SEAFDEC partnership with
support from ASEAN would have
considerable experience and
expertise in this regard.
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publicising the initiative in a
way which is likely to favour a
positive political decision. For
instance, assuming that there
are to be spin-off benefits to
the aquaculture service sector
and others, the support of
regional chambers of
commerce could be enlisted to
help promote or endorse the
agenda.

Following approvals, project
implementation of the
technical components through
NACA/SEAFDEC, and then the
commercialization
components through
NACA/SEAFDEC and the
private-sector partner(s)
would proceed.
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e At appropriate points
throughout the project,
ASEAN coordinates internal
and external monitoring and
evaluation activities.

e It is expected that the project,
when completed, will
demonstrate a measurable
advance in development, and
address the specific needs
identified at the start.

e The model is cyclical in nature
and thus provides for
sequences of project
initiatives all directed at
moving sustainable
development forward.

In moving the priority “through the
system” in this manner, there is
good opportunity for integrating the
bottom-up concerns, prominent at
the local and national levels, with a
more benevolent top-down
management approach necessary
for a successful regional approach
to cooperation.

Institutional strengthening and
capacity building

As indicated earlier in this paper,
successful programmes have
focused on these elements as a
means of ensuring sustainability.
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The latter is to ensure that they
develop the capacity to evaluate
and integrate attractive technical
innovations into a company’s
operations, within the limits
allowed by the company’s financial
strength.

Extending the model regionally
and inter-regionally

NACA’s member and participating
states include several nations
outside Southeast Asia. Thus, while
the first step in building a stronger
regional approach to sustainable
aquaculture development may be
on the “sub-region” of Southeast
Asia, the ultimate intent is that the
structural elements of the new
partnership can be extended to
other states in the region, through
NACA’s central coordinating role.

Following the development of this
“Asia model”, it is conceivable that
a forum could be held in which
RIOs from other areas of the globe
would gather to consider how this
particular model could be shaped to
address other regions’ needs for
sustainable aquaculture
development. Here, it is envisaged
that the process utilized is as
important as the results achieved.



While most human resource
development has focused on
providing graduate and
postgraduate training to
incumbents in specific
programmes, consideration should
also be given to more formal
university and technical
institutional curricula focusing on
aquaculture development. If there
is stronger formalized grounding
provided in the fundamentals of
aquaculture development,
counterparts would be better
prepared, and existing operations
would be better able to absorb new
project activities into their line
operations.

While there is a need to continue to
develop the academic ranks of
aquaculture specialists who will
undertake R&D projects in
universities, research institutes and
government laboratories, there is
also a need to focus on the training
required for aquaculturists whose
career path will be towards
operations and management of
commercial ventures. Accordingly,
while their curriculum will include
many of the same subjects as
those of the scientific and technical
specialists, they would also focus
attention on the practical aspects of
aquaculture operations, including
resource engineering, geotechnical
topics, environmental sciences,
aquatic animal health and nutrition
management, husbandry, and

Specifically, assuming that such a
model comes to life, it would be
particularly useful for other RIOs to
be able to share the experiences
encountered as it develops. This
would allow them to develop some
context of how analogous models
could be developed in their own
regions.

Even better than waiting for
successful development of the
currently proposed model, would be
to share the experiences inter-
regionally, as they are
encountered. This would provide for
more inter-regional dialogue, more
rapid dissemination of useful
information, and serve as a catalyst
for the overall thrust of greater
inter-regional cooperation in
aquaculture development.

Ultimately, a more efficient and
productive approach to cooperation
in sustainable aquaculture
development will translate into
visibly positive actions with respect
to addressing the existing global
protein deficit problem.



especially business management.
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ABSTRACT: Human resources development (HRD) is pivotal to aquaculture development in the new
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Introduction

The development of human resources, both in
quality and quantity, is pivotal to sustaining the
aquaculture industry in the new millennium,
especially so in the climate of changing paradigms
affecting the sector (De Silva, 2001). Some of the
key trends and challenges facing the industry
reflect an ever-increasing global call for
development, irrespective of the economic status
of the nation, to be socially and environmentally
acceptable. As a follow-up to this, aquaculture is
unlikely to sustain itself based on economic
viability alone, but will need to ensure social and
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Improved hygiene standards: Access to
knowledge and information is public domain and
increasingly so in all corners of the world, and a
very desirable consequence of this has been an
increasing awareness on hygienic standards,
nutrition-health links and related food quality
issues.

Finally, as emphasised in the Bangkok Declaration
and Strategy prepared by this Conference, it is
increasingly recognised that aquaculture has to
contribute more effectively to human development
goals in many countries - poverty alleviation, food
security and improvement of rural peoples’
livelihoods.



environmental sustainability as well (Kutty, 1997).
The potential milieu of the sector in the new
millennium can, therefore, be summarised as
follows:

Reduced growth rates in the aquaculture
sector: There has been a reduction in the rate of
growth of aquaculture production in some parts of
the world, e.g. Asia. Only South America has
shown an overall increase in the rate of growth
over the last 10 years (De Silva, 2001).

Controversies and issues of public concern:
There is concern over some aquaculture
developments, for example, the increasing use of
fishmeal in some aquaculture sectors (Naylor et
al., 2000) and shrimp farm development in India
(Murthy, 1997). It is crucial that aquaculture takes
note of such controversies and any potential
repercussions, if it is going to meet its
development targets.

Changing aspirations of the industry: Like all
primary production industries, aquaculture has to
keep pace with the needs of a growing global
middle class and economic upswing in most
developing countries and/or regions. The sector
has to increase the proportion of production of
high value aquatic animals, e.g. the increase of the
production of Chinese perch, Siniperca chuasti, in
China. The bulk of this production is now
consumed locally compared with the predominant
export market of a decade ago.

Increasing demand for land and water
resources: Aquaculture now has to compete for
primary resources, such as land and water, on an
equal basis with all other stakeholders, whereas it
was previously a marginal land/water site user.

Increasing competition among aquaculture
products: With increasing living standards, the
aspirations of the consumers are destined to
change; consumers will become more choosy, and
this will inevitably result in increasing competition
amongst produce.
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Envisaged development of the sector

Within the above milieu, the sector’s development
can only be sustained through the prudent
adoption of key measures, which can be
categorised as follows:

technological development,

minimal environmental perturbation,
efficient use of primary resources, and
greater effort towards meeting human
development goals.

These are complementary. The perceived
technological developments in the sector in the
new millennium are dealt with in detail by
Sorgeloos (2001) and are likely to focus on:

¢ genetic improvements, selective breeding and
application of other genetic technologies;
feed technology and feed management;
minimisation of waste production;
effective completion of life cycles (e.g.
shrimp);

e re-use of water; recirculation technology;
health management, disease prevention and
control; and

e New species.

The sector can, therefore, be sustained through
technological developments etc., which proceed
hand in hand with changes in the knowledge, skills
and attitudes of practitioners, extension workers,
researchers, developers etc.; in essence, through
all key stakeholders. Thus the era of each
stakeholder working in isolation is a thing of the
past, and will not develop the synergies that are
required to sustain the sector in the new
millennium.



In this regard, an Expert Consultation on Aquaculture
Education (July 2000, Hanoi) considered the target
groups, the desired knowledge and skills for each target
group, and the type of education that would deliver the
desired results. The results of the findings are
summarised in Table 1.

Importance of human resource
development

In general, the immediate returns for investments in HRD
are not always obvious. Accordingly, development
institutions, governments and donor agencies tend to give
a relatively low priority to HRD, even though most nations
consider HRD as a priority area for development of the
sector. For example, a recent Network of Aquaculture
Centres in Asia-Pacific (NACA)/Food and Agriculture
Organization of the United Nations (FAQ) survey in Asia
revealed that 93% of the countries considered HRD as a
major problem facing aquaculture, and 71% of the nations
noted that a lack of skilled personnel was a major
impediment to further development(NACA/FAQO, 1996). A
recent review on aquaculture development in Africa
identified eight strategies as pivotal to the development of

the sector, and not surprisingly, five of these
involved HRD, particularly in relation to small-scale
farmers and extension workers. (Machena and
Moehl, 2001). On the issue of HRD, it is also
important to recognise the specific needs of nations
and regions. Past experience in the aquaculture
sector and elsewhere has shown that mere transfer
of technologies is not always effective and can even
be counter productive. Obviously, training needs
vary significantly amongst regions and are related
to the degree of development of the sector, thus
the gross needs of Africa may be significantly
different from those of Asia (Machena and Moehl,
2001).

Requirements for human resource
development in the new millennium

In the past, extension workers were expected to
have specialised knowledge in technological
aspects, such as the artificial propagation of an
aquatic species. The training for this, however,
tended to be specialised and relatively short term,
lacking a holistic approach. Such training was
frequently driven more by technology interests than
by development needs or the needs of the farmers.
A holistic approach to aquaculture training is, and
will continue to be, an essential ingredient in HRD
of the sector. Only this will ensure sustainable
aquaculture development.
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One other important factor that needs to be taken
into consideration in HRD is the diverse nature of
the aquaculture sector. Currently, it is estimated
that nearly 150 species are cultured, ranging from
invertebrates to reptiles (FAO, 1999), including
marine, brackish- and freshwater, temperate and
tropical species. Culture practices range from
extensive, to semi-intensive to intensive systems,
and involve the use of ponds, raceways, pens and
cages etc., in open, flow-through or closed
systems. Aquaculture is practised in widely
diversified ecological and socio-economic condi-
tions, and the handling of the postharvest product
also varies consi-derably. Not surprisingly, this
diversity exacerbates the complexity of providing
skill development and know-ledge transfer at all
levels of expertise needed. This differs significantly
from other food production sectors. In such circum-
stances, it is difficult, if not impossible, for one (or
even a limited number) of institutions to provide
the expertise in all of these aspects. Therefore, a
key to HRD in the new millennium will be
cooperation amongst institutions.

If aquaculture is to develop in a sustainable
manner in the new millennium, there needs to be
an increase in research capabilities at the centres
of emergent aquaculture, e.g. Vietnam and
Ecuador. Continued dependence on training and
expertise from temperate and developed regions
should be re-evaluated and resources enhanced for
within-region training, where expertise is based on
local aquaculture systems.

To illustrate the need for enhanced HRD in
research Figure 1, indicates the age and
qualification distribution of researchers in an
emerging aquaculture nation’s government
research institutions. In this nation, of the 224
researchers in govern-mental aquaculture
institutions, only 20.1 percent had postgraduate
training, of which 6.3 percent had a Ph.D. or
equivalent qualification.
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This does not imply that to be an effective
researcher one needs a Ph.D., but it has to be
conceded that a critical mass of people with
suitable postgraduate training is needed to
maintain and generate the research designs
required to meet aquaculture development needs.

Mechanics of human resource
development

One common factor operating at all levels of HRD
is the sharing and effective dissemination of
information. A recent survey of 54 institutions
involved in aquaculture education in the member
economies of the Asia Pacific Economic
Cooperation (APEC) showed that institutions
providing aquaculture education and training fall
into three broad categories:

e Vvocational training institutions providing
training for farm hands and lower managerial
levels,

e« governmental institutions specialising in short-
term courses (non-diploma), and

e some research training at tertiary institutions
that provide diplomas (24%), bachelor’s
degrees (44.4%) and higher research degree
training (22.2%) (De Silva et al., 2000).

There is very limited formalised private-sector
training operating at the present time. The survey
also showed that the degree of collaboration
amongst international institutions and national
institutions is: (a) in research (29.6% vs. 53.7%),
(b) in development (5.6% vs. 14.8%) and (c) in
education (7.4% vs. 33.3%) (De Silva et al.,
2000). Furthermore,



Figure 1. Age and gualilication profile of
agquaculbure rescarch stall in an emerging
mation s governmental institutions
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the following were evident from the survey:

most training is not market driven,

e part-time study was available only in about
18.5% of the institutions, and

e long distance or remote study was available
only at one institution in the region.

Fresh approaches in human resources
development

Inadequate aquaculture extension services have
been recognised as a major constraint in many
developing countries, and this needs to be rectified
if the sector is to develop further in a sustainable
manner. Training of extension workers has to be
modified to incorporate and reinforce information
delivery methods and mechanisms, as well as
practical farming techniques. There is also a need
for greater interaction between extension trainees
and farmers during training (“on-site” training).
Furthermore, extension training will certainly have
to exceed the traditional “"government extension”
models of the past. New models and players in
extension are needed - media, farmer associations,
development nongovernmental organizations
(NGOs), private sector suppliers and others will all
likely come into more prominence, broadening

e f
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Unfortunately however, research funding provided
by governments and/or the private sector in
developing countries is relatively little. The private
sector needs to be encouraged to invest in
research, and governments need to consider
providing appropriate incentives to the private
sector to facilitate such a trend.

Hitherto, developing countries have tended to
depend to a significant extent on donor agencies
for training and research funding. Tables 2 and 3
provide the breakdown of funds allocated in a
regional and international context.

It is evident that only a small amount of donor
funds were dedicated to HRD by the above
organisation. Admittedly, each of the major areas
of expenditure may have included a certain
amount of funds for workshops and short-term
training, but the question remains whether or not
funds spent on capacity building are adequate for
sector development in a sustainable manner.
Certainly the proportion of funds spent on training
within one regional project valued at US$600 000
was only 6.7 percent (Table 3), and the bulk of
these funds was spent on consultants.

It is important that donor agencies take note of the
above and encourage capacity building in emerging



training experience.

The ultimate goal should be to improve extension
services and ensure a more effective use of
resources. This can be achieved through:

e strengthening cooperation among extension
training providers, including government,
NGOs and the private sector;

e closer involvement of farmers in extension
project planning, and development and
dissemination of appropriate farming
technologies;

e improved institutional linkages for better
transfer of research findings to extension
workers; and

e providing opportunities for extension workers
to share their problems and experiences at
the national and regional levels, similar to
that enjoyed by researchers.

The centres of aquaculture development in the
southern hemisphere are concentrated mainly in
developing countries. It was stated earlier that
there is a need for emerging aquaculture nations
to develop their research capabilities and gear the
research to meet the ever increasing needs and
challenges imposed on the sector and minimise the
dependence on research from outside the region.

aquaculture nations by channelling a larger
amount/proportion of funds into on-site or
regionally based training.

Conclusions

It has to be conceded that if aquaculture is to
develop sustainably in the context of changing
paradigms of development in the new millennium,
there has to be more emphasis on HRD to address
this need. Equally, there have to be changes in the
nature of the training provided, and personnel
encouraged to adopt a more holistic approach.
There needs to be HRD in the research sectors,
particularly in developing nations with aquaculture
potential, and the research dependence on
countries outside the region should be reduced
accordingly. Governments within developing
aquaculture countries and international
organizations need to place more emphasis on
HRD at all levels, and the private sector,
particularly in developing nations, should be
encouraged to participate more actively in funding
research.
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Table 2. Areas of expenditure of donor funds within a major regional organisation

1990-1998. (De Silwa et al., 2000).

; . Expenditure Percentage of
Major areas of investmeant USs$ (x 1000) total
: Coastal shrimp culture 2 215 943.4
| Disease/quaranting 1133 | 23 F
Capacity building 05 1.9
| Enviranmental assessment/sustainability 1275 | 25.6
Farming systems 45 0.5
Infarmation technology 45 | 0.5
Processing 180 =5




Table 3. The breakdown of expenditure of a regional R & D project conducted by
an internatiomal organisation

Major areas of expenditure Expenditure [USS) Percentage of total
| Personnél 185 000 30.8
[ International travel R D 10041
| Research expenses A45 (K] 4005
Fraining wiarkshosps 401 [HIL) f./
| Conbingency A1 CHAL 11.7
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ABSTRACT: The broiler industry has been a vision of success to those
producing and marketing other animal proteins of terrestrial, fishery or
aquaculture origin. The broiler industry has evolved over the past 30 years to be
a major source of animal protein in the human diet. Growth has been massive in
recent years, having increased some 42 percent since 1992 alone. The United
States has led the way in broilers, and now produces over 34 percent of the
world’s supply of 56 million mt of live broiler. The formula for success in broilers
has been an abundant and affordable supply of corn and soybean meal and a
business organization where birds are produced and finished meat products are
marketed by the same company. Commercial fish production, in contrast,
consists of many fragmented marketing arms for a wide array of finfish,
molluscs and crustaceans involving both wild catch and managed culture. Of the
total estimated 142 million mt of fish produced globally in 1999, the capture
fisheries accounted for 102 million mt, with 30 million mt of that converted to
fishmeal and oil. Aquaculture is estimated to have produced nearly 40 million mt
in 1999, with over 90 percent of the production in Asia. China is by far the
leader, with an estimated 1999 production of 27 million mt. China produces
mainly carp and tilapia grown on a sustainable basis in small holdings with little
or no feeding. Fish are collected and sold in traditional wet markets by third
parties. Although Chinese aquaculture lacks capital and organization, the use of
processed feed has recently caught the attention of the more progressive
growers as a way to increase profit.

Shrimp and salmon on the other hand, because of their relatively high value
among the cultured fish species, stand out for their potential to be grown the



way broilers are, that is, in vertically integrated businesses. In Taiwan Province
of China and Southeast Asia, several large feed and poultry companies made
significant strides in the late 1980s and early 1990s toward vertical integration
in shrimp production. This led the way to upstarts in South and Central America,
the Indian subcontinent and now Africa. In most locations, however, early
successes have been punctuated with disease failures. The outbreaks of disease,
more often than not, have been the consequence of a deteriorated environment
caused by the farms themselves and poor practice of biosecurity. Technical
advances in disease control, genetics, nutrition and ecology all have the
potential to overcome many of these problems. The value and demand of these
food products in the market warrant strong development effort. Business
integration and technological development will lead the way for cultured aquatic
species to become major protein sources in the human diet. Opportunities and
obstacles in aquaculture are considered in this paper relative to the parallels and

differences in livestock production.

KEY WORDS: Agriculture, Animal Production, Aquaculture, Feed, Feed

Conversion, Shrimp Production

Introduction

Aquaculture is contributing to an
increasing share of the world’s
seafood supply. Figures provided by
the Food and Agriculture
Organization of the United Nations
(FAO) show that aquaculture has
increased in importance, with a
global growth rate outstripping that
of livestock meat production by a
factor of two to four. In Asia,
particularly in countries like China
(1.23 million mt in 1979 to 15.31
million mt in 1996), Bangladesh,
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Recent advances in selective
breeding and sex control
technologies for tilapia, for example,
have had a considerable impact on
tilapia production. (G.C. Mair, pers.
comm.).

However, it is in the production of
high-value species such as salmon
and shrimp that parallels may be
more clearly drawn in the large-scale
production of livestock such as
broilers. Without downplaying the
importance of rural aquaculture in
food production and provision of



India, Indonesia, The Philippines,
Thailand and Vietnam, the growth of
aquaculture has greatly outpaced
growth in livestock production. As
the scope for increasing the supply
of seafood from traditional fisheries
is limited, aquaculture is seen as
having an important role to play in
feeding the growing populations of
many developing countries.

Despite the high international profile
of aquaculture products such as
shrimp and salmon, world
aquaculture production is dominated
by freshwater fish, particularly in
Asia, which is estimated to produce
over 90 percent of the world’s
aquaculture output. Much of this is
produced by small-scale rural
aquaculturists. Small-scale rural
aquaculture, like its terrestrial
counterpart, is likely to benefit
indirectly from developments in
technology. Improvements in the
characteristics of farmed ish as a
result of genetic improvements, and
in health management and disease
control will filter through to the small-
scale farmer.

rural livelihoods, it is this type of
commercial, large-scale aquaculture
that may benefit most from a
comparison with trends in agriculture
production.

In the United States, per capita
consumption of broiler meat has
surpassed that of beef, lamb, fish
and pork. Since 1976, the per capita
consumption of fish increased by a
modest 12 percent and pork by 41
percent, while beef decreased by 33
percent and lamb decreased by 41
percent (Graves, 1999). Broiler
chicken and turkey meat were the
star performers, with increases of 93
percent and 100 percent over the
same period. Table 1 shows the
United States consumption patterns
for these animal proteins. Broiler
production has followed similar
trends in other countries, as shown
in Figure 1, with large increases in
China, Brazil, Mexico, France, the
United Kingdom and Thailand. In
most countries, a majority of the
production is consumed
domestically.

Coupled with the increase in
consumption of broiler meat has
been a fantastic increase in profit
performance of the chicken
companies involved. What caused
this shift in consumption pattern
favouring chicken? What made these
companies so successful?
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Table 1.

Figure 1. Top Broiler Producing Countries
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Change in meat consumption in the United

States (kg of boneless meat per person per vear}z

1976 1988 1999 23 Year Change (%)
Beaf 44,1 31.2 27.1 -39
Porlk 1.3 22.2 23.0 41
Lamb 1.2 1.0 0.7 -41
Chicken 12.9 13.2 24.7 93
Turkey 3.2 5.6 o 100
Fish 5.8 .7 .6 12
Total 83.5 84.9 B88.5 o

2adapted from Graves (1999) and the United States
Department of Agriculture (US DA, 1999)




What is the take home
message for the other
livestock and aquaculture
industries? The answers
are: 1) successful marketing
of attractive, high quality,
branded finished products;
2) vertical business
integration that resulted in
decreased costs with
improved quality; and 3)
technological breakthroughs
and innovations in
production. The single major
factor that increased profit
in these companies was
being able gain control over
many if not all of the
aspects of chicken
production and marketing.
In its most evolved form,
this integration involves
control of primary breeding,
hatching, growout, feed
production, processing,
shipment of raw materials,
delivery of finished meat
products, marketing,
restaurant chains, retail
outlets, grain farming and
soybean processing. Teams
of highly trained technical
and management specialists
are required to manage
operations under one entity.
Figure 2 shows the
estimated production of the
top five integrated broiler
companies in the world. The
largest, Tyson Foods,
produces more broiler meat
per year than the countries

Integration allows companies to produce what
consumers prefer without losing concentration
on the cost aspect. The balance of product
quality versus cost is a constant, never
ending, internal battle for an integrated
company.

The contract growing system has been
considered one of the most important core
aspects for successful operation of an
integrated broiler company (Aho, 1988).
Broiler husbandry is an occupation that
requires a 24-hour dedication to the task. This
is the main reason why the contract system
has been found to be more successful than
company-owned farms. Such dedication is
easier to find in a farmer-owner with a stake
in the profit outcome than in a salaried
worker. A large bank loan has a way of
concentrating the mind to proper priorities at
3.00 a.m. when the weather is bad. While
there are many variations to the theme, in
most contract-grower operations, the
independent farmer owns the land, buildings
and equipment, and the integrated broiler
company supplies the day-old chicken stock,
feed, fuel, vaccination and technical assistance
and guarantees buy-back of hatching eggs or
broilers at a set price. Integrators continually
rate the performance of their growers
regarding superior performance and penalise
those that are below average. Good
management and feed conversion is rewarded
with a cash bonus, while the poorest growers
are dropped from the company. The
integrated company may provide loans for
improvements and new buildings provided
they are built to company specifications. This
has been a win-win situation for both the
growers and integrators. By employing vertical
integration, a company can effectively control
cost, reduce outbreak of disease and improve



of Mexico, France, the
United Kingdom or Thailand.

Integration and
contract growing

As broiler companies expand
by both acquisition and new
facilities, economies of scale
are increased and costs are
decreased. Business
relationships with suppliers
of raw materials and
equipment necessary to
operate are such that they
are made part of the
business chain and are
responsible for their actions
and products. The most
highly developed and
profitable integrators know
the value of on-time
delivery, product quality and
consistency, and are willing
to pay for and recognise
value. They continually work
with their suppliers to
improve quality.

Broiler integrators have
developed extensive
marketing campaigns and
strongly tout the features,
advantages and benefits of
their product in various
forms of media. This allows
companies to differentiate
themselves not only from
other available meat
products, but also from

overall quality of finished product.

Figure 2. 195% Estimated Production of the Top
Five Integrated Broiler Companies of the Warld
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ordinary wet-market or
commercial grocery store
chicken. The integrators
have been successful in
eliminating or reducing the
profit of middlemen involved
in the marketing chain of
their products. Marketing is
focused on the consumer,
with the spotlight on
freshness, cleanliness,
taste, eye appeal and
product utility.

Some companies have also started
vertical integration in aquaculture
operations. Salmon producers have
embraced this concept, but there are
major differences in the structure of
the salmon industry (in particular,
the fact that salmon farm
concessions are granted by
governments and are not privately
owned freeholds) that limit the
extent to which this model can be
applied (Forster, 1999). Farmed
shrimp shows a greater similarity to
the situation with chickens, as
shrimp farms are usually located on
private property or on land for which
a long-term freehold is available. As
a result, shrimp exporters in some
countries have developed farm and
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Economic estimates comparing
broiler and shrimp production “on
the farm” in the United States and
Thailand are interesting (Table 3).
On a live weight basis, the market
price received for broilers in the
United States is cheaper than the
feed cost to produce the same
weight in Thailand. Live shrimp
command a market price roughly ten
times higher than live broilers. The
gross margin for “on the farm”
shrimp produced in Thailand is
several orders of magnitude greater
than the “on the farm” profit for
broilers in the United States or
Thailand. These numbers suggest
that unlike shrimp, much of the
profit in broiler production is not



hatchery operations to ensure
supplies of good quality product and,
in some cases, have developed
further integration with marketing
operations in major markets.

Contract farming in aquaculture is
less common, partly due to the high
cost of entry into the farming
operation itself. Many integrated
operations are based on corporate
farming, and where contract farming
has been tried, it has shown mixed
results. Several groups have
attempted to establish contract-
farming operations for shrimp,
especially in Southeast Asia. One of
the problems experienced, however,
is that the shrimp industry is not yet
at a stage of development where
risks are understood and can be
spread across the production chain.
The supply chain is still fragmented
and, as in the early days of chicken
production, there is an “every man
for himself” attitude in which each
level in the supply chain has to look
after its own profits. The market
lacks predictability, further impacting
on continuity. There are signs that
this may change but, with disease
still having a major impact on
product availability and price, there
is still some way to go before the
conditions will be conducive to
efficient contract-farming operations.

Economics of broiler and
aquaculture production

derived from farm growout but
rather, by adding value as in further
processing. The data also
demonstrate the large potential for
reducing the price of shrimp. That
would increase both consumption
and economies of scale in shrimp
production and processing.

The major costs in salmon farming
are usually smolts (juvenile fish, or
seedstock) and feed, with labour,
insurance and other costs making up
the rest of the production cost. Feed
is the largest expense, ranging
between 35 to 50 percent of total
cost. It is anticipated that continued
improvements, especially in feed
utilisation (food conversion rate), will
contribute to a reduction in
production cost. Smolts are another
large expense, but the cost has
come down in recent years because
of better survival at sea and lower
costs of smolt production. Further
technical improvements will continue
to move costs down, but savings will
become harder to achieve (Forster,
1995).

As with the poultry industry, farmed
salmon has already come some way
towards reducing costs, with
production costs declining
substantially and likely to continue
to do so as a result of increasing
efficiency (Forster, 1995). Feed costs
are still a substantial cost component
in salmon production, and have been
estimated at 2.8 times the cost of
feed to produce an equivalent weight
of chicken. However, if yield and the



Intense competition by broiler
integrators has created an extremely
efficient industry. Some indicative
costs for production, processing and
sale of broilers in the United States
during November 1999, given in
Table 2, show just how competitive
this system has become. The fact
that it should cost only $1.78 per kg,
including profit (the price spread), to
process, transport, wholesale and
retail a whole chicken is remarkable,
and salutary when compared with
generally accepted costs of doing
these same tasks in the seafood
industry today (Forster, 1999;
USDA, 1999).
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cost of holding breeding stocks are
taken into account, this can be
reduced by half, with further
reductions expected as a result of
future improvements in nutrition and
genetics.

Marketing

A comparison of the broiler and beef
industries in the United States is
useful to explain how important the
consumer and vertical integration
might be to the shrimp or other
aquaculture industries in the future.
In the early 1970s, beef was king in
America. Today, beef represents an
unbranded and non-integrated
protein source with falling market
share.

The industry largely ignores its
consumers and continues to offer raw
pieces of beef flesh described
anatomically using an antiquated

Major acquisition and consolidation has
taken place, similar to what happened
in the poultry industry 15 to 20 years
ago. Consumers’ preference for lean
grading system that favours a high fat meat and creative processing is being
product. Each segment of the industry  heard by pork producers, and

operates as if it were an island. The cow- consumption is on the upswing.

calf breeding operation, feedlot, meat
packing plant, truck lines,
merchandising and retailing are all
independent businesses, each

Aquaculture, especially shrimp and
salmon, appears to be well suited to
vertical integration and well suited to



responsible for making as much profit as producing attractive food products for

possible. Once the product is off the
truck or out the door and the money
changes hands, all care and much of the
responsibility is finished.

In contrast, since the 1970s, large

chicken companies such as Tyson Foods,

Charoen Pokphand, ConAgra and Perdue
Farms have become relentless in
developing products such as chicken
nuggets, processed meat, precooked
turkey ham and other specialities.
Innovative ideas such as chicken shops,
franchise restaurants, and retail outlets
have become part of these integrated
broiler operations. Branding and brand
recognition of poultry products has been
an essential element, allowing these
companies to gain control of the entire
business from grain plow to dinner
plate. Consequently, more consumers
have switched to chicken and have
decided to eat less beef. The swine
industry in the United States in the past
five to eight years has begun to follow
the lead of the poultry industry.

the consumer. In the search to
improve genetics, disease resistance
and pollution control, the aquaculture
industry must not lose sight of the end
consumers and their preferences.
Consumers will be loyal to a product
that is wholesome, healthy, tasty,
consistent, versatile, provided in
attractive packaging and is available
consistently throughout the year.

Marketing in the shrimp industry is
different than in the broiler industry in
that the major consumer markets are
in countries different than production.
Figures 3 and 4 show the major shrimp
culture countries and the market
consumption by the United States and
Japan. Indonesia and Thailand are
major producers, while the United
States and Japan, followed by
European countries are the major
consumers (Csirke et al. 1998).



Table 2. United States production and marketing costs (Ready-to-Cook (RTC) chicken,
USDA, Movember 1999)

Cost
Feed cost per ka. live weight produced (US$) 0,286
Total live weight production cost delivered to plant (US$) 0,410
Conversion from live weight to RTC {including giblets) % 75
Total live bird input cost per kg (LS E) 0,550
Processing and pack aging cost per kg (USE) 0.250
Ex plant RTC per kg (USE) 0,800
Marketing expenses and freight to wholesale market per kg (USE) 0,139
Wholesale RTC per kg (US$) 1.320
Marketing expenses, wholesale mark -up and freight to retail market per kg (USE) 1.001
Retail price RTC per kg (USE) 2.321
Total cost of processing, distribution and retall sale per kg (price spread) (US§E) 1.390

Table 3. Economic comparison of broiler and shrimp production (recent
estimates (US$) from America and Thailand, 2000)?

Broilers Shrimp

America Thailand America Thailand
Market price (live) 0.368 0.686 5.000 5.870
Feed cost 0.150 0.234 0.605 0.980
FCR 1.900 1.950 1.800 1.500
Feed cost per kg 0.286 0.456 1.080 1.470
Other costs per kg 0.090 0.166 0.510 0.860
Gross margin per kg 0.010 0.064 4.150 4.360
Liveability (%) 97 a5 60 55

*Data from G. Chamberlain (pers.comm) and O. Sukpriyagul
{(pers.comm)
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In the late 1980s and early 1990s,
the Asian shrimp aquaculture
industry was focussed mainly on
Japan. However, a decline in exports
to Japan due to the protracted
economic slowdown and an increase
in export to and demand by the
United States has created
substantial problems due to sanitary
issues and quarantine concern over
viruses that might potentially affect
natural United States shrimp
fisheries. A concerted effort between
exporting and importing
governments, as well as sellers and
buyers, is required to overcome
these problems and concerns.
Clearly, if the shrimp disease
problems can be remedied, the
industry will continue to advance.
The shrimp industry in Thailand and
Indonesia has already begun a
creative international marketing
campaign to promote shrimp
consumption in Japan and the United
States and in this respect, is already
ahead of broiler producers.

The market for farmed salmon has
grown tremendously over the past
10-15 years to where salmon is now
regarded as a much more affordable
food item and has penetrated newer,
nontraditional, markets such as Asia.
Further expansion of the market for
farmed salmon will depend on its
ability to compete with other foods,
either fish or meat items. Frozen
salmon products, rather than fresh
or chilled salmon, are easier and
cheaper to distribute and can
increase the market penetration.

The growth of the United States
market for tilapia has also had a
significant impact on the way in
which this fish species is marketed.
Before 1986, demand for tilapia in
the United States was mainly
centred around localized demand in
Asian communities for live product
and was met by domestic producers
(Fitzsimmons, pers. comm.).

The import of frozen whole tilapia
from Taiwan Province of China in the
mid-1980s, coupled with a greater
awareness of the fish among United
States consumers, led to an
expansion of the market, with
annual consumption of tilapia now
estimated at over 51 000 mt.
Although Taiwan Province of China
continues to be the main exporter to
the United States, mainland China,
Thailand and Indonesia have become
significant sources of frozen fillets
and some Caribbean and Central and
South American countries have also
become important suppliers of fresh
tilapia. In order to position tilapia
products better in the United States
market, the Tilapia Marketing
Institute (TMI) was established in
1998 by a group of large producers
and marketers. The TMI intends to
pursue a generic marketing
campaign to benefit all producers
and product forms, both domestic
and foreign, and will seek to
encourage producers to meet high
standards of quality. This follows the
beef marketing model more than
that for chicken, and it remains to be
seen whether it will be more



Like chicken, there is considerable successful for tilapia than it has been
potential for brand identification in for beef.
marketing salmon. This has already

happened to some extent, on a

national basis, with strong

“branding” efforts being developed

for farmed Canadian, Scottish and

Norwegian salmon. Value-added

processing, particularly of smoked

product and salmon steaks, is a

significant feature in salmon

marketing, and there is considerable

potential to widen this to include

other salmon-based products.

Figure 3. Major Shrimp Producing Countries
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Figure 4. Shrimp Consumption by LS5 and Japan
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Table 4. Mixed sex commercial broiler performance improvement over

30 years
1970 1980 1990 2000 %
Market age (days) 59 51 44 49 47
Market weight (kg) 1.70 1.85 1.95 2.02 19
Food conversion 2.18 2.04 1.89 1.85 15
Liveability % 96.1 96.6 96.9 97.0 1

Technological advances

The growth rate of commercial broiler
chickens has increased from a 1.70 kg

bird grown for 59 days in 1970 to a 2.02

kg bird grown in 40 days today, as
shown in Table 4. This could not have
been possible without the continued
improvement in genetics, disease

control, management and nutrition over

the years.

Breeding and genetics

In the broiler industry, genetic
improvement has been responsible for
the major increases in growth and

More recently, selection for feed
conversion has been found to further
improve economics and carcass
quality (Pym and Nichols, 1979).

Shrimp culture, in contrast to broilers,
has much catching up to do in the
area of domestication, selective
breeding, gene mapping, and biology
in general. An excellent review of this
topic was recently published by Argue
and Alcivar-Warren (1999). At
present, shrimp culture depends
largely on wild capture of postlarvae
or broodstock. This does not allow
selection pressure for desired traits
and is risky, as diseases may be
transmitted. Selection pressure has



improvement in meat quality. Much of

the genetic improvement work started in
the early days at academic institutions
was taken over by commercial breeder

companies. Today the largest four or
five major broiler breeding companies
are owned or controlled by the major
global poultry integrators. Today’s
modern broiler is a four-way hybrid
cross (Boyle, 1999). The pedigree
programmes of breeders have evolved
into sophisticated breeding schemes

which maximise selection intensity and

speed while using statistics to make
selections. Reproduction, growth,

liveability, skeletal integrity, meat yield
and feathering have all been considered

as important traits. Heritability for

growth rate is relatively high at around

0.4, and substantial gains have been
realised over the years (Chambers,
1990).

been found to be effective in
improving performance in penaeid
shrimp, with heritability for growth
rate ranging from 0.34 to 0.98 in
Penaeus vannamei (Carr et al. 1997),
and significant for P. monodon
(Jarayabhand et al., 1998). Little
work has been done in the area of
cross-breeding or development of
pedigree shrimp. Work at the Oceanic
Institute in Hawaii has shown
potential for breeding shrimp
resistant to Taura syndrome virus
(TSV), although it may be more
practical to select shrimp for general
immune response or osmoregulatory
capacity than for a specific disease.
Production of specific-pathogen free
nauplii has begun at the Oceanic
Institute and, although it appears to
be an effective way to limit disease
transfer, there is concern that such
programmes may decrease genetic
variation because only a few female
shrimp are required to produce large
numbers of nauplii.
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DNA techniques using PCR
technology have improved ability to
follow generations of shrimp, and
work in the area of polyploidy, sex
reversal and interspecific
hybridisation have shown early
promising results (Argue & Alcivar-
Warren, 1999). Triploid penaeid
shrimp appear to have faster
growth, better survival rates and
may be sterile, which would protect
the investment of breeding
companies and the environment by
not allowing exotic species to spawn.
Breeding and genetics of shrimp is
an area where much greater study is
warranted.

Genetic improvements have played a
major role in the development of the
finfish industry. The application of
breeding and selection programmes
in salmon, tilapia and carp has led to
considerable improvements in
growth and productivity in these
species (Gjedrem & Fimland, 1995).
Improvements in genetics and
breeding of salmon, along with
major improvements in feed and
health care for farmed salmon have,
for example, considerably reduced
the production time for salmon in
sea water.

Disease and biosecurity

Disease has been a major, yet often
under-appreciated factor in changing
the course of human history and

development. This is no less true for

In addition, the drug and
pharmaceutical industry has had
numerous breakthroughs during this
time, including the development of
ionophore antibiotics to control
coccidial parasites and improved
antibiotics and new antimicrobials
such as fluoroquinolones.

Management and facility layout in
breeder farms, broiler farms and
hatcheries has been found to be a
key factor in disease control. The
best and most obvious way to
control disease is to avoid contact
with sources of infection. Monitoring
of pathogens is thus essential. Multi-
age flocks are avoided on farms
controlled by successful broiler
companies. Routine and planned
complete depopulation has been
found to be the most effective way
to control many diseases, as most
disease-causing viruses cannot
survive for more than a week or two
outside of the chicken host. Those
who disregard basic principles of
disease prevention may succeed in
times of favourable market
conditions, but will go out of
business when profit margins are
small.

Many devastating diseases have
been encountered in shrimp culture.
As shrimp are not visible under the
water, disease may go unnoticed
until disaster occurs. Furthermore,
overfeeding of diseased and anorexic
shrimp leads to water quality
problems that further exacerbate the
condition. As in poultry, pathogens



the livestock which man has farmed
and hunted. In modern times, the
impacts of rinderpest and foot and
mouth disease have caused major
disruption, particularly in developing
countries (Thrusfield, 1995). The
aquaculture industry is no exception
to the general principle that, as
farming activities intensify and
spread, the likelihood of major
disease problems occurring
increases.

The broiler industry has been
plagued with its share of diseases
and problems related to viruses,
bacteria and parasites over the
years. The use of antibiotics,
chemicals, disinfectants and
vaccines, coupled with an
understanding and application of
biosecurity concepts, has been for
the most part, successful in
controlling many economically
crippling diseases.

The past 30 years have seen major
developments in poultry vaccines to
control viral diseases such as
laryngotracheitis, infectious
bronchitis, Newcastle disease,
infectious bursal disease, Marek’s
disease and viral arthritis. Vaccines
have been improved by back
passage of the viruses through
chickens to enhance transmissibility,
the use of bivalent antigens and
recombinant DNA technology (Shane
& Lasher, 1999).

are transmitted by transport
containers, contaminated vehicles,
wild animals and in air and water.
Bacterial diseases, particularly those
caused by Vibrio species, appear to
be widespread. Vibrio spp. are
generally regarded as opportunistic
pathogens, although one, Vibrio
harveyi, the cause of luminous
disease, is regarded as a primary
pathogen. Viral diseases, however,
have been the most devastating.

One particularly devastating viral
disease that affects shrimp
producers in all parts of the world is
white-spot disease, caused by white
spot syndrome virus (WSSV). This
disease can cause losses of 90
percent or more of shrimp being
produced on a farm. The agent is a
baculovirus-like virus that is
transmitted horizontally through
seed stock, contaminated feed,
infected shrimp and other carriers,
especially crustaceans such as wild
crabs. Vertical transmission is
unlikely, although recently
posthatched stock are soon infected
by the virus present in feed or
water.
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Other diseases that are devastating
to shrimp producers are yellowhead
disease, caused by yellowhead virus
complex (YHV), encountered mostly
in Asia, and Taura syndrome, caused
by Taura syndrome virus (TSV),
which is most prevalent in the
Americas. Recent developments in
DNA assay procedures using the
polymerase chain reaction (PCR) are
becoming useful to detect infection
of seedstock and contamination of
feed ingredients, although testing
costs and utility of this procedure in
the field are limiting factors.

The transmission of WSSV to the
Americas and reports of TSV in Asia
have highlighted the dangers of
uncontrolled and unregulated
transfers of stocks between
countries. Quarantine regulations
and practices are not so highly
developed for aquatic animals as
they are for terrestrial ones,
although the situation is expected to
change with the 2000 revision of the
International Aquatic Animal Health
Code and the Diagnostic Manual for
Aquatic Animal Diseases by the
Office International des Epizooties
(OIE) in Paris. The OIE, or World
Organization for Animal Health, is
the recognized agency responsible
for informing governments of the

Feed formulation on a digestible
nutrient basis is being practised
more often to reduce costs and allow
transparent changes when
ingredients are substituted for one
another. Supplementation of diets
with methionine as well as
threonine, lysine and tryptophan is
becoming more common in
commercial practice. The practice of
removing expensive fishmeal from
diets is gaining ground as more
nutritionists recognise that the
unidentified growth factors have
been identified as selenium, vitamin
B12, methionine and omega-3 fatty
acids.

Shrimp nutrition and feed production
have several major differences when
compared to broilers. The ratios and
requirements of nutrients are
different, and cholesterol and
ascorbic acid are required. Growth
responses have been observed with
addition of lecithin, and attractants
from fishmeal appear to improve
feeding rate. Grinding, conditioning
and pelleting are more critical in
production of shrimp feed than
broiler feed, as pellets must be small
and durable in water. Leaching of
water-soluble vitamins and amino
acids needs to be considered.
Contamination of feed with disease-



occurrence and course of animal
diseases throughout the world, of
ways to control these diseases, for
coordinating studies devoted to the
surveillance and control of animal
diseases and for the harmonization
of regulations for trade in animals
and animal products among OIE-
member countries. The Fish Disease
Commission of the OIE compiles
information on diseases of fish,
crustaceans and molluscs and on
methods of control of these
diseases, and harmonizes rules
governing trade in aquaculture
products, as well as the control of
products for diagnosis or
prophylaxis. Regional initiatives,
under the guidance of NACA and
FAO, are also under development to
reinforce regional capacity to meet
OIE recommendations.

Nutrition and feed
processing

Each of the required amino acids,
energy sources, vitamins, minerals,
other nutrients and their interactions
have been studied in depth in
countless feeding studies and
laboratory examinations in broilers.
While there is still a great deal to
learn, the commercial industry is
now focussed on reducing cost of
production and reducing feed-related
bacterial contamination with
organisms such as Salmonella and
Campylobacter, and also on reducing
nitrogen and phosphorus levels in

causing agents from marine meals
and live sources is a major concern.
Post-hatched juvenile shrimp must
be fed algae, zooplankton and other
marine-derived ingredients such as
live artemia. Juvenile shrimp are
considered to be particulate feeders,
whether feeding on processed feed
or natural sources of plankton. The
use of flocculants in pond water has
been shown to improve feeding and
performance in shrimp, as organic
particles such as algae and bacteria
are aggregated and made available
for consumption (Moss, 1995; Tacon
et al., 1999).

The use of soybean meal in shrimp
feed has been studied extensively
(Akiyama et al., 1989; Akiyama
1989). Fibre level of the meal is
important, as excess fibre reduces
pellet stability and energy density of
the diet. Levels of 25-30 percent
dehulled soybean meal have been
demonstrated to give good
performance in shrimp (Lim and
Dominy, 1990). Reducing the
reliance on fishmeal in shrimp feed
will reduce cost and lower the
possibility of diet-transmitted
pathogens. Formulation on a
digestible amino acid basis and the
use of ideal amino acid ratios will
reduce nitrogen loading of pond
water and effluent. Use of phytase
enzyme will have a beneficial impact
on phosphorus levels in water if
methods of application can be found
to increase enzyme stability and
reduce possibility of leaching.
Ingredients such as porcine plasma



manure. Supplemental feed enzymes
are being examined to reduce waste
output and as replacements for
antibiotic growth promoters, which
are losing favour.

Environment

Environmental control and
management are critical to the
broiler industry. Of particular
concern are litter (manure) control,
water treatment and the handling of
dead animals. Poultry litter contains
excreta and bedding material such
as rice hulls or wood shavings. The
waste material litter is valuable as
an organic fertiliser. In the United
States, litter is removed from broiler
houses only once per year unless
there is a disease outbreak.
Depopulation of broiler houses for
several weeks after flock marketing
is effective to eliminate viruses that
cannot live outside their hosts.
Starting new chicks on used litter
helps populate the digestive flora
quickly and excludes pathogens.
Used litter is disposed as fertiliser in
accordance with government soil and
water conservation service
guidelines to avoid runoff. Water
used for processing carcasses is

protein, soy protein concentrate and
partially hydrolysed vegetable
protein may have future utility as
attractants and nutrient sources.
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The use of closed biosecure culture
systems with reduced or zero water
exchange is an area under intense
evaluation at the present time. Such
novel production systems have the
potential to increase productivity,
reduce effluent and control disease.
These systems have already been
developed, tested and proven to
work on a prototype basis. At the
present time however, they are not
cost effective on a commercial scale
because of high electricity costs
necessary to run aerators and pump
water through raceways and filters
(Leung and Moss, 1999). Further
refinement of biofilters required to
clarify water and metabolise
nitrogenous wastes, along with
improvements in genetics of shrimp,
may make biosecure systems
economically viable in the future.
This would allow farms to be located
some distance away from the ocean
and would reduce the incidence of
disease. Much like broiler production
on litter floors, several crops of



treated to remove organic material
and other pollutants before being
released into the environment.
Equipment such as dissolved air
flotation systems (DAF) is now being
used to remove fat and particulate
matter from processing wastewater.
Dead bird carcasses are typically
frozen and subsequently recycled
and sterilised in rendering
operations. The material is used as a
feed ingredient along with other
treated waste products such as
feathers and offal collected during
processing.

Aquaculture and in particular, shrimp
farming, differs from broiler farming
in that the growout operations are
typically located along ocean-front
and estuarine areas and are,
therefore, under environmental
scrutiny. Semi-intensive culture
requires large ponds, location on
clay soil to reduce seepage, low soil
acidity and low land elevation to
reduce pumping costs. Problems
with pollution and disease have
occurred in shrimp culture areas
because of concentrated
development without coordination
and the use of infected postlarvae.
Improved pond management and
development according to plans and
guidelines will help the situation. In
important culture areas such as
Thailand, codes of conduct are being
developed for shrimp farming to
ensure sustainability and provide for
environmental, social and economic
benefits for present and future
generations. Businesses,

shrimp could be grown in the same
water, with time allotted for
depopulation between growouts.

Conclusions

Aquaculture has many attributes
that give it the potential to become a
major source of protein in the
human diet in the future, much like
broilers are today. Feed conversion
ratios are more favourable than for
broilers, and many species such as
salmon and shrimp are especially
well suited for the production of a
wide variety of attractive further-
processed food products. Such
development will require
consolidation of the value chain by
vertically integrated companies to a
point where single businesses
control feed supply, growout, seed
stock, processing and marketing of
branded finished products.
International marketing of food
products will require creativity to
gain brand recognition.
Technological improvements in
genetics, disease control, nutrition
and the environment are vitally
important, just as they have been in
other livestock industries. Increasing
the use of vegetable protein sources
in feeds will have a positive impact
on reducing feed cost and prevention
of disease. The high value and
consumer acceptability of shrimp
make the development worthwhile.



organizations and stakeholders
involved in the industry are involved
in generating, reviewing and
commenting on the codes of
conduct.
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ABSTRACT: Hunger and malnutrition remain amongst the most devastating problems facing the world’s poor
and needy, and continue to dominate the health of the world’s poorest nations. With the world population
doubling in size from three to six billion people from 1960 to 1999 and currently growing at 1.33 percent per
year (or an annual net addition of 78 million people), and expected to reach 7.3 to 10.7 billion by 2050 (with 8.9
billion considered most likely), there are growing doubts as to the long-term sustainability of many traditional
agricultural systems required to meet increasing global demand for food. Nowhere is this more critical than
within many of the world’s developing countries, and in particular, within those Low-income Food-deficit
Countries (LIFDCs; currently representing over 62 percent of the world’s population) which are net importers of
food and lack sufficient earnings to purchase food to cover basic dietary needs.

Of the different global food production systems, aquaculture is generally viewed as an important domestic
provider of much needed high-quality animal protein and other essential nutrients (generally at affordable prices
to the poorer segments of the community). It also is an important provider of employment opportunities, cash
income and valuable foreign exchange, with developing countries producing over 90 percent of total aquaculture
production by weight in 1998. However, if aquaculture is to play an even greater role in improving food security
and the alleviation of poverty, it is recommended that: 1) the actual and potential contribution of aquaculture to
food security and poverty alleviation be fully documented; 2) funding for aquaculture for the poor should be
increased, especially for countries where traditional aquaculture practices already exist; 3) aquaculture projects
should do no harm to the food supplies of the poor; 4) existing aquaculture activities of the poor should be
strengthened through the use of improved farmer/farming participatory systems research and people-centered
development/extension approaches; 5) investment be encouraged to support knowledge building for
management of sustainable aquaculture practices; 6) participatory production practices be pursued within a
framework of sustainable integrated management of natural resources (including their improved use) and
different agricultural production systems; 7) the focus should be on low-cost products favoured by the poor; 8)
emphasis be placed on improving culture systems for aquatic species feeding low in the food chain; 9)
production for local consumers/markets be encouraged; 10) community-based (rather than individual or
corporate) production should be encouraged; 11) consumption of aquaculture products from a human nutrition
viewpoint should be encouraged and promoted; and 12) food security impacts of aquaculture projects should be
monitored.

KEY WORDS: Aquaculture, Malnutrition, Poverty, Food Security
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The problem: malnutrition, food
security and poverty

Malnutrition: the on-going global travesty

Hunger and malnutrition remain amongst the most
devastating problems facing the majority of the
world’s poor and needy, and continue to dominate
the health of the world’s poorest nations (WHO,
2000). Nearly 30 percent of humanity, including
infants, children, adolescents, adults and elderly
within the developing world, are currently suffering
from one or more of the multiple forms of
malnutrition. This remains a continuing travesty of
the recognised fundamental human right to
adequate food and nutrition, and freedom from
hunger and malnutrition, particularly in a world that
has both the resources and knowledge to end this
catastrophe.

The tragic consequences of malnutrition include
death, disability, and stunted mental and physical
growth and as a result, retarded national socio-
economic development. Some 49 percent of the 10
million deaths among under-five children each year
in the developing world are associated with
malnutrition, iodine deficiency currently being the
greatest single preventable cause of brain damage
and mental retardation world wide, and vitamin A
deficiency remaining the single greatest
preventable cause of needless childhood blindness.
Moreover, there is also the concurrent epidemic of
obesity which is emerging within many
industrialised countries, so much so that more than
half the adult population in some countries is
affected, with consequent increasing death rates
from heart disease, hypertension, stroke and
diabetes (WHO, 2000).

According to WHO (2000), the current global scale
of malnutrition and nutrition-related disease can be
listed as follows:

¢ intrauterine growth retardation: 30 million
(23.8 percent of all births) per year;

e protein-energy malnutrition: 149.6 million
under-five children;

¢ iodine deficiency disorders: 740 million;

e vitamin A deficiency blindness: 2.8 million
under-five children;

e iron deficiency anaemia: 1,480 million women,
children and men;

e oObesity: 203 million adults, 21.9 million
children;

e cancer (diet-related): of 10.3 million cases of
cancer per year, 3-4 million (30-40 percent)
are preventable by feasible appropriate diet
and exercise;

o malnutrition of the elderly: 540 million elderly,
with well over half having some diet/nutrition-
related degenerative disease such as
cardiovascular disease, cerebrovascular
disease, diabetes, osteoporosis or cancer; and

e osteoporosis: around 2 million hip/spine
fractures per year (80 percent in women),
with calcium, vitamin D and exercise being
critical for prevention.

Other important and related nutrition issues
affecting large population groups

e 34 percent of infants never exclusively breast-
fed between 0-4 months of age;

e poor complementary feeding practices very
widespread and a major cause of childhood
malnutrition;

e scurvy, beriberi and rickets in badly deprived
and refugee populations;

« foliate deficiency in women of childbearing age
and adolescent girls causes 75 percent of
cases of anaemia and neural tube defects;

e zinc deficiency in deprived populations causing
growth retardation, diarrhoea, immune
deficiency and skin lesions; and

o selenium deficiency widespread in China and
Russia.

Food security and poverty: adequate
food - a human right

According to Mary Robinson (United Nations High
Commissioner for Human Rights), “few economic
rights are violated on such a scale as food and
nutrition rights” (Robinson, 1999). Approximately
790 million people in developing countries and 34
million in developed countries, mainly women and
children, are not eating sufficient food to meet their
basic nutritional needs (FAO, 1999). As a footnote,
it is important to mention here that it is national
governments (not international organizations)
which are the primary agents for the realization of
human rights, and that these rights are clearly
articulated in national law (Kent, 2001).

The Food and Agriculture Organization of the United
Nations (FAO) defines food security as “access by
all people at all times to the food needed for a
healthy and active life” (FAO 2000a) However,
achieving food security necessitates that food be
available on a regular basis and that all those
people in need of it can obtain it.
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According to FAO, chronic undernutrition and food
insecurity are principally caused by a combination
of factors, including 1) low agricultural productivity
(caused in part by policy, institutional and
technological constraints), 2) high seasonal and
year-to-year variability in food supplies (often the
result of unreliable rainfall and insufficient water for
crop and livestock production), and 3) lack of off-
farm employment opportunities (contributing to low
and uncertain incomes in urban and rural areas).

At present, the main focus of FAO’s programmes is
to try to break the vicious circle of poverty and food
insecurity by placing food security on the top of its
agenda. Programme activities are focused on
increasing food production, improving the stability
of food supplies, generating rural employment and
contributing to more accessible food supplies;
ensuring humanity’s freedom from hunger being
one of FAO’s main objectives stated within FAO's
Constitution (De Haen, 1999; FAO, 2000b). With
this in mind, FAO has launched a Special Program
for Food Security (SPFS), focused on Low-Income
Food-Deficit Countries (LIFDCs), the countries least
able to meet their food needs with imports.

This approach was endorsed by the World Food
Summit (FAO 2000c) held in Rome in November
1996, which called for concerted efforts at all levels
to raise food production and increase access to food
in 86 LIFDCs, with the objective of cutting the
present number of malnourished people in the
world by half by the year 2015. The Plan of Action
(FAO 2000d] adopted by the Summit concludes that
in order to reduce hunger, action is required in the
following areas: ensuring enabling conditions,
improving access to food, producing food,
increasing the role of trade, dealing adequately with
disaster and investing in food security.

Poverty is generally consi-dered as one of the
major causes of food insecurity, and poverty
eradication is essential to improve access to food.

The World Bank (WB) defines poverty as a
“multidimensional pheno-menon, encompassing
inability to satisfy basic needs, lack of control over
resources, lack of education and skills, poor health,
malnutrition, lack of shelter, poor access to water
and sanitation, vulnerability to shocks, violence and
crime, lack of political freedom and voice” (World
Bank, 2000).

It is estimated that about one-fifth of the world’s
population is currently living in extreme economic
poverty, defined as living on less than US$1 per
day (in 1993 dollars, adjusted to account for
differences in purchasing power across countries).

Aquaculture: a sustainable food and
income source for the poor?

Global aquaculture production

Of the different global food production systems,
aquaculture (the farming of aquatic plants and
animals) is widely perceived as an important
weapon in the global fight against malnutrition and
poverty, particularly within developing countries.
Aquaculture is regarded as an important domestic
provider of much needed high-quality animal
protein and other essential nutrients (generally at
affordable prices to the poorer segments of the
community) and/or a provider of employment
opportunities and cash income. In view of these
positive characteristics, it is perhaps not surprising
that aquaculture has been the world’s fastest-
growing food production sector for nearly two
decades. The sector has exhibited an overall growth
rate of over 11.0 percent per year since 1984,
compared with 3.1 percent for terrestrial farm
animal meat production and 0.8 percent for
landings from capture fisheries (Figures 1 and 2).

By economic country-grouping, approximately 90.0
percent and 82.2 percent of total world aquaculture
production in 1998 was produced within developing
countries (35.49 million mt).
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and, in particular, within LIFDCs (32.41 million mt;
LIFDCs having an average per capita income
<US$1 505/annum in 1996, and including: Africa -
Benin, Burkina Faso, Burundi, Cameroon, Central
African Republic, Congo Democratic Repubilic,
Congo Republic, Cote d'Ivoire, Egypt, Ethiopia,
Gambia, Ghana, Guinea, Kenya, Lesotho, Liberia,
Madagascar, Malawi, Mali, Morocco, Mozambique,
Niger, Nigeria, Rwanda, Senegal, Sierra Leone,
Sudan, Swaziland, Tanzania, Togo, Zambia; North
America - Cuba, Guatemala, Honduras, Nicaragua;
South America - Bolivia, Ecuador; Asia - Armenia,
Azerbaijan, Bangladesh, Bhutan, Cambodia, China,
Georgia, India, Indonesia, Korea DPR, Kyrgzstan,
Laos, Nepal, Pakistan, Philippines, Sri Lanka, Syria,
Tajikistan, Turkmenistan, Uzbekistan; Europe -
Albania, Macedonia [World Bank, 2000),
respectively. Moreover, whereas the developing
country share of aquaculture production has
increased from 72.6 percent (7.37 million mt) of
total aquaculture production in 1984 to 90 percent
(35.49 million mt) in 1998, the share of production
from developed countries has decreased from 27.4
percent (2.78 million mt) in 1984 to 10 percent
(3.93 million mt) in 1998 (Figure 3). Aquaculture
production within LIFDCs has been growing over
five times faster (13.7 percent per year since 1984)
than within developed countries (2.7 percent per
year since 1984), with aquaculture production
within developing countries displaying an average
growth rate of 12.8 percent per year between 1984
and 1998.



Toble 1. Top squaculture pr

Counbry | Produyctiont -|l|u|l||-|||uu'
i Eon il ok

: I the world In | 953

[ Growih APRD | Gromth®  Total valus Unik valud

L] 4 ] =
[, oL §.508
ACE ik 4 t]
e B 5 = !
il =11 -1 1 b L
| ST 5 3 r
T H 15 1. =
/i LE 1 #0
T Wy LR '
F 4 o
S '3-_._ . _:
s By Fi-
1T 255 1 ] L1
I Ching
Ty e =i
1 | - L]
- 5 55
] 137 471 3 5§ 027,895
Total world 140,40 1B LN 11L& 8,4 | 83 A%R, 185 L33
e ¥ Blrg = i b vl aguale; & 2 o 2
T
L L aber | e bokao
o Py I, .l 1 el el L BE
CIa | = i 8 L e W

66

Figura 4. Flbal AJuac e Frode s s
Fredud oy e 2hina

A
ar. =
U
=l

= dHnri—=—h

AR |.|.f|f|f|1

.-I-

R IR | l\_'u'l.llJ

bl L8120 1S

L © S T

TRAT

By region, Asia produced over 90.8 percent of total
global aquaculture production by weight in 1998
(35.81 million mt), with mainland China reporting a
total aquaculture production of 27.1 million mt or
68.6 percent of total global aquaculture production
in 1998. Apart from mainland China, all of the
world’s top ten aquaculture-producing nations were
found in Asia in 1998, and included India (2.03
million mt), Japan (1.29 million mt), Philippines
(0.95 million mt), Indonesia (0.81 million mt),
Korea Republic (0.80 million mt), Bangladesh (0.58
million mt), Thailand (0.57 million mt), Viet Nam
(0.54 million mt), and Korea DPR (0.48 million mt).
These top ten producing countries represented 89.1

Interestingly, analysis of global aquaculture
production excluding mainland China showed a
moderate growth rate, with production doubling
from 6.32 million mt in 1984 to 12.36 million mt in
1998, and the sector growing at an average rate of
5.3 percent per year since 1984 (Figure 4). In
general terms, aquaculture’s contribution to total
world fisheries landings has increased three fold
since 1984, aquaculture production increasing from
10.15 million mt or 11.4 percent of total fisheries
landings in 1984 to 39.43 million mt or 31.1
percent of total fisheries landings in 1998 (Figure
1). By continent, aquaculture supplied 45.3 percent
of total fisheries landings in Asia (up from 21.1



percent of total global aquaculture production by
weight (see Table 1).

The next major region in terms of production by
weight, was Europe (4.97 percent or 1.96 million
mt): Norway (0.41 million mt), Spain (0.31 million
mt), France (0.27 million mt), Italy (0.25 million
mt), the United Kingdom (0.14 million mt), and the
Netherlands (0.12 million mt); followed by South
America (1.70 percent or 0.67 million mt): Chile
(0.36 million mt), Ecuador (0.15 million mt), Brazil
(0.095 million mt), and Colombia (0.046 million
mt); North America (1.66 percent or 0.65 million
mt): the United States (0.44 million mt), Canada
(0.090 million mt), Mexico (0.041 million mt), and
Cuba (0.038 million mt); Africa (0.48 percent or
0.19 million mt): Egypt (0.14 million mt), Nigeria
(0.020 million mt), Madagascar (0.0069 million
mt), South Africa (0.0052 million mt), and Zambia
(0.0042 million mt); and Oceania (0.36 percent or
0.14 million mt): New Zealand (0.094 million mt)
and Australia 0.028 million mt (FAO, 2000e).
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percent in 1984), 10.9 percent of total landings in
Oceania (up from 3.7 percent in 1984), 10.2
percent in Europe (up from 6.9 percent in 1984),
8.0 percent in North America (up from 4.5 percent
in 1984), 5.7 percent in South America (up from
0.5 percent in 1984) and 3.2 percent in Africa (up
from 0.9 percent in 1984 (FAO, 2000e).

At a species-group level, finfish contributed over
half of total aquaculture production by weight in
1998 (20 million mt or 50.8 percent), followed by
molluscs (9.1 million mt or 23.2 percent) and
aquatic plants (8.5 million mt or 21.7 percent (see
Figure 5). The growth of the different major specific
groups over the past decade has been rapid, with
most groups exhibiting double-digit growth rates
over the period 1984 to 1998, including finfish
(12.3 percent per year, with production up by 6.7
percent since 1997), molluscs (11.5 percent per
year, with production up by 6.5 percent since
1997), aquatic plants (7.7 percent per year, with
production up by 18.9 percent since 1997), and
crustaceans (16.0 percent per year, with production
up by 13.9 percent since 1997) (Figure 6).
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Global food fish supply

In terms of per capita availability of “food fish”
from aquaculture (i.e. the production of farmed
aquatic finfish and shellfish on a whole live weight
basis, and excluding farmed aquatic plants; 30.86
million mt in 1998) has increased by 261 percent
from 1.45 kg in 1984 to 5.23 kg in 1998, with
supply growing at an average rate of 10.4 percent
per year. By contrast, per capita availability of
“food fish” from capture fisheries (i.e. 62.45 million
mt - excludes captured fish destined for reduction
into fishmeal) has remained static, decreasing from
10.88 k

in 1984 to 10.58 kg in 1998. On the basis of the
above data, over 33.1 percent of total global “food
fish” supplies was supplied by aquaculture in 1998.
Aquaculture currently ranks fourth in terms of
global farmed meat production (19.5 million mt in
1998; after gutting/shelling), with pig first (88.0
million mt), beef and veal second (55.3 million mt)
and chicken third (52.1 million mt) (Figure 7).

Globally, more “food fish” is consumed on a per
capita basis than any other type of meat or animal
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For example, figures for 1997 show that while fish
represent only 7.3 percent of total animal protein
supplies in South America (Brazil - 4.7 percent,
Chile - 12.4 percent, Ecuador - 9.0 percent; mean
per capita supply 10.0 kg), 7.5 percent in North
and Central America (Canada - 9.9 percent, Mexico -
9.5 percent, the United States - 6.8 percent; mean
per capita supply 16.7 kg), 9.1 percent in Oceania
(Australia - 6.5 percent; mean per capita supply
19.9 kg), and 10.3 percent in Europe (France - 8.6
percent, Greece - 12.1 percent, Italy - 10.8
percent, Norway - 24.8 percent; mean per capita
supply 18.5 kg), they provided 17.2 percent of total
animal protein supplies in Africa (Benin - 28.5
percent, Burundi - 29.6 percent, Cameroon - 25.0
percent, Cape Verde - 30.6 percent, Congo
Democratic Republic - 31.0 percent, Congo Republic

protein (16.0 kg per capita supply in 1998, up from
12.5 kg in 1984), followed by pig meat (14.9 kg in
1998), poultry meat (10.1 kg in 1998), beef and
veal (9.8 kg in 1998), eggs (7.8 kg in 1998) and
mutton and goat (1.9 kg in 1998) (FAOSTAT,
2000). Although developing countries produced
over two-thirds of total food fish supply in 1998,
per capita supply was highest in developed
countries (23.2 kg in 1998, down from 25.6 kg in
1984), followed by developing countries (14.0 kg,
up from 8.0 kg) and LIFDCs (13.6 kg, up from 6.9
kg). By region, per capita supply was highest in
Oceania (20.2 kg, down from 21.3 kg), followed by
Europe (19.7 kg, up from 17.8 kg), Asia (17.6 kg,
up from 10.5 kg), North and Central America (16.8
kg, up from 16.6 kg), South America (9.8 kg, up
from 7.9 kg), and Africa (7.0 kg in 1998, down
from 8.1 kg in 1984) (FAOSTAT, 2000). In terms of
animal protein supply, food fish represented 16.5
percent of total supply in 1997 (total global animal
protein supply was reported as 27.1 gm per capita
in 1997), followed by pig meat (14.7 percent), beef
and veal (13.6 percent), and poultry meat (12.5
percent). It is interesting to note here that farmed
aquatic meat production in China currently ranks
second to pig meat (Figure 8); the per capita
availability of food fish in China increasing from 6.3
kg in 1984 to 25.5 kg in 1998 (FAOSTAT, 2000). In
general, people living within Asia and Africa
(including LIFDCs) are much more dependent on
fish as part of their daily diets than people living
within most developed countries and other regions
of the world (Figure 9).
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- 48.8 percent, Cote d’Ivoire - 36.9 percent, Egypt -
18.4 percent, Equatorial Guinea - 61.9 percent,
Ethiopia - 0.8 percent, Gabon - 35.0 percent,
Gambia - 61.7 percent, Ghana - 63.2 percent,
Guinea - 60.2 percent, Malawi - 37.7 percent,
Nigeria - 21.6 percent, Senegal - 47.4 percent,
Sierra Leone - 63.0 percent, Tanzania - 33.6
percent, Togo - 50.2 percent, Uganda - 30.0
percent; mean per capita supply 7.1 kg), and over
24.5 percent in Asia (Bangladesh - 48.3 percent,
Cambodia - 28.3 percent, China - 23.9 percent,
India - 15.3 percent, Indonesia - 53.1 percent,
Japan - 45.8 percent, Korea - DPR 55.7 percent,
Korea Republic - 43.3 percent, Malaysia - 34.5
percent, Myanmar - 45.4 percent, Philippines - 42.8
percent, Sri Lanka - 54.3 percent, Thailand - 41.5
percent, Viet - Nam 39.4 percent; mean per capita
supply 17.9 kg).

In general, the main factor driving the apparent
high demand for staple food fish (in particular, low-
value farmed freshwater food fish species feeding
low on the aquatic food chain), within most
developing countries and LIFDCs is their greater
affordability to the poorer segments of the
community, including the rural poor, compared with
other animal protein sources (Philippines - Tacon
and Barg, 2001; Fred Yap - pers. comm.;
Bangladesh - Lena Westlund Lofvall, M.C.
Nandeesha: China - Chen Shuping,

India - M. Sakthivel - pers. comms.). At present,
food fish represents the primary source of animal
protein (contributing more than 25 percent of the
total animal protein supply) for about one billion
people within 58 countries world wide, and in
particular within developing countries and LIFDCs
(value excludes China; FAO, 2000e; Ye, 1999).

The future: increasing the contribution
of aquaculture for food security and
poverty alleviation

Current role of rural aquaculture

In general terms, aquaculture may benefit the
livelihoods of the poor, either through an improved
food supply and/or through employment and
increased income; benefits being either direct to a
household farming aquatic products or indirect from
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Increasing the contribution of aquaculture

In line with the Rome Declaration on World Food
Security and the World Food Summit Plan of Action,
and following the recommendations of Kent (1995),
if aquaculture is to play a greater role in improving
food security and the alleviation of poverty, it is
recommended that:

o the actual and unfulfilled potential of
aquaculture to contribute to food security and
poverty alleviation be fully documented (Peter



the increased availability of low-cost fish in local
markets, or from employment within the
aquaculture sector (Edwards, 1999). However, at
present, little or no hard statistical information
exists concerning the scale and extent of rural or
small-scale aquaculture development within most
developing countries and LIFDCs or concerning the
direct/indirect impact of these and the more
commercial-scale farming activities and assistance
projects on food security and poverty alleviation
(Edwards, 1999; Tacon et al., 1997). However, it is
useful to mention here how contribution of rural
aquaculture to poverty alleviation is explained by
Edwards (1999): “rural aquaculture contributes to
the alleviation of poverty directly through small-
scale household farming of aquatic organisms for
domestic consumption and/or income; or indirectly
through employment of the poor as service
providers to aquaculture or as workers on aquatic
farms of wealthier farmers; or indirectly by
providing low-cost fish for poor rural and urban
consumers.”

Despite the lack of information concerning the role
of rural aquaculture, there is one sure benefit of
consuming fish, and that is the nutritional and
health benefit to be gained from its valuable
nutrient content; food fish having a nutrient profile
superior to all terrestrial meats, being an excellent
source of high quality animal protein and highly
digestible energy, as well as an extremely rich
source of omega-3 polyunsaturated fatty acids
(PUFAs), fat-soluble vitamins (A, D and E) and
water-soluble vitamins (B complex), and minerals
(calcium, phosphorus, iron, iodine and selenium).
In fact, if there is a single food that could be used
to address all of the different malnutritional
disorders listed at the start of this paper, it is fish -
the staple animal protein source of traditional
fisherfolk.
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Edwards, Mahfuzuddin Ahmed - pers. comm.);
funding for aquaculture for the poor should be
increased, especially within those fish-eating
countries where traditional aquaculture
practices already exist (Edwards, 1999; Kent,
1995);

aquaculture projects should do no harm to the
food supplies of the poor (Kent, 1995);
existing aquaculture activities of the poor
should be strengthened through the use of
improved farmer/farming participatory
systems research and people-centered
development/extension approaches (Ahmed
and Lorica, 1999; Edwards, 1999; Kent,
1995);

investment be encouraged in building the
institutional capacity and knowledge base
concerning sustainable aquaculture practices
to manage the sector (Tacon and Barg, 2001;
M.C. Nandeesha - pers. comm.);
participatory production practices within the
framework of the sustainable integrated
management of natural resources (including
their improved use) and different agricultural
production systems be pursued (World Food
Summit recommendation as cited by FAO,
2000d); Tacon and Barg,2001; M.C.
Nandeesha, Yugraj Singh Yadava,
Mahfuzuddin Ahmed - pers. comm.);

the focus should be on low-cost products
favoured by the poor (Kent, 1995; note: there
is a growing school of thought that if
aquaculture is to significantly contribute to
increased income of poor farmers, that they
should not just be restricted to low-value
species (Yap, 2001);

emphasis be placed on improving culture
systems for aquatic species feeding low in the
food chain (Tacon and Barg, 1998; M.C.
Nandeesha - pers. comm.);

production should be for local consumers
(Kent, 1995);

community production should be encouraged
(Kent, 1995);



e the consumption of aquaculture products from
a human nutrition viewpoint should be
encouraged and promoted; and

o that food security impacts should be
monitored (Ahmed and Lorica, 1999; Kent,
1995).
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Major recommendations of the
Bangkok Conference

Aquaculture and fish as food

¢ From a nutritional point of view, the
production of aquaculture products for human
consumption should be encouraged and
promoted.

¢ Systems for the production of low-value fish
affordable for the poor should be promoted.

Aquaculture for rural livelihoods

e The extension and development approaches
used for rural aquaculture need to be
improved. These should include:

¢ a holistic, farming systems-based approach
integrating aquaculture into rural livelihoods;

e a participatory, needs-based approach that
takes full account of the capacity of the poor,
the resources available to them, and the risks
they face;

o farmer-led extension and research;and

e promotion of sustainable, appropriate
technologies commensurate with the
resources available.

e Rural aquaculture has to be developed as an
entrepreneurial activity that is financially
viable, even for small-scale operations. This
means that choices regarding the species
produced should be based on the best benefits
for the producer.

e Improved information on small-scale rural
aquaculture, its role in rural livelihoods and its
impact on food security and poverty alleviation
need to be developed and understood, and
monitoring systems established. This will
require the development of better indicators.

Aquaculture and poverty alleviation

e The involvement of the poor in aquaculture
must be based on a careful and realistic
assessment of their needs, capacity and
access to resources, and the risks they face.

e Aquaculture development should not adversely
affect the livelihoods of poor people. All
aquaculture developments should specifically
address and minimise any potential adverse
impacts on the poor.
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ABSTRACT: Aquaculture has an important role in rural development. Three
quarters of aquaculture production comes from low-income countries, the key
region being Asia, within which Chinese production predominates. Integrating
aquaculture into the rural economy can bring benefits, as well as
environmental and social risks, especially in coastal areas. Lessons must be
learnt from the case of uncontrolled expansion of intensive marine shrimp
production. In developing economies, peoples’ livelihoods, which include
aquaculture, benefit from participatory approaches, which build management
capacity. In inland areas, fry nursing networks represent low-risk entry points
for rural development, and fish-in-rice systems have wide application. In
coastal areas, reforestation can benefit coastal defences and aquatic resource
production, whilst integrated pond-dyke cropping systems in delta areas have
demonstrated complementary resource and energy flows. In more developed
countries, where the objective is the development of remote rural economies,
the stability and environmental impact of aquaculture should be key
considerations in any future planning.

Effective rural development comes through sound governance, participation at
all stakeholder levels, people-centred integrated sustainable development and
a multi-sectoral agenda. Policy coherence must be a primary objective,
developed through wide-ranging public involvement and, where necessary,
through the promotion of effective representative organizations. Much greater



emphasis on advocacy (outside of the subsector) is required to raise
awareness of the role for aquaculture in rural development and to raise the
stakes for institutional change. Regulation and policy should aim to internalise
the external effects of aquaculture (e.g. the “polluter pays” principle). Special
attention is required to empower and link stakeholders to policy decisions.

KEY WORDS: Aquaculture, Rural Development, Poverty Alleviation, Aquatic
Resource Management, Integration of Aquaculture

Introduction

Aquaculture has an important role
in the development of many
national economies and plays a key
role in rural development. It
provides livelihood options in rural
areas of the developing world (over
75 percent of aquaculture yields are
produced in low-income countries),
as well as income and employment
in remote regional, as well as more
developed economies (salmonid
production in western Europe being
an important example). Aquaculture
production continues to grow at
more than 10 percent per annum
globally, outpacing terrestrial
livestock and capture fisheries.
Excluding aquatic plants, 60 percent
of production comes from inland
and 40 percent from coastal or
marine areas (Shearer et al., 1997).
Farmers in the Asia-Pacific Region
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Such sustainable development
conserves land, water, and plant
and animal genetic material, is
environmentally nondegrading,
technically appropriate,
economically viable and socially
acceptable.

Aquaculture is 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. In rural areas of
poorer countries, agronomy, water
management, aquaculture and wild
aquatic resource harvesting are
often physically and functionally
integrated. Thus aquaculture is an
integral and indivisible part of the
management of aquatic resources.

Rural development is the



contribute over 80 percent of the
world’s aquaculture production, with
China producing 50 percent of
global production (Edwards and
Demaine, 1997).

The objectives of a more integrated
approach to minimize harmful
externalities include:

e optimal allocation of resources
to competing activities;

e the resolution or minimization
of conflict;

e the minimization of
environmental impact; and

e the conservation of natural
resources.

However, integrating aquaculture
into a functioning rural economy
brings with it some risks. For
example, rapid expansion of coastal
shrimp aquaculture skewed market
forces and led to both
environmental and social problems.
Mangrove deforestation, land
degradation, habitat loss and
disease all resulted from poorly
planned development in this sector.
Degradation of, and exclusion from,
resources has marginalised many
poor people who have not benefited
from this growth.

In inland and coastal areas,
improved aquatic resources
management, including aquaculture
integrated into existing farming
systems, therefore, has the
potential to enhance livelihoods, but

management of human
development and the orientation of
technological and institutional
change in such a manner as to
improve inclusion, longevity,
knowledge and living standards in
rural areas, in the context of equity
and sustainability.

Livelihood comprises the
capabilities, assets and activities
required for sustaining, maintaining
or enhancing capabilities and
assets, both now and in the future.

Aquaculture and rural
development - a diverse
issue

The objective of rural development
is to facilitate a sustainable rural
economy. The opportunities for the
integration of aquaculture into rural
development are characterized by
diverse aquatic resources (see Box
1), and a wide range of
stakeholders and their livelihoods.
Objectives may further range from
food production, income generation,
wild stock enhancement or
recreation (ornamental fish or
sport). The scale may be intensive
commercial operations through to
subsistence aquatic resource
management within developed and
less-developed economies.

At the local/national level, the
integration of aquaculture into rural



considerable effort is required to
include local people and support
their management of sustainable
development.

Definitions and
interpretation

Sustainable development (in the
context of this paper) means the
management and conservation of
the natural resource base and the
orientation of technological and
institutional change to ensure
continued supply of human needs
for present and future generations.
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development may take place in
growing (e.g. developing
economies) or declining (e.qg.
remote rural regions in developed
economies) populations. At all
levels, this is occurring within the
context of globalization, increased
mobility of goods, services, capital
and ideas, as well as increased
transfers of aquatic species and
disease transmission. Where there
are stable and predictable political
and institutional environments,
transparent laws, fair competition
and reliable legal systems, this will
attract inward investment.

The integration of less
Box 1. Resource diversity - temperate intensive aquaculture
and tropical climates systems into rural
development
Inland Coastal P
EivgriSnE Estuariea Rural aquaculture in
IVer ays
Floodplains Lagmons rural development
Irrigation channels Coral reefs N
Lacustrine Mangroves The term “rural
Lakes Mudflats aquaculture” has recently
Reservoirs Ponds been used to distinguish
Palustrine the farming of aquatic
gﬁgrﬁgﬁjs organisms by small-scale
households using mainly



Where rural development fails to create the
policy environment and skills to exploit global
opportunities, aquaculture like other
subsectors, may decline.

Examples of significant regional differences in
aquaculture resources, users and their
livelihood objectives include western Europe
and North America, where social status,
religious edicts and the emergence of leisured
classes during the industrial revolution have
all shaped present day aquaculture
(Williamson and Beveridge, 1994). Inland and
coastal aquaculture development has tended
to focus on piscivorous species related to
sport fishing and high-value products from
inland and coastal areas. Unlike temperate
fresh waters, those in the tropics abound with
fish low in the food chain such as carps,
tilapias and catfish, and fish farming in rural
tropical fresh waters has been driven
primarily by the need to produce food (Ling,
1977). In contrast, coastal fish culture
systems in the tropics, with the exception of
the species used in traditional coastal fish
farming (mullets and milkfish) have tended to
focus on high market value species such as
shrimp, grouper and seabass.

Issues and examples of aquaculture
development in less developed rural
economies

In the context of rural development,
sustainable livelihoods in rural areas are
benefited through the promotion of more
secure access to, and better management of
natural resources. Aquaculture encapsulates a
range of systems for the management of
aquatic and associated terrestrial resources;

extensive and semi-
intensive husbandry for
household consumption
and or income (Edwards &
Demaine, 1997) from more
commercially intensive
aquaculture systems. This
could include groups and
communities with a
broader range of
aquaculture contributions
to rural livelihoods, and
this is currently a matter of
debate (Yap, 1999;
Edwards, 1999).Until
recently, much rural
aquaculture production was
inaccessible to researchers
and rural developers,
because of:

e dispersed and small-
scale production data
which does not appear
in official statistics,
and

e local consumption
and/or trade of
produce.

However, the vital role of
small-scale yet widespread
systems in family nutrition,
food security and income
generation, is now
beginning to gain
recognition (UNICEF, 1994;
Gregory and Guttman,
1997; Ahmed et al., 1998;
Haylor et al., 1999). Taking
rural development in the



selected examples are illustrated below,
divided into intensive and less intensive
systems.

lower Mekong basin as an
example, 80 percent of the
60 million people living in
rural areas are rice farmers
with 1-2 ha plots and a per
capita income of US$186-
400; rice and aquatic
resources from paddies and
nearby wetlands are the
basis of their food security.
Agronomy, water
management, aquaculture
and wild aquatic resources
are often physically and
functionally integrated in
these circumstances. Thus
aquaculture is an
inextricable part of the
aquatic resource base and
must play a key role in the
development of rural
livelihoods.

Water is essential for
developing rural livelihoods
(bathing, livestock,
vegetable cultivation,
irrigation) and certain
forms of aquaculture
production can represent
simple, low-risk activities
providing a quick return to
fund other activities and
build confidence. A number
of successful low-input
systems for rural
aquaculture may be widely
applicable, including local
fry nursing, fish rearing in
different rice agro-
ecosystems and small-scale



pond management.
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Box 2. Developing afry nursing netwerk | i. e, the develcpment of a network of far mers nurang fish
frv to fingerlings, (Regiond Development Committes, Southern Laos, M. Innes Taylor, pers. comm.).

l{e',r 1550858
Poverty Focussed (low investment avalability to landless, builds capitd ).
Robust technology (low investment, low risk, quick return, smple technologies, essily copied, easy
to extend, easy to tran trainersin 2-3 h).
Addresses key fish seed constraints common to rurd aquaculture across the developing world.
Good for new entrants (helps to change capture pergpedives towards besic husbandry and
management).
Builds ingitutional capacty [ develops local seed supply capacity, supparts operaiond budget at
local institutional level in line with work done, builds local management capacity ).

Farmers
Negotiste & agree access to a water body with some naturd produdivity,
Aoguire & set up 4x5 m hapa.
Feed sieved rice bran,
Nurse for six wesks upto 5-6 an.

Sleep nearby.
Sdl or stock in ponds/paddes.

anal support staff
Facilitate setting up a network of farmers interested in fry nursing.
Facilitate negatiation & agreement of access to water body .
Aoquire & administer lessing of 4x5 m hapa.
Aoquire & supply first time farmers with 2-3 cm fry.
Train farmers in sieving and feeding rice bran & basic nursing for six weeks up to 5-6 cm.




Of these, fry nursing and the operation It is essential that rural developers
of a nursing network (see Box 2) provide appreciate the importance of aquatic
opportunities to address key constraints, resources in the livelihoods of
not only to aquaculture (e.g. available  floodplain dwellers, especially poor
fish seed) but also to more diverse people. Some forms of aquaculture
livelihoods (e.g. management and may even help ameliorate lost
institutional support capacities). This is a aquatic resources. Widespread
powerful example of where aquaculture application of integrated rice-fish
represents a useful entry point for rural farming on floodplains is receiving
development . sustained interest for replenishing
diminished wild fish stocks. In
Rural development and aquaculture Bangladesh, for example, the world’s

in Asian floodplains largest farmer field-school
programme is supporting resource-

In addition to the Mekong Delta, in poor men and women to learn about

Southeast Asia, rural development on integrated pest management in rice

many other Asian floodplains, including cultivation and associated fish
major river systems in the Punjab and  production.

Bangladesh, has concentrated in recent

times on achieving self-sufficiency in Rural development and coastal
food grains through agricultural aquaculture

intensification and floodwater

management. However, this has been at An interesting example of successful
the expense of aquatic animal integration of coastal aquaculture
production, which has declined due to and rural development is Thai Binh
drying out of fish habitat and blocking of Province on the Red River Delta in
migration routes (Haylor and Bhutta, northern Vietnam.

1997; Barr and Haylor, 2001).

Agricultural growth at the expense of Vietnam is elongate and has an
fish production in rural development in  exceptionally long coastline,
societies where culture and food security extending for about 5,230 km. The

are based on fish and rice (e.q. two major deltas forming the
Bangladesh, Cambodia, Laos, Thailand) latitudinal extremes of the coastal
has obvious shortcomings which zone (the Red River and Mekong

disproportionately impact the poor and River deltas) support high population
landless (e.g. 50 percent are classed as densities in a habitat transformed
functionally landless in Bangladesh, 13  immensely for agricultural use, salt
percent in Cambodia, 21 percent in the production and aquaculture. As a
Viethamese Mekong Delta). result, the natural resources, which
include mangrove forests, fish and
shellfish populations, have been
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The Red River Delta is located
within the typhoon zone. About
eight to ten typhoon storms strike
the coast every year, generating
wind speeds of 72-108 km per hour
(wind force 9-10), or more (wind
force 12). Tidal heights are
increased by up to 2.5 m, with even
higher wave surges. Consequently,
the northern provinces of Vietham
have built an extensive system of
sea-dykes to protect the coastline
and estuarine areas from seawater
flooding; these are in constant need
of expensive repair and upgrading.

It is widely accepted in Vietnam
that the best form of protection
from typhoons involves:

e upgrading the sea-dykes by
raising their height and
strengthening them with rock
revetment (bank stabilisers)
on the seaward facing slope;
and

severely depleted, with significant
implications for the livelihood,
nutrition and vulnerability of the
coastal communities (among the
poorest in Vietnam).

Moreover, all the evidence to date
suggests that the variety and
supply of economically valuable
aquatic species, especially the mud
crab Scylla, have increased as a
result of mangrove reforestation.
These improved conditions have
also stimulated an acceleration in
the development of coastal
aquaculture, since the mangroves
help protect aquaculture ponds and
contribute to the supply of
aquaculture seed (crabs, shrimp
and certain species of fish) and feed
(molluscs, trash fish, small
mangrove crabs etc.).

The main beneficiaries from the
boom in aquaculture are:
fishermen/aquatic seed collectors,
aquaculture producers/workers
(pond operators and clam farmers)
and seafood dealers. Some of the
poorest people are those that go
out daily to collect crab seed, clams
and other species, which they sell to
the pond operators or to dealers.



e planting a mangrove buffer
zone in front of the sea-dyke
system to reduce the water
velocity and wave strength
striking the defences, and to
absorb some of the wind
energy (if the mangrove trees
are tall enough). Various
nongovernmental organization
(NGO) supported projects are
helping to plant mangrove
buffer zones (ranging from
100 m to 2 km wide) along
much of the coastline.

According to engineering studies for
the United Nations Food for Work
Programme (FWP), a sea-dyke in
northern Vietnam with good
mangrove forest protection could
last up to 50 years, compared to
only 5-10 years for a dyke without
mangroves.

Following a particularly bad typhoon
in Thai Binh in 1986, the Danish
Red Cross, supported by the Danish
International Development Agency
(DANIDA) began planting and
protection of 2000 ha of Kandelia
mangroves along almost 26 km of
coastline (average depth of the
buffer zone - 800 m) in front of sea-
dykes protecting five communes in
Thai Thuy District. In a second
phase of the project (1997-2000),
up to a further 6000 ha of
mangrove are being planted in
three neighbouring coastal districts
in Thai Binh and in neighbouring
Nam Dinh Province (Tien Hai, Giao

The situation in one commune,
Thuy Hai, has been monitored since
1996. Thuy Hai has no agricultural
land and has traditionally depended
on fishing and salt production for its
economy. Official statistics indicate
that these activities support 51
percent and 36 percent,
respectively, of households in the
commune. About ten percent of the
commune’s 1173 families are below
the poverty line, while only five
percent are classified as relatively
wealthy. Over the last several
years, aquaculture has been
contributing to a significant increase
in the overall wealth of the
commune.

Aquaculture in Thuy Hai is based on
mud crabs. Hand collecting for crab
seed from the mangroves is a
popular activity for many poor
people. Collectors tend to be
women and children earning some
additional income for their
household. It has been said that the
mangroves look like a small town lit
up at night with lanterns carried by
the large number of collectors who
catch crabs in the peak season.
People can earn about VND.30 000
(US$2.20) from one collecting trip,
but this can increase to VND.100
000 to 200 000 in the peak season
(July to September). There is a
perception among the local people
that there is up to ten times the
number of crab seed now than was
available in 1996, with the majority



Thuy and Nghia Hung districts).

Based on the growth performance
of the Kandelia mangroves planted
in Thai Thuy District in 1994-1995,
it is clear that within four to five
years, Kandelia will form an
impressive forest protection belt
against typhoon flooding of
homesteads and agricultural land.
The families in the project area feel
better protected because of the
mangroves.

In general, the ponds used for
coastal aquaculture in Thai Binh
Province vary in size from as small
as 1200 m2 in Thuy Hai, to about
50 ha for more traditional extensive
pond culture. The smaller ponds,
which are generally situated closer
to the sea-dyke, are stocked mainly
with shrimp and crab, but some are
used for seaweed and fish. All are
introduced as “seed” into the pond.
The larger ponds are totally
dependent on natural (wild) seed
entering the pond with tidal in-flow
when sluice gates are opened (i.e.

being found in the mangrove
plantation.

The majority of aquaculture ponds
in Thuy Hai are situated in front of
the main sea-dyke but behind the
mangrove plantation. Those pond
owners who have ponds adjacent to
the mangrove forest requested
permission to remove a strip of
mangrove to rebuild their pond
dykes. The commune accepted this
proposal and planted a new strip of
mangrove in front of the old
mangrove to make up what was lost
in pond reconstruction.
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Dykes and ponds are sized
(commonly 1:1) and designed to
facilitate particular production
systems. These may vary in relation
to latitude, landform conditions,
land-based production of fodder and
crops, livestock rearing and water-
based fish production, to ensure
material, energy and output
complies with market and
community needs. Dyke-pond
systems transform low-lying and
waterlogged lands with low
productivity. Different systems vary
in their ecological, social and



“trapping and holding”). One
exception is the seeding and
harvesting of Gracilaria, which gives
daily employment to local labour,
often women.

Since 1996, there has been a trend
for larger ponds to be subdivided
and operated on a “semi-intensive”
basis, using selected species of
seed purchased from hatcheries
(tiger shrimp), or from dealers
(crabs). Potentially, profits are
much higher from semi-intensive
aquaculture (hence its fast
development), but this requires
careful management, including
attention to seed selection, feeding,
water exchange, disease and other
risks. Similar trends are being
observed elsewhere. As such
progression is probably inevitable, it
means that the benefits to be
gained from coastal aquaculture by
the poorest of the population will
likely evolve through employment
(pond labour), seed collection, and
ancillary work such as transporting
seed, feed and other aquaculture
products. However, it is interesting
that many of the small-scale
dealers who trade in crab seed
(buying daily from the collectors)
are women, many of whom also
trade in clams and other species.
The middle-income families who
have invested in aquaculture ponds
were, in many cases, former salt
producers. Thus the direct and
indirect beneficiaries from coastal
aquaculture represent a wide cross-

financial benefits. However, the
decision-making processes in
relation to planning and operation
of these systems are currently less
well documented. More recently,
technologies integrating agricultural
development and aquaculture in
rural low-lying coastal areas (many
just below sea level) have been
developed. Ponds are dug to raise
the height of fields to protect from
flooding, giving rise to field-pond
agro-ecosystems (commonly at
ratios of 9:1). These systems are
used to integrate fish production
with water-logging-resistant rice or
salt-resistant sugar cane. Pigs and
poultry are raised along the field
ridges. The pond size is partly
dependent on the original field
altitude and the crop; sugar cane
fields need to be higher and are
associated with deeper ponds.

In saline alkaline lands with high
water tables and strong
evaporation, inter-arranged field-
pond systems, associated with an
access route and drainage ditches,
are being developed in the Yellow
River-Huaihe River plain. The field
to pond to ditch ratio is 2:2:1.
Crops such as corn, cotton and fruit
are raised together with ducks and
fish.

The integration of intensive
aquaculture into rural
development

Rural development and



section of the total local community,
including the poor (Macintosh,
1999).

Rural development and
aquaculture in delta areas in
China

Less intensive examples of
aquaculture integration into rural
development are the delta dyke-
pond and field-pond systems of the
Pearl River and Yangtze River and
the field-pond systems in the saline-
alkaline habitat of the Yellow River-
Huaihe River plain (Zhong et al.
1997).
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intensive cage fish culture

The development of intensive inland
and coastal cage aquaculture of
high-value salmonids has been
encouraged and supported by the
Highlands and Islands Development
Board in Scotland and the
Norwegian Government, as an
opportunity for developing remote
rural areas. These systems are now
contributing to economic
development in areas of Chile, the
Faroes, Canada, the United States
(e.g. Washington State and Maine),
Ireland, Iceland and Australia.
Salmon production has grown 600
percent in a decade, bringing local
employment to remote rural areas
with positive impacts on local rural
economies. However, the salmon
industry has been prone to boom
and bust cycles during its
development.



The capacity for smolt production
required for on-growing at coastal
sites has often poorly matched
requirements, resulting in price
fluctuations. Whilst over-capacity
has occurred in the production
sector, economic recession and its
impact on high-value products has
seen ex-farm price reductions.
Disease problems and associated
issues of chemical treatments have
also had a destabilising affect on
the industry, with important local
impacts on rural economies. A
further consideration in high-input
intensive systems, especially in
areas of limited water exchange
(often selected for their shelter), is
environmental impact, its
assessment, monitoring and
control.

Intensive aquaculture industries are
also emerging for high-value
warmwater piscivorous fish, such as
groupers and barramundi (in Hong
Kong, Malaysia, Thailand,
Indonesia, the Philippines, Taiwan
Province of China, Singapore and
Australia). Similar opportunities for
rural development exist in some
areas, e.g. grouper culture by poor
farmers in rural areas in the
Philippines (Yap, 1999), however,
concerns about market stability,
disease, environmental impacts,
and their control are still relevant.
In addition, since most grouper and
barramundi culture currently
depends on trash fish as feed, as
well as wild-caught seed, issues of

Many of the costs associated with
these dramatic environmental
changes remain unknown. Loss of
local resources and concentration of
shrimp farming profits amongst a
minority, largely composed of
outsiders (e.g. 70 percent of shrimp
ponds in Khulna in Bangladesh are
owned by outsiders), have created
social unrest. In the absence of an
enforceable regulatory framework,
environmental impacts are rarely
addressed by producers. Important
lessons must be learnt from the
rapid expansion of coastal
aquaculture aimed at high-value
products, which has skewed market
forces and led to both
environmental and social problems.

So what are the objectives,
scope and priorities for
aquaculture within rural
development?

The integration of aquaculture into
rural development to date has been
associated with both beneficial and
detrimental trends. Benefits have
included economic growth, more
stable, diversified livelihoods and
increases in income and food
security. However, there have also
been significant environmental,
social and economic losses.
Environmental impacts of
aquaculture on rural development
include aquatic pollution, disease,
mangrove deforestation, salt
intrusion, impacts on seed supplies,
species introductions and reliance



sustainability and environmental
impact are also pressing.

Rural development and
intensive shrimp farming

Marine shrimp farming has
attracted particular interest
throughout the tropics because of
its high value and opportunities for
export and earning foreign
exchange. Investments in intensive
shrimp farming have delivered very
high short-term profits, often in
remote rural areas of developing
countries where monitoring or
control of development is limited.

Poor site selection and management
have led to reduced soil and water
quality, pollution, disease and
disease transmission between
farms. The conversion of huge
areas of mangrove forests to shrimp
ponds has also led to saltwater
intrusion, reduced shoreline
protection and activation of acid
sulphate soils and has affected
inshore and offshore fisheries.
Information on mangrove cover and
numbers of abandoned ponds is
difficult to access. However, it is
estimated, that 99 percent of the
Indus Delta mangrove has been
deforested, a reduction of 34
percent has occurred in Indian
mangrove areas and 60 percent of
the Chakoria Sundarban mangroves
have been lost to conversion to
shrimp ponds (Brown, 1997).

on exotics, concerns over
biodiversity and genetics, negative
environmental perceptions and
pressure from lobby groups, and
rapid and unplanned growth. Social
impacts include exclusion of the
poor from participating in (by being
physically removed), or enjoying
the benefits of, aquaculture
production; resource appropriation
by elites and/or politically powerful
sectors; conflict and violence.

Many negative consequences
associated with aquaculture in rural
development relate to a weak
institutional context. Poor linkages,
coordination and coherence
between sectors, unclear mandates,
unclear public/private sector
responsibilities, tenure, property
and user right uncertainties, weak
regulatory regimes and
enforcement capacity, rent seeking,
ineffective communication
strategies and little involvement of
primary stakeholders. Without some
form of intervention, short-term
financial perspectives tend to
dominate environmental and social
issues. Thus there is a strong case
for such interventions to be
strategically planned, rather than
reactive and uncoordinated.
Planning performance is frequently
disappointing, since the process is
complex and significant institutional
and legal changes are needed,
which require time, resources and
continuity participation.



Experience does not yield a
universal model for improved
planning and management of
aquaculture development. However,
a humber of important principles
can be defined. For example:

e Planning should be holistic, not
sectoral;

e People should be in the centre,
with rural development and
the role for aquaculture
determined by an
understanding of people’s
livelihoods. Put people first -
but poor people first of all;

e Link people to policies -
facilitate poor people to have a
voice within policy-making
processes.

Effective rural development comes
through sound governance; with
participation at all levels,
sustainable development will be
people-oriented, integrated and
have a multisectoral agenda. Policy
coherence must be a primary
objective, developed through wide-
ranging public involvement and,
where necessary, through the
promotion of effective
representative organizations. Much
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This approach provides an overall
management framework to enable
efficient use of limited resources
and adds diversity and value to
sectoral interventions.

Although there is no consistent
model for integration of aquaculture
development into rural development
planning and management, we
recommend an advocacy function to
raise awareness and educate policy
makers and those who implement
rural development plans, of
aquaculture’s potentially important
role. This will include raising
awareness of appropriate entry
points.

Balance of impact

e There is a strong case for
intervention to be planned and
strategic.

e Regulatory and mitigative
mechanisms (e.g. taxation,
financial incentives, voluntary
compliance etc.) should be in
place and related to best
management guidelines.

e Innovative solutions are
required to the issues of



greater emphasis on advocacy
(outside of the subsector) is
required to raise awareness of the
role for aquaculture in rural

development and to raise the stakes

for institutional change. Regulation
and policy should aim to internalise
the external effects of aquaculture
(e.g. the “polluter pays” principle).
Special attention is required to
empower and link stakeholders to
policy decisions.

Major recommendations of
the Bangkok Conference

Policy coherence

To encourage essential policy
coherence, we suggest a multi-
sectoral coordinating process which
brings the stakeholders together to
harmonize rural development
activities and maximize coherence.
Two focal points for coordination,
one at the sectoral policy
formulation level and one at the
point of service extension, would
help validation, if policy coherence
is being achieved; this would also
provide a mechanism to link
stakeholders to policy decisions.

Aquaculture planning and rural
development objectives

Aquaculture planning should be
integrated into water resource
management planning for inland

tenure and user rights for
open access and common
property resources.
Aquaculture development
responsibilities should be
clearly defined within and
among the public sector,
private sector, civil society and
producers.

Improved communication
strategies are needed,
particularly through extension
delivery systems and
information technology.

Put people first in planning and
development, and give special
consideration to poor people.
Aquaculture should be
integrated into rural
development, as it has the
potential for poverty
alleviation through direct
involvement of rural people in
aquaculture production, as
well as through employment or
involvement in support
activities (e.g. fry nursing,
feed collection, transport etc.).
Poor people are sometimes
inadequately considered and
served by aquaculture
initiatives in rural
development; this should be
addressed by a strong national

policy.

e The mechanism for policy

development, implementation
and feedback should be
participatory and involve an
understanding of the
livelihoods of poor people. It



areas and into coastal management
planning in coastal areas, as well as
into other economic and food
security interventions for rural
areas.
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Integration for wider benefit
sharing

e hese successes need to be
documented and more widely
shared and promoted, in order
to provide better options for
diversified and more stable
livelihoods and to optimize use
of limited resources (e.qg.
multiple use of irrigation
water, optimal energy flows,
human resources).

e Strong efforts are needed to
document, disseminate and
use successful farmer-proven
examples (e.g. case studies
with well-identified benefits).
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ABSTRACT: The emergence of stakeholder involvement in policy-making,
planning and management has arisen out of a new general development model
which seeks a different role for the state, which is based on pluralistic
structures, political legitimacy and consensus. In aquaculture, as in other
areas, stakeholder involvement in policy-making, planning and management is
expected to lead to more realistic and effective policies and plans, as well as
improve their implementation. The reasons for this are that greater
information and broader experiences make it easier to develop and implement
realistic policies and plans, new initiatives can be embedded into existing
legitimate local institutions, there is less opposition and greater political
support, local capacities will be developed and political interference minimized.

Stakeholder involvement can be classified into three types: i) instructive, ii)
consultative and iii) cooperative. Instructive involvement is where government
makes the decisions but mechanisms exist for information exchange.
Consultative involvement is where government is the decision-maker but
stakeholders have a degree of influence over the process and outcomes.
Cooperative involvement is where primary stakeholders act as partners with
government in the decision-making processes. None of these types of
involvement is more desirable than another, or mutually exclusive. Much
depends on the tasks to be undertaken and the political and social norms, as
well as the capabilities and aspirations of the stakeholders themselves.

Critical aspects of stakeholder involvement in aquaculture policy-making,
planning and management include: the institutional capacity of stakeholder



organizations; legitimacy of the organizations and process, costs of
stakeholder involvement, degree of stakeholder competition, and level(s) at

which stakeholders are involved.

KEY WORDS: Aquaculture, Stakeholder Involvement, Policy-making,

Regulations, Development

Introduction

In recent years, the involvement of
stakeholders in aquaculture policy-
making, planning and management
has often been advocated, but less
frequently applied. The purpose of
this paper is to briefly review the
stakeholder approach, the terms
used and the rationale for
promoting stakeholder involvement,
and to examine the key issues that
affect the successful application of
this approach.

Context

During the late 1970s and early
1980s, there was significant
upheaval in several social and
political systems, most notably the
collapse of the Soviet Union, the
emergence of democratic regimes in
hitherto authoritarian states, the
rapid proliferation and accessibility
of new technologies, improved
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The stakeholder approach

Good governance, the promotion of
democratization and the
transparency of decision-making
processes are, therefore, the
context for involving stakeholders in
policy-making. Such involvement
was regarded as critical to the
development of new partnerships
that governments had to forge in
order to create and deliver the
benefits of economic and social
development.

This was reaffirmed in 1992 by
Agenda 21 of the United Nations
Conference on Environment and
Development, which called for
greater involvement of individuals
and communities at all levels of
decision-making. Such involvement
included the establishment of
mechanisms to encourage and
support participation of all
stakeholders in the identification of



telecommunications systems and
the accelerated integration of the
world economy. At the same time,
many developing countries
experienced poor economic
performance. This was attributed to
slower global growth, the debt
crises in Latin America and Africa,
worsening terms of trade, natural
disasters and political instability.
Against this backdrop, there was a
reorientation towards market
economics focusing on the
increased role of the private sector
and placing greater emphasis on the
fiscal responsibility and
responsiveness of the state.

During this time, a new
development model emerged which
sought a different role for the state,
based on pluralistic structures,
political legitimacy and consensus.
There were calls for widespread
administrative and economic
reforms to reorient the role of many
governments to be more open,
responsive and democratic. In
development cooperation, these
trends were reflected in a shift
towards programmes that
supported a reduction in the role of
the state, the removal of subsidies,
privatization of state businesses,
and liberalization of prices and
trade. The state was no longer
regarded as the provider of
economic and social development,
but rather as a partner, catalyst and
facilitator.

objectives for the subsector,
identification of the problems
inhibiting achievement of those
objectives, the possible strategies to
overcome those problems, and the
resources and institutional
arrangements required.

The stakeholder approach argued
that good governance requires
political, social and economic
priorities to be based on broad
social consensus, and that the
poorest and most vulnerable
populations should be able to
directly influence political decision-
making. This can be achieved by
actively involving stakeholders in
decisions that affect their interests.
The approach thus assumes that
participation will enable
stakeholders to identify their
diverse objectives, flag problems
and conflicts, and contribute to their
resolution.

The stakeholder approach for policy-
making, planning and management
is expected to yield two positive
outcomes: realistic and more
effective policies and plans and
improved implementation. These
outcomes are achieved because the
stakeholder approach improves
decision-making processes in seven
main ways:

e by making it easier to develop
more realistic and effective
policies, laws, regulations and
projects by bringing greater



Policy-makers and planners began

to recognize that development must

be people-centred, equitably
distributed, and environmentally
and socially sustainable. Such a
process would be heavily influenced
by a set of favourable legal and
institutional environments that
formed an integral part of the
governance framework of a state.
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e by helping to build local and national
capacity to effectively plan and

implement activities;

e by minimising political interference in
situations where policy-making and

planning processes are well
established and transparent;

e by minimising conflicts between
stakeholders with different interests

by showing promising ways of
resolution; and

by increasing the cost-effectiveness
of policy and plan implementation
through anticipating difficulties and

problems that might otherwise arise

unexpectedly.

What is a stakeholder?

information and broader
experiences into the decision-
making process;

e by embedding new initiatives
into existing legitimate local
institutions and cultural
values;

e by building political support
for, and reducing opposition
to, policy proposals, through
incorporation of stakeholder
concerns;

These definitions, how-ever, have
their own difficulties. There is still a
need to define “directly or
indirectly affected.” For example,
do the activities of shrimp farmers
adjacent to fishing grounds directly
or indirectly affect fishers? This
question could be answered in the
affirmative or in the negative,
depending on the perceptions of
those involved. It could be argued
that fishers have certain attributes
that are directly affected, such as
the proximity of shrimp farms to
their fishing grounds or the extent
that shrimp culture impacts their
livelihoods. However, it could also
be argued that they are indirectly
affected because fishers cannot be
differentiated from any other



There are multiple definitions of
stakeholders, and these can differ

between and even within organizations.
Whilst acknowledging this difficulty, the

definition used in this paper is that

adopted by the World Bank (WB). The
World Bank (1996) defines two types of

stakeholders:

primary stakeholders who are directly
affected (positively or negatively) by
proposed interventions/policies; and
secondary stakeholders who are indirectly

affected by proposed
interventions/policies. Secondary

stakeholders include those who have
technical expertise and/or links to primary
stakeholders, e.g. non-governmental

organizations (NGOs), various
intermediary or representative
organizations and technical and

professional bodies. They often represent

public interests.

persons in the coastal area, and
cannot show a direct link between
shrimp culture and reduced
catches/income. Unfortunately,
there are no widely accepted
procedures for determining who is,
and who is not, directly affected.
Much will continue to depend on
the power and influence of different
stakeholders and their ability to
negotiate with government. To
illustrate the diversity of primary
and secondary stakeholders in
aquaculture, Table 1 provides an
example of a categorization.

The need to differentiate between

primary and secondary
stakeholders is relevant where the
stakeholder approach envisages
different roles for primary and
secondary stakeholders. It is often
anticipated that primary
stakeholders have a more active
role in policy-making, planning and
management, whilst secondary
stakeholders have a less active
role.



Table 1. General list of primary and secondary stakeholders in
aquaculiure policy-making {not ranked in order of importance).

Primary Stakeholders = Directly Affected

oLl W R

e

il
il
12,
L

Aquaculturists (local, nondocal, private entrepreneur, corporate etc.)
Processors, wholesalers and retailers
Fry/fingerling/seed/broodstock producers and suppliers
Feed manufacturers and suppliers
Drug, chemical and equipment manufacturers and suppliers
Fishers/farmers/other |ocal residents close or adjacent to aguaculture farms or
sites
Other water resource Users
Government planners in aquaculture, agriculture, fisheries, coastal zone
managem ent
Gowvernment aguaculturists
Extension agents {government and private)
Aquaculture researchers {government, university)
Aguaculture development project workers
Contributors to financial or technical resources {government, donors, banks,
other sponsors)
secondary Stakeholders = Indiredcly Affected
(a) Consumer groups
(by Publicinterest represented by environmental groups
(C) Exporters
(d) Quarantine and customs officers
(&) Adjacent landowners
(f1 Forestry organizations {government, private, NGO)
(g) Tourism organizations
(hy Fishers {where juveniles for aquaculture are sourced from the wild or where
there is market competition between wild-caught and farmed spedes)
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In a sector such as aquaculture,
where there are likely to be multiple
stakeholders, the ability to
differentiate between primary and
secondary stakeholders becomes
important. Omission of primary
stakeholders, failure to clearly
define and identify primary and
secondary stakeholders, or defining
participation boundaries too
broadly, increases the likelihood of
conflict, makes decisions difficult to
achieve, and/or compromises
decision quality (Ostrom et al.,
1994).

Furthermore, enabling individuals
without a direct stake in
aquaculture to participate in
decision-making may introduce
values and issues that are
tangential to aquaculture
development interests (NRC, 1999).
Since methods used to define and
identify stakeholders have a
significant impact on the overall
effectiveness of the stakeholder
approach, it is imperative to have
clearly defined criteria for who
should and should not be involved
in the process. Although most
definitions will vary with country or
situation, the criteria used for
defining stakeholders need to be
both transparent and objective.
Furthermore, the identification
process must be iterative and
enable potential stakeholders to
make informed decisions on
whether or not they wish to
participate. In some contexts, the

Instructive stakeholder
involvement. Where government is
the decision-maker, but
mechanisms exist for limited
exchange of information with other
stakeholders. This tends to be
government informing stakeholders
about decisions they plan to make.
Examples include countries with an
undeveloped aquaculture industry,
or policy-making and planning for
small-scale aquaculture where
farmers are not yet organized
and/or are geographically
dispersed, e.g. Tanzania, Malawi
and India (until recently).

Consultative stakeholder
involvement. Where government
remains the decision-maker, but
there are formal and informal
mechanisms for consultation with
stakeholders. Stakeholders have
some degree of influence over
outcomes. For example, in Sri
Lanka, development of a "Code of
Best Practice”, as well as guidelines
for the shrimp industry, were
developed in consultation with over
12 stakeholder groups. In Australia,
a draft National Action Plan for
Aquaculture is currently being
developed in consultation with
industry, national and state
government fisheries agencies and
researchers. Consultative
involvement may also be used for
the formulation of regional and
international aquaculture policies
and plans. For example, up until
recently in the European Union



concerns of vulnerable groups may
need be specifically addressed.

What is policy-making, planning
and management?

Within the context of this paper,
policy-making is defined as the
formulation of objectives for
aquaculture development. Polices
can be made at the local,
state/provincial, national, regional
or international level. Planning is
defined as the strategies required
for achieving these policies.
Management is defined as the
implementation of policies and
plans, including institutional
development, regulatory aspects,
capacity building and establishing
practical links to other policies and
plans of use for aquaculture
development.

What is stakeholder
involvement?

This paper defines stakeholder
involvement as the participation of
stakeholders in policy-making,
planning and management
processes. This can take place in
three broadly defined ways (Sen
and Nielsen, 1996):

(EU), the Advisory Committee for
Fisheries was the forum used for
consultation with aquaculture
operators and other stakeholders on
legislative proposals and
Community actions.

Cooperative stakeholder
involvement. Where all primary
stakeholders and government work
together as partners in the decision-
making process. Secondary
stakeholders play a consultative
role. An example, is the new
European Community (EC)
Consultative Committee on
Fisheries and Aquaculture, which
includes industry representatives
(producers, processors and
organizations), and consumer,
worker and environmental
organizations.

None of these three types of
involvement is more desirable than
the others, nor are they mutually
exclusive. Different approaches may
be used for different tasks and for
different groups of stakeholders.
Certain tasks, such as development
of policy objectives, may lend
themselves better to a consultative
approach with primary stakeholders
and an informative approach with
secondary stakeholders.
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A code of practice may be
developed in a cooperative
approach with primary stakeholders
and a consultative approach with
secondary stakeholders. The choice
of approach will depend on the legal
and institutional environment,
decision-making processes and the
capacity of stakeholder
organizations. Finally, it should be
emphasized that none of these
processes are static and are likely
to adapt to changes in experience
and situation(s) over time.

Stakeholder involvement in
aquaculture

Information on stakeholder
involvement is scarce, however, it is
apparent that its current status in
aquaculture policy-making, planning
and management varies
considerably between countries and
within sectors. For example, in Sub-
Saharan Africa, aquaculture has
such a low profile that institutional
structures are very weak and there
may be no aquaculture policy at all,
or it is incorporated into other
policies, such as the fisheries policy.
Of the 12 countries reviewed in a
study of the Strategy for
International Fisheries Research on
Aquaculture Development and
Research (Coche et al., 1994), only

A critical mass, such as number of
fish farmers or the amount of fish
produced from aquaculture, is
required. The experience of
aquaculture in the EC is a good
example. In 1969, the European
Federation of Trout Growers was
created, comprising six associations
producing less than 30 000 mt of
fish. In 2000, the association, which
had become the Federation of
European Aquaculture Producers,
comprised 28 national producer
organizations whose members
produce more than 1 million mt and
have a significant influence in
aquaculture planning and
management within the EU.

Increasingly, where stakeholder
involvement occurs in policy-
making, planning or management,
there is recognition that other
stakeholders, apart from producers,
should also be involved. For
example, in Sri Lanka, guidelines
for the shrimp industry were
developed in consultation with
shrimp farming societies, shrimp
breeder associations, shrimp
processors, banks, research
agencies, the Aquaculture
Development Authority, the Export
Development Division of the
Ministry of Fisheries and Aquatic
Resources, and the Department of



two countries (Malawi and Nigeria),
had specific aquaculture
development plans and only one
country, Zambia, had a section on
aquaculture in it’s Fisheries
Development Plan. In 1990, it was
reported (Pillay, 1990) that the
growth of aquaculture in Asia had
not, generally, been guided by
relevant national development
plans. However, a number of Asian
countries have now developed
aquaculture plans: Bangladesh,
India, Malaysia, Thailand,
Philippines, Nepal (included in
fishery plans), Myanmar (included
in fishery development plan), Sri
Lanka and Vietnam. In the EU,
aquaculture forms part of the
Common Fisheries Policy developed
in 1983, but the bulk of aquaculture
regulation and planning is ongoing
under the overall framework of
European legislation (although
certain aspects fall within the
Common Fisheries Policy). In
Australia, a new aquaculture plan is
under discussion, as the 1994 plan
is now considered inappropriate,
given the expansion of the industry
over the last five years.

The presence or absence of specific
aquaculture policies and plans is
usually a reflection of the
importance of the sector to the
national economy. Governments are
reluctant to allocate scarce
resources for an activity that may
be carried out by few and
contributes little to the national

Customs and Excise. Other
examples of extensive stakeholder
involvement can be found in
Integrated Coastal Area
Management (ICAM) programmes,
where coastal aquaculture is only
one component of coastal zone
planning (e.g. Thailand, Malaysia).
As part of the ICAM process,
primary stakeholders may include
associations representing the public
interest (e.g. environmental NGOs),
associations and government
departments representing other
sectors of the economy (such as
tourism, agriculture, forestry and
fisheries), as well as community
development organizations.

Prior to the late 1980s, stakeholder
involvement in aquaculture policy-
making, planning and management
was rarely espoused. For example,
the 1987 Food and Agriculture
Organization of the United Nations
(FAO) Thematic Evaluation of
Aquaculture emphasized the role of
the state when recommending
guidelines for United Nations
Development Programme
(UNDP)/FAO assistance to national
policy-making and planning
(UNDP/NORAD/FAQ, 1987). Stake-
holder involvement was not
mentioned at all. Since this time,
the donor community has, to a
limited extent, included some form
of stakeholder involvement in
assisting national aquaculture policy-
making and planning. With the
exception of community-based



economy. In such situations, it is
unrealistic to expect extensive
stakeholder involvement in policy-
making.

The 1997 FAO Technical
Consultation on Policies for
Sustainable Shrimp Culture (FAO,
1998) concluded that sustainable
shrimp culture is dependent on
effective government policy,
regulatory actions and the
cooperation of industry. The
Technical Consultation also stressed
the importance of participatory
(consultative or cooperative)
planning and implementation
approaches of all stakeholders,
although the processes to achieve
this were not explored in detail.

Critical issues concerning
stakeholder involvement

As the previous section illustrates,
there is limited documented
experience on the stakeholder
approach in aquaculture policy-

making, planning and management.

management policies and plans,
such involvement has tended to be
instructive rather than consultative
or cooperative. Also, stakeholder
consultation is viewed as important
under Integrated Coastal Area
Management (Barg, 1992).
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Political, social and legal
environment

The opportunities for effective
stakeholder involvement are very limited
in situations where laws and regulations
prohibit participation, bureaucracies
frustrate active involvement and social
norms undermine the legitimacy of some
stakeholders (e.g. poor or landless
farmers, women farmers, indigenous
peoples and religious groups). Effective
stakeholder involvement requires (UNDP,
1999):

e political structures encouraging
participation;

e regulatory and legislation
frameworks guaranteeing the right
of association;

e Mmechanisms allowing such
organizations to participate in policy-
making, planning and management
processes; and



This is partly to do with the
characteristics of the sector itself
which, in many countries, is still in
the early stages of development.
Not only are policies, plans and
management still under
development, but many primary
stakeholder organizations are either
in their infancy or nonexistent. This
section explores the critical issues
affecting implementation of the
stakeholder approach, based on
limited experience in the
aquaculture sector and on more
extensive experiences in other
sectors, particularly fisheries.

policies to validate decision-making
processes.

Institutional capacity and aspirations
of stakeholder organizations

Assuming that the political, social and
legal environment exists for stakeholder
involvement, one of the most critical
aspects influencing effective stakeholder
involvement is that the stakeholder
organizations have the capacity and
aspirations to match the task they wish to
do.

Table 2. Main factors that affect the strength of stakeholder organizations

Factor Description
Constitution Demoaatic with dear goals and struchures.
Members Fepresentative and legitimate; high levels of

membership
Finandial resources sufficient {e.g. adegquate membership fees) and

sustainable to fund involvement, partoaularly lobbying
and negotiaticns. Some external funding possible,
espedally for activities where government required the
involvermnent of an organization which could speak on
behalf of the industry.

Staff and office holders Appropriate skills to carry out designated functions. This
includes strong advocacy =kills as such networking,
consensus-building and dialogue bebween stakeholders.

Folices Clear and achievable.

Wi blity Fecognition for tasks achieved.

Asoirations Desire o actively participate in the decision-making
processes

Fesponzibility Behaving and performing as members and other

stakehalders would expect from the organization.
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In many countries, aquaculture
stakeholder groups are often poorly
organized, or not able to exercise
management responsibilities unless
their administrative capacity,
knowledge base and legal
foundation is considerably
strengthened. Table 2 gives the
main factors that affect the strength
of a stakeholder organization. This
is based on the experience in
European aquaculture, aquaculture
policy-making in Australia (ACIL
Consulting, 1999), and user
participation in fisheries
management (Jentoft and McCay,
1995; Hanna, 1996; Sen and
Nielsen, 1996; IFM, 1998).

Legitimacy

Legitimacy, in this context, is
defined as the extent to which
principles, rules or standards are
consistent with existing values and
norms. If such standards or rules
are legitimate, then it is more likely
that people will comply with them.
In a study on user participation in
fisheries (Jentoft and McCay, 1995),
it was concluded that legitimacy
among all affected interests was a
key to the success of fisheries
management regimes and was
contingent upon content as well as
process (the way decisions are

For example, government might
engage in a process of stakeholder
consultation as a way to relieve the
frustration of stakeholder groups
who feel they are not being listened
to, although government may not
take into account these views when
formulating policy or plans.

Another important issue is that if
the rules for decision-making or the
objectives of the process are not
clarified at the start of the decision-
making process, stakeholders may
misunderstand the process and/or
their roles in the process.
Furthermore, the more complex or
unrealistic the objectives, the less
likely stakeholder involvement will
be effective. In addition, the earlier
stakeholders are brought into the
decision-making process, the more
likely objectives will be clearly
understood and appropriate.

The decision to exclude some
primary stakeholders also affects
process legitimacy. For example, in
Ecuador, the lack of involvement by
the shrimp farming sector in the
policy-making, planning and
management process has produced
laws and regulations which are
considered unrealistic and lacking
legitimacy. Consequently, this has
led to noncompliance. In Canada,



reached). Aquaculture is no
different. Aquaculture policy-
making, planning and management
will be more stable and enduring if
it is being legitimate and because it
is considered legitimate by all
directly or indirectly affected by
developments, compliance will be
greater (Walker et al., 1986).

With respect to stakeholder
involvement, there are two aspects
of legitimacy. The first aspect
relates to the process itself - do
stakeholders consider the process of
involvement (be it instructive,
consultative or cooperative) as
legitimate? The second aspect
relates to the organizations
themselves: are they considered
legitimate by their own members
and by other stakeholders
participating in the process?

Process legitimacy

In order to have effective
stakeholder involvement in policy-
making, planning or management
processes, emphasis has often been
placed on establishing the
institutional set-up, i.e. identifying
the stakeholders, organizing
meetings, encouraging the
formation of stakeholder
associations and sensitising
government officials to the concept -
rather than determining whether or
not the process is considered
legitimate by all affected.

the Fish Health Protection
Regulations had to be revised
recently due to industry concerns
over lack of input into original
regulations and disease listings.

Thus process legitimacy deals with
the critical issue concerning the
quality of the stakeholder
involvement. If stakeholders view
the process as both transparent and
fair because their norms, values and
expectations are listened to and
they have a good understanding of
the process and what is expected
from them, then it is far more likely
that they will be committed to
achieving these outcomes. In
addition, all stakeholders must have
realistic expectations of their roles
and not be misled in believing that
they are involved in a cooperative
or consultative process when, in
reality, their role is merely
symbolic.

Organizational legitimacy

Even if stakeholder organizations
have the capacity and resources to
participate in the policy-making,
planning or management processes,
a critical question is whether or not
these associations or organizations
invited to represent the stakeholder
groups are considered legitimate by
the stakeholders they claim to
represent or by other stakeholders
within the sector. For example, at a
recent workshop on the future of
aquaculture in Australia, industry



The creation of procedures to
involve stakeholders does not
always ensure that they will
participate or that they will
participate in meaningful ways. One
critical issue is whether or not
stakeholders believe their
participation is of value.

Also, stakeholders may not be
adequately represented by the
organization that claims, or is
considered, to represent them, even
though they may share the same
status as aquaculturalists. For
example, a national association of
aquaculturists whose members are
mainly engaged in shrimp culture is
unlikely to be considered
representative of all aquaculturists.
However, they may be the only
association invited to participate in
a policy-making process because,
for example, they are the only
association in existence.

The effectiveness and forcefulness
of stakeholders as participants in
policy-making, planning or
management processes depends on
the ability of their organization to
speak with one voice. Achieving this

concluded that the existing industry
organization was considered to be
insufficiently representative (ACIL
Consulting, 1999) and changes
were suggested to ensure better
representation at a national level.
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Conversely, stakeholder
involvement in the policy-making
process is likely to be a more costly
process, at least in the short term.
The higher the degree of
stakeholder involvement, the more
costly it will become as more time
and resources are required (e.qg.
staff, travel, meeting expenses). For
example, within the EC, it has been
estimated that for one EC meeting,
US$20 000 is required to cover
travel, accommodation, translation
and meeting facilities for 20 people.
This excludes the time of the people
involved.

In the longer term, however,
implementation, monitoring and
enforcement of the programme
might be less costly because the
policies and plans are considered
legitimate by the stakeholders who



position makes it more difficult for
other stakeholders, including
government, to ignore their
contribution. However, there can be
a conflict between the size of an
organization and the democratic
processes within the organization
(Jentoft and McCay, 1995). As
organizations get larger, they rely
on processes through which
members deliver their demands to a
higher body within the organization,
whose responsibility is to find a
consensus position. Members can
become more focused on getting
their personal view across, rather
than trying to reach agreement on
the position their organization
should take on a particular issue.
Attendance becomes geared to
making statements, rather than
finding constructive solutions. This
can result in general disillusionment
amongst members who felt that
their views are not represented.
This outcome differs from the
consensus approach often achieved
within smaller organizations, where
all members participate in the
dialogue required to reach/define
the organization-level position.

Representation of the public
interest, such as environmental or
consumer concerns, is another
issue. For example, in situations
where there are many organizations
which represent environmental
interests, the question of which are
the most legitimate representatives
of environmental concerns arises.

have participated in their
formulation. If there is a lack of
information to plan and manage the
sector, stakeholder involvement
might lead to lower transaction
costs at the planning and
management phases because
stakeholders can provide
information and advice to achieve
realistic objectives.

Costs are inevitably a constraint to
stakeholder involvement. Where
costs have to be borne by the
stakeholders themselves,
participation, particularly of poorer
stakeholders, will be restricted. This
will weaken the consultative or
cooperative process and reduce the
associated benefits.

Stakeholder competition

Involvement of stakeholders in
aquaculture policy-making and
planning means that there will
inevitably be stakeholders with
different objectives and mandates
for the policy-making process. This
gives rise to stakeholder
competition and can significantly
influence the consultative process.

Influence can be defined as the
amount of resources each
stakeholder can apply to bring
about their preferred outcome.
Certain stakeholders may be able to
apply resources to help their
preferred outcomes occur. For
example, in India, powerful and rich



The decision on which organization
to include may further complicate
legitimacy if based less on
representation strength and more
on political or other influences.

Costs of stakeholder
involvement

Information on the costs of
stakeholder involvement is
particularly scanty, despite the
importance of both the choice of
stakeholder approach and the
outcome. A centralized approach at
the policy and planning stages will
tend to have lower design costs
than instructive, consultative or
cooperative approaches, as it is
likely to take less time to reach
decisions (Hanna, 1996).
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entrepreneurs from outside the
locality are able to exert
considerably more influence than
poorer farmers within the locality.

Relative priorities refer to how much
each stakeholder cares about this
issue relative to other concerns. For
example, fish farmers may have
more at stake than exporters
concerning policies that affect their
production, whilst exporters will be
more concerned about tariffs.
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Also, at certain times, priorities may
change. For example, processors and
exporters may be more active in the
decision-making process when export
prices are falling or trade restrictions
have been imposed on a particular
product.

The way each stakeholder behaves will
depend on their willingness to
compromise their desired outcome
(e.g. a favourable policy for them) with
political satisfaction (being part of a
“winning” coalition). Ideally, it may be
possible to have a win-win situation
where all stakeholders are happy with
the final policy or plan, but a number
of other scenarios are the more usual
outcome (Figure 1).

Depending on the priority of the issue
and the level of influence, the four
main outcomes are:

COMPROMISE

It is impossible to say what the
outcome of multiple stakeholder
involvement will be in any given
situation, but it is important to be
aware of the potential outcomes,
and to realize that not all
outcomes will be positive for
aquaculture policy-making and
planning processes. Influence
(either access to resources or
political influence) can have a
major impact on the process and
result in policies that reflect
solely the interests of
stakeholders with the highest
influence. Equally, relative
priorities of stakeholders will
affect their contribution to the
process and the dynamics of the
process itself.

Level of stakeholder
involvement



Conflict: where stakeholders
expect to win as they consider
the issue a high priority and they
have a high level of influence.
There is no incentive for these
groups to make concessions.
Submission: some stakeholders
are compelled to concede, as
they do not have enough
influence to achieve their
preferred outcome, even though
they consider the issue a high
priority.

Compromise: where some
stakeholders make concessions,
as they have less influence and
do not consider the issue of the
highest priority.

Stalemate: stakeholders have
considerable influence but do not
agree that the issue is a very
high priority. They do not expect
to win and there is bluff and
posture but no intention to do
anything. Conflict is unlikely and
the status quo maintained.

The question of level addresses
the “natural” level of stakeholder
involvement in policy-making,
planning and management,
whether this be local, regional,
national, regional or supra-
national (regional or
international). “"Natural” means
the most effective level at which
stakeholders can become
involved and participate in
decision-making (Jentoft and
McCay, 1995). In this context,
the EU concept of subsidiarity is
very relevant. Subsidiarity means
that decisions which affect
people’s (or stakeholders’) lives
should be taken by the lowest
capable social organization. Some
tasks of policy-making, planning
or management may be best
undertaken at the local or district
level; others may be best
undertaken at the national,
regional or international level
(see Figure 2).



Tasks
Intl

Redaional

rNational

District
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Figure 2. Levels of policy-making, planning and
management
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For example, in countries where Enabling environment
ecosystems are very diverse, some
policy-making, planning or e Laws and regulations which
management tasks concerning enable participation.
aquaculture production systems or e Commitment from government
environmental issues may be more to have active stakeholder
naturally undertaken at a provincial involvement.
level, whilst policies on exports of e Development of mechanisms
farmed fish or legislative aspects to include vulnerable groups
may be best formulated at the and overcome social norms

national level. undermining certain



Additionally, the level may not be
administrative or geo-political, but
be based on the species or the
farming system.

Generally speaking, stakeholder
involvement should occur at the
level where stakeholders are
affected and associated tasks
carried out at that level. In some
cases, however, the most effective
level for stakeholder involvement
may not correspond to the capacity
of the stakeholders, especially
where stakeholders are not well
organized, or are diverse or poorly
resourced. Alternative
arrangements may have to be
made, with the risk of stakeholder
involvement being weakened, less
representative and/or increasing
costs of consultation. For example,
in countries where fish farmers are
geographically dispersed, poor and
lacking in organization, alternative
means for their involvement may
have to be used in national or even

provincial policy-making. This might

be achieved through the
participation of a “proxy”
organization such as community
development organizations or an
NGO that is able to represent fairly
the views of these diverse farmers.
Alternatively, policy formulators
may have to rely on participatory
research such as participatory rural
appraisal and participatory action
research to enhance stakeholder
involvement.

stakeholders.

Ensuring issues are kept
simple and appropriate.
Development of policies which
validate the process.

Decision-making processes

Development of transparent
processes for stakeholder
identification and selection so
that inclusion of stakeholders
and exclusion of other
stakeholders is an objective
process.

Information disseminated to
stakeholders to enable them to
make informed decisions.
Development of stakeholder
involvement/decision-making
processes (i.e. instructive,
consultative, cooperative)
which match the capabilities
and aspirations of
stakeholders.

Establishment of decision-
making rules and clear
objectives which are
communicated to
stakeholders.

Improvement of the legitimacy
of policy-making, planning and
management processes by
ensuring transparency and
consistency with existing
values and norms.
Anticipation of potential areas
of competition between
stakeholders and development
of methods to manage
expectations, minimize



Conclusions and
recommendations

There are often high expectations
that, by involving stakeholders,
more realistic and effective
aquaculture policies and plans will
be formulated and their
implementation improved. Although
the potential benefits of stakeholder
involvement may be significant, this
paper has attempted to illustrate
the complexity of the process. In
order for stakeholder involvement
to be effective, a number of critical
issues must be addressed. There is
some overlap between issues, so
that by addressing one (e.qg.
institutional capacity of stakeholder
organizations), another may also be
addressed (e.g., organizational
legitimacy). What emerges from the
review of stakeholder involvement
in aquaculture is that optimal
effective stakeholder involvement
requires action in three main areas:
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competition and maximize
winning coalitions.
Calculation of realistic time-
frames and costs of
stakeholder involvement and
provision of sufficient funds.
Identification of the tasks and
level (international, supra-
national, national, district,
local) at which stakeholders
are directly affected and able
to participate in decision-
making processes.

Roles and responsibilities of
stakeholders

Provision of training for
stakeholders on their role in
the stakeholder process.
Strengthened legal
frameworks, administrative
capacities, resources and
knowledge bases of
stakeholder organizations



e Improvement of the
legitimacy of
stakeholder
organizations where
they are considered
to be
unrepresentative by
members,
nonmembers and
other stakeholders.
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ABSTRACT: Economic incentives have been widely applied to encourage growth in aquaculture
production, especially in the “infant” phase of development where risks are often high and scale
economies cannot yet be realized. In recent years, increasing attention has been given to
incentives that encourage the use of environmental and natural resources in a sustainable
manner. This growing interest is not least due to the frequently disappointing performance of
command and control measures. Different kinds of incentives can be developed in isolation or in
combination, including tradable use/access rights, taxes/subsidies, codes of conduct, eco-
labelling and others. While practical experiences are still very limited in aquaculture, these
measures have proven effective in other sectors to induce producers to adopt better and more
environmentally friendly production practices.
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Concerns about the environmental
sustainability of certain aquaculture
activities relate, inter alia, to the

Introduction

Many agencies (local, national, regional or

international) have provided incentives for
aquaculture development. These include
subsidies for production inputs or outputs,

e.g.:

e subsidies to fixed capital or to
operating capital by direct grants, soft
loans or debt-equity swaps;

degradation or removal of ecologically
valuable habitats, the waste production
levels that exceed the assimilation capacity
of nearshore waters and freshwater
aquifers, the capture of wild postlarvae for
stocking and high by-catch mortalities, and
the transmission of pathogens and genes
between cultured and wild stocks.
Economic, social and cultural sustainability



e income and profit tax rebates (tax
holidays);

e public investment in collective
infrastructure (e.g. water channels and
bunds, electricity supply);

¢ market promotion of aquaculture
products;

e investment in human capital (skill
development through training and
extension) and public investment into
innovation (research and
development); and

e technology transfer4.

The traditional concern of these agencies
was to accelerate the growth of the
aquaculture sector in order to realize
economic and social objectives, such as
generation of income and employment,
foreign exchange earnings and rural
development for food supply and poverty
alleviation. These policy objectives and tools
are not specific to aquaculture but, in the
past, emerging aquaculture industries, both
in industrial and developing countries, have
benefited from such public support. The
main arguments for this support have been:

e the risky character of aquaculture
production for which knowledge is still
rather limited;

o the relatively high-tech content of
some aquaculture practices; and

o the significant potential of aquaculture
to provide socio-economic
development opportunities, especially
in deprived regions and poor countries.

An additional argument is that “infant”
industries face cost disadvantages because
scale economies do not yet apply and the
gains from learning-by-doing are not yet
available. As a consequence, a late starter
may not become internationally competitive,
or may become so only after a great length
of time, without government assistance.

In recent years, increasing attention has
been given to the kind of public policy and
support needed to ensure that aquaculture

concerns include dramatic production losses
caused by epidemic outbreaks of diseases;
obstruction of traditional access by local
communities to common resources; and
nutritional, socio-economic and cultural
impacts of conversion from agricultural
multi-crops to pond culture5.

Growing interest in economic incentives to
achieve sustainability objectives is not least
due to the frequently disappointing
performance of command and control
measures (the setting of regulatory norms
and standards that forbid or allow certain
actions or outcomes), especially under
conditions where growth incentives exist
concurrently. Command and control
measures generally focus on blocking the
incentive created by various types of market
failure for private operators to over-utilize
or pollute natural resources. Conversely,
economic incentives attempt to align the
incentive structure with sustainability
objectives.

The underlying economic rationales for the
provision of sustainability incentives are
various types of market failures. Markets
are frequently absent or ill defined for
important aquaculture production inputs
such as land, water and specific valuable
environmental resources and functions. As a
consequence, these inputs are under-priced
vis-a-vis their social value or not priced at
all. In turn, this has the effect that the price
of the cultivated products carries a
“subsidy” element whose ultimate
beneficiaries are the consumers of these
products.

Ideally, incentives should create “win-win”
conditions, achieving both social and
economic development objectives, as well
as environment protection. In reality,
however, growth-oriented incentives are
known to have caused or contributed
towards unsustainable production systems.
Similarly, sustainability incentives can, at
least in the short and medium term, retard
achievement of growth objectives.



development proceeds in a sustainable
manner and is not negatively impacted by
other economic activities.
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Command and control versus
economic incentive schemes

Command and control (C&C) standards are
usually tailor-made to regulate how a
specific activity or class of activities need to
be carried out. Compliance monitoring and
eventual sanctioning of trespasses are
usually indispensable features of effective
C&C. The primary disadvantages of the C&C
approach are that it is overly constraining,
leaves little room for flexibility, is not
adaptable on a case-by-case basis and
tends to retard technological change.
Moreover, regulations underlying the C&C
approach offer no incentive for producers to
attain standards higher than those imposed
by the law. While C&C is often criticized for
these reasons, it is widely used by
government agencies and even sometimes
requested by the industry. Producing
regulations is done within the logic of public
administration, often regardless of their
enforceability. In terms of political relations,
“something has been done”, and since the
same norm or standard applies to
everybody, it provides a sense of fairness.
The frequent weakness of results monitoring
and accountability, in the political arena,
however, often leaves implementation in the
shadow.

Incentives are a different approach. The
idea of incentives is not to strictly
forbid/allow, but rather to provide signals
on public objectives while leaving some

Moreover, proper social costing of
production inputs can place domestic
producers at a competitive disadvantage
with foreign producers who are not required
to internalize environmental costs.

eco-labelling requires that certification
standards are established and complied
with. So rather than two different
approaches, incentives plus command and
control should be seen as a continuum of
policy means, having relative advantages or
disadvantages depending on what they are
supposed to achieve. Presently, the
diversity of available incentive instruments
is probably under-used, with a continuing
bias towards command and control.

Crafting institutions to improve
the structure of rights and
stakeholders participation

The first arena to provide incentives is to
define and enforce rights. The enforcement
of human rights is as important for social
sustainability as the definition and
enforcement of rights of nature for
environmental sustainability. Within the last
several decades, the times of abundant
natural resources have globally given way to
conditions of scarcity, as many resources
become degraded, depleted or even
irrevocably lost. Free and unregulated
access, or simply the lack of enforcing
access rights, have been important reasons
for unsustainable use patterns of many
natural resources. The conservation of
landscapes and valuable ecosystems,
preservation of water quality and quantity,
accessibility to the shore and avoidance of



room for individual and collective decision-
making to respond to them. Incentives play
indirectly through the determinants of
individual/collective choices, such as the
profit motive or normative values. Market or
social forces can be very efficient vectors to
force the global outcome of individual
actions towards collectively set objectives.
Different kinds of incentives can be
developed in isolation or in combination:

e improving the institutional framework
(definition of rights and participatory
processes);

e developing collective values
(education, information, training);

e creating nonmarket economic
incentives (taxes and subsidies); and

o establishing market incentives
(tradable property/access rights; eco-
labelling).

Any of these instruments rely, to some
degree, on command and control. Creating
the conditions for an efficient market over
property rights requires that these rights
are legally set and practically enforced.
Similarly, creating a market-based incentive
for environmentally friendly production
methods through product

For many kinds of environmental resources,
there are limitations to establishing private
property regimes. These limitations are
caused by, on one hand, the
interconnectedness of functionalities of
many natural resources and, on the other
hand, by high enforcement costs. Thus
nature is often hard to appropriate under a
private property regime. Innovation in
terms of common property rights definition
is needed for water management

land erosion are all major sources of dispute
raised by opponents of certain aquaculture
practices. Defining basic rules to impartially
arbitrate among potentially conflicting
interests may prevent many of these
conflicts arising in the first place. Legislation
on integrated coastal area management,
defining access rights and limitations to
various types of activities, recognizing basic
individual rights (such as the accessibility to
the shore or to water with specific
properties) would help private and public
promoters of aquaculture development to
plan their activity in more secure and
informed circumstances. Well-defined
individual or collective rights act as an
incentive where those who have these
rights, either on the side of the aquaculture
promoter or on the part of another
interested party, can use them for
persuasion or can claim them in front of a
jurisdiction capable of enforcement. When
defining and allocating use rights to natural
resources, an important and often
controversial issue is how to deal with the
old and the modern, how to balance
recognition of the historical rights of the
first comer or user, the rights of the best
economic offer and the rights of future
generations.

97

Optimal pollution is not usually a point of
zero pollution, but a level where the cost of
reducing pollution any further outweighs the
environmental, social and economic benefit
received. Implementing such a tax has its
difficulties:

e it is often next to impossible to
determine the optimal pollution level
because of measurement and valuation
problems of the damage caused and



(integrating fresh, brackish and marine
waters), for landscape and land protection,
or the conservation of biodiversity and
valuable ecosystems. Beyond the legal
definition of rights, crafting of institutions
and decision-making processes, structuring
of interest representation and development
of enforcement and monitoring schemes all
have to be taken into consideration. The
main difficulty in designing and establishing
rights regimes is the capacity to enforce
them. But this difficulty should not prevent
active efforts to design, publicly discuss and
legislate these rights and obligations.
Creating private property rights that can be
allocated by the market is, theoretically,
appealing, but they require certain
conditions to be fulfilled to function
effectively.

Fees, charges, taxes and
subsidies®

Economic instruments including fees,
charges, taxes and subsidies seek to “get
prices right” for production inputs and/or
outputs. Absent or inadequate markets, i.e.
market failures, as well as government price
controls/price support schemes, may all
distort real social and environmental costs
(or benefits) of goods and services.
Economic instruments explicitly affect
private costs and benefits. They seek to
induce individuals and firms to change their
behaviour to more socially and
environmentally desirable alternatives.

The difficulty in applying economic
instruments is to design the levy or tax in
such a way that it gives a clear economic
signal to producers and consumers about
the objective it seeks to attain. The basic
rationale of a pollution charge or tax is for
the one who causes the damage to
compensate the victim of it. This reasoning
underlies the “polluters pay principle” which
has been adopted by Organisation for
Economic Cooperation and Development
(OECD) countries in 1972 and is reflected in

cost of mitigation and clean-up; and

e it is also difficult to calculate and apply
the tax in proportion to the value of
the damage caused.

In practice, environmental levies and taxes
may not be directly applied to the polluting
substance released or natural resource
used, but a closely correlated input or
output?.

Economic instruments, as with all
instruments, need some monitoring and
enforcement capacity. To be efficient, the
authority should be able not only to collect
the tax or fee but also to monitor the
phenomena on which tax calculation is
based. Such control is difficult at the very
decentralized level of the individual farm, so
taxes may be imposed directly at the
pollution source (antibiotics, pesticides,
feed) or at the level of production outputs,
where taxes can be more conveniently
collected. The consequence, however, is
that the tax becomes a much less fine-
tuned policy instrument, as all kinds of
economic activities using such inputs will be
taxed in a similar fashion irrespective of
actual damage caused. At the worst, a tax
may have unintended effects that could
potentially worsen rather than lessen
environmental damage. Consider the
imposition of a tax on pellet feed to incite
farmers to adopt more efficient feeding
strategies that result in low feed conversion
ratios and low organic effluent loading per
unit of production. While some farmers may
indeed be incited to economize on pellet
feed, other farmers may shift to alternative
non-taxed low-quality feeding materials
with high feed conversion ratios.

In addition to the above implementation
problems, arguments raised against
environmental taxes in aquaculture, as in
any other business, are their effect on
competitiveness and the fact that by raising
the production cost they are a disincentive
to innovation. These arguments are not
necessarily tenable for the following



the 1992 Rio Declaration on Environment
and Development. It traces its origin to
arguments first advanced by Pigou, who
proposed its implementation through a tax.
Appropriately named, the “Pigouvian tax”
should be set equal to the pecuniary value
of the marginal damage caused by pollution
at the point of “optimal” pollution.
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Moreover, farmers will seek to reduce the
use of the taxed production input through
technological innovations. On theoretical
grounds, there is little that speaks against
the use of economic instruments. The
difficulties lie in designing cost-effective
schemes that can practically be
implemented and achieve their intended
objectivesS8.

Subsidies and grants have been widely used
to compensate for the high level of risks in
the start up of aquaculture farms9. When
evaluated on the basis of whether or not
they have accelerated production growth,
they have been fairly successful in many
countries. If evaluated on the basis of
whether or not they have led to sustainable
development, however, their track record is
less laudable for some types of aquaculture.
There appears to be a need to reorient
subsidy schemes, if maintained at all,
towards reaching more efficient and rational
use of environmental and other resources.
One obvious area is targeted research to
develop more environmentally friendly
production techniques. Another obvious
area is to explicitly target alleviating
poverty not just for social and humanitarian
reasons, but also because poverty is a
major cause of environmental degradation
in developing countries.

reasons. A well-designed and implemented
environmental tax that, for example,
reduces water pollution, can result in a
more stable and higher production level for
all farms.

Education and, more broadly speaking,
persuasion, are important factors. Public
information about potential risks, training of
aquaculturists on the environmental and
social dimensions of their business and,
likewise, sensitization of politicians and
other policy-makers, should be promoted.

In recent years, associations of producers
and industry play increasingly important
roles in information dissemination,
awareness creation, education and training,
as well as in the development of codes of
best practices, production and product
standards, and codes of conduct10. These
efforts, while in some cases building upon
traditional institutions and organizations,
are generally a modern-day response to the
well-known environmental, socio-economic
and marketing issues facing certain types of
aquaculture systems. Voluntary industry
codes can significantly reduce the need for
costly government regulatory interventions.
Moreover, the reassurance of consumers
and intermediaries, such as wholesalers and
retailers, about the absence of adverse
environmental impacts and respect of
human rights and labour standards when
producing a product is known to have the
potential of increasing demand for such
products in international and national
markets.



Information dissemination,
development of normative
values and other tools of
persuasion

Cultural values and norms regulating
behaviour, and shared among a group, are
a good source of incentives that guide
individual and collective decision-making.
The problem is that traditional value
systems, based on common knowledge and
alive through moral obligations and social
sanctions, can break down when social
groups face rapid changes and are subject
to strong outside influences. In these
frequent instances, short-term economic
and political interests tend to erode
traditional norms and values that are seen
as barriers to modernization. A careful
balance appears to be needed between
maintaining, or even rejuvenating,
traditional sources of behavioural norms
that can positively contribute to fostering
sustainability, while not curtailing the
dynamic changes needed for economic and
social progress. Building collective concerns
about sustainability and fostering human
resources development certainly need the

formation and promotion of common values.

A central function of a code is to coordinate
the behaviour of decision-making units such
as individual farmers or cooperatives. By
agreeing to behave in a specified manner,
common problems can be resolved, such as
maintaining water quality within common
water bodies used by several farmers.
Codes offer the advantage of being more
flexible and readily "amendable” than
command and control. However, rules
originally conceived as voluntary guidelines
or recommendations can have an
impressive “juridical career” in that they
may develop within a short time into
binding rules. This may happen because the
recommendations or guidelines are shared
by the overwhelming majority of those
concerned by them.

Eco-labelling

Eco-labelling schemes have been introduced
in various sectors and for different
objectives by nhongovernmental
organizations (NGOs), private industry and
governments. Their common feature is that
the consumers’ purchasing behaviour is
directed to take into account attributes of
the products other than their price and
mandatory quality and health standards.
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These attributes can relate to economic and
social objectives (fair trade, support to
small farmers, discouragement of child
labour), health-related product quality
objectives (organic production), in addition
to environmental and ecological ones.

The potential usefulness of eco-labelling
schemes to create market-based incentives
for environmentally friendly products and
production processes was internationally
recognized at the 1992 United Nations
Conference on Environment and
Development (UNCED) in Rio de Janeiro,
Brazil, where governments agreed to
“encourage expansion of environmental
labelling and other environmentally related
product information programmes designed
to assist consumers to make informed
choices”. Consumers are provided with the
opportunity to express their environmental-
ecological concerns through their choice of
products. The consumers’ preferences are
expected to result in price and/or market
share differentials between eco-labelled
products and those that either do not
qualify to be eco-labelled or those whose
producers do not seek to obtain such
labelling. The label is obtained through a
certification process based on a set of
criteria (i.e. the desired standard). Potential
price and/or market share differentials
provide the economic incentive for firms to
seek certification of their product(s).

According to their design and
administration, eco-labelling schemes are
often classified into:

o first party labelling schemes,
emanating from individual companies
based on their own product standards;

e second party labelling schemes,
established by industry associations for
their members’ products. Certification
criteria are elaborated by the
members, sometimes by drawing upon
external expertise from academia and
environmental organizations, and
verification of compliance is achieved

Environmental organizations generally
advocate eco-labelling schemes based on
third party certification because of the
heightened confidence that private
commercial interests will not compromise
the criteria applied to the schemes and
strict compliance with them will be based on
verifiable and impartial certification
procedures.

Currently, the most attractive opportunity is
offered by rapidly expanding markets for
organic food products which offer price
premiums in the range of 30 to >100
percent. These relatively high premiums
may not be exclusively, or perhaps even
primarily, associated with the consumers’
desire to buy products produced with
environmentally friendly technologies, but
their desire to eat healthy and
uncontaminated food. Presently, no
international guidelines are available
specifically for organic aquaculture
production, but a number of specifications
laid down for agricultural production are
readily applicable to aquaculture. The
adaptation of current international
standards for organic food to fish and
shellfish from aquaculture is likely to require
significant changes in production methods
and processes, especially for semi-intensive
and intensive aquaculture systems.

Concern has been expressed that eco-
labelling is a marketing and product-
differentiation strategy that ultimately will
benefit big businesses at the production,
distribution and marketing levels. Small-
scale producers, especially those in
developing countries, would have more
limited access to costly “best available
technologies” and not be able to realize
economies of scale in both production and
product certification, labelling and
verification. Experiences made in organic
agriculture indicate that small producers can
be competitive in national and international
markets but may require proper institutional
and organizational arrangements (e.g.
group certification, cooperative input



through internal certification
procedures within the industry or
employment of external certifying
companies; and

e third party labelling schemes, usually
independent from the producers,
distributors and sellers of the labelled
products; while the criteria may be
established through a negotiation
process among the various interested
parties, they are often motivated by
the environmental objectives of the
private initiators of such schemes.
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ABSTRACT: Aquaculture raises legal and institutional issues because it is an
activity that impinges on natural resources and matters at the heart of most
legal regimes. Aquaculture interacts with the environment, being dependent
on land, water and aquatic species, and causing environmental changes. It
also must produce a product safe for human consumption in domestic or
foreign markets. Therefore, the development and management of
aquaculture is likely to fall within the scope of various pieces of legislation
and the expertise of various institutions. In recent years, these features have
been central to the evolution of the law of aquaculture.

This paper identifies, actual institutional and legal practices, as well as the
legal and institutional changes in regimes governing aquaculture, that have
taken place over the last decade. It provides a comparative account of some
new features and on-going shifts in different countries. For government
bodies, the use of law to promote sustainable aquaculture is not an easy
task, and law is only one amongst a number of mechanisms that may be
required to secure this objective. Faced with an environmental challenge, it
involves multi-disciplinary and inter-disciplinary approaches. Any belief that a
legal prohibition of unacceptable behaviour will solve an environmental
concern is erroneous.

Faced with the increasing difficulty in regulating aquaculture because of the
numerous interests involved, the diversity of natural resources used and the



variety of institutions concerned, increasing importance and recognition are
awarded to issues such as local and private/semi-private aquaculture
management; sustainable aquaculture management; use and planning;
improved design and awarding of aquaculture leases; more frequent adoption
of codes of practices, guidelines or other soft law instruments; and
involvement of a wider range of stakeholders from both public and private
sectors.

Aquaculture activities need to be carefully monitored and controlled. Some
countries are witnessing the early development of a qualified inspectorate
with sufficient powers of inspection and resources. Even more important,
however, is the need to recognize that compliance is in the collective self-
interest of all members of the aquaculture sector. Space is also being made
for various mechanisms of individual or collective “self regulation”.
Conclusions and recommendations are made in summary of the subject
matter reviewed.

KEY WORDS: Aquaculture, Legislation, Regulatory Frameworks, Institutional
Arrangements, Law
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maintain and develop an legislation has a broad application,
appropriate legal and i.e. laws and similar regulations
administrative framework have been adopted to cover
which facilitates the fisheries or water in general, rather
development of responsible than aquaculture specifically. These
aquaculture.” Code of Conduct laws tend to set up some principles
for Responsible Fisheries on aquaculture and then invest the
(CCRF), Article 9 legitimate authority with the power

to regulate aquaculture. On the

other hand, the last decade has
Foreword witnessed a steady increase of

countries enacting either:



In the preparation of this review,
primary focus has been placed on
those laws and regulations directly
governing aquaculture activity. At
this stage, and in the light of the
other thematic reviews undertaken
under the auspices of this
Conference, this review has not
taken into consideration those laws
dealing with the aquaculture
product (disease control, health
management, quality and safety),
genetically modified organisms
(GMOs) and the marketing and
trade thereof. Likewise primary
reliance has been put on materials
based in the Legal Office of the
Food and Agriculture Organization
of the United Nations (FAO) and
those made available by the panel
members.

Part I - a legal regime for
aquaculture

Trends
Setting the scene

Aquaculture has been practised for
many centuries, but surprisingly
the legal regime governing
aquaculture has only recently (over
the last 15 years) received detailed
attention. This is quite remarkable
given that much of the aquaculture
activity impinges on matters at the
heart of most legal systems. It will

e a particular act and/or
regulation dealing with
aquaculture or a certain type
of aquaculture, or

e a specific point relating to this
activitys,

In doing so, these countries often
responded to a precise need.
Crucial questions frequently
regulated relate to:

access to aquaculture,

fish health,

collection of information,
registration of aquaculture,
the import of seed, and
special environmental aspects.

Few countries were found with
solely an enabling clause on
aquaculture, i.e. countries which,
while not having a special law,
section or provision on aquaculture,
have vested the power to regulate
this activity in a Minister or
Director. In a few developing
countries in Africa, this is a
common situation® . Some
countries are in the process of
drafting a specific set of rules for
aquaculture, for example, Bulgaria,
Croatia, Cyprus, Malaysia, Malta,
Morocco, Thailand and Vietnam.

The status and progress of laws on
aquaculture do not always reflect
the importance of the activity
(including the importance of fish in



be, for example, directly affected
by the land laws, including the use
of public domains, such as
foreshore or mangrove areas, the
water laws, environmental laws,
animal health and animal disease
laws, fish and game laws, and
trade laws, as well as others
applying more generally (e.q.
public health and sanitary laws,
import and export laws, tax laws
etc.3).

In recent years growing attention
has been given to the role of law
and legal institutions in aquaculture
development. Numerous countries
have enacted specific rules relating
to aquaculture under an
aquaculture-specific legislative
text4, under a basic fisheries law>,
under a water law 6 or under
another piece of legislation?”.
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national diet, employment or
economic values). This is the case
of Bangladesh and Vietham, where
fisheries resources, though of great
importance, have been governed
virtually entirely by ad hoc policies.
However, this does not mean that
aquaculture is not regulated in one
way or another. Land laws, water
laws, environmental regulations
etc. can have an effect on
aquaculture and the conditions of
its development, which, in some
situations, can be decisive.

In some countries, the rules set up
for aquaculture follow the
public/private water or the
sea/freshwater classification. This
situation is common in France, the
Republic of Moldavia, Myanmar,
Syria and New Zealand.



Scope of the legislation: a few
words

The review conducted (and still
being conducted) shows that
countries where a degree of
aquaculture development has taken
place have built up a legal
framework which, in one way or
another, allows for control of the
access to and operation of
aquaculture activities. It also sets
the institutional framework and
orientations for the management of
aquaculture activity. In relation to
the operation of aquaculture
facilities, such a legal framework
provides a means of preventing or
curing the problem of pollution
caused and suffered by
aquaculture.

The diversity and complexity of the
legal frameworks among the
countries taken into consideration
may depend on the:

e legal status of waters used
(public or privately owned)10;

e nature of the waters used
(marine/brackish vs. fresh
water)11;

e legal status and the nature of
the land used (coastal area
vs. inland, private vs.
public)1Z;

e need for a government to
regulate aquaculture in
general or a specific
aquaculture activity!3; and

Aquaculture is the farming of
aquatic organisms including fish,
molluscs, crustaceans and aquatic
plants. Farming implies some sort
of intervention in the rearing
process to enhance production,
such as regular stocking, feeding,
protection from predators, etc.
Farming also implies individual or
corporate ownership of the stock
being cultivated. For statistical
purposes, aquatic organisms which
are harvested by an individual or
corporate body which has owned
them throughout their rearing
period contribute to aquaculture
while aquatic organisms which are
exploitable by the public as a
common property resource, with or
without appropriate licences, are
the harvest of fisheries.

In this definition, the emphasis on
ownership, if only for statistical
purposes, has the consequence of
excluding from the definition
several aquaculture activities which
would almost certainly be included
in the dictionary definition, or even
in legal definitions, for it is the
nature of the activity rather than
the often elusive equation of
ownership which is central concern.
Furthermore, this definition seems
to overlook the fact that
aquaculture is the propagation and
husbandry of aquatic plants and
animals for commercial,
recreational and scientific purposes.
This includes production for



o different questions it is called
upon to deal with (use of
natural/chemical feed,
wild/hatched seed, fish health
managementl4 effluents,
restoration etc.).

No considerable disparity was found
between legislation governing
marine and freshwater aquaculture.
The diversity lays mostly in the
authorizing and enforcement
authority (Cyprus, Israel).

A major threshold question
regarding the establishment of
a legal regime of aquaculture: a
definition of aquaculture

A major threshold question
regarding the establishment of a
legal regime for aquaculture is how
aquaculture should be defined. It is
defined in the Oxford Dictionary as
the “cultivation of plants and
breeding of animals in water” and
the Encyclopaedia Britannica as
“"the cultivation of the natural
produce of water (as fish or
shellfish)”. These definitions seem
straightforward enough, though for
legal purposes, they may be
insufficient.

The Aquaculture Steering
Committee of the Fisheries
Department defined aquaculture in
the following terms:

supplying other aquaculture
operations, for food and industrial
products, for stocking sport
fisheries, for producing aquatic bait
animals, for fee fishing, for
ornamental purposes and for use
by the pharmaceutical and chemical
industries. These activities can
occur both in natural waters and in
artificial aquatic impoundments.

Throughout the legislative texts
consulted, aquaculture is invariably
also called “fish farming”, “fish
culture”, or "mariculture”, and
sometimes becomes an
approximation to agriculture. The
latter status appears to be
influenced by the location of the
aquaculture activity (inland vs.
coastal, fresh water vs. marine),
the legislative point being dealt
with (animal disease, sanitary
rules) or the jurisdiction of the
government institution responsible
for aquaculture. A clear status,
therefore, is not always accorded to
aquaculture. For instance, a
fisheries-based law falls under an
ambiguous definition covering both
fisheries and aquaculture 15,

There is little uniformity in the
definitions provided, and this is well-
illustrated by some of the different
legal definitions currently in use:

"Aquaculture means rearing
(cultivation) of aquatic species
aiming at their economical



Fishing is defined as “any operation
involving the rearing, capture or
extraction of animals or plants,
whose livelihood is most normally
or most frequently marine (marine
fisheries) or freshwater or brackish
water (freshwater fisheries)”. A
concession is required for the
establishment of “établissements
de péche” which are defined as
“any establishment supplied with
sea water, freshwater, or brackish
water with the view to capture,
rear and culture of marine or
freshwater animals and plants on
the public domain.”17

“A fishing activity is any lawful
operation in support of extracting,
catching and rearing of aquatic
organisms. Aquaculture is defined
as the rearing or breeding of
aquatic organisms (fish, mollusc,
crustaceans, seaweed, etc.) under
human control including the
harvesting, processing, transport,
sale and consumption thereof.” 18

“Fish culture means any operation
involving the maintenance,

exploitation”16
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In light of the above, one may ask
whether or not a universal
definition for aquaculture is
necessary. It may be easier to
handle aquaculture, from a legal
(and institutional) point of view, as
a fisheries-related activity or as an
agricultural activity. Aquaculturists
often wonder why they are not
offered the same protections
afforded agricultural practices.
Likewise, experiences have shown
that the amount of governmental
agencies with jurisdiction over
aquaculture may be reduced or
increased, in accordance with a
definition of aquaculture. The role a
legal definition of aquaculture is
likely to play also needs to be
closely examined. And finally, when
