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Preparation of this document

Under the Aquaculture Management and Conservation Service (FIMA) Regular
Programme (RP232A1001409), a project Study and Analysis of Seed Production in
Small-scale Rural Aquaculture was undertaken from 2005-2006. The project consisted
of a desk study (country-level assessment, regional syntheses and thematic reviews
on freshwater fish seed resources and production) and an FAO Expert Workshop on
Freshwater Fish Seed as Global Resource for Aquaculture (held in Wuxi, China, from
23 to 26 March 2006). The project culminated in the publication of this document which
is presented in two parts.

The study and expert workshop were technically supervised by Dr Melba B.
Reantaso, Fishery Resources Officer of FIMA, Fisheries and Aquaculture Management
Division (FIM) of FAO Fisheries and Aquaculture Department.

Twenty-one aquaculture experts contributed to Part 1 of this document which
contains the proceedings and recommendations of the expert workshop. Thirty-five
specialists on various aspects of aquaculture contributed to Part 2 of this publication
comprised of 21 country case studies, three regional syntheses and eight thematic reviews
and contributed papers. The country case studies followed a template and include: (a)
introduction, (b) seed resources and supply, (c) seed production facilities and seed
technology, (d) seed management, (e) seed quality, (f) seed marketing, (g) seed industry,
(h) support services, (j) legal and policy framework, (1) information or knowledge gaps,
(m) stakeholder and (n) future prospects and recommendations.



Abstract

Four of the most important resources to aquaculture, outside human and technological
resources, are land, water, seed and feed. Efficient use of these resources are necessary
to guarantee optimum production from aquaculture. A number of regional and
international events highlighted some of the most pressing issues concerning seed in
global aquaculture development. These include inadequate and unreliable supply of
quality seed, genetic quality, inadequate hatchery technology and facilities for rearing
fry/fingerlings, distribution mechanisms, impacts of releases of cultured seed stocks, the
need for more hatcheries with business orientation and others. In order to secure stable
seed supply for major freshwater aquaculture species, factors affecting seed availability,
seed quality, seed production technologies and support services, seed distribution
networks, breeding technologies, genetic improvement and domestication need to be
understood well if resources are best to be targeted and policy decisions on future
investment and management options improved.

Recognizing these issues, a project Study and Analysis of Seed Production in
Small-scale Rural Aquaculture was undertaken by the Aquaculture Management and
Conservation Service of FAO’s Department of Fisheries and Aquaculture. The project
was implemented through a desk study and an expert workshop to assess the status of
freshwater fish seed resources and supply and its contribution to sustainable aquatic
production. The desk study, undertaken between July 2005 and April 2006, consisted
of: (i) country-level assessment, (ii) regional syntheses and (iii) thematic reviews. The
FAO Expert Workshop on Freshwater Seed as Global Resource for Aquaculture, held
in Wuxi, China, from 23 to 26 March 2006 and hosted by the Wuxi Freshwater Fisheries
Research Center, Chinese Academy of Fisheries Sciences, was aimed at analysing the
current status of the freshwater seed sector used in aquaculture with special emphasis
on rural aquaculture and evaluating the current constraints and challenges as basis
for identifying measures and generating action that will contribute to the sustainable
development of this sector.

This publication is presented in two parts. Part 1 contains the proceedings and
major recommendations of the expert workshop which tackled three major themes: (1)
seed quality, genetics, technology and certification; (2) seed networking, distribution,
entrepreneurship and certification; and (3) how rural fish farmers can benefit from the
freshwater aquaseed sector. Part 2 contains the detailed outcomes of the desk study
consisting of three regional syntheses (Africa, Asia and Latin America) based on 21
country case studies (Bangladesh, Brazil, Cambodia, Cameroon, China, Colombia,
Cuba, Ecuador, Egypt, Ghana, India, Indonesia, Mexico, Nigeria, Pakistan, the
Philippines, Sri Lanka, Thailand, Uganda, Viet Nam and Zimbabwe), five thematic
reviews (seed quality, genetics and breeding in seed supply for inland aquaculture,
seed networks and entrepreneurship, role of seed supply in rural aquaculture, farmer
innovations and women involvement in seed production) and three invited papers (self-
recruiting species, decentralized seed networking in Bangladesh and establishment of
national broodstock centres in Viet Nam).

Bondad-Reantaso, M.G. (ed.)
Assessment of freshwater fish seed resources for sustainable aquaculture.
FAO Fisheries Technical Paper. No. 501. Rome, FAO. 2007. 628p.



Executive summary

A project Study and Analysis of Seed Production in Small-scale Rural Aquaculture
was implemented through a desk study and an expert workshop to assess the status of
freshwater fish seed resources and supply and its contribution to sustainable aquatic
production. The study, undertaken between July 2005 and April 2006, consisted of:
(1) country-level assessment, (ii) regional syntheses and (iii) thematic reviews on issues
affecting the freshwater fish seed production sector. The project included the FAO
Expert Workshop on Freshwater Seed as Global Resource for Aquaculture aimed at
analyzing the current status of the freshwater seed sector used in aquaculture with
special emphasis on rural aquaculture and evaluating current constraints as basis for
identifying measures and generating action to address such challenges. The expert
workshop was held in Wuxi, China from 23 to 26 March 2006 and hosted by the Wuxi
Freshwater Fisheries Research Center of the Chinese Academy of Fisheries Sciences.

This publication is presented in two parts. Part 1 contains the proceedings and
recommendations of the expert workshop which tackled three major themes, namely:
(1) Theme 1 on seed quality, genetics, technology and certification; (2) Theme 2 on seed
networking, distribution, entrepreneurship and certification and (3) Theme 3 on how
rural fish farmers can benefit from the freshwater aquaseed sector. Part 2 presents the
detailed outcomes of the desk study consisting of three regional syntheses (Africa, Asia
and Latin America) based on 21 country case studies (Bangladesh, Brazil, Cambodia,
Cameroon, China, Colombia, Cuba, Ecuador, Egypt, Ghana, India, Indonesia, Mexico,
Nigeria, Pakistan, the Philippines, Sri Lanka, Thailand, Uganda, Viet Nam and
Zimbabwe), five thematic reviews (seed quality, genetics and breeding in seed supply
for inland aquaculture, seed networks and entreprencurship, role of seed supply in
rural aquaculture, farmer innovations and women involvement in seed production) and
three invited papers contributed during the expert workshop (self-recruiting species,
decentralized seed networking in Bangladesh and establishment of national broodstock
centres in Viet Nam).

On key issues concerning Theme 1, the expert workshop recommended for concerned
authorities and FAO to: (a) assist member countries in the development of national
broodstock certification programs (at national level) including provision of guidelines
on development of national broodstock certification systems for public and/or private
sector seed suppliers; (b) support the development of guidelines for establishing
standardized protocols to optimize seed quality and certify hatcheries at national level;
(c) review models used for certification in the livestock sector (and possibly agriculture
sector in general) particularly on processes involved in developing certification systems
for seed quality; (d) support regional multi-disciplinary reviews of broodstock quality
of key freshwater aquaculture species being transferred regionally and internationally;
(e) develop species-and/or system-specific checklists on seed quality for use by purchasers
at the point of sale and (f) review the potential impact of past and current culture-based
fisheries on genetic diversity of wild stocks in major regional watersheds.

Concerning Theme 2, major recommendations to concerned authorities and FAO
include: (a) development of technical guidelines on registration, licensing and/or
certification and provision of assistance in the implementation of such guidelines;
(b) compile a set of best practices implemented in various countries, including models
and options for networking and partnerships, based on lessons learned; (c) encourage
the establishment of international networks for collaboration in genetic improvement,
sharing of information and genetic material; (d) support the development and/or updating
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of training and extension materials related to seed production and distribution and
(e) conductlivelihood analysis of people in rural communities involved in various activities
of seed production and distribution to generate information for policy development.

On key issues pertaining to Theme 3, major recommendations include: (1) provision
of capacity building activities in the following areas: (i) seed nursing, entrepreneurship
and credit and savings management (targetting women); (ii) simple hands-on and practical
training on various aspects of seed production (e.g. breeding; nursing; stress tests; simple
seed quality test, basic health checks; conditioning, packaging and transporting; record
keeping and basic accounting or simple bookkeeping and simple understanding and
managing of risks) for rural fish farmers and hatchery/nursery operators and traders;
(2) support a regional project to focus on enhancing the role and empowerment
of women in aquatic food production with emphasis on skills development and
organization of women into Self-Help Groups (SHG); (3) conduct sustainability studies
using Farmer Participatory Research (FPR) in places where Farmer Field Schools (FFS)
have been practiced in rural aquaculture (e.g. Bangladesh, Indonesia and Viet Nam),
taking experiences and lessons learned and particularly incorporating seed production
in the system; (4) review and compile all relevant published materials on indigenous
knowledge and farmer innovations and document other unpublished practices; and
(5) create a database of farmer innovations and make it accessible to all.

The desk study revealed that harvests from freshwater aquaculture will continue to
substantially contribute to global aquatic production. The 21 country case studies were
unanimous in their findings that the freshwater seed sector is one of most essential
and profitable phase in aquaculture production. Efficient use of freshwater fish seed
resources will be necessary to guarantee optimum production from aquaculture.

In Africa, availability and quality of fingerlings for stocking in aquaculture ponds
have repeatedly been identified as a key constraint to the development of aquaculture.
Government hatcheries have generally failed to achieve sustainability and the private
sector is impeded by the lack of marketing information and appropriate technological
assistance. At present, the main aquaculture species in the continent are Nile tilapia
(Oreochromis niloticus) and the African sharptooth catfish (Clarias gariepinus). While
the tilapias are easy to reproduce on-farm, poor broodstock management had resulted
in reduced growth rates in many captive populations. Catfish are mostly reproduced
in hatcheries, but availability of broodstock and high mortality rates in larvae are key
problems still requiring research. Of the countries reviewed, Egypt (1.2 billion tilapia
and 250 million carp fingerlings produced) and Nigeria (30 million fingerlings produced)
report the highest number of modern private commercial hatcheries, although most
of these are unregulated and lack accreditation and certification systems. Ghana,
Cameroon, Uganda and Zimbabwe rely almost entirely on semi-commercial systems
producing unreliable quantities and quality of seed. Interventions to improve the quality
of extension services, make credit more available and build partnerships between public
and private sectors to address key researchable topics are recommended to improve the
availability of fish seed to African fish farmers.

In Asia, even though seed of major cultivated species are produced in sufficient
quantities in hatcheries, poor quality is perceived as a major constraint to expansion
of freshwater aquaculture. Several approaches ranging from institutional to farmer-
managed decision-making tools have been adopted by countries and farmers to assure
fish seed quality. The regional focus has shifted from centralized to decentralized
seed production, a strategy which offers opportunities for poor farmers to enter into
the fish seed business. Decentralized fish seed production should be supported by
appropriate breeding strategies to maintain the genetic quality of broodstock. Building
support services at the local level is crucial in expanding fish seed supply. With basic
technologies for small-scale fish breeding and fry nursing largely in place, future
support should now focus on extension of knowledge and building of institutional
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support for rural households where there is potential for fish breeding and fry nursing.
Information sharing mechanism on hatchery breeding and fry/fingerling production as
an agribusiness will also help enhance capacities in countries where these technologies
are still not well-developed.

In Latin America, Chile, Brazil, Mexico and Ecuador produce more than 80 percent
of the total regional aquaculture production. The overall growth of the freshwater
aquaculture industry demands for an increasing and stable supply of reliable and traceable
seed to sustain regular production. Such factors are critical to sector sustainability and
the issues have been approached firstly by governments and later by farmers themselves.
As the aquaculture sector grew and turned into an export-oriented industry, private
investment has been channeled into seed production, either as an exclusive activity,
or as a part of vertically-integrated aquaculture ventures. Seed quality parameters (i.e.
survival, growth rate, disease resistance, size homogeniety) within countries, have
historically been indirectly measured through the level of satisfaction of seed buyers
and are not regulated by governments. However, with increasing international seed
trade, regional hatcheries are slowly introducing quality assurance measures, both as
part of hatchery operation procedures and genetic manipulation of their broodstock.
The only type of certification that is common to all countries of the region is an official
zoosanitary certificate that is mandatory before domestic and international movement
of organisms can take place. Given the rapid expansion of export-oriented culture of
high-value species, it is expected that both volume of high quality seed and quality
certification procedures will gradually be in place throughout the region.

In order for the sector to develop in a sustainable manner, an enabling environment
will be required in terms of basic production and human infrastructure, financial/
business/marketing support and policy and legal frameworks. Severe challenges will be
faced concerning water allocation and land use for general aquaculture production and
as such the following areas below need careful consideration to enhance the development
of the freshwater seed production sector to support aquaculture sustainability.

Seed quality is an essential attribute to optimize the potential for aquaculture
production (better yield and good returns) and is related to the quality of the broodstock
used and the seed produced. Genetic quality and good hatchery/nursery management
are two main factors affecting seed quality. It is important to understand the factors that
contribute to poor quality seed and to develop interventions (e.g. better management
practices) to address the problem. In many aquaculture systems, stocking quality seed
does not necessarily ensure a successful crop. Seed certification and accreditation of
practices should be continuously explored.

Approaches to genetic improvement using successful research findings (e.g. selective
breeding, application of genetic markers, sex control techniques, chromosome set
manipulation, crossbreeding and transgenesis) should be integrated with good genetic
management during domestication and translocation of aquaculture stocks. In addition,
such approaches should be supported by efficient and equitable dissemination and
technology transfer strategies coupled with awareness and/or certification programs.
Strengthening awareness and institutional capacity to deal with ecological risks
associated with introductions of alien and/or genetically improved fish will be essential.
Use of indigenous species and their domestication for freshwater aquaculture production
should be promoted.

Seed certification is a quality assurance system aimed to produce and supply high
quality seed to farmers. It is a system which meets certain minimum pre-determined
quality standards and criteria, e.g. genetic purity, appropriate husbandry, high grow-out
performance, freedom from major diseases, other market needs, etc. A process which
adds value to the potential of aquaculture production, seed certification will outweigh
the anticipated increased costs when done properly. Seed certification is part of a wider
programme on genetics and breeding, biodiversity conservation and international trade.
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There are various levels of success on seed certification used for freshwater aquaculture
seed. There is value in reviewing certification models used in the livestock and plant
sectors to determine which processes can be adapted for use in aquaculture.

The main actors in a freshwater seed network are the breeders, hatchery and nursery
operators, traders, growers and other input/service providers (e.g. water suppliers,
transport providers, hormone sellers, nightsoil traders, extension workers, etc.). Seed
networking has become an important component of the sector that enabled accessibility
and delivery of fish seed in areas distant from traditional sources, thus, stimulating
aquaculture development in marginal and remote rural areas. Seed networking should be
promoted and supported with enabling policies and required infrastructure.

Broodstock management will be a key issue in meeting the projected fingerling
requirement to 2020. To meet this challenge, there is a need for a shift in freshwater
aquaculture technology from intensive-water use of land-based systems to water-saving
and water productivity-enhancing interventions. Integrating fish seed production with
agriculture and optimizing the use of irrigated agricultural land, as seen in several
countries, can be further explored. The use of cages and hapas for fry- to fingerling-
rearing is becoming increasingly popular in some countries, particularly those which
have large numbers of perennial water bodies. Such initiatives contribute to the
enhancement of productivity of irrigation water bodies and enable landless households
to generate income and animal protein from fish culture activities provided there is equal
access to such resources.

Many rural farmers have developed technology innovations and applied indigenous
knowledge in order to meet their livelihood necessities. In aquaculture seed production
sector, some examples include the following: (1) hatchery technology (bamboo/
wood-based circular technology), (2) breeding techniques (Bundh breeding in India),
(3) nursing techniques (removal of egg stickiness by washing with milk prior to nursing
in jars, application of fermented manure including oil cakes, stunting fish technology),
(4) local methods for fish collection and transportation and others. Many such innovations
and indigenous knowledge remain undocumented. Reviewing and compiling all relevant
published materials on indigenous knowledge and farmer innovations, documenting
other unpublished practices, creating a database on farmer innovations and making it
accessible to all, replicating and promoting fully-tested innovations in other countries/
regions and giving recognition to successful farmer innovators are suggested actions to
enhance available human capital.

Private-public sector partnership can be tapped by improving integration and linkages
of inputs and efficient delivery of services of the broad spectrum of the freshwater fish
seed production sector, for example: (a) large-scale hatchery operators supporting small-
scale operators on training, information sharing, broodstock exchange and provision
of high quality seed; (b) promoting government-private sector (large hatcheries)
partnership for broodstock development and (¢) promoting contract growing for
fingerling production as practiced in China.

Aside from enabling policies, there are many strategic elements and approaches
which can be promoted to enhance the benefits to and participation and contribution of
small-scale farmers. These include: (i) practical application of the concepts of FFS, FPR
and training of trainers; (ii) providing good access to rural microfinancing programmes;
(ii1) supporting formation of SHGs and producer associations; (iv) harnessing farmer
innovation and indigenous knowledge; (v) building capacity on community-based
aquatic resource management; and (vi) communicating the various risks in aquaculture
production.
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Acronyms and abbreviations

AAI
ABRACOA
ABRAQ
ABRAS
ACIAR
AD

ADB
ADP
AEO
AFFAN
AFLPs
AFGRP
AFP
AGCD
AGIP
AIFP
AIMS
AIT
AKVAFORSK
AOFFN
APFON
APHEDA
APIP
AQDC
ARDQIP

AREX
ASA
AUSAID
BAU
BCIS
BDT
BFAR
BFRI
BFSPRC
BMPs
BRAC
BRL
CAFAN
CaO
CARD

CARE

CARFSPS
CARITAS
CAUNESP-UNESP

Aquaculture Authority of India

Brazilian Association for the Culture of Aquatic Organisms
Brazilian Aquaculture Association

Brazilian Supermarket Association

Australian Centre for International Agricultural Research
Aquaculture Division (Department of Fisheries, Cambodia)
Asian Development Bank

Agricultural Development Programmes

Aquaculture Extension Officers

Association of Fish Farmers and Aquaculturists of Nigeria
amplified fragment length polymorphisms

Aquaculture and Fish Genetic Research Programme
anti-freeze protein gene

General Administration for Development Cooperation
Azienda Generale Italiana Petroli

Aquaculture and Inland Fisheries Project

Aquaculture of Indigenous Mekong Species (Cambodia)
Asian Institute of Technology

Norway Institute of Aquaculture Research

Association of Ornamental Fish Exporters of Nigeria
Association of Fingerling Producers of Nigeria

Australia People for Health Development Abroad
Agriculture Productivity Improvement Project (Cambodia)
Aquaculture Development Center (Sri Lanka)
Aquaculture Resource Development and Quality
Improvement

Project (Sri Lanka)

Agriculture and Rural Extension

Association for Social Advancement

Australian Agency for International Development
Bangladesh Agricultural University

Beijing Consensus and Implementation Strategy
Bangladesh Taka

Bureau of Fisheries and Aquatic Resources (Philippines)
Bangladesh Fisheries Research Institute

Bati Fish Seed Production and Research Center (Cambodia)
Better management practices

Bangladesh Rural Advancement Committee

Brazil Real

Catfish Farmers Association of Nigeria

calcium oxide, quicklime

Collaboration for Agriculture and Rural Development
Programme

Cooperative for Assistance and Relief Everywhere

Chak Ang Rae Fish Seed Production Station (Cambodia)
Catholic Agency for International Aid and Development
Aquaculture Center of the Sio Paulo State University
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CBFM
CBOs
CCFRS
CCRF
CDRMP
CENIACUA
CEPAM
CEPTA
CFA
CGIAR
CGHYV
CIFA
CIFE
CIFRI
CLSU
CMFRI
CNY
COA
CoC
COD
CODEVASF

CONAMA
CoP
COP

CcP

CcrP

CRS
CSIR

CY

CuUC
DANIDA
DMMSU
DNA
DNOCS
DFID

DFRRI
DOCA
DoF
DOF
DOF

DoF/AIT-AARM
DoF/MRC-READ

EED
EEZ

EGP

EIA

ELISA

EOS

EPC
ESALQ-USP

Community-based Fisheries Management
Community-based Organizations

Chrang Chamres Fisheries Research Station (Cambodia)
Code of Conduct for Responsible Fisheries (of FAO)
Community Development and Resource Management Project
National Center of Investigations in Aquaculture (Colombia)
Aquaculture Training Centre of Mamposton (Cuba)
Aquaculture Research and Training Center (Brazil)
Central African Franc

Consultative Group on International Agricultural Research
Grass carp hemorrhagic virus

Central Institute for Freshwater Aquaculture

Central Institute of Fisheries Education

Central Inland Fisheries Research Institute (India)

Central Luzon State University (CLSU)

Central Marine Fisheries Research Institute (India)

China, Yuan Renmindi

Commission on Audit

Code of Conduct

Carbon oxygen demand

Company for the Development of the Sdo Franscisco Valley
(Brazil)

National Council for Environmental Affairs (Brazil)

code of practice

Colombian peso

Charoenpokaparn Company Ltd.

culture pond

Catholic Relief Services

Council of Scientific and Industrial Research (India)
Calendar Year

Cuba Convertible Peso

Danish International Development Agency

Don Mariano Marocs Memorial State University
deoxyribonucleic acid

National Department of Engineering Against Droughts
Department for International Development of the United
Kingdom

Directorate of Food, Roads and Rural Infrastructure
deoxycorticosterone acetate

Department of Fisheries (Cambodia)

Department of Fisheries (Bangladesh)

Department of Fisheries (Thailand)

DoF/AIT Aquaculture and Aquatic Resources Management
DoF/MRC Rural Extension for Aquaculture Development
Exuvia entrapment disease

Exclusive Economic Zone

Egypt Pound

environmental impact assessment

Enzyme-Linked Immunosorbent Assay

Extension Officers

Extract of Pituitary of Carp

Superior School of Agriculture Luis de Queiroz from the
University of Sio Paulo in Piracicaba
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ESC
ESPC
EU-PRASAC

EUS
F1

FAC
FAG
FAIEX

FAO
FAO-RAF
FAO-RAP
FARMC
FAO-RLC
FASA
FaST

FDA
FDAP
FDF
FEDEACUA
FFDA

FFS

FIES
FIMA
FINAGRO
FISON
FLD
FMAS
FMRT
FSPRS
FSPS
FRSS
GAFRD
GAP
GAVS
GBC
GCHV
GDP

GEF

GET EXCEL

GFSMF
GH
GHC
GIAN
GIFT
GIFT FI
GMF
GMT

Exotic Species Center

Exotic Species Production Center

EU-Pole regional de recherche appliquee au developpement
des savanes d’agriculture centrale

Epizootic ulcerative syndrome

Filial 1, the first filial generation seed/plants or animal
offspring resulting from a cross mating of distinctly different
parental type

Freshwater Aquaculture Center (CLSU)

Farming Guaranty Funds (Colombia)

Freshwater Aquaculture Improvement and Extension Project
(Cambodia)

Food and Agriculture Organization of the United Nations
FAO Regional Office for Africa

FAO Regional Office for Asia and the Pacific

Fisheries and aquatic resource management councils

FAO Regional Office for Latin America and the Caribbean
Faculty of Agronomy and Agricultural Sciences
FAC-Selected Tilapia

Food and Drug Administration (United States of America)
Fisheries Development Action Plan

Federal Department of Fisheries (Nigeria)

Colombian Federation of Aquafarmers

Fish Farmers Development Agency

Farmer field schools

Fisheries and Aquaculture Information and Statistics Service
Aquaculture Management and Conservation Service
Financing Funds of Sector Agropecuario (Colombia)
Fisheries Society of Nigeria

Farmer Livelihood Development (Cambodia)
farmer-managed aquatic systems

Fisheries and Marine Resource Technology

Fish Seed Production and Research Stations (Cambodia)
Fishery Sector Programme Support

Fisheries Resource Survey System (Bangladesh)

General Authority for Fish Resources Development

Good Aquaculture Practices

General Authority for Veterinary Services

Genetic Breeding Center

Grass carp hemorrhagic virus

Gross domestic product

Global Environmental Facility

Genetically Enhanced Tilapia — and Excellent strain that
has Competitive advantage for Entrepreneurial Livelihood
projects

Government Fish Seed Multipying Farms

growth hormone gene

Ghana Cedi

Grassroots Innovation Augmentation Network (India)
Genetically Improved Farmed Tilapia

GIFT Foundation, Incorporated

Grammen Matsha Foundation

Genetically Male Tilapia
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GMO
GOV
GSI
GST
GTZ
GURT
HACCP
HCG
HH
HHP
TAGA
IAS
IBAMA

ICA
ICAR
ICES
ICLARM

IDA
IDR
IDRC
IFReDI
IIM
IITA
IMC
IMNV
INCODER
INPA
INR
IOs
IPM
IPN
INR
IRAD
IRR
IVA
IVLP
JICA
KHR
KMNO,
KVK

LAPAD-UFSC

LH-RH
LGC
LGU
LHA
LKR
MAFF
MAPA
MAS
MBV

genetically modified organisms

Government of Viet Nam

Genetic stock identification

Genomar Supreme Tilapia

German Technical Cooperation

genetic use restriction technologies

Hazard Analysis and Critical Control Point

Human Chorionic Gonadotropic

High Health

household pond

International Association for Genetics in Aquaculture
Institute of Aquaculture, Stirling University

Brazilian Institute of Environment and Renewable Natural
Resources

Colombian Institute of Agriculture and Livestock
Indian Council of Agricultural Research

International Council for the Exploration of the Seas
International Center for Living Aquatic Resources
Management

International Development Association

Indonesian Rupiah

International Development Research Centre (Canada)
Inland Research and Development Institute (Cambodia)
Indian Institute of Management

International Institute for Tropical Agriculture

Indian major carps

idiopathic muscle necrosis virus

National Institute for Rural Development (Colombia)
National Institute of Fisheries and Aquaculture (Colombia)
Indian Rupee

international organizations

Integrated Pest Management

infectious pancreatic necrosis

Indian Rupee

Institute of Agricultural Research for Development
Internal Rate of Return

Tax Valor Agregado (Colombia)

Institute Village Link Programme

Japanese International Cooperation Agency
Cambodia Riel

potassium permanganate

Krishi Vignana Kenddra

Freshwater Fish Aquaculture Laboratory from the Federal
University of Santa Catarina

Luteinizing hormone releasing hormone

Local Government Code

Local Government Unit

Lake Harvest Aquaculture

Sri Lankan Rupee

Ministry of Agriculture, Forestry and Fisheries (Cambodia)
Ministry of Agriculture, Supply and Cattle (Brazil)
marker assisted selection

monodon baculovirus
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MCAC
MEP
MINEPIA
MINRESI
MIP

MCC
MMV
MINSAP

MOA
MOFI

MoFL
MPEDA

MRC-AIMS

MrNV
mtDNA
MS 222
MSc
MXN

NA
NAADS
NABARD
NABWSS
NACA
NACRDB

NAFEC
NAQDA
NARS
NASPS
NAWCP
NBC
NBC
NBFGR

NCCA-WBV

NCDC
N,
NEPAD
NET
NGOs
NGN
NEFP
NFFTC

NIF
NIFFR

NIOMR
NORAD
NPK

Mission francaise de cooperation et d’action culturelle
Ministry of Economy and Planning

Ministry of Animal Industries and Fisheries

Institute for Agricultural Research for Development
Ministry of Fisheries (Cuba)

Mennonite Central Committee

Macrobrachium muscle virus

Institute of Hygiene and Epidemiology of the Ministry of
Public Health (Cuba)

Memorandum of Agreement

Ministry of Agriculture (China)

Ministry of Fisheries (Viet Nam)

Ministry of Fisheries and Livestock (Bangladesh)

Marine Products Export Development Authority
Aquaculture of Indigenous Mekong Species of the Mekong
River Commission

Macrobrachium rosenbergii nodavirus

mitochondrial DNA

tricaine methane sulfonate

Master of Science

Mexican Peso

Northern Areas

National Agriculture Advisory Services (Uganda)
National Bank for Agriculture and Rural Development
National Aquatic Bred and Wild Seed System (China)
Network of Aquaculture Centres in Asia-Pacific

Nigeria Agricultural Cooperative and Rural Development
Bank

National Fishery Extension Centre

National Aquaculture Development Authority of Sri Lanka
National Agricultural Research Systems

National Aquatic Seed Production System

National Aquatic Weed Control Project

National Broodstock Center (Philippines)

National Broodstock Centre (Viet Nam)

National Bureau of Fish Genetic Resources

National Certification Committee of Aquatic Wild and Bred
Varieties

National Cooperative Development Cooperation
effective population size

New Partnership for Africa’s Development

northeast Thailand

Non-governmental Organizations

Nigerian Naira

Northwest Fisheries Extension Project (Bangladesh)
National Freshwater Fisheries Technology Center
(Philippines)

National Innovation Foundation (India)

National Institute for Freshwater Fisheries Research
(Nigeria)

Nigerian Institute for Oceanography and Marine Research
Norwegian Agency for Development Cooperation
Nitrogen, Phosphorus, Potassium
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NPRS
NRCCF
NSPFS
NUFASD
NWEP
NwWP
OIE

OPIP
PADEK
PAS
PCAMRD

PCARRD

PCR
PDA
PDAFF

PFD

PG

PhD
PHP
PKR

PL

PMA
PNVRA
PPO
PRA
PROSPER

QAAD
QTL
RA
RAPD
RDRS
RF
RFLP
RIA
ROI
ROS
RRD
RVDB
SAEP
SCA
SCALE

SEAFDEC-AQD

SEAP
SEAPB
SEAP/PR

SEC

National Poverty Reduction Strategy

National Research Center for Coldwater Fisheries
National Special Programme on Food Security

Nigeria Union of Fishermen and Seafood Dealers

North West Frontier Province

North West Province (Sri Lanka)

World Animal Health Organisation (Office International des
Epizooties)

Provincial and National Fisheries Inspection Services (Cuba)
Partnership for Development in Kampuchea

Philippine Aquaculture Society

Philippine Council for Aquatic and Marine Research and
Development

Philippine Council for Agricultural Resources Research and
Development

polymerase chain reaction

Prawn Culture Project (Bangladesh)

Provincial Department of Agriculture, Forestry and Fisheries
(Cambodia)

Provincial Fisheries Divisions (Cambodia)

pituitary gland

Doctor of Philosophy

Philippine Peso

Pakistan Rupee

Post-larvae

Plan for Modernization of Agriculture (Uganda)
National Agricultural Research and Extension Program
Private pond operator

participatory rural appraisal

Procedure optimisee de selection individuelle par eprenves
repetees

quarterly aquatic animal disease

quantitative trait loci

Republic Act

random amplified polymorphic DNA

Rangpur Dinajpur Rural Services (Bangladesh)

rice field

restriction fragment length polymorphisms

Research Institute for Aquaculture

return on investment

Regional Outreach Stations (Philippines)

Red River Delta

River Vallies Development Board

Society of Aquaculture Engineers of the Philippines
Aquaculturists Association (Cuba)

SAO Cambodia Aquaculture Low Expenditure
Southeast Asian Fisheries Development Center —
Aquaculture Department

Special Secretariat of Aquaculture and Fisheries

Service d’Etudes et d’Appui aux Populatuons a la Base
Special Secretariat of Aquaculture and Fisheries from the
Presidency of the Republic of Brazil
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SEDPII Second Five-Year Socio-economic Development Plan 2001-2005

(Cambodia)

SFD States Fisheries Division (Nigeria)

SHG Self-help Groups

SMC San Miguel Corporation

SNPs single nucleotide polymorphisms

SQIC Seed Quality Inspection Centers

SPDC Shell Petroleum Development Company

SPF Specific pathogen free

SPR Specific pathogen resistant

SPS Agreement Sanitary and Phytosanitary Agreement of the World Trade
Organization

SRS self-recruiting species

SRT Sex reversed tilapia

STREAM Support to Regional Aquatic Resources Management

SUDA Sustainable Aquaculture Development

SUFA Support to Freshwater Aquaculture

SUMA Support to Brackishwater and Marine Aquaculture

TCDC Technical Cooperation Among Developing Nations

TCP Technical Cooperation Programme

THB Thailand Baht

Tk Bangladesh Taka

TKFSPS Toul Krasang Fish Seed Production Station (Cambodia)

TP trap pond

TPCL Tata Power Companies Limited

TSP Triple super phosphate

TSV Taura syndrome virus

UEM University of Maringd in Parand

UFAN United Fisheries Association of Nigeria

UGX Ugandan Shilling

UMATA Unidades Municipales de Asistencia Técnica Agropecuaria

UNDP United Nations Development Programme

UNICEF United Nations Children’s Fund

UPMSI University of the Philippines Marine Science Institute

Uuv ultraviolet

VCDL Vorion Chemicals and Distilleries Limited

VND Viet Nam Dong

WB World Bank

WBVA Wild Bred Variety Amplifier

WEC World Fish Center

WMD White muscle disease

WRI Water Research Institute

WSD white spot disease

WSSV white spot syndrome virus

WTD white tail disease

WTO World Trade Organization

WVCC Wild Variety Collection Center

XAF Cameroon CFA Franc BEAC

XSV extra small virus

ZWD Zimbabwe Dollar
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Fish and other species

SCIENTIFIC NAME
Acipenser schrenckii
Acrossocheilus hexagonolepis
Aethiomastacembelus praensis
Amur pikc

Anabas testudineus
Araipama gigas
Argyrosomus regius
Arichthys aor

Aristichthys nobilis
Astronotus ocellatus
Astyanax altiparanae
Bagarius bagarius
Barbodes gonionotus
Barbonymus altus
Barbonymus gonionotus
Barbus subinensis

Brycon amazonicus

B. hilarii

B. henni

B. orbignyanus

B. siebenthalae

Botia birdi

Carassius anratus
Carassius anratus pengzesis
C. carrasius

Catla catla

Chana obscura

Channa asiatica

C. gachua

C. marulius

C. micropeltes

C. punctatus

C. striata

Chrysichthys nigrodigitatus
C. walkeri

Cichla ocellaris

Cirrbinus cirrbosus

C. molitorella

Cirrbina mrigala

Clarias x Heterobranchus
Clarias batrachus

Clarias gariepinus

Clarias macrocephalus
Clarias macrocephalus x C. gariepinus
Clarias gariepinus x C. batrachus
Clarias lazera

COMMON NAME/LOCAL NAME
Amur sturgeon
mahseer

spiny eel

pikes

climbing perch, Thai koi
Pirarucu

meagre

singhari

bighead carp
apaiari

lambari

catfish

silver barb

red-tail tinfoil barb
silver barb
minnow, carp
matrinxa
piraputanga yamu
sabaleta
piracanjuba

yamu

Birdi loach
ornamental goldfish
Pengze crucian carp
crucian carp

catla

tilapia

Chinese snakehead
murrels

saul

giant snakehead
murrels

giant snakehead
tilapia

Bagrid catfish
tucunare

mrigal

mud carp

mrigal

hybrid catfish
Asian catfish
African catfish
walking catfish

hybrid catfish
hybrid catfish
sharptooth catfish
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Clarias sp.

Colisa lalia

C. macropomum

Colossoma macropomum
Cristaria placata
Ctenopharyngodon idella
Cyclocheilichthys enoplos
Cyprinus carpio

Cyprinus carpio singuomensis
Cyprinus carpio var. jian
Cyprinus carpio var. specularis

Cyprinus carpio var. wuyanensis

Dicentrarchus labrax
Erythroculter ilishaeformis
Fenneropenaeus chinensis
Fugu obscurus

Fugu xanthopterus
Gadusia chapra
Glossogobius giurus
Glyprothorax kashmirensis
G. reticulatum

Gymnacus niloticus
Hemibagrus wyckioides
Hemichromis elongates
Hemosorubim platyrhynchos
Heterobranchus bidorsalis
H. longifilis
Heteropnuestes fossilis
Heterotis niloticus

Hilsa ilisha

Hoplis malabaricus
Hypopthalmichthys harmandi
H. molitrix

Hyriopsis cumingi

H. schlegeri

Ictalurus nebulosus

1. punctatus

Labeo bata

L. calbasu

L. chrysophekadion

L. dero

L. fimbriatus

L. gonia

Lates niloticus

Labeo calbasu

L. robita

Leiarius marmoratus
Lepomis macrochirus

L. amblyrbynchus

L. elogantus

L. friderici

L. macrocephalus

L. obtusidens

catfish

dwarf gourami

tambaqui

black cachama

river shell, winkle shell
grass carp, Carpa herbivora
cyprinid

common carp, Carpa comun
common carp

Jian carp

mirror carp

common carp

European seabass
topmouth culter

fleshy prawn, Chinese white shrimp.

pufferfish

pufferfish

clupeid

goby

catfish

catfish

tilapia

Hemibagrus catfish
banded jewelfish
juropoca

African clariid catfish
Vundu catfish

Asian catfish, shing
kanga

clupeid

trairao

Vietnamese silver carp
silver carp, Carpa plateada
triangle mussel
pearly mussel
bullhead brown catfish
channel catfish

Ilsha bata

kalbaush

black sharkminnow
carp

carp

Kurio labeo

tilapia

kalbaush

rohu, rui

yaque

bluegill

chimbore

piapara

plau

plauvucu, piaucu
piava
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Leptobarbus hoevenii

Liza ramada
Macrobrachinm brimanicu m
M. malcolmsoni

M. rosenbergi

M. vollehonvenii
Mastacembelus spp.
Megalobrama amblycephala
Megalobrama terminalis
Micropterus salmoides
Misgurnus mizolepis
Morone chrysops x M. saxilis
Morulius chrysophekadion
Mugil cephalus

Mugil sp.

Mystus cavasius
Mylopharyngodon piceus
Myxocyprinus

Notopterus chitala

N. notopterus

Ompok bimaculatus

O. pabda

Oncorbynchus mykiss
Ophiocephalus micropeltes
Oreochromis aureus

O. leucostictus

O. macrochir

O. mossambicus x O. niloticus
O. mortimer:

O. niloticus

O. nilotics x O. aureus
Osphronemus goramy
Osteobagrus aor

O. seenghala

Osteochilus melanopleura
Oxyeleotris marmoratus
Pangasianodon hypophthalmus
Pangasius conchophilu

P. larnandiei

P. bocourti

Pangasins sutchi
Patinopecten yessoensis
Parachanna obscura
Piaractus brachypomus
Piaractus mesopotamicus

P. brachypomus

Pimelodus blochii

P. grosscopfii
Plagiognathops microlepis
Plecoglossus altivelis
Phractocephalus hemioliopterus
Prochilodus lineatus
Prochylodus magdalenae

hoven’s carp

thin-lipped grey mullet
freshwater prawn
freshwater prawn
freshwater prawn
freshwater shrimp
mahseer

blunt snout bream

black Amur bream
black bass, Trucha americana
Korean mud loach
hybrid striped seabass
black shark

mullet

mullet

Gangetic mystus

black carp

Chinese high fin banded shark
featherback
Notopterus, featherback
catfish

Pabda, butterfly catfish
rainbow trout
snakehead

tilapia

mbiru

tilapia

red tilapia

tilapia

tilapia, Nile tilapia, GIFT tilapia
hybrid tilapia

glant gourami

catfish

catfish

local name krom, cyprinid
sand goby

pangasiid catfishes (river catfish, sutchi catfish)
pangasiid catfishes
pangasiid catfishes
pangasiid catfishes

Thai pangas

Japanese scallop
snakehead

black cachama

pacu

pirapitinga

nicuro

capaz

Smallscale yellowfin
Japanese ayu

pirarara

curimbati, curimba
bocachico
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Pseundoplatistoma fasiatum

P tigrinum

Pseudoplatystoma spp.

Puntius sarana

P. conchonius

Rita pevimentata
R. rita

Rana heckstheri
Rhandia spp.
Rhinomugil corsula
Salminus brasiliensis
S. maxillosus
Salmo fario

S. trutta

Sarotherodon galilaeus

S. melanopleura
Schizothorax spp.
Semaprochilodus sp.
Setipina phasa
Silonia silondia
Sorobim lima
Sparus anrata
Spinibarbus sinensis
Steatocranus irvinea
Synodontis arnoulti
S. macropthalmus
S. velifer

Takifugu flavidus
Tennalosa ilisha
Tilapia aurea

1. guineansis

T. nilotica

T rendali

T sparmanni

T zilli

Tor khudree

T. macrolepis

T mosal

T mussulla

T nelli

T progenies

T putitora

T tor

Trichogaster pectoralis

Trionyx sinensis
Valamugil sebeli
Wallago attu
Xenocypris argentea

Xiphophorus helleri

bagre rayado
bagre rayado

Pintado, surubim, cachara

Olive barb
rosy barb
catfish
catfish

frog

jundid

Indian mullet
dourado
dourado
brown trout
brown trout
tilapia

tilapia

carp

jaraqui
clupeid
catfish
jurupenses
gilthead seabream
barbodes

bream or mango fish

squeakers or upside-down catfishes
squeakers or upside-down catfishes

Eupterus

towny puffer
Indian chad
blue tilapia
tilapia

Nile tilapia
tilapia

tilapia

tilapia

Deccan mahseer
Golden mahseer
mahseer
mahseer
mahseer
mahseer

Putitor

mahseer
snakeskin gourami
soft-shell turtle
bluespot mullet
catfish
yellowfin

green swordtail
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Annexes, boxes, figures, plates,
tables

3.1 WORKING GROUP 1: KEY ISSUES CONCERNING SEED QUALITY, GENETICS,

TECHNOLOGY AND CERTIFICATION

Table 3.1.1  Table of seed quality features and the issues that relate to them in terms
of threat to the operation or opportunity to improve the product

Table 3.1.2  Possible scoring for quality features, ease of assessment of overall seed
quality

Table 3.1.3  Seed quality features and the critical monitoring points at which they
could be applied

3.2 WORKING GROUP 2: KEY ISSUES CONCERNING SEED NETWORKING,
DISTRIBUTION, ENTREPRENEURSHIP (AND CERTIFICATION)
Table 3.2.1 Issues and concerns in aquaculture seed production and distribution

4.0 ANNEXES

Annex 4.1  Expert workshop programme

Annex 4.2 List of participants

Annex 4.3  Welcome remarks of Prof Xu Pao, Director of the Freshwater Fisheries
Research Center, Chinese Academy of Fishery Sciences

Annex 4.4  Welcome remarks of Mrs Wei Shaofeng, Bureau Director, Jiangsu
Provincial Marine and Fishery Bureau

5.0 COUNTRY CASE STUDY TEMPLATE

6.1 FRESHWATER FISH SEED RESOURCES AND SUPPLY IN AFRICA: A REGIONAL

SYNTHESIS

Figure 6.1.1  Main predators if catfish larvae

Figure 6.1.2 Comparison of growth among feral and captive populations of
Oreochromis niloticus in Cameroon

Table 6.1.1  Authors of country case studies

Table 6.1.2  Animal protein consumption (percentage) of 15 African countries

Table 6.1.3  Summary of fingerling supply characteristics in six African country case
studies

Table 6.1.4  Average costs (US$) per square meter of pond surface area, for nursing
Clarias gariepinus in Cameroon (Sulem and Brummett, 2006)

Table 6.1.5 Fingerling survival, final average weight, number harvested and
profitability data per m? for Clarias gariepinus nursing systems (over 35
days) in periurban Yaoundé, Cameroon

Table 6.1.6  Summary of key stakeholders in aquaculture development in six case
study African countries

6.2 FRESHWATER FISH SEED RESOURCES AND SUPPLY: ASIA REGIONAL

SYNTHESIS

Figure 6.2.1  Percentage contribution of fish seed supplied by private and public
hatcheries
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Actors involve in fish seed marketing

Contribution of aquaculture in selected countries in Asia
Fish species used in seed production for freshwater aquaculture in
10 countries in Asia

Seed of fish species collected from the wild

Freshwater fish species used in hatchery production
Commonly used hormones in induced breeding

Modes of fertilization of fish eggs

Approaches in fish seed quality assurance

Institutional arrangement with relevance to the seed industry
Modes of fish seed certification

Prices of fish seed in Bangladesh

Some indicative cost profiles of fish seed production systems

6.3 AQUACULTURE SEED RESOURCES IN LATIN AMERICA: A REGIONAL

Figure 6.2.2
Table 6.2.1
Table 6.2.2
Table 6.2.3
Table 6.2.4
Table 6.2.5
Table 6.2.6
Table 6.2.7
Table 6.2.8
Table 6.2.9
Table 6.2.10
Table 6.2.11
SYNTHESIS
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PART 1

PROCEEDINGS AND RECOMMENDATIONS
OF THE FAO EXPERT WORKSHOP ON
FRESHWATER FISH SEED RESOURCES

FOR SUSTAINABLE AQUACULTURE
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FAO Expert Workshop on Freshwater Fish Seed Resources for Sustainable Aquaculture
held at the Freshwater Fisheries Research Center in
Wuxi, China from 23 to 26 March 2006

Seated (left to right): C.V. Mohan (NACA), Magdy Saleh (Egypt), Graham Mair (Australia), Mohammad Hasan (FAO Rome),
Simon Funge-Smith (FAO Bangkok), Wei Shaofen (China), Hu Honglang (China), Xu Pao (China), Melba Reantaso (FAO Rome),
Arlene Nietes-Satapornvanit (United Kingdom), So Nam (Cambodia), Miao Weimin (China).

Standing (second row, left to right): Sunil Siriwardena (United Kingdom), Alex Nava-Flores (Mexico), Nguyen Cong Dan (Viet
Nam), Basilio Rodriguez (Philippine), Jack Morales (United Kingdom), M.C. Nandeesha (India), Agus Budhiman (Indonesia),
Melchor Tayamen (Philippines), Md. Rafiqul Islam Sarder (Bangladesh), Kamchai Lawonyawut (Thailand), Benoy Barman
(Bangladesh), Nagappa Basavaraja (India), Yuan Xinhua (China), Pham Anh Tuan (Viet Nam), Zhou Xiaowei (NACA).




1. Background

Land, water, seed and feed constitute four of the most important resources to
aquaculture outside human and technological resources. Efficient use of these resources
are necessary to guarantee optimum production from aquaculture. Availability of
quality fish seed is a pre-requisite for adoption of sustainable aquaculture especially
for smallholders.

A number of regional and international events have highlighted some of the most
pressing issues concerning seed in global aquaculture development.

The proceedings of a special session on “Rural Aquaculture” convened during the
Fifth Asian Fisheries Forum, International Conference on Fisheries and Food Security
Beyond the Year 2000, held in November 1998 in Chiang Mai, Thailand, Edwards et
al. (2002)" identified seed as one of the five major issues affecting rural aquaculture
development and considered two aspects: (a) role of the private sector and (b) types of
hatcheries (i.e. large, centralized government or small, decentralized hatcheries — which
need further consideration in seed production. As part of the same publication, Little
et al. (2001)? reported poor quality seed as a major constraint to the success of fish
culture, especially for new entrant farmers and poorer smallholders.

Regional reviews (Asia, Africa and Latin America) from the Conference on
Aquaculture in the Third Millemium (NACA/FAO 2001)’, held in Bangkok, Thailand
in February 2000, recognized important issues concerning seed as a significant resource
for aquaculture. In the Asian region, Kongkeo (2001)* emphasized that one of the
technical constraints in Asian aquaculture is the inadequate and unreliable supply
of quality fish seed. Machena and Moehl (2001) identified the lack of fish seed as
a serious restriction to aquaculture development in sub-Saharan African region. In
Latin America, Hernandez-Rodriquez et al. (2001)® reported that for tilapia culture,
maintenance of high genetic quality within the stock as well as development of disease-
resistant strains are important issues for consideration as they adversely affect growth,
harvest size and profitability. In general terms, broodstock and seed supply have been
identified as representing a major constraint to production increases not only in terms
of availability but also health management. Several major initiatives are underway to

! Edwards, P, Little, D.C. & Demaine, H. 2002. Rural Aquaculture. UK: CABI Publishing. 385 pp.

2 Little, D.C., Satapornvanit, A. & Edwards, P. 2002. Freshwater fish seed quality in Asia, pp. 185-195. In
P. Edwards, D.C. Little & H. Demaine. Rural Aquaculture. UK: CABI Publishing. 385 pp.

> NACA/FAO. 2001. Aquaculture in the Third Millenium. Subasinghe, R.P., Bueno, P, Phillips, M.J.,

Hough, C., McGladdery, S.E. & Arthur, J.R. (eds). 2001. Technical Proceedings of the Conference on

Aquaculture in the Third Millenium, Bangkok, Thailand, 20-25 February 2000. Bangkok, NACA and

Rome, FAO. 471 pp.

Kongkeo, H. 2001. Current status and development trends of aquaculture in the Asian Region. In R.P.

Subasinghe, P. Bueno, M.J. Phillips, C. Hough, S.E. McGladdery & J.R. Arthur, eds. Aquaculture in the

Third Millenium. Technical Proceedings of the Conference on Aquaculture in the Third Millenium,

Bangkok, Thailand, 20-25 February 2000. pp. 267-293. Bangkok, NACA, and Rome, FAO.

Machena, C., & Moehl, J. 2001. African Aquaculture: A regional summary with emphasis on Sub-

saharan Africa. In R.P. Subasinghe, P. Bueno, M.J. Phillips, C. Hough, S.E. McGladdery & J.R. Arthur,

eds. Aquaculture in the Third Millenium. Technical Proceedings of the Conference on Aquaculture in

the Third Millenium, Bangkok, Thailand, 20-25 February 2000. pp. 341-356. Bangkok, NACA and

Rome, FAO.

¢ Hernandez-Rodriguez, A., Alceste-Oliviero, C., Sanchez, R., Jory, D., Vidal, L. & Constain-Franco,
L.-F. 2001. Aquaculture development trends in Latin America and the Caribbean. In R.P. Subasinghe,
P. Bueno, M.J. Phillips, C. Hough, S.E. McGladdery & J.R. Arthur, eds. Aquaculture in the Third
Millenium. Technical Proceedings of the Conference on Aquaculture in the Third Millenium, Bangkok,
Thailand, 20-25 February 2000. pp. 317-340. Bangkok, NACA and Rome, FAO.
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develop methods for the use of specific-pathogen-free (SPF) and high-health (HH)
seed production. Such strategies involve domestication allowing the development of
commercial breeding programmes for the establishment and maintenance of desirable
traits. EI-Gamal (2001)” in a review of the status and development trends of aquaculture
in the Near East concluded that availability of seed is a crucial technological constraint
to future development of aquaculture in the Near East region. In Egypt, insufficient
numbers of tilapia fingerlings are produced in governmental hatcheries and do not
match fish farm requirements. He concluded that promotion of aquaculture should
not be made unless there is an assured supply of seed from hatchery sources. De Silva
(2001)8, in his global perspective of aquaculture in the new millenium, suggested that
in culture-based fisheries one of the major limitations is the lack of suitably sized
fingerlings for stocking due to inadequate hatchery technology, inadequate facilities for
fry to fingerling rearing and distribution mechanisms.

During the ASEAN-SEAFDEC Conference on “Sustainable Fisheries for Food
Security in the New Millenium” held in Bangkok in November 2001, Mair (2002)°
identified four major elements affecting quality of seed resources for sustainable
aquaculture. These are: (a) seasonality and inconsistency of seed supply; (b) inadequate
support for seed production; (c) deterioration in quality of seed stocks and (d) impacts
of releases of cultured seed stock.

The report of the second session of the Sub-Committee on Aquaculture (Norway,
2003) highlighted the lack of seed as an important issue in culture-based fisheries
(Section xxii, para. 53) and which requires further work in order to promote this
important sector of aquaculture (FAO, 2003)".

Most recently, the thirteenth session of the Committee for Inland Fisheries of Africa
(CIFA) held from 27 to 30 October 2004 highlighted two important points: (a) lack of
quality seed as one of the important factors limiting the contribution of aquaculture to
food security and economic growth and (b) availability of strong and disease-free seed
as one of the major constraints to aquaculture development in the region; that seed
shortage represents the failure of government hatcheries to meet the expressed demand;
noted the progressive involvement of the private sector to revive the seed production
industry and the need for more private hatcheries with business orientation.

OUTLOOK AND PROSPECTS

The above-mentioned events have repeatedly highlighted the various issues surrounding
seed as an important resource for sustainable aquaculture development. Factors
affecting seed availability, seed quality, seed production technologies and support
services, seed distribution networks, and etc. need to be understood well if resources
are best to be targeted and policy decisions on future investment and management
options improved. The development of breeding and hatchery technology, genetic
improvement and domestication are additional key objectives for securing the seed
supply for major aquaculture species.

El Gamal, A.R. 2001. Status and development trends of aquaculture in the Near East. In R.P. Subasinghe,
P. Bueno, M.J. Phillips, C. Hough, S.E. McGladdery & J.R. Arthur, eds. Aquaculture in the Third
Millenium. Technical Proceedings of the Conference on Aquaculture in the Third Millenium, Bangkok,
Thailand, 20-25 February 2000. pp. 357-376. Bangkok, NACA and Rome, FAO.
De Silva, S.S. 2001. A global perspective of aquaculture in the new millenium. In R.P. Subasinghe, P. Bue-
no, M.J. Phillips, C. Hough, S.E. McGladdery & J.R. Arthur, eds. Aquaculture in the Third Millenium.
Technical Proceedings of the Conference on Aquaculture in the Third Millenium, Bangkok, Thailand,
20-25 February 2000. pp. 431-459 Bangkok, NACA and Rome, FAO.
9 Mair, G. 2002. Topical issues in genetic diversity and breeding: genes and fish: supply of good quality fish
seed for sustainable aquaculture. Aquaculture Asia, VII(2): 25-27. Bangkok, Thailand, NACA.
10FAO. 2003. Report of the Second Session of the Sub-Committee on Aquaculture, Trondheim, Norway,
7-11 August 2003. FAO Fisheries Report No. 716. Rome, FAO. 91 p.



2. Technical workshop

2.1 OBIJECTIVE

The FAO Department of Fisheries and Aquaculture conducted a global analysis of the
freshwater seed sector through a number of country case studies, regional syntheses
and thematic reviews, the outcomes of which were presented during the FAO Expert
Workshop on Freshwater Fish Seed Resources for Sustainable Aquaculture held in
Wuxi, China from 23 to 26 March 2006. The objectives of the expert workshop were to
analyze the current status of the freshwater seed sector used in aquaculture with special
emphasis on rural aquaculture and to evaluate the current constraints and challenges
faced by the sector as basis for identifying measures and generating action that will
contribute to the sustainable development of this sector.

2.2 STRUCTURE AND PROCESS

The expert workshop was hosted by the Freshwater Fisheries Research Center (FFRC)
of the Chinese Academy of Fisheries Sciences (CAFS) in Wuxi, China. The Opening
Ceremony was graced by Mrs Wei Shaofen, Director of the Jiangsi Bureau of Marine
(Annex 4.1) and Fisheries and Prof Xu Pao, Director of the FFRC/CAFS (Annex 4.2).
FFRC Deputy Director Miao Weimin ably chaired the sessions.

Twenty-one experts (Annex 4.3) on freshwater aquaculture, genetics, health, rural
aquaculture and aquabusiness from national institutions, universities and private sector
from Australia, Bangladesh, Cambodia, China PR, Egypt, India, Indonesia, Mexico,
the Philippines, Sri Lanka, Thailand, Viet Nam and the United Kingdom participated
in the workshop; co-authors of the different presentations and country case studies
participated remotely and provided additional information requirements that were
also used during the workshop. The Workshop was facilitated by 3 FAO officers (MB
Reantaso, MR Hasan and S FungeSmith).

The four-day Expert Workshop (Annex 4.4) consisted of plenary presentations of
six selected country case studies (China, India, Cambodia, Viet Nam, Mexico, Egypt),
three regional syntheses (Asia, Africa and Latin America), five thematic reviews (seed
quality, genetics and breeding in seed supply for inland aquaculture, seed networks and
entrepreneurship, role of seed supply and technology in rural aquaculture and farmer
innovations and women involvement in seed production), and four invited presentations
(self-recruiting species, decentralised seed networking in Bangladesh, establishment
of national broodstock centres in Viet Nam, and private sector involvement in seed
production and distribution).

Following the plenary technical presentations, the participants were divided into
three Working Groups to deliberate on the following themes based on the Working
Group guidelines:

Theme 1: Seed Quality, Genetics, Technology and Certification;
Theme 2: Seed Networking, Distribution, Entrepreneurship and Certification; and

Theme 3: How Rural Fish farmers Can Benefit from the Freshwater Aquaseed Sector.

The outcomes of the Working Group discussions were presented in plenary.
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2.3 WORKING GROUP GUIDELINES
The Working Groups were requested to:

e analyse the current status of the freshwater seed sector used in aquaculture, with
special emphasis on rural aquaculture;

e evaluate the current constraints and challenges faced by the sector as basis for
identifying measures and generating action that will contribute to its further
development;

e this will be done in due recognition of variability between regions with respect to
farming systems and practices.

Key outputs from the Working Group include:
e several key recommendations to FAO for action;
e appropriate actions to address the following issues affecting the freshwater seed
sector:
- policy guidelines for the national governments/NGOs/international agencies/
donors;
further studies and research;
extension and application/adoption;
capacity building;
roles of state and private sector, partnerships between private and public
sectors.



3. Working Group findings and
recommendations

3.1 WORKING GROUP 1: KEY ISSUES CONCERNING SEED QUALITY, GENETICS,
TECHNOLOGY AND CERTIFICATION "

Working Group 1 Members

Rapporteur/Facilitator: Dr Simon Funge-Smith
® Dr Nguyen Cong Dan
® Dr Kamchai Lawonyawut
® Dr Graham Mair
* Dr C.V. Mohan
® Dr Magdy Saleh
® Dr Md. Rafiqul Islam Sarder
* Mr Miao Weimin

What do we mean by seed quality?
Seed quality is that which optimizes the potential for aquaculture production and is
related to the quality of the broodstock used and the seed produced. “Seed” can mean
eggs, milt fry, fingerlings or nursed animals. The quality considerations are those which
meet the expectations and demands of the producer (grow-out operations) and the final
consumer of the end product. There are marked differences in priority and importance
of quality criteria according to the systems for which they are intended (e.g. intensive
system of small-farmer, extensive systems). There are also specific differences between
the major aquaculture groups such as finfish, crustaceans and molluscs, this will
inevitably mean that certification system for quality assurance will need to be done
with specific relevance to parts of the sector and in consultation with the producers and
hatchery operators. The parameters for quality assurance may include the following:
(1) Conforms to market needs, e.g.
* colour
* body shape (meat yield)

e safe (free of human disease causing organisms)

(1) Meets producers needs and expectations, e.g.
e uniformity of size and age
e fast growing
® consistency
® genetic potential
® purity
* minimizes risk to the farmer, e.g.
— high survival
— disease resistance
— healthy (nutritionally fit and free of disease)

' Working Group 1 findings and recommendations were put together by G. Mair.
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How do we achieve quality seed?

The Working Group discussed what were the important features of good quality seed
and what factors would influence good quality. The group concluded that there were
two main categories that were related to seed quality. These were:

(1) Genetic quality which concerns the following aspects: (i) genetic management of
domesticated stocks, (ii) development of improved broodstock, (iii) availability
of good quality broodstock and (iv) access to good quality broodstock

(2) Good hatchery and/or nursery management which concerns the following
aspects: (1) good nutrition of broodstock, larvae and fry, (i1) good record
keeping, (ii1) bio-security, (iv) financing, (v) disease control, (vi) standardization
of protocols, (vii) implementing of technology (e.g. 3n and monosex), (viii)
human resource capacity (training, skills development) and (ix) knowledge base/
information resources.

Tables 3.1.1 to 3.1.3 describe different seed quality features as they relate to threat

and opportunities Table 3.1.1), scoring and ease of assessment of overall quality (Table
3.1.2) and monitoring points (Table 3.1.3).

Certification of seed quality
A certification system for seed production can cover the following four areas:

e assurance that the genetic status of the seed is correct;

e assurance that the seed has been produced under appropriate husbandry

conditions;

e handling and transportation of the seed;

e final measurable quality features of the seed at the point of sale.

The first two categories relate to management practices of the hatchery that produces
seed and the broodstock provider. In this case, the seed itself is not certified but the
hatchery and/or the broodstock provider is certified or accredited. Certified hatcheries
are those hatcheries which adhere to a plan of production under a “code of practice”
or similar system for ensuring the quality of their product and/or those who produce
seed from certified or verified quality broodstock. Monitoring for certification can
take place during several stages of seed production through third party monitoring,
self-monitoring and record keeping).

The quality features that are monitored relate principally to whether the product is
to be certified or the production operation is to be certified (or accredited). The quality
checks at point of sale (POS) serve as guidelines to the buyers, although they can be
used as part of the monitoring process (when used in conjunction with records relating
to the production process). This gives some indication of the quality of the production
process, but cannot be used to establish the genetic quality features or traits.

Point of sale checks
The final measurable quality of the seed is its status at POS. In this case, sample of the
seed for sale can be checked using a number of criteria. If this is done for each batch,
then the seed can be called a ‘certified seed’. The measurable quality features can be
divided into those which are possible to be undertaken at POS and those which are
possible through light microscopy. These features include:

— regular size (uniform sizes);

— free from fouling or external parasites/fungi, etc.;

— no obvious external damage;

— no obvious deformities;

— full gut (evidence that the animal is feeding);

— body shape (evidence of good feeding, not overlarge head, muscle wasting, etc.);

— free of specific disease (that can be tested using rapid methods, e.g. light microscopy

on fresh tissue smears, gene probe or PCR test kit);
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— fish weaned onto pellet feeds (this can usually be observed in the hatchery);

— swimming behaviour.

Scoring of quality features for ease of monitoring and degree of importance on
overall seed quality

Table 3.1.2 shows possible scoring to determine the relative ease of assessment for a
number of quality features of seed at two levels, i.e. hatchery and point of sale.

Hatchery production process monitoring

A second set of features are those which could be tested as the basis for regular
monitoring of the hatchery for the purpose of certifying or accrediting that hatchery.
These would be more comprehensive and cover issues such as health and internal
physical characteristics, e.g.:

— freedom from specific diseases (through microscopy, gene probe, etc.);

— normal pathology of major organs (gut, liver, etc.);

— evidence from records of appropriate genetic management of broodstock;

— evidence from records that the broodstock originated from a certified supplier;

— records that the hatchery activities follow a code of practice or better management
protocols (BMPs) (particularly if a specific technical intervention is used such as
sex reversal or vaccination).

For process monitoring of hatchery production, the existence of protocols or BMPs
can be used as basis for hatchery certification. Hatcheries that source their broodstock
from accredited suppliers are also easier to certify in terms of the genetic quality of
their animals. The requirement for record keeping is important in this situation, since
this would be an important part of the monitoring process that would enable the
renewal of certificates.

TABLE 3.1.2

Possible scoring for quality features, ease of assessment of overall seed quality (Number of +
relate to relative ease of assessment of quality traits via process monitoring or monitoring seed
at the point of sale)

Quality features

Relative ease of assessment | Main control point

(of seed)
. Either
P g ot P it of sale (°05)
of hatchery (POS) o

Monitoring hatchery production process

Principally monitored during production and difficult to check at point of sale

Monosex +++ + Monitoring hatchery production process
Sterility +++ + Monitoring hatchery production process
\::\r/;?irélig?dci)g live feed onto ++++ ++ Monitoring hatchery production process
Species/strain purity'? ++++ + Monitoring hatchery production process
Genetic purity +++ + Monitoring hatchery production process
Growth potential +++ + Monitoring hatchery production process
Disease resistance/immunity| ++++ + Monitoring hatchery production process
Environmental tolerances ++ + Monitoring hatchery production process
Advanced maturation +++ + Monitoring hatchery production process

Can be checked during production and also rechecked at point of sale

Disease status +++ +++ Both
Colour ++++ +++++ Both
Nutritional health +++ +++ Both
Topotatonend |
Easily checked at point of sale

Uniformity of size & age +++++ ++++++ POS
Deformity ++ ++++ POS
Shape (conformity) + +++++ POS
Swimming behaviour POS

3 To ensure that species/stocks are not contaminated with individuals of other species/stocks
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TABLE 3.1.3
Seed quality features and the critical monitoring points at which they could be applied
Quality feature ‘ Critical process point within hatchery ‘ Point of sale check?

Mainly related to broodstock genetics

Evidence of broodstock source or broodstock Contaminants from fish
Species/strain purity certification. that are visibly different
Feedback from buyers can be detected

Feedback from buyers

N
Sterility Verification of triploidy protocols

Evidence of broodstock source OR

. .
Genetic purity Broodstock certification

POS checklist. Readily

*
Colour Feedback from buyers detected in many cases
Shape (conformity)* Feedback from buyers POS checklist. Detectable
in some cases
Growth potential* Feedback from buyers
Advanced maturation* Feedback from buyers

Broodstock genetics and hatchery production process

Feedback from buyers

Evidence of broodstock source OR
Broodstock certification OR

BMP of sex reversal.

Monosex*

Record of acclimation process OR
Evidence of broodstock source or broodstock
certification

Environmental
tolerances*

- Evidence of broodstock source OR POS checklist. Detectable
Deformity e .
Broodstock certification in some cases
Disease resistance/ Record of vaccination and/or use of immuno-
immunity* stimulation

POS checklist
Disease status Records of monitoring of batch health External inspection
detectable in some cases.

Nutritional health Feed quality & feeding regime POS checklist

Weaning off live feed POS checklist. Detectable

onto artificial diet Records on feeding soon after POS.

POS checklist. Readily

Uniformity of size & age Records on management and grading detectable

Transportation & handling

Adherence to protocol POS checklist
stress

* indicates those quality features which could potentially be certified at the level of the broodstock if they were
traits from breeding programs.

There are several quality features which are desired by the grow-out producer, but
which can only be indicated by the genetic source and quality of the stock and cannot
be monitored at the hatchery level. These features would only become apparent after
the grow-out period.

There are a number of specific technical interventions which can be applied during
the hatchery production process which are also difficult to monitor. Fish vaccination
and the use of hormonal sex reversal techniques are two such examples.

In this case, the buyer has to trust that the hatchery has produced the seed with
the desired quality features and this can be partly guaranteed by the hatchery being
certified as adhering to specific good practices. The monitoring point for whether the
hatchery has adhered to these protocols or practices is problematic. Typically, farmer
feedback or monitoring at the grow-out level is the only way to determine if the
product has reached the expected performance.

Farmer feedback may be in the form of complaints to the hatchery or to local
government offices responsible for monitoring. The inevitable result of the supply of
seed that does not perform as expected or advertised is subsequent purchase of seed
from other hatcheries. Monitoring the genetics related performance of the stock is a
critical aspect of the certification process for broodstock.

A few examples are presented below.
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Monosex fish produced by hormone reversal. If the process is not undertaken
properly, there will be an unacceptably high proportion of non-sex reversed animals.
In this case, it is too late for the producer to do anything about it but would either seek
compensation from the hatchery for the mistake or change to a different supplier.

Good genetic stock with good growth potential. This would only become apparent
during grow-out. The farmer has little recourse to the hatchery if strain performance
is unsatisfactory. The solution is usually to seek hatcheries that have a particular strain
(branded strain) or purchase from a hatchery that is certified as having good genetic
quality stock (or which is purchasing broodstock from an accredited supplier).

Vaccination of stock against specific disease. Typically this could be tested using
gene probes but may be expensive and impractical. If the stock was affected by the
disease against which it was supposed to have been vaccinated, this would be a strong
indication that that there is a problem with that hatchery’s vaccination process.

Certifying seed traders

The effect of traders on the quality of a product needs to be considered as transportation
and handling issues. This relates to the actual POS with respect to the certification of
seed. For some systems, this will be when the animal leaves the hatchery, but in other
cases, hatcheries will deliver the seed to the farm or to the growers. Thus, the transport
method is another part of the production and management chain that can be certified
and subject to a “code of practice” or “better management practice” and would be
certifiable. Either the hatchery is certified if it is transporting or seed traders are
certified.

Other issues related to quality of hatchery produce seed

Stocking of open waters

This issue can be divided into two main concerns: (a) stocking of waters with species
that are unable to breed in the environment in which they are placed and (b) stocking
of species which are able to breed in the environment inn which they are placed.

For those species which are unable to breed in the environment to which they are
released, the quality assurance aspect is related largely to the health of those animals and
the need to avoid introducing disease organisms that may impact wild populations.

For those species which are able to breed, there are three sub-issues relating to the
likely impact of that breeding activity. These are:

— if the species stocked are able to breed but not with wild fish, there may be an
issue of competition for niches (this is not an issue of seed quality but relates to
the choice of species to be released);

— if the species are exotic, there maybe an issue with hybridization with indigenous
species and subsequent loss of genetic diversity;

— if the species released are indigenous, then there is a direct competition with the
wild relatives; if the genetic diversity of the stocked species is narrow (as a result
of captive broodstock or using domesticated broodstock), this may also impact
the genetic diversity of the wild stock.

There are clear examples where the genetic diversity of wild populations has been
modified. Although the genetic effects of the release of hatchery-bred animals to the
wild can be demonstrated in some cases where very large-scale releases have taken place,
the actual effects on the populations and the fisheries for these animals are less clear.

A cautionary note here is that in the case where there is a programme of large-scale
release of fish to the wild, then it is important to take the precaution that the genetic
diversity of the fish to be stocked should reflect that of the wild population into which
it is to be stocked. The stocking of open waters with domesticated stock or stock with
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narrow genetic diversity should be discouraged if there is a likelihood that they will
breed with local populations.

The costs of ensuring ‘wild type diversity’ for stocks to be released to open waters
can be quite high. Therefore, stocking with a less diverse stock can be considered in the
case where the diversity of the wild population has already been severely compromised
as a result of loss of habitats or other environmental factors (or even due to long-term
restocking programmes).

Recommendations on the identified issues

1. Broodstock genetics and broodstock supply are fundamental and need to be
addressed at various levels including the promotion of basic genetic management
of broodstock in all aquaculture systems and the conservation of wild genetic
resources.

2. At national level, governments should promote public and private selective
breeding as the core of genetic improvement programs of species for which
sustainable aquaculture industries have developed (see fuller recommendation in
Section 8.2 (Mair, 2007, this volume).

3. There is value in reviewing the models used for certification in the livestock
sector (and possibly agriculture sector generally), for processes of developing
certification systems for seed quality.

4. The benefits of hybridization are minimal and risks of introgression and
contamination of domesticated and wild stocks are significant and hybridization
should be avoided in seed production with specific exceptions (e.g. tilapia and
Clarias).

5. Emerging genetic technologies such as transgenic fish, genetic use restriction
technologies (GURTs) and marker assisted selection/quantitative trait loci
(MAS/QTL) were not considered to be of current significance with respect
to quality assurance but developments should be monitored. The use of these
technologies would be covered under any certification or labelling system if they
were introduced.

6. There is a need to continue investigation on indigenous species for their potential
to be used in aquaculture or to be further domesticated. The closing of life cycles,
maintenance of broodstock and development of economic hatchery systems for
these species is a technical constraint.

7. Caution should be made in reintroducing broodstock from the wild due to
potential loss of benefits of domestication selection and disease transmission.

8. There is a strong need for certification or accreditation of practices to validate
seed quality at various levels:

1. at the broodstock/genetic level
ii. level of production

iii. during transportation

iv. point of sale

9. There is a need for assistance in the development of national broodstock
certification programs (at national level) including provision of guidelines on
development of national broodstock certification systems for public and/or
private sector seed suppliers.

10.There is a need for the development of policies and legislation governing the
production and supply of quality fish seed including incentives for private
hatcheries (see also outcomes of Working Group 2).

11.There is a need for assistance on the development of guidelines for establishing
standardized protocols for optimizing seed quality and hatchery certification at
the national level. Certifying hatcheries for international trade may be necessary
in cases where broodstock or seed are shipped between countries.
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12.There is a need for regional multidisciplinary reviews of broodstock quality of
key freshwater aquaculture species that have a high likelihood of international/
regional transfer.

13.There is value in reviewing the potential impact of past and current culture-based
fisheries on genetic diversity in wild stocks in major regional watersheds such as:
1. risks of disease transmission
ii. hybridization with indigenous species
iii. genetic diversity of wild populations

14.Hatchery-based breeding for release to enhance fisheries should utilize indigenous
(local) stock with large effective population sizes, to minimize potential negative
impacts on wild populations.

15.There is a need for species and/or system-specific checklists for seed quality for
use by purchasers at the point of sale.

16.1t is necessary to investigate the potential for regional level sharing of knowledge
on national broodstock management and genetic improvement schemes and the
potential for improving these through intergovernmental organisations such as
the International Network of Genetics in Aquaculture (INGA) or the Network
of Aquaculture Centres in Asia-Pacific (NACA). Many national initiatives are
not well known outside of the country and this information could also be made
available through a web-based resource.

Recommendations to FAO

1. Assist member countries in the development of national broodstock certification
programs (at national level) including provision of guidelines on development of
national broodstock certification systems for public and/or private sector seed
suppliers.

2. Support the development of guidelines for establishing standardization of
protocols for optimizing seed quality and certifying hatcheries at national level.

3. Review the models used for certification in the livestock sector (and possibly
agriculture sector generally), for processes of developing certification systems for
seed quality.

4. Support the development of guidelines for establishing standardization of
protocols for optimizing seed quality and certifying hatcheries at a national
level.

5. Support regional multidisciplinary reviews of broodstock quality of key
freshwater aquaculture species.

6. Develop species and/or systems specific checklists for seed quality for use by
purchasers at the point of sale.

7. Review the potential impact of past and current culture based fisheries on genetic
diversity in wild stocks in major regional watersheds.

3.2 WORKING GROUP 2: KEY ISSUES CONCERNING SEED NETWORKING,
DISTRIBUTION, ENTREPRENEURSHIP (AND CERTIFICATION) ™

Working Group 2 Members:
Rapporteur/Facilitator: Dr Mohammad Hasan

® Dr Benoy Kumar Berman
® Mr Agus Budhiman
* Ms Hu Honglang

" Working Group 2 findings and recommendations were put together by B. Rodriguez and A. Nietes-
Satapornvanit
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* Mr Basilio Rodriguez, Jr.

® Ms Arlene Nietes Satapornvanit

® Mr Melchor Tayamen

® Mr Zhou Xiaowei

In order to be effective and efficient, aquaculture seed production and distribution,
especially when undertaken by the private sector, depend on a number of key factors.
These key factors can be classified according to the following categories: basic
infrastructure, production support, business and marketing support, financial support
and the policy environment. These are the basic elements of an enabling environment
for agriculture.

Basic infrastructure includes roads and transportation, communications, electricity,
water access and regulation and products from agricultural research. In the case of
aquaculture seed distribution, the most important research products include genetically
improved breed, hatchery technologies and other information for efficient production.
Production support providers include input (feed, seed, etc.) suppliers, equipment
manufacturers and suppliers, extension services providers and others. Market and
business support services include information, market intelligence, market promotion
and technical and business training services. Such services can be provided by consultants,
traders, chambers of commerce/industry associations, cooperatives and other support
groups. Financial support services include credit, insurance and banking services. The
policy environment consists of the body of laws and regulations that support the
aquaculture and aquaculture seed enterprises. The lack of certain services and other
factors may be common among the different parties involved in seed production and
distribution. However, not all needs and concerns across the parties are the same.

The parties involved in seed production and distribution can be described according
to the functions they fulfill in the supply chain. These include the following:

1. The breeder — the individual or the enterprise that develops and produces
broodstock for use in the further production of broodstocks or in the production
of seedtock (animals that will be grown for eventual use as food). In the livestock
industry, broodstock that are used to produce animals for growing are called
parent stock. Broodstock that are used to produce such parent stocks are called
grandparent stocks. Animals bred to produce grandparent stocks are called great-
grandparent stocks and onward up (or down) the breeding chain. The breeder’s
main line of business is to produce parent stocks which are sold/distributed to
hatchery operators.

2. The hatchery operator — the individual or the enterprise that produces seedstocks
for sale/ distribution to growers. Seedtock can be in the form of eggs, fry or
fingerlings.

3. The nursery operator — the individual or the enterprise that purchases seedtock
from the hatchery and grows the seedtock for a certain period and sells/distributes
more advanced seedtocks to growers.

4. The trader — the individual or the enterprise that purchases seedtock from the
breeder, the hatchery or the nursery and sells these to growers. Very often traders
sell seed along with other inputs such as feeds. Traders may also provide these
inputs to growers on credit terms.

5. The grower — the individual or the enterprise that raises the seed to market size.
The grower is the end-customer of the aquaculture seed supply chain.

It is important to note that there are other actors in the seed networks but they
do not handle seed directly. Depending on the country, these actors include water
providers for traders in fish seed markets, transport providers, sellers of hormones,
supplies and equipments related to seed production, nightsoil traders, extensionists
and project staff. Some of their issues may be similar to the seed traders especially for
those in the trading business.
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In countries where species for which the aquaculture seed industry is not yet fully
developed, government agencies may be the only provider of the above services. A
single party, government or private, may also be responsible for carrying out two or
more of the above functions. For example, a government agency may serve as breeder,
hatchery/nursery operators and distributor while it is promoting a specific type of
aquaculture. In addition, this government agency will also be responsible for providing
extension and other services until the number of farmers who adopt the technology
reaches critical mass. When such critical mass is reached, private individuals or
enterprises may recognize a potential market and begin to provide the needed products
and services. Aside from the market situation, technology also serves as a factor in
determining how the above functions are carried out. As an example, the transport and
distribution of tilapia eggs to nurseries only became possible with the advancement of
artificial incubation technologies.

Each party involved in carrying out a specific function in the aquaculture seed
supply chain will have issues and concerns along the key factors described above. Such
a matrix of issues and concerns is presented in Table 3.2.1 .

Summary of issues and recommendations
This section summarizes five major issues followed by general recommendations and
specific recommendations to FAO and governments to address the issues identified.

Issue 1: Poor quality and accessibility of breeding materials, parent stock and seed
stock

Many countries do not have regulations governing aquaculture seed production,
distribution, monitoring and surveillance.

General recommendations:
Governments should be encouraged to develop, with the participation of stakeholders,
appropriate regulations, including registration, licensing and/or certification schemes for
a) aquaculture breed/strain development and quality improvement,
b)aquaculture seed production (hatcheries and nurseries),
c) aquaculture seed distribution,and
d) collection and distribution of wild-caught brood and seed stock for aquaculture.

Recommendations to FAO:
* International organizations such as FAO can develop technical guidelines for
such registration, licensing and/or certification and provide assistance in the
implementation of such guidelines.

Issue 2: Poor capacity in terms of technology, facilities, infrastructure, human
resources, extension, information, business environment and government support/
incentives, including weak linkages between public and private sectors related to
seed production, distribution and networking

Despite recent advances in fish seed production technologies, there are still gaps in
the capacity of stakeholders in the seed sector, specifically:

e inadequate or lack of know-how/technology, facilities, trained staff and resources
for breeding centers and hatcheries, infrastructure, extension services;

e quality, availability, and cost of inputs other than seed;

® absence of production and market information;

e lack of or inability to access business services, including business and
entrepreneurship training;
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e lack of government incentives/support/weak linkages with private sector
(producers, traders, other interested entities).

General recommendations:

e Governments are encouraged to carry out a careful system-level assessment of
the seed sector’s capacity to provide the volume and quality of seed needed by
the entire aquaculture industry of their respective country. Such a system-level
capacity assessment is expected to highlight strategic interventions (policies,
institutional strengthening, infrastructure development, investments, etc.) to
improve seed production and distribution.

* Governments are encouraged to seriously consider options for collaboration with the
private sector in broodstock development, seed production and seed distribution.

e Governments are encouraged to establish national networks for genetic
improvement, seed production and seed distribution. Such networks should be
tasked with initiating programs and projects that promote the development of the
aquaculture seed sector.

* Governments, especially in countries where there are numerous institutions
involved in seed production and distribution, are encouraged to develop a national
inventory or directory of institutions involved in seed production and distribution
to guide hatchery and nursery operators (and even growers) in the procurement of
quality broodstock, seedtock and technical advisory services.

* Governments are encouraged to strengthen extension services and to develop,
whenever and wherever appropriate, new channels (e.g. through private sector
participants) for more effective delivery of such services. In addition, training and
extension materials related to broodstock management, seed quality management
and assurance and distribution should be developed, updated and disseminated.

e Parties involved in genetic improvement, seed production and seed distribution
should organize themselves into networks/clusters/clubs to share information/
technology and other resources, to undertake appropriate collective action and,
for greater efficiency and effectiveness, consider alliances and collaboration to
vertically integrate seed production and distribution functions.

* Governments are encouraged to promote, facilitate and provide incentives for
the formation of such networks/clusters/clubs, including the setting up of local
information centers or one-stop aqua shops.

Recommendations to FAO

e There will be value in conducting an international review on the experiences and
status of aquaculture seed production and distribution and the effectiveness of
strategies (including seed networking and public-private sector partnerships)
implemented in various countries in order to come up with a set of best practices,
including models and options for networking and partnerships, based on lessons
learned.

* Encourage establishment of international networks for collaboration in genetic
improvement, information sharing and sharing of genetic materials.

e Support for the development and/or updating of training and extension materials
related to seed production and distribution, incorporating development issues
with technical inputs.

Issue 3. Negative perceptions on the role of traders in seed distribution and small-
scale seed producers (e.g. local or decentralized seed production systems)

Seed traders are important conduits between seed producers/wholesalers and
the growers, not only for seed distribution but also for information on seed market
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demand and supply. In areas where centralized seed production is the norm, the only
way for growers to have access to seed is through traders, who travel long distances
carrying fish seed. These informal networks involving seed traders and other business
and service providers have developed because of the growing demand for seed and
the development of aquaculture in remote rural areas. Public institutions in some
countries have ignored the existence and the important role these traders play in seed
distribution and indirectly in aquaculture development. The same is true with small-
scale seed producers, who are perceived to produce low quality seed by government
and large private hatcheries. In reality, these small-scale seed producers in the rural
areas are producing better seed and their proximity to growers enable them to sell
larger sized seed as well as reducing transportation time. It is imperative that their
existence and their needs are recognized to achieve the seed sector’s goal of delivering
quality fish seed. Considering that most of these people are poor, their involvement in
such activities should be encouraged so their livelihoods will be improved.

General recommendations:

* Governments are encouraged to consider the role and contribution of traders
in their assessment of and recommendations for the strengthening of the seed
sector’s capacity, including providing training to develop/strengthen technical
and entrepreneurial skills and programmes to meet their social/economic/health
needs.

e Social marketing activities to change public perception, thereby encouraging seed
producers and traders to improve the quality of their products and services.

Issue 4. Financial issues

Seed production costs money, especially for infrastructure, equipment and inputs for
producers. Traders need financing of seed money for products and transport. Credit is
often not available as formal financial institutions require collateral and other guaran-
tees which being in the aquaculture and seed production and trading business may not

be able to fulfill.

General recommendations:

Aside from clustering and networking, parties in the aquaculture seed sector should be
encouraged to establish linkages with micro, small, medium enterprises (MSME) and
microfinance development programmes.

Issue 5. Policy issues

The absence of technology transfer policies, particularly for products of genetic
improvement programs has been found to limit production of good quality seed.
Government hatcheries producing seed for sale to farmers is perceived by the private
sector as competitor especially in terms of selling price and market.

General recommendations:

e Governments are encouraged to review their policies on technology transfer from
government research institutions to the private sector.

e Governments are encouraged to establish a policy to create an environment
that would encourage the participation of the private sector in broodstock
development, seed production and seed distribution.

e Governments are encouraged to review their role in seed production and
distribution, i.e. to support private sector seed production and not to compete
by selling seed to the same group of customers but to provide seed for stock
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enhancement of public waters, for charity and for public sector fish production
programmes.

Recommendation to FAO:
* Conduct a livelihoods analysis of people in rural communities involved in various
activities of seed production and distribution to generate information for policy
development

3.3 WORKING GROUP 3: KEY ISSUES PERTAINING TO DEVELOPMENT OF THE
FRESHWATER FISH SEED PRODUCTION SECTOR THAT WILL BENEFIT RURAL
FISH FARMERS

Members of Working Group 3
Rapporteur/Facilitator: Dr Melba Reantaso

¢ Dr Alejandro Flores Nava

® Dr Mudnakudu Channabasappa Nandeesha

® Dr So Nam

® Mr Ernesto Morales

® Dr Tuan Anh Pham

® Mr Yuan Xinhua

® Dr Sunil Siriwardena

Major recommendations resulting from the deliberations of Working Group 3 on
issues pertaining to benefits that will accrue rural fish farmers from development of
the freshwater fish seed production sector, many of which are directed to FAO (as
indicated) are briefly elaborated below.

Policy/guidelines

National programmes such as rural aquaculture development within the broader
framework of poverty reduction and food security should recognize that the seed
production sector is a primary pre-requisite and an integral part of sustainable
aquatic food production. Governments should play a facilitating and monitoring role
and ensure that appropriate policies and/or mechanisms are in place and effectively
implemented that will address the needs of the rural fish farmers concerning issues
such as:

e suitable species, particularly harnessing indigenous species (e.g. self-recruiting
species) and using exotic species after careful assessment, appropriate for rural
aquaculture development

e quality control in seed production through certification;

e improved collection and dissemination of information and statistics for better
development planning;

o viable market;

® better integration of all inputs and services;

e intersectoral cooperation and other essential stakeholder consultations.

Risk communication

Typically small-scale fish farmers are risk-averse and vulnerable to losses in their
systems due to a number of potential risks. These include asset, market and production/
management risks which may originate from irresponsible trans-boundary movements,
negative interaction between cultured and wild fisheries, use of pesticides and other
chemicals, poor quality seed, unstable supply of seed and other inputs, natural disasters
and other emergencies, loan diversion and non-payment, market fluctuation, etc. This
can mean that transfer or start up of aquaculture technologies can be constrained by
farmers’ negative perceptions of the risks involved or examples of failed activities.
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Communicating these risks to all stakeholders especially fish farmers is significantly
essential. Suggested key actions include:
e raising fish farmers’ awareness of the various forms of risk;
e cvaluating the various risks faced by rural fish farmers and developing support
system focussing on mitigating such risks;
e identifying and implementing risk management measures by concerned
stakeholders;
e developing guidelines on risk assessments in aquaculture and making them
available in simple terms for rural fish farmers.

Monitoring and evaluation of the sector

Monitoring and evaluation of the seed production sector, based on reliable statistics
and information are essential for successful planning and further development of rural
aquaculture. Suggested key actions include:

e improving collection and sharing of statistics and information on freshwater fish
seed production sector within rural aquaculture with emphasis on the following
information: number of households/individuals involved, volume of fish produced
by species and contribution to household income;

e assessing and standardizing of fishfarmer’s data collection methods;

* providing training for data collectors;

e appropriate analysis and management o such data/information.

Capacity building and extension

® Recognizing that small scale rural hatcheries are often located near the homes
and can be managed by women, special attention shall be given to women as
target recipients for capacity building especially in the areas of seed nursing,
entrepreneurship and credit and savings management (FAO).

e Provision of simple hands-on and practical training on various aspects of seed
production (e.g. breeding; nursing; stress tests; simple seed quality test, basic
health checks; condition, packaging and transporting; record keeping and basic
accounting or simple bookkeeping; and simple understanding and managing of
risks) will benefit the rural fishfarmer through better decision making (FAO).

® Hatchery/nursery operators and traders as target recipients of training so they
could effectively function as primary guides/service providers/extensionists for
fish growers.

e Community-based capacity building on managing aquatic resources, e.g. culture-
based fisheries and fish refuge pond management in floodplains (FAO).

® Relevant institutions involved in supplying services should have the necessary
knowledge and skills to work with fish farmers using adaptive approaches and
technologies.

e Applying important lessons learned from culture-based fisheries and stock
enhancement programmes (e.g. comparative socio-economic analysis of different
water bodies in Bangladesh, stocking in small lakes, commune canals, reservoir in

Cambodia).

Making accessible appropriate rural microfinancing programmes for rural fishfarmers
The general benefits and varying levels of successes and failures of microfinance in
aquaculture are recognized. Suggested key actions include:

e provision of access to feasible credit and microfinance services based on local
needs and requirements, prudent and flexible enough (in terms of intended
purpose, collateral requirements, interest rates, lending procedures and repayment
period) to meet rural fish farmers’ ability to effectively participate in such financial
schemes;
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® available guidelines as well as lessons learned from past microfinance systems be
considered by such service providers in designing pertinent schemes;

® where appropriate, initial seed funds can be provided as a start up basis;

* asystem of voluntary savings component may also be considered to be integrated
in such programmes.

Gender issues — enbancing women’s role in seed production

It is generally known that women play an important role in seed production (e.g. seed
nursing and common carp breeding in Bangladesh; all stages of seed production in
China and Viet Nam). However, their access to opportunities such as training, empow-
erment, involvement in decision-making, etc. are missing. The following key action is
recommended:

* supporting a regional project to focus on enhancing the role and empowerment
of women in aquatic food production with emphasis on the organization of
women into self-help groups (SHG) and skills development in breeding, nursing,
entrepreneurship and credit/microfinance management (FAO).

Farmer-field schools (FFS) and Farmer participatory research (FPR)

The ‘farmer-field school’ (FFS) concept has been successfully applied within the frame-
work of Integrated Pesticide Management (IPM). For this concept to be applied effec-
tively in rural aquaculture, it is important to use the systems approach and to integrate
fish production as part of the rice-production system, wherever possible. A suggested
key action is:

e Conducting sustainability studies using FPR in places where FFS has been
practiced in rural aquaculture (e.g. Bangladesh, Indonesia, and Viet Nam),
taking lessons learned and experiences and particularly incorporating seed
production in the system (FAO).

Enbancing buman capital through documenting indigenous knowledge and farmer
innovation

Innovation is a necessary strategy which rural fishfarmers have adopted in order to
meet their livelihood necessities. In the seed production sector, farmers have developed
innovations on hatchery technology (e.g. bamboo/wood based circular technology),
breeding techniques (e.g. Bundh breeding in India), nursing techniques (e.g. removal of
egg stickiness by washing with milk prior to nursing in jars, application of fermented
manure including oil cakes, stunting fish technology), local methods for fish collection
and transportation and others. Even as farmers have practiced many such innovations,
these remain undocumented. Suggested key actions include:

e reviewing and compiling all relevant published materials on indigenous knowledge

and farmer innovations and documenting other unpublished practices (FAO);

* creating databases of farmer innovations and making it accessible to all (FAO);

e replicating and promoting fully tested innovations in other countries/regions;

e recognizing and honouring successful farmer innovators.

Farmers’ indigenous knowledge and farmers’ practical experiences are important
and can significantly contribute to research and development. Suggested key actions
include:

* implementing research in a participatory manner, involving farmers, where

possible, at every stage of the process;

e making every effort be made to identify research areas based on farmer needs.

Specific areas of research which are thought to benefit rural fishfarmers include:
(a) improved seed (genetics and growth rates); (b) disease risk and management;
(c) feed formulation using locally available materials; (d) breeding of indigenous
species; (e) management of aquatic resources (for wild caught seed);
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e translating research results in practical terms and wide dissemination for efficient
field application by actors involved in the seed production sector;

e recognizing that there are many currently practiced farmer innovations in many
countries, such practices can be further verified through appropriate research and
improve such innovations for further dissemination.

Awailability and affordability of suitable species of bigh quality and sufficient
quantity
Rural fish farmers involved in the fish seed production sector as well as those engaged
in culture-based fisheries will greatly benefit from suitable and locally produced seed,
fry and fingerlings of high quality, in sufficient quantity and affordable price. These will
not only enhance fish production but will also promote fish consumption. Suggested
key actions to address this issue include:
e conducting proper diagnostics of the seed production sector in terms of suit-
able species and potential market;
e providing support to the initial establishment of hatcheries in strategic rural/
remote areas
e promoting decentralized seed distribution after an evaluation of the need for
such system in target communities;
e establishing national broodstock centres to ensure continuous supply of high
quality broodstock at subsidized costs;
* promoting price regulation through government intervention in order to pro-
tect rural farmers
e promoting the use of indigenous species, where they exist, that is supported by
proper broodstock management programmes;
e forming networks of small-scale hatcheries to provide necessary service sup-
port (e.g. information sharing, marketing, etc.).

Encouraging formation of self-belp groups (SHG) and other forms of farmer
associations
Self-help groups and other forms of farmer association (seed clubs/network, producer
club, farmer association, etc.) have effectively worked in many food production sys-
tems. They serve as important entry points for cluster management, implementation
of development strategies and conservation efforts, empowerment, sharing and dis-
semination of information, can be key partners in delivery of services, venue for learn-
ing and skills development, serve as guarantors of loan, etc. Special attention should
be given to support the organization of women SHGs. A number of key actions are
recommended, such as:

e identifying social groups/networks, providing access to such networks through

Information, Communication and Technology (ICT);

e providing functional linkages with financial and technology providers;

* providing a forum for interaction and consultation of all players;

e providing financial support to undertake these activities.

Private and public sector partnership
Rural fish farmers will benefit from improved integration and linkage of inputs and
efficient delivery of services in the broad spectrum of the freshwater fish production
sector from hatchery to seed trader to nursery operators to aquaculturists including
all other services provided by various stakeholders from government and non-govern-

ment. Suggested key actions include:
e taking lessons learned from the China model of contract growing for fingerling
production (i.e. contracting local small farms to produce fingerlings for use of
larger fish farms and for open water fisheries); such contracting systems ensure that
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there is continuous supply of high quality fingerlings, good return on investment
and reduced risk). Practicability of contract growing to other countries should be
determined;

* encouraging large-scale hatchery operators to support small scale hatcheries for
training, information sharing, broodstock exchange, provision of high quality
seed;

e promoting government-private sector (large hatcheries) partnership for broodstock
development and supply.
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ANNEX 4.1
Expert workshop programme
TIME ACTIVITY
22 March 2006 Arrival of Participants
23 March 2006, Thursday (Day 1)
08.30-09.00 Opening and Welcome Remarks
Madam Wei Shaofen, Director of Bureau of Fisheries and Marine Affairs of
Jiangsu Province
Prof Xu Pao, Director, Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences
Election of Chair
09.00-09.15 Introduction to and Rationale for the FAO Expert Workshop on Analysis of
Status of Freshwater Fish Seed as Global Resource for Aquaculture -
Dr Melba B. Reantaso (FAO)
09.15-10.15 Selected Country Case Study Presentations
09.15-10:15 Presentations of Selected Country Case Studies
¢ China (Mrs Hu Honglang)
e India (Dr N. Basavaraja)
e Cambodia (Dr So Nam)
e Viet Nam (Dr Pham Anh Tuan)
10.15-10.30 Coffee Break
10.30-11.00 Presentations of Selected Country Case Studies
¢ Mexico (Dr Alejandro Nava)
¢ Egypt (Dr Magdy Saleh)
11.00-12.30 Regional Syntheses Presentations
11.00-11.30 Regional Synthesis: Asia (Dr Sunil Siriwardena)
11:30-12.00 Regional Synthesis: Latin America (Dr Alejandro Flores Nava)
12.00-12.30 Regional Synthesis: Africa (D. Randy Brumett) — presented by Dr Melba B.
Reantaso
12.30-14.00 Lunch Break
14.00-15.00 General Discussions on Country Case Studies and Regional Synthesis
15.00-18.00 Thematic Review Presentations
15.00-15.30 Thematic Review 1: Seed quality (Dr C.V. Mohan)
15:30-16.00 Thematic Review 2: Genetic resources (Dr Graham Mair)
16.00-16:30 Coffee Break
16:30-17.00 Thematic Review 3: Seed network and entrepreneurship (Ms Arlene Nietes)
17.00-17:30 Thematic Review 4: Seed supply and technology in rural aquaculture
(Dr Sunil Siriwardena)
17.30-18.00 Thematic Review 5: Farmer innovation and role of women in seed production
(Dr M.C. Nandeesha)
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24 March 2006, Friday (Day 2)

08.30-09.00 General Discussions on Thematic Reviews

09:00-11:30 Invited Presentations

09.00-09.30 Invited presentation: Self-recruiting species (SRS) from farmer-managed
aquatic systems (FMAS) — the contribution of non-stocked species to
household livelihoods (Mr Ernesto Morales)

09.30-10.00 Coffee Break

10.00-10.30 Invited Presentation: Decentralized seed — poorer farmers producing large
size fingerlings in irrigated rice fields in Bangladesh — Benoy Kumar Berman
(Bangladesh)

10.30-11.00 Invited presentation: Highlights of DANIDA’s Support to Freshwater
Aquaculture (SUFA) Project on Establishing National Broodstock Centres in
Viet Nam —Dr Nguyen Cong Dan (Viet Nam)

11.00-11.30 Invited presentation:
Philippine experience on Genetically Improved Freshwater Tilapia (GIFT)
Foundation — Mr Basilio Rodriquez, Jr. (Philippines)

11.30-12.30 General Discussions on Invited Presentations

12.30-14.00 Lunch Break

14.00-14.15 Mechanics and Guidelines for Working Group Discussions —
Dr Simon Funge-Smith (FAO)

14:15-18.30 Working Group Discussions

15.30-16.00 Coffee Break

25 March 2006, Saturday (Day 3)

08.30-12.30 Continue Working Group discussions and preparation for plenary presentation

10.00-10.30 Coffee Break

12.30-18.30 Lunch/Field Trip/Free Time

26 March, Sunday (Day 4)

Working Group (WG) Presentations in Plenary (30 minutes each)

08.30-09.00 WG 1

09.00-09.30 WG 2

09.30-10.00 WG 3

10.00-10.30 Coffee Break

10.30-11.00 WG 4

11.00-11.30 WG 5

11.30-12.30 General Discussion of Working Group Presentations

12.30-14.00 Lunch Break

14.00-16.00 Working Groups Chairpersons, Rapporteur and Technical Secretariat finalise
Workshop Recommendations

16.00-17.00 Presentation of Final Workshop Recommendations in Plenary

17.00-17.30 Closing
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Director Seed Development

Directorate General of Aquaculture

Pondok Bambu Kuning CI 28, Bojong Gede,

Bogor, 16320 Indonesia

Tel: +62217815630

Fax: +62217815630
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ANNEX 4.3

Welcome remarks of Professor Xu Pao, Director of the Freshwater Fisheries
Research Center, Chinese Academy of Fishery Sciences at the FAO Expert
Workshop on Freshwater Fish Seed as Resources for Global Aquaculture,
22 March 2006, Wuxi, China

Ladies and Gentlemen, Good morning. The FAO Expert Workshop on Freshwater
Fish Seed as Resources for Global Aquaculture is now commencing at the Freshwater
Fisheries Research Center (FFRC), Chinese Academy of Fishery Sciences (CAFS),
Wuxi, China. On behalf of the Freshwater Fisheries Research Center (FFRC), I would
like to extend a warm welcome to all the experts from FAO and other countries.

The FFRC of the Chinese Academy of Fishery Sciences (CAFS) is one of the major
comprehensive fisheries institutions for research, education/training and information
exchange. In the research activities, FFRC has the main functions oriented toward basic
and applied research. The key research emphasis are laid on fishery breeding biology
and genetics, conservation of biodiversity and fishery stock resources, monitoring and
protection of fishery environment, evaluation and management of fishery resources,
fish disease prevention and control, carrying capacity and healthy aquaculture, fish
nutrition and information exchanges.

The Asia-Pacific Regional Research and Training Center for Integrated Fish
Farming is an important component of FFRC, has continuously undertaken China-
TCDC training courses for 25 years. Over 30 courses have been successfully conducted
for more than 1 000 participants from 80 countries. Besides, there have been also a great
number of international academic workshops, visiting scholar exchanges and research
collaborations taking place at the center.

The present FAO workshop is focused on freshwater fish seed development. It
is generally recognized as the hottest issue for global aquaculture and essential basis
for the farmers. In the 1950s, Chinese fishery specialists successfully conducted
induced breeding of the Chinese carps, it is a milestone for mass seed production and
a termination of wild collection from natural waters. However, greater efforts are
expected in order to have better, steady and healthy supply of quality seed for farmers
where aquaculture technologies are less developed.

The present FAO Expert Workshop on Freshwater Fish Seed as Resources for
Global Aquaculture is highly anticipated for an appropriate orientation and practical
approaches for both research people and farmers and the FFRC is pleased to carry
out collaboration in any form regarding this subject for greater contribution to the
aquaculture development of global freshwater fish seed resources apart from fisheries
research, technical training, human resource development with all the specialists
present at the workshop.

Finally, I wish in advance the successful completion of the workshop and good
health to all the guests present at the workshop

Thank you .
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ANNEX 4.4

Welcome remarks of Mrs Wei Shaofeng, Bureau Director, Jiangsu Provincial
Marine and Fishery Bureau at the FAO Expert Workshop on Freshwater Fish
Seed as Resources for Global Aquaculture, 22 March 2006, Wuxi, China

Ladies and Gentlemen, Good morning.

The FAO Expert Workshop on Freshwater Fish Seed as Resources for Global
Aquaculture is now open at the Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences, Wuxi China. On behalf of the Jiangsu Provincial Marine
and Fishery Bureau, I would like to extend a warm welcome to all the participants from
FAO representatives and specialists from the other participating countries.

Aquaculture products are the important components for food security provision,
while seed is the essential basis for aquaculture activities and assurance of sustainable
development. The growth of production and the fisheries like crop production mostly
demand quality seed.

Aquaculture in China is well-developed and largely dependent upon quality seed
production and extension. China has laid a strong emphasis on capacity building
and infrastructures for the seed development, greater efforts are made to the quality,
size, standard operating procedures and scientific principles and even the quality
monitoring and evaluation. Now there have been over 30 farms serving as gene banks
for native and quality stocks for the whole country. The Ministry of Agriculture
in China officially declares that there are about 60 quality species in China suitable
for the Chinese context of aquaculture and extension. In 2004, the seed production
reached 711.6 billion fry. Common carp, tilapia and shrimps are the most popular for
production which largely promotes healthy aquaculture practices.

However, there have been serious degradation of the traditional fish species with
limited number of quality species seed for replacement, poor use of the quality seed
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and even the un-effective extension systems which are the bottleneck of the national
aquaculture development and demand further efforts.

Jiangsu province is a large province for aquaculture in China. In 2004, the total area
reached 800 000 ha. The total production reached 3.6 million tonnes. There is a general
consensus that greater efforts are needed to develop quality seed and species with
higher efficiency. This province has worked hard on seed action for aquaculture as the
key project particularly in the field of seed production systems. Successful results have
been achieved. We would like to share this experience and carry out collaboration with
all the specialists present at the workshops. Welcome to visit Jiangsu Province.

I strongly believe that the present workshop will greatly promote the aquaculture
seed production in China and push forward the seed production into a new phase with
mass scale and better quality.

I wish in advance that the workshop will achieve a fruitful result and wish you good
health and happy stay for all the guests present in this workshop.

Thank you.



5. Country case study template

Objective:
The objective of the country case study is to collect information on the status of
freshwater fish seed resources in selected countries in three aquaculture regions.

Methodology:

Country case studies (to be conducted through various ways such as literature search,
actual interviews or field visits) will be commissioned through an author’s contract to
selected country nationals.

The following information will be collected:

(a) Introduction. This section contains basic information about the country in
terms of : Freshwater aquaculture resources (e.g. tilapia, carps, catfish, milkfish,
other important freshwater aquacultured species), contribution to aquaculture
production, consumption, consumer acceptance.

(b) Seed resources/supply. This section includes information on resources available
in terms of seed supply from hatcheries (private and government) or from wild
sources.

(c) Seedproductionfacilitiesand seed technology. Thissectionincludesinformation
on existing number of hatcheries for freshwater fish seed production, available
production figures, the number of species, available technologies (e.g. breeding,
hatching, rearing), gene banks.

(d) Seed management. This sectionincludesinformation on husbandry management
of broodstock and larvae, feed management, etc.

(e) Seed quality. This section includes information on performance, health/
diseases, hygienic procedures in hatcheries, available set criteria for seed quality
(e.g. growth rate, survival, uniformity of size at harvest, etc.)

(f) Seed marketing. This section includes information on supply and distribution
mechanisms, types of distribution networks (e.g. organized or disorganized),
flow chart or channels of distribution, people involved in the process (i.e.
selling, exchange, purchase, marketing agents, etc.), market, accessibility,
transportation (e.g. delivery or pick-up, what means of transportation, etc.),
available financing, sales promotion.

(g) Seed industry. This section includes information on the scale or level of
industry (i.e., small, medium or large scale (producers and suppliers) and may
include a description for each level, etc., risks (socio-economic, technical and
environmental risks, e.g. seed or broodstock mortality, seasonality of market,
low seed price, unfavourable weather conditions, distance between seed
suppliers and market, non-payment among seed buyers, impacts of naturala
disasters, etc.), and other information, for example, such as women involvement,
traditional knowledge of farmers.

(h) Support services. This section includes information on support services at
the country level (extension, technical training, technology transfer, manuals,
others)

(i) Seed certification. Does this exist in the country? For which species? If so,
describe the processes and organizations involved, any recognizable impact/s?
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() Legal and policy framework. This section includes information on legal
and policy framework supporting the seed sector, e.g. STREAM initiative,
governance, trade, etc.

(k) Economics. This section includes information which will determine profitability,
i.e., supply and demand, prices, seasonality; what factors determine the price of
seed?; contribution to household income? return of investments?

() Information or knowledge gaps. May also include other limitations or
problems not covered in this outline.

(m) Stakeholder. Identify the various stakeholders involved in seed production,
describe the number and scope and extent of activities. May include such groups

as:
. producers/farmers (seed production and exchange);

a
b.

-0 a0

1.

local institutions such as NGOs, extension services, producer associations
— promotion of use of quality seed, dissemination of technology;

. small hatcheries — to develop local market;
. larger hatcheries — for development of new varieties/strains or innovations;
. associations — to represent industry interest;

government institutions — to provide legal and policy framework for the seed
industry (producers, etc.), extension services, training, start off seed;

. researchers — information, knowledge and technology (e.g. universities,

fisheries colleges, research institutes, etc.);

. donors (funding agencies). Please provide information on existing donor-

funded projects;
others.

(n) Future prospects and recommendations.
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ABSTRACT

The availability and quality of fingerlings for stocking in aquaculture ponds have
repeatedly been identified as a key constraint to the development of aquaculture in Africa.
Government hatcheries have generally failed to achieve sustainability and the private
sector is impeded by the lack of marketing information and appropriate technological
assistance. At present, the main aquaculture species in the continent are Nile tilapia
(Oreochromis niloticus) and the African sharptooth catfish (Clarias gariepinus). While
the tilapias are easy to reproduce on-farm, poor broodstock management had resulted
in reduced growth rates in many captive populations. Catfish are mostly reproduced
in hatcheries, but availability of broodstock and high mortality rates in larvae are
key problems still requiring research. Of the countries reviewed, Egypt (1.2 billion
tilapia and 250 million carp fingerlings produced) and Nigeria (30 million fingerlings
produced) report the highest number of modern private commercial hatcheries, although
most of these are unregulated and lack accreditation and certification systems. Ghana,
Cameroon, Uganda and Zimbabwe rely almost entirely on semi-commercial systems
producing unreliable quantities and quality of seed. Interventions to improve the quality
of extension services, make credit more available and build partnerships between public
and private sectors to address key researchable topics are recommended to improve the
availability of fish seed to African fish farmers.

INTRODUCTION

The availability and quality of fingerlings for stocking in aquaculture ponds have
repeatedly been identified as a key constraint to the development of aquaculture
in Africa (FAO 2000, 2001; Moehl and Halwart, 2005). However, in most African
countries, would-be hatcheries find themselves in a conundrum: achieving profitability
for the fingerling producer is impossible without an adequate number of grow-out
farms to purchase fingerlings while, at the same time, the profitability of grow-out
depends largely on the availability of good quality fingerlings when needed. Clearly,
some external interventions are needed, either in the form of cash injections to help
farmers through run-in, or provision of fingerlings through externally financed
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TABLE 6.1.1
Authors of country case studies
Country Author
Cameroon Randall Brummett, WorldFish Center, Yaoundé
Egypt Magdy A Saleh, General Authority for Fish Resources Development, Cairo
Ghana Patricia Safo, Crystal Lake Fish, Ltd., Akosombo
Nigeria Akintunde Nureni Atanda, Aquaculture and Inland Fisheries Project, Abuja
Uganda Wilson Mwanja, Fisheries Department, Entebbe
Zimbabwe Patrick Blow, Lake Harvest Aquaculture, Ltd., Kariba

hatcheries. For many years, foreign donors have invested hundreds of millions of
dollars in the construction of government-run hatcheries throughout the continent,
largely to no avail. Efforts are now underway to understand past failures and generate
new initiatives to overcome these key constraints. This report synthesizes country case
studies executed in Cameroon, Egypt, Ghana, Nigeria, Uganda and Zimbabwe (Table
6.1.1) and strives to indicate directions for new investments on the part of governments
and international development agencies.

STATUS OF AFRICAN AQUACULTURE
Although there are several indigenous aquaculture systems in Africa, what we might
call modern style aquaculture based on drainable ponds, raceways or cages began
under the colonial administrations of the late 1940s. Research and extension to
develop culture technology for a number of species was established and hundreds of
thousands of ponds were constructed. In the 1960s, most newly independent African
governments dropped support to aquaculture and many of the fishponds built up to
that point were abandoned. In the 1970s, 1980s and 1990s, aquaculture, as a tool in
rural development, was adopted by a number of international donor agencies, the
major focus being on small-scale/low-tech systems that could easily integrate into
traditional farming methods. In many cases, donor-funded aquaculture projects saw
important success, although most positive impacts were short-lived and ended within
a couple of years after donor support was withdrawn. Currently, African aquaculture
contributes less than 1 percent to global production, with only larger-scale investments
in Egypt, Ghana, Nigeria and Zimbabwe producing significant quantities of fish.
While African capture fisheries have been (over) exploited to their maximum and
aquaculture has languished, African demand for fish has grown. Africans are second
only to Asians in the importance of fish in the diet, with 17.4 percent of total animal
protein intake in the form of fish (compared to 25.7 percent in Asia). Even though total
fish supplies have increased, they have not kept pace with population and Africans
currently consume an average of 7.7 kg/per/yr (6.4 million tonnes total) down from a
peak of over 9 kg (4.6 million tonnes total), in the early 1980s. Just to get back to 1982
consumption levels, there is a 1.3 million tonnes shortfall in supply. Nevertheless, in 15
African countries, fish represent over 30 percent of animal protein consumption (FAO,
2005) as shown in Table 6.1.2.

WATER RESOURCES FOR AQUACULTURE
Most African countries rely on surface freshwater for aquaculture, with the vast majority
of the continent’s many small farmponds being filled by diverting small watercourses.

TABLE 6.1.2

Animal protein consumption (percentage) of 15 African countries
Malawi (44.2 %) Equatorial Guinea (58.2 %) Angola (35.7 %)
PR Congo (45.3 %) Ghana (58.6 %) Cote d’'lvoire (36.0 %)
Gambia (47.3 %) Sierra Leone (66.4 %) Senegal (37.5 %)
Uganda (31.6 %) Tanzania (32.8 %) Togo (39.7 %)

Guinea (34.9 %) Cameroon (49.0 %) Nigeria (40.0 %)
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Increasingly, cages placed in large waterbodies are favoured. Substantial mariculture is
limited to mussel farming in South Africa and seaweed culture in Tanzania.

Cameroon is a water-rich country with some 35 000 km? of aquatic habitats
representing many of the key aquatic ecosystems that prevail over the continent: large
natural lakes (Lake Chad), reservoirs on dammed rivers (e.g. Lagdo, Mape, Bamindjing),
crater lakes (e.g. Barombi Mbo, Nyos), large rivers (e.g. Benue, Sanaga, Cross, Mungo,
Wouri, Dibamba), rainforest rivers (Nyong, Ntem, Kienke, Ndian, Lobe, Lokoundji)
and thousands of kilometers of first and second order streams (representing 86 percent
of total freshwater resources).

In Egypt, except for some well-based farms in the Western Desert, virtually all
of the water used in aquaculture comes from the Nile River, consequently most fish
farms are located in the Nile Delta, especially the northwest near the town of Kafr el
Sheikh. As a generally water-poor country, Egypt prohibits the first use of water for
aquaculture, requiring fish farmers to access drainage water coming out of agriculture
irrigation systems, creating potential problems with purity and contamination with
sewage and agricultural chemicals.

About 70 percent of the total land area of Ghana is drained by the Volta river system,
including the Volta Lake, which covers some 8 500 km? plus 1 684 km of tributaries,
including the Oti, Pra, White Volta, Black Volta and Asukawkaw rivers. Outside of
the Volta system, the major inland water resources include the Densu, Ayensu, Okye,
Kakum, Pra, Ankobra, Tano and Bia rivers and Lake Bosumtwi. Some 89 coastal,
brackishwater lagoons also have potential for fish farming.

Nigeria has abundant riverine and lacustrine resources that could be used for
aquaculture, but most fish farms are located in the southwest to be close to the big
markets in Lagos and Ibadan. In these areas, competition for water is rampant, with
many industrial and domestic users all fighting over limited resources. In response,
the Nigerian aquaculture industry is intensifying with increasing use of recirculation/
biofiltration systems.

Uganda also has many water resources that could support aquaculture, with 31 of
56 districts having been identified as suitable for fish farming. An estimated 650 hectares
are currently under aquaculture. In addition, 43 small lakes and dams (1 476 km? total
surface area) are being used for extensive, culture-based fisheries. Lakes Victoria and
Kyoga have been identified as potential sites for intensive, commercial cage-based
tilapia and/or Nile perch farming systems.

Zimbabwe is a generally dry country, so most of the aquaculture is based in the
Eastern Highlands (Nyanga) and the large, man-made Lake Kariba. There are only six
aquaculture installations, three producing tilapia and three growing trout. While some
800 tonnes of tilapia products are sold on the local market each year, aquaculture in
Zimbabwe is primarily an export and/or luxury market business.

FISH SPECIES IN AFRICAN AQUACULTURE
Because of the continent’s long and diverse geological history, Africa is home to a
wide variety of indigenous and endemic species; at least 3 200 freshwater having been
reported (FishBase, 2004). Since the 1940s, dozens of these have been evaluated as
aquaculture candidates at a number of research stations:

® Djoumouna (PR Congo)

e Landjia (Central African Republic)

¢ Foumban (Cameroon)

® Bouaké (Cote d’Ivoire)

e Sagana (Kenya)

e Abbassa (Egypt)

® Anamalazaotra and Ampamaherana (Madagascar)

¢ Kipopo (DR Congo)
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e Kanjasi (Uganda)

e Chilanga (Zambia)

® Henderson (Zimbabwe)

® Akosombo (Ghana)

® Domasi (Malawi)

® Port Harcourt (Nigeria)

The main indigenous species for which reproduction and practical grow-out
techniques were established were the tilapias (especially Oreochromis niloticus, O.
mossambicus and O. aunreus, Sarotherodon galilaeus, S. melanotheron, Tilapia rendallr),
the catfishes (esp. Clarias gariepinus, Heterobranchus longifilis and their hybrid often
referred to as “Heteroclarias”) and the African boneytongue (Heterotis niloticus). In
addition, most of the main international aquaculture species have been imported and
tested for African aquaculture at one time or another, but only the rainbow trout
(Onchorbyncus gairdneri) and common carp (Cyprinus carpio) have really stuck,
probably due to their relative hardiness. A number of Chinese carps are reportedly
produced in Egypt, but mostly for weed and disease control rather than as table fish.

At present, the main aquaculture species on the continent are the Nile tilapia
(O. niloticus) and the African sharptooth catfish (C. gariepinus). Both of these are
indigenous to the Sudano-Nilotic Ichthyological Province that dominates northern
Africa, but are not naturally found elsewhere. Somewhat unfortunately, both of these
are also highly invasive, “weeds” capable of taking over ecosystems when they escape
from aquaculture facilities (which they always eventually seem to do). Following the
publication of the Codes of Conduct for Responsible Fisheries (2002), The Nairobi
Declaration on The Conservation of Aquatic Biodiversity and Use of Genetically
Improved and Alien Species Aquaculture in Africa (2002) and the Dhaka Declaration
on Ecological Risk Assessment of Genetically Improved Fish (2003), the fear that these
fish will get out and ruin biodiversity has led African governments to more or less ban
further imports of alien aquaculture candidates, pending more research into potential
environmental impacts.

SEED RESOURCES AND SUPPLY

Since its inception in Africa, aquaculture has relied on two main sources of fingerlings:
unregulated spawning in production ponds and government hatcheries. For some
species, such as Heterotis niloticus, Chrysichthys nigrodigitatus, inter alia, fingerlings
are captured from the wild. Lack of fingerlings where and when they are needed by fish
farmers is one of the greatest constraints to aquaculture expansion in the continent. A
summary of case study of countries is shown in Table 6.1.2.

Cameroon
In Cameroon, 32 national fish stations were designed with the primary objective of
producing fingerlings to support the growth of aquaculture.

Although these stations are largely dysfunctional, some of the most important of
them possess considerable infrastructure and potential for contributing to aquaculture
development if either properly managed or transferred to the private sector. As these
government stations have failed to alleviate any of the main constraints to aquaculture,
fish farmers have increasingly turned to other suppliers for information and fingerlings.
Over 90 aquaculture non-governmental organizations (NGOs) include aquaculture
in their remit and a few have attempted to operate small hatcheries to supply their
members with seed. At present, five private hatcheries (three catfish, two tilapia) are the
main suppliers of high-quality fingerlings in the country, producing some 1.4 million
catfish and 3.3 million tilapia per year.



6.1 Freshwater fish seed resources and supply: Africa regional synthesis

45

Egypt

In Egypt, the large and diversified aquaculture industry makes data collection
extremely difficult. Virtually all of the fish cultured in Egypt come from hatcheries.
For tilapias, some farms maintain their own capacity, but the majority of seed come
from private hatcheries. To reach the recorded 190 000 tonnes harvest of cultured
tilapia, an estimated production of 1.2 billion fingerlings would have been produced.
Production from government and licensed private hatcheries in 2004 was only 150
million fingerlings, the balance having been produced elsewhere. As current demand
strongly outstrips supply, hatcheries are more and more frequently selling fry as small
as 0.5-1.0 g, leaving growers to nurse them up to stocking size. Carp (Aristichthys
nobilis, Ctenopharyngodon idella, Cyprinus carpio, Hypophthalmichthys molitrix,
Mylopharyngodon piceus) seed are produced almost exclusively in government
hatcheries, for stocking in ricefields and the country’s extensive network of irrigation
channels for control of bilharzia snails, macrophytic weeds and abundant algae blooms
hatcheries and nursery stations. A total of 250 million carp seed were reportedly
produced and stocked in 2004.

Ghana

In Ghana, the major constraints to successful aquaculture among producers are
the poor and erratic quality of fish seed available for stocking. Two major factors
influence the cost of fish seed: the high cost of production from government breeding
centres and insufficient supply. Pilot tilapia hatcheries have been established in
Accra (1993), Akosombo (1996) and Kumasi (1997). The Accra centre, with a target
of 180 000 seed/year, produces a paltry 40 000. The Kumasi centre with a target of
100 000 seed/year produces only 4 000 seed/year. The Akosombo centre, operated
by the Water Research Institute, is better regularly meeting its production target
of (a very modest) 100 000 seed/year. Shortfalls in achieving production targets are
attributed to predation, cannibalism theft and storms killing brooders. Though fish
seed prices are subsidized by government, poor production keeps costs high.

Nigeria

The supply of fish seed in Nigeria can be from either of two sources, i.e collection
from natural waters (wild sources) and from hatchery production based on controlled
spawning. Fingerling collection from the wild is found to be unreliable, because it is
seasonal and usually contains mixed species, some of which do not meet the criteria
of good aquaculture candidates. The correct age of fish and fingerlings are difficult to
determine. This has led to the dependence on hatchery-bred fish with known history.
Several fish hatcheries have been established in the country with most of them in the
south. The tilapias are usually allowed to spawn naturally in ponds and tanks, while the
mud catfishes and carps are subjected to hormone-induced spawning. These practices
require a lot of skills and these have been transferred to various interested practitioners
through short courses in fish seed multiplication around the country. The earliest of
such training programmes by the Federal Department of Fisheries was assisted by
FAO between 1978 and 1981, when two Fish Seed Multiplication and Fish Farming
Demonstration Centres were established at Panyam Fish Farm in Plateau State (north
central Nigeria) and Oyo Fish Farm (southwest). Regular on-farm, hands-on training
were organized for prospective fish farmers and fish seed producers at these centres.
Two additional centres were later established at Umina-Okigwe (southeastern Nigeria)
and Mando Road, Kaduna (north western Nigeria).

The characteristic feature of the current phase of aquaculture development in
Nigeria is the emergence of private sector investors as the driving force. This is also
complemented with government policy of divesting its farms to the private sector.
Most recent investment in aquaculture has been targeted towards catfish farming.
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Presently live catfish attract premium price in Nigeria, with a high ROI (return on
investment) of between 30 to 40 percent in some very successful enterprises. This
holds the major attraction to the private sector investors in Nigeria. Currently about
90 percent of farmed fish in Nigeria is catfish while in the last four years almost
all hatchery infrastructure and table fish production systems have been exclusively
targeted towards the production of catfish.

It is estimated that fish seed production has jumped from 3 million in 2000 to
about 30 million in 2005. The emergence of high volume producers who have invested
in intensive re-circulating and flow-through fish production systems have been
largely responsible for the phenomenal increase in the volume of production of both
fingerlings and table fish.

The total estimated total current investment in aquaculture including hatchery
facilities in Nigeria is put at N$10 billion (US$75 million). There are about 30 small-,
medium- and large-scale intensive, closed recirculating and flow-through systems in
Nigeria especially in the southwest and south-south zones where over 77 percent of
all fish farms and hatchery infrastructure are located. Investments are still growing,
especially with the renewed awareness being created by the government through the
Presidential Initiative on Fisheries and Aquaculture and the recent continental New
Partnership for Africa’s Development (NEPAD) Fish for All Summit held in Abuja,
Nigeria.

Of the 2 642 private fish farms that have been inventoried by the Aquaculture and
Inland Fisheries Project (AIFP) in December 2004, about 500 are commercial, although
most of them are poorly managed. More than half of the 500 commercial fish farms
have small- to medium-sized hatcheries built beside them and again most of these are
either abandoned and at best under producing (at times not more than 5 percent of
installed capacity). Abandonment has been due largely to the technical incapabilities
of the hatchery managers, as most of them are either poorly trained or inadequately
remunerated and in other cases, both.

Presently seed supplies from government and public sectors, hatcheries (including
research institutes and universities) are about ten percent of the total. The current
picture of seed supply in Nigeria is as follows: private sector farms and hatcheries
about 80 percent (24 million), public sector about 10 percent (3 million), collection
from the wild about 9 percent (2.7 million), importation and other sources about 1
percent (0.3 million).

Uganda
Uganda’s current seed production industry can be categorized into three groups:
small-scale, medium-scale and large-scale. The small-scale hatcheries produce largely
for rural communities and are usually limited by capacity to supply seed to the district
in which they occur. The small-scale hatcheries are those considered to produce less
than 200 000 fingerlings of any one species a year or those producing not more than
300 000 fingerlings in total a year. The second category is medium-scale - this category
targets emerging commercial grow-out farmers and produces seed that can be sold
beyond district of production. Many of the medium-scale producers came up during
the government’s programme of stocking and restocking of water bodies and have since
transformed into commercial hatcheries. Medium-scale hatcheries produce between
300 000 to 1 million fingerlings a year. Large-scale hatcheries are only starting to come
up and they are categorized as those that produce over 1 million fingerlings a year.
Small-scale hatcheries are limited in technical capacity and resources. Normally,
these category of hatcheries are rural-based and credited for bringing quality fish
seed in the reach of the rural fish farmers. This category has a risk of not giving the
farmer a quality product given the limited resources and remoteness of hatcheries for
effective monitoring by the regulatory agencies. Medium-scale hatcheries are always
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careful to keep up the quality of their products as they largely depend on commercial
fish farmers coming back to buy more seed from them. There is a tendency with this
category of hatcheries to over produce seed to meet either the market demand and to
meet deadlines. In so doing, this category of hatcheries is likely to lead to increased
fish escapes, over-fertilization and failure to adhere to guidelines to ensure quality fish
seed production. The large-scale hatcheries are normally well planned and designed.
Initially, a single public hatchery, Kijjansi Aquaculture Research and Development
Centre (KARDC) was the only large-scale fingerling producer, but in recent years
the number of larger private investments have come on-line to meet growing demand
for quality fish seed. Many of the large-scale hatcheries are clearly around the central
administrative district and supply fish seed only to large-scale farms. One such
hatchery (SUNGENOR) specializing in improved tilapia seed from the GIFT strain
of Nile tilapia will be supplying seed for its out grower scheme where farmers sell back
the fish to the company’s fish processing and export partner (NGEGE Ltd).

On the whole, fish farming remains an alien practice, a situation that was not
helped by the manner in which aquaculture was first considered and introduced into
the country. The practice was considered to be non-income generating and only for
fish protein provision for the rural communities who did it on subsistence with little
or no input other than the fish seed. However, with time the practice has began to
attract profit and income, thus generating oriented fish farmers who have started to
invest commercially and expand production targeting local, regional and international
markets. This level of farmers have better-constructed production units, have designed
measures against predators (small reptiles and birds) and are using formulated fish
feed either bought from feed firms or manufactured on farm. These fish farms are also
better located and are employing technically trained persons or seeking advise from
competent aquaculture service providers.

Zimbabwe
Farmed tilapia seed are available from two private hatcheries: Lake Harvest Aquaculture
(Pvt) Ltd. (LHA), established in 1997 in Kariba (365 km northwest of Harare) and
producing around 3 000 tonnes per annum of whole fish and “The Bream Farm’,
established in the early 1980s in Kariba and producing less than 100 tonnes per annum
harvest (mainly on a recreational put-and-take basis). Lake Harvest Aquaculture
produces around 2 million fry per month for nine months of the year (i.e. when water
temperatures are warm enough to breed outdoors). The Bream Farm produces around
1 million fry per annum. Both farms produce tilapia seed almost exclusively for their
own use. Little to no seed are sold to third parties because demand is low and Nile
tilapia, the only species where whose seed are produced in hatcheries in Zimbabwe, is
not supposed to be moved out of the Zambezi Valley (includes Lake Kariba), except by
way of permit from the government’s Parks and Wildlife Authority. Such permits are
difficult to obtain. There are currently no operational government hatcheries for tilapia
in Zimbabwe, although attempts are being made by the government to resuscitate one
or two defunct government hatcheries.
There are also three commercial trout farms:
e Clairmont Trout Farm, established in the 1970s or earlier and producing no more
than 50 tonnes per annum;
® The Trout Farm, established in the 1970s or earlier and producing less than
5 tonnes per annum;
® Inn on Ruparara, established in the 1990s and producing less than 20 tonnes per
annum.
Each of these has its own small hatchery for on-farm use. The Government hatchery
in Nyanga produces seed for local dam stocking, essentially for recreational put-and-
take fishing.
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MARKETING

Unlike in parts of Asia where large numbers of middlemen buy from hatcheries and sell
to grow-out farms, very little efforts are made in Africa to market fingerlings. By and
large, producers either place an order with a hatchery or simply show up to buy fish.
In some cases, larger orders might be delivered by the hatchery to the farm.

For the tilapias and larger catfish/carp operations, such as in Egypt, this is not
a major problem as fish can be spawned most of the time and can affordably be
maintained in holding facilities. However, for smaller-scale and, particularly catfish,
hatcheries elsewhere on the continent, fingerlings are produced in batches. If buyers
are not immediately available when needed, tilapia fingerlings often go on to reach
precocious sexual maturity making them useless for commercial farming, while the
catfish cannibalise each other.

Synchronisation between fingerling supply and demand is a key problem in African
aquaculture. Egypt has a particular problem because of the strong seasonality of their
climate, forcing hatcheries to use expensive technology to get fingerlings ready early so
they can be stocked out as soon as the weather warms in the spring. Efforts on the part
of hatcheries to adapt to the grow-out cycle and aggressively market their products and
thus make them more easily available to producers could help in hatchery profitability,
ultimately bringing prices down.

SEED PRODUCTION FACILITIES, TECHNOLOGY AND ECONOMICS

The hatchery systems employed in Cameroon, Nigeria, Ghana and Uganda are typical
of small-scale hatcheries throughout the continent. In hatcheries, tilapia fingerlings
are produced in open ponds of 50-50 m% Broodfish are randomly stocked at a rate
of one male to one female. Fingerlings are captured with a dip net or fine-mesh seine
net beginning at £50 days after broodfish stocking and is repeated every 21 days until
capture begins to decline (normally after about three months). Harvested fingerlings
averaging about 10 g are held for two days to recover from the harvest operation and
sold. Production costs vary around US$0.5 cent to US$1 per fingerling, while retail
prices vary with season, size and supply/demand imbalances, averaging between
US$3-5 cents 5-10 g mixed-sex fingerlings. Very few hatcheries are experimenting with
hormone sex-reversal or hand-sexing to get all male populations.

Most farmers, however, do not rely on hatcheries for tilapia but instead either
(a) captures them from the wild where the farmers buy the fingerlings from fishermen,
or (b) some of these farms produce their own. Local fishermen usually scoop up
“clouds” of fry as they school in the shallows (wild) or remove young fry from their
mother’s mouth and sell to the farmers who in turn transfer them to some type of
rearing container and feed them. The majority of African fish farmers use mixed-sex
tilapia systems to generate their seed, i.e. they use the customary techniques where
the fish is harvested in the pond after six months, selling or eating the larger fish and
keeping the smaller individuals for restocking. However, since extreme care is not
taken, individuals that are used for restocking are usually already sexually mature and
begin reproducing almost immediately after stocking. Another alternative method
used is to hold broodfish in a net enclosure (hapa) where their spawning is closely
monitored. In this way, the age of the fingerlings are well known and the risk of
stocking sexually mature individuals is eliminated. The hapas are usually placed in the
farmer’s grow-out ponds.

Basic catfish reproduction technology has been well-established over the last
20 years as described by de Graaf and Janssen (1996). Typically, female C. gariepinus
are injected with 4 000 IU/kg of human chorionic gonadotropine (HCG), pituitary
extracts or other hormone analogs to induce final gonadal maturation and stripped
after approximately 12 hrs. Eggs of all females are pooled and then dry fertilized with
mixed milt from nine sacrificed males. Fertilized eggs are poured onto 70 x 50 ¢cm
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wooden framed nylon-mesh screens where they adhere and are submerged to 40 cm
depth in 1 m?® hapas installed under the water inlet pipe (to ensure adequate exchange
of fresh water) in small earthen ponds, or in indoor cement tanks. Eggs hatch within
30-35 hrs and are subsequently held in their hapas for two days prior to stocking, by
which time they have reached an average individual weight of 2.3 mg.; hatching and
survival rate to two days average 95 percent.

Few farmers, however, want such small seed, 7-10 g being the minimum size to
insure decent survival rates. As catfish fry are susceptible to a wide range of predators
(Figure 6.1.1) including cannibals, the greatest problems encountered by catfish
hatchery operators concern larval survival. Three basic nursing systems are used:

Low intensity: Ponds are prepared by drying, cleaning and installing compost cribs
comprised of wooden stakes driven into the mud at approximately 10 cm intervals to
enclose 10 percent of the pond surface area. Ponds are then surrounded by a 1 m high
fence fabricated of locally produced nylon mesh bags or aluminum roofing material to
in an effort to exclude frogs, one of the most important larval predators. The compost
cribs are filled with 7 kg/are! total dry weight (approximately 20 kg wet material) of
cut grasses mixed with 0.2 kg/are of wood ash. Ponds are then filled and stocked within
three days (to avoid infestation by insects) with two-day old C. gariepinus larvae at a
rate of 7.5 per m2. Once per week, the compost is churned using a stick and another
dose of grass and wood ash added.

Medium intensity: Ponds are prepared as in System 1, but instead of compost,
ponds are limed with 2.5 kg/are of quicklime (CaO), fertilized with 20 kg/are (dry
weight) of chicken manure and fed a daily supplement of wheat bran at a rate of
1 kg/are. Stocking rate is 15 two-day old larvae per m?.

High intensity: Ponds are prepared as in System 2, but from Day 11 onwards,
are fed twice per day with a 1:1 mixture of wheat bran and palm nut cake at a rate
of 1.0 kg/are (2.0 kg/are/day
total). Two-day old larvae
are stocked at 30/m2. As in
treatments 1 and 2, a frog fence
and last-minute filling are the _

. . Mortality
only anti-predator strategies N
employed. Cannibalism

Production cost factors 8%
vary with country, but are
generally proportional to the Birds
values shown in Tables 6.1.3 36%
and 6.1.4. A key element in Aquatic
profitability of all hatchery Insects
systems is intensity, with 9%
hatcheries that are able to
maintain high densities making
the most money. Average survival rate is about 37 percent in well-managed systems.

In Egypt, hatchery systems are more intensive than elsewhere in the continent. The
most common system among industrial hatcheries is based on indoor breeding tanks to
facilitate spawning one or two months earlier than that produced in outdoor systems
(due to the cold winters and relatively short growing season in Egypt). Larger one-
year old brooders are selected from the harvest. In late winter, broodfish are stocked
at a rate of three to four females per male in each square meter of the breeding tanks.
Water temperature is raised to the optimum breeding temperature (26 °C to 29 °C)
by boilers. Incubating eggs are collected from females and transferred to hatching jars

FIGURE 6.1.1
Main predators of catfish larvae

Natural

Amphibians
47%

! 1 are = 1/10 hectare
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TABLE 6.1.4
Average costs (US$) per square meter of pond surface area, for nursing Clarias gariepinus in
Cameroon (Yong Sulem and Brummett, 2006)

Depreciation

Pond Depreciation on

System Larvae Inputs Labor iy c8>(n Por_1ds and Total Cost per m?
Equipment
0.075 0.02 0.47 0.03 0.03 0.61
2 0.15 0.10 0.75 0.02 0.03 1.05
3 0.30 0.19 1.15 0.03 0.03 1.70

where they are kept until the yolk sac is absorbed. Fry are then transferred to nursing
tanks (small shallow tanks each of 2-3 m?) and fed with hormone-treated feeds for
sex reversal. Hormone treatment extends to four weeks afterwhich fry are moved
to outdoor nursing tanks (10-20 m?®) under greenhouses or to nursery ponds (1 000-
4 000 m?). Depending on the season and demand, fingerlings are sold as fry (0.5-1 g) or
as fingerlings (3-5 g). Seeds are usually available at the beginning of the growing season
in late March or early April.

Many private Egpytian farms also produce their own seed in hapas installed in
ponds. Hapa spawning starts when the water temperature reaches the levels required
for breeding in mid-April and continues through September. Broodfish are stocked at
three to four females per male per square meter. Hapas are examined for the presence
of free swimming fry which are collected by scoop nets. Collected fry are usually
stocked in nursing ponds and harvested at marketable fingerling sizes by draining. A
modification of this system with hapas installed in small ponds or concrete tanks under
greenhouses is presently expanding to facilitate earlier production of fry. The increase
in water temperature in the greenhouse facilitates tilapia spawning in tilapia at least one
month before the natural breeding season.

Egyptian carp hatcheries are composed of three main units, namely: (a) broodstock
ponds are earthen ponds each with 400-1 000 m? area and about 1.25-1.5 m deep, (b)
indoor facilities, a building including a large hall with circular brood tanks, aquaria
and hatching jars or containers, a laboratory, filters and water quality control facilities,
boiler and staff rooms and (c) nursery facilities include suitable numbers of earthen
ponds each of 1-1.5 acres and 1.25-1.5 m deep.

The different carp species introduced to Egypt cannot spawn naturally in the
local environment. Spawning occurs through induced breeding by injecting the ripe
broodfish with locally prepared common carp pituitary extract and stripping of
females and males. Fertilization takes place when eggs and milt are mixed in a plastic
vessel. Fertilized eggs are then incubated in hatching jars with running water from the
bottom to the top. Hatched fry are collected and kept in glass aquaria and then moved
to nursery ponds.

Zimbabwe is also a special case in that its tilapia production is concentrated at just
a couple of larger-scale farms. They also, unlike the rest of the countries studied, grow
trout commercially. Lake Harvest, Ltd. is, by far, the dominant producer in the country
and uses open pond spawning and modern tilapia sex-reversal technology to produce
all-male Nile tilapia fingerlings for stocking in their grow-out cages. Technology used
on the trout farms is not known, but probably based on traditional trout spawning
techniques.

SEED MANAGEMENT AND QUALITY

Among the countries studied in this review, only Egypt has any regulations on the
maintenance of quality in fish seed production systems and this extends only to
control of diseases and parasites through the use of broodstock isolation, disinfectants
and prophylactic medication. However, even in Egypt, the rules are largely ignored
and, anyway, only employed on an estimated 10 percent of hatcheries licensed by the
government.
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Genetic management is by far the greatest quality issue in African hatcheries and
deterioration of the genetic quality of cultured populations is a serious problem. For
the highly fecund carps and catfishes, there is always the temptation to use the fewest
number of broodfish possible to get a certain number of eggs. For catfish, males
are usually sacrificed and so are used to fertilize as many females as possible. From
these, offspring of minimal numbers of parents will be selected the next generation of
brooders and after several generations of mating, such bottlenecks lead to inbreeding
which can reach levels sufficient to lower growth, decrease fecundity, reduce fitness
and generate deformities.

Tilapia presents a somewhat different challenge, but the outcome is the same. The
typical practice at harvest is to sell or eat all fish of a certain minimum size, leaving
smaller individuals to be either sold as fingerlings to other farmers or continue growing
in the pond. In the case of tilapia, only a part of these small fish are actually fingerlings;
many being small sexually mature adults. Such selection for smaller adults amounts to
inadvertent selection for slow growth and/or early sexual maturation.

In most cases, the numbers of broodfish used are far inferior to the numbers
needed to maintain adequate genetic variability in the population. This is particularly
troublesome for imported alien species for which new broodstock are difficult to
obtain (e.g. carp populations in Egypt). Also, as male tilapia is highly territorial and
competitive for mates, a relatively small percentage of males (the most aggressive, not
necessarily the fastest growing) dominate the fertilization of the females. Without some
methods of ensuring that most males are represented, effective breeding number (N.)
will be less than anticipated and the population can become inbred, reducing growth
and viability while increasing phenotypic variation.

Genetic drift, especially the founder effect, is another mechanism that can lead to
loss of genetic diversity and the potential for inbreeding. Small founder populations
are more common than not in African aquaculture and, indeed, aquaculture in general.
Being expensive, difficult and often illegal, individuals who seek to acquire exotic
broodfish, often resort to minimal numbers, thus building low genetic diversity into
their production systems from the outset. Cumulatively, these various broodstock
management mistakes have induced birth deformities and reduced the growth of
tilapia, carp and catfish populations held on hatcheries by up to 40 percent (Figure
6.1.2).

Average Weight (g)

Source: Brummett, Etaba Angoni and Piouomogne (2004)

CERTIFICATION
FIGURE 6.1.2 In Cameroon, Ghana, Nigeria
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involves a series of detailed inspections and laboratory examinations. The certificate of
origin indicates the source of the seed, brood, establishment and date of production.
Both certificates are issued if requested by the buyer especially for export purposes;
neither deals with the issue of genetic quality.

Uganda is more advanced in the seed certification process. All fish seed producing,
supplying and fingerling-raising farms and companies have to be certified by law. This
follows the making of the statutory instrument regulating aquaculture activities under
the Fish Act 1964 known as the Fish (Aquaculture) Rules 2003 instrument number 31.
The operator has to apply using a formatted application form, submit the application
to the Chief Fisheries Officer or to a person designated by the Chief Fisheries Officer
to work on his or her behalf. Inspectors are then dispatched to the aquaculture
establishment to inspect and ensure that all requirements and plans are in place to
ensure responsible production of quality fish seed. Upon receiving the report of the
Inspectors, the Chief Fisheries Officer then issues a Fish Seed Production Certificate.
This process ensures that farmers get quality fish seed and to prevent ecosystem
alteration and ecological and genetic disruption from either escape of farmed fish or
entry of unwanted fish into the production system. In essence, one is not allowed to
produce or pass on fish seed without certification.

LEGAL AND POLICY FRAMEWORKS

Legal and policy frameworks under which aquaculture are regulated are non-existent,
vague and/or unenforced. When they exist at all, there are two general types of
aquaculture laws: 1) those that are more about control and taxation (Egypt, Nigeria,
Zimbabwe) and 2) those designed to encourage development (Cameroon, Ghana,
Uganda). Most African countries have expressed a strong interest in aquaculture
development, even when financial and human resources are being diverted to more
pressing issues such as education and health care.

Cameroon
In Cameroon, the Ministry of Animal Industries and Fisheries (MINEPIA) is charged
with the promotion of aquaculture for food security and rural economic development
(RDC, 2003). However, current regulations in Cameroon barely mention aquaculture
and make no specific reference to fingerling supply or quality. Nevertheless, the
government is actively advocating the expansion of aquaculture and there is a long-
standing policy of providing some basic support through the operation of government
stations (RDC, 1997). Although there are no specifics provided and no funding
mechanism identified, the Rural Development Strategy Paper (RDC, 2002) noted
several prospective roles for government in the promotion of aquaculture, such as:

e extension of appropriate techniques for aquaculture

e training of extension agents and farmers

e development of a functional technical and economic framework

e advising banks on the viability of aquaculture and opening lines of credit for investors

e promoting private sector fingerling production

¢ involving women and youth in aquaculture

e organization of restocking programs

Although not part of the legal code, the newest policy document that deals with
aquaculture is the Poverty Reduction Strategy Paper (RDC, 2003). This document
emphasizes “the lifting of constraints to the production of fingerlings and transferring
technical solutions to peasant farmers” as main areas of government engagement.
Although MINEPIA extension staff are more or less committed to lifting constraints
to aquaculture, there currently exists no structure formally charged with the assurance
of fingerling or broodstock quality, or any quantitative criteria against which such
assurance could be given.
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Egypt

In Egypt, aquaculture legislation is more advanced than in the other case studies.
However, compliance and enforcement remain low, with over 90 percent of farms and
hatcheries operating without licenses. In addition, there are no stipulations concerning
seed quality or any policies designed specifically to support sectoral growth. The
GAFRD is the licensing agency for all aquaculture in Egypt. Presidential decrees define
land and waterbodies under GAFRD’s jurisdiction and give it the right to implement
fisheries and fish farming laws. The GAFRD has the authority to lease out wetland and
all lands that are within 200 meters of the sea and lakeshores. The Fisheries and Fish
Farming Law outlines codes for the construction of fish farms.

Article 48 of the law forbids the construction of a fish farm except on wasteland,
which is not suitable for agriculture and agriculture drainage or lake waters are the only
source of water for these farms; use of irrigation water is strictly forbidden. Exempted
from this rule are government hatcheries. Article 48 of the Law 124/83 stipulates that
fish farm or hatchery construction requires the approval of the Ministry of Irrigation
delimiting the amount of water volume allowed for use, the source, size of inflow sluice
and the method of draining.

In the second chapter of the Fisheries and Fish Farming Law, Article 17 states that
it is not allowed to use or introduce alien fish, eggs or larvae into Egypt for any reason
except after having a written permit of the GAFRD and after consulting the National
Institute of Oceanographic and Fisheries.

Ghana
In Ghana, aquaculture has been regarded as a type of fishery and hence is included
in other fishery legislation, lowering its value to the aquaculture sector. On the
other hand, Ghana has a pro-user attitude reflected in the following guidelines for
government when dealing with fishery-related enterprises:
e contract private companies to produce seed for the industry
e improve Ghana’s access to international markets within the domain of the
international fish trade
® obtain optimum benefits for Ghanaians as owners of fish-related enterprises,
as employers of the fishing industry, as consumers of fish products and as
beneficiaries of foreign exchange earnings from fish trade
e enhance investment in a private sector-driven industry.

It is noteworthy to observe that the current Fisheries Act (2000) of Ghana conforms
to FAO’s CCRFE

Nigeria

As in Ghana, the Nigerian seed industry only benefits from generalized fisheries policy
and a legal framework that emphasizes capture fishery and mostly deals with licensing.
The umbrella national fisheries legislation is the Inland Fisheries Decree 108 of 1992 and
the Marine Fisheries Decree of 1991. However, export or import of live fish (including
seed) is to be carried out with the permission of the Minister of Agriculture. States
also provide for the registration of premises where any commercial activity (including
seed production) is carried out. The Environmental Impact Assessment (EIA) Decree
of 1988 also recommended the carrying out of EIAs for activities that may impact
negatively on the environment (e.g. intensive water recirculation seed production
systems which generate a lot of ammonium liquid and gaseous waste discharges) on
any land area up to 50 ha.

Uganda
As with their seed certification legislation, Uganda is advanced in its concern for suitable
legislation regarding the importance of the sector (Fish Act 1964), the delineation of
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the public sector’s role in aquaculture (Fisheries Sector Strategic Plan 2002) and the
regulations under which producers must operate (Fishery and Aquaculture Rules 2003).
These policy instruments are still evolving to take into consideration the changing face
of Ugandan aquaculture, but they are generally focussed on supporting the growth of
aquaculture by ensuring that best management practices are respected.

Zimbabwe

As part of the Parks and Wildlife Authority and considering the relative unimportance
of aquaculture to the national economy, the only specific regulation relating to
aquaculture are restrictions imposed on the dissemination of alien species, particularly
the Nile tilapia, which cannot legally be grown other than in the Zambezi valley.

KEY STAKEHOLDERS

Main stakeholders for each case study country are listed in Table 6.1.5. To ameliorate
the weak policy environment within which aquaculture functions and to strengthen
the working relationships among the various stakeholders, a new African initiative on
the part of the FAO and the WorldFish Center to develop Strategic Frameworks for
Aquaculture Development was elucidated in 2003. In this document, the roles of the
key groups of stakeholders in resolving the general shortage of quality fingerlings are

addressed:

Government should:

e provide regular information on sources and prices of good quality seed to private
farmers;

e provide guidelines in producing/ensuring good quality seed through such
measures as seed certification;

¢ maintain broodstock of selected culture organisms corresponding to the identified
production systems;

e encourage commercial farmers and hatcheries to facilitate access to quality seed
for the entire sub-sector.

Direct investors (seed producers) should:

e produce and distribute quality seed;

e sell products at a fair price;

e find mechanisms to facilitate access to high quality seed throughout the sub-
sector;

e as appropriate, assist outreach program in promoting good management practices
favouring improved yields;

® monitor results.

Producer organizations should:
® serve as a forum for information sharing among stakeholders;
® lobby for collective bargaining and appropriate public sector intervention;
® link with research organizations.

TABLE 6.1.5

Fingerling survival, final average weight, number harvested and profitability data per m? for
Clarias gariepinus nursing systems (over 35 days) in periurban Yaoundé, Cameroon. Price of
fingerlings is dependant upon size of fingerlings: >5 g = $0.20, 2-5 g = $0.15, < 2 g = CFA $0.10
(Yong Sulem and Brummett, 2006)

System Survival (%) Pl it Hax::'::sr er Gross Revenue Net Profit per m?
y ° Weight (g) 2 P per m? P
48.5 + 26.31 5.9+ 2.23 3.6 +1.97 0.64 + 0.33 0.03+0.37 a
2 46.8 + 43.35 5.5 + 3.23 7.0 £ 6.50 1.05 + 0.97 0.01 £0.97 a

3 28.4 +6.12 4.2 +0.31 8.5+ 184 1.45 £ 0.54 -0.25+0.55a
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FUTURE PROSPECTS AND RECOMMENDATIONS

Aquaculture has an important role to play in African economies and food security. There
have been a number of reviews of African aquaculture conducted over the last 20 years and
all of these have come to more or less the same conclusions: aquaculture is a viable economic
and livelihood alternative at a range of levels and intensities, but African governments and
international donors have failed as primary motivators in its sustainable development. The
reviewers, engaged in the six case studies outlined in this document, agree that governments
should relegate itself to a facilitating role and that, to remedy the critically important
problem of fingerling supply and thus help aquaculture grow to the point where it can serve
as an engine for rural economic growth - governments, donors and development agencies
should strive to:

1. Support the development and implementation of Strategic Frameworks for
Aquaculture Development to target extension efforts, clarify the expected roles
for various stakeholders and establish the foundation for realistic and practicable
legislation.

2. Target extension and research at the growth of a horizontally-integrated
aquaculture sub-sector (emphasizing the critical role of private sector hatcheries)
that can maximize economies of scale and the number of secondary economic
opportunities created by aquaculture.

3. Work with NGOs and banks to make credit available to small- and medium-scale
hatcheries, e.g. through loan guarantees.

4. Encourage the development of NGOs and farmers” organizations as partners in
the delivery of key services such as marketing, feed and fingerling supply.

5. Engage large-scale farms to undertake adaptive research in partnership with
government scientists. This will refocus research to become more relevant
to immediate development problems as well as releasing pressure on weak
government infrastructure and research budgets.

6. Create tax and/or credit incentives for vertically-integrated private farms to
improve the global availability of fingerlings. Excess capacity engendered
through use of improved technology can create surpluses that can be sold at fair
prices to small-scale operators.

7. Create, through selective breeding, realistic options (to the importation of alien
species/strains) for improving the quality of fish currently cultured.
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ABSTRACT
The freshwater sector holds a major share in Asian aquaculture production and the lack
of quality fish seed and reliable supply are often documented as a bottleneck to meet the
great demand for seed. This regional synthesis includes the results of 10 country case
studies carried out in Asia to assess the status of fish seed resources, supply, breeding
and nursing technologies adapted to meet the demand as well as measures adopted to
overcome the constrains.

Issues related to available seed resources and technologies, nursery and hatchery
management and interventions in genetic improvements of broodstocks are discussed.
Despite the fact that seed of major cultivated species are produced in sufficient quantities
in hatcheries, poor quality is perceived as a major constraint to the expansion of
freshwater aquaculture. Several approaches have been adapted by countries and farmers
to assure fish seed quality. These approaches range from institutional to farmer-managed
decision-making tools. Although provisions are available under existing laws and
regulations for registration and certification, a proper fish seed certification process does
not exist in many countries in the region.

Building support services at the local level is crucial in expanding fish seed supply.
Extension support ranges from decentralized government extension to total dependence on
NGOs. Micro credit, which is undeveloped and difficult to access in many countries, is crucial
to ensure the participation of small-holders and resource-limited farmers in fish seed supply.

The main actors involved in the fish seed marketing are hatchery and nursery
operators, middlemen or seed traders and fish farmers. The break-up of production
cycle is inevitable in many occasions due to land pressure and the costs involved in
accommodating nursery facilities in the hatchery premises. Sales promotion, distribution
mechanisms and types of distribution networks for fish seed marketing are not formally
organized in many countries of the region. The regional focus has shifted to decentralized
seed production, which offers opportunities for poor farmers to enter into fish seed
production. In general, fish seed production is regarded as a profitable venture.

Knowledge gaps exist in the use of chemicals and chemotherapeutants, culture
environment dynamics, quarantine and biosecurity measures in hatchery operations and
bio-economics on the use of wild caught fish as feeds for predatory fish and developing
suitable feeds. Future prospects and recommendations on hatchery and nursery
management, capacity building, research and development and policy directions and
regional issues to be addressed are included.
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INTRODUCTION

Fish and fisheries play an important role in the economies of Asian countries,
contributing to animal protein intake, household income, employment generation and
foreign income earnings. As a food producing sector, aquaculture’s most immediately
apparent contribution to the achievement of the Millennium Development Goals
(MGD) is as contributor to the eradication of poverty and hunger. Reducing hunger
through increased production and availability of fish either to producers or to non-
producers for purchase at local markets may, as outlined in the World Nutrition
Report 2004, contribute indirectly to all of the MDG goals. Aquaculture also makes an
important contribution to national Gross Domestic Product (GDP), accounting more
than 1 percent of GDP in six countries studied (Table 6.2.1).

Freshwater aquaculture contributes more than 50 percent to the total aquaculture
production in majority of the leading aquaculture producing countries in Asia (Table
6.2.1). A most notable feature of the aquaculture sector in South Asia is that majority
of fish comes from inland waters and hence growth of the sector has been mostly
due to increasing freshwater aquaculture. The top seven culture species in South
Asia in 2003 were freshwater carps (bighead carp, grass carp, silver carp, common
carp, rohu, catla and mrigal) which accounted for 88 percent of the total freshwater
aquaculture production. Reported production of freshwater finfish alone constituted
98.8 percent of total finfish aquaculture production. In Southeast Asia, aquaculture
production in terms of quantity is diversified. Freshwater aquaculture production
contributes 39 percent to the total aquaculture production. Nevertheless, the growth
trend is particularly strong for freshwater finfish culture, which has increased from
564 000 tonnes in 1990 to 1 834 tonnes in 2003 (FAO, 2004). In China, freshwater
aquaculture is dominated by carps (bighead carp, common carp, crucian carp, grass
carps) and Nile tilapia, which constitute 79 percent of total freshwater aquaculture
production. The reported production of freshwater finfish alone constituted
96.6 percent of total finfish aquaculture production in China in 2003. Thus, the
freshwater sector holds a major share in Asian aquaculture production.

As food fish represents the most important source of animal protein for many Asian
countries, including China, the ability of aquaculture to meet demand is most critical
in countries where the population is dependent on fish. Meeting the demand also
depends on the availability of resources such as water, land and fish seed and inputs
such as feeds, fertilizers, etc. Lack of quality fish seed supply is often documented as
a bottleneck for freshwater aquaculture development in rural areas of many countries
in the region. Breeding and nursing technologies of certain commercially-cultured

TABLE 6.2.1
Contribution of aquaculture in selected countries in Asia
Percentage .
Freshwater Contribution Fish Pen_:ent?ge Production
aquaculture’ : - Contribution of value as
e production 2 P IErE consumption fish to animal percent of
i aquaculture kg/person/yr = 5
(million tonnes) . protein intake GDP
production
Bangladesh 0.756 88.2 12 63 2.688
China 17.04 59 25.6 2.618
Cambodia 97.3 38-58 75 0.893
0.018 67
India 2.06 93 6.9 NA 0.540
Indonesia 0.478 48 NA 1.662
Pakistan 0.012 100 5
Philippines 0.155 33.7 36 NA 2.633
Sri Lanka 0.0042 42.0 17.2 NA 0.468
Thailand 0.283 36.6 NA 2.071
Vietn Nam 0.548 55.6 15-29 35 3.497

Source: FAO (2005); *Total aquaculture production as percent of GDP Source: Sugiyama et al., 2004;
NA = not available
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freshwater fish species in some countries are not available for others. This synthesis
includes the results of ten country case studies carried out in Asia to assess the status
of fish seed resources and supply, breeding and nursing technologies adapted to meet
the demand as well as measures adopted to overcome the constrains.

SEED RESOURCES AND SUPPLY
Over 75 species are used in aquaculture production in Asia (FishstatPlus, 2005). China
alone uses more than 50 species in freshwater aquaculture (Annex 6.2.1). There are
more than 30 freshwater fish and prawn species cultured in the lower Mekong Basin,
a diverse collection of both exotic and indigenous species (Phillips, 2002). Fish seed
for stocking in aquaculture systems are either collected from wild resources, produced
in hatcheries or imported from other countries or from any combination of the three
sources. Among the species used in seed production (Table 6.2.2) silver carp, bighead
carp, grass carp, silver barb, common/mirror carp, Indian major carps, Thai pangus,
Thai koi, Nile tilapia and the Genetically Improved Farmed Tilapia or GIFT are
predominant. Some fish are bred for conservation purposes, e.g. Mahseer and black
carp in Bangladesh. Red tilapia is being used for seed production under very limited
scale. Polyculture is the normal practice with stocking regimes and densities varying
with feed availability, water quality and market price.

Before the technique of hypophysation of Chinese carps and Indian major carps
were developed in 1960s, aquaculture was mainly a wild seed dependent activity.
Until the late 1970s, riverine seed collection was the main source of seed of carps

TABLE 6.2.2

Fish species used in seed production for freshwater aquaculture in 10 countries in Asia
Country Aquaculture species
Bangladesh Catla catla, Labeo rohita, Cirrhinus cirrhosus, Cirrhinus ariza, Labeo calbasu, Labeo

bata, Labeo gonious, Puntius sarana, Hypophthalmicthys molitrix, Cyprinus carpio,
Ctenopharyngodon idella, Aristichthys nobilis, Barbonymus gonionotus, Pangasius
sutchi, Oreochromis niloticus, Anabas testudineus, Labeo bata, Labeo gonia, Clarias
batrachus, Heteropneustes fossilis, Ompok pabda, Mystus cavasius, Mylopharyngodon
piceus, Tor putitora, O mossambicus x O. niloticus

Cambodia Barbonymus gonionotus, Hypophthalmichthys molitrix, Cyprinus carpio, Oreochromis
niloticus, Cirrhinus cirrhosus, Pangasianodon hypophthalmus, Leptobarbus hoevenii,
Barbonymus altus, Clarias macrocephalus, Trichogaster pectoralis, Aristichthys nobilis,
Labeo rohita, Channa micropeltes and C. striata, Pangasius conchophilus, P. larnaudiei,
P. bocourti, Hemibagrus wyckioides

China Ctenopharyngodon idellus, Hypophthalmichthys molitrix, Aristychthys nobilis, Cyprinus
carpio, Oreochromis niloticus, Mylopharyngodon piceus, Barbodes goniotus, Cirrhinus
molitorella, Labeo rohita, Catla catla, Cirrhinus mirigala, Clarias sp., Channa sp.

India Cyprinus carpio, Ctenopharyngodon idellus, Hypophthalmichthys molitrix,, Aristychthys
nobilis, Labeo rohita, Catla catla, Cirrhinus mrigala
Indonesia Cyprinus carpio, Oreochromis niloticus, Osphronemus gouramy, Clarias batrachus,

Clarias garipienus, Pangasius suchi, Pangasius jambal, Puntius gonionotus, Osteochillus
hasselti, Collosoma sp., Macrones sp., Leptobarbus hoeveni, Rana catesbiana, Cherax sp.,
Oxyeleotris marmoratus, Notopterus chitala, Channa sp., Anabas testudeneus, Trionyx

sp.

Pakistan Salmo gairdneri, Salmo gairneri, Cirrhina mrigala, Labeo rohita, Catla catla, Tor putitora,
Hypophthalmichthys molitrix, Ctenopharyngodon idella, Cyprinus carpio, Aristichthys
nobilis

Philippines Oreochromis niloticus

Sri Lanka Ctenopharyngodon idellus, Hypophthalmichthys molitrix, Aristychthys nobilis, Labeo

rohita, Catla catla, Cirrhinus mirigala, Chanos chanos

Thailand Clarias macrocephalus x C. gariepinus, Oreochromis niloticus, Barbodes gonionotus,
Trichogaster pectoralis, Macrobrachium rosenbergii, Pangasianodon hypophthalmus,
Channa striata, Cyprinus carpio, Trionyx sinensis

Viet Nam Cyprinus carpio, Ctenopharyngodon idellus, Hypophthalmichthys molitrix,
Hypophthalmichthys harmandi, Aristychthys nobilis, Labeo rohita, Catla catla; Cirrhinus
cirrhosus, Cirrhinus molitorella, Mylopharyngodon piceus, Spinibarbus denticulatus,
Carassius auratus, Barbodes goniotus, Oreochromis niloticus, Pangasius hypopthalmus,
Clarias macrocephalus x C. gariepinus, Notopterus notopterus, Anabas testudineus,
Oxyeleotris marmoratus, Ophiocephalus micropeltes
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for aquaculture, contributing 91.67 percent and 97.5 percent to the total fish seed
production during mid- 1960s in India and 1980s in Bangladesh, respectively. The vast
stretches of low-lying lands bounded by embankments that are filled with run-off from
extensive catchment areas during the monsoon have been traditionally used in India
as ‘natural hatcheries’ to produced wild seed of carps. The sudden influx of rainwater
into these systems provides a stimulus for the fish to spawn (Mondal et al., 2005).
This natural way of induction to spawn accounted for a major portion of fish seed
during the 1960s to 1980s in India. In Bangladesh, carp spawns and fry were collected
during the monsoon season from different river systems, while fertilized eggs collected
were incubated in earthen pits in the river banks for hatching in Bangladesh. This
method of hatching yielded low hatching and higher mortality rates.

Dependence on wild seed collections for fish aquaculture declined rapidly in many
aquaculture producing countries in Asia with the success of fish seed production
through artificial breeding techniques and establishment of the hatcheries in the public
sector, which also acted as centers of technology transfer. For example, the dependence
on wild collected carp fish seed in India and Bangladesh have been to negligible
(5 percent and 0.45 percent, respectively). Nevertheless, fish seed of several species are
still currently being collected from the wild (Table 6.2.3). Fish seed collected from the
wild constitute a significant share in the seed supply industry in Cambodia (26 percent)
and China (20 percent) illustrating the heavy dependence on wild fishery. This share
constitutes fingerlings of snakehead (Channa micropeltes and C. striata), pangasiid
catfishes (Pangasianodon hypophthalmus, Pangasius conchophilus, P. larnandiei and
P. bocourti), catfish (Hemibagrus wyckioides) and barbs (Barbonymus gonionotus,
B. altus., Of the fish seed collected from wild for cage culture, carnivorous species
accounts for 95 percent. Even though this trade is illegal, collections amounting to
20 million fingerlings continued in Cambodia. There is an environmental concern
regarding culture of predatory fish species that require wild fish as feed to sustain
culture (Phillips, 2002). This mainly concerns snakehead and pangasiid cage culture in
Cambodia and Viet Nam.

Wild fry collections of the euryhaline species Chanos chanos was practiced in Sri
Lanka until the late 1980s for both freshwater and brackishwater aquaculture. Despite
the estimated collection potential of 600 million fry/annum (Ramanathan, 1969), only
1.3 million have been collected between 1979 and 1983 (unpublished data, Thyaparan
and Chakrabarty, 1984). The milkfish fry collection programme was abandoned in 1989
as a result of the withdrawal of state patronage to inland fisheries in 1990. Therefore no
estimation could be made on the current status of this wild seed resource.

Fish seed are also imported due to the following: (i) inconsistent supply from
local hatcheries of certain species in demand, (ii) lower price and (iii) depleting
wild seed resources. During the 1980 and 1990s, Cambodia used to export billions
of P. hypophthalmus fry and millions of P bocourti fingerlings collected from the
Mekong basin to neighboring countries. Now Cambodia imports fish seed of six exotic
species and three indigenous species in the range of 60 million fingerling per annum,

TABLE 6.2.3
Seed of fish species collected from the wild
Country Species Status
Cambodia Snakehead (Channa micropeltes and C. striata), pangasiid Currently practiced
catfishes (Pangasianodon hypophthalmus, Pangsius conchophilus, and constitutes the
P. larnaudiei, and P. bocourti), Hemibagrus catfish (Hemibagrus largest share
wyckioides) and barbs (Barbonymus gonionotus Barbonymus altus)
Indonesia Marble goby (Oxyeleotris marmoratus), featherback (Notopterus Currently practiced
chitala), snake head, climbing perch (Anabas testudeneus) and soft
shell turtle (Trionyx sp.)
Sri Lanka Milkfish (Chanos canos) (for freshwater culture) Not in practice
Viet Nam Silver carp, mud carp, grass carp (in North Viet Nmam), Mekong

catfish, silver barb, snakehead (in South Viet Nram)
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FIGURE 6.2.1

Percentage contribution of fish seed supplied by private and public hatcheries
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representing 56 percent of its fingerling requirements, from Viet Nam and Thailand.
This indicates the rate at which natural populations of these species have declined.

It is believed that the imports of hybrid catfish will increase as a result of the recent
ban on giant snakehead cage culture operation due to its dependence on small wild
fish for dietary nutrient inputs (So Nam ez al., 2005). As a consequence, escapes of
this hybrid catfish may bring negative side-effects in the aquatic environment. Ing
Kimleang (2004) reported that many unlicensed traders imported an estimate of about
200 million fingerlings from Viet Nam (mostly) and Thailand to supply both cage and
pond aquaculture farmers in Cambodia indicating that the transboundary movement
of aquatic animals are largely unregulated. Implications are disease transmission and
genetic pollution. The plausible reasons for importing fish seed from neighboring
countries for supplying aquaculture in Cambodia are:

e local hatcheries are unable to meet the demand of fish seed for aquaculture;

* inconsistent supply;

e cheaper prices of imported fish seed than that of local hatchery produced fish

seed;

e market potential of fish seed in Cambodia;

e depleted wild fishery resources.

With the advent of induced breeding technology of Indian and Chinese major
carps, it became possible to obtain quality seed of the major carps for aquaculture.
This resulted in an increased reliance on induced breeding for obtaining quality fish
seed. At present, induced breeding accounts for most of the seed produced by many
species throughout Asia. Although, artificial propagation is the main means of seed
production, seed collected from the wild are mainly used for maintaining the quality of
broodstocks. Broodstocks used for artificial propagation are usually raised in captivity
using seed from the wild or from breeding centers where good natural stocks are
maintained.

Private sector hatcheries and nurseries, particularly hatcheries and fry nurseries
operated by farmers constitute a significant source of fish seed which far exceeds the
public sector contribution (Figure 6.2.1).

SEED MANAGEMENT

Hatchery management

Hatchery management can be of single species or of multi-species. In multi-species
hatcheries, broodstocks are kept separately by species or together as mixed species.
Multi-species hatcheries often maintain Chinese and Indian major carp broodstocks.
Broodstock is a prerequisite for all types of hatchery production and proper broodstock
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management will lead to better breeding responses and increased fecundity, fertilization,
hatching and larval survival rates and more viable fish seed. Hence, the subject of
broodfish management has assumed great importance in hatchery management.

The broodstock management process can be divided into two broad categories:
(a) the pre-spawning process and (b) the post-spawning process. The pre-spawning
process includes procedures for broodstock selection and procurement, maintenance,
maturation, acclimatization, spawning and hatching. The post-spawning process
includes facility maintenance, water quality management, broodstock handling;
washing, selection, holding and transfer/transport of spawn, rearing of spawn,
maintenance, health management, assessment of condition, selection and risk assessment
for stocking, documentation and record keeping.

Since selective breeding and hybridization programmes of pedigreed fish are
not carried out in fish seed farms, procurement of broodfish are done by collecting
individuals from the wild, purchasing from cultured stocks in neighbouring farms
or hatcheries, or developing new broodstocks through selection from previous fish
populations. One of the most common problems in selecting fish from fingerling
production ponds to develop broodstock is that only undersized and slow growing
fingerlings are left for selection purposes since larger and fast growing fingerlings
are sold. Therefore, positive mass selection procedure where the largest individuals
with correct body shape, colour and free from external deformations cannot be
practiced. Selection of female and male fish from two independent ponds to be raise
as broodfish is advisable as it will reduce the possibility of pairing relatives that could
lead to inbreeding problems. Nevertheless, this practice is largely ignored in small-scale
hatcheries due to lack of pond space. The good practice of transferring spawners after
spawning to a resting pond without mixing with ripe males and females is ignored too
in many small-scale hatcheries for the same reason.

The domesticated broodstock may be either improved through a specific genetic
improvement programme (GIFT, GET EXCEL, GST) to select for desirable traits
or simply selected from stocks that show better traits (colour, growth) or are free
from, or suspected to be resistant or tolerant to, specific conditions or pathogens. The
development of GIFT tilapia has clearly demonstrated that rapid genetic improvement
of farmed tilapia through selective breeding is possible. In Bangladesh, the Philippines,
Thailand and Viet Nam, national breeding programmes and related tilapia genetic
research are based mainly or exclusively on GIFT or GIFT-derived strains using
approaches based on selective breeding. GIFT tilapia is now extensively used as a
reference point for research on the development of tilapia farming in China and
Indonesia. Methods used for GIFT tilapia have been used for genetic improvement of
other species as silver barb in Bangladesh and Vietnam, rohu in Bangladesh and India,
mrigal in Viet Nam and blunt snout bream (Megalobrana amblycephala) in China.

Several broodstock management issues are being experienced by the fish seed
industry. The most reported genetic- related broodstock management issues include
inbreeding, genetic drift, introgressive hybridization and unconscious selection.
Ingthamjitr (1997) reported that hybrid Clarias catfish farmers in central Thailand,
using fairly standard management practices had suffered a decline in production of
good quality seed which was subsequently found out to be related to the quality of and
management of the broodstock. Broodfish of fecund species for which relatively few
fish are spawned may be particularly prone to mismanagement (Little, Satapornvanit
and Edwards, 2002). Lack of regular introduction of fresh fish germplasm, with timed
periodicities from natural sources or from distant hatcheries, was believed to be the
main reason of inbreeding depression and reported to have occurred in some carp
hatcheries in India (Eknath and Doyle, 1985). Oftentimes, over short timescales, it is
unlikely that inbreeding is a major contributor (Mair, 2002). The common and wide
belief of inbreeding as the cause of poor quality seed often overlooked the husbandry



6.2 Freshwater fish seed resources and supply: Asia regional synthesis

65

management and environmental factors that might be responsible for poor quality
seed. Moreover, the current schemes to upgrade stocks with wild or improved fish
(e.g. GIFT) may be unsustainable unless problems are better understood and improved
management strategies developed (Little, 1998).

To avoid potential problems related to genetics, poor growth and survival due to
inbreeding pressure, details of the different families/lines or origin of the domestic
stocks (foreign or native) must be obtained. It is also useful to have performance and
development data for the candidate families or lines under a range of environmental
conditions. The selection protocol used is also important, i.e. whether the stocks
were selected from ponds with better performance or survivors following a disease
outbreak and the exact timing of the selection procedures. Large hatcheries as well
as government hatcheries may have a system of record keeping. Most small-scale
farmer- operated hatcheries, however, do not keep such important records. Small-scale
hatchery operators should be made aware of the importance of record keeping and
what information they should look for when purchasing broodfish from other sources.
A system of certifying hatcheries for broodstocks will be advantageous for small-scale
hatchery operators.

During reproduction, the nutritional requirement of broodfish are generally high.
Mouth-brooding tilapia females undergo a non-feeding stage during buccal incubation
which lasts for 10-13 days. Female tilapia need to be fed actively with quality feeds
after this period to regain body condition lost during incubation and to obtain energy
to support further reproductive activity. Most small-scale hatcheries may not meet this
feed requirement due to high cost. Therefore, alternative feed sources should be made
available for small-scale farmers or an appropriate formulation for farmer-made aqua-
feeds.

One striking area that is lacking in broodstock management is the procedures
for broodstock quarantine. Quarantine facilities are essentially a closed holding area
where broodtfish are kept in individual tanks until the results of screening for known
diseases or disorders are known. Such facilities can be afforded by most large-scale
and government hatcheries but not by small-scale or farmer-operated hatcheries.
Quarantine holding facilities should ideally be kept some distance from the hatchery.
In cases where this is not possible, measures should be taken to ensure that there will
be no contamination from the holding facility to the other production areas.

Currently, harmonized technical standards for the hatchery production of freshwater
fish seed for the region are lacking. It is important that such technical standards
be developed, standardized, validated and agreed upon by thatchery producers
both nationally and internationally, at least for the widely used species. However,
hatchery standards should include options/levels to accommodate small-scale and
farmer- operated hatcheries.

Nursery management
Success of fish seed nursing is critical as the fish seed production of a country is
measured by the quality output from fry nurseries. Nursery operation can be carried
out in two ways: (1) single-stage operation where hatchlings are raised until fingerling
stage and (2) two-stage operation such as: (i) raising hatchlings to fry and (ii) raising
fry to fingerlings. In a two-stage operation hatchlings are stocked at higher densities
(e.g. 6 million carp hatchlings/ha in Bangladesh) than that in a single-stage operation
(1-2 million hatchlings/ha) where fry are thinned out and stocked at lower stocking
densities (0.2-0.3 million/ha) for rearing up to fingerling size. Sometimes further
rearing stages are included by splitting fry rearing into early and late fry rearing.
Nursing operations tend to concentrate near centers of trading. Most nursery
operators learned the nursing techniques from their neighbours. The types of species
used vary within the country depending on the region. The main species used in
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nursery operations in the southeast region of Viet Nam are common carps and grass
carp, while in the southwest region no single species dominates although silver barb
and giant gourami are more common (AIT, 2000).

Nursery operators commonly purchase hatchlings from private hatcheries or
use seed from produced from their own hatcheries. Experienced nursery operators
purchase hatchlings from government hatcheries since they believe that hatchling
quality is higher in government hatcheries (AIT, 2000).

Small-scale hatcheries and nurseries are usually located near the operators’
homestead enabling close monitoring and employing family labour. This proximity to
home allows greater participation of women in hatchery activities.

Nursery operations are based on stocking of a single species of hatchlings in
fertilized earthen ponds at high stocking densities. Fish are raised as a batch for a few
weeks or months before harvesting.

Government hatcheries which operate nurseries are expected to remain as important
source of seed alongside with the growing number of private and corporate nursery
operators. Government hatcheries will mostly remain as adjunct suppliers and to a
certain extent, a competitor to private seed producers. The continued presence of
the public sector in the seed market will benefit small farmers through the sector’s
promotion of hatchery and nursery management and other developments to various
parts of the country. Although seed supply in most remote areas is still problematic,
efforts by the public sector contributed to increased access and wider choice of seed
resources for the benefit of small-scale farmers.

SEED PRODUCTION FACILITIES AND SEED TECHNOLOGY

During transformation from wild collection to hatchery production, hatcheries were
used as a facility for hatching of fish eggs collected from the wild. Over the years,
the development and refinement of the technique of induced breeding of carps has
been improved. Hence more emphasis was given to the proper use of hatcheries for
large-scale production of fry. Artificial fish breeding techniques and low cost hatchery
designs have been successfully adapted during past three decades. Breeding techniques
for Indian major carps (catla, rohu and mrigal) and Chinese carps were first developed
mainly by public sector hatcheries from donor-assisted projects. These public sector
hatcheries served as demonstration units. The technological progress in induced
breeding of Indian and Chinese major carps was extended to a number of species such
as silver carp, bighead carp, grass carp, silver barb, Indian major carps, common carp,
Thai pangus and GIFT tilapia (Table 6.2.4). Other species such as Mahseer are being
bred for conservation purposes in Bangladesh and India.

The evolution of carp hatchery systems in India was reviewed by Dwivedi and
Zaidi (1983). These hatchery facilities range from simple earthen pits to pots, cement
tanks to hapas, transparent glass and polyethylene jars to galvanized jars, tanks and
Chinese-style circular tanks. Chinese-style circular spawning and incubation systems
introduced from China or its modifications dominate in the region (Viet Nam, Sri
Lanka, Bangladesh, Pakistan). The low-water head and large flow rates required by
these systems are more suitable for areas not experiencing water limitations. However,
these hatcheries work well for breeding of Chinese and Indian carps, Spinibarbus and
silver barb. Hapas installed in a pond or water body are often used for tilapia as the
spawning facility in farmer-operated seed production systems. Induced spawning and
fertilization of stinging catfish (Heteropneustes fossilis) is also done in hapas.

Several hormone extracts as well as some synthetics are used in induced breeding
technology (Table 6.2.5). The most commonly used hormones are pituitary extract/gland
(PG) and luteinizing hormone-releasing hormone (LHRH). Oftentimes hatcheries
spawn broodfish more than once in a season depending on species and demand for
seed. It is common to spawn major carps 2-3 times in a season. Inappropriate use
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TABLE 6.2.4
Freshwater fish species used in hatchery production

Hatchery
natural Gene banking
breeding

Hatchery induced

R breeding

Anabas testudineus
Aristichthys nobilis
Barbonymus gonionotus

Carassius carassius
Catla catla
Cirrhinus ariza

Cirrhinus cirrhosus I-mirigala

Clarias batrachus

Clarias macrocephalus x C. gariepinus

Ctenopharyngodon idella L C
Cyprinus carpio
Heteropnuestes fossilis
Mystus cavacius
Ompok pabda

Anabas testudineus

Labeo rohita
Ompok pabda
Oreochromis niloticus

Hypophthalmichthys molitrix

R I I e e e e I (e e e B e e e R
g

Ictalurus punctatus

Macrobrachium rosenbergii +
Mylopharyngodon piceus
Mystus cavacius

Pangasius hypopthalmus

Pangasius sutchi

+ 4+ |+ |+
fa)

Puntius sarana

C: Cryopreservation; L: Live gene bank

TABLE 6.2.5
Commonly used hormones in induced breeding

Species Hormone extracts Synthetic agents Country

Ctenopharyngodon idellus, Hypophthalmichthys molitrix, Sufrefact, Ovaprim, LHRH- Sri Lanka
Aristychthys nobilis, Labeo rohita, Catla catla. Cirrhinus Human Chorionic Analogue,
mrigala Gonadotropin, Surfrefact

Pituitary gland

Ctenopharyngodon idellus, Hypophthalmichthys molitrix, Pituitary gland, Ovaprim, Profasi, Bangladesh
Aristychthys nobilis, Labeo rohita, Catla catla, Cirrhinus Human chorionic Pregnyl, LRHA

cirrhosus, Labeo calbasu, Barbonymus gonionotus, gonadotropic

Puntius sarana, Pangasius sutchi, Clarias batrachus, hormone

Heteropnuestes fossilis, Ompok pabda, Anabas

testudineus,

Hypophthalmichthys molitrix, Cyprinus carpio, Pituitary gland, Viet Nam
Barbonymus gonionotus, Clarias macrocephalus x luteinizing
C. gariepinus, Labeo rohita, Catla catla hormone-releasing

hormone,

human chorionic

gonadotropic

Major carps Pituitary gland, Ovaprim, India
human chorionic Ovatide
gonadotropic

Ctenopharyngodon idellus, Hypophthalmichthys molitrix, Ovaparim, LHRH- Pakistan
Aristychthys nobilis, Labeo rohita, Catla catla, Analogue

of hormones has been implicated to result to poor quality seed early in the season.
The price of fish seed produced using only LH-RH is lower than that of using PG,
reflecting the view of farmers who claim that LH-RH produced seed are of poor
quality (AIT, 2000).



68

Assessment of freshwater fish seed resources for sustainable aquaculture

TABLE 6.2.6
Modes of fertilization of fish eggs
Species Mode of fertilizsation
Natural I::tlilcrea? zla':tdi:“ii?z: B Artificial
Clarias batrachus +
Heteropneustes fossilis
Ompok pabda
Pangasius sutchi +
Oreochromis niloticus + +
Common carp + +
Silver barb +
Clarias macrocephalus x C. gariepinus + +
Pangasianodon gigas +
Clarias batrachus +
Heteropneustes fossilis + +

Fertilization of eggs is carried in three ways: (i) natural fertilization, (i) artificial
fertilization by stripping and ‘dry’ fertilization or (iii) by both means (Table 6.2.6).
In case of natural fertilization, induced males release sperms at the same time females
release the eggs in the same tank for fertilization to take place. Fertilized eggs are
collected and placed in the incubator for hatching. In the case of common carp or
mirror carp breeding, sufficient quantity of aquatic grasses are placed in breeding tanks
prior to spawning for use in the collection of the sticky fertilized eggs.

Artificial fertilization in fish is achieved by means of the following: (a) stripping
sperms from the induced male and manually fertilizing eggs released by induced female
(carps, pangas fish), (b) stripping both eggs and milt without using inducing agents (O.
niloticus) and (c) fertilizing manually, or by stripping eggs from the induced female
and milt from macerated testes of sacrificed males (catfishes). In the case of the mouth-
brooding tilapia (Oreochromis spp.), sometimes the fertilized eggs are taken from the
mouth of the mother for incubation. To enhance hatching success, the sticky eggs of
certain species (e.g. common carp, mirror carp, catfish) are washed to remove stickiness
or spread evenly in the incubation tray. Fresh milk or clay dissolved water are used to
remove the stickiness.

Small-scale hatchery operators prefer to breed fast maturing fish with low-cost diets
(e.g. common carp, silver carp, mrigal, tilapia). On-farm research on breeding of fast
maturing fish requiring small broodstock such as Java barb (Barbonymus gonionotus),
mad barb (Leptobarbus hoevenii), snakeskin gourami (Trichogaster pectoralis) and
Osteochilus melanoplenra are carried out in Cambodia. High fecundity and high
fertilization, hatching and survival rates have been achieved for Java barb.

Gene banking
Interest in the development of gene banks to improve genetic quality of broodfish and
thus the quality of seed is seen as important in the recent past. Large collection of crop
varieties and carefully maintained livestock breeding nuclei and cryopreserved sperms
and embryos, commonly called gene banks, are the basis of most of the world’s plant
and livestock breeding programmes and related research. By comparison, fish gene
banks are rare and supported inadequately, especially in tropical developing countries
(Brian et al., 1998). One of the most valuable fish gene banks in Asia is the Nile tilapia
broodstock assembled for the development of GIFT, together with the GIFT synthetic
base population and subsequent generations of selectively bred GIFT in the Philippines
at the National Freshwater Fisheries Training Centre (NFFTC). The descendants of
these fish remain available from this gene bank for national, regional and international
breeding purposes.

Considerable progress is seen in Bangladesh with respect to gene banking. From
2002 to 2003, the Department of Fisheries of Bangladesh initiated the establishment of
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12 fish broodstock banks in the Government Fish Seed Multiplication Farms with a
target productions of 110 tonnes of genetically improved brood of Chinese carps, 1 800
kg spawn and 0.5 million fingerlings. The fry for the broodstock banks were collected
from different rivers. To date, 85 tonnes of brood were produced and distributed to
public and private hatcheries under the newly formulated fisheries policy. Another 20
brood banks have been established in 20 Fish Seed Multiplication Farms and one Fish
Breeding and Training Centre under the Fourth Fisheries Project. Moreover, an NGO
(BRAC) has established one carp brood bank in the hatchery and is planning to set
up another. These broodbanks provide the necessary training for other government
and private hatchery operators on broodstock management. Although cryogenic gene
bank has not been established as yet, research is in progress in the cryopreservation
of sperms of Indian major carps (Catla catla, Labeo robita, Cirrbinus cirrhbosus) and
Chinese carps (Cyprinus carpio, Ctenopharyngodon idella, Hypophthalmichthys

molitrix, Aristichthys nobilis, Barbonymus gonionotus).

Fish seed nursing

Fish seed nursing is either carried out in earthen shallow ponds (for carps), cemented
tanks (for catfish) or hapas and net cages (for tilapia). Development of the hapa fry
nursing has been recognized as a means of supporting the fingerling requirements in
remote areas lacking good infrastructure. Both seasonal and perennial ponds are used
as nurseries in Bangladesh to cater to the fingerling requirements in remote areas.
Adherence to standard pond preparation procedures, similar to broodstock pond
preparation, before stocking the ponds with post-larvae or fry is a common practice.
Pond preparation is crucial as getting algae which is a prerequisite for stocking of carp
spawn and fry. Prior to stocking of fingerlings, ponds are prepared by dewatering
or by using toxins to remove unwanted fish. Aquatic weeds are manually removed.
Liming and fertilization procedures are more or less the same as that of broodstock
pond preparation.

Along with some supplemental feeding, farmers are mostly dependent on natural
food produced in the ponds for fingerling rearing. To grow sufficient amount of
planktonic food, urea, TSP and cow dung are applied with high doses. Preparation of
compost at the corners of the ponds is common. As supplementary feed, mustard oil
cake, rice bran, wheat bran and sometimes fish meal are used.

FISH SEED QUALITY
Fish seed quality assurance
Poor quality seed, perceived as a major constraint to expansion of fish culture, can have
deleterious effect on fish production and broodstock development. Little, Satapornvanit
and Edwards (2002) have emphasized the importance of freshwater fish seed quality
in Asia and suggested criteria for selecting good quality seed for aquaculture. Some
countries have adopted several approaches to ensure fish seed quality (Table 6.2.7).
China has established an institutional approach to ensure fish seed quality. As per
“Aquatic Seed Management” definition of the Ministry of Agriculture, fish breeders
should obtain the broodstock from one of the centres established under the National
Aquatic Bred and Wild Seed System (NABWSS), which includes genetic breeding
center (GBC), wild variety collection center (WVCC), wild/bred variety amplifier
(WBVA), exotic species centers (ESC) and seed quality inspection centers (SQIC).
A certification process has also been adopted but limited to the authorization of the
release of genetically improved varieties. Under this certification process the National
Certification Committee of Aquatic Wild and Bred Varieties (NCCA-WBYV) has
authorized the release of 32 strains, including 16 selective and 16 crossbreeding strains.
Success of such public institutional approach suffers from inability to meet the demand
for broodstock and more emphasis on licensing than quality assessment.
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TABLE 6.2.7
Approaches in fish seed quality assurance
Approach Measure Country
Institutional approach Supply of quality broodstock from China
government institutions
Fish seed certification Certified genetically improved varieties China
Quarantine China

Quality criteria

Standards to measure quality based on age,
size and colour

Body shape and behaviour

Growth rate, survival, percentage deformity,
behaviour

Body shape, abnormalities, body and scale
damage, mortality soon after stocking

Indonesia, Thailand

Sri Lanka
Viet Nam

Bangladesh

Husbandry practices

Adoption of good husbandry practices

Pakistan, Sri Lanka,
Banagladesh

Health management

Periodic checks on diseases and infections,
prophylactic treatment

Health certification

Sri Lanka, Thailand,
Bangladesh, India

Thailand

Maintenance of

Broodstock management, selective breeding

Thailand, Philippines,

Cambodia, Bangladesh,
Viet Nam

genetic quality

Awareness on genetic issues among hatchery

operators and farmer Bangladesh, Philippines

Criteria and standards are available to assess seed and broodstock quality. Quality
criteria are largely based on age and uniformity of size in terms of weight and length
(Indonesia, Thailand), growth performance, survival and percentage of deformities
(Viet Nam) and body shape and behaviour (Sri Lanka). Some farmers have experienced
sudden spawn deaths and occurrence of deformed larvae/fry, more common for spawn
produced during late breeding season, thus, farmers tend to avoid breeding during
late spawning season. Further investigations are required to select and establish better
criteria for quality assurance.

In Bangladesh and Indonesia, fish seed quality criteria have been adopted as national
standards for eight species (common carp, Nile tilapia, Siamese catfish, walking catfish,
gouramy, giant freshwater prawn and bullfrog). Quality of fish seed for sex reversed
tilapia (SRT) and genetically male tilapia (GMT) are often assessed by the occurrence
of any breeding in the production stock from unwanted females.

Fish seed quality assurance through health management is widely used as disease is
considered as one of the important problematic factors in the seed industry. Parasitic
diseases in nursery are one of the most important limiting factors for growth and
survival of fry and fingerling. In many Asian countries, severe mortalities among carp
fry have been reported and it was caused by different parasites such as Ichthyopthirius
sp. (ich disease), Trichodina spp., Ichthyobodo spp., Lernaea spp., Myxobolus spp.
and Dactylogyrus spp. Myxobolus and Henneguya affect the gills and have caused
heavy mortalities in Catla catla. The most commonly adopted approach is periodic
checks on the health status of fish seed and carrying out recommended treatment (Sri
Lanka, Thailand, Bangladesh, India). During an outbreak of a disease in hatcheries and
nurseries, farmers used different treatments such as chemicals and antibiotics, water
exchange and manipulation of feeding and fertilization. Prophylactic treatment is a
common practice. Health management practices are often considered as part of good
husbandry (Sri Lanka, Pakistan). There are no specific/unique procedures or standards
developed for maintaining hygienic condition in fish hatcheries but most hatcheries
take precautionary measures before and during fry production. As a part of the
precaution, disinfection of facilities and materials in use is commonly practiced.

The FAO Code of Conduct for Responsible Fisheries (CCRF) emphasizes that

careful attention should be made when managing stocks to:
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avoid inbreeding;

* maintain stock integrity by not hybridizing different stocks, strains or species;

* minimize transfer of genetically different stocks;

e periodically assess their genetic diversity (i.e. by laboratory genetic analysis).

Inbreeding, inter-specific hybridization, negative selection of broods, improper
broodstock management are reported as common phenomena in hatcheries, particularly
in small-scale hatcheries. Hussain and Mazid (1997) reported reduced growth, physical
deformities, diseases and high mortality in hatchery produced carp seed and they
have identified improper management of broodstock, unconscious negative selection
of broods, unplanned hybridization and inbreeding as probable reasons behind
these reduced performances. Recent studies revealed high rates of inbreeding and
inter-specific hybridization in both endemic and exotic carps (Simonsen et al., 2005,
Simonsen et al., 2004; Alam et al., 2002). These factors result to low growth rate, high
mortality, deformities of fish seed and less fecundity. The measures taken to ensure
seed quality are selective breeding, ease of inbreeding pressure, genetic control and
manipulation and gene banking. The deterioration of genetic quality in several cultured
fish species in Viet Nam has been regarded as very striking since the late 1970s. Selective
breeding programmes are available for freshwater fish such as common carp (Tien,
1993), Tilapia (Dan, Luan and Quy, 2001), Mekong tripped catfish (Hao, Sang and
Khanh, 2004), grass carp and mrigal (Tuan et al., 2005) and tilapia. Inbreeding pressure
is high in carps; hatchery operators do not (i) maintain an effective population size and
(11) exchange broodfish between hatcheries. Poor performance of the resultant seed has
been linked to inbreeding of carps in India (Eknath and Doyle, 1985). A communal
or mixed spawning system for major carps in West Bengal is being practiced and is
known to produce approximately 10 percent hybrids. This technique may lead to loss
of genetic purity of important major carps.

Fish farmers often complain about poor growth of fish procured from certain
hatcheries, particularly small-scale or farmer-operated hatcheries. They feel that such
fish do not reach marketable size within the stipulated period. This is also attributed
to inbreeding. It is believed that small-scale hatchery operations, particularly farmer-
operated hatcheries, can rapidly give rise to deterioration of broodstock quality due to
their limited capacity to maintain minimum effective population size of broodstock.
Small-scale farmer hatcheries usually maintain multi-species broodstock in one or
two ponds with excessive stocking densities. The broodstock ponds usually were
either underfed or fed with low quality feed. Competition between fish species may
also limit the potential of each stocked fish species in terms of maturation, fecundity,
fertilization, hatching success and survival rates. It is reported that these hatcheries
rarely recruit new broods from outside. If they do, the recruitment is from the
subsequent generations of the same parent stock without any inflowing of new genetic
material. In many hatcheries, the common practice of using the same brooders more
than once in a breeding season causes deterioration of larval quality, mortality and
larval deformity. Hatcheries are more concerned with quantity rather than the quality
of fish seed; production does not follow any selection procedure, thus, high mortality
rates, poor growth and high susceptibility to disease and other parasitic infection are
common occurence. Several initiatives have been taken to preserve the genetic quality
of broodstock to assure high quality seed.

Mass selection is the most ancient and simplest method to improve seed of species
used in fish culture. Mass selection of common carp has been carried out in Viet Nam
where 33 percent growth increase was achieved at the fifth generation (Tien, Dan and
Tuan, 2001). This slow progress is due to low degree of inheritance in quantitative
traits. To enhance the quality, mass selection was replaced by family selection. To
improve seed quality. measures have been taken such as establishment of brood banks
(Bangladesh) or gene banks (Philippines). Recently, emphasis has been placed on
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increasing awareness among farmers and hatchery operators concerning genetic issues
in fish breeding to improve broodstock management practices.

Lack of records on breeding individuals, mass spawning of fish species and lack of
knowledge or awareness on minimum effective population size have been identified
as bottlenecks to improve genetic management in small-scale or farmer-operate
hatcheries.

INSTITUTIONAL SUPPORT AND SEED CERTIFICATION

Policy and legislation

Fisheries and aquaculture are oftentimes both governed by fisheries policy. In recent
past, there is progress in the recognizing aquaculture in government policies. For
example, in Bangladesh, the Fisheries Policy adopted in 1998 included policy for
freshwater aquaculture (Section 6.0 of the Fisheries Policy of 1998). The following
provisions of the policy relate to the freshwater fish seed industry:

® leasing of government tanks, ponds and other similar water bodies to targeted
poor or unemployed youth, both men and women, for fisheries as means of their
livelihood;

e undertaking integrated aquaculture in inundated rice fields;

* providing support to the establishment of hatchery and nursery in both public and
private sectors to produce the required fingerlings for stocking in open waters and
for aquaculture as well as for the establishment of the fish seed industry;

* encouraging women in aquaculture;

e developing guidelines on the proper application of lime and fertilizer based on
location-specific assessment of soil quality.

The new Fisheries Law (draft) of Cambodia describes aquaculture management
comprehensively (DoF, 2004a as quoted by So Nam, 2005). The following inland
aquaculture operations require permission from the Department of Fisheries:

* a pond or a combination of ponds with a total area larger than 5 000 m?

® a pen or a combination of pens with a total area larger than 2 000 m?

® a cage or a combination of cages with a total area larger than 15 m?

However, it is not clear whether this regulation is aimed at minimizing negative
impacts on the environment. In order to minimize negative environmental impact, the
cumulative impact of total aquaculture establishments in an area should be taken into
consideration rather than the total area of a single establishment. However, most of
the small-scale fry nursing in both pond and hapas and household aquatic production
systems will not come under scrutiny under the new law due to small area in extent.

In China, the amended Fisheries Law 2000 has more focus on fish seed production
by including aquatic seed management. Under this law, any new aquaculture species
can be propagated subject to certification by the NCCA and approved by the Ministry
of Agriculture.

Indonesia has several ministerial decrees issued by the Ministry of Agriculture
concerning the fish seed industry. These regulations are concerned with: (i) managing
the supply and distribution of fish seed, (ii) prioritizing the production of quality
domestic seed in required quantities and (iii) implementing technical standards of
breeding to guarantee quality of seed produced.

Governments have also recognized aquaculture within the context of rural
development and poverty alleviation policies (e.g. Viet Nam). Government policy in all
Mekong riparian countries has been supportive of aquaculture and some governments
have production and earning targets for future development. These pro-aquaculture
policies have supported investments in research, infrastructure, education and extension
that have contributed significantly to the growth of aquaculture in the past 10 years
(e.g. Thailand, Viet Nam) and as a result there has probably been less attention paid to
issues of inland fisheries (Phillips, 2002)
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The most commonly observed aquaculture sector management approach by
countries in the region is to apply a country’s fisheries act or fisheries law which have
significant implications concerning the establishment and operation of aquaculture
practices. In addition to the above Fisheries Laws/Acts, the implications of certain
protection and conservation laws should also be noted in the sector governing process.
In recent years, there has been growing interest on the role of law and legal institutions
in aquaculture development. Several countries have enacted specific rules relating to
aquaculture under an aquaculture-specific legislative text. These include, for example
the following:

Sri Lanka:
e Aquaculture Management (Health) Regulations 1999
* Aquaculture Monitoring (Residues) Regulations 2000), under a basic fisheries
law (The Fisheries and Aquatic Resources Act 1996, National Aquaculture
Development Authority Act 1998
China: The Fisheries Law of the People’s Republic of China 1986
India: Indian Fisheries Act 1897, 1956
Thailand: Fisheries Act 2490; Animal Epidemic Act 2547/2499
Cambodia: Draft Fisheries Law) or under a protection and conservation legislation
Bangladesh: The Protection and Conservation of Fish (Amendment) Ordinance, 1982
and implemented by the Protection and Conservation of Fish Rules 1985)

In the latter cases, the existing legislation has a broad application, i.e. laws and similar
regulations have been adopted to cover fisheries in general rather than aquaculture
specifically. Although basic fisheries legislation does not have separate sections on
aquaculture, some of its provisions are relevant to the subject. The Protection and
Conservation of Fish Rules 1985 of Bangladesh, for instance, specifically deal with
the protection of certain carp species, prohibit certain activities to facilitate their
augmentation and production and stipulate that licenses for their catch shall only
be issued for purposes of aquaculture. In Bangladesh, traditionally shrimp seed are
collected from the wild and fish fry are trapped in ponds during tidal exchanges or
seed may be collected from estuaries in the vicinity to stock in ponds. Recognizing that
fry collection from nature may result in long-term ecological destruction, in 2000, the
Bangladesh reportedly prohibited the collection of fry or post- larvae of fish, shrimp
and prawns of any kind, in any form and in any way in estuary and coastal waters.
It is common in fisheries acts or laws to incorporate protective and conservation
measures. When implemented effectively, protection and conservation legislation
can have indirect impacts on the well-being of the fish seed industry by ensuring the
availability of wild resources for broodstock improvement. Examples exist in fisheries
policies and acts of many countries as listed below:

e Prohibit indiscriminate fishing methods such as poisoning, dynamiting and use of

nets with small mesh sizes, which may affect the recruitment.

e Establish fish sanctuary for natural propagation of fish and in this regard necessary
water bodies need to be conserved by the Department of Fisheries.

e Identify and preserve breeding and nursery grounds of fish and shrimp and
protect brood fish and fish fry.

® Prohibit complete drainage of water from small water bodies for fishing.

® Restore natural water bodies such as beels, haors and baors to be used for breeding
and nursery grounds.

* Minimize negative effects of all development activities, for example, construction
of flood control dams, irrigation, drainage, roads etc. - on safe migration of fishes
to breeding and nursery grounds.

Presently, it appears that inadequacies exist in many legal instruments to enforce

regulation concerning the fish seed industry in particular. An exception exists in
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the Assam State Government of India who have recently introduced certain policy
parameters (Anon., 2004) to assist in regulating the fish seed industry. The notable
parameters are:

* mandatory registration of all hatcheries with the Department of Fisheries;
mixed spawning of carps is an illegal act;
networking;
growing of only pure strains of cultivable varieties of carps;

e fish seed markets;

e certification of seed by the competent authority;

ofeed plants;

® leasing of non-functional hatcheries.

The principle deficiency in the legal framework with respect to aquaculture is the
lack of a legal definition of aquaculture in many of the principle acts in almost all
the countries in the region included in this synthesis. Including a legal definition of
aquaculture in the principal governing acts will strengthen the national recognition of
aquaculture as an economic sector. Even though “aquaculture” is not defined in the
principal acts, the terms “fish”, “aquatic animals”, “aquaculture products” and “farm”
have been defined in relevant regulations. It may be easier to handle aquaculture, from
a legal point of view, as a fisheries-related activity or as an agricultural activity. When
a legal definition for aquaculture is prepared, the collateral issues (e.g. relating to the
aquaculture facility or the aquaculture product) also need to be taken into account
and covered by the appropriate legislation (Van Houtte, 2001). A legal definition will
facilitate the regulation fish seed industry, which is not in place in many countries.

The overall effectiveness of a legal system for the management of aquaculture
depends largely on effective government administration of the aquaculture sector
(Van Houtte, 2001). In attempting to identify current trends in institutional settings
of different countries, it is important to note that, there are countries in the region
which do not yet have a well-defined aquaculture policy. Even though there is
no policy on aquaculure in these countries, recognizing aquaculture as a natural
resource-based sector, it is expected that aquaculture will be an important component
within future fisheries policies. This trend is already seen in the fisheries policy of
Bangladesh which incorporated a policy for freshwater aquaculture to regulate,
manage, control and develop freshwater fish farming in freshwater. The policy
environment outside the fisheries sector has a major influence on the development
of aquaculture (Phillips, 2002). For example, to alleviate poverty, conversion of rice
fields to aquaculture including fry nursing ponds has been stimulated in Viet Nam and
Lao PDR through changes in land use policy. However, conversion of rice fields for
aquaculture for better economic returns needs careful consideration.

Potential barriers to the development of fish seed supply include the possibility of
frequent adjustment of land tenure and water use issues. Fearing insecure use of land
and water resources, farmers may opt to use these resources in an exploitative way.
Investment in infrastructure and long-term productivity are thus hindered. For efficient
use of land and water resources, a well-defined land tenure system would facilitate the
transfer of land use rights and encourage farmers to enter into aquaculture. Water use
rights and access to common property water resources will facilitate decentralization
of fish seed supply by allowing poor farmers to enter into hapa nursing and the
nursing networks which are essential to support aquaculture in rural areas lacking
infrastructure.

In most countries, aquaculture administration is centralized and policies related
to aquaculture were developed either by ministries in-charge of agriculture,
fisheries/livestock and environment or a combination thereof. In some countries,
fisheries is a devolved subject and responsibility is given at the level of state, provincial
or regional level (India, the Philippines, Sri Lanka, Viet Nam). In some cases, even
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though the subject of fisheries is devolved, the discipline of aquaculture is not devolved
(Sri Lanka). Nevertheless, delegation of authority from the central government to
the provincial authorities is possible. Debates are still on-going on issues concerning
form, function and sizing of units of central and local government for devolution.
There are some countries where the responsibility for aquaculture is given to local
governments (Cambodia, China, India, the Philippines Thailand). Nonetheless,
centralized regulations to ensure equitable allocation and sustainable management
of resources might be desirable, in order to establish the “level playing field” that is
required within a free-trade scenario (Varadi et al., 2001).

Institutional support

There are complex institutional arrangements for regulation and management of
aquaculture. Apart from line agencies in fisheries, many other agencies, such as coastal
conservation, environment, wildlife, urban development, agriculture, forestry and
irrigation institutions, are often involved in regulation and management. Institutional
arrangement for the development of aquaculture varies across the region.

Since basic technologies for small-scale fish breeding and fry nursing are in
place, future support should emphasize on extension of knowledge and building of
institutional support for rural households where there is potential for fish breeding and
fry nursing. To involve rural poor will require a shift away from technology towards
a more flexible people-centered and participatory approach in both extension and
research (Phillips, 2002). Policies, institutions and processes should all support poor
people’s involvement in aquaculture (Haylor and Bland, 2001).

Building of support services at the local level is crucial in expanding fish seed supply.
There are several organizations and institutions directly and indirectly involved in
fisheries extension and aquaculture development. Bangladesh has a decentralized
extension network. The Department of Fisheries under the Ministry of Fisheries and
Livestock (MoFL) is the principal organization responsible for fisheries development
and extension (Table 6.2.8). Besides fisheries and Upazila (sub-divisions of a district)
fisheries offices, Aquaculture Extension Officers (AEO) and Extension Officers (EO)
under different development projects are responsible for aquaculture extension. The
district and Upazilla fisheries offices provide training on broodstock management, fry
production through artificial breeding, nursery management, fish culture, integrated
fish culture, prawn breeding, nursing and culture, feed management, disease control
and others to government and private hatchery/farm operators, fish farmers, relevant
NGO workers. The Government Fish Seed Multiplication Farms are also involved
in training. Formal short aquaculture training courses for aquaculture officers,
hatchery/farm operators and NGO personnel are provided by the six Fish/Shrimp
Training Centres and the Fish Training Academy (FRSS, 2003-2004). Youth Training
Centers under the Ministry of Sports and Youth Development provide two to three
months residential training on aquaculture and other branches of agriculture to
unemployed young men and women.

India has similar arrangement with more than 460 Fish Farmers Development
Agenccies (FFDAs) spread over almost all states of the country. FFDA’s mandate is to
meet the basic needs of fish farmers with respect to technical, extension and financial
support. The Government of India has been encouraging education, training, research
and extension activities to enhance fish seed production in the country. Similarly, at
state level, various programmes are being undertaken to boost fish seed production.
In Haryana, an allocation of RS1.41 million was earmarked for the year 1999-2000 for
education, training and extension to provide the needed training, refresher courses and
to disseminate information on fish seed production and fish culture technology to fish
farmers.
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TABLE 6.2.8
Institutional arrangement with relevance to the seed industry

Country Ministry Institution/Agency Mandate/Activities related to
Bangladesh Ministry of Fisheries 64 District Fisheries Offices - Aquaculture development
and Livestock: 460 Upazila Fisheries Offices - Fish seed and broodstock supply
Department of . S
. h 112 fish seed multiplication
Fisheries
centres
Fish Training Academy - Training and extension of aquaculturists,
hatchery & nursery operators, NGOs
Fisheries Research Institute - Aquaculture research and training
Ministry of Sports Youth Training Centres - Residential training on aquaculture for
and& Youth unemployed youth
Development
Ministry of Education  Agricultural University - Aquaculture research, training for
government and private hatchery/
nursery operators
NGOs and& Donor - Aquaculture extension, micro-
organisations credit supply, hatchery and& farm
establishment
Cambodia Department of Inland Fisheries Research & - Technology transfer and farmer feedback
Fisheries Aquaculture  Development Institute- for further research
Division Provincial Fisheries Division - Support extension
of Provincial Department of
Agriculture, Forestry and&
Fisheries
NGOs - Training and& extension for hatchery/
nursery operators & government
personel, support establishment of
provincial fish seed centres, promotion
of small-scale village private hatcheries,
supporting on-farm/on-station research
India Ministry of FFDAs (>450 covering most of - Meets the basic needs of the fish farmers
Agriculture - the States in India) in respect of technical, extension, and
financial support:
China Ministry of National Aquatic Bred & Wild - Collection, conservation and supply of
Agriculture Seed System (NABWSS) wild stock

- Wild Variety Collection Centre
(WVCC - 36 national level and&
100 Provincial level)

- Wild Bred/Variety Amplifier
(WBVA - 36 national level and&
100 Provincial level)

- Exotic Species Centre (ESPC)

- Seed Quality Inspection Centre

Selective breeding of wild varieties,
exotic species, approval for bred
varieties

Introduction, risk evaluation, quarantine,
production and extension of exotic
species

Ensure the production of quality
seedsseed

National Certification Committee
on Aquatic Wild and Bred
Varieties (NCCA-WBA)

Certifies the use of economic, genetically
improved, exotic and& hybrid varieties
for use

Government hatcheries

Demonstration of hatchery techniques
and& seed supply for farmers

The northern and cold water fish
breeding center at Heilongjiang
Fisheries Research Institute
(Harbin)

Development of breeding techniques

Chinese Academy of Fishery
Sciences, Yangtze River Fisheries
Research Institute (Hubei
Jingzhou),The Chinese Academy
of Fishery Sciences, Yellow Sea
Fisheries Research Institute
(Qingdao),The Chinese Academy
of Fishery Sciences, Pearl River
Fisheries Research Institute
(Guangzhou) and The Chinese
Academy of Fishery Sciences,
Heilongjiang Fisheries Research
Institute (Harbin):

Research and education
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TABLE 6.2.8 (CONTINUED)
Institutional arrangement with relevance to the seed industry

Country Ministry Institution/Agency Mandate/Activities related to
Indonesia Research Institute for Freshwater - Technology development and transfer to
Fish Species hatcheries and farmers
Technical Implementation Units - Ensure application of developed
(TIUs) of DGA technologies
Local/District fisheries authorities - Extension and training
Sri Lanka Ministry of Fisheries Department of Fisheries and& - Regulates the industry
and Aquatic Aquatic Resources (DFAR) - Requires an Aquaculture Management
Resources License to operate an aquaculture
practice
- Agquaculture practices should abide by
the Aquaculture Management (Health)
Regulations of 1999:
National Aquatic Resources - Research, development & technical
Research and Development inputs
Agency (NARA)
National Aquaculture - The powers of Director General/
Development Authority DFAR have been delegated to the
(NAQDA) Director General NAQDA in issuing of
aquaculture Management License
- Agquaculture extension
CBOs - Engage in fish fry rearing
Philippines Department of Bureau of Fisheries & Aquatic - Improvement, management and

Agriculture

Resources (BFAR)

Freshwater Fish Hatchery and
Extension Training Center

Laguna Lake Development
Authority (LLDA)

conservation of the country’s fisheries
and aquatic resources

Extension through its 12 regional,
provincial and municipal Fisheries Offices

San Miguel Corporation (SMC)

Assist in farm designing and construction

Government & private
laboratories

Testing and& monitoring

Cambodia does not have an extension arm for the development of aquaculture. It
depends solely on NGOs and international organizations for aquaculture extension.
It is not advisable to depend totally on either government machinery or NGOs for
extension. Government extension workers in the region lack resources and recognition
to fulfill the extension needs for the industry. NGOs may have different agendas.
Therefore, it may be useful the government sector to develop partnerships with the
private sector and appropriate NGOs for extension and training. For example, in Lao
PDR, partnerships between local government, farmer groups, fry traders and nursing
networks and in both Lao PDR and the Viet Nam Women’s Unions were effectively
used for extension (Phillips, 2002).

Micro-credit is crucial to ensure the participation of small-holders and resource-
limited farmers. Credit systems in rural areas are undeveloped and difficult to access.
Nevertheless, relatively well developed microfinance systems exist in Thailand and
Viet Nam. The Viet Nam Bank for Agriculture and Rural Development, for example,
provides loans for freshwater fish culture activities provided farmers have a ‘red book’
demonstrating ‘ownership’ of the land as collateral. Such micro-credit systems will not
benefit resource poor farmers lacking collateral.

FISH SEED CERTIFICATION

A proper fish seed certification process does not exist in many countries in the region.
Table 6.2.9 shows the kind of certification existing in six countries. In Bangladesh,
the Ministry of Fisheries and Livestock has drafted the Law for Fish and Shrimp
Hatchery 2005 known as “Matsha and Chingri Hatchery Ayen, 2005”, which
includes requirements for registration of hatcheries and the rules for fish and shrimp
hatchery operation with elaboration on aspects of hatchery operation such as physical
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TABLE 6.2.9
Modes of fish seed certification
Country Authority Purpose
Bangaladesh National Committee Preparing a policy for seed certification
India NBFGR, at Lucknow, Uttar Recognized nodal agency for formulating
Pradesh legislation on aquatic animal health certification
and quarantine
Cambodia - -
China National Certification Committee Certification of genetically improved varieties

on Aquatic Wild and Bred
Varieties (NCCA-WBYV)
Indonesia Director General of Aquaculture Certifies the hatchery management & production
process, food safety and traceability

Pakistan - -

Philippines BFAR Certifies and& distributes improved tilapia strains

Thailand Department of Fisheries Guidelines and codes developed on aquaculture
farm standardization

Sri Lanka - -

infrastructure/facilities of hatchery, ponds, selection of brood fish for breeding, source
of selected brood fish, environment etc. Similar certification process on hatchery
management and operation exists in Indonesia. These initiatives will help improved the
quality of fish seed produced.

The focus of certification process of NCCA-WBA in China and BFAR in
the Philippines is on the genetically improved varieties. NCCA-WBA, which is
operational at national and some province in China, certifies genetically improved
varieties. BFAR has a certification process for tilapia seed to ensure good quality seed
of tilapia will be disseminated to fishpond operators. BFAR distributes its certified
seed of GET EXCEL strain and broodstock to BFAR multiplier stations in order to
disseminate among private hatcheries encouraged them to breed their own fish and
obtain feedback and superior breeding material. Certified Genomar Supreme Tilapia
(GST) is propagated and disseminated through its eight-member Partner Hatchery
Network to preclude unauthorized breeding. Nevertheless, this type of certification
can not preclude propagation of strains at private hatchery operators” choice. Raising
awareness among farmers to use the suitable strains and their identification will help
the farmers to select the suitable strains. In practice, most Nile tilapia strains are
difficult to determine at field level and are only distinguishable through DNA and
other biochemical markers.

While the framed Fisheries Acts and Laws exist, it is a known fact that many
countries in the region are faced with difficulties in regulating aquaculture activities.
These difficulties are attributed to the numerous interests involved, the diversity of
the natural resources, the variety of institutions involved, the tangled web of laws and
regulations and related difficulties in enforcement as well as the forces driving global
and regional markets towards environmentally and socially sustainable practices (Van
Houtte, 2000). Difficulties in regulating aquaculture activities, urged a self-regulation
approach in the forms of codes of conduct and good or best management practices.
A few countries in the region have the interest in codes of conducts and good/best
management practices, but largely on shrimp aquaculture. Alternative to fish seed
certification, voluntary codes and guideline are implemented in Thailand from hatchery
management and operation to out-grower and processor. The Department of Fisheries
certifies Code of Conduct products from hatcheries to the processor to enhance
customer/consumer confidence on quality, safety and environmental friendliness. The
guidelines on Good Aquaculture Practices help the hatcheries and the farms focus on
siting of farms/hatcheries, farm/hatchery management, feed, chemical input, animal
health, farm/hatchery sanitation, post harvest and data collection. The Department
of Fisheries has a monitoring mechanism to carryout regular monitoring for hygiene
and good aquaculture practices of hatcheries/farms and targeted 30,000 hatcheries and
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farms to be certified for Code of Conduct and Good Aquaculture Practices by the year
2004. This monitoring is, however, emphasized on the use of feed and therapeutants.

In a situation where large quantities of fish seed are imported and distributed
throughout the country needs, a fish seed certification and quarantine process to
preclude transboundary movement of aquatic animal diseases is necessary. This concern
is growing in Cambodia where there is no certification or quarantine process, but
included in the draft new Law on Fisheries. To start with, fish seed quality certification
process may be initiated for the fish seed importers to observe.

FISH SEED MARKETING

The main actors involved in the fish seed marketing are hatchery and nursery operators,
middlemen or seed traders and fish farmers. The market channels for fish seed need to
be relatively short and simple because of the high risk involved in selling the product
due to its perishable nature. The number of actors involved in fish seed marketing and
thereby the length of the market chain is often related to the type of the end product
(spawn, fry or fingerling) of the hatchery and the accessibility between the hatchery
and the farmer. The simplest form is a hatchery operator selling directly to grow-out
farmers, either through delivery or pick-up. This type of direct marketing from the
hatchery to out-grower is often seen when hatcheries produce fingerlings in their own
nurseries and have established access to farmers. Some hatchery and nursery operators
use agents to increase sales, especially in remote areas. Others sell directly and employ
agents at the same time (e.g. Philippines), who resort to intermediaries to buy fry from
other areas, which they nurse to fingerlings. Generally, agents obtain their incomes by
a mark-up of price per fingerling or through pre-agreed commissions.

However, break-up of production cycle is inevitable in many occasions due to land
pressure and the involved cost of accommodating nursery facilities in the hatchery
premises. Break-up of production cycle into breeding and nursing offer opportunities
for poor farmers to enter into fish seed production. As seen in Bangladesh fingerling
marketing, it is generally through middlemen since very few fish farmers buy it directly
from nursery farms. About 80 percent of fingerlings are supplied to the farmers through
middlemen and some 20 percent of fingerlings are directly collected by the farmer from
the nursery operator. In addition to this, when spawn are reared to fingerling at the
hatchery cum nursery, fingerlings are also reached to farmers through the same channel.
Buy-back arrangements are made between the hatchery and nursery, hatchery to
provide spawn or fry on credit at given price to the nursery buy back fry or fingerlings
from them at prefixed prices allowing adequate margin to the nursery operator (India).
Sometimes NGOs and GOs are also seen in the market chain as buyers. NGOs buy
fingerlings for the farmers who are in their development programmes, while GOs buy
indigenous varieties for the purpose of stock enhancement (e.g. Cambodia).

Governments and public lending organizations are encouraged to generate income.
As a result some government hatcheries focus on selling fingerlings directly to farmers
creating a competitive environment between public hatcheries and private hatcheries
and nurseries. A competitive environment can make producers of quality conscious of
their product.

Sales promotion, distribution mechanisms and types of distribution networks
for fish seed marketing are not formally organized in many countries in the region.
Nevertheless, the competitive environment between public and private hatchery/
nursery operators in Cambodia has led to marketing promotions of their product.
An NGO supported hatchery in Cambodia advertises its products through print and
electronic media, which attracted buyers from various parts of the country.

Network arrangements to market fish seed have evolved. Such activities are
noticeable in Chachra (Jessor), Poradoha (Khustia), Parbatipur railway station (in
northwest of Bangladesh), BFRI corner (Mymensingh) in Bangladesh. Seed market
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FIGURE 6.2.2
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at the Parbatipur railway station, which receives fish seed from several regions in the
country transported on train (Jessore, Bogra and Rajshahi), has a turnover sales of 100
to 125 million fingerlings every year (NEFP, 1993-1994). The fish seed distribution
companies are active in northeast and northwest regions of China, where large small-
scale farmers are concentrated, to facilitate distributions of fish seed received from the
southern region of China. Such network arrangements involve fish seed collectors at
local/village level who supply fish seed to regional collectors/distributers (Indonesia).
The regional collectors/distributors provide funds for local collectors to make upfront
payments or to provide loan payments for farmers at village level to commit them
to supply. Therefore network arrangements are often induced by the distance of
delivery. The exotic fish seed are distributed by companies/agents who import fish
seed from abroad, and distributed through their sales network or outlets (eels in China,
Cambodia).

Fish seed traders are the most critical actors in a complex network linking hatcheries
and seed nurseries to fish farmers as they not only facilitate the seed supply, but also
provide advice and disseminate knowledge on fish farming to farmers. Seed trading
is mostly a seasonal occupation that, in most places confined to a particular fish seed
rearing season. They use several modes and facilities to transport fish seed ranging
from foot to motor vehicles and clay or aluminum pots to aerated containers or
sealed polythene bags. While seed traders are useful in disseminating knowledge,
they can also account to significant losses of seed during long journeys and reduce
quality. Therefore, improvements to the modes of fish seed transportation are equally
important to maintain fish seed quality. This important role of fish seed traders has
urged training them on improved handling fish seed during transportation and basic
fish culture to help dissemination of knowledge to the farmers (Northwest Fisheries
Extension Project in Bangladesh).
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The regional focus has shifted from centralized to decentralized seed production.
Fast growing and more easily bred fish species such as common carp, silver barb and
tilapia can be bred easily by farmers without the need for hatchery facilities, using
only hapas submerged in a water body or in flooded rice fields. The small investment
enables the poor farmers to adopt the technology. Local production and seed trading
networks can reduce the need for long journeys to transport fish, and thereby reduce
transport cost and improve seed quality. However, potential constraints exist when
fish seed supply dependent on small, isolated fish broodstock populations. Unless
decentralized fish seed production includes appropriate breeding strategies to maintain
the genetic quality of broodstock, the performance of the production stocks will
decline. Appropriate interventions to improve management practices and regular
replenishment of high quality seed for broodstcok require concerted efforts through
participatory approaches with farmers, government agencies and NGO stakeholders to
develop institutionalize improved rural seed supply.

ECONOMICS OF SEED PRODUCTION
The major inputs of nursery operations are organic and inorganic fertilizers.
Supplementary feeds may also be provided partly as a form of organic fertilization.

Market price of fish seed depends on species, strain, size, supply and demand
deficit, quality, breeding season, farmer preference, source and mode of transportation
(proximity to supply).

Carp fry produced from early breeding season fetch a higher price than fry
produced from late season breeding. The normal practice is to purchase fry from the
late season breeding at low price and then use these fry for over-wintering. The price of
over-wintered fry is quite high as they grow faster than early breeding season fry (Table
6.2.10). Among Indian major carps, catla is more expensive than rohu and mrigal. Wild-
caught fry are also more preferred than hatchery-produced fry. Fingerlings produced by
farmers are often 20-30 percent more expensive than those from government hatcheries
due to their higher quality. In Cambodia, this quality is measured in terms distance
involved in the transportation of fingerlings to the farmer; short distance is preferred.
In the Philippines, seed prices from government hatcheries have remained relatively
stable; any price change is based on cost recovery. Genetically improved varieties
such as SRT, GET, GST are naturally more expensive than mix tilapia fry/fingerlings.
Nevertheless, higher price does not always mean higher demand or preference. In Viet
Nam, even though improved common carp strain which has a 50 percent increased
growth rate, higher survival rate and attractive appearance over the local strain, upland
mountainous ethnic Thai farmers prefer the local strain (Tien, 1993). This preference is
drive by other factors beneficial to poor farming households such as (1) ability to breed
at the household level, (2) cheaper seed price with ready availability in close proximity,
(3) better adaptability to shallow fields and terraced ricefields with flow-through water
and (4) disease resistance. The local strain in upland mountain areas appears to be the
better strain and this is also reflected in the 10 percent higher market price (Edwards et
al., 2000). In Cambodia, the price of strictly carnivorous fish fingerlings such as hybrid
catfish and snakehead is 30 percent more expensive during off-season.

In Bangladesh, traders who purchase wild collected freshwater prawn larvae earn a
margin of around Tk500 to 700 per 1 000 post-larvae (Dr. Nesar Ahmed, pers. com.).
The price of the hatchery bred freshwater prawn post larvae ranges from Tk1 200 to
Tk2 500 per 1000 PL and early seasoned PL receives higher price than the full breeding
seasoned PL.

It is hard to generalize the demand and supply status of fish seed in the region. Seed
may not be currently a constraint at the national level in many countries in the region,
but there may be problems of supply locally and at particular times of the year. Demand
and supply status depends on species, season, country and sometimes a region within
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a country. Often carp spawn supply exceeds the demand and forces small hatchery
operators to change species. Small hatchery operators change species from carp to
indigenous catfishes, Thai pangas, Thai koi in Bangladesh to avoid economic losses,
while large hatchery operators scale down their production or dispose the production
early to keep the operating costs down. Selling of fry/fingerlings early will lead to
low quality and poor productivity. Presently, there is a wide deficit between supply
and demand of fish seed particularly in Sindh, NWFP and Balochistan provinces
of Pakistan. Seasonality in demand is not observed in cases where hatchery and fry
nursery operators cater to the needs of stock enhancement programmes (Sri Lanka).

Freshwater farming including hatchery and nursery operators provides opportunities
for self-employment for operators and their families. Backyard/small scale operators
rely mainly on family labour. Large hatcheries and nurseries employ regular full-time
workers and seasonal or casual labor for the purpose of pond preparation, stocking
and harvesting. There are times that there is an exchange labor from members of the
community and neighbours and the owner is expected to reciprocate the initiative by
helping fellow farmers when needed. These situations arise in rural areas where there
is an abundant supply of labor and limited employment opportunities, wherein men,
women and children participated and assisted hatchery and nursery operators.

Fish breeding and fry nursing are the sole income sources for some households.
Fish fry nursing at small-scale farmer hatcheries significantly contributed to the total
family income A survey conducted by Hasan and Ahmed (2002) revealed that fry
nursing contributes 79.3 percent of the household income, while hatchery operation
contributes 95.1 percent. Apart from aquaculture the hatchery and nursery operators
earn money from other economic activities such as paddy cultivation, livestock-raising,
vegetable and fruit production.

Costs and returns of freshwater fish farming vary substantially by production
environments, type of technology and species cultured and across countries. Same
applies for fish seed production. The tabulated data in Table 6.2.11 are clearly related
to specific countries, sites and projects, and have a degree of variation which makes
it difficult to derive generalized descriptions/conclusions. Nonetheless, there are
fundamental relationships, e.g., as described by size, productivity and factor costs,
which can be considered, and at culture system level it is possible to develop some
trends and predictions on factors affecting future growth.

In general, fish seed production is regarded as a profitable venture. Average profit
margins of 290 percent to 300 percent have been reported (So Nam et al., 2000) on
fingerling production in farmer operated and government hatcheries and 800 percent
profit margin for small-scale fry nursing in Cambodia. In contrast, the profit margin
(95 percent) for fry nursing of carnivorous fish (Pangasianodon hypophthalmus ) is low

TABLE 6.2.10
Prices of fish seed in Bangladesh
. Pri f whn per Pri f fingerlin r
Species ce T(gsga;( ) pe ce 01 003?TK)95 pel
Rohu, Mrigal 500-2500 200-300 (average 5-8 cm size);
Over-wintered 100-1 500
Catla 1000-3500 300-500
Calbaush 1000-2500 500-1000
Silver carp 500-2500 100-200
Grass carp 1000-3000 250-400
Bighead carp 2000-4000 500-1000
Silver barb 300-1000 100-500
Ghania 1000-2000 200-500
Common carp 1000-3000 300-1 000
Monosex male tilapia 0.30-0.40/individual

US$1 = Tk69.03
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due to high cost involved in feeding. However, these calculations of profit margins have
not included the costs of broodstock maintenance and breeding and involved labour.
An estimated US$600/year is expended on feed to maintain a stock of 50 slow maturing
broodstock (i.e. P hypophthalmus). This is a significant cost for a hatchery even with
sufficient ponds needed to maintain such fish. Since most of the small-scale hatcheries

TABLE 6.2.11

Some indicative cost profiles of fish seed production systems

Capital costs

Aquaculture system

Culture practice

Capital cost (US$)

Notes: Country refers
to case study in this
publication

Hatchery of 18 million Carp 100 000 Indian Rs India/Ramachandra (1996)
hatchling production
Hatchery of 10 million Carp

hatchling production

Pond nursery (500m?) Carp (CBO managed) 707 US$/500m? Sri Lanka
Pond nursery (3500m?) Carp (CBO managed) 4950 US4/ 3500m? Sri Lanka
Pond nursery (500m?) Carp (privately owned) 752 US$/500m? Sri Lanka
Hapa Macrobrachium fry rearing 8.25/4-5 m? Bangladesh

Total operating costs

Aquaculture system

Culture practice

Capital cost (US$)

Notes: Country refers
to case study in this
publication

Hatchery of 18 million Carp 103125 Indian Rs India/Ramachandra (1996)
hatchling production
Hatchery of 10 million Carp 42100 Rs India/Das and-Sinha, 1985
hatchling production
Pond nursery (0.1 ha) Carp 2000 per crop India/Das and Sinha, 1985
Pond nursery (0.2 ha) Carp 7100 per crop India/Das and Sinha, 1985

Pond nursery (500m2)

Carp (CBO managed)

598 US$/annum

Sri Lanka

Pond nursery (3500 m?) Carp (CBO managed) 4184 US$/annum Sri Lanka

Pond nursery (500m?) Carp (privately owned) 827 US$/annum Sri Lanka

Hapa Macrobrachium fry rearing 76.4/4-5 m3/4-6 weeks Bangladesh

Financial/economic performance

Culture Species Production Net revenue Profit 2;2:;%:; Notes

system cost US$/kg us$ margin investment

Hatchery of Carp 5729 Rs 50875 49.33% India/

18 million /1million Ramachandra

hatchling hatchlings (1996)

production

Hatchery of Carp 4210/1 million 20400 48.4% India/Das and

10 million hatchlings Sinha, 1985

hatchling

production

Pond Carp 3400 per crop 170% India/Das and

nursery (0.1 Sinha, 1985

ha)

Pond Carp 1900 per crop 26.8% India/Das and

nursery Sinha, 1985

(0.2)

Pond Carp (CBO 558 US$/annum 48% 93% Sri Lanka

nursery managed)

(500%)

Pond Carp (CBO 3906 48% 93% Sri Lanka

nursery managed)

(3500m?)

Pond Carp 1311 US$/ 61% 158% Sri Lanka

nursery (privately annum

(500m2) owned)

Hapa Freshwater 0.05/juvenile 39.1 32% 51% Bangaladesh-
prawn fry

rearing
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do not have sufficient pond space, broodstock maintenance of slow maturing species
are meant for government hatcheries. Maintenance of medium (Leptobarbus hoevenii,
Osteochilus melanopleura) and fast maturing (Barbonymus gonionotus and B. altus)
broodstck may be within the reach of small-scale hatcheries as the estimated average
maintenance cost is around 12 and 15 times less (US$50 and 40/year), respectively.
The difference in returns reported for 500m? for pond nursery rearing of carps in
Sri Lanka is attributed to the management experience acquired by the private nurs-
ery operators over longer period of involvement than that of CBOs. However, the
calculations of reported returns do not include certain fixed costs (loan repayment,
lease/rent, etc.) and variable costs (labour and energy) costs. When these fixed
and variable costs are included in the total operating costs the returns may be less
attractive. The effect of labour on the returns may be significant and can minimize
by determining an optimal economic size. Labour is required for fertilisation and
feeding, and for guarding where ponds are distant from homesteads. Total labour
requirements are likely to be in the region of 1-2 FTE per ha, which is a fairly stan-
dard figure for pond culture throughout the region. In the case of small homestead
nursery ponds or hapas installed in water bodies near homesteads, a significant part
of this labour input can be provided by women and children, and opportunity costs
may be low, implying higher rates of return and/or lower production costs.

There are four important risk factors for nursery rearing:

* Loss of stock due to flooding

e Loss of stock due to disease;

* Loss of stock due to poaching;

® Poor growth and survival due to poor water quality, especially toward the end of

the dry season/production cycle

* In adequate monitoring due to lack of onsite management tools

Nursing of post-larvae of freshwater prawns in hapas systems, even though
profitable and generate healthy returns than fish fry rearing in ponds due to short cycle
length (4-6 weeks), they require higher levels of investment and access to brackish
water. However, the short cycle length (4-6 weeks) means that turnover is rapid, and
any loan interest will be minimal.

Indicative cost structures of alternative seed production systems needs to be further
analysed to determine these activities fall out into three major groups: the labour
intensive systems; the feed intensive systems and the fertilizer intensive systems. The
first and third of these categories are of most interest from the perspective of poverty
alleviation.

Key financial performance measures return on labour and profit margin needs to
be further analyzed. Profit margin measures profitability in terms of the ratio between
profit and gross revenue, and is an indicator of both susceptibility to falling price,
and relative production costs. Return on labour is a measure of the total net income
generated per unit of labour expended and represents the maximum average wage for
people engaged in the enterprise. If hapa and small pond nursing score well against
these financial parameters, the economic benefits are likely to be more widely spread.

INFORMATION AND KNOWLEDGE GAPS

As technologies for small-scale aquaculture are now largely in place, information sharing
mechanism on hatchery breeding and fry/fingerling production on a commercial scale
will help build capacities in countries where these technologies are not well developed.
Information dissemination and training in milkfish breeding is needed in countries
like Sri Lanka which has interest in freshwater pond culture of milkfish. Therefore,
more information emphasis should be given to disseminating existing knowledge
on techniques that are relevant to rural households. Examples of good management
practices also need to be shared more widely.
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Chemicals in the form of pesticides, disinfectants, drugs, antibiotics, hormones
and anesthetics are used in hatcheries as well as in nursery operations. They are often
essential components in such routine activities as tank and pond preparation, water
quality management, fish seed and broodstock transportation, feed formulation,
manipulation and enhancement of reproduction, growth promotion, disease treatment
and general health management. Chemicals must be used in a responsible manner as
they can pose a number of potential risks to human health, other aquatic and terrestrial
production systems and the natural environment (FAO, 2003). These include:

e risks to the environment, such as the potential effects of chemicals on water and

sediment quality, natural aquatic communities and effects on microorganisms;

e risks to human health, such as the dangers to aquaculture workers posed
by handling of feed additives, chemotherapeutants, hormones, disinfectants,
pesticides and vaccines and the risk of developing strains of pathogens that are
resistant to antibiotics used in human medicine;

e risks to production systems for other domesticated species, such as through the
development of drug-resistant bacteria that may cause disease in livestock.

Understanding the safe and effective use of such chemicals is lacking particularly
among small-scale hatchery and nursery farmers, who often lack access to expert
advice and technical information. This is a considerable knowledge gap which needs
to addressed.

Even though poor seed quality is often attributed to inbreeding pressure of the
broodstock used, over short timescales, it would actually be very unlikely that
inbreeding is a major contributor (Mair, 2002). The commonly and wide belief
of inbreeding factor causing poor quality seed, often overlooked the husbandry
management and environmental factors that might be responsible for poor quality of
seed indicating a knowledge gap on pond environment dynamics.

Quarantine procedures and practical farm level biosecurity measures are also
lacking.

Research agendas should be developed jointly with farmers so that their needs are
addressed appropriately. A number of researchable topics are listed below:

® tools for decision making concerning broodstock and seed quality, breeding and
culture environment and risk-reduction measures against diseases;

e indigenous broodstock management, breeding, genetics and fry nursing
practices;

e use of wild caught fish as feeds for predatory fish;

e suitable farm-made feeds;

e IPM and aquaculture in rice fields.

FUTURE PROSPECTS AND RECOMMENDATIONS
Hatchery and nursery management
1) Hatchery and nursery operators of different scales should be made aware
of the options and opportunities available for them for controlling diseases
and maintaining the quality of broodstock and fish seed. In order to provide
practical and effective technical guidance for hatchery and nursery management,
it is first necessary to review the basic requirements for an effective hatchery and
nursery production.
i1) Develop good hatchery and nursery management practices and documenting
them with adequate scientific evidence and field data are appropriate and
timely. Currently, harmonized technical standards/guidelines for the hatchery
production and fry nursing are lacking. It is important that such technical
standards be developed, standardized, validated and agreed upon by the hatchery
operators, both nationally and internationally and by large-scale and small-scale
producers.
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ii1) Accreditation of hatcheries at different production scales will provide opportunity
for the recognition of hatcheries and thereby influence the production of high
quality seed.

iv) Develop strong management tools for hatchery and nursery operators to
facilitate own decision-making on broodfish and fish seed quality, breeding and
culture environment.

v) Develop breeding technologies of commonly culture species dependent on wild
seed to ease pressure on wild fishery and transboundary movement of large
amounts of fish seed.

Capacity building
1) Farmers have a wealth of local knowledge on fish breeding and nursery
rearing. This local knowledge should be studied, assessed, documented and

disseminated.

i1) The capacity building themes for farmers wishing to enter into fish breeding
and fry nursing should include indigenous knowledge-based spawning and fry
rearing techniques. Successful mini-hatchery operators and nursery farmers who
have the indigenous knowledge should be used as resources persons for such
capacity building programmes.

ii1) Adopt an incentive scheme for hatchery and fry nursery operators and fry/
fingerling traders who have developed good management practices, e.g. using
their services for extension. Encourage the spread of such services on a voluntary
or paid basis. Make use of them in government training and development
programmes to utilize their capacities as trainers and facilitators on an incentive
payment basis. This can reduce the cost of extension.

iv) Prepare a directory of hatchery/nursery operators practicing good management
practices to make their services available at village/commune level and also for
development programmes. Seed producers and fry traders can be effectively
used as trainers since they usually have a good appreciation of what is possible
under local conditions.

v) Extension should not only be limited to strengthening knowledge and skills
and changing attitudes and behaviour to become primary producers but also
developing entrepreneurship skills to become successful traders.

Research and Development
1) Research institutes should build an ‘institute-industry research partnership’ with
hatchery and nursery operators to improve quality broodstock and produce
quality fingerlings.
11) Undertake research studies to determine the cause/s of poor quality seed.
ii1) Investigate echnological innovations to use ricefields for fingerling production.
iv) Research support be channeled to researchable subjects based on farmer needs.
v) Research on the use of wild-caught fish as feed as basis for support to policy

decisions for efficient resource use.

Policy directions

1) The principle deficiency in the legal framework with respect to aquaculture is
that there is no legal definition of aquaculture provided in the sector governing
principle acts in almost all the countries in the region. Aquaculture tends to be
considered as part of national fisheries legislation. When a legal definition for
aquaculture is prepared, the collateral issues relating to the aquaculture facility
or the aquaculture product will be taken into account and covered by the
appropriate legislation. Therefore, a legal definition will facilitate the regulation
of the fish seed industry, which is not in place in many countries.
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i1) It appears that there is no reliable statistics and available statistics certainly
underestimate the contribution made by large numbers of small-scale household
fish seed producers. Reliable statistics can influence policy directions to build
effective support services for small-scale aquaculture producers.

ii1) Translate technical documents and reports produced by development projects
into local Languages and circulate to concerned institutions and interested parties
such as planners and policy makers to help in planning follow up development
actions.

iv) Codes of conducts have been adopted by ASEAN on shrimp aquaculture,
e.g. the Manual of ASEAN Good Shrimp Farm Management Practices was
adopted at the 20th Meeting of ASEAN Ministers of Agriculture and Forestry
(AMAF) held in Hanoi, Vietnam, in 1998, The ASEAN has also published
two other guidelines on fisheries, namely the Manual on Practical Guidelines
for the Development of High Health Penaeus monodon Broodstock and the
Harmonization of Hatchery Production of Penaeus monodon in ASEAN
Countries. Considering the socio-economic importance of freshwater fish seed
supply in aquaculture, similar initiatives may be adopted in the freshwater fish
seed production.

v) Shift in government role as a fish seed supplier competing with private sector
to genetic conservation would be more beneficial in the long term viability of
the fish seed industry. The government hatcheries with some back-up by large-
scale private hatcheries should focus on maintain genetic stocks and broodstock
of species to support overcome the constraints related to genetic quality, such
as inbreeding problems and difficulties in breeding some species, faced by
small-scale hatcheries due to lack of pond space and broodstock management
capacity.

vi) The bulk of existing production is from omnivorous and herbivorous species,
both indigenous and exotic species. There is a preference in the region for
indigenous species, and this should be supported by broodstock management
strategies that preserve genetic diversity.

vii) The conversion of wetlands and rice fields for fish nurseries for better returns
at the expenses of livelihoods loss due to wetland degradation and wild fisheries
and loss of staple food should be discouraged. Staple food such as rice, once
scarce can not be valued.

viii) Encourage and involved in decentralized seed production and networking for
seed supply to reach remote areas through support from local government
institutions. Farmers to have access to high quality fish seed available at the
appropriate time for stocking will ensure the smooth flow of products and
value along the entire aquaculture value chain. It is also important that local
government line agencies place greater emphasis on providing services and
focus on the poor isolated farmers or those who do not have access to private
hatcheries to ensure that they are not marginalized and have access to quality

broodfish.

Regional issues to be addressed
1) Introductions of fish seed, including genetically improved strains and exotic
species, have a role in the supply of fish seed for aquaculture. Any movement
of fish seed between natural ecological boundaries/watersheds may involve
risk associated with disease spread, biodiversity and management of genetic
resources. Therefore, the following are recommended:
e Increase cooperation in research, development and awareness with respect to
transboundary issues related to introduction of fish seed, prevention of disease
spread and management of genetic resources.
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e Cooperation among countries in the region for refinement and wider
application protocols, risk assessment methods and monitoring programmes
for introductions of fish seed, including genetically improved and exotic species.
States have important responsibilities in the development and implementation
of such protocols and associated regulations, the establishment of clear roles
and responsibilities and capacity building. Such efforts should be linked to
obligations pursuant to FAO’s CCRE, the Convention of Biological Diversity
and other relevant international agreements.

* Information sharing and further communication should be strengthened on
fish genetic diversity, environmental integrity in support of the development
of quality fish seed supply.

i1) Develop standards for hatchery management and validated farmer decision
making management tools, particularly in fish seed quality assurance and
management of fingerling raising pond environment.
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ABSTRACT

Latin America comprises all Spanish and Portuguese speaking countries of the American
Continent. Aquaculture is present in 32 nations. Chile alone, produces 50 percent of the
total estimated 1 294 954 tonnes of aquaculture products reported for the region in 2003,
followed by Brazil and Mexico with 277 000 and 74 000 tonnes, respectively. Freshwater
aquaculture is chiefly represented by tilapia, carps (common and Chinese), rainbow trout
and, to a lesser extent, channel catfish as well as a number of native species, these latter
especially in South America.

The overall growth of the freshwater aquaculture industry of the region demands an
increasing supply of reliable and traceable seed to sustain regular production. Such a factor
is critical to the sector’s sustainability and has been approached firstly by governments
and later by the farmers themselves. Even though governments produce large amounts
of seed to sustain rural aquaculture programmes, as the aquaculture sector of the region
grew and turned into an export-oriented industry, private investment has been channeled
into seed production, either as an exclusive activity, or as part of vertically-integrated
aquaculture ventures.

The highest number of hatcheries in the region is devoted to tilapia, given the
increasing demand of this fish in international markets. Although reliable statistical
information is scarce, an estimated annual production of almost 600 million fingerlings
are produced at least in five of the top regional aquaculture producers: Brazil, Mexico,
Ecuador, Cuba and Colombia. Cyprinids are second in terms of seed production, with an
estimated 380 million fingerlings produced in the same group of countries.

Some 40 native species are under experimental breeding programmes with different
levels of success. In some cases, commercial production of seed is already underway,
such as in the case of paca Piaractus mesopotamicus in Brazil and tambaqui Colossoma
macropomum in Colombia, or the striped mojar Cichlasoma urophthalmus in Mexico.

Globalization has influenced both seed prices and quality. This is true especially for
tilapia and rainbow trout, both traded internationally, within and in and out the region.
In contrast, within some countries such as Cuba and Mexico, seed pricing is distorted
by government intervention, given that official hatcheries produce and distribute tilapia,
carp and trout fingerlings at subsidized prices.

Seed quality parameters (i.e. survival, growth rate, disease resistance, size homogeneity,
etc.) within countries have historically been indirectly measured by the level of satisfaction
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of seed buyers and are not regulated by governments. However, with increasing
international seed trade, regional hatcheries are gradually introducing quality assurance
measures, both in hatchery operation procedures and in terms of genetics of their
broodstock. The only type of certification that is common to all countries of the region
is an official zoosanitary certificate that is mandatory before movement of organisms
domestically and regionally.

Since aquaculture is a well-developed, export-oriented industry in Latin America,
support services are comprehensive and accessible. All countries of the region have
institutes and universities that offer degrees related to aquaculture. Furthermore, there
are several research institutes dealing with fish reproduction and genetics that could be
an important partner to further develop the industry. However, links between producers
and researchers are weak and skilled labour is concentrated in developed areas. Rural
areas where many small hatcheries are present lack these opportunities.

The lack of a national aquaculture development plan in many countries, which defines
lines of action based on a proper diagnosis of the sector, makes it difficult to carry out
measures aimed at adequately developing the strategic seed production sector, especially
in rural areas.

INTRODUCTION

The first attempt to culture aquatic organisms in Latin America dates back as early as
the 1850s. A structured, strong and growing aquaculture sector is present in the region
only since the early 1980s as a result of technological breakthroughs that made possible
mass production of penaeid shrimp in Ecuador and Central America and the successful
introduction and culture of the Atlantic salmon (Salmo salar) in Chile.

Given the ideal tropical conditions of a vast area of this sub-continent, aquaculture
practices have successfully spread to 32 countries of the region; the bulk of regional
aquaculture production is concentrated in only few of them. Chile alone, the top
producer, contributes about 50 percent of the regional total and the top three (Chile,
Brazil and Mexico), together contribute 79 percent of the total regional aquaculture
production (Table 6.3.1).

The estimated total aquaculture production of Latin America was 1.34 million
tons for the year 2004 (FAO, 2006) representing 2.3 percent of the global aquaculture
production. This figure also means an overall average growth of 24.5 percent per year
during the period 1970-2000 of which highly valued marine and diadromous species
(i.e. penaeid shrimp and salmon) contributed with the largest share.

TABLE 6.3.1
Aquaculture volume and value of the top ten aquaculture producing countries of Latin America
in 2004 (FAO, 2006)

Percentage (%)

Total national Percentage (‘:A:) of Value of national of the regional
Country aquacult_ure the total regional aquacult_ure ol o b G
production aquacult_ure production aquaculture
(Tonnes) production (X1 000us$) production
Chile 674 979 51.1 2 814 837 53.6
Brazil 269 699 20.4 965 628 18.4
Mexico 89 037 6.7 291 329 5.5
Ecuador 63 579 48 292 077 5.6
Colombia 60 072 4.5 277 036 5.3
Cuba 27 562 2.1 29 434 0.6
Costa Rica 24 708 1.9 80218 1.5
Honduras 22 520 1.7 114 942 2.2
Venezuela 22210 1.7 65718 1.3

Peru 22 199 1.7 130 575 2.5
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Freshwater aquaculture, on the other hand, was originally adopted by many Latin
American countries as an alternative to increase animal protein availability in rural
areas. Cyprinids, tilapia and to a lesser extent rainbow trout and channel catfish were
introduced in rural communities in the early 1970s with mixed results.

Over the past five years the demand for tilapia in the United States of America
alone, grew to an average of 25 percent per year, reaching 135 000 tonnes of imports
in 2005, mostly from China, Central and South America (FAO, 2006). Such a demand
has stimulated investors to create an increasing number of intensive tilapia farms
in the region. An example of this is the Ecuadorian tilapia industry whose overall
production grew 350 percent between 2000 and 2005 (De Wind, M. National Chamber
of Aquaculturists of Ecuador, 2006, pers. comm.).

Recent regional efforts to diversify freshwater aquaculture have expanded the
spectrum of fish species especially in South America, particularly, where a number of
native species have been successfully domesticated and are mass produced for local
markets. Colombia, Ecuador, Mexico and Venezuela are also culturing some native
species and experimenting with others, both for restocking and for consumption in
local markets.

In addition to finfish species, diversification of aquaculture in Latin America has
included the successful introduction and culture of crustaceans (e.g. Australian red claw
Cherax quadricarinatus) and amphibians (e.g. American bullfrog Rana catesbeiana).

The overall growth of the freshwater aquaculture industry in the region demands
an increasing supply of reliable and traceable seed to sustain regular production. Such
a factor is critical to the sector’s sustainability and has been approached firstly by
governments and later by the farmers themselves. The aim of this paper is to provide
an overview of the state of freshwater fish seed resources in a representative number
of countries of Latin America, based on country national reports prepared for Brazil,
Colombia, Cuba, Ecuador and Mexico.

SEED RESOURCES/SUPPLY

Freshwater aquaculture species

Freshwater aquaculture production in Latin America is based upon a relatively small
number of species out of the 210 reported world aquaculture species (Tacon, 2003).
Of these, only a handful, all of which were introduced species, are cultured through a
well-developed technology that allows mass production for the export market.

On the other hand, the overall increase in fish consumption in the region (e.g.
30 percent in Brazil, 18 percent in Mexico during the past ten years) together with the
gradual involvement of an increasing number of academic groups involved in research
and development of culture technologies have resulted to more than 40 native fish
species already either being bred in captivity and mass produced for local markets or
still under experimentation (Table 6.3.2).

Other freshwater aquaculture species introduced and cultured in the region include
crustaceans (Macrobrachium rosembergii) and the Australian red claw (Cherax
quadricarinatus). The former is cultured and sold locally in Brazil, Ecuador, Mexico
and some Central American countries such as Guatemala and Panama; the latter,
introduced in the early 1990s is cultured in Cuba, Mexico, Guatemala and Ecuador.

The American bullfrog Rana catesbeiana, has also been introduced and successfully
cultured in a number of countries in the region (Argentina, Brazil, Ecuador, El Salvador,
Guatemala, Mexico, Panama and Uruguay).

Most of the species in the above list have reportedly been bred in captivity, either
seasonally or throughout the year. Brazil has the largest number of native species
cultured. Because of its size and population, the country has the largest volume of seed
produced both through government and commercial hatcheries.



94 Assessment of freshwater fish seed resources for sustainable aquaculture

TABLE 6.3.2
Summary of freshwater fish species cultured experimentally or commercially in Latin American countries
Scientific name Common name crlins Market G vliae i Origin
technology level cultured
Oreochromis spp Tilapia Highly developed  Export and local Mexico, Guatemala, Exotic
consumption El Salvador, Honduras,
Nicaragua, Costa Rica,
Panama, Colombia, Ecuador,
Peru, Venezuela, Brazil, Cuba,
Dominican Republic
Cyprinus carpio Common carp Well developed Local consumption ~ Mexico, Ecuador, Colombia,  Exotic
Venezuela, Brazil, Cuba
Ctenopharyngodon Grass carp Well developed Local consumption  Mexico, Brazil, Cuba Exotic
idella
Hypophthalmichthys  Silver carp Well developed Local consumption  Mexico, Brazil, Cuba Exotic
molitrix
Aristhichtys nobilis Bighead carp Well developed Local consumption  Mexico, Brazil, Cuba Exotic

Mexico, Colombia, Venezuela, Exotic
Brazil, Ecuador, Peru,
Argentina, Chile, Uruguay

Onchorhynchus mykiss Rainbow trout  Highly developed Export and local

consumption

Carassius auratus Golden carp Well developed Export and local Mexico, Brazil Exotic
consumption
Clarias gariepinus Asian catfish In process of Local consumption  Cuba, Brazil Exotic
technological
adaptation
Ictalurus punctatus Channel catfish  Highly developed Local consumption Mexico, Cuba, Brazil, Exotic
Venezuela
Micropterus salmoides Black bass Well developed Local consumption ~ Mexico Exotic
Prochylodus Bocachico Experimental Local consumption ~ Colombia Native
magdalenae
Piaractus brachypomus Cachama blanca Poorly developed Local consumption  Brazil, Colombia Native
Piaractus Pacu Well developed Local consumption  Colombia, Brazil Native
mesopotamicus
Colossoma Tambaqui, Well developed Local consumption Brazil, Colombia, Venezuela, Native
macropomum cachama Cuba
Aequidens rivulatus Vieja Azu Poorly developed Local consumption  Ecuador Native
Brycon henni Sabaleta Poorly developed  Local consumption  Colombia Native
Brycon siebenthalae Yamu Poorly developed Local consumption  Colombia Native
Brycon moorei Dorado Poorly developed Local consumption  Colombia Native
Pimelodus grosscopfi ~ Capaz Poorly developed  Local consumption  Colombia Native
Pimelodus blochii Nicuro Poorly developed Local consumption  Colombia Native
Pseudoplatistoma Bagre, cachara  Poorly developed  Local consumption  Colombia, Brazil Native
fasciatum
Leporinus Piavucu Poorly developed Local consumption  Brazil Native
macrocephalus
Prochilodus lineatus Curimbata, Poorly developed Local consumption  Brazil Native
curimba
Brycon amazonicus Matrinxa Poorly developed  Local consumption  Brazil Native
Astyanax altiparanae  Lambari Poorly developed Local consumption  Brazil Native
Rhambdia spp Jundia Poorly developed Local consumption  Brazil Native
Leporinus friderici Piau Poorly developed Local consumption  Brazil Native
Brycon orbignyanus Piracanjuba Poorly developed Local consumption  Brazil Native
Salminus maxillosus Dourado Poorly developed Local consumption  Brazil Native
Leporinus obtusidens  Piava Poorly developed Local consumption  Brazil Native
Leporinus elogantus Piapara Poorly developed Local consumption  Brazil Native
Hoplias lacerdae Trairéo Poorly developed Local consumption  Brazil Native
Semaprochilodus sp. Jaraqui Poorly developed Local consumption  Brazil Native
Hoplias malabaricus Traira Poorly developed Local consumption  Brazil Native
Leporinus Chimboré Poorly developed Local consumption  Brazil Native
amblyrhynchus
Cichla ocellaris Tucunaré Poorly developed Local consumption  Brazil Native
Chirostoma estor White fish Poorly developed Local consumption, Mexico Native
restocking
Atractosteus spatula catan Poorly developed  Local consumption, Mexico Native
restocking
Atractosteus tropicus  Pejelagarto Poorly developed Local consumption, Mexico Native
restocking
Cichlasoma Striped mojar Well developed Local consumption, Mexico Native
urophthalmus restocking




6.3 Aquaculture seed resources in Latin America: a regional synthesis

95

SEED AVAILABILITY

Aquaculture in Latin America originally started as an alternative of government
programmes to alleviate malnutrition in rural areas, driven by the so called “blue
revolution” in the early 1970s. The first breeding stations and hatcheries were created
and operated by government institutions. Species and culture methods were initially
imported from Asia and the Middle East. As the aquaculture sector of the region grew
and turned into an export-oriented industry, private investment was channeled into
seed production, either as an exclusive activity or as a part of vertically-integrated
aquaculture ventures.

The great majority of farmers in the region (> 95 percent) employ hatchery-reared
juveniles. Only small-scale farms devoted to the cultivation of native species rely on
the collection of wild seed, such is the case of the chame (Dormitator latifrons) in
Ecuador.

Table 6.3.3 summarizes the reported installed capacity of seed production as well as
the number of hatcheries reported for the countries included in this synthesis.

It is worth noting that systematic data collection on seed availability in Latin
America is only carried out partially. This can be attributable to a number of factors
including: (1) difficulty to access farms and hatcheries located in remote areas, hence
they are neither officially registered nor providing information, (ii) some fish farming
companies report only partial seed outputs from their farms in an attempt to reduce
taxes and (ii1) some farms or breeding stations that reproduce several species report
only the species produced in large volumes.

Cuba seems to have the most reliable information system, since all fish breeding
stations are managed by the government, thus directly reporting to the fisheries
ministry where statistics are concentrated, structured and disseminated.

SEED MANAGEMENT

Breeding techniques for almost all introduced species (tilapia, common and Chinese
carps, channel catfish and rainbow trout) are practically the same throughout the
region. Two examples of these are presented in Tables 6.3.3 and 6.3.4, which summarize
the main management parameters for seed production of tilapia and rainbow trout,
respectively, employed in the countries included in the present report.

Native species are increasingly being the focus of attention of both researchers and
commercial farmers of Latin American countries. Figure 6.3.1 presents a flow diagram
of the artificial reproduction of a Central American species and a native Amazonian
species. The former corresponds to the striped mojar, a cichlid distributed from southern
Mexico through Nicaragua, bred in captivity both for restocking of natural habitats
and for ongrowing to market size. The latter, the tambaqui Colossoma macropomum,
is an abundant and increasingly demanded fish farmed in South America.

TABLE 6.3.3
Seed availability (millions/yr) and number of hatcheries in the countries included in this synthesis

Colombia Cuba Brazil Ecuador Mexico

Species
ASP RNH ASP RNH ASP RNH ASP RNH ASP

RNH

Tilapia 111.6 32*

36.7 26*

304.5 112

0.36 10

65

45

Cyprinids 2.76 9

192.5 26*

50 80

NR 1

120.7

22

Rainbow trout 27.5 26

none none

4.2 14

0.1 43

7.2

75

Other exotic species NR 6

6.6 3*

NR 1

NR 6

1.71

17

Native species 7.5 14*

none none

246 106

NR 30

0.15

6

Estimated total annual | 149.3
seed production

235.8

604.7

NR

194.7

Total No. of hatcheries 65

26 26

175

90

165

ASP = Annual Seed Production (millions of eggs/yr)

RNH = Reported Number of Hatcheries.
* = Hatcheries that produce multiple species
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TABLE 6.3.4
Selected broodstock management parameters employed by tilapia farmers in Latin American countries
Country
Parameter . . :
Colombia Cuba Brazil Ecuador Mexico
1:3-1:5 1:2-3 1-1.5:2-3 1.5-2:3 1-1.5:2-3
breeders (M:F)
Breeding ponds earthen earthen/concrete earthen earthen earthen/concrete
yes yes yes yes yes
Indoor controlled yes no yes no yes
Hormonal sex 170 methyl 170 methyl 170 methyl 170 methyl 170 methyl
testosterone testosterone testosterone testosterone testosterone
60mg/kg 60mg/kg 60mg/kg 60-120 mg/kg 60 mg/kg
30 days 30 days 30 days 30 days 28-30 days
First feeding Most farms Breeding stations Most farms Most farms Most farms feed
feed 40-45 % fertilize first feed 40-45 feed 40-45 40-45 % protein
protein particles feeding ponds % protein % protein particles exclusively
exclusively particles particles Few others
Additionally, 35-40  exclusively exclusively. combine with
Few others % protein particles Few others natural food
combine with are only partially Few others combine with (fertilization)
natural food fed combine with natural food
(fertilization) natural food (fertilization)
(fertilization)
Sex reversal pond 1 000-2 000/m? 500-1 500/m? 2 000/m? NR 1200-2 300/m? in
density (No./m?) in ponds ponds
Up to 12/l in Up to 16/l in indoor
indoor tanks tanks
TABLE 6.3.5
Selected rainbow trout broodstock management parameters employed in Latin America
Country
Parameter . " A
Colombia Brazil Ecuador Mexico
Broodstock earthen or concrete earthen or concrete  earthen ponds, at  earthen or
maintenance ponds, at 20/m? ponds, at 10-20/m? 5-10/m? concrete ponds,
at 10-20/m?
Manual stripping of  yes yes yes yes
breeders
Wet/dry fertilization dry dry dry dry
method
Incubation indoor troughs, indoor troughs, NR indoor troughs,
flow-through flow-through flow-through
First exogenous 42-48 % protein 42-48 % protein 42-48 % protein 42-48 % protein
feeding of fry powder powder powder powder

SEED QUALITY

In general terms, somehow the scale of the farm or hatchery keeps a positive relationship
with the degree of technical skills and the level of record keeping by farmers. This
includes breeding and larval performance. Small-scale hatcheries (< 200 000 fry/
month) normally pay little attention to genetic improvement of their broodstock,
while larger farmers (> 1 million fry/month) are more aware of the potential for
genetic improvement, hence, they carry out a permanent on-farm selection of high
performance breeders, or else, have a regular introduction of certified, good quality
seed or breeders.

As far as government hatcheries are concerned, the quality of their broodstock
has deteriorated in many instances, especially in the case of cyprinids and to a lesser
extent, tilapia. This problem has been overcome by medium- to large-scale farmers,
by avoiding seed from government sources either by buying from private hatcheries
or importing seed. This is the case for tilapia farmers. On the other hand, small-scale
farmers had to be subsidized and often donated fingerlings to stock their ponds with
consequent lower performance.
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FIGURE 6.3.1
Flow diagram of the reproduction protocol employed for (a) the striped mojar Cichlasoma
uropthalmus (left photograph) and (b) the tambaqui Colossoma macropomum

(a) Striped Mojar (b) Tambaqui
1 yr old breeders (1:1) in round tanks 3 yr old breeders
provided with artificial nests (2 males:1 female)
Natural spawning +
Hormonal Hypophysis extract
. 3 induction (4+20 mgkg)

Hatching
(48hrs @30°C)

Weaning
(60hrs)

Manual
stripping
Transfer to

fry tanks Fertilization
€ (dry method)

Fry-juvenile tanks
(100/1), 42% protein

Feed (15-20 days) Incubation 72 hours
Cones/hatching
5 days after
'.f Transfer to hatching.
Larval ponds| 42% protein +organic
Jb:_‘ P fertilization

)
¥ |

There are a number of university and research centres that carry out fish genetics and
genomics studies in the region. These can be found in Brazil and Mexico. Nonetheless,
little communication between fish farmers and researchers makes research isolated
from industry needs.

Seed quality levels in terms of survival and growth rates, as well as size homogeneity,
is set by the market, i.e. individual buyers demand higher performance and if this is not
up to their expectations, they change their supplier. Although quality parameters are
not officially standardized, farmer associations of some countries like Brazil set their
own standards and take advantage of economies of scale when they buy from the same
supplier, especially if the source is international.

SEED CERTIFICATION AND LEGAL FRAMEWORK

As far as a legal framework to ensure seed safety and quality through a certification
process in the countries included in the present synthesis, two types of controls can be
found, namely: (i) a HACCP-type programme which is gradually being adopted by
larger farmers on their own initiative in an attempt to improve quality and reduce the
need for inspection when they export and (ii) seed movement permits granted by the
national health authority both for national movement, or for import/export of seed
and/or breeders. They vary slightly from country to country (Table 6.3.6).

It is worth noting that the increasing demand for seed by the fast-growing Latin
American aquaculture sector (17 percent average growth rate over the past five years
for the top three regional producers) has created opportunity niches for importers,
middlemen and new seed producers, thus increasing the number of both licensed and
unlicensed hatcheries throughout the region. Such a rapid evolution has surpassed the
capacity of governments to adequately regulate the sector.

Globalization has imposed the need to introduce quality control and certification
processes, hence a growing number of medium- to large-sized seed producers are
introducing, on their own initiative, quality improvement programmes in hatcheries.
Also, governments are starting to professionalize their services, including health and
inspection, which will gradually result in stricter regulation.
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TABLE 6.3.6
Seed health and quality regulation for production and movement in Latin American countries
Country
Colombia Cuba Brazil Ecuador Mexico
Government Colombian Ministry of Ministry of National National
sanitary Institute of Fisheries Agriculture and Fisheries Institute ~ Commission of
authority Agriculture and (MIP), Ministry Animal Farming (INP), National Fisheries and
responsible for ~ Animal Farming of Health, (MAPA), National Aquaculture Aquaculture
seed health/ (ICA) Ministry of the Council for Research Centre (CONAPESCA),
quality Environment Environmental (CENIAQ) National Service
and Ministry Affairs (CONAMA) of Animal Health
of Science and and Food Safety
Technology (SENASICA)
On farm/ none Disease none none none
hatchery diagnostic
quality/health and fish farm
control pollutants
programme programme
Seed Health Required by MIP  Health certificate Health certificate  Health certificate
movement certificate only for import/ required by and official and official
control/ required by ICA  export CONAMA pathology pathology
authorization presumptive presumptive
analysis. analysis.
Quarantine Quarantine
required required
Officially none none none none none
established
seed quality
parameters
Government none There are a none Use of CENIAC Quarantine and
facilities for number of and University laboratory facilities
quarantine quarantine areas facilities of the National
and inspection in state fish Programme of
farming stations Aquaculture
Pathology
Laboratories
Mandatory none in progress none none in progress
farm/hatchery
official
certification
Farmers’ In larger, export- No private In larger, export- In larger, export- In larger, export-
own quality/ oriented farms hatcheries oriented farms oriented farms oriented farms
health/genetic
programmes
FIGURE 6.3.2

Flow diagram of the seed health inspection/certification process of Mexico
(APL= Aquatic Pathology Laboratory)

. Hatchery or importer
National request a health certificate Import
or export To the APL

The APL receives The APL takes sample
Sample in its quarantine from customs facilities
facilities

APL performs presumptive
Tests (fungi, parasites, bacteria, virus)
I ! ! |
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detected
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’ Movement authorized ‘
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Mexico’s CONAPESCA has created a network of Aquaculture Pathology
Laboratories distributed in strategic regions of the country. These are located either
within university or research centres that are totally independent from the fisheries
authority. They receive an annual grant and equipment in return for being the regional
aquaculture health certification centre. The official pathological screening process
carried out by these laboratories is represented in Figure 6.3.2.

Environmental risk analysis of the introduction of exotic species is currently absent
from most regional legislation. This issue is only partially covered in the technical
feasibility analysis required by aquaculture authorities as a condition to set up and
operate a fish farm.

SEED MARKETING

Cuba is the only country of the region where aquaculture seed is not commercialized
since all hatcheries and fish farming stations are owned by the government, thus,
fingerlings and juveniles are either distributed at no charge throughout the country or
stocked in reservoirs or dams for public access. There are also a number of fishermen
and aquaculture farmers” cooperatives who also get seed from the government free of
charge.

In Mexico, all of the federal and state fish farms and hatcheries mass-produce seed
both for restocking of natural water bodies and for selling at a subsidized price to
small-scale farmers. This has helped poor farmers to sustain small-scale operations
aimed in most cases at producing fish food. On the other hand, such subsidies created
a distortion of the seed market because of competition with private producers whose
costs are much higher.

As the seed producing sector grows, market competition within the countries
and between producing countries becomes the factor that sets the price. Table 6.3.7
summarizes the price ranges found for the most representative fish species of the
region.

In the case of tilapia, the market price for sex reversed fingerlings is between 50 and
100 percent higher than that of non-reversed fingerlings.

As far as distribution channels for seed are concerned, the most common is the
direct selling of the hatchery to the farmer. However, as opportunity niches arise
due to a growing demand, middlemen are becoming popular in many places. They
buy directly from hatcheries or import seed from international sources and then sell
them to small farmers. Figure 6.3.3 presents a flow diagram of the various distribution
channels present in the region.

For long distance sales, once the corresponding paperwork has been completed,
hatchery staff pack and transport the product to the airport. Short distance
transportation can be carried out by the buyer, who collects the fry or fingerlings
at the hatchery, or by the seller. Fingerlings are placed in containers with oxygen-
supersaturated water and transported to the buying farms. Payment is usually done
by depositing 30-50 percent of the total amount due and the balance paid upon receipt
or delivery of the product. This allows for certain degree of risk evenness between
buyer and seller.

TABLE 6.3.7

Price ranges of seed (fingerlings) of representative aquaculture species of Latin America (2006)
Species Price interval (US$/individual) Notes
Tilapia 0.03-0.07 Subsidized = 0.02 (3-5 cm)
Carp 0.02-0.03 Subsidized = 0.01 (4 cm fingerling)
Channel catfish 0.03-0.04
Rainbow trout 0.15-0.17 Subsidized = 0.05 (5 cm fingerling)
Tambaqui 0.80-1.0

Striped Mojar 0.06
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FIGURE 6.3.3
Seed distribution channels found in selected Latin American countries
Colombia,
Brazil, Ecuador Hatchery = Grower
And Mexico
Brazil, Colombia .
Hatchery =—=> Middlemen ——> Grower
Government
C fish farms
Cuba Government
Hatchery —— Cooperatives
fish farms
Mexico Government —~, Small-scale
Hatchery Growers

SEED INDUSTRY: SCALE AND SUPPORT SERVICES

Overall the aquaculture sector is consolidated and well developed in the region. Two
features can be identified regarding the scale of the sector. One is the fact that the
current expansion of aquaculture in Latin America stimulates the opening of new farms
and hatcheries, especially of tilapia. Secondly, in contrast, as the industry consolidates,
market competition puts pressure on small-scale seed producers and larger companies
has taken over them, thus thinning the list of seed suppliers.

Not all countries have a standard definition according to scale of production.
In Mexico, three categories of producers can be identified: small farmers, whose
production ranges between 10 000 and 30 000 fingerlings per month; medium-scale
farmers whose production ranges between > 30 000 and 100 000 fingerlings per month
and large farmers who produce more than this amount.

As far as support services are concerned, technical assistance is available through
government extension services in most countries and through the academic sector.
In many cases, training courses or even hydrological and biological tests are free of
charge for poor farmers, while medium- and large-scale farmers have to pay for these
services.

A reasonable number of academic degrees in aquaculture related subjects are
offered throughout the region, hence, the availability of skilled manpower is not a
limiting factor in developed areas. Nonetheless, rural areas where many small hatchery
operations and farms are located lack these opportunities.

There are government programmes such as the “Product-system” recently created in
Mexico whose objective is to link seed producers to fish growers and in turn are linked
to processors and marketing services. The academic sector is also providing training
and research to these clusters while the government provides financing not only for
the system operation but also to individual projects which are part of it. It is expected
that this system will increase productivity and improve quality, thus incorporating
small farmers to the export chain. The network of Aquaculture Pathology Laboratories
sponsored by the National Commission of Fisheries and Aquaculture also provides
diagnostic and sanitary advice.

Brazilian farmers are usually organized in associations and take advantage of both
economies of scale and collective political strength, thus, enabling authorities and the
academic sector to get technical and even financial support.
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The Ecuadorian government provides technical support through the National

Institute of Fisheries, as well as the National Aquaculture Research Centre. Additionally,

a number of universities have links with aquaculture producers.

CHALLENGES, OPPORTUNITIES AND RECOMMENDATIONS

There are a number of factors likely to determine the success and sustainability of the

seed producing sector in the Americas at the short- to medium-term. These can be

summarized in Table 6.3.8.

TABLE 6.3.8

Future challenges, opportunities and recommendations for the aquaculture seed production sector of Latin

America

Challenges and opportunities

Recommendations

Environmental

1.

Natural catastrophes have severely hit hatcheries and farms in
the region. Highly vulnerable are Central American countries,
Colombia and Ecuador. Erratic climate changes make it almost
impossible to predict the level of flooding or hurricane risks.

. Many hatcheries and vertically-integrated tilapia farms are

located in areas of intensive agriculture, thus being under the
risk of chronic exposure to chemical contaminants.

. Many farms and hatcheries have been operating for a long

time, hence their cumulative impact on the surrounding area
might already be considerable.

. Biosecurity measures are still not mandatory in many countries.

The risk for unwanted escapes or egg dissemination by birds

is high. Furthermore, some seed buyers that detect genetic
malformations or below standard performance discard
considerable amounts of fish in surrounding natural water
bodies, thus posing a threat to wild stocks through non-specific
pathogens or unwanted breeding.

. Genetic deterioration of some strains through continuous

inbreeding adds to low quality and malformation with
consequent loss of competitiveness of farmers and ecological
repercussions when discarded.

. Native species represent an enormous area of opportunity, as
internal demand for most of the already domesticated species is

high in local markets and prices of seed are substantially higher
than that of exotic species.

Market

1

1.

. Some countries like Mexico have seed production programmes,

through which seed of highly traded species such as tilapia and
rainbow trout are sold at heavily subsidized prices (as much as
90 percent off the market price), or even distributed free of
charge, thus distorting the market. In other cases, such as in
Colombia, non-registered imports of tilapia seed sold below
market prices produce the same effect.

. Increased competition in local and regional seed markets induce

price stabilization or even, in some cases, price reduction. This
can be a positive factor for growers, but since the price of
inputs for seed production keeps rising, the marginal profit of
seed producers is reduced and so is their competitiveness.

Technological

Limited access to farms and hatchery sites in some areas make
regular supply difficult, which can result in seasonal production
of seed and idle installed capacity.

. Lack of brood management by the farmers, leading to genetic

deterioration of farmed stocks.

. Even though there is an increasing interest in native species,

emphasis is still on exotic species. The number of applications
for grants to carry out research on these exotic species by
Latin American researchers still far outnumber those on native
species.

. The lack of a national genetic improvement programme and

the lack of official genetic banks, adds to the risks of genetic
deterioration and consequently reduction of seed quality.

Produce an atlas of vulnerability of regions suitable
for aquaculture and seed production.

Gradual relocation of hatcheries with fiscal
incentives and government aid.

Environmental monitoring programmes should be
mandatory.

Biosecurity measures should be mandatory and

a condition to release operation licenses to
hatcheries.

Health certification of farms and hatcheries should
be mandatory and a condition to operate.

Genetic banks and traceability should be promoted
by governments and the academic sector.

Special grants should promote research of native
species so that diversification of aquaculture
lowers the possible ecological impacts of past
dissemination of exotic species.

National aquaculture plans should include a
diagnostic of the seed production sector of each
country and projections should be made to ensure
the provision of sufficient high quality seed to meet
the projected expansion of the aquaculture sector.

e Limit subsidies to small-scale farmers that grow fish

for food.

e Implement tougher controls of imports, to prevent

illegal introduction of seed, without intervening
the market.

e Farmer clusters should be promoted to take

advantage of economies of scale, as well as
collective technological improvements.

¢ Include aquaculture in national development plans.

Create basic infrastructure in suitable areas for
aquaculture.

e Stimulate through special grants research on native

species. Promote native species in foreign markets.
Identify and disseminate indigenous knowledge.

e Train extension service officers and hatchery

operators on broodstock management.

e Promotion of permanent links between universities

and producers, as well as creation of a national
gene bank and a national broodstock centre at
least for priority species.
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TABLE 6.3.8 (CONTINUED)
Future challenges, opportunities and recommendations for the aquaculture seed production sector of Latin
America

Challenges and opportunities Recommendations
Legal
1. Even though all of the countries reviewed in this synthesis appear e |t should be a priority to develop a reliable
to have a legal framework for statistics data collection, no country, data collection system, which provides
with the exception of Cuba, seems to have a reliable statistical data information in a timely manner for appropriate
system. This makes systematic follow-up of the seed production planning and decision making.
sector a difficult task and as a consequence decision making is based e Create a national aquaculture development
on biased information. plan that integrates regional plans and
2. There is an evident lack of coordination between the central coordinates and supports local efforts.

(Federal government) and state or regional governments. Thisisin e Legislate and/or revise the law. The new
part due to the lack of a national plan for aquaculture development framework should include aspects to foster

which is designed “from bottom to top”. Synergy opportunities are sustainability of the sector, in a social and
lost and efforts are duplicated. environmentally responsible manner.

3. There is no well-structured quality assurance and sanitary e Health certificates for seed movement are a
programme for freshwater aquaculture farms or hatcheries in any step forward, as long as the countries have
of the countries included in the present synthesis. Such a legal gap the technical expertise to analyze and detect
allows for pathogenic and genetic dissemination with potentially diseases.

harmful effects to the industry itself and to the environment.

4. Lack of an adequate legal framework that takes into account the
current needs for regulating the sector and flexible enough to
adapt to changing situations.

Quality ) ] )
1. Lack of national quality standards for seed. No steps towards * Set quality standards for seed, involving all
mandatory adoption of responsible hatchery practices. stakeholders in the process. Develop national

guidelines for responsible hatchery practices,
with tax incentives for compliance and
sanctions for failing to comply.
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ABSTRACT

Fisheries of Bangladesh play an important role in mitigating animal protein shortage as
well as providing jobs to millions of people. The aquatic resources of the country are
comprised of inland and marine waters in which inland waters are further segregated
into closed and open water systems. Closed water culture system contributes about
43.52 percent to the total 78.34 percent inland fish production. Indian major carps, some
exotic carps and catfishes are the main cultured species for the closed water system and
production of these species completely depends on timely and adequate supply of quality
seed. Until 1978, the country was completely dependent on natural sources for fish seed
and spawns were collected during the monsoon season (May-August) from different
rivers but in the course of time, production of fry in the rivers had been reduced and
alternatively artificial breeding system through hypophysation evolved to compensate
the production. So far, 878 hatcheries (112 public and 756 privately owned units) have
been established and they provide almost entirely the required seed (99.55 percent) of
both endemic and exotic carps of the country. Like carps, fry of freshwater prawn are
produced in hatcheries and in the last 20 years, a good number of prawn hatcheries
have been established both in private (Bangladesh Rural Advancement Committee and
Proshika) and public sectors.

While Bangladesh is self-sufficient in meeting farmers’ demands for seed, the quality
of seed has deteriorated over the years mostly in private hatcheries for many reasons
and among them, inbreeding, inter-specific hybridization, negative selection, improper
broodstock management are most important. These factors result in low growth rate,
high mortality, disease susceptibility, deformities, less fecundity of fish, etc. The high
rate of inbreeding and inter-specific hybridization in both endemic and exotic carps
results from the following: (i) keeping a very small number of broodstock in the
hatcheries and rarely recruit new ones from outside, (ii) recruiting broodstocks from
the subsequent generations of the same stock and (iii) breeding of the same brood twice,
thrice in a season. To mitigate these genetic problems and to improve the quality of
seed, the Department of Fisheries and the Bangladesh Fisheries Research Institute have
taken some initiatives, such as establishment of brood banks, distribution of broods to
government and private hatcheries from the brood banks and broodstock management
trainings for hatchery and farm operators. In addition to brood bank, the Government
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of Bangladesh in collaboration with donor agencies and non-governmental organizations
established a number of fish sanctuaries in inflowing rivers, dead rivers, haors and beels
(natural depression) to promote natural recruitment. The local fishing communities are
the beneficiaries of the project but the success of the project is yet to be determined.

INTRODUCTION

Bangladesh is a South Asian country located in between latitude 20°34” and 26°39’ north
and longitude 80°01” and 92°41’ east. It is a small country having an area of 143 000 sq. km
but she accommodated about 140 million population, probably the highest density
in the world within her boundary. Fisheries in Bangladesh play an important role in
mitigating animal protein shortage as well as providing jobs to millions of people. Fish
provides 63 percent of the total animal protein supply and the per capita annual fish
intake is about 15.04 kg. The total fish production in Bangladesh is about 2.10 million
tonnes in 2003-2004 with an annual growth rate of production of 5.20 percent (DOF,
2005). The fisheries sector contributes 4.92 percent to GDP, 23 percent to the agriculture
sector and 5.10 percent to foreign exchange earnings through export.

Situated in the delta of the Bramaputtra, Meghna and Ganges river systems,
Bangladesh is endowed with unique water resources comprised of both inland and
marine waters. The inland waters are consisted of closed water bodies (ponds and
ditches, oxbow lakes, shrimp farms) with an area of 513 548 ha. and open water bodies
(river, estuary, beel, kaptai lake, flood plain, polder/encloser) with 4 920 316 ha. In
addition to inland waters, Bangladesh has 166 000 sq km of marine water area including
EEZ (200 nautical miles from the base line). According to the Fisheries Resources
Information of Bangladesh (2003-2004), closed water culture system contributes about
43.52 percent to the total 78.34 percent inland fish production, while open water
capture fisheries contribute 34.83 percent. The marine water contributes 21.66 percent
to total production. Although Bangladesh is enriched with high biodiversity having
260 freshwater fish and 24 freshwater prawn species, not so many species are being
commercially cultured. So far 12 exotic species have been introduced to Bangladesh.
The main production in closed water inland fisheries comes from Indian major
carps along with exotic carps, catfishes and tilapia. The following table presents the
commonly cultured freshwater fish species in Bangladesh.

Both endemic and exotic carps have enormously contributed to the total aquaculture
production since 1990s and from 1997 to 1998 it contributed 35 percent to the total fish
production and 90 percent to aquaculture production (Hussain and Mazid, 2001).

Indian, Chinese and common

TABLE 7.1.1 carp polycultures in small ponds
List of cultured fish species in Bangladesh p poly . p
— produced 700 000 tonnes in 2002
No. Scientific name Common name h' h d f
1 Catla catla catla which covered 80 percent o
2 Labeo rohita rui the total freshwater aquaculture
3 Cirrhinus cirrhosus mrigal production in Bangladesh (Collis,
4 Labeo calbasu kalbaush 2003). According to the statistics
Z gypolphthalm{cthys molitrix silver carp of the Departrnent of Fisheries
rinus carpio common car . .
e £ . P (DOF), silver carp contributed
7 Ctenopharyngodon idella grass carp X
8 Aristicthys nobilis bighead carp 23 percent of the total flShpond
9 Barbodes gonionotus silver barb production in 2001 and has
10 Pangasius sutchi Thai pangas become an important food fish for
11 Anabas testudineus Thai koi the poor, together with silver barb
12 Oreochromis niloticus Nile Tilapia . . . .
and Nile tilapia. In recent times,
13 Labeo bata llsha Bata 1 ¢ le tilapi
14 Labeo gonia Kurio labeo culture of monosex ma ¢ tlapia
15 Clarias batrachus Asian catfish has got more POPU—larlty among
16 Heteropnuestes fossilis Asian catfish fish farmers and it is becoming




7.1 Freshwater fish seed resources in Bangladesh

107

a big industry in Bangladesh. It is undoubtedly clear that in Bangladesh total fish
production through aquaculture increased many folds in two decades. Such enormous
increase of production has been possible due to many factors, among which production
of fry of different species and the timely supply to the farmers are considered the most
important. It is obvious that to uphold the existing increasing trend of aquaculture
production and also to maintain its sustainability, quality seed production and its
continuous supply need to be assured.

SEED RESOURCES SUPPLY
There are two major sources of seed of Indian major carps, i.e. hatcheries and natural
sources such as rivers. Until the year 1978, the country was completely dependent on
seed produced in rivers. Spawns are collected during the monsoon season (May-August)
from different rivers of Halda, Padma, Jamuna, Brahmaputra and their tributaries.
Carp fry are collected from Padma-Brahmaputra river systems while fertilized eggs
are collected from the Halda River. Fishermen collect the eggs from the upstream of
Halda River and incubate the eggs in earthen pits on the river bank for hatching. This
unscientific hatching system is responsible for the low rate of hatching and high rate
of fry mortality. With the course of time, the production of fry in the rivers has been
reduced due to the destruction of many breeding grounds caused mainly by siltation.
Production of fry is also hampered by the lack of broods as they are caught by extreme
fishing pressure. Combining both reasons, the production of fry in rivers becomes
critically low. For example, in 1984, the spawn production in the river systems in
Bangladesh was estimated to be 24 551 kg and all hatcheries produced 652 kg; whereas
in 2003-2004, the spawn production in hatcheries was estimated to be 345 227 kg and
only 1577 kg was reportedly collected from natural sources (FRSS, 2003-2004).
Along with the collection of spawn from rivers, induced breeding of carps through
hypophysation was initiated in 1967. With the success of fish seed production through
artificial breeding techniques, the Government of Bangladesh established a number of
hatcheries in the public sector in different parts of the country. These hatcheries were
not only used for seed production but also acted as centers of technology transfer
providing training on seed production and broodstock management to a large number
of entrepreneurs interested in establishing hatcheries on their own. In 1982, only three
hatcheries were established in the private sector but due to easy and high returns, the
number of hatcheries increased many times in the last two decades. Like indigenous
carps, the fry of exotic carps are produced in the hatcheries by artificial propagation
and only common carp and silver barb can reproduce in nature. Figure 7.1.1 shows the
comparative fry production in hatcheries and rivers over two decades.

SEED PRODUCTION FACILITIES AND SEED TECHNOLOGY

Aquaculture practices in Bangladesh started with seed collected from rivers, but now
it is almost entirely (99.55 percent) replaced by hatchery-produced seed (FRSS/DOF,
2003-2004). Artificial fish breeding techniques and low cost hatchery designs have
been successfully adapted to Bangladeshi conditions since 1975. Breeding techniques
for the major carps (rohu, catla and mrigal) and Chinese carp were introduced by the
DOF through donor-assisted projects such as the Chandpur Irrigation and Fisheries
Project (1977-1982) and the Oxbow Lake Project I (1981-1986). Both projects were
funded by the World Bank (WB) and a large number of public sector hatcheries were
constructed and operated by the projects. During project implementation, induced
breeding technologies were widely adopted by the private sector; they came forward
and took the leadership to set up hatcheries all over the country. For example, from
three hatcheries built by the private sector in 1982, the number of hatcheries rose to 40
in 1985 and 214 in 1987 (Aminul Islam, 1989). Presently, the number of fish hatcheries
has reached to 878 consisting of 112 public and 756 privately-owned units. In 2004,
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FIGURE 7.1.1
Production of Indian major carp fry in hatcheries and rivers from 1980-2004
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both public and private sectors jointly produced 3 500 029 kg of 4-5-day old carp
fry, while the quantity of fry collected from natural sources was only 1 577 kg (DOEF,
2005). Production from hatcheries is sufficient to meet up internal demands and private
hatchery sector accounts for over 98 percent of all hatchling production. Government
hatcheries account for less than 1.5 percent of spawn production. The production of
hatchlings in private and public hatchery sectors is presented in Table 7.1.2.
Alongside with the three Indian major carps, few other major and minor carps and
catfishes have been successfully bred in hatcheries. So far, 14 endemic finfish species are
used in hatcheries for seed production. Among them catla, rohu, mrigal, calbasu and
Asian catfishes (Deshi magur and shing) are predominant. Other species are being used
for seed production either under limited scale or for conservation purpose. Table 7.1.3
lists the species of endemic carp and other finfish used for artificial seed production in
Bangladesh.
TABLE 7.1.2
Production of hatchlings in government and private sector hatcheries in 2004
Government Private
Number of Quantit_y of Number of Quantit_y of
Hatchery hatchery hatchling Hatchery hatchery hatchling
produced (kg) produced (kg)
. Fish seed/farms and hatcheries of
a) Dhaka Division 28 1069 Dhaka Division 155 75 600
b) Chittagong Division 17 343 Chittagong Division 176 61643
¢) Khulna Division 19 250 Khulna Division 165 82 976
d) Rajshahi Division 23 1128 Rajshahi Division 217 112 369
e) Sylhet Division 8 184 Sylhet Division 13 3 465
f) Barisal Division 11 59 Barisal Division 30 9174
. Central Hatchery of Baor 1 602
Development Project (Jhenaidah)
. Raipur Fish Hatchery and Training 1 504
Centre
. Hatchery of Fisheries Research 1 261
Institute, BFRI, Mymensingh
Hatchery of Riverine Station, BFRI, 1 34
Chandpur
6. Parbatipur Hatchery, Dinajpur 1 337
. Faridpur Training and& Extension 1 31
Centre
Total 112 4802 756 345 227
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PLATE 7.1.1
Carp hatcheries in Bangladesh

About 13 exotic fin fish species used in hatcheries for seed production (Table 7.1.4).
Among them silver carp, bighead carp, grass carp, silver barb, common/mirror carp,
Thai pangus, Thai koi, Nile tilapia and other improved tilapia strains are predominant.
Mabhseer and black carp are being bred for conservation purpose. Red tilapia is being
used for seed production under very limited scale.

For artificial induced breeding of endemic and exotic carps, fish pituitary gland
(PG) extract and Human Chorionic Gonadotropic (HCG) hormone are usually
used as inducing agent. Besides

these, some synthetic agents such TABLE 7.1.3
as Ovaprim, Profasi, Pregnyl, List of endemic carp and other finfish species used for
artificial seed production in Bangladesh

Luteinizing hormone releasing
hormone (LH-RH) etc., are also
used. Prior to hypophysation, the
injectable dosages of the pituitary
extract is calculated in terms of
mg of PG/kg body weight of
the recipient fish. The required
amount of PG is weighed and
thoroughly pulverized in a tissue
homogenizer with 0.7 percent
physiological saline/distilled water.
The homogenate is centrifuged,
the supernatant separated, and

Species

Common name

Labeo rohita rohu

Catla catla catla
Cirrhinus cirrhosus mrigal
Labeo calbasu calbasu
Cirrhinus ariza Reba carp
Labeo bata Bata

Labeo gonious Kurio labeo
Puntius sarana Olive barb

Clarias batrachus

Asian catfish

Heteropnuestes fossilis

Asian catfish

Ompok pabda

Butterfly catfish

Mystus cavasius

Gangetic mystus

Anabas testudineus

Climbing perch
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TABLE 7.1.4 . . .

List of exotic carp and other finfish species used for w1thdrawn mto‘ a h}’P odermic

artificial seed production in Bangladesh syringe for injection. The
Species AT GEE HCG solution is prepared by
Hypophthalmichthys molitrix silver carp adding the required amount of
Aristicthys nobilis bighead carp physiological  saline/distilled
Ctenopharyngodon idella grass carp water to it as it is imported in
My Iof’ hary ng?don prces black carp powder form. The PG extract/
gyp”.nus ~2Tp o commlun.ls —OMTon ~2TF HCG injection of female fish is
yprinus carpio var. specularis mirror carp o K
Barbodes gonionotus silver barb always administered with one or
Tor putitora Putitor mahseer two doses; in case of two doses
Pangasius sutchi Thai pangus six hr interval is maintained
Clarias gariepinus African catfish between two injections (Table
Oreochromis niloticus Nile tilapia 7.1‘5). Males are injected with
O. niloticus —— GIFT tilapia a single dose of PG or HCG at
0. mossambicus x O. niloticus Red tilapia : . .. .
Anabas testudineus Climbing perch (Thai koi) the time of the first mjection of

the females and kept with female
partners in circular spawning
tanks or suitable concrete tanks provided with a continuous flow of fresh water. The
dosage varies with the temperature, potency of the pituitary gland, gonadal maturity of
the recipient and the prevailing climatic conditions (Jhingran and Pullin, 1988).
Fertilization of eggs can be done by two ways: 1) natural fertilization and ii) artificial
fertilization by stripping. In case of natural fertilization, the induced males are kept
in the circular tank and take part in the spawning just after the start of ovulation of
the females; females release the eggs and at the same time the males eject the milt and

PLATE 7.1.2
Freshwater fish breeding and nursery facilities in Bangladesh
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TABLE 7.1.5
Optimum female and male hormone doses for the artificial propagation of different carps and
catfishes

. Preliminary dose L=l Final dose (ORI
Species (for each kg) between two (for each kg) (hrs after
doses (hrs) final dose)

Labeo rohita Female PG 2 mg 6.0 PG 6 mg 4-6
Male - - PG 2 mg

Catla catla Female PG 1-2 mg 6.0 PG 5-6 mg 5-6
Male - - PG 1-2 mg

Cirrhinus cirrhosus Female PG 1-1.5 mg 6.0 PG 5-6 mg 4-6
Male - - PG 1-1.5 mg

Labeo calbasu Female PG 1-1.5 mg 6.0 PG 4-5 mg 5-6
Male - - Pg 1.5-2 mg

Hypophthalmicthys Female a) PG 2 mg 6-9 a) PG 6 mg 6-8

molitrix/Aristicthys

nobilis b)HCG 200-250 IU  9-12 b) HCG 500

IU+PG 3 mg

Male - - PG 2 mg/kg

Ctenopharyngodon Female PG 1.5-2 mg 6-8 PG 4-6 mg 5-7

idella Male - - PG 2 mg

Cyprinus carpio var. Female PG 1 mg 6 PG 4 mg 6

communis Male - - PG 2 mg

Cyprinus carpio var.

specularis

Barbodes gonionotus/  Female - - PG 4-5 mg/kg 6.0

Puntius sarana Male - _ PG 2 mg

Pangasius sutchi Female PG 2 mg 9 PG 6 mg 8-9
Male - - PG 2 mg

Clarias batrachus Female PG 50 mg 6-8 PG 100 mg 9-12
Male - - -

Heteropnuestes fossilis  Female PG 70 mg 6-8 PG 70 mg 8-10
Male - - -

Ompok pabda Female PG 3 mg 6 PG 15-17 mg 7-8
Male - - PG 7-8 mg

Anabas testudineus Female PG 3-4 mg - - 9-12
Male PG 2 mg - -

fertilization takes place. Fertilized eggs are collected through the outlet of the circular
tank and placed into the incubator for hatching. Prior to spawning, a sufficient quantity
of aquatic grasses should be placed in the breeding tanks of common carp or mirror
carp to collect the sticky fertilized eggs.

For artificial fertilization of eggs, six hrs after the second injection, eggs and sperms
are collected from the ovulated females and males by stripping the abdomen of the
fishes with a gentle hand. Eggs are collected first into a plastic bowl. Then males are
stripped over the same container. The eggs and sperms in the bowl are mixed together
with a soft feather for 1 min or by shaking the bowl for five min and then washed
with fresh water. The fertilized eggs are washed three to four times by changing the
water, broken eggs and any other unwanted particles are removed. The swollen eggs
are transferred into a Chinese type circular incubating pool or a series of funnel type
incubating jars that are connected with a flow of clean water to keep the eggs moving.
Usually hatching of carp eggs takes place within 20 to 30 hrs if the water temperature
of the incubating system remains 24 °C to 27°C.

Just after the hatching of eggs much care should be taken as high rate of mortality
of the fry may occur due to inadequate aeration or any other poor condition of the
incubating system. The inflowing water should be free from plankton especially from
Cyclops (a zooplankton belonging to Copepod group) that may kill larvae during early
development. Fries of four to five day old when they begin swimming are transferred
to nursery ponds or suitable cement cisterns for selling to nurseries.
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For induced breeding of catfishes, Magur (Clarias batrachus) females are injected
with PG extract and checked for ovulation on an hourly beginning from six hrs post-
injection and continued up to 12 hrs of injection. As soon as the females are ovulated,
eggs are collected by stripping and then fertilized with sperm. For collecting milt, males
are sacrificed as milt could not be collected by stripping but by macerating the dissected
testes in 0.85 percent sodium chloride solution. As eggs of catfishes are sticky, fertilized
eggs should be spread as quickly and as homogenously as possible in incubation trays
which receive continuous gentle shower through porous pipes for aeration. Similar
to magur, shing (Heteropneustes fossilis) are bred using artificial breeding technique.
In some cases, both female and male shing fishes are induced with hormone injection
but males receive one injection during female’s second injection with the first dose of
female. The induced female and male are kept in a hapa where the female release the
eggs and males release sperm and where fertilization takes place. The fertilized eggs
are collected from the hapa and kept in cisterns for hatching. For Pabda breeding, the
techniques described for shing are used. For Thai Pangas breeding, females are given
two and males are given one injection (same dose of female’s second dose and second
injection time) and kept in circular breeding tank for ovulation. When females start to
release eggs, females are caught and stripped for collection of eggs. Milt is collected by
stripping the males and fertilized the eggs. As the eggs are sticky, fertilized eggs are
washed with fresh milk or clay water to remove the stickiness of the eggs and kept in
incubation jars for hatching.

A number of catfishes such as magur, shing, pabda are successfully bred and reared
in the Faculty of Fisheries, Bangladesh Agricultural University (Mollah, Sarder and
Begum, 2003). Thai Pangas was extensively bred in Jessore, Bogra and Mymensingh
regions in mid-1990s and onwards where millions of spawn and fingerlings were
produced. According to the farmers at Jessore and Adam Dhigi, Bogra, Thai Pangas
production exceeded 50 million juveniles in 1997 (FFP, 1997). As Thai Pangas is a very
fast growing cash-crop fish species, its culture received highest popularity during the
period of 1995-2002, but due to the falling of market price resulting from bad muscle
flavour and high feeding cost, farmers lost their interest to culture pangas.

For tilapia breeding, no inducing agent was applied but the fertilized eggs are
collected from the mouth of the brood mother. The captive brood parents are
normally kept in hapa (fine mesh net cage) where females release eggs and males
release sperm and fertilization takes place. Immediately after fertilization, females take
the eggs into the mouth and incubate them there until the eggs hatch out. During the
mouth-incubation process, fertilized eggs are collected from the female and placed in
incubating trays or plastic jars for hatching that takes around 6 days. In some parts
of Bangladesh especially in the north, brood tilapia are released in paddy fields where
breeding takes place and fries are collected from the field for culture in ponds. Poor
people in northwest Bangladesh also developed techniques to breed the easily-bred
and fast-growing species (e.g. common carp, silver barb, and tilapia) by using a small
hapa suspended in a water body, or in a flooded rice field (Little, Golder and Barman,
1999).

Freshwater prawn (golda) fry production

Prawn juveniles are traditionally collected from rivers, canals and natural depressions
by netting followed by stocking in ponds. Sometimes prawn fry are collected by
entrapping them in the low lying coastal areas by constructing embankments (locally
called ghers) and allowing tidal water to enter into the ghers. In southwest Bangladesh,
freshwater prawn culture still depends on wild post-larvae (PL). Farmers prefer to
stock wild PL rather than hatchery-produced PL, since fry production in hatchery is
limited. The quality and survival rate of hatchery-produced PL is inferior to the wild
PL (Ahmed, 2004). Thousands of rural poor are involved in prawn PL collection on
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the Pasur River from Mongla to Heron Point on the south coast from April to June as
part of their livelihood. Two types of nets are used for PL collection: the behundi net
and the pull net. However, the catching and marketing systems are not well developed
and high rate of PL mortality occurs due to poor handling (Ahmed, 2003).

Due to unavailability of juveniles in the natural waters and realizing the need of
large number of prawn fry for commercial culture, work on prawn hatchery began in
the 1980s but it was not expanded well. In 1988, the first commercial PL production
was successfully done in Khulna region under the Prawn Culture Project. In 1993,
the Riverine Station of the Bangladesh Fisheries Research Institute (BFRI) and the
Department of Fisheries (DOF) in Chandpur jointly started work on the establishment
of backyard prawn hatchery and provided training to NGOs, unemployed youth and
interested farmers.

During last 20 years, a good number of prawn hatcheries have been established
both in private and public sectors and millions of fry/PL are produced. In the private
sector including NGOs, 18 prawn (golda) hatcheries are currently in operation and
produced 50 million fry, while in the public sector, 12 prawn hatcheries produced
5 million fry (FRSS, DOF, 2003-2004). For breeding, berried prawns are collected from
rivers, cultured ponds and ghers from March to July. The availability of berried prawn
during breeding season is limited. It is very important that care should be taken during
handling and transporting of berried prawn.

Nursery

Nursing of larvae/spawn is an important stage in fish culture. In Bangladesh, there are
about 7 057 private carp nurseries, with an average area of 1 ha each. Besides these,
most of the government Fish Seed Multiplication Farms (GFSMF) are used for nursing
the fry. About 5 030 million fingerlings are produced from private sector nurseries
compared to 18.4 million fingerlings produced from public sector nurseries (FRSS,
2003-2004).

Both seasonal and perennial ponds are used as nurseries in Bangladesh. Seasonal
ponds are prepared without using pesticides. In case of perennial ponds, they are
prepared by dewatering or by applying insecticides/piscicides such as Rotenone,
Phostoxin, Cellophos, etc. After drying or poisoning the pond, lime is applied at
1-2 kg/decimal and cow dung at 5-7 kg/decimal, five to seven days before stocking.
Inorganic fertilizer such as urea and TSP (triple super phosphate) are also used at 100-
150 g and 50-75 g/decimal, respectively. Pesticides namely Dipterex or Sumithion are
usually used at 0.15-0.25 ppm just one day before stocking for eradicating insects (water
pleas) and large-sized planktons like cladocerans. TSP and urea are regularly used at 25
and 20 kg/ha/month, respectively, after stocking the spawn (Aminul Islam, 1989).

Two main types of nursing are practiced in Bangladesh: 1) single-stage nursing and
ii) two-stage nursing. In single-stage nursing, hatchlings are grown to fingerlings in
one operation. The stocking density is maintained at 1.0 to 2.0 million spawn/ha and
2-3 inch-sized fingerlings are obtained within four to six weeks. In two-stage nursing,
hatchlings are reared for 10-15 days in nursery ponds with a density of 6.0 million
spawn/ha for obtaining 1 inch size fry. Then the fries are thinned out and stocked at a
density of 0.2-0.3 million/ha and reared for another four to six weeks for growing up
to fingerling size (2-3 inches). Some nursery operators specially in south Bangladesh
carry out nursery rearing in three stages such as: 1) early fry raising (spawn to early fry
for 6-8 days); ii) fry raising (early fry to fry for 20-30 days) and iii) fingerling raising
(fry to fingerling for 90-100 days) (Hasan and Ahmed, 2002).

For both types of nursery practice, newly hatched spawn are fed with boiled egg-
yolk finely mixed with water. Then in the next four to five days, cooked wheat flour
and boiled egg-yolk dissolved in water are provided. After that, fry are regularly fed
with overnight-soaked mustard oil cake in water until reaching fingerling size.
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Prawn fry nursing

Before stocking of larvae, the larvae rearing tank is filled up with de-chlorinated water.
About 50 000 to 100 000 larvae can be stocked per tonne of conditioned water in
the tank. Usually no feed is supplied to larvae for the first 24 hrs of stocking. After
24 hrs of stocking, two to three decapsulated Arzemia is supplied to each larva with
two hrs interval. It is continued up to seven to eight days. After that prepared custard
is provided with a size of 100-150 p and it is supplied at daytime while Artemia
is supplied at night time. With this feeding regime, the larvae develops into post-
larvae (PL) within 25-30 days. The PL is stocked in the nursery pond at the rate of
50 000-60 000/acre and 1.0-1.5 acre sized pond is better for PL nursery.

Gene bank

Gene banking of fish can be of two types: 1) live gene banking and ii) cryogenic gene
banking. Both types of gene banking are new in Bangladesh although the idea and the
urge for establishment of such banks have been realized quite long ago. Production
of fry from the hatcheries is sufficient to meet the domestic demand but the quality
of fry has deteriorated over the years. Among many reasons, ignorance and lack of
knowledge on scientific broodstock management techniques, inbreeding and intentional
interspecific hybridization, negative selection, use of immature fish for breeding, etc. are
held responsible for such quality degradation. Realizing the need to stop further quality
deterioration as well as to improve the quality, the DOF has launched two big brood
bank projects namely Brood Bank Establishment Project directly funded by DOF and
Brood Bank Project under the Fourth Fisheries Project of DOFE. BFRI also takes some
programmes to improve broods’ quality. The Northwest Fisheries Extension Project
(NEFP) imported fry of silver carp, bighead carp and grass carp from the river of
Yangtze, China with the help of Network for Aquaculture Centres in Asia (NACA) in
1994 and reared them to broods. In the year 1997, NEFP started to breed the Chinese
carps and distributed the fry to eight government farms, BFRI, Bangladesh Agricultural
University (BAU), NGOs such as Bangladesh Rural Advancement Committee
(BRAC), CARITAS, Grammen Matsha Foundation (GMF), Rangpur Dinajpur Rural
Services (RDRS) and private hatcheries for future broodstock development. In 2002-
2003, the Brood Bank Establishment Project of DOF has started its work to set up
12 brood banks in the Government Fish Seed Multiplication Farms in six divisions with
a target of 110 tonnes of genetically improved broods, 1 800 kg spawn and 0.5 million
fingerlings production. Fry were collected from different rivers such as Halda, Jamuna
and Padma and reared in the selected hatcheries following specific brood production
techniques. In the mean time, 85 tonnes of broods were produced and from this the
required number of broods are being sold and distributed to different public and private
hatcheries following newly formulated policy of DOF for selling and distribution of
broods, fry and fingerlings. In addition to the government initiatives, NGOs especially
BRAC has already established one carp brood bank for their own hatchery purposes
and they are going to set up another brood bank for tilapia soon.

Similarly 20 brood banks were established by collecting fry from natural sources
and rearing in 20 Fish Seed Multiplication Farms and one Fish Breeding and Training
Centre with the funding from the Fourth Fisheries Project. Brood fishes from the
bank are being distributed to different government hatcheries. Necessary training for
government and private hatchery operators and owners on broodstock management
are being provided from both brood bank projects.

For the establishment of cryogenic gene bank (sperm cryopreservation) for fish, no
initiative has been taken yet. However, project-based research work on cryopreservation
of sperm of Indian major carps, Catla catla, Labeo rohita, Cirrbinus cirrbosus, exotic
carps, Cyprinus carpio, Ctenopharyngodon idella, Hypophthalmichthyes molitrix,
Aristhicthys nobilis, Barbodes gonionotus were conducted with the collaboration of



7.1 Freshwater fish seed resources in Bangladesh

115

BAU, DOF and BFRI. More research on Indian major carp sperm cryopreservation
and cryogenic gene banking are presently going on in the Faculty of Fisheries of

BAU.

SEED MANAGEMENT

Husbandry management of broodstock

Brood fish is considered as the heart of the hatchery and management of broodstock
is the key of quality seed production. Success of induced breeding depends on
availability of sufficient number of brood fish. Therefore broodstock should be
maintained scientifically so that ripe broods could be obtained during the whole
breeding season. Most of the government hatcheries have own broodstock and around
25 percent recruitments take place in every year. On the other hand, few private
hatcheries have their own stock and maintain them more or less scientifically but there
are many private hatcheries that do not have the required number of broods. During
breeding season they instantly buy broods from others and produce fry from them
to fulfill their target. Besides this, most of the private hatcheries make new brood
recruitment from the subsequent generations of few pairs of original parents that
result in inbreeding.

The management techniques adopted by different hatcheries are varied from each
other. Brood fish are reared in ponds having the area of 0.5 to 1.0 acre and water depth
between 1.5-1.8 meter. During preparation of brood fish ponds, the usual practice
is to eradicate the predator and weed fishes by dewatering and drying. Sometimes
toxins such rotenon, phostoxin, etc. are also applied to kill the unwanted fish species.
Aquatic weeds and other submerged plants are manually cleaned. After cleaning the
pond, lime is applied at the rate of 1-2 kg/decimal and five to seven days after liming
cow dung is used at the rate of 5-7 kg/decimal or 3-4 kg/decimal of poultry droplets
as organic fertilizer. Inorganic fertilizers such as urea, TSP are also used at the rate
of 150 g, 75-100 g per decimal respectively. Even after stocking the broods, liming
(250-300g/decimal) and fertilization (cow dung 1.5-2.0 kg, urea 40-50 g, TSP
20-25 g per decimal) are continued for whole season with fortnightly intervals to keep
the water quality suitable and to make the planktonic food available to the broods.

Most of the government hatcheries
maintain the stocking density of 2 500-4 000 TABLE 7.1.6
kg/ha which is much higher (5 000-6 000 kg/ Species composition and ratio in a
ha) in private hatcheries. Usually seven carp Proodstock pond

species are stocked and reared together with —__Fish species St°Cki"°9 rate

the following ratios (Table 7.1.6): 2'::: carp 350‘,:
Apart from the availability of natural food, —¢ . T,

most of the fish farms feed their brood stock Mrigal 25%

with supplementary feed by maintaining 25-  Grass carp 10%

30 percent protein level. The composition and ~ Bighead carp 5%

ingredients of the supplementary feed are as __Silver barb (Thai Sarputi) >%

follows (Table 7.1.7):
In addition, 200-300 g Embavit-L per 100 kg of
feed is provided to enhance the gonadal development TABLE 7.1.7
of fish. The supplementary feed is applied at 2-3 Ingredients and doses of
percent of standing crop. For grass carp and silver SuPplementary feeds for broods

barb, a soft grass (Topa pana) cut into small pieces are _Ingredients Dose
lied h Mustard oil cake 30%
supplied to the pond.
Besid 1 limi fertilizi d feedi Wheat bran 15%
esides regular liming, fertilizing and feeding, ¢ pran 30%
Horra is pulled along the bottom of the pond to Fish meal 15%
remove any accumulated gas in the bottom. Water — wheat flour 5%

exchange is done with removing some old water and _ Molasses 5%/2%
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adding some new underground water. To check the health of the fish and to calculate
the feeding ration, the fish is netted at least one or two times per month. Except for
Argulus infection, no other diseases are encountered in brood fish ponds in Bangladesh.
For Argulus treatment 0.25 ppm Sumithione or 0.5 ppm Dipterex is used twice a week
with five to seven days interval.

Fingerling feed management

Prior stocking of fingerlings, ponds are prepared by dewatering or by using toxins to
remove unwanted fish. Aquatic weeds are manually removed. Liming and fertilizing
procedures are more or less same as brood stock pond preparation.

Along with some supplemental feeding farmers are mostly dependent on natural
foods produced in the ponds for fingerling rearing. To grow enough planktonic food,
urea, TSP and cow dung are applied with high doses. Preparation of composed at the
corner of the ponds is common. As supplementary feed, mustard oil cake, rice bran,
wheat bran and sometimes fish meal are used.

SEED QUALITY

Quality fish seed production is the prerequisite for sustainable aquaculture. In
Bangladesh production of seed is not a problem but the crucial factor is to maintain its
quality. Over the last two decades Bangladesh became self-sufficient to produce and
distribute fry to the users but the quality of seed has been deteriorated. Inbreeding,
interspecific hybridization, negative selection of broods, improper broodstock
management are common phenomena in hatcheries especially in the private hatcheries.
These factors result in low growth rate, high mortality, deformities, less fecundity of fry
and so on. Many of the private hatcheries keep very small number of broods and rarely
recruit new broods from outside; if they do, recruitment takes place from subsequent
generations of the same stock. Some hatchery operators/owners collect broods from
the farmers’ grow-out ponds during breeding season and sell them out after breeding.
Breeding of same broods more than one time in a season is another common practice
in many hatcheries that presumably deteriorates the larval quality and increases the
occurrence of deformed larvae and death. Hussain and Mazid (1997) and Sarder (1998)
reported reduced growth, physical deformities, diseases and high mortality in hatchery
produced carp seed and they have identified improper management of broodstock,
unconscious negative selection of broods, unplanned hybridization and inbreeding as
the probable reasons behind these reduced performances. Recent studies have revealed
high rate of inbreeding and inter-specific hybridization in both endemic and exotic
carps (Simonsen et al., 2005, Simonsen et al., 2004; Alam er al., 2002). In order to stop
the further genetic deterioration and at the same time to improve the quality of seed,
DOF and BFRI have taken some initiatives, such as brood bank establishment project,
brood bank project, distribution of broods to government and private hatcheries
from the brood banks and brood management trainings for the hatchery and farm
operators.

Disease is considered as one of the important problematic factors for the seed
industry. There are few published reports on disease in both hatcheries and nurseries
in Bangladesh. Parasitic diseases in nursery are one of the most important limiting
factors for growth and survival of fry and fingerling. In many Asian countries severe
mortalities among carp fry have been reported and it was caused by different diseases
especially by ich disease, Trichodina spp., Ichthyobodo spp., Lernaea spp., Myxobolus
spp- and Dactylogyrus spp. Myxobolus and Hennegyuna have caused heavy mortalities in
Catla catla with the disease called gill myxoboliasis. It was reported that 61 percent of
carp fry were infected with ectoparasites in nurseries of Greater Mymensingh District
and highest mortality of carp fingerling was occurred by Trichodina, Myxobolus
and Dactylogyrus. Chandra et al. (1996) reported high prevalence of myxosporean
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ectoparasites in juvenile Indian major carps (Labeo robita and Cirrbinus cirrbosus) in
nursery ponds of Mymensingh. They also reported severe gill infection of these juvenile
carps by five different myxosporean ectoparasites belonging to the genus Myxobolus.

Ahmed (1997) reported that hatchlings, PL and fry of carps are affected by gas
bubble disease which is cause by supersaturated oxygen and nitrogen gases. The author
also reported that in hatchery the most serious diseases of eggs are caused by the fungal
infection with Saprolegnia and Achlya sp. Hasan and Ahmed (2002) conducted a
survey on disease problems in 180 carp hatcheries and nurseries in southern and eastern
regions of Bangladesh and reportedly found disease as a big problem for hatcheries and
nurseries. They listed a number of diseases found in hatcheries and nurseries which
were white spot, tail and fin rot, EUS (epizootic ulcerative syndrome), sudden spawn
death, fish louse, gill rot, dropsy, malnutrition, air gulping and deformities. The reason
for sudden spawn death was unknown but the operators assumed sudden sharp rise
of water temperature in hatcheries and nurseries could be responsible for such massive
death. In the survey study many farmers mentioned that the sudden spawn mortality
and occurrence of deformed larvae are more common for spawn produced during late
breeding season.

There are no specific/unique procedures for maintaining hygienic condition in
hatcheries but most of the hatcheries take some precautionary measures before
and during the fry production. As a part of the precaution all the components of
the hatchery such as overhead tank, breeding tank, circular tank, bottle jar system,
delivery pipe, shower, gate bulb etc are washed with detergent powder (wheel powder),
bleaching powder and formalin. Salt water and potassium permanganate are also used
to clean the hapa, bowls and beakers. If any disease appears during the fry production
the hatchery operators immediately discard the diseased fry from the hatchery and
the whole hatchery components are cleaned with the above mentioned cleaning agents
before the start the next round of production. Hasan and Ahmed (2002) reported that
during outbreak of disease in hatcheries and nurseries, farmers used different treatments
such as applying chemicals and antibiotics, water exchange and manipulation of feeding
and fertilization.

There is no available set criterion from both government or private sectors for
maintaining or improving seed quality in Bangladesh. However, after discovery of
inbreeding and hybridization in both private and public hatcheries, many farmers
start to query on seed quality before buying the fry. Consequently many hatchery
operators put their attention in keeping enough number of broods, its management,
and maintaining seed quality for the sake of their business interest. The government
has already taken some measurements such as establishment brood bank to improve
the quality of seed.

SEED MARKETING

Next to seed production and nursing, timely supply of seed to the farmers is a very
important task for aquaculture. There is a complex network of seed supply, not
institutionally organized, involving hatchery operators, nursery operators, middlemen
(seed trader) and fish farmers. The following flowchart shows the distribution channel
of seed.

Although there are around 800 hatcheries and 7 057 private nurseries, these are not
equally distributed all over the country but rather more or less clustered to few places.
Among the hatcheries many of them have both breeding and nursery facilities. Many
of the government fish seed multiplication farms are also used for both purposes. Fish
seed traders play a vital role in providing a link between hatchery, nursery and fish
farmers. They are the main actors that make seed available to the farmers’ pond side. In
the flow chart above, it is shown that fish spawn are directly collected by the nursery
operators from the hatcheries and reared to fingerling stage.
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FIGURE 7.1.2
Supply channels of fish seed from hatchery to farmers
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Fingerling marketing is generally done by middlemen since very few fish farmers buy
directly from nursery farms. About 80 percent of fingerlings are supplied to farmers by
middleman (fish seed traders) and some 20 percent of fingerlings are directly collected
by farmers from the nursery operators. In addition to this, when spawn are reared to
fingerling at the hatchery cum nursery, fingerlings also reach farmers through the same
channel. At present there is no established and formal fish seed market for selling and
buying seed but some spots for example, Parbatipur Railway Station (northwest part
of Bangladesh) where seed are accumulated from Jessore, Bogra and Rajshahi regions
by train, are used as seed market. Fish seed traders in the northwest often procure
fingerlings from sources as far away as Jessore, Bogra and Rajshahi, and between 100
to 125 million fingerlings are usually traded at Parbatipur railway station every year
(NEFP, M&E Annual Report, 1993-1994). It is noteworthy that fish traders are not
only involved in seed supply, they also provide some advice on fish culture to farmers.
Northwest Fisheries Extension Project had took a project on seed transportation and
its management, and under this project a large number of fish seed traders received
training on handling during transportation of seed and also some basic training on fish
culture that are disseminated to the farmers during seed sale.

Transportation of seed
Fish spawn/hatchlings are transported in polythene bags filled with oxygen. Usually
10-12 1 of clean pure water is taken into a 90 cm x 50 c¢m sized plastic bag and

250-500 g of four to five day old spawn are placed in the bag. The bag is then filled
up with oxygen and the mouth of the bag tightly sealed with rope. For protection of
the bag another polythene bag with the same size is taken and the bag with fry placed
into the second bag. Finally the plastic bags are placed into jute made bag for more
protection during transportation by bus, train, van, pick-up truck, etc.

Fish fingerlings are transported by using indigenous and modern techniques.
Before transportation, the fingerlings are netted for two consecutive days to make
them strong and accustomed. On the day of transportation, the fingerlings are caught
by using soft, small mesh sized net and water is splashed for 15-20 min from outside
the net so that the fish will be frightened and release faeces. This type of conditioning
of fry helps to keep the water clean for longer time during transportation. Using
indigenous method, earthen pots called hundis and other aluminum or metallic
containers with hand agitation of water are generally used for transportation of fish
seed. Usually 20-30 fingerlings/l of water in the container are carried either on foot



7.1 Freshwater fish seed resources in Bangladesh

119

Freshwater prawn post-larvae supply chain from fishermen to prawn farming areas in

Bagerhat District

Field
buyers
(forias)

:

Fishermen PL traders Prawn

. Brokers :

in coastal (Baperis) in local farmers
markets P markets (growers)

or by bicycle, by rickshaw, by train, etc. A constant jolting or hand agitation of water
is useful for replenishing of atmospheric oxygen in the water. During longer period
of transportation, the water may get dirty and is periodically replaced with new fresh
water. Dead and injured fry are also removed from the container at times preventing
rotting and fouling of water. During transportation, the containers are often covered
with moist cloth and gunny bags to keep the container cool.

Using modern techniques, fingerlings are transported in 90 ¢cm x 50 cm sized
polythene bags filled with oxygen. Usually 4-6 | of water are taken into the bag and
50-100 fry/l are carried. In case of large-scale seed transportation, fish hauling tank
equipped with agitator and oxygen supply is used. Sometimes the body of the truck
is temporary converted into a water pool using plastic pool filled with water. Plastic
barrels (200 1) are also used to transport fry specially the pangas fry and the barrels are
carried by pick-up van or truck. The barrels are filled with clean fresh water prior to
transfer the fry from the hapa but manual water filling of barrels is time consuming
and costly. Sometimes it is difficult to get available clean fresh water. To make the water
available and to easily fill the barrels, recently in Mymensingh region, many water filling
stations are established along the high way. It is a station where underground water is
withdrawn from shallow or deep tube-well by using two to four H.P. pump and the
water is delivered to the barrels using delivery pipe. In the absence of mechanized tube-
well, clean pond water is delivered to the barrels by simple lift pumping.

Prawn fry marketing and transportation

The chain for transporting and marketing of prawn PL is complicated. A number of
intermediaries exist: brokers (locally known as baperis), PL traders and field agents
(forias) are involved in the PL marketing chain linking the fishermen to the prawn
farmers (survey study conducted by Dr. Nesar Ahmed, personal communication).
Usually PL collectors do not have any direct contact to the prawn farmers; they sell
the PL to baperis who carry it to the PL traders. The PL traders sell the PL directly
or via forias to the farmers. The forias play a dual role: first, to supply the PL to the
farmers and second, to get the market-sized prawn from farmers to the prawn traders.
Forias work with a little amount of capital and often take temporary loans from the
PL traders.

Like carp fry, prawn PL are transported by both indigenous and modern methods.
Transport of live PL to traders takes place at night or in the very early morning hrs,
to take advantage of cooler temperatures. Usually aluminium containers of 10 to 201
covered with wet cloths or nets are used to carry the PL with pick-up vans, buses,
minibuses and taxis. During transportation, saline water with 10 to 15 ppt is used,
normally at a ratio of two | per 1 000 PL for eight hrs transportation. PL mortality rate
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following the above conditions is very low, less than 10 percent (Dr. Nesar Ahmed,
personal communication). Dayue (1988) mentioned that loading density, packing
and transportation methods affected survival rate of prawn PL during transport. At
a loading density of 5 000 PL/I of water at 18 to 23 ppt and 15 to 20 °C temperature,
the survival rate can be above 95 percent over 20 hrs of transport. Prawn PL is also
transported in polythene bags filled with oxygen. One-third of total space of the bag is
filled up with water and two-third with oxygen and in this condition 1 000-2 000 PL/I
of water can be transported for eight to ten hrs. Venkataswamy, John and Kaleemur
Rahman(1992) noted that at 26 °C packing in oxygenated bags could help in increasing
survival rate of PL.

Finance

To operate the government fish seed multiplication farms, government provide money
to the farms by fixing a target with either production of certain kg of spawn or earning
of certain amount of money from selling spawn or fingerling for each year. However,
most of the private hatcheries and nurseries are self-financed. Many hatchery/nursery
operators take loans/credits from different sources: government banks such as Sonali
Bank, Janata Bank, Krishi Bank, Pubali Bank, Co-operatives; private banks such as
Grameen Bank, Employment Bank (karmosagnsthan Bank); NGOs such as BRAC,
Proshika, Caritas, ASA. They also take money from local rich people (Mahajan) as
loan with interest rate.

Sales promotion

The main customer of the fry is the rural small fish farmers. However, since many big
commercial fish farms have been established in the country over the last few years, a
large portion of fry are being used by these farms. From mid-1980s, the government
has taken programmes to release and stock fry in open waters every year and for
this purpose a large number of fingerlings are bought from both public and private
hatcheries and nurseries. In addition, to rehabilitate poor farmers who suffered from
flood, cyclones, the government, donor agencies and NGOs such as World Vision and
Caritas procure fingerlings from hatcheries and nurseries.

SEED INDUSTRY
On the basis of the production of spawn the hatcheries can be categorized into three
groups which are shown in Table 7.1.8 below.

RISKS
Socio-economic condition
Many private hatchery owners are rich and some of them are educated. They have
established their hatcheries using their own capital but sometimes they take financial
assistance from commercial banks. Most of them have either received training from
government hatcheries and institutes or learned the technology from other existing
hatcheries and operate them with the help of some labourers. In some cases, technicians
have been trained by hatchery owners for smoothly running the hatchery. Nevertheless,
many hatchery owners and most of the labourers are illiterate or have little education
and could not understand and adopt latest technologies easily. If any problem such
as disease appears they feel very

TABLE 7.1.8 nervous and could not the take
Type of hatcheries based on fry production right and timely decision

Type of % number of total  Production of spawn : :

hatchery hatchery (kg)/year . Perspns who are involved in
Small 50 50-100 fingerlings production belong to
Medium 40 100-300 poor lower-middle class. Some

Large 10 300-2 500 nursery operators have little
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education while most of them are uneducated. They raise the fry to fingerling either
in own ponds or take ponds on lease. In many cases fry is reared to fingerling stage in
small-scale and homestead ponds and thus many women along with men get involved
into the fish rearing business. Some nursery operators have taken training on nursery
practice from government and research institutes; however, many of them share
working experiences with each other.

Environment

The environment of Bangladesh is highly favourable to fish culture. Until the 1970s
fish was everywhere in Bangladesh and the main source of fish was inland open water
capture fisheries. But fish production from inland water fisheries declined over few
decades due to implementation of flood control, drainage and irrigation schemes which
resulted in depletion of flood plains used for breeding and nursery grounds of fishes.
Another reason, a large number of Bangladeshi rivers have originated from India
and due to the downstream location, Bangladesh is becoming a flood prone country.
Almost every year, Bangladesh is affected by the flash flood water at which time many
parts of the country become inundated and a large number of fish farms are partially
or fully damaged. Flood water not only cause damage to farms, it also has become
responsible for outbreak of different diseases.

Transportation, market, recovery money

Trading of fish seed is a seasonal occupation and in most places it starts in April and
ends in September. Seed traders typically carry a few thousands seed in aluminum
containers and travel on foot, by bicycle or train to reach farm customers. They face
significant risk of seed losses during long transport/journeys. Sometimes bad road
communication increase the risk of seed loss. Another problem for the seed traders is
to sell the fingerling with a variable price and also on credit to seed buyers. Sometimes it
is difficult for the traders to recover the credit money from the buyers and make profit
out of the business. The practice of selling fry and fingerlings on credit is involved in
all sections of fry trading, i.e. from hatchery to nursery to fish farmers.

Others

Stealing, poisoning, electricity failure, high temperatures, low underground water
level just after winter season are also considered important risk factors for maintaining
broods, fish seed production, trading and culture. Extremely high temperature (e.g.
40-45°C) sometimes causes massive death of fry and broods. Similarly, low underground
water level especially during the month of March to May, before the start of rainy
season, bring difficulties for maintaining broods as required amount of underground
water can not be withdrawn and supplied.

SUPPORT SERVICES

There are several organizations and institutions directly and indirectly involved
in fisheries extension and aquaculture development in Bangladesh. However, the
Department of Fisheries (DOF) under the Ministry of Fisheries and Livestock (MOFL)
is the principal organization responsible for fisheries development and extension.
DOF has a strong network throughout the country consisting of 6 Divisional head
quarters, 64 District Fisheries Offices, 460 Upazilla Fisheries Offices and 112 fish seed
multiplication farms with a staff of about 4 500 individuals. The main job of these office
bearers is to develop aquaculture and extension of fisheries activities. The 460 Upazilla
Fisheries Officers are directly involved in aquaculture extension. In addition, there are
some other personnel such as Aquaculture Extension Officer (AEO), Extension Officer
(EO) under different development projects are working for promoting extension of
aquaculture. The District and Upazilla Fisheries Offices provide training on different
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aquaculture aspects such as broodstock management, fry production through artificial
breeding, nursery management, fish culture, integrated fish culture, prawn breeding,
nursing and culture, feed management, disease control, etc. to government and private
hatchery/farm operators, fish farmers, relevant NGO workers. In addition to this,
the Government Fish Seed Multiplication Farms are also involved in such training
programmes. For formal training for aquculture officers, hatchery/farm operators and
NGO personnels, the government has established six Fish/Shrimp Training Centres
and one Fish Training Academy and from these institutes short aquaculture training
courses are offered (FRSS, 2004). The Youth Training Centers under the Ministry
of Sports and Youth Development are providing two to three months residential
training on aquaculture and other branches of agriculture to unemployed youth (men
and women). The Bangladesh Fisheries Research Institutes (BFRI), another national
institute under the MOFL, has seven stations and sub-stations with a manpower of
376. Research on aquaculture and fisheries are the main task of the institute but very
often it also provides aquaculture training, sometimes alone or with collaboration with
DOF and donor agencies such as Worldfish Centre, Danida, DFID, FAO, UNICEEF,
to government and private hatchery and nursery operators, NGOs, unemployed
young men and women. The Fisheries Faculty of the Bangladesh Agricultural
University (BAU) sometimes arranges training, mainly research project-based training,
for government and private hatchery/farm operators, NGO persons and farmers. The
Fisheries and Marine Resource Technology (FMRT) Discipline of Khulna University
also arranges similar training programmes.

Technology developed and disseminated

So far 36 technologies, many of them related to freshwater fish and prawn seed
production, have evolved and disseminated to farmer level by the DOF, BFRI and
universities. A number of manuals (e.g. fish culture manual, improved brood fish
production and breeding techniques, fish genetic improvement and broodstock
management, fry transportation and stocking management development course, nursery
management course, fundamental extension course, environmental friendly shrimp
culture management course); books (e.g. genetic improvement and conservation of carp
species in Bangladesh, genetic management and improvement of exotic carp species
in Bangladesh, tilapia culture); booklets (e.g. pituitary gland collection techniques,
improved carp hatchery management techniques, improved carp nursery management,
prawn fry production in backyard hatchery and pond culture, genetic problems and
remedies for induced breeding of Bangladeshi fish, carp brood bank establishment and
management technique, carp and prawn fry transportation, freshwater prawn hatchery
operation, freshwater prawn fry nursery management etc are published and distributed
to relevant persons by DOF, BFRI and universities.

SEED CERTIFICATION

Thereis no seed certification system for hatcheries in Bangladesh. However, realizing the
need of seed certification for controlling seed quality in carp and prawn hatcheries, the
MOFL formed a National Committee in 2001 by picking up personnel from different
relevant institutions to formulate a policy for seed certification. The committee already
drafted policies for seed certification and submitted it to MOFL for its final approval.
The name of the drafted law is “Matsha and Chingri Hatchery Ain 2005” (Law for
Fish and Shrimp Hatchery 2005). It includes the clauses for registration of hatcheries,
and the rules for fish and shrimp hatchery operation. The latter elaborates few things
which are necessary for hatchery operation such as physical infrastructure/facilities of
hatchery, ponds, selection of brood fish for breeding, source of selected brood fish,
environment, etc.



7.1 Freshwater fish seed resources in Bangladesh

123

LEGAL AND POLICY FRAMEWORKS
Policy framework
The Fisheries Policy of Bangladesh was adopted in 1998 to provide appropriate
regulatory and supportive rules for continuing growth and development of the
different sub-sectors of fisheries. The policies are summarized by Mazid (2002). It has
the following objectives:
1) fisheries resources development for increased fish production;
ii) poverty alleviation through creating opportunities for self-employment and
improving socio-economic conditions of fishermen and fish farmers;
1ii) meeting animal protein requirement of the country;
iv) increased foreign exchange earning and the rate of economic growth through
export of fish and fisheries products;
v) environment protection, biodiversity conservation and public health improvement.

Legal jurisdiction of National Fisheries Policy (Section 3.0)
The jurisdiction of the national fisheries policy is:

1) All national and multinational agencies both government and private including
individuals involved in fisheries development activities within the geographical
boundaries of Bangladesh shall fall within the purview of the National Fisheries
Policy (Section 3.1).

i1) The conservation, development and management of all potential fisheries water
bodies shall come under the purview of the policy (Section 3.2).

Policy for Inland Open Water Fisheries Development (Section 5.0)

1) Minimizing negative effects of all development activities including construction
for flood control, irrigation, drainage, roads, urbanization etc. on fish and
fisheries habitats.

i1) Transferring identified or part of the potential water bodies to the Department
of Fisheries to establish fish sanctuary for natural propagation of fish.

ii1) Natural water bodies like khal, beel, ditches, canals and other open water bodies
not to be allowed to dry up in full.

iv) Beels, haors and baors shall be re-excavated, restored, improved and declared as
the sources of fish production and these water bodies shall not be allowed to
reduce.

v) Ensuring fish production as the primary use of all identified water bodies.

vi) Developmentofappropriate managementguidelinesand rigorousimplementation
of all acts and rules for conservation of open water fisheries.

vii) Identifying and preserving breeding and nursery grounds of fish and shrimp and
protecting egg bearing fish and fish fry.

Policy for Freshwater Aquaculture (Section 6.0)
1) Demonstration of aquaculture technologies in the farmers’ field at the Upazila
and Union level through government initiatives.

i1) Encouraging women in aquaculture.

ii1) Involving poor fishermen in community-based capture fisheries development
in haor, baor (natural depression, oxbow lakes) and in other potential water
bodies.

iv) Leasing government tanks, ponds and other similar water bodies to targeted
poor or unemployed youth, both men and women, for fisheries as means of their
livelihood.

v) Developing guidelines for proper application of lime and fertilizer based on
location specific need assessment of soil water quality.

vi) Undertaking integrated aquaculture in inundated rice field.
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vii) Providing support to private sectors to establish hatchery and undertaking
programme to promote establishment of nursery in the public and private
sectors for production of required fingerlings for stocking in open waters and
for aquaculture as well as to establish fish seed industry.

Legal framework
For carrying out fisheries activities legally, there is a law in Bangladesh (formulated
during the period of East Pakistan, former name of Bangladesh) which is generally
known as the Fish Conservation and Protection Act, 1950. However, some amendments
of the law were made at different times are as follows:
1) The East Bengal Protection and Conservation of Fish Act, 1950 (EB Act. xviii of
1950)
ii) The East Bengal Protection and Conservation of Fish (Amendment) Act, 1963
(E.P. Act. No. 11 of 1964)
ii1) The East Bengal Protection and Conservation of Fish (Amendment) Ordinance,
1970 (East Pakistan Ordinance No. xxvi of 1970)
iv) The Protection and Conservation of Fish (Amendment) Ordinance, 1982
(Ordinance No. 55 of 1982)
v) The Protection and Conservation of Fish Rules, 1985 (SRO 442-L/85 October
16, 1985 MOFL)
vi) The Protection and Conservation of Fish Rules, 1985 (Ordinance), 1986
(No. 5/Fish/Misc 263/84/97) March 4, 1986. MOFL
vii) The Protection and Conservation of Fish Rules, 1985 (Amendment) 1987
(SRO-269-law/87) November 4, 1987. MOFL
viii) The Protection and Conservation of Fish Rules, 1985 (Amendment) 1988
(SRO-24-law/88) January 25, 1988. MOFL
ix) The Protection and Conservation of Fish (Amendment) Act 1995 (Law/9)

ECONOMICS

The market price of carp fry is highly variable depending on several factors such as
species, supply and demand of the fry, season and transportation. The quality of fry is
also considered as the determinant of the price. In recent times, communication system
of Bangladesh has improved much and fry can be supplied to anywhere in the country
in a day. In case of catfish fry, the price is also variable but less fluctuant. The following
tables below show the price fry and fingerlings.

Normally fry produced in the early breeding season received higher price as the
nursery operators can sell the fingerlings with a good price. Many farmers get their
farms ready with supply water and do not wait for rainwater. If they can stock the ponds
earlier with the early seasoned fry, they can get return of their investment with only
few months of fish culture. Nowadays, there are many hatchery owners and nursery
operators who stock the nursery ponds with the late seasoned fry (at the time when the
fry got lowest price), rear them over the winter season (called over-wintered fry). The

TABLE 7.1.9 price of over-wintered fry is quite

Price of fry of indigenous and exotic carps and catfishes high as they grow faster than
Species Price of spawn, TKk/kg new fry and reach marketable
Rohu, Mrigal 500-2 500 size within few months in the
Catla 1.000-3 000 immediate growing season.
Calbaush 1000-2 000 The price of 10 c¢cm sized over-
Silver carp 500-3 000 wintered fry is about Tk1 000 per
Grass carp 1 000-3 000 .

; 1 000 prece.
Bighead carp 1 500-4 000 .
Silver barb 300-1 000 The price of fry depends
Gonia 1.000-2 000 mostly on supply and demand.

Common carp 1 .000-3 000 From 1995 to 1966, both




7.1 Freshwater fish seed resources in Bangladesh

125

government and private hatcheries are

farmers demand and sometimes with

TABLE 7.1.10

3 Price of fingerlings of indigenous and exotic
producing carp spawn enough to meet carps and catfishes

Price of fingerling, Tk/1000

surplus production, the price of the Spectes : individual
spawn declined significantly. As a result 2:':: Mrigal ;gg'zgg
many s'mall hatchery operators are out o 5001 000
of business or changing species such g er carp 100-200
as indigenous catfishes, Thai pangas, Grass carp 200-300
Thai koi, etc. Big hatchery operators are Bighead carp 500-1 000

producing fry less than their capacity. So  Silver barb 200-500

hatchery operators are getting less return __Gonia 200-500
st : Common carp 200-500
from their investment. Fry price also :
d d . ( d . Bata 400-500 (average 5 cm size)
cpends on species (e.g. catla receives Shing 2 000 (average 5 cm size)
higher price than rohu and mrigal), Magur 2 000 (average 5 cm size)

season (early seasoned fry receive higher Pabda
price and the price get down with the _ Thaikoi
commencement of full breeding and late

breeding seasons), quality of seed, etc.

Hatchery and nursery operation are the main and sometimes only job for most of the
farmers. With the money earned from the hatchery and nursery business, they maintain
their whole family activities. Hasan and Ahmed (2002) observed, in their survey study
on hatchery and nursery, that the average contribution of aquaculture to household
income is reasonably high, nursery contributes 79.3 percent while 95.1 percent comes
from hatchery. Apart from aquaculture, the hatchery and nursery operators earn
money from other economic activities such as paddy cultivation, livestock raising,
vegetable and fruit production.

The average price of PL collected from rivers varies from Tk 700 to 800 per 1 000 PL,
but these PLs are ultimately sold to the prawn farmers with a price of Tk 1 200 to 1 500
(Dr. Nesar Ahmed, pers. comm.). The poor PL collectors maintain their livelihood by
selling the PL. According to the private prawn hatchery owner, the price of the prawn
fry is ranging Tk. 1 200- Tk. 2 500/1 000 PL and early seasoned PL receives higher price
than the full breeding seasoned PL.

2 000 (average 5 cm size)
500-1 500 (average 2 cm)

FUTURE PROSPECTS AND RECOMMENDATIONS
Prospects

® More than 98 percent of seed are produced in both private and public hatcheries
which remarkably reduced the hunting pressure for carps and freshwater shrimp
fry from natural sources, a practice which is in contradiction to natural biodiversity
conservation.

e Along with Indian major carps breeding, many hatchery operators are engaging
their efforts on breeding of undomesticated and endangered fish species. Such
activity will definitely help to save the endangered fish species from extinction.

e Establishment of brood bank will definitely help to improve the quality of seed.

e Establishment of fish sanctuary in open water bodies through community-based
fisheries will increase the natural recruitment and at the same time the livelihood
of the fishing community will be improved.

e Availability of fish seed and farming technology will encourage a considerable
number of people including rich people to invest money into fisheries industries.

Recommendations
e Establishment of hatchery and nursery in the private sector should be encouraged
in all areas of the country to ensure availability of adequate quantity of quality
seed for farmers in the entire country. Since most of the hatcheries and nurseries
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are clusteredly located in a few places, new hatcheries and nurseries should be
established in remote areas and at the same time establishment of new hatcheries
in the dominated areas should be regulated.

e Fingerlings, the main input for sustainable aquaculture, receive very poor
attention. Therefore, necessary steps should be taken to establish nurseries within
the government and private sectors.

e Since the quality of seed has deteriorated over the years due to inbreeding,
hybridization, negative selection and improper brood stock management, special
attention should be paid to improve the quality of seed. In this regard, live brood
and cryogenic gene banks need to be established.

® The government in collaboration with private entrepreneurs should take necessary
steps to establish brood banks in different parts of the country. Quality broods
from the brood banks should be distributed to the hatcheries as required and its
maintenance monitored.

* Hatcheries other than brood banks should not create their broodstock from their
own produced fry, otherwise the genetic diversity of stocks will be further reduced.
Breeder candidates should be procured from brood banks, where appropriate
genetic diversity and adequate size of parent stocks are being maintained.

® Necessary training on broodstock management, breeding technology, nursery
technology, disease control, etc. should be provided to hatchery and nursery
operators, farm managers, and fish farmers. Awareness building of private
hatchery operators and fish farmers should be further extended.

* To ensure quality of fish and shrimp fry, registration and seed certification system
for hatcheries and nurseries should be adopted and implemented immediately.

e Since millions of fry of different fish species are coming from other countries
without any check, proper quarantine system should be set up to control possible
disease introduction.

e Catching or killing of broods and fry during breeding season should be banned
and in this regard alternate employment for fishermen during breeding season
should be arranged.

e Fish sanctuaries should be established and monitored in open water bodies as
much as possible in order to promote natural recruitment.

e Total harvesting of fish by complete drying of natural water bodies should be
avoided.

® Loss and destruction of breeding and nursery grounds due to construction of
flood control dams, roads and embankments and irrigation should be stopped.
Inter-departmental co-ordination needs to be developed to minimize the damage
to fish habitats.

e Loans with little interest should be made available from government and private
financial institutions for hatchery and nursery operators. The loan sanction
and distribution procedures must be simplified. Since the nurseries are more
vulnerable, nursery operators should get priority for loan.

e Formal fry and fingerling trading networks should be developed locally and
regionally by the government and other developing partners so that fry and
fingerling producers and farmers can get their actual benefit.

STAKEHOLDERS

Producers/farmers. Hatchery and nursery operators are the main producers of fry and
fingerling of fish. Many of them have good knowledge of fish farming and they often
offer their advice to farmers.

Local institutions. Many NGOs are involved in fisheries activities in Bangladesh and
among them BRAC and Proshika are the leading organizations. They are involved in
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fish breeding, nursery operation, culture and in some cases marketing. The BRAC has a
good number of carp hatcheries and brood bank, and freshwater shrimp hatchery. The
Proshika also has carp and shrimp hatcheries.

Small hatcheries. About 30 percent of total hatcheries are small hatchery and are
involved in production of carps and other indigenous and exotic fish seed. They are
only involved in fry production and sell the 2-3 day-old fry to nursery operators. Many
of them do not have good facility for brood rearing. Recently some small and medium
hatcheries taking initiatives for artificial reproduction of wildly-bred indigenous fish
such as pubda, koi, shing, magur, chital in the captivity.

Large hatcheries. About 10 percent of total hatcheries are large-scale and its main job
is to produce fry of different fish species and sell them to nursery operators. Many of
them have nursery facilities and rear the fry up to fingerling size before marketing. Some
of the hatcheries rear its late seasoned fry in their own nursery ponds during winter
season and sell the fingerlings to farmers as over-wintered fry. Few large hatcheries
are producing spawn of endangered fish species. Other than hybrid production, no
hatcheries are involved in developing new strains or varieties of fish.

Associations. There are some localized hatchery associations in Bangladesh and are
mostly involved in promoting fry and fingerling production and marketing. The
associations play an important role in the National Fish Fortnight Programme each
year.

Government institutions. The DOF and BFRI are the two government institutions
directly involved in fisheries activities in Bangladesh. They provide legal and policy
frameworks for the seed industry, provide necessary training to hatchery operators,
farm managers and also fish farmers. Department of Fisheries has a nationwide strong
extension network to promote aquaculture.

Researchers. Other than researchers from the BFRI, scientists from different
universities and in some cases NGOs are involved in fisheries research activities.
Among the universities, BAU is the oldest and pioneering institution for formal
fisheries education and research in Bangladesh. Fisheries education is also offered
by five other universities and one fisheries college. Scientists from universities are
always engaged in different fundamental and applied research through MS and PhD
programmes. They sometimes arrange training for hatchery operators, farm managers,

NGOs and fish farmers.

Donors (funding agencies). GEF (Global Environmental Facility), DFID, DANIDA,
World Bank, WorldFish Center, Caritas, CARE are providing funds to different

fisheries activities in Bangladesh.
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ABSTRACT
With 13.7 percent of the freshwater available in the planet, Brazil has an enormous
variety of fish in its river basins and this is reflected in the large number of fish species
being farmed in the country. A telephone survey of 175 seed producers in 22 states was
made to collect data for this report. Hatcheries vary from small installations producing
few thousands of seed to bigger installations with a capacity to produce over 20 million
seed per annum. The sum of the seed production of all freshwater fish species was
617 million seed in 2005. Tilapia is the main fish produced in Brazil with a production
volume of 304.5 million in 2005, followed by tambaqui with a volume of 52 million seed
in the same year. The remaining 261 million seed are spread among 35 other species,
of which 26 are indigenous to Brazil. This document describes the seed production
technology for the main freshwater fish species farmed in Brazil, with information
about broodstock maturation, spawning, egg fertilization and larviculture. Some general
aspects of Brazilian freshwater seed industry like seed management, quality, marketing
and certification are described for the main cultured species. A brief analysis of the
legal framework describes the main constraints that hinder aquaculture development,
statistical data collection, law enforcement and sanitary programs for aquatic organisms.
Finally, future prospects and recommendations on actions to realize the great potential
of aquaculture development in Brazil are provided.

INTRODUCTION

With 13.7 percent of the freshwater available in the planet, Brazil has an enormous
variety of fish in its river basins and this is reflected in the large number of fish species
being farmed in the country. Besides the exotic species introduced for aquaculture
purposes like tilapia (Oreochromis sp.), carps (Cyprinus carpio, Hypopthalmichthys
molitrix, Aristichthys nobilis and Ctenopharyngodon idella), catfish (Ictalurus punctatus)
and trout (Oncorbynchus mykiss), there are a number of Amazon and Pantanal fish that
are farmed all over the country with seed producers installed in almost every state. The
so-called “round” fishes like pacu (Piaractus mesopotamicus), tambaqui (Colossoma
macropomum), pirapitinga (Piaractus brachypomus) and their hybrids tambacu
(F' tambaqui x M! pacu), tambatinga (F' tambaqui x M! pirapitinga), paqui (F' pacu
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x M! tambaqui) and patinga (F' pacu x M! pirapitinga) are well accepted by the local
markets and aquaculture of these species has contributed substantially to increase fish
consumption in Brazil. Many native fish that were available only in big fish markets in
the Amazon and Pantanal regions are now encountered in almost every supermarket
in all parts of the country. It is estimated that national fish consumption has increased
in the last two years based on the information given by the Brazilian Supermarket
Association (ABRAS) who reported an increase of 30 percent in the supermarket
commercialization of fish. Freshwater fish farming is responsible for 67 percent of the
national aquaculture production in 2004, with an estimated volume of 180 730 tonnes
(Instituto Brasileiro de Meio Ambiente e dos Recursos Naturais Renovaveis - IBAMA,
2005).

SEED RESOURCES AND SUPPLY

All fish seed comes from hatcheries. Pirarucu (Araipama gigas) is an exception as this
species is collected from the wild as described in the section “Seed management”. The
great majority of hatcheries are privately-owned. Many government institutions and
hatcheries were created in the 1970s to provide seed supply for stock enhancement in
federal rivers and reservoirs. The two main government institutions are CODEVASF
(Company for the Development of the Sio Franscisco Valley) and DNOCS (National
Department of Engineering Against Droughts). These institutions are still very
important in the northeast region where they supply seed for restocking and for small-
scale aquaculture. The production of freshwater fish seed from government hatcheries
was 75.1 million which represented 12.2 percent of the national seed production in
2005.

SEED PRODUCTION FACILITIES AND SEED TECHNOLOGY

The continental dimensions of Brazil and the informal situation of many aquaculturists
that are not registered by local or federal authorities made it is very difficult to identify
and contact all freshwater fish seed producers in the country. However, an exhaustive
attempt to contact each seed producer either through reference from fish farmers
or through advertisement in specialized magazines, allowed the identification of
175 hatcheries installed in 22 states.

Hatcheries vary from small installations producing few thousands of seed to bigger
installations with capacity to produce over 20 million seed per annum. The sum of the
seed production of all freshwater fish species was 617.5 million seed in 2005. Tilapia is the
main fish produced in Brazil with a seed production of 304.5 million seed in 2005, followed

by tambaqui (Colossoma macropomum) with

Regional distribution of the freshwater fish seed

33%

Source: Interview with 175 seed producers

a volume of 52 million seed in the same year.
The remaining 261 million seed are spread
among other 35 species, of which 26 are
indigenous to Brazil.

Seed producers are present in all Brazilian
regions and the northeast region leads the
national production with 203.5 million seed
in 2005 (Figure 7.2.1). This is due in part to

FIGURE 7.2.1

production in Brazil in 2005

6%

22%

B South the presence of 21 governmental hatcheries
B Southesst in the region that produce 57 million, not
B Mid-West only for aquaculture purposes, but also for
25% = Northeast restocking programs in federal rivers and
14% B North reservoirs.

Available technologies for production of
freshwater fish seed include the following:
(1) gonad maturation and spawning induction
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with hormones, (ii) hatching, (iii) breeding and (iv) rearing to fingerling and juvenile
stages. A sperm bank of wild tambaqui was created in 2001 in the north region to avoid
the increasing inbreeding among the progenies produced in other Brazilian regions.
Broodstock improvement is not always easy considering that many seed producers
are very distant from the natural banks of wild tambaqui. In this sperm bank, sterile
test tubes are used to collect 6 to 12 ml of tambaqui semen per fish. The semen is then
analyzed for its viscosity, motility and spermatozoid concentration before dilution in
a cryopreservation solution for freezing and stocking in liquid nitrogen at -196 °C.
Tests with frozen semen has obtained fertilization rates of 88 percent, followed by
normal incubation and larviculture with survival rates of up to 70 percent (Panorama
de Aquicultura, 2003). Tilapia broodstock which originated from the Genetically
Improved Farmed Tilapia (GIFT) population are available in Brazil through one of
the biggest private tilapia seed producer, who supplies 20 million seed of “GenoMar
Supreme Tilapia” annually.
TABLE 7.2.1
Scientific name, common name, regional distribution, volume and percentage of freshwater fish seeds in
Brazil during 2005
Species Common name Farmed in the Region? Volume %
1 Oreochromis sp. Tilapia® S, SE, CW, NE, N 304 481 275 49.31
2 Colossoma macropomum Tambaqui SE, NE, CW, N 51981 654 8.42
3 Piaractus mesopotamicus Pacu S, SE, CW, NE, N 41625723 6.74
4  Hybrid (F' tambaqui x M' pacu) Tambacu SE, CW, NE, N 29 786 030 4.82
5 Leporinus macrocephalus Piauvucu, piaugu S, SE, CW, NE, N 27 815170 4.50
6 Cyprinus carpio Common carp? S, SE, CW, NE 18 878 848 3.06
7 Ctenopharyngodon idella Grass carp’ S, SE, CW, NE 16 792 495 2.72
8 Prochilodus lineatus Curimbata, curimba S, SE, CW, NE, N 13552 110 2.19
9 Brycon amazonicus Matrinxa S, SE, CW, NE, N 13 405 230 2.17
10 Astyanax altiparanae Lambari S, SE, CW 10 935 450 1.77
11 Prochilodus sp. Curimata S, SE, CW, NE, N 10 859 240 1.76
12 Aristichthys nobilis Big head carp® S, SE, CW, NE 10 036 125 1.63
13 Ictalurus punctatus Channel catfish? S, SE, CW 9926 600 1.61
14 Rhandia spp. Jundia S, SE, CW 9803610 1.59
15 Hybrid (F' tambaqui x M' pirapitinga) Tambatinga SE, CW, NE, N 5782 000 0.94
16 Piaractus brachypomus Pirapitinga SE, CW, NE, N 5362 450 0.87
17  Brycon hilarii Piraputanga S, SE, CW, N 5254 400 0.85
18 Leporinus friderici Piau SE, CW, NE, N 5241 360 0.85
19 Hypopthalmichthys molitrix Silver carp? S, SE, NE, CW 4268 000 0.69
20 Hybrid (F' pacu x M' pirapitinga) Patinga SE, CW, N 4244 600 0.69
21 Oncorhynchus mykiss Rainbow trout? S, SE 4205 000 0.63
22 Pseudoplatystoma spp. Pintado, surubim, cachara S, SE, CW, NE, N 4027 980 0.65
23 Brycon orbignyanus Piracanjuba S, SE, CW 2 048 735 0.33
24  Clarias gariepinus African catfish? S, SE 1996 500 0.32
25 Salminus maxillosus Dourado S, SE, CW, NE 1602813 0.26
26 Leporinus obtusidens Piava S 565 000 0.09
27 Leporinus elogantus Piapara S, SE 563 925 0.09
28 Hoplias lacerdae Trairdo SE 553 350 0.09
29 Semaprochilodus sp. Jaraqui N 500 000 0.08
30 Hoplias malabaricus Traira S, SE 453 000 0.07
31 Leporinus amblyrhynchus Chimboré cw 400 000 0.06
32 Cichla ocellaris Tucunaré SE 183 705 0.03
33 Hemisorubim platyrhynchos Juropoca cw 120 000 0.02
34 Micropterus salmoides Black bass? SE 70 000 0.01
35 Araipama gigas Pirarucu SE, CW, NE, N 62 200 0.01
36 Phractocephalus hemioliopterus Pirarara SE, CW, NE, N 62200 <0.01
37 Sorubim lima Jurupensen cw 10000 < 0.01

'F = Female and M = Male.
2N = North, NE = Northeast, CW = Center-West, SE = Southeast and S = South
3 Exotic species
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FIGURE 7.2.2
Freshwater fish seed hatcheries in Brazil (February 2006)

FIGURE 7.2.3
Freshwater fish seed hatcheries in Brazil (South Region, February 2006)
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FIGURE 7.2.4
Freshwater fish seed hatcheries in Brazil (Southeast Region, February 2006)
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FIGURE 7.2.5
Freshwater fish seed hatcheries in Brazil (Mid-West Region, February 2006)
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FIGURE 7.2.6
Freshwater fish seed hatcheries in Brazil (Northeast Region, February 2006)
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FIGURE 7.2.7
Freshwater fish seed hatcheries in Brazil (North Region, February 2006)
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SEED MANAGEMENT

In pacu, tambaqui and pirapitinga, eggs and sperm are obtained through extrusion
and fertilized in a container without water followed by incubation with continuous
water movement. In some regions of Brazil, it is possible to obtain natural maturation
of the broodstock with year-round spawns. Larvae start to feed five days after
hatching when the water temperature is kept between 24 °C and 27 °C. First feed
can be phytoplankton and zooplankton although these fish seems to prefer copepods
(Zaniboni Filho, 2004).

Piau (Leporinus friderici), piapara (L. elogantus), piava (L. obtusidens) and chimboré
(L. amblyrbynchus) show natural maturation in captivity and need hormonal induction
for final maturation, ovulation and spawning. Spawn can occur in the tanks or through
manual extrusion with dry fertilization. The latter is favoured by seed producers
because it improves egg survival rate. Incubation is made in conventional incubators
with continuous water movement. Larvae start feeding after five days and the main
feed are Cladocera spp. and other zooplankton. Between ten and 20 days after first
feeding, larvae accepts artificial feed (Zaniboni Filho, 2004).

Matrinxa (Brycon lundii), piracanjuba (B. orbignyanus), jatuarana (B. cephalus) and
piraputanga (B. cephalus) reach their first maturation after one year for males and after
two years for females. In captivity, final maturation and spawning can be obtained with
hormones. For matrinx3, some producers utilize curimbatd hypophysis extract in doses
of 4.4-5.5 mg/kg for females and 1.0-1.5 mg/kg for males (Gomes and Urbinati, 2005).
Eggs are dry fertilized and kept in incubators with good water movement. Hatching
occurs 16 hrs after fertilization when eggs are kept at 26 °C. First feed offered is
zooplankton, mainly Cladocera spp., Artemia spp. and post-larvae of other fish. Great
care with feeding is needed as these species show cannibalistic behavior when not fed
to satiety. Best results with a survival rate of 72 percent are obtained during the 21 days
larviculture from a density of 120 post-larvae/m?2 Post-larvae have to be fed three times
per day using balanced feed with 35 percent of protein. Four days after hatching, the
critical cannibal phase finishes and the larvae can be fed with pulverized commercial
feed (Zaniboni Filho, 2004).

For the reproduction of the pintado (Pseudoplatystoma corruscans) and the cachara
(P, fasciatum), seed producers use the same procedures as with gonad and hypophysis
hormones. In captivity, males have their first maturation on the first year and females
on the second year of life. The hormone treatment uses 5.5 mg of hypophysis extract
per kg in females and 2 mg per kg in males. Production of eggs in the pintado and
cachara is about 10 percent of the female weight and a 5-kg female can produce 1.1
million eggs. The hatched larvae measures about 3 mm and after three or four days,
when they reach 4.5 mm, they start to feed on Artemia spp. The best density on the
larviculture phase is 15 larvae/l and they need to be fed between 7 and 10 times per day
with 500 nauplius/larvae. Survival rate in this phase is high, varying between 75 and 90
percent. Ten days after hatching, larvae can be fed with Cladocera spp. and copepods.
In this phase, which normally takes 15-20 days, stocking density is reduced to 3-4
fish/l and survival rate varies between 50 and 80 percent. Balanced feed is offered after
60 days with 40 percent of crude protein. Juveniles are sold at 120-80 mm length and
survival rate in the last phase is about 30 percent (Inoue et al., 2003).

The dourado (Salminus brasiliensis), a fish greatly accepted by consumers especially
by those practicing sports fishing, was first spawned under laboratory conditions
in 2000. The fertilization rate that was initially at 10-20 percent is, nowadays, at
85 percent. This fish shows severe cannibalistic behavior, as soon as the yolk bag
is absorbed, if not well fed. Excellent results have been obtained using curimbatd
(Prochilodus lineatus) larvae as first live feed. Therefore it is common to schedule
curimbatd spawns simultaneously with dourado spawns. Experiments have shown
that 20 larvae of curimbatd for each dourado larvae is an appropriate feeding rate. The
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PLATE 7.2.1
lllustration of some indigenous and exotic freshwater fish species (common names)
of Brazilian aquaculture

Piaugu Tucunaré
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PLATE 7.2.1 (CONTINUED)
Illustration of some indigenous and exotic freshwater fish species (common names)
of Brazilian aquaculture

Cachara
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larvae accept balanced feed five days after hatching. Best survival rate was observed
with 24 hrs/day of light exposure while best growth rate was observed with 24 hrs/day
of darkness. This fish grows fast until they reach 100 g and growth is reduced after this
weight. More research are now underway to investigate the best timing for the feeding
transition (from live feed to artificial feed), farming densities and practices, as well as
nutritional demands for this species (Fracalossi, Zaniboni Filho and Meurer, 2002). The
curimbatd, also known as curimati, in some regions of Brazil, is easy to reproduce and
handle. Their eggs are 2.9 mm in diameter and larvae hatch about 14 hr and 30 min after
fertilization, with an average length of 3.5 mm when incubated at 28 °C (Fracalossi,
Zaniboni Filho and Meurer, 2002).

The jundid (Rhamdia spp.) is found in black, yellow, gray and albino colors. This fish
matures and spawns naturally in captivity, but seed producers use hypophysis extract
to induce maturation and spawning to enhance the efficiency of the process. A first
dose of 0.5 mg/kg is applied in females kept at 25 °C and a second dose of 5.0 mg/kg
is applied after 12-15 hrs. Males receive a single dose of 0.5 mg/kg simultaneously with
the second dose applied in the females. Eggs are expelled 7-9 hrs after the application of
the second dose, if the fish are maintained at 25 °C, or after 220-240 hrs at temperatures
between 22 °C to 27 °C). Fertilization rate is around 70 percent and eggs hatch after
20 hrs at 25 °C. First feed offered is a balanced feed powder with 40-45 percent of
crude protein together with Artemia spp. Fingerlings are kept at densities of 30 to
60 fingerlings/m?> with good homogeneity until 30 days, but great heterogeneity
(3.5-16 cm) is observed if these densities are maintained until 60 days (Carneiro et al.,
2002).

Production of apaiari (Astronotus ocellatus) is based on natural maturation when
couples are conditioned in reproduction tanks. Spawning is also natural and incubation
is made by the fish in the same tank. Each couple makes an average of 3.5 spawns per
year and they have a reproductive life between three and four years. Larvae start to
feed on plankton four days after hatching; 20-day old fingerlings are fed with minced
fish fillet, pure or mixed with balanced feed powder. After 50-60 days, when fingerlings
reach 50 mm, they are separated from their parents, counted and stocked in 40 m?
nursery tanks with a density of 50 fingerling/m? In general, it is common to obtain 600
fingerlings per spawn per couple, with a maximum of 2 100. In the nursery tanks, the
apaiari are fed with minced fish fillet and/or minced shrimp twice a day with 5 percent
of their biomass. The nursery phase takes about 40 days (Bezerra and Silva, 2005).

The major obstacle for the consolidation of pirarucu farming is the lack of
methodology to develop controlled reproduction to satisfy the increasing demand for
juveniles of this species. At this stage, all seed are obtained from fish collected in the
wild that have spawned in captivity. Pirarucu has a complex mating behavior before
spawning. The traditional techniques of hormone induction have not being observed
with success and farmers do not have control on the mating behavior. Therefore, there
are difficulties to produce fingerlings on a continuous and scheduled base. Research
on pirarucu husbandry and reproduction is scarce, one of the reasons being the
difficulty in handling the animal because of its size. Fish gonad maturation usually
starts in between 40 to 60 kg body weight. Many pirarucu farms maintain a certain
number of adult males and females (although the method to differentiate sexes are still
under controversy) under captivity and their mating behaviors (e.g. nest construction,
matting, egg deposition and fish hatch) are followed closely in order to collect the
larvae as soon as possible. It is reported an average around 3000 fish per cycle, with
3 cycles/yr. Information about their need for space, water quality, nutritional demand
and reproductive physiology is very limited and this limitation of knowledge hinders
the control of reproduction of pirarucu. In captivity, the pirarucu can spawn thrice
a year with an average of 2000 juveniles/spawn (Cerri, 1995). Recent studies of
induced reproduction of pirarucu have been faced with great difficulties particularly
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in handling the fish due to its size, reaching maturity at 40 to 60 kg and final weight of
120 kg. Moreover, the quantity and costs of hormone applications are enormous when
compared to the quantity normally used for other commercial species. Pirarucu larvae
absorbs its yolk sac eight to nine days after hatching and the fingerlings take between
3-4 months to reach the juvenile stage (5-7 cm), when they are collected and separated
from their parents. Juveniles are fed at least six times a day with zooplankton until they
are transferred to grow-out tanks (Pereira-Filho and Roubach, 2005).

SEED QUALITY

Only a small percentage of seed producers have appropriate means to evaluate
the quality of their product. One aspect that is observed by most hatcheries is
the mechanical classification of seed sizes in order to deliver seed batches that are
homogeneous in this aspect. Tilapia seed producers have great care with sexual
reversion efficiency and most of them reports that rates of 99 percent are attained.
Some producers have reported that there are bad quality tilapia seed being offered at
lower prices in the market, particularly in the aspect of lower rates of sexual reversion.
Most producers also informed that their seed attain survival rates of 95 percent if well
handled by fish farmers. Some large hatcheries maintain constant contact with their
customers to get feedback on survival and feed conversion rates. Information about
seed health management is very limited and there is no sanitary control to avoid the
spread of diseases through the commercialization of seed within different regions of
the country.

SEED MARKETING

Freshwater fish culture in Brazil is divided in two complementary sectors: seed
production and fish farming. Only a minority of fish farmers produce their own seed.
Therefore, the commerce between seed suppliers and fish farmers is a critical point in
the productive chain, where there is a need to standardize seed size classes. The seed
is currently sold as fingerling I or fingerling II or juvenile, accordingly to its size or
weight. This variety in terms of sizes and prices leads to great confusion in the seed
market and causes a big heterogeneity in the product. An analysis of the problem was
made in 2003 and it was recommended that all seed should be called ‘juveniles” and
divided in four standard size classes to allow product and price comparisons by fish
farmers (Gomes, Araujo-Lima and Roubach, 2003).

A number of seed distributors buy larvae from hatcheries and raise them until
commercial size. The commercial size varies between species and the normal size range
for the first sale to grow-out tanks is between 3-5 cm. Some distributors are specialized
in producing juveniles of 6-8 cm or 8-10 cm that are used by those fish farmers who
utilize cages for farming in lakes and reservoirs.

In general, each seed producer makes the commercialization of his own product
and some of them may drive more than 500 km to deliver goods to distant customers.
With some local exceptions, the fish farming sector is not organized in associations,
thus, there is no systematic mechanism or networking for seed distribution and sharing
of information concerning supply and demand for fish seed. Large- and medium-seed
producers deliver to any location in the country where their products are requested,
either by air or by road, charging the freight costs to the buyer. A high airfreight cost
is one problem that hinders the efficient distribution by small producers. Some seed
producers program their hatchery activities according to previous orders.

SEED INDUSTRY

The seed industry was strongly focused on the supply of seed for recreational fishing
parks in the 1980s and commercial fish farming to supply restaurants, supermarkets
and processing factories were only established in the 1990s. Nowadays, it is possible to
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find small-, medium- and large-scale seed production companies in almost every part
of the country, although the exact number of producers is hard to determine due to
poor statistical service by the government and non-registration of hatchery producers.
Production scale varies from 5 000 to more than 50 million seed/yr and the distribution
of hatcheries according to the production scales are shown in Figures 7.2.2-7.2.7.

Tilapia is by far the most produced species in Brazil and large companies are now
increasing the participation of Brazilian tilapia in the international market. Tilapia seed
production is also more technically developed than seed production of native or other
introduced species. However, as this is the main species farmed in Brazil, prices are not
very high, averaging US$29.50/thousand seed (price ranging from a minimum of US$13.6
to a maximum of US$59). Cyprinids and most native species are commercialized with an
average price of US$30/thousand seed. Production of leading fish like pintado, cachara,
surubim (Pseuplarystoma spp.) and jurupensem (Sorubim lima) are relatively difficult
in comparison with the production of other native species which explains the lower
production levels and very elevated prices which can be more than ten times, averaging
at US$ 1/unit. Pirarucu is by far the most expensive fish; seed price is dependent on its
length. The average price of a pirarucu juvenile with length of 15 cm is US$8.3/unit with
maximum prices reaching US$13.6/unit. Non-payment among seed buyers was not
identified as a problem based on interviews with seed suppliers.

The number of employees in this industry sector was not determined, but some large
hatcheries informed that up to 30 people are involved in seed production. If an average
number of 15 employees per hatchery are assumed, it can be estimated that the sector
generates 2 625 direct jobs. As many hatcheries are family-based business, women are
therefore very much involved in this industry in Brazil. The number of indirect jobs is
difficult to determine or estimate as there are numerous seed distributors and hatchery
equipment suppliers in the country.

SUPPORT SERVICES

In general, the support services for seed producers are provided by universities and
federal research institutions that are involved with aquaculture. Among the main
institutions, it can be mentioned that the following are service providers, namely: (i)
Aquaculture Research and Training Center — CEPTA in Pirassununga, Sio Paulo,
(1)) Aquaculture Center of the Sio Paulo State University (CAUNESP - UNESP)
in Jaboticabal, (iii) Freshwater Fish Aquaculture Laboratory from the Federal
University of Santa Catarina (LAPAD — UFSC), the Sao Paulo Fisheries Institute, (iv)
Superior School of Agriculture Luis de Queiroz from the University of Sio Paulo in

Piracicaba (ESALQ - USP) and (v) Animal
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reported that they do not have access to the latest technology achievements made by
the universities and aquaculture research institutions.

SEED CERTIFICATION

To date, there is no seed certification processes or organizations involved in
certification in Brazil. There is only one organic tilapia producer in the Parani State
and he produces his own seed without sexual reversion. To avoid reproduction in the
farm ponds, farmers separate females from males when they reach a bigger juvenile
stage. The Brazilian Association for the Culture of Aquatic Organisms (ABRACOA)
has recently launched a traceability program and they are now promoting training
courses and making efforts to involve seed producers, fish farmers and fish processors/
distributors.

LEGAL AND POLICY FRAMEWORK

There are few legal regulations regarding aquaculture seed production in Brazil.
According to the law, every hatchery and fish producer need to have an Aquaculturist
Registration document issued by the Special Secretariat of Aquaculture and Fisheries
from the Presidency of the Republic of Brazil (SEAP/PR). However, the Aquaculturist
Registration is preceded by the emission of environmental license and, as the majority
of aquaculture establishments are not licensed yet, the number of registered producers
are also very low. This situation leads to a lack of good statistical information,
which could contribute towards better governance and management of the national
aquaculture sector.

Similarly, the lack of registration makes the implementation of sanitary control
or health programs for aquatic animals difficult. The federal government structure
to implement efficient sanitary control programs is very poor and the Ministry of
Agriculture, Supply and Cattle (MAPA), who is responsible for this role, has only one
technician to undertake this job.

At the moment, the National Council for Environmental Affairs (CONAMA)
is discussing the elaboration of a federal regulation regarding the issuance of an
environmental license for aquaculture establishments. Although some of the 24 States
of the Federation have their own regulation to aquaculture environmental licensing,
the majority does not have any legal framework in this aspect. It is expected that
with the publication of the CONAMA regulation for the environmental licensing
of aquaculture, this procedure will become less bureaucratic and more accessible for
aquaculturists. In Brazil, it is very clear that all fish producers wants to be registered
and licensed but the inexistence of an appropriate legal framework is hindering that.

Fish farming in Brazil is entirely based on hatchery production of seed and the use
of seed from wild sources is not allowed by the government if the fish is to be stocked
in cages. There is no mention in the law of such prohibition if the fish seed is collected
in the wild to be stocked in aquaculture ponds.

ECONOMICS

As mentioned in the section on ‘seed industry’, the production of fish seed flourished
in the 1980s to satisfy the increased demand for recreational fishing parks. The
transition from recreational fishing parks to fish farms as main seed market brought
considerable changes in the customer demand. Some fish that were preferred for sports
or recreational fishing were substituted by other species more suitable for farming,
processing and filleting. Factors that determine the price of seed are: (i) preference by
local farmers and final consumers, (ii) demand and supply and (iii) size of the seed.
The last factor is very hard to standardize as there is no common agreement within
the industry of a clear way to classify the seed by weight or size classes, as mentioned
before. For this reason, it is common to find price fluctuations of even ten times among
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different regions, but prices tend to be more homogeneous within one particular
region. In general, seed production is concentrated during the period between October
and April and seed are offered at lower prices during this part of the year. After April,
as seed become bigger, prices get higher accordingly. Most of the seed producers
interviewed in the preparation of this report informed that aquaculture was their main
or single occupation and the great majority informed that they intend to increase their
production next year, indicating that seed production is a profitable business.

FUTURE PROSPECTS AND RECOMMENDATIONS

With the recent establishment of the Special Secretariat of Aquaculture and Fisheries
(SEAP) at the federal level, Brazil has formulated, for the first time, an aquaculture
development policy. This demonstrates that aquaculture is now recognized by the
Federal Government as an important industry that can contribute significantly to
job and income generation and food production. Many things that should have been
done in the past, including the establishment of an appropriate legal framework for
aquaculture with clear rules that can attract investments, are now underway. Federal
investments in the aquaculture sector that were almost inexistent in the last decade
are now substantial. In 2005, SEAP invested US$12 million to the whole sector (both
marine and continental aquaculture).

Freshwater aquaculture has increased at an average rate of 10.8 percent per year in
the last decade and this occurred under a very negative scenario. Although the country
has 3.5 million ha of reservoirs, access to public water areas is virtually impossible due
to the lack of a good legal and regulatory framework to aquaculture development.
This is one major aspect that, together with the access to environmental license, had
hindered the development of Brazilian aquaculture at a faster pace. It is expected that
these two factors will finally be resolved in 2006 and many investors that are waiting
for such resolution will feel strongly encouraged to take up the aquaculture industry.

To maintain sustainable and healthy aquaculture, it is vital that the government puts
more emphasis in monitoring aquaculture production practices, particularly on aspects
concerning seed, feed and the use of therapeutic substances (i.e. drugs and chemicals).
The attention currently given to these factors is inappropriate and the government
should formulate other mechanisms to address such issues.

The contribution from capture fisheries have been relatively stable in the last years
and it is unlikely to increase in the near future. Aquaculture products, that already
represents 26.5 percent of the national fish supply, is expected to increase continuously
in the years to come. It is important, however, that the productive sector becomes more
organized and that a strong Brazilian Aquaculture Association (ABRAQ) assumes its
responsibilities and roles. Although ABRAQ was created more than ten years ago, it
was never active as a representative of the industry interests.
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ABSTRACT

Fish is the most important source of animal protein food for the Cambodian population
and the potential of fish culture production from earthen ponds, floating cages and
various other small water bodies in Cambodia is great. The supply of quality fish seed
is a key factor to the expansion of fish farming. Fish seed demand at present is strong,
unsatisfied and expected to expand and fish seed business in Cambodia is profitable.
This review, based on existing literature and field survey, provides clear understanding
of the current status of freshwater fish seed resources for aquaculture development
in Cambodia. The review includes information relating to: (i) fish seed resources and
supply, (i1) fish seed production facilities and seed technology, (iii) fish seed management
and seed quality, (iv) fish seed marketing and seed industry, (v) fish seed support
services, (vi) legal and policy framework and (vii) economics of fish seed in Cambodia.
Based on the above information, the emerging challenges in Cambodia’s freshwater
fish seed sector are identified as: (1) broodstock management and species identification,
(2) human capacity and training needs, (3) monitoring and evaluation, and indicators,
(4) hatchery facilities and equipments, (5) research planning for breeding and weaning of
Cambodia’s Mekong indigenous fish species, (6) environmental issues, (7) networking,
communications and marketing and (8) management and budgets.

Fish seed supply from Cambodia’s hatcheries constitute around 18 percent and much
lower than the ones from wild source (26 percent) and imported source (56 percent).
The Department of Fisheries (DoF) should request FAO’s assistance in preparing a
project for submission to an interested international or regional financial institution to
support the following: (a) government and private hatcheries to produce and distribute
quality fish seed of existing exotic and indigenous species on a commercial basis, (b) to
establish farmer hatcheries in all provinces and (c) to rehabilitate and improve earthen
ponds and floating cages. The fund received from an interested international or regional
financial institution could be a loan and/or grant. The Royal Government of Cambodia
through the Ministry of Agriculture, Forestry and Fisheries, MAFF) should support the
DoPF’s ideas and partially provide fund to prepare the project proposal and implement
the project.
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INTRODUCTION

The fisheries sector plays an important role in the national economy and food security
of Cambodia and therefore contributes significantly to national development objectives
(So Nam and Buoy Roitana, 2005). Fish is the single most important and affordable food
source accounting for over 75 percent of the total animal protein intake. Cambodians
are considered one of the highest per capita consumers of fish in the world (a recent
estimate revealed a consumption of 66 kg/person/year from household surveys). Fish
is also a significant source of employment and income for rural households which
comprise almost 90 percent of the country’s poor. In recent years, an annual estimate
of freshwater capture fisheries production ranges from 300 000 to 400 000 tonnes
(Deap, 1998; Ahmed er al., 1998). This figure makes Cambodia as the fourth largest
country in the world after China, India and Bangladesh in terms of freshwater capture
fisheries production. It contributes over 75 percent to the total fisheries production
(i.e. freshwater and marine fisheries and aquaculture production). The estimated gross
value of freshwater capture fisheries varies from US$250 million to US$500 million,
representing considerable revenue (~ 10 percent of GDP) for the government.

Since the year 2000 when Cambodia adopted reforms in the fisheries sector, inland
fisheries took off rapidly (Figure 7.3.1). Freshwater aquaculture production continued
to show growth over the past two decades and increased from 1 610 tonnes in 1984 to
20 760 tonnes in 2004 (Figure 7.3.2), representing an 11.9-time increase or a growth of
16.3 percent per year, ahead of annual growth rate (10 percent) of world aquaculture

FIGURE 7.3.1
Trends of freshwater capture fisheries production in Cambodia
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FIGURE 7.3.2
Trends of freshwater aquaculture production in Cambodia
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production (Olin, 2000). It represented 8.3 percent of total inland fisheries production
in 2004 (So Nam er al., 2005). Based on fish seed supply information in this study,
the freshwater aquaculture production figure is underestimated. The newly estimated
freshwater aquaculture production is between three to four folds of the official figure,
around 60 000 to 80 000 tonnes. Therefore, Cambodian aquaculture has expanded,
diversified and intensified, its contribution to aquatic food production has increased
gradually. It 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 (So Nam and Nao Thuok,
1999; So Nam et al., 2005).

The current situation of freshwater cage and pond aquaculture in Cambodia is
summarized in the study of So Nam et al. (2005). Cage culture is reported to have
originated in Cambodia as an activity integrated with fisheries rather than agriculture
and its history is going back to the 10" century (So Nam and Nao Thuok, 1999). The
number of fish cages remained more or less stable for the last ten years and reached
4 492 cages in 2004, operated in the Mekong basin, including the Tonle Sap Great
Lake (42 percent), Tonle Sap River (17 percent), upper stretch of the Mekong River
(19 percent), lower stretch of the Mekong River (14 percent) and Bassac River
(7 percent). It is entirely dependent on wild fish both as seed and feed (So Nam ez
al., 2005). So Nam and Nao Thuok (1999) estimated that 72 percent of freshwater
aquaculture production came from cage/pen culture and the remaining 28 percent
from pond culture.

Although Cambodia has no tradition to culture fish in earthen ponds in rural areas
due to the difficulty of keeping water in fish ponds during dry season, the number
of ponds used rapidly increased from 3 455 in 1997 to 11 509 in 2004 representing a
43 percent increase (So Nam ez al., 2005). The major fish species produced include
indigenous and exotic species and hybrid catfish interbreeding occurs between Asian
and African catfishes. In recent years, small-scale pond aquaculture has been introduced
by the Department of Fisheries of the Ministry of Agriculture, Forestry and Fisheries
(MAFF-DoF) and a number of non-governmental organizations (NGOs) and donors
for the purpose of generating alternative livelihoods and securing animal protein
source. As a result, small-scale fish culture in ponds has gradually been developed in
certain areas, where project interventions were successful.

Aquaculture development in Cambodia is clearly constrained by a lack of constant
or secure supply of good quality fish seed (So Nam ez al., 2000). After witnessing good
progress in aquaculture operation, seed availability is considered a crucial standpoint
to continue its further development. Twenty three potential indigenous fish species
were selected during the National Workshop on “Cambodia’s Fish Seed Production
- Current Status and Logical Framework Analysis” for aquaculture development,
fisheries stock enhancement, trade and conservation. In order to provide fish seed to
fish farmers, public or government and private or farmer hatcheries should be well
established in the country to stabilize and strengthen the aquaculture activity.

The main objective of this study, which is based on the current literature and actual
interviews or field visits, is to assess the status of freshwater fish seed resources in
Cambodia. The collected information include: (i) fish seed resources and supply, (ii)
fish seed production facilities and seed technology, (iii) fish seed management and seed
quality, (iv) fish seed marketing and seed industry, (v) support fish seed support services,
(vi) legal and policy framework and (vii) economics of fish seed in Cambodia.

FISH SEED RESOURCES AND SUPPLY

Fish seed (fingerling) supply for aquaculture farms in Cambodia comes from three
major sources, namely: (1) hatchery source, (2) wild source and (3) imported source.
Fish seed supply from hatchery source was significantly lower than the ones from wild
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FIGURE 7.3.3
Major sources of fish seed supply in Cambodia
(2004)
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and imported sources, being 18 percent compared
to 26 percent and 56 percent, respectively (Figure
7.3.3).

Fish seed supply from hatchery source

Fingerling supply from hatchery source
included supply from private (farmer) and public
(government) hatcheries (Figure 7.3.4). Private
hatcheries annually supplied a lower amount
of fingerlings compared to public hatcheries,
39 percent and 61 percent, respectively
(Figure 7.3.5). There are five species produced
by private hatcheries in 2004, including one

Thailand

Location of freshwater fish seed hatcheries in Cambodia

FIGURE 7.3.5
Percentage distribution of fish seed supply from
hatchery source in Cambodia (2004)

Private hatcheries,
39%

Government
hatcheries, 61%

Source: So Nam et al. (2005); DoF Fisheries Statistics (2005);
field surveys (2005)

FIGURE 7.3.4

indigenous species, silver barb (Barbonymus
gonionotus) and four exotic species: silver
carp (Hypophthalmichthys molitrix), common
carp (Cyprinus carpio), tilapia (Oreochromis
niloticus) and mrigal (Cirrbinus cirrbosus). Public
hatcheries produced 12 species composed of:
(a) six indigenous species including silver barb,
sutchi catfish or river catfish (Pangasianodon
hypophthalmus), hoven’s carp (Leptobarbus
hoevenii), red tail tinfoil barb (Barbonymus
altus), walking catfish (Clarias macrocephalus)
and snakeskin gourami (7richogaster pectoralis)
and (b) six exotic fish species including silver
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carp, common carp (Cyprinus
carpio), big head carp (Aristichthys
nobilis), mrigal and rohu (Labeo
rohita).

Fish seed supply from wild
source

This is the first time that fish
supply from wild source in
Cambodia is being documented.
Fish seed locally collected from
rivers and lakes or reservoirs
during spawning season included
snakehead (Channa micropeltes
and C. striata), pangasiid catfishes
(Pangasianodon  hypophthalmus,
Pangasius conchophilus, P. larnandiei
and P. bocourti), Hemibagrus catfish
(Hemibagrus wyckioides) and barbs
(Barbonymusgonionotus Barbonymus
altus) (Table 7.3.1). Fishers know
the times when fry or fingerlings
are most abundant and will collect
them, store them in floating cages
and provide feed until sale. Mortality
in this system is high and sale price is
relatively low. Trade is illegal and laws
are poorly enforced. For example, in
2004, an estimate of approximately
20 million fingerlings collected from
the wild was supplied for cage culture
in Cambodia (Table 7.3.1). The most
popular species for cage culture was

A private freshwater fish seed hatchery in Takeo Province,
Cambodia

. . A public freshwater fish seed hatchery in Prey Veng Province,
the giant snakehead C. micropeltes, Cfmbodi{z f ! e

representing 77.1 percent of the total

TABLE 7.3.1

Fish seed supply from wild source for cage aquaculture in Cambodia (2004)
Fish species** Uzl e e % ca::?lfﬁﬁne Tt\)}:;lucmage S(}::I;::lyg T?i:\agle':fi.ntg)f

Cages (m3/cage) (m?3) (fingerling/m3) (head)

Channa micropeltes 3494 77.8 30.4 106 256 145 15 407 048
Pangasianodon hypophthalmus 210 4.7 95.4 20 050 57 1142 822
Pangasius conchophilus 210 4.7 73.7 15 496 61 945 282
Pangasius larnaudiei 158 3.5 90.5 14 259 30 427 783
Pangasius bocourti 105 2,3 90.1 9 469 66 624 968
Barbonymus gonionotus 79 1,8 63.7 5017 63 316 095
Barbonymus altus 79 1,8 91.3 7 191 60 431 468
Channa striata 26 0,6 59.5 1563 12 18 756
Hemibagrus wyckioides 26 0.6 64 1681 13 21 856
Polyculture* 105 2.3 78.4 8238 80 659 037
Total 4492 100.0 73.7 331 043 59 19 432 232

Source: So Nam et al. (2005); DoF Fisheries Statistics (DpoF, 2005)

Note: * Polyculture of P hypophthalmus, P. conchophilus, P. larnaudiei, P. bocourti, B. gonionotus and B. altus and the composition
of eachfish species is nearly equal.
** All fish stocked in cages are indigenous species and collected from the wild.

COURTESY OF AQUACULTURE DIVISION

COURTESY OF HAV VISETH
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TABLE 7.3.2

wild collected fingerlings. The second popular species were the four pangasiid catfish
species, representing 17.9 percent. The third popular species were the two Barbonymus
barbs, representing 4.8 percent and the remaining less than 1 percent were C. striata
and H. wyckioides. Aquaculture of such carnivorous and omnivorous fish species
highly depends on small, wild fish from inland fisheries for sourcing key dietary
nutrient inputs (So Nam ez al., 2005). Salting, fermentation and/or drying are used to
preserve them when the seasonal supply of wild fish declines. Hatchery production
of these indigenous fish species is costly, requiring several year-old broodstock and
intensive inputs. Some on-going research activities on broodstock development and
management, induced breeding, nursing and grow-out are currently confined to two
or three large state/NGO or donor-supported hatcheries.

Collection of fry and fingerlings of bagnet or dai had been declared illegal in
Cambodia since 1994, but the implementation or enforcement was weak. In addition to
Pangasianodon hypophthalmus, other pangasiids and several cyprinid species are also
caught. Only P. hypophthalmus are kept alive to supply pond and cage aquaculture and
the rest are thrown away or used as feed. Van Zalinge et al. (2002) reported the share
of catch of P. hypophthalmus in Cambodia to be 25 percent. Based on sale figures from
two licensed companies, an estimate of 6.6 million P. hypophthalmus fingerlings were
sold in 2004 to pond aquaculture farmers all over the country.

Fish seed supply from imported source

Cambodia used to export tens of billions of P. hypophthalmus fry and tens of millions of
P. bocourti fingerlings collected from the Mekong River basin to neighboring countries
in the 1980s and 1990s (So Nam, 2005a). Nowadays, the country is importing millions
of fish seed from neighboring countries to supply the big demand for aquaculture
(Table 7.3.2).

Nine fish species were imported in 2004, namely: (a) six exotic species: hybrid
catfish (Clarias gariepinus x C. batrachus), tilapia, silver carp, mrigal, common carp,
grass carp (Ctenopharyngodon idella) and (b) three indigenous species: sutchi catfish
(Pangasianodon hypophthalmus), giant gourami (Osphronemus goramy) and climbing
perch (Anabas testudineus) (Table 2). An estimated 60 million fingerlings were in 2004
and supplied for both cage and pond aquaculture. Viet Nam is the main fingerling
exporting country from three major fish seed companies (i.e. En Phean, Gaza and
Suy Chea) licensed by MAFF to import fish seed from Viet Nam. Thailand also
exports fish seed but to a lesser extent. The two most important imported species were
hybrid catfish and tilapia contributing 87.5 percent to the total fish seed imported, i.e.
63.3 percentand 19.2 percent, respectively (Table 7.3.2). Itis believed that the proportion

of imported hybrid catfish will increase
from this year onwards because this

Fish seed species imported from hatcheries in Tien Giang species can replace giant snakehead
province, Viet Nam for pond and cage aquaculture in cultured in cages. Giant snakehead cage

Cambodia (2004) culture operation was banned by the

Fish species* No. of fingerling % government in the mid-2005 due to its

Clarias gariepinus x C. batrachus 41 000 000 68.33

significant dependency on small, wild

Oreochromis niloticus 11 500 000 19.17

Hypophthalmichthys molitrix 3 000 000 5.00

fish for dietary nutrient inputs (So Nam

Pangasianodon hypophthalmus 1500 000 2.50

et al., 2005). Escapes of this hybrid

Cirrhinus cirrhosus 1200 000 200  catfish may also bring negative side-

Cyprinus carpio 900 000 1.50 effects in the aquatic environment. The

Ctenopharyngodon idella 600 000 1.00 third most important imported species

Osphronemus goramy 150 000 0.25

was silver carp (5 percent), followed

Anabas testudineus 150 000 0.25

Total

50 000 000 100.00 by sutchi catfish (2.5 percent), mrigal

Note: * All nine fish species are imported from hatcheries in Tien Giang

(2.0 percent), common carp (1.5

province, Viet Nam. percent), grass carp (1.0 percent), giant
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gourami (0.3 percent) and climbing perch (0.3 percent). Ing Kimleang (2004) reported
that many unlicensed traders or small companies imported seed mostly from Viet
Nam and Thailand to supply both cage and pond aquaculture farmers of the country.
Over 200 million fingerlings were annually estimated to have been imported. Plausible
reasons for importing fish seed from neighboring countries to supply Cambodian
aquaculture were:

e local hatcheries could not supply the demand of seed for aquaculture;

e fish seed supply from local hatcheries was not available for most of the year;

e price of imported fish seed was cheaper than that of local hatchery produced seed
due to lower labor, water and electricity costs and higher water availability and
quality in exported countries;

e potential for aquaculture development in Cambodia are high leading to higher
demand than supply of seed; and

e fish catch from natural water bodies had drastically declined in recent years,
so aquaculture is the best option to increase family fish production and
consumption.

Plate 7.3.1 illustrates the existing and indigenous freshwater species in Cambodian

aquaculture.

FISH SEED PRODUCTION FACILITIES AND SEED TECHNOLOGY

As mentioned above, freshwater aquaculture production in Cambodia increased
drastically during the last two decades. Consequently, fish seed production also
grew rapidly in recent years, starting from 560 000 fingerlings in 1987 to 15.8 million
fingerlings in 2004 (Figure 7.3.8). This national figure included fingerling production
from hatchery source only. It is believed that the current figures are underestimates as
some fingerling production from private hatcheries have been excluded. Based on the
existing number of hatcheries, the newly estimated amount of fingerling production
was 18.4 million in 2004, including 11.2 million fingerlings from government hatcheries
and 7.2 million from small-scale farmer-operated hatcheries (Table 7.3.3).

Government hatcheries

Of 24 provinces and municipalities in Cambodia, in total, there are 14 government
hatcheries located in 13 provinces and municipalities (Table 7.3.3). Of the 14 government
hatcheries, there are (a) two DoF hatcheries: the Chrang Chamres Fisheries Research
Station (CCFRS) located in Phnom Penh City and the Bati Fish Seed Production and

FIGURE 7.3.6
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PLATE 7.3.1
lllustration of existing exotic and indigenous freshwater fish species of Cambodian aquaculture

Silver barb Common carp

Silver carp Bighead carp

Rohu Mrigal

Sutchi catfish Walking catfish

O R 2L il

Pangasius larnaudii

Hemibagrus wyckioides Pangsius conchophilus
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PLATE 7.3.1 (CONTINUED)
lllustration of existing exotic and indigenous freshwater fish species of Cambodian aquaculture

Giant gourami Nile tilapia

Red tailed tinfoil barb

Giant snakehead Snakehead murrel

Climbing perch Grass carp
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TABLE 7.3.3

Existing number of hatcheries and their freshwater fish seed production in Cambodia (2004)

) L Number of hatcheries Number of fingerlings produced
Province/municipality* = = ota = = Total
Private or farmer Public or government Private hatchery Public hatchery

Phnom Penh 0 2 2 0 3 500 000 3500 000
Kandal 8 1 9 1200 000 3 803 000 5003 000
Prey Veng 8 1 9 1200 000 1938 000 3 138 000
Takeo 8 1 9 1920 000 500 750 2420 750
Svay Rieng 24 1 25 1 800 000 405 500 2 205 500
Kampong Speu 6 1 7 656 000 164 000 820 000
Kampong Cham 0 0 0 na na na
Kratie 0 1 1 na nb 0
Stung Treng 0 0 0 na na na
Kampong Thom 2 0 2 nb na 0
Kampong Chhnang 2 0 2 nb na 0
Pursat 0 1 1 na 200 000 200 000
Battambang 2 1 3 nb nb 0
Banteay Mean Chey 2 1 3 nb nb 0
Odar Mean Chey 2 0 2 150 000 na 150 000
Siem Reap 2 1 3 100 000 162 000 262 000
Ratanak Kiri 1 0 1 nb na 0
Mundol Kiri 0 0 0 na na na
Pailin 0 1 1 na 43 000 43 000
Preah Vihear 2 0 2 55 000 na 55 000
Kep 0 0 0 na na na
Kampot 2 1 3 200 000 500 000 700 000
Sihanouk ville 0 0 0 na na na
Koh Kong 0 0 0 na na na
Total 71 14 85 7 281 000 11 216 250 18 497 250

Note: * Cambodia is composed of 24 provinces and municipalities; na, not applicable; nb, no breeding activity meaning that
hatchery not operated.

Research Center (BESPRC) located in Prey Veng province and (b) 12 provincial/municipal
hatcheries under provincial/municipal administration (Table 7.3.3). The BFSPRC
produced approximately 2.0 million fingerlings in 2004, followed by CCFRS which
produced about 1.5 million fingerlings. Two other large-scale government operated
hatcheries in the country are Toul Krasang Fish Seed Production Station (TKFSPS)
in Kandal province supported by Farmer Livelihood Development (FLD, a local
NGO) and Chak Ang Rae Fish Seed Production Station (CARFSPS) in Phnom Penh.
The TKFSPS and CARFSPS also produced significant amount of fingerlings for sale,
approximately 3.8 million and 2.0 million fingerlings in 2004, respectively. These four
large state hatcheries produced around 83 percent of the total fingerling production from
government hatcheries during the year.

Six indigenous fish seed species were produced by government-operated hatcheries
(Table 7.3.4). The most popular species was silver barb, representing 28.2 percent
of the total government hatchery fingerling production in 2004. The second most
popular species produced by BFSPRC hatchery was sutchi catfish, representing
7.9 percent. Four species ranked as third most important species produced by CCFRS
hatchery, namely: hoven’s carp (0.8 percent), red tail tinfoil barb (0.3 percent),
walking catfish (0.2 percent) and snakeskin gourami (0.2 percent). In total, indigenous
fish seed production represented 37.5 percent or 4.2 million fingerlings in 2004.
Furthermore, six exotic species were produced by government hatcheries, i.e. silver carp
(12.9 percent), common carp (8.1 percent), bighead carp (4.6 percent), tilapia
(20.0 percent), mrigal (15.3 percent) and rohu (1.7 percent). In total, exotic fish seed
production contributed 62.5 percent to the total government hatchery fish seed
production, or 7.0 million fingerlings. As a result, exotic fingerling production was
1.7 times more than the indigenous fingerling production.
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TABLE 7.3.4
Fish seed supply from hatchery source for pond aquaculture in Cambodia (2004)
Private or farmer's Public or government Total
hatchery hatchery
Fish species No. of fingerling % No. of fingerling % No. of fingerling %
Indigenous fish species
Barbonymus gonionotus** 1969 511 27.05 3158 496 28.16 5128 006.5 27.61
Pangasianodon hypophthalmus* 0 0.00 883 841 7.88 883 840.5 3.94
Leptobarbus hoevenii** 0 0.00 89 730 0.80 89 730.0 0.40
Barbonymus altus** 0 0.00 30 284 0.27 30 283.9 0.14
Clarias macrocephalus** 0 0.00 22 433 0.20 22 432.5 0.10
Trichogaster pectoralis** 0 0.00 22 433 0.20 22 432.5 0.10
Cirrhinus microlepis* na na na na na na
Osteochilus melanopleura* na na na na na na
Channa micropeltes* na na na na na na
Osphronemus goramy* na na na na na na
Macrobracium rosenbergii* na na na na na na
Cyclocheilichthys enoplos*** na na na na na na
Morulius chrysophekadion*** na na na na na na
Sub-total 1969 511 27.05 4207 215 37.51 6 176 725.9 32.28
Exotic fish species
Hypophthalmichthys molitrix 735 381 10.10 1451 383 12.94 2 186 763.8 11.52
Cyprinus carpio 2211968 30.38 906 273 8.08 3118 240.8 19.23
Aristichthys nobilis 0 0.00 512 046 4.57 512 046.2 2.28
Oreochromis niloticus 1036 814 14.24 2 239510 19.97 3276 324.3 17.10
Cirrhinus cirrhosus 1327 326 18.23 1713 961 15.28 3041 287.7 16.76
Labeo rohita 0 0.00 186 190 1.66 186 189.8 0.83
Sub-total 5311490 72.95 7 009 363 62.49 12 320 852.5 67.72
Grand total 7 281 000 100.00 11216 250 100.00 18 497 250 100.00

Note: na, not applicable; * On-going research of brookstock development and/or management, inducing spawning, nursing and/

or grow-out at Bati Fish Seed

Production and Research Station, Prey Veng province; ** On-going research of broodstock management, breeding and grow-out

at Chrang Chamres Fisheries Station,

Phnom Penh; *** On-going research of broodstock development and inducing breeding at Toul Krasang Fish Seed Production

Station, Kandal province.

Among the 14 government hatcheries, three hatcheries (located in Kratie, Battambang
and Banteay Mean Chey provinces) were not in operation in 2004 mainly due to the
lack of several reasons, mainly:

e Jack of financial resources;

e lack of water source and poor water quality;

® lack of, poor quality of, or immature broodstock; and

® Jack of human resources.

Besides fish seed production, current research activities are on-going at the three
large-scale government hatcheries (i.e. BFSPRC, CCFRS and TKFSPS). On-going

research activities at these hatcheries are described below.

Bati Fish Seed Production and Research Center (BFSPRC) hatchery
Research activities supported by the Aquaculture of Indigenous Mekong Species
project of the Mekong River Commission (MRC-AIMS) and carried out in 2004-2005
included:
¢ Production techniques of the cyprinid Osteochilus melanopleura. The
experiments were not successful as MRC-AIMS experienced difficulties breeding
them, probably due to low quality of feed (protein, vitamins and fish oil) used
for conditioning the broodstock. Some female broodstock matured and no male
produced sperm.
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e Seed production of P. hypophthalmus from F1 broodstock. The experiments of
inducing breeding and of F1 broodstock and nursing of their hatchling and fry were
successful. The results showed that F1 broodstock matures one year earlier than
wild broostock. Spawning condition of F1 was easier than wild broodstock, with
its fecundity ranging from 4 to 15 percent of body weight. F1 P. hypophthalmus
can effectively induce spawning by using 2-3 sequences of fractional injection of
Human Chorionic Gonadotropin (HCG) hormone at priming and Suprefact plus
Domperidon at final injection.

e Optimization of induced spawning of O. melanopleurus. The station got
some progress of inducing spawning, about 10 percent of broodstock, fed with
conditioning feed of 30 percent protein, vitamins C and E and fish oil, matured;
however, only 2 000 fingerlings were produced.

® On-going researches include: (a) growth comparison of F1 and F2
P hypophthalmus seed in cement tanks, (b) induced spawning of Cirrhinus
macrolepis and (c) growth comparison of bottom feeders O. melanopleura, mrigal
and common carp in grow-out earthen ponds.

The environmental aim of the DoF/MRC/AIMS project is to safeguard the
indigenous fish resources quantitatively, as well as in terms of biodiversity, from negative
side-effects of continued spreading of exotic species in the aquatic environment. The
native species form an important part of the animal protein source for rural population
and the promotion of indigenous fish culture is considered a good measure to protect
native resources.

Research activities supported by the DoF/MRC-AIMS project and carried out in
2005 included:

e natural induced spawning of Channa micropeltes to produce F1 and F2

broodstocks, research is on-going;

e natural induced spawning of Osphonemus goramy;

* broodstock development of Trichogaster pectoralis; and

* broodstock development of Macrobrachium rosenbergi

Chrang Chamres Fisheries Research Station (CCFRS) hatchery
Research activities supported by the DoF/MRC-AIMS project and carried out in
2004-2005 included:

e Evaluation of breeding and nursing conditions of wild and F1 broodstock of
Leptobarbus hoevenii. Results of of fecundity, fertilizing, hatching and survival
rates from FO and F1 broodstock were not significant.

e Artificial and semi-artificial breeding of Barbonymus gonionotus and seed
production. There was no significant difference between the two breeding
programs in terms of fecundity, fertilizing, hatching and survival rates, although in
terms of financial analysis, the artificial breeding program was significantly lower
in expenditure than the semi-artificial one due to less water consumption.

* On-going research include: (a) evaluation of protein and vitamin E on the growth
of L. hoevenii seed in nylon net hapa, (b) investigation of grow-out monoculture
of L. hoevenii in earthen ponds, (c) propagation of B. gonionotus using different
suprefact hormone, (d) standardization of propagation of L. hoevenii using
different hormone injection, (e) monoculture of L. hoevenii in grow-out ponds
using different feed formulations and (f) optimization of inducing breeding of
B. altus, T. pectoralis and C. macrocephalus.

Toul Krasang Fish Seed Production Station (TKFSPS) batchery
Research activities supported by the FLD project and carried out in 2004-2005 included:
* broodstock development and induced breeding of the cyprinid Cyclocheilichthys

enoplos and



7.3 Freshwater fish seed resources in Cambodia

157

® broodstock development and induced breeding of the black sharkminnow Labeo

chrysophekadion.

Breeding experiments for C. enoplos and M. chrysophekadion were not successtul,
probably due to poor response to hormone injection, or the lack of spermatozoid from
the male or the environment.

Most government hatcheries are now faced with the lack of water source and poor
water quality due to rapidly increasing urban development activities. For example,
CCFRS was the first site identified for the World Bank Agriculture Productivity
Improvement Project (APIP) support, but following a suitability study, it was decided
that an alternative site should be identified. The principal reason for such a decision
was that the water supply to the station has been severed by the construction of an
elevated road. The site is now entirely reliant on rainwater and its storage ability. The
station now uses 3 ha ponds (over 2 m deep) for water storage. This water is used to
operate the hatchery and is recycled back to the ponds. The reservoirs or storage ponds
can also feed about 50 percent of the station’s nursery ponds. It is believed that similar
problems will be detected at two other large-scale government hatcheries (i.e. TKFSPS
and CARFSPS) in the next 5 to 10 years.

Farmer hatcheries

As aresult of several state- and NGO/donor-funded development projects, there were
71 small-scale farmer hatcherieslocated in 14 provinces in 2004 (Table 7.3.3). Small-scale
farmer hatcheries have been developed or supported by DoF/AIT-Aqua-Outreach,
DoF/AIT-Aquaculture and Aquatic Resources Management (DoF/AIT-READ),
DoF/MRC-Rural Extension for Aquaculture Development (DoF/MRC-READ),
DoF/MRC-Aquaculture of Indigenous Mekong Fish Species, Partnership for
Development in Kampuchea (PADEK), SAO Cambodia Aquaculture Low
Expenditure (SCALE), EU-Pole Regional de Researche Appliquee au Development
des Savanes d’Agriculture Centrale, Australia People for Health Development
Abroad (APHDA), Catholic Relief Services (CRS) and Integrated Pest Management
(IPM) (Table 7.3.5). The majority of such hatcheries (around 80 percent) could still
produce significant amounts of fingerlings but the range of fish species was limited
(Table 7.3.4). Three main ideal characteristics of a species desired by small-scale
farmer hatcheries are:

e hardiness;

e ability to mature in ponds fed with relatively low quality diets; and

e simple breeding.

Currently four fish species fit these criteria well, of which one is an indigenous
species:

e common carp, representing 30.38 percent or 2.2 million fingerlings;

e silver barb, representing 27.05 percent or 1.9 million fingerlings;

 mrigal, representing 18.23 percent or 1.3 million fingerlings; and

e tilapia, representing 14.24 percent or 1.0 million fingerlings.

Silver carp were also produced from small-scale farmer hatcheries (10.1 percent or
735 381 fingerlings). Since these could not maintain broodstock, they relied on supply
of broodstock from larger DoF hatcheries.

Recently, the Freshwater Aquaculture Improvement and Extension Project (FAIEX)
began its activities in Cambodia in February 2005. This five-year project is funded
by the Governments of Japan and Cambodia and operates through the DoF, under
the auspices of the Japanese International Cooperation Agency (JICA). The FAIEX
project will develop and support 20 small-scale farmer hatcheries in four target
provinces - Kampong Speu, Kampot, Prey Veng and Takeo until 2010 and support
research activities at BESPRC hatchery.
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Farmers’ freshwater fish seed nurseries in Takeo Province, Cambodia

DoF/MRC-AIMS project supported on-farm research activities of breeding,
nursing and grow-out of some indigenous fish which were carried out in Kampong
Cham, Kampong Thom, Prey Veng and Takeo provinces. On-farm breeding research
targeted only fast maturing and small broodstock such as B. gonionotus, L. hoevenii,
T pectoralis and O. melanoplenra.

A mobile hatchery was constructed in 2004 with the support of MAAE. The
objective of the mobile hatchery was to enhance fish stocks in reservoir and to
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promote aquaculture of indigenous fish species in community fisheries areas. With
semi-artificial propagation and with Suprefact injection, the fecundity, fertilization,
hatching and survival rates of B. gonionotus were high. On-farm nurseries were carried
out by stocking one day-old hatchling and 10 to15 day-old fry of P. hypophthalmus,
B. gonionotus and L. hoevenii in cement tanks supplying dissolved oxygen and earthen
ponds, respectively. The hatching experiments failed and the survival rate after ten days
was very low (~2 percent), while fry were successful with high survival rate detected
after 45 days.

Small-scale hatcheries are often located in areas with no available surface water
and all such hatcheries visited during this consultancy were reliant on groundwater
pumped from tube wells. Lack of water storage limits the ability to maintain large
broodstock ponds and consequently the broodstock numbers held at these hatcheries
are typically small. Inbreeding of broodstock is inevitable and will be discussed in the
following section.

FISH SEED MANAGEMENT AND SEED QUALITY
This section includes information on genetics and broodstock management, diseases
prevention and control and health management.

Conservation of genetic resources is not only dependent on the control of exotic
fish species. The FAO Code of Conduct for Responsible Fisheries (CCRF) emphasizes
that native fish species taken from the wild and domesticated or subject to other genetic
modification may also pose a risk to the remaining wild stock from both genetic and
disease standpoints.

Government hatcheries
The breeding programs for both exotic and indigenous fish species at all government
hatcheries, except BESPRC hatchery, have not given special consideration to genetic
issues due to the lack of awareness of how to manage stocks and the inherent risks of
inbreeding. A concern at 13 government hatcheries is that fish were mixed in ponds
without tagging. This makes it very difficult to follow broodstock performance.
Furthermore, they did not have genetically sound broodstock management plans. The
FAO CCRF emphasizes that when managing stocks, careful attention is needed to:

® avoid inbreeding

* maintain stock integrity by not hybridizing different stocks, strains or species

* minimize transfer of genetically different stocks

e periodically assess their genetic diversity (i.e. by laboratory genetic analysis)

There are already some mixing of stocks and species in Cambodia. For example, the
NGO SCALE imported P. hypophthalmus broodstock from Thailand for breeding,
reporting that they were more convenient for aquaculture as they matured at earlier
stage than local species. The breeding program of the Thai broodstock was stopped
based on the suggestion of DoF officials because of fears of escape to the wild. It is
possible that they might interbreed with local wild stocks and dilute the wild gene
pool and may cause threats to biodiversity. However, in domestication and genetic
improvement programs, mixing, also known as crossbreeding, is a proven method for
increasing production. However, this involves good record keeping and evaluation in
order to assess accurate benefits. Further, it does not negate the fact that maintenance of
the pure stock is required. The impact and risks associated with these (transboundary)
movements of live aquatic animals or hatchery or cultured stocks or fingerlings (this
review) in Cambodia as well as in the whole Mekong region are unknown. So far,
there is little known about genetic structures, although some research in Cambodia on
P. hypophthalmus (So Nam, Maes and Volckaert, 2006a) and B. gonionotus (McConnell,
2004) suggests considerable mixing of stocks and on Pangasius bocourti (So Nam, Van
Houdt and Volckaert, 2006b) suggests a single stock (i.e. population). Thus some
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baseline work on the genetics of Mekong fish species are required, upon which to base
environmental sound management measures for breeding and movement.

Farmer hatcheries

Small-scale aquaculture operations can rapidly give rise to inbreeding of captive stocks
due to their limited capacity to maintain large number of broodstock. Small-scale
farmer hatcheries usually have only one or two ponds for maintaining broodstock.
Four or five fish species are stocked, with an excessive stocking density of 4 fish/m?,
in the same broodstock pond leading to competition for food. The broodstock ponds
are usually underfed or fed with low quality feed. Competition problems between fish
species may also limit the potential of each stocked fish species in terms of maturation,
fecundity, fertilization, hatching and survival rates. Furthermore, the numbers of each
fish species held was typically less than 50 and the original broodstock used to develop
these are often far less this number. Farmer hatcheries usually took a proportion
of each batch of fingerlings produced and retained them as broodstock. These
broodstocks are bred with the original stock, with the same batch of broodstock or
with a different batch from the same parents. Hatchery farmers always perform some
simple selection on their broodstock. Poor condition or fish with a poor body shape
are usually discarded. Genetic management of the small fish stocks which are held in
farmer hatcheries is almost impossible because of the following reasons: (1) lack of
record keeping, (2) lack of tagging, (3) lack of breeding of individual fish or pairs of
fish and (4) mass spawning of fish species and the use of fingerlings produced as future
broodstock.

All these mentioned features increase the risk of farmer hatcheries inbreeding their
broodstock. The only practical method by which problems associated with inbreeding
and genetic drift (loss of potentially useful characteristics) can be reduced is to maintain
a ‘minimum effective breeding number’ for each fish species. The ‘minimum effective
breeding number’ of fish is the number of fish that are spawned each year from the
hatchery stock in order to produce replacement broodstock fish for the future. Thus
larger government hatcheries could provide a crucial role in the maintenance of the
genetic quality of broodstocks, due to their ability to maintain larger numbers stocks
and control breeding. As mentioned above, current controlled breeding is not practiced
(or rarely) in most government hatcheries and management of fish is limited to simple
selection and breeding of fast growing fish.

Disease prevention and control and health management

Quarantine and health certification for movement of living aquatic animals are new
and currently does not exist in Cambodia (So Nam ez al., 2000). Fish disease represents
an important concern and is a recognized source of economic losses to farmers in
aquaculture. With both legal and illegal importation of millions of fish seed every
year from neighboring countries, disease problems will likely occur (introduction and
spread) and necessary measures should be taken to reduce risks. New aquaculture
indigenous fish species are also being cultured in farmer ponds and the subject of
research at some large-scale government hatcheries (Table 7.3.4). Similar problems of
new diseases could emerge and potentially spread within the country. There is a general
lack of knowledge in the management of fish health. Chemical therapeutants are more
widely used in intensive aquaculture, but are uncommon in small farmer ponds. Since
farmers have few available options for controlling fish diseases in their system, disease
becomes a risk. Moreover, all hatcheries did not have technical standards or set criteria
for good quality fry/fingerlings, appropriate packing and transportation methods
and good hatchery health management practices. Hence, some assistance should be
provided to further develop health management capacities within Cambodia as well as
the riparian countries towards:
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* supporting hatcheries and nurseries in producing healthy fish seed according to a
set criteria;

® building both human (appropriate trained staff) and physical (equipments and
facilities) capacities for preventative health management, diagnostics, health
screening of stocks of fish intended for transfer from one area to another and
emergency responses to disease outbreak;

® incorporating basic health management principles in extension messages;

e supporting research on fish disease diagnosis, prevention, management and
control and development of appropriate responses to such problems if and when
new diseases affect the fish species being cultured; and

® increasing aquatic animal health cooperation within Mekong countries to reduce
the risks from disease outbreaks.

FISH SEED MARKETING AND SEED INDUSTRY
At present, fish seed demand in Cambodia is strong, unsatisfied and expected to expand.
There are three major sources of fish seed supply, namely: hatchery, wild and import.
While sales promotion, distribution mechanisms and types of distribution networks
for fish seed marketing were not officially organized in Cambodia, fish fingerling
marketing campaign used by TKFSPS hatchery has been very successful. Fish seed
marketing and sales promotions were done through newspapers, T-shirts, hats, radio
and even television advertising, but newspaper was definitely the most effective. Buyers
came from over the country including NGOs and international organizations (IOs),
government departments and private buyers, some even flying fingerlings to their
home provinces. About 70 percent of the bulk sales of this hatchery were from private
buyers. Some of these buyers were traders or middlemen who bought fingerlings from
this hatchery to sell on. NGOs bought fish seed to supply fish farmers under their
supported development projects. Government departments bought only indigenous
fish fingerlings (i.e. silver barb) annually in July to support government fish seed
releasing programs in lakes and natural water bodies.

The general flow chart of distribution of hatchery fish seed is shown in Figure 7.3.7.

FIGURE 7.3.7
Flow chart of distribution of hatchery fish seed in Cambodia (2004)
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The flow chart shows that all government hatcheries except for the four large-scale
(BESPRC, CCFRS, TKFSPS and CARFSPS) hatcheries were playing only a single
role in producing fish fingerlings, i.e. for selling to generate income due to the limited
financial resources provided by the government. This leads to market competition
with small-scale farmer hatcheries. These fingerlings were sold to five different
types of buyers, i.e. (1) farmer hatcheries, (2) farmer nurseries, (3) fish farmers,
(4) middlemen and (5) NGOs/IOs. The majority of fingerlings were sold to fish
farmers and middlemen, followed by NGOs and Ios. The four large state hatcheries
supplied broodstock to small-scale farmer hatcheries and they exchanged broodstock
with each other. The provincial government hatchery mostly supply fingerlings to
customers within its province and in neighboring provinces. The four large state
hatcheries sell their fingerlings to customers coming from all over the country. The
amount of fingerlings produced and distribution of fingerlings reflects the good road
infrastructure of Cambodia. Means of transportation include motorbikes, cars, pick-
up cars, vans and trucks. The transportation distance varied from a few km to over
300 km. All cities and provinces in Cambodia can be reached in less than 12 hrs by
pick-up car. It is believed that the direct distribution of fingerlings to households from
government hatcheries is not sustainable while the distribution of fingerlings direct to
households from farmer hatcheries is sustainable, as depicted in the flow chart (Figure
7.3.8) and described below.

Fingerlings produced by farmer hatcheries are directly and locally sold to fish
farmers in villages or communes, while fry and advanced fry are sold to small-scale
farmer nurseries to rear them to fingerling sizes for final sale to fish farmers in villages.
Common transportation means of farmers in rural areas are bicycles and motorbikes,
which are used to transport fingerlings from village hatchery to their fishponds.

Seed supply from both government and farmer hatcheries are not stable for the
whole year due to lack of water source, good water quality and broodstock. Therefore
aquaculture expansion in Cambodia is constrained by the lack of seed. Importing seed
from neighboring countries can provide a short-term solution, although environmental
issues (i.e. genetic and disease risks) are current concerns of the country.

Because the demand for seed outstripped supply most of the time, a seed importing
company did not have to do any sales promotion. A case in point is Suy Chea, a seed
importing company located about 12 km northwest of Phnom Penh, who has many
buyers coming from all over the country. About 50 percent of buyers came from Kandal
province next to Phnom Penh, especially from Punnhear Leur district, followed by 30
percent from other Mekong floodplain provinces (Kratie, Kampong Cham, Prey Veng,
Takeo, Svay Rieng and Kampong Speu), mountain/plateau provinces (Ratanak Kiri

FIGURE 7.3.8
Flow chart of distribution of imported fish seed in Cambodia (2004)
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FIGURE 7.3.9
General channels of distribution of fish seed collected from the wild in Cambodia (2004)
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and Stung Treng) and coastal provinces (Kampot and Sihanouk ville) and 20 percent of
buyers from Tonle Sap Great Lake provinces (Kampong Chhnang, Pursat, Kampong
Thom, Battambang, Banteay Mean Chey and Siem Reap). There are two types of
buyers, i.e. private buyers and NGOs. Around 95 percent of fish seed buyers aree
private buyers and the remaining 5 percent are NGOs. Some private buyers are also
middlemen who bought fish seed from this company to sell on.

The general flow chart of distribution of seed imported from Viet Nam by the three
licensed companies is shown in Figure 8. Imported fingerlings and fry are supplied
by hatcheries in Tien Giang province, Viet Nam. Imported fingerlings are stocked in
hapas installed in large earthen ponds and they are sold to three kinds of buyers, i.e.
(1) fish farmers, (2) NGOs/IOs and (3) middlemen. Mortality rate of fingerlings from
transportation was less than 10 percent for a distance of less than 300 km from Tieng
Giang province to Punnhear Leur district, Kandal province in Cambodia. Imported
fry, mainly tilapia, were nursed in hapas installed in large earthen ponds for about
30 days. Mortality rate from transportation between Viet Nam and Cambodia was
50 percent and from nursing was 75 percent. It was reported that unfavorable weather
conditions such extreme temperatures (too hot or too cold) and rainy season had
caused significantly high fish seed mortality. Cambodia’s aquaculture development is
also constrained by the seasonal supply of fish seed from Viet Nam particularly the
seed unavailability during the first three months of the year. This may be due to non-
response of broodstock to monthly hormone injection. Another constraint faced by
these companies is the non-payment among fish seed buyers. For example, in 2004,
Suy Chea Company lost US$25 000 as buyers did not pay the cost of fingerlings after
harvesting their fish. Some of these buyers were high ranking government officials. Some
were Vietnamese migrating from other places to rent fish ponds to start aquaculture
business. Most of these latter buyers did not have houses or places to stay.

Figure 7.3.9 shows the general channels of distribution of fish seed collected from
the wild. Fishers collect fry and/or fingerlings from lakes, reservoirs and/or rivers and
fish seed are stocked in hapas set in large earthen ponds or in rivers/lakes. Customers
are middlemen, licensed companies and fish farmers. The majority of sales were to
middlemen or traders, who bought fingerlings from fishers to sell on.

FISH SEED PRODUCTION SUPPORT SERVICES

All Fish Seed Production and Research Stations (FSPRS) currently rely on the DoF (i.e.
Aquaculture Division [AD], Inland Research and Development Institute [IFReDI])
and development projects funded by NGOs and other donors to transfer technical
information to farmers and to obtain feedback on farmer needs. However, there has been
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no direct government funding for aquaculture extension and as such services outside
of that supported by external funding sources since the early 1990s, are quite limited
(Table 7.3.5). The extension activities of these externally-funded projects included the
following: (1) transferring aquaculture technologies (knowledge) to farmers through
training and demonstration, (2) supporting the establishment of provincial level fish
seed production stations and also supporting these stations to carry out extension
services, (3) promoting private hatcheries (i.e. small-scale village or farmer hatchery);
(4) building capacity of government fisheries staff and (5) in some cases supporting
on-farm and on-station research activities (e.g. DoF/MRC-AIMS and JICA-FAIEX).
All these organizations are spread in different provinces, district, or communes, but all
had some linkages with the DoF. In the case, project offices of the MRC-AIMS and
JICA-FAIEX were located within the DoF and most of the other organizations had
DoF staff seconded to them. All the organizations had different approaches towards
the promotion of aquaculture, with an emphasis on developing fingerling production
and nursing. Methodologies ranged from prescriptive, i.e. providing more standardized
technical information, to experimental, i.e. seeking to try out what works best under
local environments.

In addition, the DoF also interacted with various Provincial Department of
Agriculture, Forestry and Fisheries (PDAFF) on extension matters through its
Provincial Fisheries Divisions (PFD). These direct interactions are generally project-
based and no formal linkages or extension mechanisms/systems currently exist
between the DoF and PDAFF. The DoF prepares the extension materials used by
the PFD and PDAFE. In cooperation with FSPRS, technical trainings on general
aquaculture and particularly fish seed production and nursing have been conducted by
the DoF (through the AD and the IFReDI) especially for PED/PDAFF extension staff,
NGO/IOs staff and small-scale fish seed producers. In turn, the extension staff of
the PFD and NGOs subsequently provided training on simple topics regarding
aquaculture technology directly to fish farmers.

LEGAL AND POLICY FRAMEWORK

Law and regulation

Chapter Ten of the new Fisheries Law (draft, now in the process of approval by the
National Assembly) describes aquaculture management comprehensively (DoF, 2004a;
quoted by So Nam, 2005a). At present, the following inland aquaculture operations
require permission from the Fisheries Administration, through the DoF, namely:

1.a pond or a combination of ponds with a total area larger than 5 000 m?

2.a pen or a combination of pens with a total area larger than 2 000 m?

3.a cage or a combination of cages with a total area larger than 15 m?

Aquaculture carried out in small-scale ponds does not require permission but
operators need to register into the Aquaculture Statistic Book through the officers of
the Fisheries Administration. This exercise therefore recognizes the activities of small-
scale aquaculture farmers (e.g. fish growing, seed production and nursing) and farmers
can thus increase family fish production and consumption and generate additional
income of rural households.

As for the environmental aspect, the new draft Law indicates that all aquaculture
operations shall maintain the quality of land, water, aquatic biodiversity and environment
and permission of Fisheries Administration is required for importing aquatic fauna or
flora seeds for aquaculture after undergoing quality control by the laboratories.

Policy, plan and strategy

The long-term vision of the Government of Cambodia is to create a cohesive and
advanced country, free from the grip of poverty and illiteracy. The long-term strategy
to achieve this vision is the Government’s Triangle and Rectangular Strategy. The
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Government’s poverty reduction goals are envisioned in the Triangle/Rectangular
Strategy, the medium-term Second Five-Year Socio-economic Development Plan
2001-2005 (SEDPII): National Economic Growth and Poverty Reduction Strategy and
the National Poverty Reduction Strategy 2003-2005 (NPRS).

SEDPII and NPRS focus on three national development objectives in the context of
broader governance reform and poverty reduction strategies. These are:

® economic growth that is broad enough to include sectors from which the poor

derive a livelihood;

e social and cultural development; and

* sustainable use of natural resources and sound environmental management.

The fisheries sector plays an important role in the food security and the national
economy of the country and therefore contributes significantly to the national
development objectives.

The vision of the fisheries sector as described in the Fisheries Development Action
Plan 2005-2008 (FDAP, November 18, 2004) (DoF, 2004b; quoted by So Nam, 2005a)
is that of “Ensuring the supply of fish and fishery products will keep pace with
increasing demands to safeguard the nutritional standards and the social and economic
well-being of communities depending on fisheries for their livelihoods”.

The goal of the fisheries sector as described in the FDAP is to maximize the
contribution of fisheries to the achievement of national development objectives,
especially those related to improving rural livelihoods of the poor, enhancing food
security and the sustainable development and equitable use of the fisheries resource
base.

The DoF recognizes both the constraints and the potential of the sector and is
committed to ensuring that its contribution to the national development objectives
is maximized. The overall goal of the FDAP takes into account the wider policy
framework defined by SEDPII, NPRS and the Triangle/Rectangular Strategy.

The sixth high priority area defined in order to achieve the goal of the DoF’s
FDAP is “Improving Livelihood of Rural Poor People through Rural Aquaculture
Development”. The overall objectives are to improve food security and nutrition and
farm income through small-scale aquaculture development in Cambodia. To achieve
the overall objectives, the specific objective is to introduce and identify the appropriate
aquaculture technologies for different farming systems.

This FDAP is a continuing process from the current Second Five-Year Fisheries Sector
Development Plan (2001-2005). The plan is divided in two parts, as described below:

1.Short-term actions (one year, 2005)

e continuing the introduction of appropriate small-scale aquaculture
technologies for different farming systems such as:
- fish pond culture integrated with livestock.
- fish culture integrated with rice (i.e. rice-cum-fish culture).

e continuing the implementation of “fish farmer meets” and exchange activities.

2.Medium-term actions (two to three years, 2006-2008)

e developing local fish hatcheries in collaboration with farmers
e developing aquaculture training methods and extension materials

In addition, Cambodia’s Draft Master Plan for Fisheries (2001-2011) in Cambodia
(Do, 2001) ambitiously emphasized that supporting the private sector to improve its
operational efficiency and effectiveness in aquaculture necessitates DoF to generate the
following strategic outputs:

e technology packages, which can support the private sector to invest in

aquaculture;

* gene pool of indigenous fish species and fish fry/fingerlings to ensure that the

private sector has access to high quality, healthy and disease-free broodstock and
stocking materials;
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e feeding technologies that are attractive to private sector investments;

e technology packages aimed at improving the overall efficiency and effectiveness of
Cambodia’s aquaculture industry;

® “best practice” guidelines for the different types of aquaculture and for different
habitats;

® localized aquaculture management plans; and

e technical, scientific and general information on aquaculture.

ECONOMICS OF FISH SEED IN CAMBODIA

In general, fish seed production in Cambodia was very profitable. Fish fingerling
production at small-scale farmer hatcheries significantly contributed to the total family
income. Its average profit margin was approximately 290 percent in 2004. So Nam
et al. (2000) reported that an estimated profit margin of small-scale fish fingerling
production was around 800 percent in 2000 based on hormone and feed costs only. The
average profit margin of large-scale fish fingerling production at government hatcheries
was slightly higher than that of small-scale fingerling production, being 300 percent for
the 11 fish species produced at hatcheries (Table 7.3.4). The profit margin for fingerling
production of pangasiid catfish was around 95 percent and significantly lower than
the other fish species. The above profit margins of fish fingerling production at both
government and farmer hatcheries were estimated based on production costs and
income (sale) per fingerling and by excluding costs of broodstock and maintaining
broodstock. At the BFSPRC hatchery, an estimated US$600/year was used to feed
50 slow maturing and large broodstock of pangasiid catfish. This is a significant cost for
such a hatchery, even as the hatchery has sufficient ponds needed to maintain such fish.
Small-scale farmer hatcheries are not likely to have resources for maintaining such fish,
implying a role for government hatcheries in maintaining genetically important stocks.
Maintainance of medium-maturing and medium-broodstock (e.g. hoven’s carp and
locally named fish called krom) had been estimated to cost at an average of US$50/yr
for feeding 50 fish, while an estimated cost for maintaining fast-maturing and small
broodstock (e.g. barbs) was on average at US$ 40/year for feeding 50 fish. Therefore
small-scale farmer hatcheries are likely to have resources for maintaining such fish.

The profit margin of companies importing fish fingerlings was approximately 30
percent based on total expenses and income from sales. It is believed that the collection
of fry and fingerlings from the wild is more profitable than hatchery fish seed
production and imported fish seed when environmental costs and incremental costs
for maintaining genetic diversity are not included. What are these costs? Who should
bear such costs? Proposals should be developed to study these costs of biodiversity
conservation.

In general, the price of fish fingerlings did not vary very much for the whole year
in Cambodia, especially for omnivorous fish species such as carp. However, the prices
of strictly carnivorous fish fingerlings such as hybrid catfish and snakehead were
30 percent more expensive during high season of small wild fish harvested from the
Tonle Sap and Mekong rivers. Government hatchery fingerlings were usually produced
for the same price as wild caught and imported fingerlings. There also appeared to
be a consideration that local hatchery-produced fingerlings were not as good as wild
caught or imported fingerlings. Interestingly, farmer hatchery fingerlings were often
20-30 percent more expensive than government hatchery fingerlings probably due to
their higher quality (e.g. short transportation), their scarcity or absence of competition
in rural areas.

CONCLUSIONS AND RECOMMENDATIONS
Fish is the most important source of animal protein food for the Cambodian population
and the potential fish culture production from earthen ponds, floating cages and other
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various small water bodies in Cambodia is great. The supply of quality fish seed is
a key factor to the expansion of fish farming. Fish seed demand at present is strong,
unsatisfied and expected to expand and fish seed business in Cambodia is profitable.
In order to meet such huge demand of fish seeds for such potential aquaculture
development in Cambodia, the following recommendations are proposed.

The DoF should request FAO?s assistance in preparing a project for submission to
an interested international or regional financial institution to support the following:
(1) government and private hatcheries to produce and distribute quality fish seeds of
exotic and indigenous species on a commercial basis; (2) to establish farmer hatcheries
in all provinces; and (3) to rehabilitate and improve earthen ponds and floating cages.
The funds that will be received from an interested international or regional financial
institution could be a loan and/or grant. The Royal Government of Cambodia through
the MAFF should support the ideas of the DoF and partially provide fund to prepare
the project proposal and implement the project.

The emphasis of government hatcheries should be placed more on which commercial
activities could be undertaken that complement the private sector activities. Such
commercial services may include: (1) production of fingerlings of indigenous fish
species that farmer hatcheries cannot yet produce for stocking, nursing or enhancing
natural stocks; (2) maintenance and improvement of indigenous fish broodstock to
support small-scale farmer activities; (3) investigating the potential of the ‘low-in-
the-food-chain’ indigenous fish species for aquaculture to avoid the potential impact
of the use of inland low value and ‘trash’ fish for feeding carnivorous species (So
Nam et al., 2005) and development of diets where more carnivorous species are used;
(4) act as a technical resource for development organizations and/or fish culture
farmers; and (5) provision of technical advice on breeding, nursing, feeding, disease and
other production problems.

The review gave also special attention to environmental issues and provides the
following important suggestions, namely:

e preparation of broodstock management plans at government hatcheries, taking

into account genetic and disease issues;

® preparation of practical breeding programs (recording keeping, selective stripping

of eggs and milt, single use of broodstock pairs where fingerlings produced from
that batch form a percentage of the new broodstock) within hatcheries to reduce
risks of inbreeding of broodstock;

* acquiring basic understanding or information on genetics of government hatchery

broodstock;

® establishing a working group under the DoF to initiate preparation of policy or

guidelines on the movement of fry, fingerlings and broodstocks inside the country
and on transboundary movement of live aquatic animals, taking into consideration
of genetic and disease issues;

* development of a system for disease control and health management under the

supervision of the DoF; and

® incorporation of a prepared environment management policy or guidelines into

extension and awareness raising activities of the DoE

The review also indicated that seed marketing channels in Cambodia are disorganized.
A systematic fish seed marketing channel and distribution mechanisms or networks
and market infrastructure should be developed to supply strong demand of fish seed
for the expanding aquaculture in Cambodia.

The existing extension set-up and technology transfer mechanisms are considered to
be extremely weak. A participatory extension system is needed in Cambodia. Such an
extension system will be helpful for mass motivation and knowledge and technology
transfer of the different stages of pond and cage culture operations (i.e. hatchery,
nursery, pond/cage production techniques). It is not essential for the DoF and/or PFD
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officers to make individual contact with the pond/cage fish farmers, which is virtually
not possible but instead they can make use of fish seed vendors as extension agents
for the purpose of motivation, technology transfer, knowledge dissemination, etc. In
the process of farming operations, the farm operators trained at different stages could
also work as an extension agents on behalf of the DoF and/or PFD. It is expected that,
this extension approach might be efficient, time-saving, cost-effective and beneficial to
the fish farm operators. It will enhance the pond/cage fish production as well as other
fish farming operations in the rural areas of Cambodia. In addition, mechanisms to
develop and enhance linkages between research and extension should be established.
These may include: (i) surveys of pond/cage fish farmers problems conducted jointly
by research and extension staff; (ii) regular (bi-annual and tri-annual) meetings between
research and extension staff; (ii1) regular publication of materials provided by research
and extension staff; (iv) presentation of jointly developed materials at large workshops;
(5) joint training programmes; and (v) field days.
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ABSTRACT

The climate, land and water resources of Cameroon, combined with the high demand
for fisheries products, makes this Central African country a high potential area for
aquaculture. Fingerling availability and quality have been identified as key constraints
which hold the sector back from rapid expansion. Nile tilapia (Oreochromis niloticus)
and sharptooth catfish (Clarias gariepinus) are the two most widely cultured species
and are often grown in polyculture. Some 32 government hatcheries have been built,
but few are functional and none operates at full capacity. Most producers rely on
14 small-scale, private sector hatcheries for their seeds, but supply is irregular and
quality remains a serious problem. New policy and research initiatives undertaken by a
coalition of government, private sector and international research agencies are underway
to address these inadequacies.

INTRODUCTION

Cameroon is located in the crux between West and Central Africa, the tropical rainforest
and the Sahel. The wide range of ethnic groups and ecosystems has lead many to refer
to Cameroon as “Africa in Miniature”. Within this microcosm, are 35 000 km? of
aquatic habitats, representing many of the key aquatic ecosystems that prevail over the
continent (Figure 7.4.1): large natural lakes (Lake Chad), reservoirs on dammed rivers
(Lagdo, Mape, Bamindjing), crater lakes (Barombi Mbo, Nyos), large rivers (Benue,
Sanaga, Cross, Mungo, Wouri, Dibamba), rainforest rivers (Nyong, Ntem, Kienke,
Ndian, Lobe, Lokoundji) and thousands of km of first and second order streams
(representing 86 percent of total freshwater resources). Overall, including coastal
fisheries in the Gulf of Guinea, Cameroon currently produces some 120 000 tonnes of
fish per year, 55 percent from inland and 45 percent from coastal waters, according to
the Government of Cameroon.

Within this vast array of aquatic resources reside at least 600 species of freshwater
fish, a number of which are suitable for aquaculture, a smaller number of which have
actually been produced commercially (Table 7.4.1). Most of these are alien to the
basins in which they are cultured, having been introduced by various aquaculture
projects.
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TABLE 7.4.1

Most commonly cultured fish species in Cameroon

Native range in

Species C Introduced to/cultured in
ameroon
Tilapia, Oreochromis niloticus Benue River, Sanaga River Basin, All Reservoirs, Lake
Lake Chad Nyos, Mt. Cameroon watershed
Catfish, Clarias gariepinus Benue River, Sanaga River Basin
Lake Chad,
Kanga, Heterotis niloticus Benue River, Nyong River Basin
Lake Chad
Carp, Cyprinus carpio none Northwest, West & Central Provinces

Snakehead, Parachanna obscura

nearly ubiquitous

unknown

Banded jewelfish, Hemichromis elongatus

nearly ubiquitous

unknown

PLATE 7.4.1

Most commonly cultured fish species in Cameroon

Kanga (Heterotis niloticus)
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FIGURE 7.4.1
Hydrographic map of Cameroon
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Fish farming started in Cameroon in 1948. Its subsequent development can be
chronologically summarized as follows:

® 1954: under the French colonial administration, 22 public stations are built to
strengthen the action of extension agents; more than 10 000 private earthen ponds
around the country.

® 1960: the country is independent. Coffee and cocoa receive most of the
government’s attention, and support to aquaculture collapses. Competition with
fish captured in newly constructed hydroelectric dams reduces economic viability
of aquaculture and by 1963 most ponds are abandoned.
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® 1968-1976: A United Nations Development Programme/Food and Agriculture
Organization of the United Nations (UNDP/FAO) regional project increases
the number of extension stations to 32. Foumban station trains more than 150
extension agents. However, financial problems and weak national institutions
hindered growth.

® 1980-1990: A number of short-term projects support fish farming: United States
Agency for International Aid (USAID, 1980-1984); International Development
Research Centre (IDRC, 1986-1990); General Administration for Development
Cooperation (AGCD, Belgium); Haskonig (Netherlands), Mission francaise
de coopération et d’action culturelle (MCAC, France). Peace Corps volunteers
remain the main manpower for aquaculture extension until 1998 and the remnants
of these projects are still visible today.

® In 1994, the government devalued the Central African Franc (CFA) by 50 percent.
Availability of fish decreased (from 50 000 tonnes in 1993 to 45 000 tonnes in
1995) while prices rose by an average of 40 percent. The shortage had the most
immediate effect on rural fish supplies and created a strong incentive to produce
fish locally.

® By 1997, some 5 000 ponds belonging to 3 000 farmers were functioning with a
total output of over 300 tonnes of fish, mostly tilapia. The average production
was about 1200 kg/ha/yr. In some projects, production has been temporarily
increased by four to six fold.

* leading to the belief that aquaculture might be profitable. The President and a
number of other high government officials construct fish ponds.

* In2000-2005, the WorldFish Center (WFC), the International Institute for Tropical
Agriculture (IITA) and the United Kingdom Department for International
Development (DFID) implemented a participatory research project in partnership
with the Government of Cameroon and a number of local non-governmental
organizations (NGOs). By linking small-scale producers to markets, this project
managed to increase cash income to rural producers, thus creating a much larger
interest in intensified production systems than previously (WorldFish Center,
2005).

In 2005, nearly 49 percent of animal protein consumed in Cameroon, 17 kg/person/
yr, consisted of fish. Demand is high and continues to rise with imports passing 53 000
tonnes in 1997, 63 000 tonnes in 1998 and 78 000 tonnes in 1999. In 2002, Cameroon
imported 182 000 tonnes of fish, representing 52 percent of domestic supplies, at a
total cost of nearly US$90 000 000 (FAOSTAT, 2004). Fish prices remain stubbornly
high at around US$3.50/kg live weight on the wholesale market. Through a series of
recent consultations facilitated by FAO (April 2003, December 2004) and WorldFish
(April 2004, November 2004), access to markets, availability of high quality technical
backstopping and regular supply of fish fingerlings have been repeatedly identified as
key constraints to growth. According to the government, if these can be overcome,
Cameroon has the biophysical potential (i.e. land, water and feed materials) to easily
produce 20000 tonnes of fish per annum through aquaculture and increase over
current production of nearly two orders of magnitude.

SEED RESOURCES AND SUPPLY
Of the 32 national fish stations, most of which were designed with the primary objective
of producing fingerlings to support the growth of aquaculture, only the Yaoundé Fish
Station (supported under the WFC project) and the Institute for Agricultural Research
for Development (IRAD) Foumban Research Center continue to produce fingerlings,
albeit irregularly and at high prices and variable quality (Figure 7.4.2).

Although these stations listed below are largely dysfunctional, some of the most
important of them possess considerable infrastructure and potential for contributing
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to aquaculture development if either properly managed or transferred to the private
sector:

e Ku Bome (26), 35 ponds, 5.9 ha

* Bamessing (29), 13 ponds, 1.5 ha

® Bambui-N’kwen (24), 22 ponds, 1.7 ha

e Foumban (28), 53 ponds, 3.5 ha

® Yaoundé (5), 14 ponds, 2.0 ha

* Ngaoundere (19), 24 ponds, 4 ha

e Bertoua (13), 42 ponds, 12 ha

e Garoua Boulai (15), 9 ponds, 4.2 ha

As these government stations have failed to alleviate any of the main constraints to
aquaculture, fish farmers have increasingly turned to other suppliers for information
and fingerlings. Since the revision of the laws covering the formation of farmers
groups was lifted in 1990, over 90 NGOs and Common Initiative Groups dealing with
agriculture and rural development including aquaculture, have sprung up. Many of
these offer technical advice on aquaculture and a few have attempted to operate small
hatcheries to supply their members with seed. Unfortunately, the level of technology
used by these groups is minimal and none of the efforts to overcome the seed shortage
have so far produced sustainable outcomes.

FIGURE 7.4.2
Government aquaculture stations in Cameroon (2005)
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As a result of the failure of hatcheries to meet demand for fingerlings, most farmers
buy or trade amongst themselves, or buy from fishers. Juvenile tilapia, catfish and
carp seeds can account for large percentages of total harvest in poorly managed farm
ponds. Feral kanga (Heterotis niloticus) fingerlings are normally purchased from fishers
working in the Nyong River at Akonolinga.

The poor seed supply situation is exacerbated by the lack of critical mass among
growers. Without sufficient numbers of growers to buy fingerlings over the course
of the year, hatcheries cannot be profitable. On the other hand, without suitable
fingerlings, available when needed, producers cannot produce. Since 2002, the WFC
project, in conjunction with the Government of Cameroon and a local NGO, Service
d’Etudes et d’Appui aux Populations a la Base (SEAPB) have focused attention on the
linkage between markets, producers and hatcheries with the objective of developing
practical, private-sector hatchery, grow-out and marketing strategies that can allow
small-scale producers to participate and possibly lead, the growth of fish farming in
and around the urban markets of central and western provinces. At present, five private
hatcheries (three catfish, two tilapia) engaged in this project are the main suppliers of
high-quality fingerlings in the country (Table 7.4.2).

The total number of fingerlings traded is unknown and government production
statistics are unreliable as most fish are consumed in villages and do not reach
urban markets where they might be counted. According to WFC project datasets,
approximately 15 tonnes of fresh catfish were traded on the urban market of Yaoundé
in 2004. To produce this amount of fish, 185000 catfish fingerlings were stocked.
Tilapia are stocked at 1.5 fish/m?, suffer about 20 percent mortality and are marketed
at an average of about 80 g. If these values are extrapolated to the government estimates
(2002) of 210 tonnes of tilapia and 114 tonnes of catfish, the total number of fingerlings
stocked was on the order of 1 400 000 catfish and 3 300 000 tilapia.

TABLE 7.4.2
Private fish hatcheries known to be operating in Cameroon as of November 2005

Farmer Location Species Facilities Status

Nkoua, Bruno Nkoabang, catfish hatchery building + active
Central Province seven ponds, 9 000 m?

Etaba, Desiré Nkolzoa, tilapia 11 ponds, 1430 m? active
Central Province

Diogne, Michel Batié, catfish hatchery building + active
West Province six ponds, 2 400 m?

Noupimbong, Maurice Bapi, catfish, six ponds, 700m? active
West Province tilapia

Ndoumou, Antoine Nkolmesseng, catfish one pond + eight active
Central Province tanks, 2 500 m?

Wouanji, Jean Bandjoun, catfish three ponds, 900 m? startup
West Province

Youdom, B