Summary of the Workshop Discussions
The workshop comprised technical sessions in which background papers were presented,
followed by small working group sessions and the plenary. The discussion sessions
focused on (i) reviewing the effective and sustainable genetic improvement and
dissemination programs, including the requirements for achieving these; (ii) assessing
the status of genetic improvement and dissemination programs in the member countries
of the INGA and the state of their improved stocks; (iii) analyzing the constraints or
limitations of individual countries in development, maintenance and dissemination of
improved strains; (iv) identifying actions that can be taken to address constraints to
genetic improvement and dissemination programs; (v) formulating member country
action plans for selected species; and (vi) developing a framework for a collaborative
program for genetic improvement of freshwater prawn. The outcomes of small working
group sessions and a summary of the discussions are presented below:

Requirements for the development, maintenance and effective dissemination of
improved strains
Steps in design and
implementation of a
genetic improvement
program
Describe the
production system

Requirement

•
•
•

Choose the species,
strain and breeding
system; describe the
production system

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Formulate the
breeding objective

•
•
•

Ability to reproduce at the breeding center the prevailing good practice,
production environment;
Breeding center having physical infrastructure (facilities, utilities),
broodstock and qualified personnel;
Good knowledge of the species and understanding of the extent of the wild
and cultured stock diversity.
Candidate species based on social and economic importance;
Ability to control the reproductive cycle;
Better knowledge of the entire life cycle of the species;
Ability to rear the resulting progeny in captivity for grow-out;
Means of identifying the animals, preferably individually;
Ability to make a large number of pair matings;
Reasonable level of representation from all diversities;
Ability to conduct no less than 100 contemporary matings and be able to
follow-up the progeny grow-out.;
Develop multiple lines (at least two plus control);
Physical tagging (e.g. PIT tag) recommended and genetic sample where
possible, kept for gene banking;
100 contemporary representatives;
Rationalization of strains for inclusion in the breeding program;
Assessment of relative “flexibility” of strain with respect to genotype x
environment interaction;
Strain evaluation for domestication;
Educated choices of better species made.
Traits have to be carefully identified as relevant (not to constitute a wishlist), but there must be a recognition also that traits may be interrelated
(e.g. disease resistance can be compromised by selecting for fast growth);
Species-specific nature of traits has to be recognized;
Continue the selection for growth, but one must also be on the look-out
for emerging needs for selection for specific diseases and other speciesspecific traits that might become important either due to market conditions
or correlated response (e.g. color, survival, fat, carcass, reproductive
performance-selection index).
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Steps in design and
implementation of a
genetic improvement
program
Develop selection
criteria

Requirement

•
•
•

Design system of
genetic evaluation

•
•
•

Select animals and
mating system

Evaluation of genetic
gain
On-farm testing of
improved strains

•
•

•
•
•
•
•

Design mechanism
for dissemination

•
•
•
•
•

Monitor and
compare alternatives
for the on-going
programs

•
•
•

Ability to measure (equipment) or score the characters;
Keeping records on aspects that enable adjustment for known sources of
variation (e.g. sex, age, batch, tank);
Ability to produce and rear the necessary extra number of relatives.
Personnel and computer facilities (hardware and software) to conduct data
collection, storage, retrieval and processing for genetic evaluation and mate
allocation purposes;
Holding facilities to keep the fish after harvest until data processing is
complete and selection decisions can be made;
Evaluation of data analysis and interpretation by external experts.
The ability to conduct no less than 100 pair matings, and to follow up to
the grow-out phase – relative species;
Specialized hatchery and rearing, identification system (e.g. tags, genetic
tags, where and if appropriate).

Willing collaborators with relevant production systems;
Ability to produce contemporary batches of the improved strain and the
farmers’ strain;
Knowledge of production variability (climate, farming systems);
Broad range of testing to cover different environments and farming
methods and skills;
Need to consider control strain (i.e. existing strain used widely by farmers)
to allow effective evaluation.
Knowledge about the distribution network if it exists;
Development and implementation of protocols of stock transfer to, and
maintenance of, hatcheries;
Hatchery facilities that enable the implementation of the protocols;
Control mechanisms to ensure that improved or high quality seed reaches
the farmers;
Dissemination – commercial scale up (i.e. multipliers either on site or subcontract).
Continuity in project conduct;
Stability of trained personnel capable of checking that the program is
working and making the necessary changes;
Bio-economic analysis – for input into new objectives.

Associated discussions

impact on the feasibility and sustainability of
breeding and dissemination programs
should be looked into as part of the
requirements. Early in the planning phase of
the breeding program, there is a need to
consider the requirements of the market or
potential market for improved seed,
particularly those of the small-scale farmers.

The participants recognized that the above table
focuses only on the technical processes of the
breeding and dissemination programs (e.g. choice of
species dictated by the operational requirements)
and fails to recognize some of the important factors
that are affecting these activities (please see below):
a.
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Economic and marketing forces. The
economic and marketing forces that have an

b.

Participation of the private sector. There is a
definite need for greater collaboration within
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and across the countries, particularly in the
private sector. Large-scale seed distribution
efforts should involve the private sector.
Unfortunately, there is also a lack of capacity
among many of the INGA member country
institutions to establish partnerships with
the private sector.
c.

d.

e.

Quality control of seed. There is a need for
some form of government regulation (i.e.
seed certification programs) to ensure quality
control of the fingerlings distributed to
farmers. There is a potential need for systems
to monitor the quality of seed produced over
time (i.e. review and renewal of certifications
to track inbreeding, etc.).
Valuation of improved strain. Breeding
centers should place an appropriate value on
genetically improved broodstock and seed
stock to recognize the value that the genetic
improvement is contributing to aquaculture
production.
Intellectual Property Rights (IPR). There is a
need for scientists to improve documentation
of agreements and the disposition of genetic
materials to aid in the settlement of potential
IPR disputes.

Current status of national breeding
programs in member countries of the
INGA
Research efforts of INGA member countries on the
genetic improvement of commercially important
cultured species have come to fruition. Through
exchanges
of
germplasm
and
successful
implementation of national breeding programs,
improved strains of fish have been developed in the
majority of these countries and are now being
disseminated to governmental and private hatcheries
and farms. For instance, the Philippines has a
widespread dissemination program for improved
tilapia strains; Thailand, for improved tilapia and
silver barb; India, for improved rohu; and Bangladesh,
for improved tilapia and silver barb. China has
developed a system for the certification of improved
breeds before these are disseminated to hatcheries
and farmers.
While the above-mentioned countries have
dissemination programs, the majority of them still
lack a strategy for making the improved breeds
accessible to small-scale farmers and an effective
mechanism for monitoring the improved seed once
disseminated. It is imperative that member countries
are assisted to ensure that genetic gains of the improved
strains are maintained, enhanced and disseminated
effectively to targeted beneficiaries. In response to this

and in order to determine the kind of support needed
by the member countries, the WorldFish Center
conducted a thorough assessment of the status of the
breeding programs, the state of the improved stocks
and the dissemination activities in these countries,
through a questionnaire survey. The outcomes of the
survey are presented in Appendices 1-5.

Associated discussions
During the discussions, the following facts emerged:
a.
b.
c.

d.

e.

The Philippines is interested in establishing
a seed certification program to ensure the
quality of seed that farmers receive;
India has been successful in developing the
“Jayanti” brand of rohu;
Thailand’s effort to build a more selfsustaining dissemination program is
hampered by the inability to charge and
collect royalties and other fees;
Bangladesh is experiencing a strong industry
demand for genetically improved tilapia and
silver barb, and is now at the stage of
requiring assistance in building up their
dissemination network; and
Fish transfers, especially across national
borders, are more of a biodiversity issue than
an intellectual property rights issue.

Constraints to the development,
maintenance and dissemination of
improved strains and strategies
needed to address these constraints
While some programs have been successful in
research on breeding and have started to disseminate
the benefits of improved strains, there are also cases
where improved stocks are not being maintained
and disseminated effectively. The INGA Expert
Consultation held in Thailand in 2003 confirmed
that most of the member countries lack appropriate
strategies to address many constraints that the
network member countries are facing on some
aspects of development, maintenance and
dissemination of the improved strains (WorldFish
Center 2004).
In view of the above and as part of the initial process
of developing common approaches to the planning,
breeding and dissemination programs among the
member countries, the workshop defined the
constraints to these activities and the actions that need
to be taken to address them (see Table overleaf).
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Issue
Technical
limitations

Constraint
Limited knowledge about the biology of the
species
Special features in the biology of the species (e.g. a high reproductive rate may inadvertently lead to a low effective population
number; cannibalism may hinder survival
rates during grow-out)
Experience with one species is of very limited value when beginning to work with another species

Accumulation of inbreeding due to past bottlenecks in population size (they cannot be
remedied by numerical expansion of current
population)

Action needed
• With focused funding, conduct
research to study the biology and
specific needs of the new species.
• Appropriate documentation
should be made and tissue samples
per generation kept.
• Improve rearing management
practices
• Identify specific aspects of
biology that need further study,
then:
√ ask experts;
√ commission a study by another
group;
√ involve biologist in the group;
√ encourage collaboration and
networking;
√ document correlated responses
and adjust objectives only when
necessary.
• Introduce stock from other
sources;
• Create back-up lines;
• Exchange or sharing of
germplasm (to maximize positive
benefits of exchange);
• Document and process breeding
data accurately;
• Maintain constant evaluation
protocols.

Reduction in genetic variation

• As above, but consider long-term
effects and restrict inbreeding.
• Use pedigree knowledge, nonrandom mating;
• Use a larger number of pairs
(100 pairs);
• Sub-sample the population for
assessment of genetic diversity.
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Issue

Constraint
Undesirable correlated responses

Action needed
• Include the traits in the breeding
objective;
• Include in the selection program
the procedure for evaluating
undesirable correlated responses;
• Identify potential characters
based on bio-economic data and
carry out a complete phenotypic
evaluation at harvest;
• Monitor correlated traits and
adjust the program to steer it in
the desired direction.

Frequent changes in selection objectives

• Avoid changes because this is
undesirable, and not acceptable
• Adjust the selection objectives
when necessary.

Genotype by environment interactions

• consider splitting depending on
economic evaluation;
• Select for broadly adapted
genotypes;
• Evaluate genotype by
environment interactions very
early in the selection program;
• If genotype by environment
interactions are significant and the
particular production system is
important, develop system-specific
strains;
• Adequately understand and
document the production
environment of the species being
worked on.

Lack of standard strain evaluation procedures.

• Develop standardized protocols
or evaluation procedures;
• Maintain and evaluate standard
protocols.

Lack of information on phenotypic and genetic parameters for traits other than growth
of major species

• Start program amd generate,
record and estimate parameters
over time;
• Identify potential characters
based on bio-economic data and
carry out a complete phenotypic
evaluation at harvest;
• Maintain documentation of
correlated traits;
• Collect the relevant information
to enable researchers to observe
pedigree relationships.
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Issue

Constraint

Action needed

Lack of strain registration or certification
• Develop strain registration or a
procedures after an improved strain has been
certification procedure during
developed and evaluated.
the program (should be part of
milestones);
• Lobby or advise government and
industry associations, entrepreneurs,
and farmer levels on the need for
strain registration;
• Conduct genetic profiling to
identify strain’s specific or unique
characteristics (learn from the
Chinese approach on certification of
strains);
• Submit genetic characterization
(phenotype and genotype),
production technology, or protocol
to the National Seed Certification
Agency.
Lack of alternative improved strains (e.g.
where the present strain is not performing
well)

• Develop a new strain or explore the
native populations;

Spread of diseases

• Exercise strict control procedures
(including quarantine) to avid
spread of diseases and risk breeding
population;

• Exchange germplasm to increase
genetic diversity.

• Government or aquaculture industry
to implement policy that will restrict
movement of fish and deal with
infected fish (i.e. destroy them);
• Conserve through gene banking
improved strains; evaluate design
for re-establishing strains using
cryopreserved milt;
• Hold multiple stocks in different
geographic regions.
Staff capacity
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Limited technical capacity in government
institutions
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• Build vigorous postgraduate training
programs (MSc, PhD) into projects
and encourage secondary and
tertiary training at lower levels.

Issue

Constraint

Action needed

Staff change in role and position after acquir- • Education/workshops;
ing substantial capacity in animal breeding
√ Establish a staff development
and genetics.
program with monetary and other
incentives;
√ Build a critical mass of staff for
selection programs;
• Program of mentoring and study:
√ Delegate to smarter and younger
people;
√ Appropriate and relevant postgraduate training programs.
Resources and
facilities

Socio-economic

Limited number of ponds, tanks, incubators
and other holding facilities to accommodate a
large number of pair matings
Inability to procure consumables (e.g. hapa
mesh, tags, hormones for synchronization of
spawning)
Inability to procure equipment (e.g. scales)
Competition for resources from other work
(e.g. in different disciplines, with productionoriented activities)

• Initiate funding and planning at
initial stages.

No feedback from end-users; hence, no
stimulus to continue or to rectify
No rigorous impact assessment

• Make end-users receive some
incentive or ownership, and
education.

• Establish collaboration;
• Provide a strong case to organization
based on clear objectives and
potential advances using the
technology:
√ Maximize efficiency;
√ Reduce or limit number of species;
√ Ensure top level strategic planning
before initiating work on a new
species;
√ Source external funding (examples
of donors are AusAID, Danida);
√ Share resources with other groups;
and
√ Evaluate commerciali-zation and
participation of the private sector.

• Build in participation of stakeholder
(farmers) from the beginning;
• Impact assessment (e.g. use of
survey questionnaire).
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Issue
Institutional
mechanism for
dissemination

Constraint

Action needed

Weak institutional mechanisms for dissemination •Improve networking of stakeholders
Limited number of players in dissemination
• Present mechanism for
dissemination to institution;
Lack of proper seed production agency (i.e.
private sector and NGOs) to take up large• Involve private sector and nonscale production of the improved seed
government organizations (NGO’s);
Links among different government agencies • Improve communication, meetings,
are poor, with the result that development
discussions;
and extension agencies are unaware of the
existence of improved strains.
• Research and investigation;
Lack of understanding of the structure of
existing seed distribution systems for the spe- • Clarify roles of various public and
private stakeholders;
cies being disseminated

• Evaluate the potential of publicprivate partnerships.
Maintenance of
Staffs in multiplier stations (public or private) • Education through collaboration;
improved strain in lack training and experience in implementamultiplier stations tion of appropriate management practices.
• Implement training programs.
Both government and private sector multipli• Seek funds;
ers lack financial resources and facilities for
the implementation of appropriate manage• Change business model;
ment practices.
• Establish partnership with the
industry;
• Ensure stakeholder participation
from the beginning;
• Learn from other more developed
primary industries (e.g. animal
husbandry and horticulture).
Policies in dissemination

Public-private
partnerships

Intellectual
Property Rights
(IPR)
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• All item mentioned below need
to be set as milestones within
the the breeding program with a
set timescale so that they will be
developed when needed.
Absence of policies that promote public-pri- • Build into the team the legal
vate partnerships
and intellectual property rights
(IPR) expertise, either through
Public sector institution does not have the
collaboration or training;
capacity for legal partnership development
with the private sector.
• Identify IPR gaps and build
IPR issues and breeders rights relating to
improved fish strains are not well understood guidelines and regulations.
and not standardized.
Absence of regulations for proprietary protection of newly developed improved strains
Conflicting priorities between private and
public sectors regarding ownership of research outputs
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Constraint

Issue
Species
introductions

Absence of policies governing protocols of
species introductions

Action needed
• Conduct better implementation of
existing policies and develop policies
where there are gaps;
• Learn from the experience of
developed countries (e.g. risk
assessment tools).

Distribution of
benefits

Lack of policy that will promote equitable
• Develop policies based on better
distribution and accessibility of poor farmers
understanding of how benefits are
to improved strains.
transferred and shared.

Impact of dissemi- Absence of effective feed back mechanisms in • Stakeholder involvement from the
nated improved
the entire dissemination system
beginning.
strain
Lack of mechanisms to pro-actively target the • Better understanding of benefits
small-scale farmers and prevent them from
flow.
being marginalized during dissemination

Development of country-specific action plans for genetic improvement and
dissemination programs of some commercially important species
The session developed work plans for genetic improvement and seed dissemination programs for the following
commercially important species in selected countries. The outputs of this session are shown below.

Action plan for M. rosenbergii in Bangladesh
Steps

Constraints

Action

Why important?
• Cultured widely (100,000 t)
• High export potential
• More equitable distribution of
economic benefit
Biological system (breeding and
production systems)

Synchronization of
spawning difficult

Develop means of synchronization
(research); hormonal and
environmental manipulation; better
feed management, shelter, stocking
density, size selection, 1 male: 4
female (husbandry);

Low survival of larvae
(30-40%) in hatchery

Improve quality of brood stock; better
feeding;

Sensitive to
environmental change
throughout life cycle

Standardize management of hatchery
and nursery system (better and
standardized husbandry).

• Successful control of production
cycle, especially reproduction in
captivity
• Satisfactory pair mating
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Steps

Constraints

Action

Breeding objective
• Improve growth performance
• Improve survival (strain variation)
• Improve body shape (define shape?)
• Improve disease resistance at larval
stage
Selection criteria
• Breeding candidates
o Body weight
o Body length
o Body color
o Head and tail shape
• Family traits
o LD50 (disease challenge)
o Survival rate
Design of system for genetic evaluation

Design evaluation system that
represents the production system
(earthen ponds); bio-secure
laboratories for disease challenge tests

Computer programs and personnel

Database management

Facilities
• Breeding candidates:
o Tanks
• Test animals (family):
o Earthen ponds (test animals) for
growth and survival
o Biosecure facility for disease
challenge
o Design challenge test
o Tagging method (e.g. elastimer)
Selection of animals

• Conduct statistical analysis to
estimate genetic parameters (e.g.
heritability);
• Estimate breeding value of different
traits;
• Combine in a selection index.

Mating system
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Develop full-sib (100) and paternal
half-sib families (50; 1 : ≥2 ).

Steps
Evaluation of genetic gain

Constraints

Action
• Establish a control group for
comparison or use an available
population as a reference group:
o Average of parent population
o Reference population
• BLUP estimation

On-farm testing of selected animals

• Identify the farms for the test
(agencies, private farms, NGOs);
• Select farming systems for the test
(mono/polyculture);
• Consider the control/reference in the
testing process.

Design mechanism for dissemination

• Identify stakeholders (communicate
with them about improved prawns);
• Identify the roles of different
stakeholders (Department of
Fisheries/NGOs);
• Establish a breeder support system
(from the breeding program center)
with control over regional
dissemination facilities;
• Provide feedback to the breeding
program.

Monitor and compare alternatives for
the on-going program

• Manage breeding nucleus;
o Look at genetic gains and compare
to what was expected;
o Review results;
• Monitor management of
dissemination network;
• Monitor impact on farmers (external
monitor/social department of the
government.
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Action plan for Nile tilapia in all Asian countries except India
Issue
Technical limitations

Constraint
Limited knowledge about the biology
of the species

Action needed
• Access to knowledge of a bigger issue
(i.e. via Internet, libraries, experts);
• Acquire strain specific phenotypic
and genotypic knowledge (e.g. fecundity);
• Compile existing knowledge (will
identify gaps).

Special features in the biology of
the species (e.g. a high reproductive
rate may inadvertently lead to a
low effective population number,;
cannibalism may hinder survival rates
during grow-out).

• Dependence on using swim-up fry
(e.g. in Vietnam); suited to controlled/
natural spawning (i.e in hapas);
• Acquire technology for synchronized
spawning;
• Lower selection intensity due to low
fecundity;
• Need more families;
• Inbreeding high;
• Strain diversity.

Experience with one species is of very
limited value when beginning to work
with another species.
Accumulation of inbreeding due
to past bottlenecks in population
size (they cannot be remedied by
numerical expansion of current
population).

• Exchange or sharing germplasm
(however, genetic knowledge of
country-specific stocks is needed);
• Access or obtain pedigree information (i.e. maintain historical information);
• Acquire hands-on experience with
respect to inbreeding analysis.
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Reduction in genetic variation

• Standardize collection of pedigree
information, with supporting software needed.
√ Bangladesh: 30f; 35-40p,
√ Vietnam: 100f; 40p (mixed full
and half sibs)
√ Thailand: 50f; 50p
√ Indonesia: 60f; 40-50p
√ Others: full-sib families;

Undesirable correlated responses

Complete phenotypic evaluation at harvest and relate to bio-economic data

Frequent changes in selection
objectives

Limited changes in objectives based on
country-specific needs
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Issue

Constraint

Action needed

Genotype by environment interactions • Vietnam: evaluate potential to perform across environments (i.e cold
environment in north Vietnam);
• Develop system/climate specific
strains.
Lack of standard strain evaluation
procedures

• Establish standard evaluation procedures (useful references: Strain
evaluations manual published by the
WorldFish Center, and information
from Hungary
• Incorporate Strain Evaluation Procedures into training programs.

Lack of information on phenotypic
• Develop methodology, standardizaand genetic parameters for traits other
tion procedures;
than growth of major species
• Strengthen resources (facilities,
personnel, etc);
• Local collaborations and guidelines
(manuals) for specific needs (disease
expertise), experience from India/
Hungary.
(Action: review article by INGA)
Lack of strain registration or
certification procedures after an
improved strain has been developed
and evaluated

• Require strain registration system
(country-specific)
• Evaluate suitable method for genetic profiling to characterization of
strains (in addition to broad phenotypic profile).
(Action: review of genetic technologies
with cost -benefit analysis)

Lack of alternative improved strains
(e.g. where the present strain is not
performing well)

Not applicable at this stage

Spread of diseases/natural calamity
– loss of stock

• Develop and implement guidelines
for movement of fish, control of
disease outbreaks, quarantine;
• Build capacity to gene bank via cryopreserved milt – variable implementation;
• Live gene banks (i.e. multiple stocks
in different geographical regions);
learn from lessons in Hungary (live
gene bank lost in Hungary 2002);
• Economic feasibility of different options;
• International strain registry.
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Issue
Staff capacity

Constraint
Limited technical capacity in
government institutions

Action needed
• In country training for research/scientists and technicians;
• Measurement of impact of training;
• Private sector training needed (users
pay);
• Between country exchanges in
teaching materials.

Staff changes in roles and positions
after substantial capacity in animal
breeding and genetics has been
acquired.
Resources and facilities

Limited number of ponds, tanks,
incubators and holding facilities
in general to accommodate large
numbers of pair matings

• Optimal usage of facilities;
• Shared resources;
• Cooperation with the private sector
(incentive system for testing stocks
with farmers or transfer of technical
expertise with industry).

Inability to procure consumables
(e.g. hapa mesh, tags, hormones for
synchronization of spawning)
Inability to procure equipment (e.g.
scales)
Competition for resources from other
work (e.g. in other disciplines, with
production oriented activities)
Socio-economic

No feedback from end users; hence,
no stimulus to continue or to rectify

As is

No rigorous impact assessment
Institutional mechanism
for dissemination
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Weak institutional mechanisms for
dissemination

As is

Limited number of players in
dissemination

As is

Lack of proper seed production
agency (i.e. private sector and NGOs)
to take up large-scale production of
the improved seed

As is
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Issue

Constraint
Links among different government
agencies are poor, with the result that
development and extension agencies
are unaware of the existence of the
improved strain.

Action needed
As is

Lack of understanding of the structure As is
of existing seed distribution systems
for the species being disseminated
Maintenance of
improved strain in
multiplier stations

Public-private
partnerships

Staffs in multiplier stations (public or
private) lack training and experience
in implementation of appropriate
management practices.

Implement training programs;

Both government and private sector
multipliers lack financial resources
and facilities for the implementation
of appropriate management practices.

Learn from the experience of other
countries.

Absence of policies that promote
public-private partnerships

International input for building up
legal and IPR expertise

Conduct state-run quality control for
maintenance of strains (need guidelines and policy for the approach).

Public sector institution does not
As is
have the capacity for legal partnership
development with the private sector.
Intellectual Property
Rights

Species introductions

IPR issues and breeders rights relating As is
to improved fish strains are not well
understood and not standardized.
Absence of regulations for proprietary
protection of newly developed
improved strains

As is

Conflicting priorities between
private and public sectors regarding
ownership of research outputs

As is

Absence of policies governing
protocols of species introductions

Collaborations between countries to
help with policy development (e.g.
risk assessment tools);
Countries to share germplasm as appropriate

Distribution of benefits

Lack of policy that will promote
Information required concerning
equitable distribution and accessibility transfer of benefits to poor farmers
of poor farmers to improved strains.

Impact of disseminated
improved strain

Absence of effective feedback
mechanisms in the entire
dissemination system

Stakeholder involvement from the
beginning.
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Action plan for Silver barb in Bangladesh, Thailand and Vietnam
Issue

Technical limitations

Constraint

Action needed

Lack of mechanisms to pro-actively
Better understanding of benefit flow
target the small-scale farmers and
prevent them from being marginalized
during dissemination
Limited knowledge about the biology Have access to knowledge through
of the species.
various sources (i.e, via internet,
libraries, experts);
Acquire strain specific phenotypic and
genotypic knowledge (e.g. fecundity);
Evaluate the existing strains
(knowledge of wild population is
lacking in Indonesia, Thailand,
Vietnam; in Bangladesh, knowledge of
feral populations is lacking)
Information is limited; however,
still need to compile the existing
knowledge (will identify gaps)
Special features in the biology of the
Nothing;
species (e.g. high reproductive rate
may inadvertently lead to low effective Early stages in tanks (natural food).
population number, cannibalism may
hinder survival rates during grow out).
Experience with one species is of very Apply the experience from carps
limited value when beginning to work
with another species.
Accumulation of inbreeding due
to past bottlenecks in population
size (they cannot be remedied by
numerical expansion of current
population).

• Inbreeding can be high, knowledge
of genetics of country specific stocks
needed;
• Exchange/sharing of germplasm;
however, genetic knowledge of
country specific stocks needed first;
also depend on no. of generation/
stage of development)
• Access or obtain pedigree
information (i.e. maintain historical
information);
• Acquire hands-on experience with
respect to inbreeding analysis

Reduction in genetic variation

Standardize collection of pedigree
information (supporting software
needed).
Bangladesh: 50f; 40-50p,
Thailand: 50f; 50p
Others: full sib families;
Non-random mating design
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Issue

Constraint
Undesirable correlated responses

Action needed
Need to record appropriate data;
support need for methodology
development and implementation
(bio-economic)
Actions: training, collaborations,
networking

Frequent changes in selection
Limited change acceptable
objectives
Genotype by environment interactions Not known
Lack of standard strain evaluation
procedures.

Establish standard evaluation
procedures (Strain evaluations manual
WorldFish Center, information from
Hungary, incorporate into training
programs)

Lack of information on phenotypic
Develop methodology and
and genetic parameters for traits other standardization; enhance resources
than growth of major species
(facilities, personnel)
Establish local collaborations and
guidelines (manuals) for specific needs
(e.g. disease expertise)
Action: review article by INGA
Lack of strain registration or
certification procedures after an
improved strain has been developed
and evaluated.

Strain registration system needed
– country specific
Evaluate suitable method for genetic
profiling to characterize strains (in
addition to broad phenotypic profile).
Action: production of review, genetic
technologies with cost benefit analysis

Lack of alternative improved strains
(e.g. where the present strain is not
performing well)

Not applicable at this stage

Spread of diseases/natural calamity
– loss of stock

Need guidelines for movement of
fish, control of disease outbreaks,
quarantine
Capacity to genebank through
cryopreservation of milt – variable
implementation
Live gene banks (multiple stocks in
geographical regions); learn from the
experience of Hungary where live gene
bank was lost in 2002.
Economic feasibility of different
options
International strain registry
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Issue
Staff capacity

Constraint
Limited technical capacity in
government institutions.

Action needed
In country training of technical staff
(e.g. researcher, scientist)
Measurement of impact of training
Private sector training needed
Between country exchanges in
teaching materials

Staff changes in role and position after
substantial capacity in animal breeding
and genetics has been acquired.
Resources and facilities

Limited number of ponds, tanks,
incubators and holding facilities
in general to accommodate large
numbers of pair matings.

Optimal usage of facilities; share
resources; encourage participation
of private sector (incentive system for
testing stocks with farmers or transfer
of technical expertise within the
industry)

Inability to procure consumables
(e.g. hapa mesh, tags, hormones for
synchronization of spawning).
Inability to procure equipment (e.g.
scales).
Competition for resources from other
work (e.g. in other disciplines, with
production oriented activities).
Socio-economic

No feedback from end users, hence no As is
stimulus to continue or to rectify.
No rigorous impact assessment

Institutional mechanism
for dissemination

Weak institutional mechanisms for
dissemination

As is

Limited number of players in
dissemination

Ditto

Lack of proper seed production agency Ditto
(i.e. private sector and NGOs) to
take up large-scale production of the
improved seed
Links among different government
agencies are poor with the result that
development and extension agencies
are unaware of the existence of
improved strain

“

Lack of understanding of the structure “
of existing seed distribution systems
for the species being disseminated
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Issue

Constraint

Maintenance of improved Staff in multiplier stations (public or
strain in multiplier
private) lack training and experience
stations
in implementation of appropriate
management practices

Action needed
Implement training programs; State
run quality control for maintenance of
strains (need guidelines/policy for the
approach).

Both government and private sector
Learn from the experience of other
multipliers lack financial resources
countries.
and facilities for the implementation of
appropriate management practices
Policies in dissemination
Public-private
partnerships

Absence of policies that promote
public-private partnerships

International input for building up
legal and IPR expertise

Public sector institution does not
“
have the capacity for legal partnership
development with the private sector
Intellectual Property
Rights

IPR issues and breeders rights relating “
to improved fish strains are not well
understood and are not standardized
Absence of regulations for proprietary
protection of newly developed
improved strains

“

Conflicting priorities between
private and public sectors regarding
ownership of research outputs

“

Species introductions

Absence of policies governing
protocols of species introductions

Facilitate collaborations between
countries to help with policy
development (e.g. risk assessment
tools); countries to share germplasm as
appropriate

Distribution of benefits

Policy that will promote equitable
distribution and accessibility of poor
farmers to improved strain is lacking

Gather information regarding transfer
of benefits to poor farmers

Impact of disseminated
improved strain

Absence of effective feed back
mechanisms in the entire
dissemination system

Involve stakeholder from the
beginning

Lack of mechanisms to pro-actively
Better understanding of benefit flow
target the small-scale farmers and
prevent them from being marginalized
during dissemination
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Action Plan for Nile tilapia in Ghana
Step

Comments

Limitations

1. Production System Current:
a)50% -- Extensive pond
with fertilization, stocking
density (1pc/m2)
b)40% -- Semi-intensive
pond, fertilization,
supplemental feeding,
stocking density (3pieces/
m2)
c)10% -- Intensive, cage,
pelleted feed, sex-reversed,
50-100pcs/ m2
Future: Move % from a) to c)
2. Breeding Objective Current: To improve growth Method for assessing sexual
rate.
maturation.
Future:
To improve flesh yield; to
extend age and size at sexual
maturation.

Action
To address limitations:
Research on
recognizing early
maturers
Use PIT tags
Identify
shareware for
statistical analysis
Obtain funding
for consumables,
facilities, staff,
training

Clear ponds for
evaluations
Set up multiplier
stations
Establish a set
of hatchery
protocols
Agreements with
private hatcheries
Protocols/designs
for dissemination
To address opportunities:
Repeat mating
Artificial IVF

3. Selection Criteria

70

Current: Body weight
Future: Body length.
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Step

Comments

4. Genetic Evaluation Current:
Fully pedigreed mating
system.
Calculate breeding
values for: (a) families,
(b) individuals
Full sib families ranked
by breeding value
Breeding values used to
choose
a)families
b)individuals/families

Limitations

Action

Tagging system (loss of tags
in hapas and nets; PIT tags
expensive)
SAS software expensive
Number of hapas and other
materials/ consumables;
Training of staff;
Facilities
(Opportunities: re-use sires/
dams across generations to
improve links; artificial fertilization to improve design)

Equal contributions
from families.
Inbreeding checked
before matings.
40-50 sires, 150 dams
(each sire mated to three
dams)
5. On-farm Testing

Current: Just commenced (1 Number of farms, ponds
farm, 2 ponds)
Farms have old stocks in
Future: Expand evaluations ponds.
– farms and research center

6. Multiplication/ Dis- Current: One government
semination
farm supplied; fingerlings
supplied directly from
research station.
Future:
To supply whole
country from multiplier
stations.

• Set-up multiplier stations;
• Train hatchery staff;
• Enforce broodstock
maintenance protocols in
private hatcheries.

Government hatcheries
to be supplied with 500
females and 100 males.
Develop protocols
for broodstock
maintenance.
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Development of a collaborative
genetic improvement program for
freshwater prawn
This session provided the participants with a
summary status of the ongoing genetic improvement
research on M. rosenbergii among INGA member
countries, reviewed justification for conducting a
regional program on the genetic improvement of M.
rosenbergii, and discussed the technical and nontechnical issues related to the genetic improvement of
M. rosenbergii. The outputs of the working sessions
are as follows:

Integration in existing programs and development of
a collaborative regional program

Non-Technical Aspects of a Regional
Program on the Genetic Improvement of
Freshwater Prawn (M. rosenbergii)

• Consolidate existing programs
• Develop a new program using a systematic
approach
• Use of family selection method
• Need to assess users’ /stakeholders’ need during
the early stage of the program
• Conduct baseline survey and monitor impact
• Study existing hatchery and marketing systems
and design dissemination strategy.
• Integrate with ‘trade related issues’
• Existing and new program can co-exist

Relevance to the poor farmers

Funding

• Suitable for farming and can be used by smallscale farmers (i.e. can be farmed in a polyculture
system with carps in Bangladesh, India & China
and with tilapia in the Philippines).

• Explore internal sources of funding
• Strategies for external funding: an umbrella
project within INGA; could also be developed
as country/region specific projects to increase
funding opportunities (e.g., ACIAR : Vietnam,
Indonesia, EC/Japan/ADB: Philippines)

• Cost of production is not very high (i.e. does
not need high protein feed, can be farmed with
locally made plant- based feed).
• Could result in increase of income for small
farmers
Economic importance
• High market demand (both in domestic and
export market)
− Source of foreign exchange (for example in
Bangladesh, China, Thailand, Vietnam)
− Meet increasing domestic demand (for
example in China)
• Create employment opportunity for poor
(forward and backward linkages, e.g. in seed,
feed and post harvest )
• Makes aquaculture a more profitable enterprise
(could also encourage farmers to adopt
aquaculture)
Non-technical constraints
• Lack of organized marketing systems in remote
areas
• Non availability of adequate storage and
transportation facilities
• Shortage of seed (e.g. in Bangladesh)
• Low price for smaller sized cultured prawn
• Lack of export demand for smaller sized females
(e.g., in Vietnam, need for all male)
• Need initial support of capital for small farmers
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• Difficult to harvest
• Non availability of culture technology (e.g., in
the Philippines)
• Disease in hatchery and early growth
• Lack of cheap plant-based feed

Technical Aspects of a Regional Program
on the Genetic Improvement of Freshwater
Prawn (M. rosenbergii)
Breeding Nucleus
Issues:
What cultured stocks are available in Malaysia,
Bangladesh, Thailand, Vietnam, Philippines, and
Indonesia?
Need to use wild stocks?
Geographic variation and strain diversity?
Need for strain comparisons (central or county
specific)?
Biodiversity issues relating to translocations?
Absence of biological knowledge
Recommendations:
Country based breeding centres (sampling of local
strains designed to capture a broad representation
of local genetic variation -using relatively few
stocks to establish base population)
Exchange of reference stocks among countries to
compare performance (replicated families)
Linked to existing research programs

Development of Aquatic Animal Genetic Improvement and Dissemination Programs: Current Status and Action Plans

Reproduction

Grow-out

Issues:
No issue with captive breeding in general
Synchronisation of spawning
Type of spawning (mass vs. pair)
Recommendations:

Issues:
Low production
Cannibalism
Recommendation:

Temporal differences in spawning can be
addressed through appropriate experimental
design
Research required to gain greater control over
reproductive cycle
Aim for pair spawning

Investigate disease, feed management, shelter,
stocking rates, size selection, sex ratio, shelter,
and general husbandry
Other Issues
Tagging
Distinctive biology
High levels of inter-population & geographical
variation

Nursery
Issues:
Limited larval survival

Recommendations:

Recommendation:
Investigate disease, nutrition and broodstock
quality (nutrition and genetics)

Investigate tagging options
Behaviour - dominance hierarchy - behaviour
induced morphotypes, strong heterogenous
growth (shooting), density-growth effects
Expect local strain differences/biodiversity issues
(i.e. translocation of stocks)

Paratya australiensis
M. intermedium
Palaemonetes australis
Paraemon serenus
Paraemon atrinubes
Palaemon northoi
M. australiense
M. sp. nov. 1
M. aemulum
M. sp. nov. 2
M. lar (Aus)
M. lar (Indo)
M. latimanus
M. olfersii (Bra)
M. olfersii (Mex)
M. acanthichirus
M. crenulatum
M. zariqueyi
M. carcinus
M. heterochirus
M. rosenbergii (Aus)
M. rosenbergii (Thai)
M. platycheles
M. neglectum
M. tolmerum
M. mammilodactylus (Aus)
M. mammilodactylus (Indo)
M. bullatum
M. idae
M. acanthurus (Bra)
M. acanthurus (Bra)
M. handschini
M. latidactylus
M. nipponense (Jap)
M. nipponense (Sing)
M. hainanense
M. equidens
M. novaehollandiae
M. trompii
M. malayanum
M. potuina
M. brasiliense

Macrobrachium Species
Summary of the Workshop Discussions
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Appendix 1
Status of breeding and dissemination programs: Freshwater prawn
Item

Bangladesh

China

India

Indonesia

Thailand

Malaysia

Philippines

Vietnam

M.
rosenbergii

M. rosenbergii

M.
rosenbergii

M.
rosenbergii

M.
rosenbergii

1995

2004

Not yet
started

Pure strain

Pond

Composite
strain
Harvest
weight
Pond

PROGRESS
OF
BREEDING
PROGRAM
Description
of breeding
program
Species
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M. nipponense,
M. hainensis

Year when
Not yet
breeding
started
program
started
Origin of
population
Selection
objectives
Selection
environment
Whether there
is family
identification

2000

-

Yes

Type of tag

-

Plastic tag

Comment on
effectiveness of
tag used
Selection
method
Mating
allocation
Whether
introductions
are regularly
made from
other
populations
(if yes, its
basis)
Maintenance
of population
No. of
generations
has the
population has
been
maintained

-

Fair

Visible
Implant
Elastomer
(VIE) tag
No result yet

Mass selection
Completely at
random
No

Mass
selection
Matching
males
No

Family
selection
Single pair
mating
No

3

2

1

Pure strain
Harvest weight

Not yet
started

Harvest weight
Pond with
high input
Yes, there is
individual
identification.
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Not yet
started

Item

Bangladesh

China

India

Indonesia

Thailand

Number of
female brood
stock used in
each
generation
Number of
male brood
stock used in
each
generation

100,000
females

500 females

30 females

100,000 males

500 males

30 males

How selection
is practiced in
each
generation

Contemporary
groups

Culling 25%
of the best
group

Total number
of families
maintained
and selected
for each
generation
Current role
of population
Role of the
population

-

18

Crossbreeding
between 2
stocks and
group
comparison
for weight and
survival after 6
months in
generation 1;
family
selection will
be practiced in
later
generations.
30

Supplying
broodstock to
hatcheries and
fingerlings to
producers

Supplying
fingerlings
directly to
producers

Supplying
fingerlings
directly to
producers

No

No

Whether any
associated
hatcheries are
carrying out
on-farm
breeding
programs
Facilities and
personnel in
charge of
maintenance
of population
Availability of
facilities for
maintenance
(number and
size of facility)

Malaysia

Philippines

Vietnam

-

5 ponds of
0.15 ha. each
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Item
Number of
staff involved

Bangladesh

China

India

Indonesia

Thailand

4 scientists,
2 technicians,
and 3 farm
staff

5 scientists, 3
3 scientists, 1
technicians, and 4 technician,
farm staff
and
1 farm staff

Whether
synchronized
spawning is
practiced
Reproduction
of the
population
Whether there
is any
application of
reproductive
or DNA
technologies
Sources of
funding
Source of
funding for
development
and
maintenance
of population
Whether funds
are a limiting
factor
Whether sale
of brood stock
or fry is source
of revenue for
maintenance
& further
development
of population

No

Yes

No

Natural

Natural

Natural

-

Yes, parentage
identification

No

Government

Indonesian
government

DOF,
Thailand

Yes

Yes

Yes

Yes

Yes

Yes

Problems

− Inbreeding
− Population
die after
breeding.

− Low survival
− Difficulty
− Poor
in pedigree
reproduction
recording
− Deterioration in
due to loss
growth in
of tags
several location
− Difficulty in
pedigree
recording
− Declining
growth rate,
diseases and
edible portion
getting smaller

Management
practices

How existing
problems are
being solved
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Malaysia

Philippines

Vietnam

Item

Bangladesh

China

India

Indonesia

Thailand

Future plans for
population
(including
description of
activities if
continued or
expanded)

Expand

Continue in its
present form
(to be done
through
addition of
another good
population).

Publication and
capacity building

Yes

Yes

Continue in
its present
form (family
selection,
dissemination
of improved
breeds to
hatcheries
and
producers).
No

Number of
publication
STATUS OF
DISSEMINATION

3

0

Whether there is
specific program
for dissemination

Yes

None

Description of
strain being
disseminated
Name of genetically
improved strain

Year when
dissemination
started
Whether improved
strain is registered
as trademark
(including owner of
trademark)
Whether on-farm
testing has been
done prior to
dissemination
If yes, result of onfarm

Policies
Whether there is
specific policy for
dissemination
If there is, name of
policy document
If none, whether
country is planning
to develop one
If yes, what the
policy covers
Whether there are
guidelines or legal
instruments to
support such policy

Hybridized
freshwater
prawn

Genetically
Improved
improved
prawn
Macrobrachium

2003

2001

2005

No

Yes

No

Yes

No

No

Faster growth,
larger mature
size than the
parental
species

-

No

Yes

Not aware

Species Release
Document
No

-

-

-

-

Yes

No

Malaysia

Philippines Vietnam

No
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Item
If there are,
description of legal
instruments
Whether there is
strategy for
implementation of
policy
Mechanisms for
dissemination
Stakeholders
involved in
dissemination
Whether there are
central and state
level institutions
involved
On what basis
hatcheries
disseminating the
improved stocks
receive the stocks
If once-off, whether
they have the
required
knowledge of
maintaining the
stocks
Whether hatcheries
using the improved
strain are getting
the technical
backstopping in
genetic
management of
stocks and if yes,
from whom
Whether there is
condition or prerequisite for
accessing the brood
stock; if yes, the
mechanism
Whether improved
strain is being
distributed free of
charge
If yes, indication of
the recipients

How improved
strain is being
promoted/
advertized
Seed production
Hatcheries involved
in seed production
Total number of
fingerlings
produced
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Bangladesh

China

India

Indonesia

Thailand
-

-

Yes Research
should
collaborate
with Research
Institute.

No

Public sector

Public and
private sectors

Public sector

No

No

Yes

-

Ad hoc

Ad hoc

-

-

-

-

Yes, breeding
nucleus (public
sector breeding
stations)

Yes, breeding
nucleus
(public sector
breeding
stations)

None

Yes, there is
(through
certification)

None

Yes

Yes

Yes

Demonstration
farms and
farms for onfarm testing
Workshops
and seminars

Government
hatchery

Public sectors

Government

Government

Government

-

5,000

50,000

Workshops and Training
seminars
programs
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Malaysia

Philippines Vietnam

Item

Bangladesh

China

India

Indonesia

Thailand

Malaysia

Philippines Vietnam

Impacts
Actual or estimated
fingerling
production of
species in the
country
Contribution of the
improved strain
(%)

50 million

No information 50 million

Little

Projected demand
of improved strain
in next 5 years

Unknown

Almost all
0.1%
hatcheries in
Yogyakarta
used the GI
macrobrachium
strain.
1-5%
(of what?)

Anecdotal evidence
of how this benefits
farmers

Improved
yield and
income

Problems and how
they are being
addressed

− Weak
institutional
mechanisms
− Absence of
policies that
promotes
public and
private
partnerships

Future plans for
dissemination
Whether there are
specific plans and
indication of these

Yes, there is in
Increase in
several areas
production
but there are
and profit
still problems
to be solved.
− Research
All problems
institutions
indicated in
are not
form
included in
dissemination
sector.
− There are
limited
hatcheries
with good
facility
− Capacity of
staff involved
is weak since
the Marine
and Fisheries
Department is
new.

Yes, to further
expand the
population
and
disseminate
the prawn to
larger areas.

Yes, to test the
genetically
improved
macrobrachium
in multilocations.

Yes, to
disseminate
brood stock
to public and
private
hatcheries.

Yes

No

No

6

3

0

Publication and
capacity building
Whether there is an
MSc or PhD
dissertation on
dissemination
No. of publication
on dissemination of
the species
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Appendix 2
Status of breeding and dissemination programs: Common carp
Item
PROGRESS OF BREEDING
PROGRAM
Description of breeding program
Species
Year when breeding program
started
Origin of population
Selection objectives

China

India

Vietnam

Cyprinus carpio
1980

Cyprinus carpio
2003

Cyprinus carpio
1986

Pure strain
Harvest weight;
Delayed sexual maturity

Composite strain
Harvest weight;
Body shape and Color

Selection environment
Whether there is family
identification
Type of tag

Pond
Yes

Pond (low input)
Yes

Pure strain
Harvest weight;
Survival rate and disease
resistance
Pond and cage
Yes

PIT tags

Fin clipping and floy tags

Comment on effectiveness of tag
used

High

Selection method

Mass selection;
Family selection;
Combined individual and family
selection
Completely at random;
Or matching males and females
by size
No

Fin clipping, PIT tags and fin
cauterization, and CWT
Fin cauterization is simple, using
low technology and very
effective.
Mass selection

Completely at random

Completely at random;
Or avoidance of inbreeding

No

No

10

1

8

500

70

30

500

70

80

Contemporary groups

Contemporary groups

Selection of the best fish and best
family with traits in each
generation through genetic
heritability
40

Supplying fingerlings directly to
producers

Supplying brood stock to
hatcheries

Supplying fingerlings directly to
producers
And brood stock to hatcheries
No

Mating allocation

Whether introductions are
regularly made from other
populations (if yes, its basis)
Maintenance of population
No. of generations the
population has been maintained
Number of female brood stock
used in each generation
Number of male broodstock used
in each generation
How selection is practiced in
each generation

Total number of families
maintained and selected for each
generation
Current role of population
Role of the population

Whether any associated
No
hatcheries are carrying out onfarm breeding programs
Facilities and personnel in
charge of maintenance of
population
Availability of facilities for
5 ponds of 0.15 ha each
maintenance (number and size of
facility)
Number of staff involved
3 scientists,
2 technicians, and
5 farm staff
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No

50 small-sized tanks;
20 larger tanks and
1 large earthen pond
1 scientist,
2 technicians, and
4 farm staff
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PIT tag is more effective in
individual identification of family
selection.
Mass selection;
Family selection

6 ponds of 2000m2 each

2 scientists,
4 technicians, and
4 farm staff

Item
China
Management practices
Whether synchronized spawning No
is practiced
Reproduction of the population Both natural and
artificial breeding
Whether there is any application
of reproductive or DNA
technologies
Sources of funding
Source of funding for
Government and self-generating
development and maintenance of
population
Whether funds are a limiting
Yes
factor
Whether sale of broodstock or
Yes
fry is source of revenue for
maintenance & further
development of population
Inbreeding
Problems
How existing problems are
being solved
Continue in its present form.
Future plans for population
(Including description of
activities if continued or
expanded)
Publication and capacity
building
Number of publication
STATUS OF DISSEMINATION
Whether there is specific
program for dissemination
Description of strain being
disseminated
Name of genetically improved
strain
Year when dissemination started
Whether improved strain is
registered as trademark
(including owner of trademark)
Whether on-farm testing has
been done prior to dissemination
If yes, result of on-farm

Policies
Whether there is specific policy
for dissemination
If there is, name of policy
document

India

Vietnam

Yes

No

Natural

Artificial breeding

Yes

Yes, parentage identification

Government

Government

Yes

Yes

Yes

Yes

Pedigree recording
Application of DNA technology

Further improvement through
selection

Continue in its present form
and expand.
Continue for other traits of
economic importance.

Continue in its present form and
expand.
Using more genetic materials for
genetic improvement program

Yes

Yes

No

15

10

4

Yes

None

Yes

Jian carp

RIA 1

1987
No

1995
No

Yes

Yes

10-30% faster growth than other
carp varieties/ strains

RIA 1 improved strain showed
better performance and more
benefit compared to Vietnamese
white carp.

Yes

Yes

Designated as good species for
extension by the Ministry of
Agriculture (MOA)

University has set norms for
dissemination of improved
strains through the state
department of fisheries.

None
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Item

China

If none, whether country is
planning to develop one
If yes, what the policy covers
Whether there are guidelines or
legal instruments to support such
policy
If there are, description of legal
instruments
Whether there is strategy for
implementation of policy
Mechanisms for dissemination
Stakeholders involved in
dissemination
Whether there are central and
state level institutions involved
On what basis hatcheries
disseminating the improved
stocks receive the stocks
If once-off, whether they have
the required knowledge of
maintaining the stocks
Whether hatcheries using the
improved strain are getting the
technical backstopping in genetic
management of stocks and if yes,
from whom
Whether there is condition or
pre-requisite for accessing the
brood stock; if yes, the
mechanism
Whether improved strain is
being distributed free of charge
If yes, indication of the recipients
How improved strain is being
promoted/advertized

Seed production
Hatcheries involved in seed
production
Total number of fingerlings
produced
Impacts
Actual or estimated fingerling
production of species in the
country
Contribution of the improved
strain (%)
Projected demand of improved
strain in the country in next 5
years
Anecdotal evidence of how this
benefits farmers
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India

Vietnam
No

Promote public-private
partnership
None

None

Public sector

Both public and private sectors

Both public and private sectors

Yes

Yes

Yes

Ad hoc

Regularly

Once off

None

Yes, breeding nucleus

No

None

Yes, certification

None

Yes

Yes

Yes

Demonstration farms and farms
for on-farm testing
− Brochures and manuals
− Workshops and seminars
− Training programs

State department of fisheries

Public sector and private
hatcheries
− Use of mass media
− Workshops and seminars
− Training programs

− Use of mass media
− Brochures and manuals
− Workshops and seminars
− Training programs

Government and
private sector
15-20 billion (estimate)

Government,
private sector and NGO
1.6 Billion/year (2004)

About 2-3 billion

50%

60%

50%

10%

Improved growth, yield and
income

Increase income and create job to
farmers; supply nutrition to poor
farmers in the mountainous
areas.
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Item
China
India
Problems and how they are being − Weak institutional mechanisms
addressed
for dissemination;
− Absence of policies that
promote public-private
partnerships;
− Lack of capacity of staff
involved in dissemination; and
− Degraded quality of seed from
private hatcheries
Future plans for dissemination
Whether there are specific plans
and indication of these
Publication and capacity
building
Whether there is an MSc or PhD
dissertation on dissemination
No. of publication on
dissemination of the species

Vietnam
Absence of policies that promote
public-private partnerships.

Yes

Develop good policy and
strategy.
Yes

Yes

No

15

2
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Appendix 3
Status of breeding and dissemination programs: Silver barb
Item
PROGRESS OF BREEDING
PROGRAM
Description of breeding
program
Species
Year when breeding program
started
Origin of population
Selection objectives
Selection environment
Whether there is family
identification
Type of tag
Comment on effectiveness of tag
used
Selection method
Mating allocation
Whether introductions are
regularly made from other
populations (if yes, its basis)
Maintenance of population
No. of generations the
population has been maintained
Number of female broodstock
used in each generation
Number of male brood stock
used in each generation
How selection is practiced in
each generation
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Bangladesh

Thailand

Vietnam

Barbonymus gonionotus
1996

Barbonymus gonionotus
1999

Barbonymus gonionotus
1997

Composite Strain
Harvest weight,
Survival Rate
Pond
No

Pure Strain
Harvest weight

Pure Strain
Harvest weight

Pond (high input)
Yes

Pond
No

Mass selection
Completely at random
No

Floy tags, PIT tags
Genetic gain of 23.70-30.39%
per generation
Mass selection, BLUP selection
Single pair mating
No

Mass selection
Completely at random
No

7

4

2

600

50

170

900

50

170

The breeding program initiated
using two wild populations from
Thailand and Indonesia and
existing local stock. The parental
base generation was produced
through mating 3x3 diallele
crossing among three unrelated
founder stocks. Nine
heterogeneous genetic groups
were produced. For each of the
reciprocal crosses, 5-8 pairs were
mated separately and the three
best progeny groups were
selected (on the basis of
fertilization rate, healthy
movement and survival) to make
18 full sib progeny lines. These
were then communally stocked
by mixing an equal number of
larvae (125) from each family to
form first generation (F-1) and
grown until maturity in ponds.
From then, 10-20% best
individuals are selected each year
for breeding program and
development of next generation
(up to 7th generation).
Next generation (up to 7th
generation)

Mass selection for harvest weight
at 6 months old was practiced in
generations 1-4; BLUP selection
is practiced in generation 5.

Contemporary groups. The
average selection proportion of
23 per cent was applied for the
first improved generation. Higher
selection proportion was used in
the second generation.
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Item
Total number of families
maintained and selected for each
generation
Current role of population
Role of the population

Bangladesh
150

Thailand
50

Vietnam
82-105

Supplying brood stock to
hatcheries and fingerlings
directly to producers
No

Supplying fingerlings directly to
producers and fingerlings to
hatcheries
No

Supplying brood stock to
hatcheries and fingerlings
directly to producers

3 ponds (800m2),
50 hapas (2m3),
50 tanks (500L)
3 scientists,
1 technician, and
1 farm staff

1 ponds (18500m2),
200 tanks (1m3)

Yes

Yes

Artificial breeding
No

Artificial breeding
No

ADB and
Department of Fisheries,
Thailand
Thailand
Yes

ADB through theWorldFish
Center (1997-2001);
Government
Vietnam
Yes

Yes

No

Pedigree recording

Government hesitates to invest
for continuing breeding program
although this is the most suitable
fish or rice fish integration
model.
Request a small fund from the
government to maintain current
improving state of population.
Continue in its present form and
expand.
Reproduction to replace the
current improved brood stock

Whether any associated
hatcheries are carrying out onfarm breeding programs
Facilities and personnel in
charge of maintenance of
population
Availability of facilities for
10 ponds
maintenance (number and size of
facility)
Number of staff involved
3 scientists,
2 technicians, and
5 farm staff
Management practices
Whether synchronized spawning Yes
is practiced
Reproduction of the population Artificial breeding
Whether there is any application No
of reproductive or DNA
technologies
Sources of funding
Source of funding for
WorldFish Center and
development and maintenance of Government of Bangladesh
population
Item
Bangladesh
Whether funds are a limiting
Yes
factor
Whether sale of broodstock or
No
fry is source of revenue for
maintenance and further
development of population
Problems

How existing problems are
being solved

7 scientists, and
2 farm staff

Future plans for population

Continue in its present form.

Continue in its present form.

(Including description of
activities if continued or
expanded)

Family selection

BLUP selection and
dissemination of improved
breeds to hatcheries and
producers

2

1

3

Yes

No

Yes

BFRI-GISB

Improved Silver barb strain

First generation brood fish

2005

2004

2002

Publication and capacity
building
Number of publication
STATUS OF DISSEMINATION
Whether there is specific
program for dissemination
Description of strain being
disseminated
Name of genetically improved
strain
Year when dissemination started
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Item
Whether improved strain is
registered as trademark
(including owner of trademark)
Whether on-farm testing has
been done prior to dissemination
If yes, result of on-farm testing
Policies
Whether there is specific policy
for dissemination
If there is, name of policy
document
If none, whether country is
planning to develop one
If yes, what the policy covers
Whether there are guidelines or
legal instruments to support such
policy
If there are, description of legal
instruments
Whether there is strategy for
implementation of policy
Mechanisms for dissemination
Stakeholders involved in
dissemination
Whether there are central and
state level institutions involved
On what basis hatcheries
disseminating the improved
stocks receive the stocks
If once-off, whether they have
the required knowledge of
maintaining the stocks
Whether hatcheries using the
improved strain are getting the
technical backstopping in genetic
management of stocks
If yes, from whom

Bangladesh
Yes

Thailand
No

Vietnam
No

BFRI
No

No

No

No

No

Not aware

Yes

No

Yes

Promote public-private
partnership.
No

No

Promote public-private
partnership.
Not aware

Yes

No

No

Public sector

Public sector

Public sector

Yes

Yes

Yes

Once off

Ad hoc

Once off

Yes

Yes

No

Breeding nucleus (public sector
breeding stations)
Yes

Breeding nucleus (public sector
breeding stations)
No

No

Yes

Yes

Public sectors

Public and private breeding
stations
−
Use of mass media
−
Brochures and manuals
−
Product exhibitions
−
Workshops and seminars

No

Whether there is condition or
pre-requisite for accessing the
broodstock
if yes, the mechanism
Accreditation
Whether improved strain is
No
being distributed free of charge
If yes, indication of the recipients
How improved strain is being
promoted/advertized

Seed production
Hatcheries involved in seed
production
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−
−
−
−

Use of mass media
Brochures and manuals
Training programs
Workshops and seminars

Government and private sector

−
−
−

Brochures and manuals
Training programs
Product exhibitions

Government
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Government and
Private sector

Item
Total number of fingerlings
produced
Impacts
Actual or estimated fingerling
production of species in the
country
Contribution of the improved
strain (%)
Projected demand of improved
strain in next 5 years
Anecdotal evidence of how this
benefits farmers

Bangladesh
9 million

Thailand
1.2 million

Vietnam
100,000

421 million

1200 million

20 million

2.14%

0.10%

<1%

60 million

5-10% (of what?)

10% (of what?)

Increased production and profit

Not aware

30% higher production by using
improved strains than existing
strain
Problems and how they are being − Weak institutional mechanism;
addressed
− Absence of policies that
promote public-private
partnerships;
− Lack of capacity of staff
involved in dissemination;
− Limited number of players
involved in dissemination
Future plans for dissemination
Whether there are specific plans A gradual transfer of
and indication of these
responsibility for fish seed
production, seed supply and
restoration of seed quality
through genetic management
from Government agencies to the
private sector will be followed.
Regional stations/substations of
BFRI and respective DOF
hatcheries will play a major role
for development of improved
germplasm of silver barb. This
improved germplasm will be
distributed to Government Seed
Multiplication Farm for widescale dissemination to private
hatcheries. These private
hatcheries will act as prime seed
producers and become
multipliers, and they will
distribute improved breeds to
local commercial hatcheries.
Publication and capacity
building
Whether there is an MSc or PhD Yes
dissertation on dissemination
No. of publication on
2
dissemination of the species

− Weak institutional mechanism; Limited number of players
− Absence of policies that
involved in dissemination
promote public-private
partnerships;
− Lack of capacity of staff
involved in dissemination;
− Limited number of players
involved in dissemination
Disseminate brood stock to
public and private hatcheries.

− Continue keeping the same
state of improved stock by
reproducing and replacing;
− Brood stock, fry and fingerling
will be disseminated to
multipliers, hatcheries and
farms at the same time.

No

No

1

3
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Appendix 4a
Status of breeding and dissemination programs (Asia and Pacific): Tilapia
Item
PROGRESS OF
BREEDING
PROGRAM
Description of
breeding program
Species

Bangladesh

Oreochromis
niloticus
Year when breeding 1999
program started
Origin of
Pure strain
population
Selection objectives Harvest
weight,
survival rate
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China

Fiji

Malaysia

1996

1998

Oreochromis
niloticus
2001

GIFT

GIFT

Harvest
weight,
strip type on
caudal fin

Philippines

Thailand

Vietnam

1987

2002

Oreochromis
niloticus
2005

Pure strain

Pure strain

GIFT

GIFT

Harvest
weight,
survival rate

Harvest
weight,
survival rate

Harvest
weight,
survival rate

Harvest weight Harvest
weight,
salinity
tolerance and
late sexual
maturation
Pond high
Pond
input
No
Yes

Selection
environment
Whether there is
family
identification
Type of tag

Pond, cage,
cistern
Yes

Pond

Pond, cage

Pond, cage

Pond, cage

Yes

Yes

Yes

Yes

PIT tags

Fin clipping

Other

Floy tags, PIT
tags, T-bar tag

Fin clipping,
floy tags, PIT
tags

Comment on
effectiveness of tag
used

Very much
effective

Good

Families kept
in hapas-not
very effective
as some
families were
lost due to
hapa damage

Selection method

Mass selection

Mass selection

Mass selection

PIT tag is the
best method
for fish
identification.
Retention rate
of floy tag and
T-bar tag was
very low (4050%) while
above 95%
achieved by
PIT tags.
Limitation of
PIT tag: only
10g fish or
above could be
tag by this
method.
Smaller fish
will show high
mortality.
Combined
individual and
family
selection

Mating allocation

Completely at
random

Completely at
random and
avoidance of
inbreeding

Avoidance of
inbreeding

Family
selection, and
combined
individual and
family
selection
Matching
Completely at
males and
random and
females by
avoidance of
breeding value, inbreeding
and avoidance
of inbreeding
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PIT tags

Genetic gain 1- No result yet
5% per
generation

Mass selection

Family
selection

Single pair
mating

Completely at
random

Item
Whether
introductions are
regularly made
from other
populations (if yes,
its basis)
Maintenance of
population
No. of generations
the population has
been maintained
Number of female
broodstock used in
each generation
Number of male
broodstock used in
each generation
How selection is
practiced in each
generation

Total number of
families maintained
and selected for
each generation

Bangladesh
No

China
No

Fiji
No

Malaysia
No

Philippines
Thailand
Yes, enhancing No
for growth and
survival

Vietnam
No

5

9

9

4

13

2

1

450

1000

144

152

50

125

50

200

72

64

50

50

Batches of 200
fry are taken
from each
family and
grown in
ponds

Selection is
based on the
estimated
breeding value.
Combine
selection is
practiced since
2001. The fish
from each
family will be
ranked based
on value.
Mating will be
conducted by
choosing the
fish with high
breeding value
and avoiding
inbreeding. A
control line is
developed by
using the fish
of about
average
breeding value.
Genetic gain is
then calculated
by comparing
estimated
breeding value
between (i) the
selected line
and control
line of each
generation,
and (ii) the
selected line of
the present
generation and
the previous
generation.

Mass selection
for harvest
weight at 6
months old

Families

36

80

50

150

A base
Contemporary
population of groups
the GIFT fish
was formed
through pool
breeding
among 116
familiesfrom
which 400
individuals
were tagged
with PIT tags
and reared in
breeding pond.
After first
spawning of
the breeders,
1260
individuals of
F-1 progeny
were collected
from breeding
pond and
sexed.
Subsequently,
stock
improvement
has been
initiated using
mass selection
technique. And
from then, 10
per cent of the
best
individuals
from each
generation
(females and
males) are
selected for
breeding
program and
development
of next
generation.
150
3
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Item

Bangladesh

China

Fiji

Malaysia

Philippines

Thailand

Vietnam

Supplying
brood stock
to hatcheries
and
fingerlings
directly to
producers,
and
continuing
further
selective
breeding
No

Current role of
population
Role of the
population

Supplying
Supplying
Supplying
Supplying brood
brood stock to brood stock to brood stock to stock to hatcheries
hatcheries and hatcheries
hatcheries and
fingerlings
fingerlings
directly to
directly to
producers
producers

Supplying
brood stock to
hatcheries and
fingerlings
directly to
producers

Supplying
fingerlings
directly to
producers and
fingerlings to
hatcheries

Whether any
associated
hatcheries are
carrying out onfarm breeding
programs
Facilities and
personnel in
charge of
maintenance of
population
Availability of
facilities for
maintenance
(number and size
of facility)

No

Yes

No

No

Yes

No

6 ponds, 20
cistern

3 ponds

1 pond
(2000sqm),
5 ponds
(600m2),
6 raceways
(5mx1.5m), 3
hapas
(5mx5m)

18 ponds (0.05ha), >100 tanks
40
cages(3mx3mx1m),
20 tanks
(3mx1.5mx0.4m)

3 ponds
(800m2),
100 hapas
(2m3)

1 pond
(700m2),
2 ponds
(1800m2),
100 tanks

Number of staff
involved

3 scientists,
2 technicians,
5 farm staff

6 scientists,
3 technicians,
6 farm staff

2 technicians,
4 farm staff

2 scientists,
4 farm staff

10 scientists,
17
technicians,
82 farm staff

3 scientists,
1 technician,
1 farm staff

1 scientist,
2
technicians,
3 farm staff

Yes

No

Yes

Yes

Yes

No

No

Natural

Natural

Natural

Natural

Natural

Natural

Whether there is
any application of
reproductive or
DNA technologies
Sources of
funding
Source of funding
for development
and maintenance of
population

No

Yes

No

No

Natural &
artificial
breeding
No

No

No

WorldFish
Center &
Government
of Bangladesh

Government

From 19982000, ACIAR
and Fiji
Government;
from
2001
onwards, Fiji
Government

DFID

Government

DOF,
Thailand

None

Whether funds are
a limiting factor

Yes

Yes

Yes

Yes

Yes

Yes

Management
practices
Whether
synchronized
spawning is
practiced
Reproduction of
the population
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Item
Bangladesh
Whether sale of
No
brood stock or fry
is source of revenue
for maintenance
and further
development of
population
− Inbreeding
Problems

How existing
problems are
being solved

Future plans for
population

(Including
description of
activities if
continued or
expanded)

China
Yes

Fiji
Yes

Malaysia
No

− Inbreeding
− Pedigree
recording

− Low
numbers
− Inbreeding
− Poor
reproduction

− Low numbers
− Inbreeding
− Poor
reproduction
− deteriorated
performance
− Pedigree
recording

Through
keep effective
distribution of brooder size
improved
germplasm
among the
hatchery
owners

Philippines
No

There is need
for
replacement of
current stocks;
improve
management
of brood stock
and fry feeding
etc, breeding
unrelated
stocks where
possible but
now all mixed;
better
management,
feeding, water
exchange, etc,
Continue in its Continue in its Continue in its Continue in its Continue in its
present form. present form
present form. present form.
present form,
and expand.
expand,
refresh and
consolidate.
Family
Produce fertile Continue in its 1) Get enough Develop
selection
population of present form
funding
strains/families
4n bream,
till all
from the
for breeding
produce 3n
resources are
other
operations
seeds by
in place or
sources.
using genetic
4nx2n
when the
2) Conduct
makers like
population,
performance
research on DNA and
supply sterile of stocks
molecular
other
3n fry or
becomes
aspect of
biotechnology
fingerlings for unacceptable.
the fish.
items
farmers only.
procedures,
and still
continue the
classic
breeding
approach.

Publication and
capacity building
Number of
3
publication
STATUS OF
DISSEMINATION

10

6

Thailand
Yes

Vietnam
Yes

− Low
− Low numbers
numbers
− Pedigree
− Inbreeding
recording
− Poor
− Possible
reproduction contamination
− Pedigree
of feral or
recording
other
untagged
tilapia
Single pair
Recruit more
mating
known GIFT
tilapia; a
computer based
PIT rag-reader
must be applied.

Use other
Expand, refresh
selection
and consolidate.
methods and
replace the
present stocks.
Evaluate the
GxE, select for
more traits
(salinity
tolerance and
late sexual
maturation) and
select for
various culture
environments.

0

5
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Item
Whether there is
specific program
for dissemination
Description of
strain being
disseminated
Name of genetically
improved strain

Bangladesh
Yes

China
Yes

Fiji
Yes

Malaysia
Yes

Philippines
Yes

Thailand
No

Vietnam
Yes

BFRI Super
GIFT Tilapia

New GIFT
strain

GIFT

GIFT

Genetically
enhanced
tilapia; GET
EXCEL, Cold
Tolerant
Tilapia, Saline
Tolerant
Tilapia

GIFT strain

Improved
GIFT Tilapia

Year when
2000
dissemination
started
Whether improved Yes
strain is registered
as trademark
(including owner of BFRI
trademark)

2006

1999

2004

2002

2006

No

No

No

Yes

No

No

Whether on-farm
testing has been
done prior to
dissemination
If yes, result of onfarm testing

Yes

Yes

Yes

Yes

Yes

Yes

No

The mean
weight gain at
harvest of the
GIFT strain
was
significantly
higher (4050%) than the
existing nile
tilapia strain in
all the trials.

20-30% faster
than local
populations in
weight gain,
and sharp strip
pattern on
caudal fin

GIFT strain
performed
better than
Chitralada
strain

GIFT showed
better
performances
in terms of live
weight and
survival rate
compared to
other three
improved local
red tilapia

30% better
performance
than the local
strain

Whether there is
specific policy for
dissemination
If there is, name of
policy document

None

Yes

Yes

None

Use communal
testing in
ponds/cages in
different
environments:
salt tolerant
tilapia in
brackishwater
areas, cold
tolerant tilapia
in the
mountain
regions like
CAR, EXCEL
in the
lowlands, and
also on station
in ponds and
cages
Yes

Law of
Fisheries;
Regulators of
Aqua Seed

Free supply of
broodstock to
all hatcheries
and fingerlings
to all farmers
in Fiji

Yes

Yes

Law of
Fisheries;
Regulators of
Aqua Seed

Free supply of
broodstock to
all hatcheries
and fingerlings
to all farmers
in Fiji

Policies
Whether there is
specific policy for
dissemination
If there is, name of
policy document
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None

None

Fisheries Code
of the
Philippines
IRR in
Aquaculture

None
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Yes

Fisheries Code
of the
Philippines
IRR in
Aquaculture

Yes

Development
of Tilapia
Culture 20052010

None

Yes

Development
of Tilapia
Culture 20052010

Item
If none, whether
country is planning
to develop one
If yes, what is the
policy covers
Whether there are
guidelines or legal
instruments to
support such policy
If there are,
description of legal
instruments

Whether there is
strategy for
implementation of
policy
Mechanisms for
dissemination
Stakeholders
involved in
dissemination
Whether there are
central and state
level institutions
involved
On what basis
hatcheries
disseminating the
improved stocks
receive the stocks
If once-off, whether
they have the
required
knowledge of
maintaining the
stocks
Whether hatcheries
using the improved
strain are getting
the technical
backstopping in
genetic
management of
stocks

Bangladesh
Yes

China

Promote
public-private
partnership
No

Fiji

Malaysia
Yes

Philippines

Promote
public-private
partnership
Yes

Promote
public-private
partnership

Promote
public-private
partnership
Yes

Yes

Yes

Public sector

Thailand
No

Vietnam

Promote publicprivate
partnership
Yes

No

Not aware
Guidelines for
free supply of
broodstock:
hatchery must
have basic
facilities for
breeding and
fingerling
supply; farmers
must have
prepared the
pond and
other
requirements
like feed, etc.
in place in
doing semicommercial
farming.
Yes

Fisheries
Administrative
Orders (FAO)
205,
Administrative
Order 74, and
Administrative
Order 75

Yes

No

Yes

Public sector

Both public and
private sector

Yes

Both public
and private
sector
Yes

Yes

Yes

Once off

Regularly

Ad hoc

Regularly

Yes

Yes

Yes

Yes

Yes

Public, private
sector
and NGO
Yes

Regularly

Regularly

Regularly

As described in
the
documentation
of the Ministry
of Fisheries of
Vietnam

None

Yes

Yes

Yes
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Item
If yes, from whom

Bangladesh
Breeding
nucleus
(public sector
breeding
stations)

China
Breeding
nucleus
(public sector
breeding
stations)

Fiji
Breeding
nucleus
(public sector
breeding
stations)

Malaysia
Breeding
nucleus
(public sector
breeding
stations)

Whether there is
condition or prerequisite for
accessing the
broodstock
If yes, the
mechanism

Yes

Yes

Yes

No

Accreditation

Certification

Minimum
facilities to
operate
including
training and
skills to
operate a
hatchery
Yes

Whether improved No
strain is being
distributed free of
charge
If yes, indication of
the recipients
How improved
strain is being
promoted/
advertized

Total number of
100 milion
fingerlings
produced
Impacts
Actual or estimated 700M
fingerling
production of
species in the
country

Contribution of the 14.20%
improved strain
(%)
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All hatchery
operators

Thailand
Breeding
nucleus
(public sector
breeding
stations)

Vietnam
Breeding
nucleus
(public sector
breeding
stations)

No

Yes

Certification or
accreditation

Yes

Yes

Licensing or
certification

Yes

Government
regional/local
hatcheries
− Use of mass − Use of mass − Workshops
− Use of mass − Use of mass − Brochures
media
media
and seminars
media
media
and manuals
− Brochures
− Brochures
− Training
− Training
− Brochures
− Product
and manuals
and manuals
programs
programs
and manuals
exhibitions
− Workshops
− Training
− Workshops
− Training
− Training
and seminars
programs
and seminars
programs
programs
− Workshops
− Workshops
and seminars
and seminars
− Product
− Product
exhibitions
exhibitions

Seed production
Hatcheries involved Government
in seed production

Farmers

Philippines
Breeding
nucleus
(both public
sector breeding
stations and
private sector
breeding
institutions)
Yes

Government
and private
sector
1milion

Government,
private sector,
and NGO
900, 000

20M

In 2004,
900,000
fingerlings
were
distributed by
government
hatcheries;
only- figures
for private
sector and
NGO
hatcheries are
not available.
100%

5 (%)

No

Small farmers

Pproduced for
R&D only
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Government
and private
sector
90 million

Government
and private
sector
14.3 million

1.5 billion

600 million

60-80%

2.40%

− Brochures
and manuals
− Workshops
and
seminars
− Training
programs

Government

25%

Item
Projected
demand of
improved strain
in next 5 years
Anecdotal
evidence of
how this
benefits farmers

Bangladesh
800 million

China
2 million

Farmers are
20-30 higher
getting ion
yield than the
average 40normal tilapia
50per cent
higher
production by
using improved
GIFT strains
than existing
strains.

Problems and
− Weak
− Lack of
how they are
institutional
capacity of
being addressed mechanisms
staff involved
− Absence of
in
policies that
dissemination
promote
public-private
partnerships
− Lack of
capacity of
staff involved
in
dissemination
− Limited
number of
players
involved in
dissemination
Future plans
for
dissemination

Fiji
30.5 million

Farmers are
selling tilapia
regularly in Suva
and Nausori
markets; more
farmers are
wanting to do
tilapia farming
based on good
results from
other farmers.

− Weak
institutional
mechanisms
− Limited
number of
players
involved in
dissemination

Malaysia

Philippines
3 billion

Thailand
5-10%

Vietnam
5 millon fry

Expansion of
tilapia to nontraditional areas
of the country;
farmers now are
farming tilapias
for the
consuming
public through
the dissemination
of information
from Luzon
grow-out
operators.
− Weak
institutional
mechanisms
− Absence of
policies that
promote
public-private
partnerships
− Limited
number of
players
involved in
dissemination

Increased
Improved
production and growth of GIFT
profit
Tilapia

− Weak
− Limited
institutional
number of
mechanisms
players
− Absence of
involved in
policies that
dissemination,
promote
− Lack of
public-private
capacity of
partnerships
staff involved
− Limited
in
number of
dissemination
players
involved in
dissemination
− Lack of
capacity of
staff involved
in
dissemination
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Item
Whether there are
specific plans and
indication of these

Bangladesh
China
A gradual
transfer of
responsibility
for fish seed
production,
seed supply
and restoration
of seed quality
through
genetic
management
from
government
agencies to the
private sector
will follow.
Regional
stations/
substations of
BFRI and
respective DOF
hatcheries will
play a major
role for
development
of improved
germplasm of
GIFT. This
improved
germplasm will
be distributed
to Government
Seed
Multiplication
Farm for widescale
dissemination
to private
hatcheries.
These private
hatcheries will
act as prime
seed producers
and become
multipliers,
and they will
distribute
improved
breeds to local
commercial
hatcheries.

Publication and
capacity building
Whether there is
Yes
and MSc or PhD
dissertation on
dissemination
No. of publication 3
on dissemination of
the species
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Yes

>10

Fiji
Additional
hatcheries at
strategic
locations

Malaysia

Philippines
1) Ecological risk
assessment
program
2) Risk
management
program
3) HACCP
4) Breeding/Tail
marking
identification
5) Public-private
networking
6) Use of
biotechnology

Thailand
Disseminate
brood stock to
public and
private
hatcheries.

Vietnam
Associate with
private
hatcheries and
on-growers.

Yes

Yes

No

No

No

6

0

0

5
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Appendix 4b
Status of breeding and dissemination programs (Africa): Tilapia
Item
PROGRESS OF
BREEDING
PROGRAM
Description of
breeding program
Species

Cote Ivoire

Oreochromis
niloticus
Year when breeding 2001
program started
Origin of
Composite
population
strain
Selection objectives Harvest weight

Selection
environment

Pond

Whether there is
family
identification
Type of tag
Comment on
effectiveness of tag
used

Yes

Selection method

Combined
individual and
family
selection
Avoidance of
inbreeding

Mating allocation

Whether
introductions are
regularly made
from other
populations (if yes,
its basis)

Egypt

Egypt

Egypt

Egypt

Ghana

Malawi

Oreochromis
niloticus
1998

Oreochromis
niloticus
2002

Oreochromis
aureus
1998

Oreochromis
niloticus
2000

Oreochromis
niloticus
1999

Oreochromis
shiranus
1996

Composite
Composite
Composite
Composite
Pure strain
Pure strain
strain
strain
strain
strain
Harvest weight Harvest weight Harvest weight Harvest weight Harvest weight Harvest
weight, age to
maturation
trait in the F4
Pond
Pond (low
Pond
Pond (high
Pond (low
Pond,
input)
input)
input, high
semi-intensive
input),
farming
cage-high
system
input
No
Yes
No
Yes
Yes
Yes

Floy tags
Effective

No

Floy tags
Effective; some
tag loss at
harvest but
within
acceptable
limits

Floy tags
Effective; some
tag loss at
harvest but
within
acceptable
limits

Mass selection

BLUP selection Mass selection

Completely at
random, with
inbreeding
reduced
through
increasing Ne
No

Matching
males and
females by
size, and
avoidance of
inbreeding
No

Floy tags
Effective in
ponds but high
mortalities in
cages due to
tags getting
entangled in
the net.

BLUP selection Combined
individual and
family
selection
Completely at Matching
Matching
random, with males and
males and
inbreeding
females by
females by
reduced
size, and
size, and
through
avoidance of
avoidance of
maximizing Ne inbreeding
inbreeding
No
No
No

Floy tags
Tag recovery
was very low,
but improved
when
polyvinyl
thread was
replaced by
monofilament
twine thread.
Combined
individual
and family
selection
Completely at
random

No
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Item
Cote Ivoire
Maintenance of
population
No. of generations
the population has
been maintained
Number of female
brood stock used in
each generation
Number of male
broodstock used in
each generation
How selection is
practiced in each
generation

Total number of
families maintained
and selected for
each generation
Current role of
population
Role of the
population
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Egypt

Egypt

Egypt

Egypt

Ghana

Malawi

5

3

5

3

4

4

140

110

140

110

150

150

140

55

140

55

50

50

Contemporary
groups

Contemporary
groups

Contemporary
groups

Contemporary
groups

Individuals
with high BVs
are selected
within
families.

100

Male and
female
broodstock in
each
generation are
selected based
on
performance of
progeny of the
previous
generation in
three culture
environments
(extensive,
semi-intensive
and intensive).
Each progeny
is ranked by
breeding value
(BV) according
to sex. The
male with the
best BV is
paired with the
female with the
best BV. Extra
precaution is
taken to avoid
mating
breeders from
the same
family.
75

Selection and
evaluation of
genetic
improvement

Supplying
fingerlings
directly to
producers

F4 is planned
for on-farm
trials with
selected
farmers,
depending
upon results;
broodstock of
F5 will be
supplied to
small-scale
hatcheries, as
selection
work
continues onstation.

90

Supplying
fingerlings to
producers on
participatory
research basis

Selection and
evaluation of
genetic
improvement

Maintained on
station
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Item
Whether any
associated
hatcheries carrying
out on-farm
breeding programs
Facilities and
personnel in
charge of
maintenance of
population
Availability of
facilities for
maintenance
(number and size
of facility)

Cote I’voire
No

Egypt
No

Egypt
No

Egypt
No

Egypt
No

Ghana
No

Malawi
No

2 ponds
(1000m2)

3 ponds
(1000m2)

2 ponds
(1000m2)

4 ponds
(0.2ha),
10 ponds
(0.002 ha)

7 ponds (500m),
90 tanks
(78x1m3;12x3m3)

1 scientist,
3 technicians,
6 farm staff

1 scientist,
3 technicians,
6 farm staff

1 scientist,
3 technicians,
6 farm staff

2 ponds
(1000m2),
1pond
(4000m2),
16 tanks
(12m2)
1scientist,
3 technicians,
6 farm staff

2 scientists,
1 technician,
3 farm staff

2 scientists,
5 technicians,
12 farm staff

No

No

No

No

No

Yes

Yes

Natural

Natural

Natural

Natural

Natural

Natural

Natural

No

No

No

No

No

No

No

WorldFish
Center

WorldFish
Center Core

INREF Project WorldFish
Center Core

WorldFish
Center Core

World Bank
and UNDP

INGA

Yes

No

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Number of staff
involved
Management
practices
Whether
synchronized
spawning is
practiced
Reproduction of
the population
Whether there is
any application of
reproductive or
DNA technologies
Sources of
funding
Source of funding
for development
and maintenance of
population
Whether funds are
a limiting factor
Whether sale of
broodstock or fry
be source of
revenue for
maintenance and
further
development of
population

Yes
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Item
Problems

Cote I’voire
War stopped
the program
and facilities
have been
destroyed

Egypt
Egypt
Inbreeding and
pedigree
recording

Egypt
Egypt
Inbreeding and
pedigree
recording

How existing
problems are
being solved

Trying to
relocate, but
funds to
develop new
facilities are
lacking

Increased
number of
broodstock

Increased
number of
broodstock

Future plans for
population
(Including
description of
activities if
continued or
expanded)

Refresh and
consolidate.

Disband and
discontinue.
Field testing
and
dissemination

Disband and
discontinue.

Disband and
discontinue.

4

4

1

4

None

None

None

None

Publication and
capacity building
Number of
publication
STATUS OF
DISSEMINATION
Whether there is
specific program
for dissemination
Description of
strain being
disseminated
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None
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Ghana
Pedigree
recording

Malawi
Inbreeding,
poor
reproduction,
anticipating
limited tank/
pond
numbers, and
expiry of
software
license (SAS
and Asreml)
The last batch Avoiding
of tags was
mating of full
exhausted in
sibs; planning
July 2005 and to regulate
funds are
temperature
needed to
in the
import some
hatchery;
for the 2006
accurate data
breeding.
recording,
and handling
of data for
each
generation
separately;
and planning
to expand the
existing
infrastructure
to source
funds for
updating
software
licenses
Continue in its Continue in its Expand.
present form.
present form.
Multiply and
To continue
To establish
test on farms. the selection
multipliers
program based throughout
on the
the country,
breeding
who would be
values of
supplying
progeny of the fingerlings to
previous
other farmers
generation in
three culture
environments,
i.e. extensive,
semi-intensive,
and intensive

2

Yes

None

Item
Cote Ivoire
Name of genetically
improved strain
Year when
dissemination
started
Whether improved
strain is registered
as trademark
(including owner of
trademark)
Whether on-farm
testing has been
done prior to
dissemination
If yes, result of onfarm testing
Policies
Whether there is
specific policy for
dissemination
If there is, name of
policy document
If none, whether
country is planning
to develop one
If yes, what is the
policy covers

Egypt

Egypt

Egypt

Egypt

Ghana

Malawi

2005

No

No

In progress,
not yet
evaluated

None

None

None

Yes

Yes

Yes

Promote publicprivate
partnership.
Yes

Not aware

Whether there are
guidelines or legal
instruments to
support such policy
If there are,
A workshop was
description of legal held and
instruments
recommendations
were given. The
proceeding are
transmitted to
various ministries:
(Environment,
Livestock and
Fisheries) in order
to take some
actions.
Whether there is
No
strategy for
implementation of
policy
Mechanisms for
dissemination
Stakeholders
Both public and
involved in
private sectors,
dissemination
NGO

public sector
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Item
Whether there are
central and state
level institutions
involved
On what basis
hatcheries
disseminating the
improved stocks
receive the stocks
If once-off, whether
they have the
required knowledge
of maintaining the
stocks
Whether hatcheries
using the improved
strain are getting the
technical
backstopping in
genetic management
of stocks, if yes,
from whom
Whether there is
condition or prerequisite for
accessing the brood
stock; if yes, the
mechanism
Whether improved
strain is being
distributed free of
charge
If yes, indication of
the recipients
How improved
strain is being
promoted
/advertized

Cote I’voire
Yes

Egypt

Egypt

Egypt

Ghana
No

Once off

Once off

No

No

No

No

No

No

No

Use of mass
media,
brochures and
manuals,
training
programs,
product
exhibitions

Workshops and
seminars

Seed production
Hatcheries involved
in seed production
Total number of
fingerlings produced
Impacts
Actual or estimated
fingerling
production of
species in the
country
Contribution of the
improved strain (%)
Projected demand of
improved strain in
next 5 years
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Egypt
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Government
and
private sector
1million

40 million

2.50%
400 million

Malawi

Item
Anecdotal evidence
of how this benefits
farmers
Problems and how
they are being
addressed

Future plans for
dissemination
Whether there are
specific plans and
indication of these

Cote Ivoire
Some farmers
attested.
− Weak
institutional
mechanism
− Absence of
policies that
promote
public-private
partnerships
− Limited
number of
players
involved in
dissemination

Egypt

Egypt

Egypt

Egypt

Ghana

Malawi

− Weak
institutional
mechanism
− Absence of
policies that
promote
public-private
partnerships
− Lack of
capacity of
staff involved
in
dissemination
− Limited
number of
players
involved in
dissemination
− Presence of
unimproved
stocks in
farmer ponds
which lack
outlets

1) To train 10 to
20 aquaculture
extension
officers through
workshops and
field
demonstrations
to strengthen
farmers’
knowledge of
improved
strain.
2) To test
improved
strains and
compare with
currently used
ones in on farm
and onstation
trials.
3) To estimate
performance in
different
environments
and assess
genotype by
environment
interactions.

Conduct onfarm trials,
select
multipliers,
provide
broodstock
and scientific
backstopping
to the
multipliers.
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Item

Cote Ivoire

Egypt

Egypt

Egypt

Egypt

Ghana
Malawi
4) To train
farmers and
hatchery
managers in
optimal farm
management
including the
use of
genetically
enhanced fish.
5) To disseminate
information on
need to
conserve
genetic resource
of improved
strain.

Publication and
capacity building
Whether there is an No
MSc or PhD
dissertation on
dissemination
No. of publication 0
on dissemination of
the species
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No

Yes

0

4

Appendix 5
Status of breeding and dissemination programs: Blunt snout bream, rohu and river catfish
Item

China

India

Vietnam

Species

Blunt snout bream
((Magalobrama amblycephala)

Rohu (Labeo rohita)

River Catfish (Pangasianodon
hypophthalmus)

Year when breeding program
started

1985

1992

2001

Origin of population

Pure strain

Composite strain

Composite strain

Selection objectives

Harvest weight, body shape

Harvest weight, disease resistance Harvest weight, fillet yield

Selection environment

Pond

Pond

Pond

Whether there is family
identification

Yes

Yes

Yes

Type of tag

Fin clipping

Fin clipping,
PIT tags

Floy tags,
PIT tags

Comment on effectiveness of tag
used

Good

Very effective

floy tags acceptable tag retention
rate; PIT tags very successful on
trials

Selection method

Mass selection

Combined individual and family
selection

Mass selection,
combined individual and family
selection

Mating allocation

completely at random

Avoidance of inbreeding

Completely at random, with
hierarchical and partial factorial
designs

Whether introductions are
regularly made from other
populations (if yes, its basis)

No

No

No

No. of generations the
population has been maintained

9

5

1

Number of female brood stock
used in each generation

200

30-35

960

65

600

PROGRESS OF BREEDING
PROGRAM
Description of breeding
program

Maintenance of population

Number of male broodstock used 200
in each generation
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Item

China

India

Vietnam

How selection is practiced in
each generation

Contemporary groups

Contemporary groups

The individual selection by
batches was applied for year
2001 due to the net separation
for batches in one grow-out
pond. The combined individual
& family selection based on
family breeding values of fillet
yield & individual phenotypic
values of growth was applied for
year 2003 and batches
considered as contemporary
groups due to the elimination of
age effects when the family
breeding values of fillet yield was
estimated for each family.

60

88

Total number of families
maintained and selected for each
generation
Current role of population
Role of the population

Supplying brood stock to
hatcheries

Supplying brood stock to
hatcheries and fingerlings
directly to producers

Supplying brood stock to
hatcheries and fingerlings
directly to producers,
andcontinuing selective breeding
program

Whether any associated
hatcheries are carrying out onfarm breeding programs

Yes

No

No

Availability of facilities for
4 ponds (1500m2),
maintenance (number and size of 40 tanks (30m2)
facility)

45 ponds (0.02ha),
24ponds (0.1ha),
3 ponds (0.4ha)

1 pond (18500m2),
200 tanks (1m3)

Number of staff involved

4 scientists,
2 technicians,
12 farm staff

7 scientists,
4 farm staff

Whether synchronized spawning Yes
is practiced

Yes

Yes

Reproduction of the population

Artificial breeding

Artificial breeding

Artificial breeding

Whether there is any application
of reproductive or DNA
technologies

Yes

No

Yes

Source of funding for
NGO & government
development and maintenance of
population

NORAD and ICAR

Danida through SUFA

Whether funds are limiting factor Yes

No

Yes

Facilities and personnel in
charge of maintenance of
population

4 scientists,
2 farm staff

Management practices

Sources of funding
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Item

China

India

Vietnam

Whether sale of brood stock or
fry is source of revenue for
maintenance & further
development of population

Yes

No

Yes

Problems

−

How existing problems are
being solved

By keeping effective brooder size

Rohu from other riverine sources Long training and long educated
will be procured.
programs

Future plans for population

Expand

Expand

(including description of
activities if continued or
expanded)

Produce fertile population of 4n
bream, produce 3n seeds by
4nx2n population, and supply
sterile 3n fry or fingerlings for
farmers only.

Procurement from other sources. 1) To test the selective
population in the other culture
environment, i.e. cage;
2) To apply BLUP selection;
3) To include the trait of disease
resistance into inbreeding goal;
4) To conduct on-farm testing
and disseminate the improved
fish

10

38

1

Yes

Yes

Yes

Name of genetically improved
strain

Pujang No 1 bream

Rohu-”Jayanti”

Year class 2001 and year class
2002

Year when dissemination started

2000

2002

2004

Whether improved strain is
registered as trademark

Yes

No

No

(including owner of trademark)

Shanghai Fisheries University

Whether on-farm testing has
Yes
been done prior to dissemination

Yes

No

If yes, result of on-farm testing

Improved rohu was tested at
Vijayawada (Andhra Pradesh),
Jallandhar (Punjab), Rahara
(West Bengal), and
Kausalyaganga State Fish Farm
(Orissa). At all the places, it
showed significantly higher
growth than the local hatchery
stocks.

Inbreeding

−
−

Low numbers
Inbreeding

−
−

Pedigree recording
Low survival of fry reared
in fiberglass

Expand

Publication and capacity
building
Number of publication
STATUS OF DISSEMINATION
Whether there is specific
program for dissemination
Description of strain being
disseminated

30% faster and better body shape
than the local population of
bream, a wild population from
the Yuni lake
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Item

China

India

Vietnam

Whether there is specific policy
for dissemination

Yes

None

Not aware

If there is, name of policy
document

Law of Fisheries;
Regulators of Aqua Seed

If none, whether country is
planning to develop one

Yes

Yes

If yes, what is the policy covers

IPR, or promote public-private
partnership.

Promote public-private
partnership.

Whether there are guidelines or Yes
legal instruments to support such
policy

No

Not aware

Policies

If there are, description of legal
instruments

Regulators of Aqua-seed

Whether there is strategy for
implementation of policy
Mechanisms for dissemination

Yes

No

No

Stakeholders involved in
dissemination

Public sector

Both public and private sectors

Both public and private sectors,
and NGO

Whether there are central and
state level institutions involved

Yes

Yes

Yes

On what basis hatcheries
disseminating the improved
stocks receive the stocks

rRgularly

Regularly

Regularly

Whether hatcheries using the
Yes
improved strain are getting the
technical backstopping in genetic
management of stocks

Yes

No

If yes, from whom

Breeding nucleus (public sector
breeding stations)

Breeding nucleus (public sector
breeding stations)

Whether there is condition or
pre-requisite for accessing the
broodstock

Yes

Yes

If yes, the mechanism

Certification

Licensing, creating multiplier
unit facilities for rearing
improved rohu, and providing
trained manpower in the
hatchery

If once-off, whether they have
the required knowledge of
maintaining the stocks
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No

Item

China

India

Vietnam

Whether improved strain is
being distributed free of charge

Yes

Yes

No

If yes, indication of the recipients Farmers

Government agencies

How improved strain is being
promoted/advertized

-

-

Use of mass media
Brochures and manuals
Product exhibitions
Workshops and seminars
Training programs

Use of mass media
Brochures and manuals
Workshops and seminars
Training programs

-

Use of mass media
Product exhibitions
Workshops and seminars
Training programs

Seed production
Hatcheries involved in seed
production

Government

Government and
private sector

Government and
private sector

Total number of fingerlings
produced

400 million

30 million

1million

Actual or estimated fingerling
production of species in the
country

2000 million

No information

1.1billion

Contribution of the improved
strain (%)

20%

Projected demand of improved
strain in next 5 years

500-600 million

Anecdotal evidence of how this
benefits farmers

Increased benefit of 30000 Yuan/ In Andra Pradesh, the period of
ha/year
rearing reduced and FCR lowered.
Net profit almost doubled in
comparison to the local rohu culture.

Impacts

Problems and how they are being Lack of capacity of staff involved
addressed
in dissemination

1%

300 million

30% (of what?)

Not aware

Absence of policies that promote
public-private partnerships;
Establish and implement welldesigned plans

Breeding program is still in an
early stage.

Yes, CIFA will be the nucleus
and the improved rohu
fingerlings will be supplied to
different multiplier units on
regular basis. Multiplier units
will raise the brood fish and will
supply the seed to the ultimate
users, i.e. fish farmers.

−

Future plans for dissemination
Whether there are specific plans
and indication of these

No

−

−

−
−

Yes, to continue keeping the 3year-class breeding program in
order to have capability to
disseminate quickly.
To test improved fish at
commercial farms for
advertising.
To organize workshops and
seminars and to deliver the
brochures to promote the
product.
To establish a network of
multiplier stations.
In order to be quick, all
improved brood stock, fry and
fingerling will be disseminated
to multipliers, hatcheries and
farms at the same time.
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Item

China

India

Vietnam

Whether there is an MSc or PhD
dissertation on dissemination

Yes

No

No

No. of publication on
dissemination of the species

10

38

0

Publication and capacity building
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elghobashy46@yahoo.com
Fiji
Mr. Maciu Lagibalavu
Director of Aquaculture Division
Ministry of Fisheries and Forestry
PO Box 2218, Government Buildings
Suva, Fiji
Fax: (679) 3301595
E-mail: mlagibalavu@fisheries.gov.f
lagibalavu@fisheries.gov.fj
lagibalavu@fisheries.gov.fj
Ghana
Mr. Felix Attipoe
Researcher
Water Research Institute,
PO Box 38, Achimota, Ghana
Tel:
+23321 775351-352
+23321 777170
E-mail: fattipoe@hotmail.co
fattipoe@hotmail.com
Hungary
Dr. Zsigmond Jeney
Head of Department of Fish Biology and Aquaculture
Research Institute for Fisheries, Aquaculture and
Irrigation (HAKI)Anna liget 8, 5540 Szarvas, Hungary
Tel:
36-66-515314
Fax: 36-66-312142
E-mail: jeneyz@haki.h
eneyz@haki.hu
Dr. Janos Bakos
Principal Scientist Malom u. 3/6., 5540 Szarvas, Hungary
Tel:
+36 66 312-061 (Home)
+36 20 9188301 (mobile)
Fax: +36 66 312-142
E-mail: bakosj@haki.hu
info@haki.hu
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India

Philippines

Dr. Kanta Das Mahapatra
Scientist (SS)
Central Institute of Freshwater, Aquaculture
Kausalyaganga, Bhubaneswar, 751002 Orissa, India
Fax: (91 674) 465407
E-mail: cifa@ori.nic.in
cifa@hub1.nic.in
kdmahapatra@yahoo.co.i
dmahapatra@yahoo.co.in

Dr. Melchor M. Tayamen
Chief
National Freshwater Fisheries Technology Research
Center/Bureau of Fisheries and Aquatic Resources,
Science City of Munoz, Nueva Ecija, Philippines
Tel:
(63-2) 372-5057
6344 4560670
Fax: (63-44) 4560671
E-mail: nfftrc@mozcom.com

Dr. Wazir Singh Lakra
Director
National Bureau of Fish Genetic Resources
Canal Ring Road
P.O. Dilkusha, Lucknow-226002
U.P., India
Tel : 0091 522-2441735
2442440-41
Mobile: 0091 9820927271
Fax: 0091 522-2442403
E-mail: lakraws@hotmail.com
Indonesia
Dr. Estu Nugroho
Director Research Institute For Freshwater
Aquaculture,
Head of Program and Colaboration Division, Jl.
Sempur No. 1, Bogor, Indonesia
Tel:
+62-251-313-200
+62-815-888-9051 (mobile)
Fax: +62-251-327-890
E-mail: estunugro@yahoo.co.u
stunugro@yahoo.co.uk
Malawi
Dr. Sabstone B. Unyolo
Malawi Fisheries Department
National Aquaculture Centre
P.O.Box 44, Domasi
Tel:
(265) 01536321
E-mail: sbunyolo@yahoo.co.uk
Norway
Dr. Jorn Thodesen
AKVAFORSK (Institute of Aquaculture Research, Ltd.)
PO Box 5010
N-1432 AS, Norway
E-mail: jorn.thodesen@gmail.co
orn.thodesen@gmail.com

Mr. Basilio Rodriguez Jr.
9 M. Jhocson St., BF Inner Circle Las Pinas City, Philippines
Tel:
+63 2 842 5056
+63 917 421 1365
Fax: +632 809 5848
E-mail: jijirodriguez@yahoo.co
ijirodriguez@yahoo.com
Thailand
Dr. Nuanmanee Pongthana
Director
Regional Centers, Aquatic Animal Genetic Research
and Development Institute Tumbon Klongha,
Amphur Klongluang Pathumthani 12120, Thailand
Tel:
(66-2) 577 5058 – 9
Fax: (66-2) 577 5062
E-mail: nagri@loxinfo.co.t
agri@loxinfo.co.th
USA
Dr. Brian Kinghorn
Genus International
3033 Nashville Road
PO Box 348
Franklin, KY 42135
USA
Tel:
+1 270 598 7435
Fax: +1 270 586 4190
E-mail: brian.kinghorn@sygeninternational.com
bkinghorn@une.edu.au
Dr. Zhanjiang Liu
Auburn University
Department of Fisheries and Allied Sciences
203 Swingle Hall, Alabama
36849-5419, USA
Tel:
(1-334) 844-4786
Fax: (1-334) 844-9208
E-mail: zliu@acesag.auburn.ed
liu@acesag.auburn.edu
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Vietnam

Secretariat of the Pacific Community

Dr. Nguyen Cong Dan
National Component Director
Support to Freshwater Aquaculture Fisheries Sector
Programme Support, Ministry of Fisheries, 10-12
Nguyen Cong Hoan, Hanoi, Vietnam
Tel:
(84-4) 7717001 ext 350
0913 234043 (M)
Fax: 84-4 7716550
E-mail: dan.sufa@fsps.com.v
an.sufa@fsps.com.vn

Mr. Ben Ponia
Aquaculture Adviser
Secretariat of the Pacific Community (SPC) BP D59884 Noumea Cedex, New Caledonia
Tel:
(687) 260166
262000
Fax: (687) 263818
263818
E-mail: benp@spc.in
enp@spc.int

Dr. Nguyen Van Hao
Director
Research Institute for Aquaculture No. 2 (RIA2),
116 Nguyen Dinh Chieu Street 1st District, Ho Chi
Minh City, Vietnam
Tel:
(84-8) 823-0676
Fax: (84-8) 822-6807
E-mail: haoria2@hcm.vnn.vn
International/ Regional Organizations
Asian Institute of Technology
Dr. Amrit Bart
Associate Professor and AARM Coordinator
Asian Institute of Technology, PO Box 4, Klong
Luang, Pathumthani 12120, Thailand
Tel:
(66-2) 524-5450
Fax: (66-2) 524-5450
E-mail: bart@ait.ac.th
Dr. Yang Yi
Aquaculture Program Coordinator
AARM, Asian Institute of Technology
PO Box 4, Klong Luang Pathumthani 12120
Thailand
E-mail: yangyi@ait.ac.th
International Plant Genetic Resources Institute
Dr. Victoria Henson-Apollonio
International Plant Genetic Resources Institute,
Via dei Tre Denari 472/a 00057 Maccarese
(Fiumicino), Italy
Tel:
(39-06) 6118210
Fax: (39-06) 61979661
E-mail: v.henson-apollonio@cgiar.or
.henson-apollonio@cgiar.orgg
Southeast Asian Fisheries Development CenterAquaculture Department
Dr. Rowena Eguia
c/o SEAFDEC/AQD Manila Office, 17 Times St.,
West Triangle, Quezon City, Philippines
Tel:
(63-33) 335-1009
Fax: (63-33) 335-1008
E-mail: mreguia@aqd.seafdec.org.p
reguia@aqd.seafdec.org.ph
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The WorldFish Center
Dr. A. G. Ponniah
Discipline Director
The WorldFish Center, Batu Maung, Penang
Tel:
+604 6202160
Fax: +604 6265530
E-mail: a.ponniah@cgiar.or
.ponniah@cgiar.orgg
Dr. R.W. Ponzoni
Project Leader
The WorldFish Center, Batu Maung, Penang
Tel:
+604 6202159
Fax: +604 6265530
E-mail: r.ponzoni@cgiar.or
.ponzoni@cgiar.org
Dr. Madan Dey
Portfolio Director
The WorldFish Center, Batu Maung, Penang
Tel:
+604 6202123
Fax: +604 6265530
E-mail: m.dey@cgiar.or
.dey@cgiar.orgg
Dr. Nguyen Hong Nguyen
Research Fellow
The WorldFish Center, Batu Maung, Penang
Tel:
+604 6202175
Fax: +604 6265530
E-mail: n.nguyen@cgiar.or
.nguyen@cgiar.orgg
Ms. Belen Acosta
Research Fellow
The WorldFish Center, Batu Maung, Penang
Tel:
+604 6202161
Fax: +604 6265530
E-mail: b.acosta@cgiar.or
.acosta@cgiar.orgg
Ms. Khaw Hooi Ling
Research Assistant
The WorldFish Center, Batu Maung, Penang
Tel:
+604 6202158
Fax: +604 6265530
E-mail: h.khaw@cgiar.or
.khaw@cgiar.orgg

Development of Aquatic Animal Genetic Improvement and Dissemination Programs: Current Status and Action Plans

