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Foreword 

Fish farmers and fishers, like farmers and those who depend on the forests, face a future in which 

the diversity of thcir basic resources is under threat and the genetic composition of lhese resources will 
be increasingly reliant on human protection and manipulation. Food supply, livelihoods and income are 

among the stakes. 
Genetic rcsource issues, therefore, are given the highest priority among most centcrs of the Consul- 

tative Group on International Agricultural Research (CGIAR). In 1994, thc CGIAR established a System- 
wide Genetic Resources Program (SGRP) which links 15 of the 16 ccnters to provide a forum for col- 
laboration on germplasm conservation, agrobiodiversily, natural resources and ecosyslem management 
research. Historically, most of the CGIAR work has been concerned with the genetic rcsources lor agri- 
cultural crop and livestock production but, since incorporating aquatic and forest rcsources into the system 
in 1992, much more attention is now being given to thesc. 

In Dcccmber 1995, ICLARM, in collaboration with the SGRP convening center. the International 
Plant Genetic Resources Institute (IPGRI) convened a Consultation on Fish Genetic Resources as part of 

the greatcr focus on aquatic resources. ICLARM takes great plcasure in publishing the summary procced- 
ings of that Consultation. 

Thc purposes of the Consultation were to discuss lish genetic resources research, information, and 
training in the contcxt of existing and future activities of the SGRP; to make recommendations for future 
lish gcnctic resources (FiGR) activities within the SGRP and for institiitional and lunding arrangements 
lor thcir implementation; and to assist ICLARM and its partners in clarifying FiGR policy and intellectual 
property rights (IPR) issues. 

It is hoped that thcse summary proceedings will be of use to scientists and policymakers involved in 
research on and management of fish genetic resources. The overviews prcscnted by  representatives ot 
international and national instilutions; assessment of ICLARM activities and linkages: perspectives on 
irnpol-lanl topic such as biosafety and in siai and ex .riru conservation of fish genctic resources: discus- 

sions on strategic research. training, information and policy issucs pertaining to fish genctic resoul-ccs: 
and rights and access issues ate documented here, Conclusions and general recommendations were madc 
hy (he Consultation. 

This Cor~sultalion will s t r e n g t h  ICLARM's collaboration with the institutions that participated and 
will le;~d to wider linkages and cooperation in this expanding field. 

MERYI, J. WILLIAMS 
Director General. ICEARM 



Naturally occurring fish genetic resources are of great importance for fisheries and aquaculture be- 
cause they are themselves usually the sources of seed, harvcstcd products, or both. Thc diversity of ex- 
ploited aquatic organisms is high: of the 24 600 finfish species described. over 5 000 arc uscd by hu- 

mans. Other exploited aquatic animals total several Iiundl.ed more species and many, pcrhaps thousands 

more, have potential uses. About 2 600 finfish species are exploited in capture fisheries. 

Fisheries depend not only upon thc gcnctic resources of the harvested .c;pecies but also upon the 

many diverse aquatic organisms that comprisc aquatic foodwcbs and that contribute to maintaining envi- 

ronmental quality. Yet little 1s known about the genetic impacts of fishcrics and cnhanced fisheries, 
stocked with hatchcry-reared juvenilcs (once, irregularly or regularly), are olien managed without consid- 

eration of their genetic legacics for the stockcd populations or for thc wild populations with which these 

interact. 
Much of the world's aquatic fauna has yct to bc evaluated for aquaculture potential. Most farmed 

fish have not yct been domcsticated and are genetically closc to wildtypcs. With few exceptions (for 

example, the common carp and some catfish and salmonids), their breeding histories are not comparable 
to those of  crops and livestock. Captive breeding of the Asian carps, that provide most o r  the world's 

Farmed freshwater finfish production, dates only from the 1960s. Some aquaculture operations, like mullet 
and milkfish farming, rely mainly upon catching wild fry. Hence, therc is not yct a wide diversity of 
farmer-developed (domesticated) fish breeds, as exists for crops and livestock. 

At this early stage in the domestication of fish and the exploration of fisheries genetics, fish genetic 

resourccs arc bcing lost rapidly. Over 700 finfish species (mostly freshwater species) have become threat- 
ened by human activities dhring this century. Marine species, such as those associated with coral reefs 
and mangroves are less threatened with species extinction, but many or  their local populations that are 

Evolutionarily Significant Units (ESUs) of biological species (ix., stable and distinct populations that are 
substantially reproductively isolated from conspecific population units and that represent important com- 

ponents of the species' evolutionary legacy) have probably been lost and this is probably accelerating. 
Conservation of fish genetic resources can be assisted by their sustainable usc, rccognizing the vul- 

nerability of aquatic populations and habitats to overexploitation and to environmental damage. Fisheries 
and aquaculture can themselves have adverse impacts upon fish genetic resources. Fishcrics usually over- 

exploit stocks and some damage habitats through dcstructive fishing methods. Aquaculture can have large 
impacts on adjacent habitats: through water abstraction, effluents, spreading diseases, and clcarance or 
fragmentation of habitats (e.g., mangroves). In addition to the purposeful releases of fish to enhance fish- 
eries, farmed fish often escape from aquaculture installations. When they mix with wild stocks and dis- 
perse through natural habitats, the possible environmental consequences include: depletion or loss of wild 

fish stocks (e.g., by predation, competition for food or territory or diseases); changes in natural aquatic 

habitats (e.g., clearance of vegetation or increased turbidity); and genetic change by interbreeding. Risks 
of such adverse impacts are generally higher with exotic than with indigenous species. At present, particu- 

larly in the developing countries where most aquaculture is practiced, introductions and transfers of 

aquatic organisms, especially by the private sector, are not effectively controlled and quarantine measures 
are inadequate. Genetic manipulation in aquaculture is also growing fast but without adequate safeguards. 

ICLARM is the only center within the Consultative Group on International Agricultural Research 
(CGIAR) that works on living aquatic resources. ICLARM concentrates on systems rcscarch for natural 

resources management and regards fish gcnetic resources as vital for the sustainability of systems supply- 
ing human needs for food fish. ICLARM's current fish genetic resources research, training and informa- 
tion activities contribute to the CGIAR's System-wide Genetic Resources Programme (SGRP). 



The consultation, reported here, was ICLARM's main contribution to thc SGRP in 1995. in ~CI-ms of 
exploring common problems and approaches with the CGIAR's crop livestock and forestry centers and 
with others active in this field; notably FAO, IUCN, and national institutions. 

This consultatiot~ was organized by ICLARM in partnership with the International Plant Genetic 
Resources Institute (IPGRI) and supported by funding from the SGRP. IPGRI provided wonderful sup- 
port prior to and during the workshop. We thank the IPGRI Director General, Dr. Geoffrey Hawtin, and 

the IPGRI staff particularly Ms. Layla Daoud, for their hard work and support. 

Roger S.V. Pullin Christine Marie V. Casal 
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SESSION I 
OVERVIEWS OF INTERNATIONAL PROGRAMS AND LINKAGES 

I Chairperson: Dr. Geoffrey Hawtin I 
Origin, Structure, Management and Aims 
of the System-wide Genetic Resources Programme (SGRP) 

Jane Toll 
System-wide Genetic Reso~irces Programme (SGRP) Coordinator 
International Plant Generic Resources Institute (IPGRI) 
Via delle Selte Chiese 142 
00145 Rome, Italy 

Abstract 

A System-wide Genetic Resources Programme (SGRP) was established by the Consultative Group on 

International Agricultural Research (CGIAR) in 1994. This followed a Stripe Study of Genetic Resources 

in the CGIAR which recommended that all activities related to genetic resources be integrated. and the 
decision by the CGIAR to establish and fund programs at a System-wide level. The SGRP was among thc 
first of the CGIAR's System-wide programs to be established. 

The SGRP comprises individual center genetic resources programs and related activities, coordination 
by a secretariat and an Intercenter Working Group on Genetic Resoul-ccs (ICWG-GR), and specific col- 
laborative activities. The International Plant Genetic Resources Institute (IPGRI) is the Convening Center. 
Currently 15 of' the 16 CGIAR centers participate and the SGRP covers agroforestry, aquatic. crop, forest, 
and livestock genetic resources. Coordination of SGRP activities among centers is facilitated through the 
TCWG-GR. 

The SCRP's guiding principle is collaboration, with the aim of consolidating centers' genetic re- 
sources efforts and harnessing collective strengths for a System-widc effort greater than the sum of its 
parts. The overarching goal of the SGRP is to move the CGIAR forward to meet the challenges posed by 

the Convention on Biological Diversity (CBD) and Agenda 21. In line with the CGIAR's goals For Sys- 
tem-wide programs, the SGRP aims to optimize efforts and the use of expertise and resources among cen- 
ters to create greater effectiveness and cost-efficiency, to ensure consistcncy in policies and strategies, and 

to enhance partnerships. 
Within the framework of the SGRP, the species-focused approach of germplasm conservation is in- 

corporated into a broader framework encompassing agrobiodiversity, natural resources and ecosystem 

management. Activities on the conservation and use of aquatic, livestock and plant genetic resources can 
be pursued at an ecosystem level. The involvement of the International Food Policy Research Institute 
(IFPRI) and International Service for National Agricultural Research (ISNAR) provides an opportunity to 
address policy, economic and institutional issues relevant to genetic rcsources within the context of 
broader national and international development policies, strategies and priorities. This broad approach is 
critical to an effective response to Agenda 21. Development and coordination of the CGlAR centers' 
genetic resources documentation and information systems, and providing access to these, are pivotal lo 
meeting the Program's aims. 

The SGRP mission statement 

Through coordination among the centers of the CGIAR and collaboration with partner organizations. 

the SGRP contributes to the global effort to conserve agricultural, forestry and aquatic genetic resources, 



and promotes their use in ways that are consistent with the CBD. The SGRP seeks to advance research 
on policies, strategies and technologies for genetic resources, and to provide information, advice and train- 
ing to its partners. 

The SGRP's objectives are to contribute to the global effort to conserve genetic resources and 
promote their use in agriculture, forestry and fisheries for the current and future benefit of humankind 

by: 
generating new knowledge, technologies, methods and products through research partnerships; 
strengthening institutions1 capacity through training and information exchange, particularly in devel- 
oping countries; 
assisting in the development and implementation of policies and strategies; 
promoting institutional linkages, complementarity and synergy. 
IPGRI has overall responsibility for the facilitation, coordination and representation of the SGRP. A 

small coordinating Secretariat, led by the SGRP Coordinator and hosted by JPGRI, assists the SGRP 

Program Leader (the IPGRI Director General) and supports the ICWG-GK in the representation, 
development and implementation of the Program. The ICWG-GR, as the Program's Steering Committee, 

has the responsibility of overseeing program planning and implementation, and facilitating and giving 

advise on the Program's development. 
The independently managed and funded center programs and activities, which comprise the pri- 

mary elements of the Program, together amount to an annual operation in excess of llS$30 million. 

The System-wide Information Network for Genetic Resources (SINGER) 
and Fish Genetic Resources 

Mark Perry' 
System-wide Information Network for Genetic Resources (SINGER) 
Information Systems 
International Plant Genetic Resources Institute (IPGRI) 
Via delle Sette Chiese 142 
001 45 Rome, Italy 

Abstract 

Genetic resources, the SGRP and the SINGER 

Genetic resources are the most basic components of biodiversity. They are vital to ensure the contin- 

ued evolution of species in response to changing environments and to both human-derived and natural 
stresses. The importance of genetic resources has generated significant responses through the establishment 

o f  conservation and use programs, to ensure that they will be available in the years ahead, Over time, 
large collections of genetic resources have been assembled by scientists and others interested in their 
conscrvation. The CGIAR centers have been very productive in amassing collections for plant agricultural 
species, to a limited extent, and for a few species of finfish, crustaceans, molluscs and other invertebrates. 

'Present address: 1024 Hamilton Court, Menlo Park, California 94025, IJSA 



Currently efforts are underway to work with F A 0  on the conservation of livestock genetic resources. Both 

the conservation and use of genetic resources collections require access to data that describe important 
characteristics that promote accessibility and use of the genetic resources, The databases used to manage 
these types of data have been developed independently by countries and by international organizations 
over the last 20 years. The ability to search through more than one of these databases at once provides a 
very efficient means for locating potentially useful germplasm, especially for related organizations. It also 
helps to ensure accountability and transparency of the organizations that manage them. The CGIAR is 
currently involved in a project to develop a mechanism of this type among its centers that hold genetic 
resources. This paper will describe this effort and its intended results and provide some specific thoughts 
on the incorporation of aquatic genetic resources. 

In 1994, the CGIAR instituted a System-wide Genetic Resources Programme (SGRP) with the inten- 
tion of enhancing the cohesiveness of certain genetic resources activities across the CGIAR centers. The 
goal is to strengthen those activities that span across one or more centers by enhancing collaboration 

amongst Centers for those activities. IPGRI was made the convening institute for the SGRP and has ap- 
pointed a coordinator to steer this effort. Centers that are participating actively with the SGRP and the 

SINGER project are: Centro Internacional de Agricultura Tropical (CIAT), Center for International For- 
estry Research (CIFOR), Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT), Centro 
lnternacional de la Papa (CIP), International Center for Agricultural Research in Dry Areas (ICARDA), 
International Center for Living Aquatic Resources Management (ICLARM), International Centre for Re- 
search in Agroforestry (ICRAF), International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT), International Food Policy Research Institute (IFPRI), International Institute for Tropical Ag- 
riculture (IITA), lnternational Livestock Research Institute (ILRI), International Plant Genetic Resources 

lnstitute (IPGRI), International Rice Research Institute (IRRI), International Service for National Agricul- 
tural Research (ISNAR) and West Africa Rice Development Association (WARDA). The System-wide 
Information Network for Genetic Resources (SINGER) began as the first SGRP activity in mid-1994. As 
a component of the SGRP, the SINGER acts as the CGIAR's principal solution for access to and manage- 
ment of genetic resources data on a System-wide basis. It will allow concurrent access to the genetic 

resources data held by all CGIAR centers. 
The SINGER project was made possible through funding from the Swiss government for a period of 

two years (thraugh 28 February 1997). Extensive communication with all participating centers about the 

SINGER has taken place since March 1995. Subsequently a System-wide SINGER Planning meeting was 
held. It discussed issues and made decisions on the objectives for the SINGER, its data model and data 
delivery mechanisms. 

The SINGER prqject includes the establishment of the network that will effectively act as the 
CGIAR System-wide information network after the project has been completed. The components of this 
network are: 

1 .  Genetic resources and their data. The genetic resources held by the CGIAR centers are a rich source 
of diversity for immediate and future crop development, both for the developing and developed 
world. The story behind and the description of them assists in their use and accessibility. 

2. Data access andlor delivery mechanism(s). This component is composed of tools and methods that 
allow access to data and eventually the genetic resources that these data are describing. 

3. Provider components. These can be envisioned as those that cooperatively manage the data madc 

available through the SINGER. They are also essentially the management component of the network 
and should direct its development over the ncxt few years. 

4. User components. This component is the focus of the effort behind the SINGER. It includes both 

CGIAR users and users that are collaborators with the CGIAR. 



These components should all work together to provide the information needed to both run the SGRP 
and to provide data effectively to all those that want access to them. 

What can the SINGER do for the CGIAR and its collaborators? 

The Convention on Biological Diversity (CBD) is the legal instrument that provides for the fair and 
equitable sharing of benefits to the parties from which gemplasm was acquired. This is particularly im- 
portant for accessions to the CGIAR centers' germplasm collections acquired since the coming into force 
of the CBD on 29 December 1993. In 1994, the CGIAR centers individually signed agreements with 
F A 0  that put genetic resources collections held by them "in trust" under the auspices of FAO. These "in- 

trust" collections include a great deal of material that entered the collections prior to December 1993. The 
"in-trust" designation has effectively pushed back the date of coming into force of the Convention on 
Biological Diversity by making it necessary for all data pertaining to the germplasm to be shared, as well 
as the germplasm itself. Access to and tracking of origin and distribution data, as well as other informa- 
tion, are particularly important. 

The CGIAR centers offered, in 1994, to the Conference of the Parties to the CBD (COP-CBD), to 
participate in the CBD's Clearinghouse Mechanism (CHM). This aims to promote scientific and techno- 
logical cooperation, at the international level, by making available to the parties all the centers' informa- 
tion and data on germplasm, scientific and technological methodologies, ctc. The centers are working in 
close collaboration with the Secretariat of the CBD to implement this through the linkage of the 
SlNGER to the proposed CHM network of relevant international, regional and national institutions. In 
addition, the first session of the CBD's Subsidiary Body on Scientitic and Technical and Technological 
Advice (SBSTTA) (September 1995) and the Second Conference of the Parties (November 1995), referred 

to the SINGER as an information network on genetic resources which will be useful to the international 
community. 

There is an expanding need to be able to address information inquiries at the CGIAR System level. 
Thesc inquiries originate from all categories of CGIAR collaborators; including NGOs, research scientists, 
policymakers, etc. Typical questions asked are: how many accessions in the CGlAR System are landraces 
or farmer varietics?; what proportion of CGIAR-maintained accessions originated in a specific country or 

region?; how many CGIAR accessions were sent to a specified country or region during a particular time 
period? Demands for such information are increasing, hut are extremely difficult to process correctly due 
to lack of standardized data. In order to improve the situation, the centers havc agreed to allow access to 
certain data fields and to provide translation of data in cases wherc the center's data definition does not 
correspond with that used for the SINGER. 

The usefulness of a System-wide information nctwork has not bccn experienced before in the 

CGIAR. The SINGER is showing that there are many potential benefits Thesc include the management 
of safety duplication activities, joint planning of germplasm collection activities and idcntification of 
within and between Center accession duplication. It is also possiblc to track and to manage where and to 
whom germplasm has been distributed, and what and where material should bc regenerated. In addition, 
the nced to know the current status of germplasm held within the CGIAR (where it is located, how much 
exists) is helpful for resource allocation by System-level management. However, the System-wide effort 

must ensure that the SINGER and its partners are maintained after thc project is finished and that it 
cvolves with the changing and demanding needs of the CGIAR. 

Genetic resources data and the SINGER 

The CGIAR collectively maintains data on over 590 000 samples of genetic resourccs for many crop 
species and biological and resourcc system data on some aquatic animals. These data arc maintained in 



databases that exist in 12 centers located in I I countries around the world. All these databases have been 
developed and managed autonomously since their beginning. The SINGER project has determined that 
certain of these data should be made accessible on a System-wide basis. This would mean that particular 
data items andlor data for a crop that are held in more than one CGIAR center would be accessible at the 

same time from all centers, in the same format, and using the same basic data standards. This project has 
provided financial and participatory incentives for individual centers to examine the current state of their 
data, to improve its accuracy and try to fill gaps. Data that describe the identification of genetic resources, 
their transfer to collaborators and some of their morphological and agronomic characteristics will be avail- 
able through the SINGER. 

In many of the CGIAR centers, the management of genetic resources data may need to be rethought 
to allow compliance with decisions agreed upon for the SINGER. This is particularly true for those cen- 
ters that do not have a single genetic resources unit or program under which all data management activi- 
ties are included. In these cases, the logistical aspects of data management may not be particularly clear 
and there is no basis upon which such centers can quickly and efficiently build a picture of their total 
genetic resources situation, without considerable effort. 

ICLARM is the only CGIAR center that works with and maintains aquatic genetic resources. The 
SINGER project has included ICLARM from the beginning, with the intention of providing access to 
genetic resources data throughout the CGIAR, regardless of their categorization as plants or animals. 
ICLARM maintains data on cryopreserved spermatozoa and captive breeding data on live fish, giant clams 
and sea cucumbers. The breeding data are possibly more research- rather than genetic resources-oriented. 
ICLARM will need to decide to what extent access to these data is appropriate through the SINGER and 
whether the data fit into the SINGER data model. At this time, ICLARM maintains genetic resources data 
in separate databases depending on the organism. ICLARM has approached the SINGER project to fund 
their consolidation into a single system. 

ICLARM's biological databases, FishBase and ReefBase, will provide access to valuable information 
regarding the finfish species of the world and the coral reefs of the world, respectively. However, they are 
principally species- and resource systems-orientated and provide no data on genetic resources collections. 
The integration of such biological data into the SINGER has not yet been discussed. However, the 
hardware and software infrastructure that is set up for the SINGER data delivery mechanism was planned 
so that it could potentially be used also as an access mechanism for these and similar databases. It would, 
in essence, allow access to many types of data through the Internet, but not accessible through the 
SINGER interface. This would expand the usefulness of the SINGER project and assist with the 
unification o f  data access methods used throughout the CGIAR. 

The SINGER data access methods have been designed to utilize currently available and affordable 
technology, to provide access to data without interfering with current center data management procedures. 
There are wide geographical distances between centers and all have developed and maintained their ge- 
netic resources databases autonomously. It is therefore necessary to develop data access methods that will 
(1) preserve existing center's autonomy; (2) provide a certain level of data standardization for System- 
wide access; (3) ensure that other data, such as exist in centers' databases, can be presented; and (4) 
provide a method whereby updates can be reflected in the centrally accessed database with the minimum 
of disruption of ongoing data work at the centers. 

An Internet-based (World Wide Web Interface) data access method has been planned and is currently 
being implemented. It takes the form of a wide-area distributed database for the SINGER with data rep- 
lication built into it. This option requires s o h a r e  and hardware at each center and will use the commu- 
nication lines that are now being installed as the CGIAR's Integrated Voice and Data Network (IVDN). 
Structured query language (SQL) servers and software will essentially communicate with the center's 

database management system software. This will create a "view" of the center's data that would be com- 
posed of only those data items that would be available through the SINGER interface. This computer 



server will periodically talk to a computer with high speed access by Internet. The required data will be 
"moved" to the "central" server for access by Internet users. 'l'his is "replication" which is necessary to 
allow a "complctc" System-wide query to take place, evcn if the communication link between one or 

more ccnters is down. To allow access to System-widc data for those without Internet access, a CD-ROM 
that will allow searching and reporting in essentially the same format, will be produced. It is cxpected 
that both of these delivery mechanisms will be available by latc 1996 to early 1997. For collaborators that 
require paper listings or diskettes, it will also be possible to download parts of the database and send 
these to the interested collaborators. This will be possible for anyonc with Internet or CD-ROM access. 

Goals and Activities of FA0  in Relation to Fish Genetic Resources 

Devin M. Bartley and Robin L. Welcomme 
Inland Water Resources and Aquaculture Service 
Fishe y Resources and Environment Division 
F A 0  Fisheries Department 
Via delle Terme di Curacalla 
00100 Rome, Italy 

Abstract 

The importance of genetic diversity in general, and of aquatic diversity specifically, have been high- 

lighted by recent international events. Thc entry into force of thc Convention on Biological Diversity 
(CBD), the acceptancc of the F A 0  Code of Conduct for Responsible Fishcries, and the expansion of the 
F A 0  Commission on Plant Genetic Resources to include all genetic rcsources for food and agriculture 
demonstrate that the world is becoming aware of the critical role of genetic rcsources in providing food 
and other products, recreation, functioning ecosystcms and a pleasing cnvironmenl today and in the fu- 
ture. The goals of the FA0 Fisheries Department reflect the principles of the United Nations Conference 
on Environment and Developmcnt (UNCED) and the Convention on Biological Diversity (CBD); namely, 

the sustainable use and conservation of the components of biological diversity and the fair and equitable 
sharing of thc benefits derived from such use. The primary focus for F A 0  activitics is the world's poor 

and the low income, food deficit countries. 
In order to fulfill thc mandate with regard to fishery genetic resources, four main arcas of activity 

have been undertaken: i) documentation and characterization of genetic diversity, ii) identification of 
threats and opportunities, iii) identification and evaluation of new technologies, and iv) identification of 
trends, e.g., in resource status, development, demography, etc. 

Documentation and characterization are the vital first steps in the conservation and sustainable use of 
genetic diversity. Knowledge of the genetic resource base available to fish farmers in the form of geneti- 

cally diverse populations or genetically improved breeds will help to optimize production, to manage 
broodstock more effectively, and to evaluate selection programs. Fishery managers will need to know the 
genetic stock structure of wild populations to set stock-specific harvest quotas, to minimize risk of species 

transfers, to choose appropriate stocks for fishery enhancement, and to identify and to manage species or 

Evolutionarily Significant Units that may be at risk. 

However, thc numbers of and products from many of the fish species that are utilixed in capture 

fisheries and aquaculture are very imperfectly known. Thc genetic stock structure of most of the world's 



fisheries is also poorly known. Of the top 

five categories of aquatic production statis- 
tics for 1993, the single largest category is 

for 'marine fishes not reported by species'; 

the fourth largest category is for unidenti- 
fied freshwater species (Fig. I ) .  Many 

species used for aquaculture are also not 

rcported by species, and in some cases 
even the farmers do not know what species 

or strain they are growing. 
Once a resource base has been de- 

scribed, the threats to and opportunities for 
the use of the resource can be better iden- 

tified. The Subsidiary Rody on Scientific, 
Technical and Technological Advice 
(SBSTTA) established under the CBD has 
identified four main areas of threat to ma- 
rine biodiversity that can be cxtended to 

Fig. I. Fishery (capture + aquaculture) production for 1993 of 
the top five categories of aquatic organism. "Marine Jishes" 
and "Freshwater $shesf' represent categories where production 
is not reported by species. (Source: F A 0  FishSlat PC 1995). 

aquatic diversity in general, These comprise the threats from: i) alien species, ii) aquaculture, iii) im- 

proper area management, including pollution from land-based and other sources, and iv) overexploitation. 
These areas also present opportunities to utilize genetic diversity in that the activities are part of estab- 
lished development practices and the use of genetic principles will make them more sustainable in the 
long term. 

New technologies both to utilize and to document genetic resources have developed quickly over the 

last ten years. Genetic resources can now be described by a variety of extremely sensitive methods in- 
cluding nuclear and mitochondria1 DNA analysis through sequencing, mini- and microsatellites, DNA fin- 
gerprinting, and restriction fragment length polyrnorphisms, and isozyme analysis which is comparatively 

easy and inexpensive and has a wealth of comparable data for many aquatic species. 
Breeding programs have demonstrated chat substantial long-term improvement in commercially impor- 

tant characters is possible through conventional selective breeding, whereas immediate improvement is 

possible through chromosome manipulation and hybridization. The production of transgenic organisms 
becomes possible as characters controlled by single genes are discovered and the genes and their regula- 
tors identified. However, transgenic production is currently a medium-term activity that must involve 
additional research and adequate safeguards. It will probably be integrated with other genetic irnprove- 

ment strategies. The use of genetic technologies must be consistent with the biological, development or 
scientific problem that is being addressed. 

Trends relating to genetic resources reflect the acute need to incrcase production from the aquatic 

environment. Overexploitation has been a trend that is hopefully being curbed as stocks are depleted. 
There appears to be a marked intensification in the use of aquatic systems, both natural and artificial. 
Stocking and enhancement of waterbodies may utilize improved breeds or organisms genetically altered to 

minimize genetic impacts on natural populations. The movement of aquatic spccics will increasingly 
involve strains and genetically altered organisms, as these become commercially viable. 'There also ap- 
pears to be a trend away from strict regulation of products of conventional breeding, whereas gene trans- 

fer technologies are heavily regulated in many areas. 
The above activities and concerns in the area of fish genetic resources are being incorporated into 

FAO's program through the normative section of the regular program in Rome, field activities in Member 

Countries, the development of international policy such as the Code of Conduct for Responsible Fisheries, 

participation in international fora, publications, and through the assistance of regional fisheries bodies. It 



is apparent that. in today's world. no single organization can cope with the multitude of problems lhcing 

the conservation and sustainable use of fishery genctic resources. Therefore, the Fisheries Department of 
FA0  is improving and establishing important linkages with relevant international bodies such as othcr UN 

:~gcncies. ICIARM, the CBD and its subsidiary bodies, international organizations and NGOs. Thcse 
linkages are essential to provide consistent advice, to form synergies and to avoid unnecessary duplication 

of effol-t. 

IUCN and Fish Genetic Resources 

Paul Bolthus 
Mnrincb nml Consral Acrivities 
I~~tc~nntioncrl Union jor the Conservntiott o f  Nature and Natlrrnl Resources (IUCN) 
Rlrr. Mcrli~ienwy 28 
CH- 1196 Gland, Switzer.lnrztl 

Conservation and sustainable use of biodiversity are at the core of the IUCN mission. IUCN - the 
World Conservation Union - contributes to the conservation and sustainahle use of marinc biodiversity 

Lhrnugh three components. which are: 
Its Members - over 900 non-government organizations, government agencics and govcrnments. in- 

cluding the International Plant Genetic Resources Institute (IPGRI) and the Intcrnationd Center for 
Living Aquatic Kesourccs Management (ICLARM). 
Its Secret:lrial, which has global, ~zgional and country program offices. Thc global Sccl-ctariat in- 

cludes the Marinc and Coastal Programme as well as other programs addressing aspects ol- marine 
hiodivcrsity ( e g .  hiodivel-sity policy and economics. protccted areas, species consel-vation and sus- 
tainable use, wetlands conservation and sustainable use). IUCN's efforts are incrcnsinply iiicusctl al 

[he regional and country levels. 
Its Commissions. which include global nctworks of specialists. Sevcral of the commissioris contrib- 
ute to thc conservation and sustainahle use of marine biodiversity. These includc: the Commission 

on National Parks and Protccted Areas (CNPPA) which has a thcme area o n  Marine Prolccled Areas; 
and the Species Survival Commission which has several Species Survival Groups hcuscd on marinc 
species (e.g., sharks, marine turtles. coral reef fish). 
The IUCN Marine and Coastal Programme facilitates and coordinates efforls in thc conservation and 

sustainable use of rnarinc biodiversity with IUCN Members, thc Secretariat and the Commissions, The 
overall themes of the Programme me: conservation of marinc biological diversity, sustainable use of living 

marine resources, integriltcd coastal and marine management, and marine protected areas. Thc Programme 
works in collaborative partnerships with key international marine and coastal programs. e.g., thc World 
Rank. UNEP (espec,ially ~ h c  Rcgional Seas progrms),  IOC (including the Global Coral Reef Monitoring 

Network). IJNESCO. and the World C:onscrvation Monitoring Centre. 
The lUCN Marinc and Coastal Progranlmc works to ensure that marine biodiversity consel-vation arid 

s~~stainahlc usc is addressed in intcrnalional conventions and programs, e.g.. thc Convel~tion o n  Biological 

Uivcrsity, the International Agrcemcnl on ILand-Based Activities, and the lnlcrnntional Ye:u- or thc Reef 

(IYOR). 



Animal Genetic Resources Activities at the International Livestock 
Research Institute: Commonalities and Differences 
with Fish Genetic Resources 

Valent ine  Yapi-Gnaore '  
A~iitnal Gr~ l r l i c  Resoirrcc.~ 
Irrrrrr~otior~rrl Lillpsrock H e s ~ a t r h  11i.stitutt: (ILRI) 
PO B0 .y  ShXY 
Addis A babcr. Ethiopio 

Abstract 

Over 40 livcslock species are presently used for food and ;~g~-icullure. Thesc animals have adaptivc 

at~ributcs and provide unique genetic material for numerous smallholdc~-s in developing countries. The 

Intel-n;~tional Livestock Research Institute (ILRI), lhrough its research on animal genetic resources ns part 

o f  the Systcm-wide Genetic Resources Programrnc, aims to ensure that the divcrsily o l  important domcs- 

licatcd animal germplasm in developing countries is safely rnaintaincd and ~rcrnains a l'unctioning par1 of 

the I'am production system. Specific objec~ives toward achieving this goal inclucle: Ihe dcvclopment of 
bascline information on indigenous livestock populations: the characlc~-imtion o l  these populations in 

t m n s  of their physical, physiological and adaptive attributes and Lhcir pcrforrnance under 1r;ditional and 

al1ern;ltive devclopmenl of strategies to halt or reverse the proccss: Lhc cstimalion of genetic divcrsiLy 

among and within populations; the development of stratcgics lo incorporate adaptivc traits into breeding 

131-ograrns: and Lhe identification of national and regional constraints thal pl-event the use and improvcmcnt 

01- indigenous animal genetic resources and ol' solulions to alleviate thcsc constraints. 

Through the years. ILRI has concentrated its efforts on thc Lhree major species found in sub-S;lIia~-an 

Africa - cattle. sheep and goats. A comprehensive rcvicw of conventional and non-convcn~ional literature 

on cattle has been completed. Thc I-eview on sheep and goats has started. lLRl has dcvelopcd a datilbase. 

the Domestic Animal Genetic Resources Information Databasc (DACRID) which covers thc geographical 

distribution. the physical characteristics, the performance and population dala and the unique genetic and 

adaptivc characteristics of Afi-ican indigenous brccds. Plans have been made to cxp;lnd the database and 

lo incorporate a menu-driven module and full color pictures of thc brceds and 10 publish brccd catalogs 

for cattle, sheep and goats. Pilot projects in four African countries are being uscd lo test methodologics 

I'or rapid ficld surveys aimed at obtaining population stalislics o l  individual breedslstrains and d:11a on 

physical characteristics. Results from thcse projec~s will be used to s1and;udi~e the survey methodology. 

which will be implementcd by the national agriculture research systems. 

Research, both on-farm and on-station, has been and is bcing conduc~ed to study thc gcnctics ol' 

~rypanotolcrance of cattle and genetic resistance of small ruminants to endopal-asites. Studies ilre ~ l s o  

being conducted to quanlil-y the between and within breed varialion in dcposilion and mobilization ol- 

body reserve and to characlcl-ize the Sanga cattle for hcat tolerance, selective grazing and tick resistance. 

lP~wcnt  address: 04 R.P. 304 BouaktS 04, C61e d'lvoirc 



Studies to quantify genetic diversity and estimate genetic distances within and among the African cattle 

populations using microsatellite markers are being carried out: This effort is to be expanded to cover 
sheep and goats. 

Although livestock and aquatic species have usually been considered separately in various fora, live- 
stock and fish have always played important roles as sources of animal protein. Some issues related to 
their genetic resources, in terms of similarities and differences, arc presented in Table 1. 

Table 1. Commonalities and differences between livestock/animal genetic resources (AnGR) and fish genetic 
resources (FiGR). 

AnGR 

Rationale for conservation 
Diversity medium 
Asset to rural smallholders high 
Adaptation to various environments high 
Genetic erosion high 
Knowledge about the genetic resource little 

Characterization 
Baseline information moderate 
Performance recording moderate 
Molecular characterization recent 

Conservationlutilization 
In situ implemented 
Ex situ expensivellimited 
Germplasm movementhealth some guidelines 

Ownershiplmanagement 
Individual common 
Communal limited 
Regional none 

Policy 
Property rights inadequate 
National legislation/control 

- Existence Yes 
- Enforcement poor 

FiGR 

high 
high 
high 
high 
little 

limited 
limited 
beginning 

implemented 
very limited 
in early stage 

rare 
common 
common 

inadequate 

Yes 
poor 

Forestry, Fish and Crop Genetic Resources: Commonalities 
and Differences for Effective Conservation, 
Sustainable Management and Use 

Toby Hodgkin and Abdou-Salarn Ouedraogo 
fnternational Plant Genetic Resources Institute (IPGRT) 
Via delle Sette Chiese 142 
00145 Rome, Italy 

Abstract 

Crop genetic resources conservation and use have been characterized by an extractive approach; 

hence, the development of large ex situ genebanks. This has not been done so far for forestry and fish 
genetic resources. For forestry and fish genetic resources conservation, an ecosystem approach is needed. 
The following table summarizes some of the characteristics of forestry, fish and crop genetic resources. 
Such comparisons have limitations. The important decisions to be made with respect to fish genetic 



resources are the scale and scope of conservation efforts; the connections among the various actors that 

design and implement them; and the policies that are devised to support them. Fish genetic I-esoul-ces 

have some properties that make their conservation and use different from forestry and crop genetic rc- 

sources; in particular their n~ob i l i~y ,  and the financial and technical constraints to ex situ genebanking. 

Knowledge about agsicultu~-al systems and watersheds is important for fl-eshwater fish genetic resources 

conservation. 

Table 1. Fish (FiGR), forest (FoCRJ and crop (CGR) genetic resources: commonalities and implications for 
effective conservation, sustainable management and use. 

Characteristics FoC K FiCK CGR 

Population inh.aspecific 
diversity 

Individual 

Selection and breeding 
techniqws 

Consel-vntion methods 

I lwvesting techniques 

High outcrossing rates; 
wrdcsprcad popl~li~lions 

Long-lived; most seeds 
~ccalcitran: 

Broad genetic h:w; multiple 
hrceding populations 

Dynamic progrms iri .xi111 

111ost nppropriatelex situ 
to complcmcnt 

Extensive ovel- large awns; 

High Low; effo~ts on few 
species and v:lrieties 

High Variable 

Long- and shol-I-lived. Annual; shul-I-lived 
according to species 

Under development Annual or shorter breeding 
breeding cycles; daptedacss 

Dynamic programs; Kx .srrrt irnpol-tant; ir~ .\it11 
ill sit11 priority1e.r situ for landraces : I I I ~  wild 
to complement ~.elativcs 

Extensive ovel- 131-ge arcas; Intensive 
low intensity exll-action, low intensity extl-action, 
controlled hv site controlled bv sik 

Regulatory Frameworks: A Summary of Issues 

Elizabeth Cromwell 
Overseas Uel~elopr~zer~t I~isl i l~rlc 
Regerlr k College, I n m r  Cirdc  
Regelit i Park, London 
NWI 4N.7, IJK 

Abstract 

Recent work has highliphtcd the important influence ol' regulatory ikarncworks on thc dcvclopment 01' 

the agricultural seed sector worldwide. Protocols covering plant breeding proccdurcs and methods, va~icty 

rclcase regulations, seed certification procedures and standards, plant variety protection and quill-antinc 

~.egulations all shapc lhe organization and output of thc seed sector - whcthcr these things arc Ibrrni~lly 

covcl-ecl by national seed legislation, or are simply n set of agreed practices. 

It is o f e n  assumed that regulatory f rmeworks  tend to work towards reduced crop gerletic c-livcl-sily 

ovcr time, and that there is a real danger of ovcrbureaucratization: rcgulation beyond thc point w h c ~  

some control is helpful. 



There may be parallels between the experience with regulatory frameworks for crop genetic resources 
and those for fish genetic resources. Consider two examples relating to the sustainability of systems 
supplying fish for human needs: 

Breeding and release of varieties 

Can and should the crossing of any combination of wildtypes andor bred varieties, and the distri- 
bution of the results be allowed? Are there already variety release mechanisms that placc limits on this? 
Should there be such mechanisms? Do they andlor should they evaluate material according to the distinct- 
ness, uniformity and stability criteria used in the plant breeding world? This has implications for the 
sustainability of the genetic base in fisheries relying on captive-bred populations. 

Quality and control 

0 Genetic: when producing fish or fish seed for distribution commercially or otherwise, is there any 
statutory verification of the genetic quality of the fish seed sold? How can buyers be sure that they 
are being sold the fish type that they requested? 

0 Quarantine and disease control: there are clearly major environmental and economic dangers from 
the spread of disease in fish stocks, not only for individual fisherfolk but also for, for example, 
countries reliant on fish exports for foreign exchange. 

The information in this abstract is derived from ODI's current research work on seed regulatory 
frameworks and resource-poor farmers in Asia, Africa and Latin America. 



Session I - Discussion 

Pullin: Most fish used by humans, in fisheries and 
aquaculture are wildlife but are not usually consid- 
ered as wildlife by the Ministries that have respon- 
sibility for these sectors. Fish are often only con- 
sidered 'wildlife' when they are in nature reserves 
or managed protected areas - when they may in 
fact be less wild. 

Welcomme: Another problem is that institutional 
responsibilities for fisheries and aquaculture may 
be split between different Ministries: fisheries, 
aquaculture, parks and wildlife, etc. 

Harvey: What is the meaning of 'in trust' as the 
term is applied to plant germplasm and what might 
this imply for ex situ fish germplasm? 

Hawt in :  The plant genetic resources that the 
CGIAR centers hold 'in trust' for global access 
represent a large proportion of the total genetic 
diversity for some of the world's major crops. Des- 
ignated 'in trust' germplasm is held under the aus- 
pices of agreements between FA0 and the centers 
concerned. The CGIAR has nearly 600 000 acces- 
sions in plant genebanks. 

Pullin: Fish genetic resources held ex situ repre- 
sent, by comparison, only a minute proportion of 
the total genetic diversity of exploited fish species. 
However, FA0 is broadening the mandate of its 
Commission on Plant Genetic Resources to be- 
come the Commission on Genetic Resources for 
Food and Agriculture, including livestock and fish, 
So, the question of whether ex situ fish genetic 
resources should be designated as 'in trust', in the 
same sense as plant genetic resources, will have to 
be resolved. 

Bartley: Can Keith Harnmond please outline some 
of relevant breeding work with livestock to illus- 
trate commonalities and differences with fish? 

Hammond: Livestock breeders have tended towards 
developing and distributing single breeds, hoping that 
these would then adapt to different situations. We re- 
alize that we don't know enough about that process. 
The idea is to use adaptation, rather than a genetic 
improvement program as such. However, there are 
some terminology problems here. We need to stan- 
dardize on common terms. 

Welcomme: Yes, and FA0 will need to consider, 
for its enlarged Commission on Genetic Resources 
for Food and Agriculture, to what extent it can 
deal with all genetic resources on a common basis 
or on an individual sectoral basis. A matrix ap- 
proach can work but note the added complication 
for fish: capture fisheries that deal with wild 
stocks and aquaculture that deals with farmed fish. 
The livestock equivalent of the former would be 
'bush meat' which is extensively used in Africa. 

Harvey: Standard terminology is definitely needed. 
On what basis does Keith Hammond feel that fish 
genetic resources are less threatened than animal 
genetic resources? 

Hammond: As with agriculture, we are dealing 
here with food production from populations, which 
are also genepools - whether you think of thcsc at 
the species or variety levels or at other taxonomic 
levels is not so important. However, most of the 
fish literature seems to have the species as the 
primary lower limit for considering resources, 
whereas for livestock, the primary lower limit is 



the breed. At the breed level for livestock, there is 
a lot of documentation on breeds at risk, certainly 
more than I have seen for species of  fish. 

However, these comparisons are not important 
compared to addrcssing the imperatives for food 
and agricultural production. 

Froese: There are about 600 fish species on the 
IUCN Red List, for which at least one population 
is at risk. Freshwater fish species are more threat- 
ened than marine species. 

Hammond: For livestock, there are 800 breeds 
that have less than 20 breeding malcs left, or less 
than 1 000 breeding females. Thcrc seems to be a 
communication problem here because the informa- 
tion on fish genetic resources at risk is not easily 

available. 

Hodgkin: For crop plants, the 'conservation unit' 

would be considered by most to be the gene or 

allele, not the breed as for livestock. 

Hammond: So there are large differences here be- 

tween conservation perspectives for crop plants (al- 

leles) and livestock (breeds, combinations of com- 

plex traits) and fish (species). 

Beardmore: Rut we are not comparing like with 
like, The important question is how genetic vari- 
ability is distributed among farm populations and 

among wild populations. For example, compare the 
feral camel populations of Australia with the do- 
mesticated camels of the Middle East. 

Hammond: Yes, and under the Convention on 

Biological Diversity, for livestock, countries are 
concerned to exercise thcir sovereignty over their 
populations of livestock, i.e., thcir breeds. 

Hawtin: In conclusion, this raises many ques- 
tions such as who is doing thc breeding? how 
easy is it to transfer genes? how important are 
breeds and gene complexes? what are the prob- 

lems and the challenges for fish breeders and 

conservation of fish genetic resources? The ex- 

pericnce of crop and livestock breeders could be 

useful - but rather than look for commonalities 
from the outset, let's explore the fish genetic 

resources issues first. 
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ICLARM's Fish Genetic Resources Activities* 

Roger S.V. Pullin 
Biodiversity and Genetic Resources Program 
International Center for Living Aquatic Resources Management (ICLARM) 
MCPO Box 2631, 0718 Makati City, Philippines 

Abstract 

ICLARM's current fish genetic resources activities comprise the following: 

Development of research methods and approaches to the characterization, documentation and conser- 

vation of fish genetic resources. 
This includes multiple interactions with members of the International Network on Genetics in Aqua- 

culture (INGA) (see p. 18) as they develop their biodiversity and genetic resources research agendas; 
and a collaborative research project on biochemical methods for tilapia characterization, with the In- 
stitute of Aquatic Biology, Ghana and the University of Hamburg. 
Research for the development of coastal aquaculture and enhanced fisheries, principally in coral reef 

environments, through sustainable use of fish genetic resources (finfish, giant clams, pearl oysters, 
sea cucumbers), including research on marine protected areas. 
This is undertaken mainly at ICLARM's Coastal Aquaculture Centre (CAC), near Honiara, and the 
Nusa Tupe Field Station, near Gizo, Solomon Islands, with institutional linkages around the tropics. 
Further development of the global database, FishBase, on the biology of exploited finfish, in collabo- 
ration with F A 0  and numerous developed- and developing-country partners (mainly museums and 

universities). 
This is undertaken mainly at ICLARM's Manila Headquarters and is distributed on CD-ROM. 
Contributions to the meetings and the still evolving mechanisms of the Convention on Biological Di- 
versity (CBD), including its Subsidiary Body on Scientific, Technical and Technological Advice 

(SBSTTA), and to Global Biodiversity Assessment (GBA) efforts. 
From 1996, ICLARM will execute these and other fish genetic resources activities by means of a 

new Biodiversity and Genetic Resources Program, which has the following objectives. 
Overall Objective: To contribute, through multiple partnerships, to the characterization, evaluation and 
conservation of aquatic biodiversity and genetic resources, for their use in providing food, employment 
and a healthy environment. The beneficiaries will be those who depend upon living aquatic resources; 
especially the resource-poor fishers, farmers and consumers of aquatic produce in the developing regions. 
Specific Objectives: 

To generate, through strategic research partnerships, new knowledge, methods and tools for charac- 

terizing, evaluating and sustainably using aquatic biodiversity and genetic resources. 
To provide training courses and materials that will increase the capacity of those concerned with the 
conservation and use of aqnatic biodiversity' and genetic resources (researchers, developers, teachers, 
policyrnakers, and the private sector, including farmers and fishers) to manage these assets widely, 

for the needs of the present and future generations. 
- 

*ICLARM Contribution No. 1342 



To assemble, through global partnerships and networking, comprehensive databases on aquatic 
biodiversity and genetic resources; accessible to all who require such information for research, devel- 
opment, policymaking and education. 
To participate in international, regional, national and local fora in which research, training and infor- 

mation on aquatic biodiversity and genetic resources are discussed and advice is sought for their con- 
servation and sustainable use. 

Fish Genetic Resources Databases, Present and Future* 

Rainer Froese 
FishBase 
Biodiversity and Genetic Resources Program 
International Center for Living Aquatic Resources Management (ICLARM) 
MCPO Box 2631, 0718 Makati City, Philippines 

Recent developments in information technology have practically removed the limits for data storage 
and data processing capacity. The CD-ROM disk is a cheap ( 4 2  per disk) medium to store up to 650 
megabytes of data. A new standard with 5 gigabytes storage will be available in 1997. Current notebook 
computers have the processing power of 10-year old mainframes. Prices for powerful desktop computers 

are clearly below $2,000. Because of the limited lifespan of computers (max. 5 years), this hardware is 
regularly replaced and thus upgraded. Most research 

institutes in developing countries now have fast desk- 
tops with CD-ROM drives. 

Relational databases have emerged as a soRware 
capable of dealing with millions of records in a rigor- 

ous and reliable form. Because of their ability to link 
independent datasets, relational databases are the only 
software where one can get more out than has been 
put in, To give a very simple example, by linking a 

global list of species used in aquaculture with a list of 
species occurring in a given country, one can generate 

a list of all fish with potential for culture that are 
present in the country. 

Storage capacity and processing power allow new 
approaches to data analysis. For fish genetic resources, 

one could think of combining in a single database the 
estimated 10 million existing records on the occur- 
rence of fish in space and time. Combined with other 
existing datasets on, e.g., biology, status of threat, ge- 
netics, climate, oceanography and human uses, it will 
be possible to document the current status of fish re- 

Fig. I .  Relational links between occurrence 
data and other data sets. (Source: Froese, R. 
and D. Pauly. Bioquads: four bits of informa- 
tion are suggested as necessary, and often SUB- 
cient for biodiversig studies. Paper submitted to 
BioScience). 

sources, predict trends and identify species of special interest for culture, medicine, aquarium trade, re- 

stocking, etc. (see Fig. 1, which indicates relational links between occurrence data and other data sets). 

The FishBase Project which maintains a global biological database on finfish, intends to show the feasi- 
bility of this approach. 

*lCLARM Contribution No. 1343. 



Fish Genetic Resources and the Coastal Aquaculture Centre* 

John L. Munro 
International Center for Living Aquatic Resources Management (ICLARM) 
CaribbeadEastern Pact$c 
Luboratoire de Biologie Marine et Malacologie, EPHE 
Universite' de Perpignan 
Perpignan 66860, Cedex, Frunce 

Abstract 

ICLARM's principal activities concerned with fish genetic resources in the marine environment are 
undertaken at its Coastal Aquaculture Centre (CAC) in thc Solomon Islands. Thc organisms involved are 
giant clams, pearl oysters and sea cucumbers, characteristic of thc coral reef Flats. slopes, shelves and 13- 

goons which comprise coral reef resource systems. The principal objcctives of the CAC arc the devclap- 
ment of sustainabl-, small-scale, lirming systems and fisheries enhancement systems for coastal villagers 

living adjacent to coral reefs. 
Thc CAC does not currently undertake any ex siru genetic resources conservation work, although 

cryopreservation techniques for sperm and larvae are fairly well established h)~- some bivalve molluscs and 

might be contemplated in the future in connection with specific rnedium-term projects. Live broodstock 
of sea cucumbers are held in tanks on a transient basis, used for spawning and then replaced on the reefs. 
This cannot be considered as ux siru conservation. 

In the case of giant clams and pearl oysters, the CAC maintains in siru conservation systems by  
keeping broodstock in fully controlled marine protected areas (MPAs). The species involved are the giant 
clams Triclocnn crocen, T derasa, T. gigas, T nlaxirna and T. squcrtnosn and Hippopus hippopus: and 

the pearl oysters. Pinctada margaritifera and P: maxima. The larger specics of the clams, T. dcrnsa and 
7: gigus and fl. Irippopus are threatened species, having been extinguished in many parts of their rangcs, 

whereas all of the other species have been seriously reduced in abundance by overexploitation in many 

areas of the tropical IndoPacific. 
The marine protected arcas include a 100 m wide strip of fringing reef adjacent to thc CAC's Nusa 

Tupe field station in the western Solomon Islands, aboul 300 km from thc CAC. Both of these MPAs 

are protected by exclusive 50-year leaseholds extending to 2038. 
All bivalve broodstock are individually numbered. They havc all heen collected within thc Solomon 

Islands, normally by purchase horn individual villagers, Those at the CAC ale hroughl ashore t'or spawn- 

ing induction as required and then restored to holding areas on the reef. Those kept at Nusa Tupc con- 
stitute a reservc of broodstock. A total OF about 500 broodstock at-c currently on hand. currently. sca 

cucumbers cannot be tagged and arc thus not identifiable on an individual basis. 
Batches of selected specimens from successive cohorts arc main~ained at the Nusa Tupc MPA Ibl. 

future selective breeding. These have been the best-growing individuals of a cohort, but spccirnens of Lht. 
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more decorative species (Z cmcea and Z maxima), chosen for their color, are also now being maintained 

in these in situ collections. 

COHORTS, a relational database, has recently been completed. This is to be used for tracking the 
origins and dispersal of successive cohorts of bivalves as they are dispersed from spawning tanks, 

through hatchery and nursery tanks and to various ocean nurseries. 
Four shipments of post-larval T gigas have been sent from the Solomon Islands to the Philippines 

in the past six years to assist in the reestablishment of this species. The oldest of these cohorts are now 
nearing maturity and will be crossed with material from the Great Barrier Reef with a few specimens in 

the Philippines and the progeny reared in MPAs. 
ICLARM is also undertaking work on natural recruitment of selected invertebrates to an MPA in the 

Solomon Islands and will shortly embark on two projects in the Caribbean (Discovery Bay, Jamaica, and 

in the British Virgin Islands) covering fish and invertebrates. The reestablishment of viable breeding 
stocks in MPAs and consequent conservation of genetic resources is an important component of this 

work. 

Fish Genetic Resources, the International Network 
on Genetics in Aquaculture (INGA) and Breeding Programs* 

Roger S.V. Pullin 
Biodiversity and Genetic Resources Program 
lnternntional Center for Living Aquatic Resources Manugernent (ICLARM) 
MCPO Box 2631, 0718 Makuti City, Philippines 

Abstract 

Domes~ication of aquatic animals (mainly crustaceans, molluscs and (infish - here collectively termed 
.fish') and aquatic plants has a short history compared to that of crops and livestock: less than a century 

for many farmed aquatic species. Many aquatic species have still to be evaluated for aquaculture potential. 
Hence, the world's aquatic genetic resources are mainly to be found in situ: as wild populations in seas, 

rivers. lakes, reservoirs and associated wetlands. Large ex situ genebanks, such as are maintained for 
crops, are less feasible for fish because of the high costs of keeping live collections and because, for 
most fish, only spermatozoa (not eggs and embryos) are amenable to cryoprescrvation. However, limited 

ex s im collections of fish gcrmplasm are held by public-funded institutions and by the private sector. 
Moreover, as aquaculture and fisheries stocked from hatcheries contribute increasingly to the world's 

supply of fish, ex situ fish genebanks will bccomc incrcasingly important, complementing in situ fish 
genetic resources conservation and fish broodstock maintained on fish farms. 

Fish genetic resources conservation and sustainable use are complex objectives that require intcrna- 

tional collaboration. Hence, at the suggestion of the United Nations Development Program (UNDP), 
lCLARM and thirteen developing-country members have formed an International Network on Genetics in 

Aquaculture (INGA). ICLARM is the Member Coordinator and the current developing-country members 

arc: Bangladesh, China, CGte d'lvoire, Egypt, Fiji, Ghana, India, Indonesia, Malaci, Malaysia, the Philip- 
pines. Thailand and Vietnam. The INCA is a joint program of all participating countries and ICLARM, 

and hence, is join~ly owned and jointly managed. Participating member countries and ICLARM carry out 
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cooperative research and trials, and make the results available to each other for information and follow- 
up strategies. Likewise, the products of research (improved fish breeds) are among the interested member 

countries. INGA's program planning is guided by a Steering Committee composed of selected aquaculture 
geneticists from different member countries. 

The objectives of the INGA are as follows: 

To evaluate, through linkages among national scientists and institutions, using standardized protocols, 

the culture performance of promising lines of tilapias and carps in selected countries (representing a 
range of agroclimatic and developmental scenarios) wherein these species are important or potentially 

important for poor farmers and consumers. 
To assess the needs and opportunities for the application of genetics to increase the productivity of 
cultured fish. 
To link together established and potential aquaculture geneticists from different countries so as to en- 
sure mutual awareness of each other's activities, in the application of genetics to inland aquaculture, 
and to foster regional and interregional cooperation. 

To assist in the development of strategies for national fish breeding programs. 

Long-term 

To contribute, through collaborative research, to the domestication and sustainable performance of 

tropical finfish species farmed in developing countries. 
To demonstrate that the application of genetics, especially selective breeding, can greatly increase the 

productivity, profitability and sustainability of low-cost input agriculture in developing countries and 
can thereby generate support for self-sustaining national fish breeding programs. 

To strengthen the long-term national capabilities for continued genetic enhancement of farmed fish 
through exchange of germplasm and methodologies, and through training and interactive fora. 
To strive for the conservation of biodiversity in farmed and wild populations of tilapias, carps and 
other fish species prominent in inland aquaculture in developing countries. 
Where transfer of fish is involved, appropriate precautions, including quarantine, are taken in strict 

compliance with existing International Codes of Practice and emerging protocols that help to prevent 
harmful impacts on environment. Members of the INGA have also evolved their own voluntary protocols 
on biosafety (see p. 34). The research in each country focuses on the respective preferred species, with 
initial emphasis on the tilapias and the carps, whereas the activities in which the individual member coun- 
tries participate depend upon their needs and resources. Exchange of improved breeds either for evalua- 
tion followed by direct use in aquaculture, or for utilization in breeding programs for incorporating spe- 
cific useful traits is guided by the policies of the individual member countries. 

ICLARM, its lNGA partners and others collate and disseminate information on fish genetic re- 
sources, through global databases and CD-ROMs, including documentation for the conservation of local 
knowledge pertaining to fish genetic resources. The main outputs of these partnerships are methods, ap- 
proaches and information for fish genetic resources conservation, germplasm enhancement and breeding. 
The aim is to assist the development of national programs for genetic resources conservation and for 
germplasm enhancement and breeding. 

More information about the INGA can be obtained from its Coordinator, Dr. Modadugu V. Gupta, 
at ICLARM. 



An Example of a NARS (1AB)-AS1 (Z1M)-IARC (ICLARM) 
Partnership for Research, Training and Information 

Eddie K .  Abban 
Institute of Aquatic Biology 
PO Box 38 
Achimota, Ghnnu 

Wolfgang Villwock 
Zoologisches Institut und Zoologisches Museum 
Universitdt Hamburg 
Martin-Luther-King-Platz-3 
20146 Hamburg, Germany 

Abstract 

Productive research partnerships or collaborations for research, training and information involve 

National Aquatic Research Systems (NARS), Advanced Scientific Institutions (ASIs), International Agri- 

cultural Research Centers (IARCs) and international funding agencies, An example is the collaboration 
among the Institutc of Aquatic Biology (IAB), the Zoologisches Institut und Zoologisches Museum (ZIM) 

and the International Center for Living Aquatic Resources Management (ICLARM) funded by the 
Deutschc Gesellchaft f i r  'rechnische Zusarnrnenarbeit (GTZ). The collaborative research in which IAB, 

ZIM and ICLARM have been involved has been primarily on species characterization of tilapias as a 

basis for their sustainable use in fisheries and aquaculture. 
Partnerships arc formed for different purposes. A research partnership or collaboration is a way by 

which groups with different research capacities combine their strengths and come up with a prqject or 
product which could not have been possible without thcir combined efforts. The NARS brings in scien- 
tists and technicians, scientific information and thc local knowledge that only they can provide. The 
collaboration also enables them to develop highly trained scientific personnel and to broaden the scien- 
tilic information that they can utilize to improve their agriculture/aquacullure production. 

The ASI, on the other hand, contributes to the partnership by bringing in its scientists, advanced 

technical expertise, modern laboratories to develop ncw laboratory methods and to train the scientific 
pcrsonncl of the NARS. It contributes to increasing the scientific know-how and knowledge available to 

thc NARS. 
The contribution of the lARC to the partnership is to share its expertise on broadening the applica- 

tion of a tncthodology developed to benefit not only the country whcre the NAKS is situated but to 
othcr countries that might be able to usc it, to facililate the devclopmcnt of the Lechnique and to disserni- 

nate information to other prohahle users. 
'l'he I'unding agency supports the partnership by providing funds to assist in the human resource 

capacity building of the developing country or the NARS and in so doing ultimately helps in increasing 

food production in a country, region or worldwide. 

A successful collaboration may also have minor problcms and dissatisfac~ion among the partners. 
These usually stem from the different interpretations of the partners as to what questions the research 
should bc ablc to answer; e.g., developing countries usually expect research to produce a bctter product 

in a very short time. Funding agencies on thc othcr hand expect sustainability and evidcnce or impacts 

of the results. However. collaborative research brings a widc array of techniques and expertisc to the 

collaborating group. 



Session I1 - Discussion 

Pullin: Ultimately, for the conservation and sus- 

tainable use of living resources, the world will 
need to have a complete inventory of these, in 
terms of their genetic diversity, abundance and dis- 
tribution. This would help, along the way, to set 
some research agendas. It has already been done 

for some charismatic wildlife species, like the tiger. 
Obviously it is more dificult for fish, invertebrates 
and microorganisms but I believe that this goal is 

attainable. In fact, fisheries biologists might take a 
lead here because fisheries science has tools for 
estimating population size, ctc. ICLARM has a 
proposal for a project on the genetic diversity, con- 
servation and use of a fresh- and brackishwater ti- 
lapia (Sarotherodon melanotheron) the various sub- 
species of which range from Stntgal to Za'ire. This 
will be a case study, a very small step towards the 
larger goal. I'm not sure what others think of this 
ambitious goal. Could it ever be attained for all 

aquatic species? 

Harvey: 1 think it's attainable for economically 
important species, but for others how would the 
necessary support be obtained, with no economic 
arguments? The economic evaluation of aquatic 
biodiversity and genetic resources is needed to 
help such studies. 

Abdou-Salrm: This goal is possible, in two stages: 
the first dealing with highly valuable species - say, 
the Fish species of the ma.jor shelf fisheries; thc 

second with species that are threatened. 

Bartley: For databases, especially biodiversity da- 
tabases, maintenance and regular updating are criti- 
cal because threats to populations and their status 
are subject to change. This is expensive and diffi- 

cult. 

Toll: Are there academics, hobbyists, museums, 
etc. that have the kind of information needed for 
this? Or is some of it available in grey literature? 

In the plant world, the botanical gardens have a lot 
of information for efforts like this. 

Pullin: Bird conservationists certainly take this ap- 

proach (diversity, abundance and distribution) 
whether the bird species are of economic impor- 

tance or not. 

Munro: What you are suggesting is demanding 

and technically very difficult: for example, studies 
along the entire range of a tilapia species from 
Stntgal to Zai're. 

Pullin: Yes. 

Munro: In multispecies fisheries, this would be so 

horrendously difficult as to be almost inconcciv- 
able. 

Pullin: For stock assessments plus diversity asscss- 

ments? 

Munro: Well, if you want to know the status of 
stocks of your case study species in every estuary 
and river along the coastline, this would be cnor- 

mously expensive and probably not worth doing 
because their status could change from year to 

year quite rapidly. 

Froese:Thcre are already large amounts of the 
data, much oT it computerized, that are needed for 
the long-term goal mentioned here. It can certainly 
be done given the ncccssary cooperation. The four 

attributes that we have proposed for encounters he- 
twccn biodiversity and humans (species name, 



data, locality, source) are our current approach to 
this. There are millions of such records for fish, 
the largest and oldest vertebrate group. More are 
collected everyday. 

Pullin: A question to Paul Holthus - the case 
study species that I mentioned has five subspecies. 
For IUCN to decide that a species should go on 
the Red List, how are decisions made? Usually, I 
would guess in the absence of genetic data. 

Holthus: For aquatic organisms the process has 
not yet been developed very well. As desirable as 
your overall goal is, is it really a priority when we 
look at what's happening in the meantime? For ex- 
ample, a Shark Specialist Group has been started 
up in the Species Survival Commission because of 
the threats to that group of fishes. This will at- 
tempt to do for sharks essentially what you are 
suggesting. Similar needs and opportunities may go 
by while the world is trying to count and to cata- 
log all other species, as you suggest. In some re- 
cent rapid ecological appraisals in Papua New 
Guinea, we came up with three new fish species in 
one two-week study and probably two species in 
another. So, we need to strike a balance between 
working on the species that we know about and 
those that we do not know about. 

Pullin: For these 'inventory-typc' exercises is it 
IUCN that is actually doing the counting, or is it 
the national programs, for their national 
biodiversity strategies? 

Holthus: The work is done by a lot of people all 
over the place. IUCN itself does not have any par- 
ticular mandate or authority for this. The CBD re- 
quires parties to know what they've got in terms 
of biodiversity and this should be happening. A 
very focused institution like ICLARM can help 
and IUCN could certainly contribute to making 
that happen. 

Munro: Putting species on to the Red List is a 

rather political process, undertaken at successive 
IUCN Congresses. Lobbyists put forward cases for 
species that are said to be threatened. Sometimes 
the cases made are not supportable (for example, 

Atlantic herring and bluefin tuna were recently 
suggested). Queen conch in the Caribbean was 
also suggested and was indeed listed. This is a 
heavily exploited species but it is not threatened as 

a species. 
Regarding the tilapia species in West Africa, by 
doing electrophoretic or DNA work you can get an 
idea of genetic variation and you can get an idea 
of relative abundance by asking the people who 
fish for them by diverse methods. But even this 
rather superficial sampling approach is costly. 

Pullin: Well, for West Africa, we do know how 
many lagoons there are. The maps are good. More- 
over, we do have fisheries statistics - albeit prob- 
ably less reliable for some countries than for oth- 
ers. There is also a huge wealth of secondary data 
that could be gathered and sifted for the purposes 
of assessing diversity, abundance and distribution. 
Is it worth doing this as a research exercise? I feel 
that it is. 

Welcomme: Why has ICLARM chosen 
Snrotherodon melanotheron for this West African 
case study? This species uses acadja systems well 
but otherwise is an unattractive species for aquac- 
ulture. Why not work on say Clarias gariepinis or 
some other widespread species with higher poten- 
tial? 

Abban: You are not entirely right concerning S. 
mc?Ianotheron. For the last f ive years o r  so, 
Oreochromis niloticus has been the species of fo- 
cus for tilapia culture. However, when it comes to 
salinity tolerance, work in CBte d'Ivoire and 
Ghana suggests that it is far cheaper to improve S. 
melanotheron for coastal aquaculture than to im- 
prove breeds of 0. niloticus, which has very lim- 
ited salinity tolerance. During this work, it has be- 
come apparent that S. melanotheron has good 
growth in slightly saline waters. It scems that the 
range of conditions, under which S. melanotheron 

could be used for viable aquaculture, may be even 
better than that for 0. niloticus. We have been try- 
ing to persuade those along the Wcst African 
coast, who want to do coastal aquaculture in ba- 
sins where S. melanotheron is available (but in 
which 0. niloticus does not exist because it is not 



native) not to introduce 0. niloticus. The other 

native coastal species is Tilapia guineensis but this 

does not have such a wide range of environmental 
tolerance as S, melanotheron. S. melanotheron does 
well in a range of salinities down to almost fresh- 

water. There is quite a body of information on S. 
melanothemn, i~ ,om Stntgal to the Congo, for ex- 
ample, the studies of J.-F. Agntse and colleagues. 
Your negative impression of S. melanotheron for 
aquaculture probably comes from the fact that, as 
you have said, it supports traditional fisheries, like 
acadja systems, so well, It is prolific and is fished 

for 24 hours a day in most lagoons. This fishing 
pressure means that you only see small fish in the 
markels, etc. We feel that the value of  S. 
melanotheron as a resource for both fisheries and 

aquaculture can easily be shown. Therefore, a 
broad look at this species, its stocks and its use by 
people will provide a good baseline survey. Of the 

thousands of publications on tilapias, probably 

more than half are on 0. niloticus, and even for 
this species the gaps in genetic information are 

huge. Different laboratories have used very differ- 
ent methods and pursued different objectives. For 
S. melanotheron we plan to look at the genetics of 
a representative range of populations, using simple 
methods. We can then describe the stock structure 
and advise those who seek to develop breeding 

programs for aquaculture. The same approach 
could be applied to other fishes. 

Pullin: This is why we chose S. melanotheron as a 

case study species. Clarias gariepinus, which is 
very widely distributed in Africa would be, as 
Robin Welcomme suggests, an excellent choice for 

a catfish species to study along the same lines. 

Abdou&darn: But we also need to understand the 

effects of selective pressure on and continuous use 
of key ecosystems, not just focus on a single spe- 
cies. This needs an inventory as a first step. 

Froese:Well, we (ICLARM) are also about to em- 

bark upon another collaboration with IUCN's 
Freshwater Fish Specialist Group to document the 

status of threat to all of the world's freshwater fish 

species: 10 000 species. This can be done using 

IUCN's new categories of threat and entering the 

results into a database. We will be using existing 

information and tools to do this. The data will be 
point data. My impression is that it is possible to 
do this for a whole group, in this case the fresh- 
water fishes, rather than be limited to one or a few 

species of special significance. In the Philippines, 
there may be as many as 500 fish species, in the 
fish markets on any one day and perhaps 3 000 or 
more species swimming in Philippine waters. Is it 
better to approach whole assemblages like this 
with an ambitious, but achievable, agenda or to 
neglect most of them and take a much narrower 
focus? 

Welcornme: I agree with the absolute necessity to 
make the most of existing data, but this will not 

answer all the questions. It will in fact pose many 
questions. 

Froese: Agreed. 

Holthus: Where populations or species are clearly 

threatened there is often a need to act, before all 
the relevant information is gathered. Actions are 
often based on local, anecdotal information. 

Toll: An inventory is a good thing to aim for, but 
at what level? And who are going to be the focal 
points for assembling the data - ministries? hobby- 
ists? And even for an interactive system of data- 
bases with limited data points, such as the four at- 
tributes mentioned by Dr. Froese, the quality of 
the data must be assured. 

Welcornrne: Discussions and protocols on fish 
transfers and introductions so far have concerned 
species, not breeds. As genetic manipulation pro- 
ceeds, for example to produce cold tolerant tila- 
pias, shouldn't there be mechanisms to control 
their potential impacts? 

Pullin: Absolutely yes. Some INGA members wish 
to breed fish for specific environments; e.g., cold- 
and saline-tolerant tilapias. Their potential environ- 

mental impacts have yet not been well evaluated. 
The CBD could consider this in its biosafety pro- 

tocols, rather than restricting these to organisms 
modified by genetic manipulation. 



Beardmore: Some groups have already given 
thought to this, including further manipulations 
that would ensure that such fish would not repro- 
duce. 

Abban: Should not ICLARM attempt to influence 
national programs that may be attempting genetic 
modifications which ICLARM can see may well 

have adverse environmental effects? 

Pullin: ICLARM can certainly help to inform and 
give opinions, but the national programs of the 

TNGA members and of other countries are of 
course theirs to decide. 

Hodgkin: It seems that world aquaculture is likely 

to become dominated by a few species - as have 
agriculture and forestry - but the movements of 
aquatic species around the world to achieve this 

have not yet been as extensive. 

Villwock: New Codes of Practice on fish transfers 

are surely needed and ICLARM can add its voice 
to encourage their use. 

Munro: We have had this problem in the South 
Pacific, where some organizations had been ship- 
ping giant clam species across international bound- 
aries. ICLARM was in the position to advise that 
this was probably not a good idea. But the rccipi- 

ent countries (9 out of 10) did it anyway, in the 
hope that there might be some financial benefits. 

Welcomme: Advisory codes of practice arc not 
often heeded, Until there are binding protocols on 
fish movements under the CBD or an equivalent, 
then there is little chance that controls will be re- 

spected. For example, the ICES-EIFAC codes were 
signed by ICES member countries, but at least one 
member country later introduced an exotic oyster 

and seaweed species in contravention of the codes. 
This is but one example of many. 

Pullin: I agree completely on the need for legally 
binding protocols, but it has been encouraging that 

the INGA members have evolved their own volun- 

tary biosafety protocols on fish movements and are 
applying these (ser p. 34). 

Villwock: 'The lack of information on what differ- 
ent agencies and institutions are doing is a serious 
constraint to cooperation. 

Pullin: Yes, therc is a lot o f  activity on 
biodiversity research, for example in Europe, of 
which ICLARM needs to become more aware. 

Beardmore: It would be useful to learn about 
ICLARM's proposed restructuring of its programs 

with respect to biodiversity and genetic resources. 

Munro: This is one of ICLARM's new programs 
(see Appendix V). 

Harvey: What is the emphasis in ICLARM's work 

on conservation of genetic resources as opposed to 
breeding research? What is ICLARM's policy on 
genebanking? 

Pullin: ICLARM is still developing its policy on 

genebanking. The genetic resources that ICLARM 
keeps are used for collaborative research. ICLARM 
does not have a large program of breeding and 
gcnetic enhancement. The GIFT project, for ge- 

netic improvement of tilapias, is an attempt to de- 
velop and to demonstrate selective breeding meth- 

ods, not an attempt to develop and to provide the 
world with so-called 'super tilapia': a name that 
was, incidentally, not our choice but a journalist's. 

The main results of ICLARM's strategic research 
arc proven methods. 

Munro: The CGIAR places genetic improvement 
and breeding research in a different category - 'Im- 
proving Productivity' - than genetic resources re- 
search, characterization and conservation. 

Harvey: Since the coming into force of the Con- 
vention on Biological Diversity, many of the 
groups whose lands and waters in which genetic 
resources are found havc developed high expecta- 
tions as to their potential value. This may he wish- 

ful thinking. 

Munro: Some of these expectations are also ex- 

pressed by a number of NGOs and they are often 
unrcalistic. 



Hodgkin: A large European project is also aimed 
at the development methods for genetic character- 
ization, rather than their application in genebanks 
etc. However, a 'platform' has now been set up 
for application of these methods and for sharing 
data. IPGRI and F A 0  are members of this and 
presumably ICLARM could be. 

Bartley: One danger of developing new methods 
is that they can become attractive just because they 
are new; for example, the new techniques in mo- 
lecular genetics. The methods themselves can then 
become the 'science' rather than the scientific 
questions and hypotheses to test. For example, 
there is now a project to produce sterile triploid 
fish for stock enhancement of the Caspian Sea. 
The entire fishery is based on stock enhancement. 
But where will the breeders come from after a few 
generations? The proponents got hooked on the 
prospects for polyploid production and the assump- 
tion that these fish would grow better. 

Pullin: Agreed, but note that the GIFT project 
adapted simple, selective breeding methods, not 
transgenic technology etc. 

Beardmore: Methods must indeed be chosen and 
developed for addressing specific problems. The 
resolving power of methods is extremely important 
in genetics. What is needed is a portfolio of meth- 
ods from which choices can be made. 

Toll: The CGIAR is not trying to repeat for fish, 
livestock and trees what it has done with respect 
to crop genetic resources. Conservation efforts for 
fish will depend upon partnerships with NARS and 
with regional and international institutions. The 
SGRP can help by assessing which methods might 
be transferable to fish genetics research, and by 
comparing policy and institutional aspects. 
Intersectoral perspectives are needed for crop and 
other genetic resources research (cultivated variet- 
ies and wild relatives) not just for fish. The 
CGIAR does not set policies but can help to pro- 
vide scientific information for policy-setting and 
can help to increase public awareness on the im- 
portance of genetic resources. As ICLARM will 
not have itself a major genebanking role, what 

about the role of the International Network on 
Genetics in Aquaculture (INGA) or other possible 
mechanisms for genetic resources conservation? 
Could regional and interpational organizations be 
linked to the INGA? 

Pullin: Aquatic genetic resources conservation cannot 
be centralized, by way of ex situ genebanking, to the 
same extent that has been possible for crops. It has 
to be more decentdited and is really the mandate of 
national programs. It is their governments who are 
the signatories to the Convention on Biological Di- 
versity, with consequent rights and obligations. The 
latter include the development of national strategies 
for biodiversity documentation and conservation. 
NARS will therefore need genetic characterization 
laboratories (including capacity for molecular genet- 
ics) for working on fish and other organisms. 
ICLARM and regional organizations should strive to 
complement these national roles. The bulk of the 
work will always be done by the NARS who will 
need adequate resources for this. ICLARM is looking 
for a complementary, strategic role. We have made a 
start on the database front (FishBase and ReefBase). 
We have also made some contributions on fish hreed- 
ing and in situ genetic resources conservation (such 
as aquatic protected areas) but we don't yet have a 
clear view of our future roles v i s -h i s  the activitics 
of NARS and the CBD. ICLARM is the member-Co- 
ordinator of the INGA, which has 13 NARS mem- 
bers. 

Welcomme: ICLARM's role can best be synthetic, 
seeking more general insights from the information 
generated by the NARS and others. I am uneasy at 
the hiving off of genetic resources and biodiversity 
research from ecology and ecosystem research. Our 
discussions have focused so far on biodiversity 
and genetic resources as components of aquacul- 
ture. However, those concerned with the manage- 
ment of wild fish stocks also need to grasp the im- 
portance of these components. They are mentioned 
in the FA0 Code of Conduct for Responsible 
Fisheries but the enormous changes that can be 
caused by overexploitation are not yet appreciated. 
How can we get relevant information on this so as 
to inform and influence public opinion and 
policymakers? 



Froese: Perhaps F A 0  could expand its species 

coverage in the statistics that it compiles, in the 
light of biodiversity concerns. Farmers usually 

know the species or the strain that they are farm- 
ing, even if they don't know its Latin name. More 
species are used than statistics suggest. There is 

also a need for an effective internationally agreed 

system for naming strains. Who could take the 

lead on this? 1 am also a bit concerned at the 
suggestion that living specimens (germplasm), with 
their short lifetimes, should be included in genetic 
resources information systems. For example, 

ICLARM's research collections currently include 
about 700 cryopreserved sperm accessions and 
above 3 500 live fish. The lifespan of the latter is 
about 2-10 years. By comparison, the plant 

genebanks keep material more or less indefinitely. 
This can also apply to cryopreserved fish sperm 

accessions, and these will definitely increase in 
number. But should the live fish collections also 
increase and be cataloged? This is not like keeping 

a wild population in a marine protected area 

when you can go and sample it, like a forest, from 
time to time. 

Welcomme: F A 0  statistics collection depend upon 
the goodwill of countries. We do not even have a 

separate system for reporting inland capture fisher- 
ies. Moreover, the reporting of aquaculture produc- 
tion by species is different from that of capture 

fisheries by species and sometimes the production 

of different sectors has to be deduced by subtrac- 
tion. 
With regard to a naming system for fish strains, 
this need applies to other organisms, not just fish. 
Definitions and nomenclature require much more 

standardization. We need to convene consultations 
to sort this out, for statistical and other purposes. 
Definitions (of strains, for example) will have to 

conform to various legal systems. 

Bartley: At recent consultations, there has been 
lack of consensu: among aquaculture geneticists 
on standardized nomenclature and definitions for 

s t rains  and genet ical ly  modified crganisms 

(GMOs).  Codes  o f  Pract ice ( l ike the lCES 
Code), the CBD, and countries (like the UK) 
have very different definitions of GMOs. Ongo- 

ing practices and consumer attitudes could be 

seriously affected if, for example, a broader 
GMO definition suddenly required the labeling 

of a farmed product as genetically modified 
whereas perhaps it was just derived for selective 

breeding - and therefore not a GMO under a 
narrower definition. For a 'strain' definition, the 

key is probably to link this to ownership and to 
legal requirements. 

Pullin: All captive breeding has genetic conse- 
quences from natural selection. These can be large, 
even over a very few generations because of the 
high fecundity of many fish and the (sometimes 
heavy) mortalities that can occur, especially in 
early life history stages. However, it is still worth 
keeping breeding records and having protocols for 
broodstock replacement - as is done in the GIFT 
project. This is similar to the rare breeds trusts es- 

tablished for livestock. 

Froese: But does this just need a metadatabase of 
who has which broodstock, or does it really need 
records of each individual fish; for example on the 

SINGER? 

Pullin: Individual records are very valuable, to es- 
timate parameters like accumulated inbreeding. I 
think that they are needed. 

Perry: Yes, the collection and presentation of his- 

torical data, sometimes for long-dead material can 
sometimes be important. If you have individual 
data on live fish, best maintain it. 

Pullin: In fact, if we also took scales and otoliths 

from the fish used in breeding programs we could 
get growth data from these (and from museum 
specimens) for comparison. These data could also 

be stored and made available. 

Harvey: There are some US 'living genebanks' 
on, for example, endangered winter Chinook 
salmon runs. Live fish are kept just for say a 

couple of years (one cross) rather than say for 10 
years, when domestication selection could set in. 

New collections are then made. Frozen sperm can 
also be used in such operations. 



Wodgkin: The naming of crop strains/cultivars is 

well-developed but much of the useful information 

that was formerly present in names has been elimi- 
nated. Names that are identifiers and indicators of 

origin and performance are not allowed for the 
naming of plant cultivars. 

Munro: Surely if a variety has a known genetic 
marker, this can be named? 

H o d g ~ i n :  Well, a variety is registered only when 

its genetic characteristics prove its distinctness. 

Beardmore: It's easier in the plant world where 
there are a lot of in-breeders and a lot of vegeta- 

tive propagation. 
Now, I have to take issue with criticism of the 
narrow UK definition of GMOs because the other 

broader definitions are biologically incorrect. They 
require that any organism produced by normal 
~ e n d k l i a n  recombination be considered as a GMO 

and this does not make sense. Real GMOs are 

easy to define and to regulate. 

Pullin: Concerning strain nomenclature, there are a 
few examples of fish strains - for example, the 
various strains of common carp developed in Indo- 
nesia - Koi carp, and the goldfish varieties (which 

appear as diverse as dog breeds) - that are easily 
recognized and easy to name, The problem with a 

situation like Nile tilapia 'strains' is that they look 
very similar. In the GIFT project (4 founder stocks 

collected from Africa and named according to their 
country of origin and 4 farmed strains from Asian 

countries, again named after their countries of in- 
troduction and principal use) we made lots of hy- 

brid crosses and now we have a wide range of 
material. We could call a strain anything we like, 
as could any farmer or breeder. The default option 
is probably to assume that the strains from differ- 
ent Farms are indeed different. Genetic character- 

ization to check them would be costly. Hence, the 
position that is likely to prevail for tilapias in the 

near future is that i T  a farmer, breeder or re- 
searcher says that this fish is the 'ABC' strain, 

users of the fish will probably accept this and 

form their opinions based upon subsequent perfor- 
mancc trials. International agreement on naming 

fish strains will be very difficult to achieve be- 

cause breeders like to name their fish after their 
countries, home towns, family names, performance 
claims, etc. Has the plant world achieved this? 

Abban: In tackling the basic requirements for fish 
genetic resources documentation and characteriza- 

tion, for conservation purposes, will anyone ever 
finish naming strains? 

Munro:  There must be an infinite variety of 

strains, especially when users begin to  make 
crosses. 

Froese: But if you want to be able to report on 
the existence and use of strains in a database, you 
have to be able to distinguish among them and 
name them. 

Abban: Well, according to your database there are 
different strains from this or that river, but they 
may be more or less the same. It will take a lot of 

money to resolve this. 

Pullin: Nevertheless, we can see in some existing 

examples, such as common carp and salmonid 
strains, clear morphological differences. As fish 

breeding programs for aquaculture, and fish do- 
mestication progress, surely recognizable domesti- 
cated breeds will emerge, as they have for com- 

mon carp. 

Villwock: It is important to recognize that strains 
will perform and behave differently in different 

environments. 

Hodgkin: The question of whether genebanking is 
aimed at conserving primarily genotypes or alleles 
is relevant here. Duplication represents unnecessary 

expenditure where funds are scarce and genotypcs 
similar. 

Pullin: This is important - the question of whether 

to aim for conservmg genotypes or just genes. 
Consider, for example the development of Norwe- 

gian red cattlc - which now comprisc the national 

herd. The view thcre seems to be that ancestral 
brecds of cattlc, as kept by rarc brecds trusts, arc 



interesting exhibits to show the history of agricul- 
ture but of  no practical utility for any further 
breeding purposes. I'm not convinced of this. I 
can't imagine that livestock and fish breeders will 
not have to go back to  ancestral breeds or wild 
relatives for some of the genes that will be re- 

quired in future breeding programs, as the crop 
breeders do. So whether conservation is targeted at 
conserving just alleles, say in synthetic strains, or 
conserving as well a wide range of genotypes is a 
fundamental decision. 

Hodgkin: It depends whcrc you stand along the 

spectrum of possibilities. There are such things as 

adaptive gene complexes, the conservation of 

which may not require keeping every genotype. 
However, the recognition that certain laodraces, 
breeds etc. have particular adaptive complexes is 
important. These havc been built up over many 

thousands of years and it would not be sensible to 
attempt to rebuild them from scratch. Plant breed- 

ers have had swings of opinion on this over the 
last thirty years. Some of the plant genet~cists take 
the view that they can put together whatever is 
needed any time. Others say that it is better to 

start with material that is adopted to a particular 
environment and not to try to work de novo with a 

lot of alleles from a genebank. 

Beardmore: Plant breeders are generally more 
flexible than animal breeders on this question. I 

aprec with Roger Pullin that we should feel wor- 
ried about applying to fish the perspective that he 
mentioncd. 

Munro: This has been a wide-ranging discussion. 
We are still a long way from charting the course 

for ICLARM's future programs but it does seem 

that we will have to keep track of  breeds and 

strains and develop and document appropriate 
methods. 

Harvey: This  has been a problem in salmon 
genebanking, We assume the fish that look differ- 

ent or are from a different river system are geneti- 
cally different, but in the absence of DNA tingcr- 
printing, we don't know. 

Pullin: If you know the breeding history for differ- 
ent captive broodstocks, then that is surely enough 
to say they are different. For example, the 'GIFT 
strain' contains genes from Nilc tilapia stocks 

found in Egypt, Ghana, Kenya and StnCgal and 
from farmed stocks found in the Philippines, 
Singapore, 'Taiwan and Thailand. No one else in 
the world has a fish with this history. 

Harvey: I agree for farmed stocks, but for most 
wild stocks the evidence is anecdotal or mere as- 

sumptions are made about what is worth saving. 

Toll: The same problem is found in assessing 
landrdces of plants. Collectors use their knowledge of 
the species and collect across the geographical range 
of a species and from different farmers' fields, as- 

suming that these accessions are different. They are 

identified just by their passport data and from local 
knowledge. Moreover, the characteristics of these 
landraces change very much over time. 

Perry: Yes, and the genebanks lack detailed de- 
scriptions of much of their contents. There could 
be extensive duplication of crop varieties, even 
within some of the smallcr genebanks. This could 

be reduced by cultivation trials and by DNA fin- 
gerprinting. 
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Abstract 

The International Fisheries Gene Bank (IFGB) is a program of the World Fisheries Trust, a Cana- 

dian NGO dedicated to the preservation of wild fish stocks. The KFGB operates by providing training 

programs in the theory and practice of genetic conservation, including cryopreservation techniques that 
are field-oriented, inexpensive and require little equipment, and by assisting governments and agencies 
to develop policies for the collection and exchange of fish genetic material. The IFGB was formed in  
1992, and presently holds over 3 000 accessions of salmonid germplasm from six species and 29 stocks, 
representing both wild populations and privately held broodstocks. 

IFGB receives funding from corporate donors, including resource-based industries, foundations and 
government agencies, and currently has training and research programs in Canada, Colombia, Venezu- 

ela and Brazil. Work in Canada focuses on collection of wild salmon genetic material and training of 
aboriginal fisheries workers. In South America the emphasis is on collection of genetic material from 

migratory species in the Orinoco, Magdalena, Paranh and Uruguai systems. 
IFGB's policy on collection and storage of wild fish germplasm is that in many cases the urgency of 

preserving such populations necessitates negotiation of "immediate response capability" so that the rela- 
tively straightforward collecting technologies can be put into use without delay. Experience with govern- 
ment agencies in Canada has shown that jurisdictional disagreements over ownership of fish genetic 
material, such as can occur when salmon stocks are jointly managed by federal, provincial and aborigi- 
nal governments, can result in hastily drafted and restrictive collecting arrangements that not only ignore 
the intense international effort to harmonize fish genetic resources conservation with the provisions of the 
Convention on Biological Diversity and multilateral implementation mechanisms like the F A 0  Global 

System for Conservation and Utilization of Plant Genetic Resources, but can actually work against the 
conservation of the stocks in question. 

Discussion 

Pullin: Have you had to consider 'standards' for seem to have a mixture of material: some that is 
accessions to fish genebanks and do these provide likely to be kept for a long time, as a conservation 
for the prevention of disease transmission? Also, measure (insurance), and some upon which clients 
the CGIAR crop centers categorize their ex siru may wish to draw regularly for use in breeding 
genetic resources holdings as base collections, programs and perhaps sell to others (as is done for 
working collections, active collections, etc. You bull semen). 



Harvey: Absolutely, it is a mixed collection: a 
product of 'planning by doing'. There are records 
on all the accessions and their purposes. The mate- 
rial itself is all kept in the same facility. Regarding 

disease prevention, in the salmon genebanks that I 
have seen, only in Norway is there any screening 

for disease. The sperm from diseased fish is still 
frozen but their condition is noted as the accession 
is tagged. It is still an open question to what ex- 
tent fish diseases could be vertically transmitted by 

sperm. The only published standards for a fish 
genebank came from the North Atlantic Salmon 

Conservation Organization Council Paper CNL 
(89)21(1989) NASCO, Edinburgh. 21 p. It does 
not mention disease screening. Nothing has really 

been done on this question at present. These are 

early days. 

Toll: Separating base and active collections in a 
seed genebank aids in controlling the frequency of 

regeneration of the material. Base collection mate- 
rial is stored under optimal conditions and from 

the active collection material is made available for 
research, study etc. and regenerated as requited. 

Base vs. active is a management concept; to avoid 

going back to the original sample for regeneration 
and for building up seed stock for distribution. 

The base collection remains as genetically close as 
possible to the original sample. 

Harvey: Again, it is early days for fish genebanking. 
Some people are saying 'let's freeze this or that ma- 

terial' without really planning on how much to freeze 
and how long they will store it, when they will use it 

etc., and the consequent costs. This is a learning pro- 
cess. If they don't store enough, then there may be 

some separation into base and active categories be- 
cause they would not wish to use it all. Of course, 

the shelf-life is always the same; unlike some seed 
storage systems. 

Toll: How would you regenerate a stock from 

stored sperm? 

Harvey: For salmon, there are many stocks that 

still have a couple of hundred fish returning to 

spawn. The idea is to have 50 or so males per 
stock represented in a gencbank. Then, even with 

a minimum number of females, we can split up 
their eggs and increase the effective breeding num- 
ber by fertilizing them with sperm from a variety 
of males. The best thing to do is to start such op- 
erations early enough so that they can become part 
of enhancement programs. In worse situations, fe- 
males from a similar stock could be used - a com- 
promise situation resulting in a mixed stock, which 
could then be further backcrossed. A future possi- 
bility ('high-tech' and not yet available) is to use 

androgenesis and to take any female parent and to 
knock out her genetic contributions. In Norway, 

streams from which salmon runs have vanished are 
being restocked with stocks from similar, close 

streams; and streams that have still a very few re- 
turning females are being enhanced as described 

above. 

Bartley: In your training activities, do you include 
training on genetic principles? I realize that your 

priority is probably to train on the practicalities of 
cryopreservation, but it appears to me that you 

need to consider the following. First, for collec- 
tion, although for small endangered populations 

one does not always have the luxury of getting a 

broad sample, it is important to aim for broad rep- 
resentative samples. For example, for a salmon 

spawning run, it would be inadvisable to collect all 
samples in just one day. Second, for fertilization, it 

is possible to use just one straw of cryopreserved 
sperm to fertilize a lot of eggs. However, it is bet- 

ter to use single pair matings and, where there is a 
limited number of breeders, to optimize Nc by, for 

example, not pooling sperm or eggs. 

Harvey: We are still evolving our training courses. 
We appreciate that technology is a means to an 

end and we train with this in mind, covering all 
the points that you have mentioned, emphasizing 
the reasons for storing sperm. We also maintain 
contact with trainees after the courses. Regarding 
collection, I agree that it is not optimal to collect 

for a salmon run only one day, but this does hap- 
pen because of logistical problems and costs. 

Keeping the material at a central facility and cov- 
ering a wide area it is difficult to have a crew sta- 

tioned on a river for a long period. This is why 
we emphasize training. Regarding maximizing Nc 



in the use of stored sperm for artificial fertiliza- just to use one straw to fertilize eggs. It is hard to 
tion, I suspect that some operators, despite their check on this. Probably we should do more to 
training, will still do the easiest thing - which is emphasize these issues. 

In situ Fish Genetic Resources Conservation, Approaches and Issues 

John A. Beardmore 
Overseas Development Administration (ODA) 
Genetics Programme 
Universily of Wales 
Singleton Park 
Swansea SAZ 8PP, UK 

Abstract 

Discussions on genetic resources must include considerations of the scope and nature of diversity in 
natural populations. Biodiversity is defined as the variability among living organisms from all sources 
including, i.e., terrestrial, marine and other aquatic ecosystems and the ecological complexes of which 
they are a part. There are four levels of complexity: genetic diversity, species diversity, ecosystem diver- 
sity and landscape diversity. Ways of measuring genetic variation include 1) breeding tests of quantitative 
characters, 2) use of allozymes, 3) use of mitochondria1 DNA and 4) use of nuclear DNA. 

Molluscs have high heterozygosity (-15%), compared with fish (-6%), mammals (-4%) and crusta- 
ceans (-8%). Freshwater fish have greater heterozygosity than marine species. Problem areas include 
bottlenecks (in which effective population size falls owing to a contraction in the number of broodstock 
for a brief period), conservation of rare alleles, inequality of progeny size, adaptation to captive condi- 
tions, local adaptations and hybridization. Fishing and aquaculture can have large effects on genetic diver- 
sity. 

Discussion 

Pullin: You mentioned in your talk an example 
about genetic effects of shrimp farming in South- 
east Asia. Could you please enlarge upon that? 

Beardmore: Yes, the industry is based upon col- 
lecting wild seed: either larvae or gravid females. 
The scale of these operations must be having dra- 
matic effects upon local natural populations. I'm 
not aware of any data on this, but this large-scale 
harvesting for seed supply for aquaculture must 
have large effects. 

ever, the remaining 30% must have still constituted 
a large Nc. Yet Smith et al. (1991)' found signifi- 
cant genetic effects. The unharvested Southeast 
Asian shrimp stocks must also still constitute a 
large Ne. How then are these genetic impacts - al- 
ready proven (orange roughy) or assumed (shrimp) 
- caused? 

Beardmore: Nc's may still be large, but the fisher- 
ies may exert selection pressure with respect to 
genotypes. It's a pity that there are no baseline 

Pullin: Comparing this to the orange roughy fish- 
eries example, the fishery there in New Zealand 
reduced the virgin biomass by, I think, 70%. How- 

'Smith, P,J., R.I.C.C. Francis and M. McVeagh. 1991. 
Loss of genetic diversity due to fishing pressure. Fish. 
Res. IO:309-3 10. 



data for the shrimp situation. I don't think that the 

mechanisms for what has happened to the orange 

roughy stocks is rcally known. 

Bartley: I agree with the caution that you ex- 
pressed about the use of heterozygosity as a mea- 

sure of genetic impacts. Allelic diversity, which 
you also mentioned, may be a more sensitive mea- 

sure of impacts from perturbations. We need to 

look at a range of population and genetic param- 
eters (N, Nc, allelic frequencies, hetcrozygosity) to 

work out what is happening to a population. Also, 

the statistics for some genetic parameters do not 

appear to me to bc well worked out. For levels of 
genetic variability - whether at the high end where 

the common allele may be at 95% frequency or in 

the middle where it may bc at 50% - the statistics 
act differently. Statistics in population genetics are 

difficult to interpret and apparent significant differ- 

ences have to bc lookcd at vcry carefully. Morpho- 
metric and meristic traits should be used wherever 

possible, as well as these other genetic parameters, 

especially in situations where there are no adequate 

facllitics for clcctrophorcsis or molecular genetics. 

lndigenous knowledge can also help to elucidate 
what is happening lo fish populations. Nc data are 

very important. There may be very different rela- 

tmnships between Nc and population size for fresh- 
water and marine fish in general. 

Beardmore: I agree with you on the importance of 
meristic characters. When I talk about quantitative 
traits. I include meristic characters. Nc estimates 

for most fish populations are, of course, indirect. 

Bartley: Regarding rare alleles - we do not really 
know what these are. Are they good alleles 'waiting 

to get better' or bad alleles that used to be common 

and are now being selected against? We oncc set 

some conservation goals for a breeding program and 
we used rare alleles to determine effective population 
size because we wanted to preserve, as far rn possible 

in our hatchery, the natural population structure of the 
fish that we wanted to rclease for stock enhancement. 
So, we looked at the genetics of the natural popula- 
tion and found that rarc alleles accounted for a lot of 
its variability. These rare alleles were at about 5-10%). 

We thcrefore aimed to have a largc enough 
broodstock to get these alleles at 5-10%. 

Beardmore: Yes, that is using rare alleles as a tool 

- which is absolutely legitimate. 

Bartley: There is also criticism about interactions 
between stocked fish and native stocks. Could not 
the use of sterile fish (by genetic manipulation) be 
a way of avoiding this, thereby assisting fisheries 
enhancement? 

Beardmore: Possibly, but in some situations (like 

the carps in South Asia, India and Bangladesh) the 
mixing of wild and stocked fish has been going on 

for a long time and perhaps the need is to con- 

tinue to add more genetic matcrial from the wild 
fish into this mixture. In all cases, I suspect that 

the real nature of these intcractions is vcry poorly 
known. 

Bartley: What about marine stock enhancement? 

Beardmore: The ideal protocol would be to take 
breeders from the natural population to generate 

fry or fingerlings for release - avoiding, as far as 
possible predation, and thereby greatly enhancing 

recruitment. This is clearly only applicable in some 

situations. 



Biosafety and Fish Genetic Resources* 
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Philippines 00100 Rome, Italy 

Abstract 

Alien species have been widely utilized as an effective means of fishery management and to increase 
production from the aquatic sector; they have also been identified as one of the most significant threats 
to aquatic biological diversity. Aquatic environments and their biota are highly vulnerable to damage by 
human interventions. Moreover, fish and the flora and fauna are sometimes associated with them (includ- 
ing parasites, pathogens and predators) can escape from farms and from research establishments and can 
spread to adjacent waters and beyond, sometimes across national boundaries. Hence, introductions and 
transfers of fish for research and for the development of aquaculture and enhanced fisheries can pose 
risks and cause significant, sometimes irreversible, changes to aquatic environments and their biota. An 
introduction is the human assisted movement of an organism to an area outside its natural range, where 
it is then termed an alien or exotic species. A transfer is the human assisted movement of an organism 
within its established range. 

Aquaculture and fisheries are increasing their use of genetic technologies that will also increase pro- 
duction and assist in fisheries management. Genetic analyses of natural populations have revealed unique 
stocks and genetic diversity that were previously unknown. Manipulation of the genome of aquatic species 
through selective breeding, hybridization, chromosome manipulation, sex reversal, and gene transfer can 
now produce plants and animals that are highly productive, but that may be genetically different from the 
native stocks. These technologies are complicating the definition of alien or exotic species, and even the 
very definition of "species". Terms such as genetically and living modified organisms (GMOs and LMOs) 
have been put forward to describc products of these technologics, but there is little agreement on their us- 
age. 

The new technologies also complicate the regulatory structure meant to control the use and niove- 
ment of aquatic species. Currently in many countries and international fora that deal with biosafety, thcrc 
is a trend for more regulatory oversight of transgenic organisms because this technology is perceived as 
having a greater risk. However, it is the change in the phenotype of an organism resulting from genetic 
manipulations that should be evaluated as to its risk and not the method used to create the organism. 
Certain technologies, such as gene transfer, will havc more unknowns about the phenotypic change im- 
parted by the gene transfer, and this will require more extensive tcsting and cvaluation before approval by 
rcgulatory agencies. Similarly, with regard to the transfer of genetically distinct natural populations 
(stocks), these may be different from local populations of the same species in characters such as migration 
routes, spawning time and place, or feeding and should therefore be evaluated as potential exotic species 

*ICLAKM Contribution No. 1346. 



with the ability to impact local aquatic diversity. The simple question of when is an organism an "alien" 

is no longer so simple. 
F A 0  and ICLARM conform with national and international biosafety regulations in their work, but 

note that a broader application of the term biosafety may better protect the aquatic environment. Such an 

application would include appraisals of the possible environmental impacts of all genetically manipulated 
organisms and of unmodified alien species and genetically differentiated stocks, and adopt a precautionary 

approach in work that involves fish introductions and transfers. 

F A 0  and ICLARM also contribute to the development of measures for protection of the aquatic 
environment and biosafety; for example: 

the FA0 Code of Conduct for Responsible Fisheries contains articles on aquaculture, fisheries 
management and research that call for, inter alia, the precautionary approach, the conservation 
of aquatic habitats and their biological diversity and the minimization of harmful effects from 
the use of non-native species or genetically altered stock; 
cooperating in the elaboration, adoption and implementation of international Codes of Practice 

and guidelines, such as the ICES-EIFAC codes, on the introduction and transfer of aquatic or- 

ganisms; 
participating in the activities of the various bodies of the CBD, especially the Subsidiary Body 

for Scientific, Technical and Technological Advice (SBSTTA); 
linkages with IUCN, UNEP and regional, national institutions and NGOs 

ICLARM acts as the Member Coordinator of the International Network on Genetics in Aquaculture 

(INGA) (see p. 18), the developing-country members of which have evolved the following protocols for 
the responsible and safe sharing of fish germplasm, including quarantine arrangements and environmental 

safeguards, as follows. 
Revised Recommended Protocols for Exchange of Fish Among the INGA Members (June 1995) 
I. Exporting (transferring) Country 

Provide information on: 

- Numbers 
- Origin and nomenclature (scientific, common, and local names) of stocks' 
- Growth stage at time of export (eggs, yolk-sac larvae, post-larvae, fry, fingerlings) 
- Disease history 

- Parasitelpredator history 
- Competition with other species2 

- Feeding habit 
- Reproductive characteristics (e.g., age at first maturity; spawning in stagnant or running waters) 

Certify freedom from prescribed parasites/pathogens/and other biota. 
If possible, disinfect stock prior to shipment. 

11. Importing (receiving) Country 

Stocks should be imported as eggs or as other early life history stages. 

'Specify geographicd location where stock is collected. If stock originally came from another locality, i t  would be 
useful if name of the locality is provided. Specify breeding history, if known. 
*Include all possible aspects of competition such as food, habitat and reproduction, if available. If not, state as un- 
known. 



+ Qualified personnel should examine shipments for freedom from prescribed pathogenslpmites and 
other biota. If diseases are identified, shipment should be destroyed and disposed of in an appro- 

priate manner, unless effective treatment can be guaranteed. 
Quarantine the imported fish for at least 30 days. 
Disinfect introduction upon arrival at quarantine unit if possible. If young fish are imported, give 

prophylactic bath. 
Upon arrival at quarantine unit, destroy or sterilize all water, packing materials, containers or other 

associated shipping materials. 
Quarantine sites must be secure against escapes and discharges of water. Water must be safely 

disposed of. 
If the quarantine unit suffers a disease outbreak that cannot be controlled, destroy diseased stocks 

and dispose of after sterilization in approved manner. 
Monitor quality of water at the quarantine unit at regular intervals. 
Continue periodic checks for introducible parasites and diseases. 

Original imports should not be transferred to natural environments. 
Compile a list and periodically update known parasites and diseases and pathogens. 

Advise exporter in case of unexpected occurrence of parasites or pathogens. 

Session I11 - Discussion 

Welcomme: The ICES-EIFAC Codes of Practice 
were developed through very substantial efforts 

involving expert consultations and reviews. If new 
Codes are to be developed, their formulation needs 
to be equally rigorous. Having said this, the exist- 
ing Codes have a number of shortcomings. First, 

they operate only at the species levcl. It is quite 
clear that consideration of subspecies and other 
lower taxa are needed. Second, the Codes apply 
only to international introductions, yet there are 
many transfers that are much more significant than 

those which cross national boundaries. For ex- 
ample, the Codes would give a transfer between 
northern Switzerland and southern Germany, which 
are within the same basin of the Rhine, more 

wcight than say transfers from the eastern to the 
western seaboard of the USA or from the eastern 
to the western areas of Russia. Some of the latter 
transfers across Russia have had damaging effects 
which are likely to spread to some other adjacent 
European countries. Third, the Codes operate on a 
'once only' basis. They are concerned only with 
first introductions. For example, once a common 
carp introduction has been made, say from Roma- 

nia to Argentina, that is it as far as the Codes arc 

concerned. The major species in  the Rio de la 
Plata is now Cyprinus cnrpio. New codes and pro- 

tocols need to consider repeated introductions and 
transfers. 

On the question of breadth of definition of GMOs, 
remember that it is the eflects that these might 
have once released or escaped, not the techniques 
by what they were produced, that is important. The 

nightmare of cold-tolerant tilapias greatly extending 
their range applics whether they were produced by 

selective breeding (which some would advise 
should not be regulated) or by splicing in a cold- 

resistance flounder gene. The ecological impacts 
could be similar. 

Toll: For plant transfers and introductions, there 

are established protocols similar to those developed 

by the INGA (p. 34) but there are also the same 
problems to be faced with respect to definitions 
and protocols for GMOs. It is interesting to hear 

that 'regular' breeding methods applied to fish 
might cause risks. 

Pullin: There are recent publications from the IJK 

on genetic modification of fish3 and from the USA 

'Department of Environment. 1994. Gcnctic modification 
of fish - a U K  perspective, Department of Environmcnt. 
London. 



for performance standard for the safe conduct of 

research on aquatic GMOs4. They have flowcharts 
for estimating likely impacts. The UK publication, 
like some other writings in this field, has the fla- 

vor that these techniques exist and that people are 

going to usc them: in other words, the 'train has 

left the station' and cannot be recalled. If this is 

so, then all concerned must strive for the highest 
standards of biosafety. However, in this context of 

this unstoppable trend, there is a tendency to frame 

definitions and to devise protocols, etc., that will 
not (or at least not appear to) restrain trade and 

the transfer of technology and its products; hence 
the current narrow definitions of GMOs that high- 

light this new technology. However, as Robin 

Welcornme has reminded us, genetic improvement 
methods other than gene transfer (For example, se- 

lective breeding) can still producc breeds different 

enough to have ecological impacts. 

Beardmore: I have to take issue with that. There 

is a rationalc to considcring GMOs to be only 

those produced by genetic engineering techniques. 
The rationale is that these techniques are still 

rather inexact. The ways by which genes are in- 
serted are still inexact, crude and imprecise. One 

frequently does not know where the gene is going 
In That leads to understandable caution about be- 

ing able to say what thc overall effects arc. You 

can say what the effects are only with respect to 
the product of the gene of interest - it increases 
growth rate or produccd sterility or whatever. The 
need for caution arises because the products of 
these procedures arc not the same as the products 
of conventional breeding. Regarding the hypotheti- 
cal example that Robin Welcomme gave, if you 
produce something that is cold-tolerant under the 

conditions of aquaculture, then there is every rea- 
son to suppose that this would be successful in a 

4US Department of Agriculture. 1995. Pcrformancc stan- 
dards for safely conducling rcscarcli wit11 genetically 
moditied fish and shclltish. Ot'fice of Agricultural Bio- 
technology, US Ucparlment of Agriculture, Washington, 
DC Ilocument 94-04 Part 1 - Introduction and support- 
ing flowcharts; Docunicnt 95-05 - I'lowcliarts and ac- 
companying workshccts. 

wide range of culture conditions. There is not, I 
believe, any reason to suppose that it would be 
successful in a wide range of natural conditions. 
You have selected for only one characteristic, not 
for the ability to survive in those particular sys- 

tems. 

Welcomme: My concern is not with the definition 
of terms per se but that we risk excluding from 

safeguards and protocols a whole range of modifi- 
cations to aquatic organisms becausc these are 
more 'naturally' produced. Moreover, the supposi- 
tion in all current Codes of Practice is that a spe- 

cies, once it crosses a national border, whether for 
aquaculture or other purposes, is inherently an in- 

IroducHon. There are tilapias living in natural hot 

springs in Alberta. Thcy may seek to expand bc- 
yond their very limited range. Saying that only 

genetically manipulated organisms qualify for these 
sorts of measures risks lelting through a whole 

mass of other organisms that can have impacts. 

Beardmore: I would agree with that 

Bartley: Regarding thc 'unstoppable' movement 
towards genetic manipulation For aquaculture. It 
would be good lo get some perspectives on this 
from the industry. A transgenic coho salmon, hav- 

ing the antifreeze protcin cold tolerance gene, was 
offered to Chilean salmon culturists and they de- 
clined to use it. They felt that they did not nccd 

and that there would be adverse public reaction to 
a transgenic. 

Beardmore: That is very understandable. My un- 
derstanding is that at present if you set up an 

aquaculture operation in Chile you can rccover all 
the investment costs, including interest, within 20 

months. This is very different liom the situation in 
other countries. 

Bartley: Codes of Practice should also covel- the 
movement of cryoprcscrvcd gamctcs. 

Harvey: At present, the ilscrs of cryoprcserved 
sperm are largely unaware of the Codes of Practice 

that we are discussing. Wc can hclp to rcmcdy this 
In tralnlng courses. 



SESSION IV 
DISCUSSIONS ON FISH GENETIC RESOURCES: NEEDS AND OPPORTUNITIES 

IN THE FACE OF RAPID CHANGE 

I Chairperson: Dr. Roger S.V. Pullin I 
Summary of Discussions 

1. Strategic research on fish genetic resources; how should ICLARM and others plan their ac- 
tivities? 

There are huge numbers of aquatic species and populations upon which research could be under- 
taken. However, organizations like ICLARM and its collaborators can work in depth on only a few of 
these. As indicators of what can be done for living aquatic resources management in general. ICLARM is 
not tied (as are some of the CGIAR's crop centers) to working on mandated species, but research on 

species like tilapias and carps can provide pointers to successful conservation and use scenarios for a 
wider range of aquatic species. This approach is very similar to that used in strategic forestry research. 

There are huge knowledge gaps on the genetic differences and similarities among different popula- 
tions of aquatic species. Strategic research is needed to characterize exploited and potentially exploitable 

populations for their management and sustainable use; including restoration of those in decline and re- 
introductions where extinctions have occurred. The data for this must be well structured and accessible in 

databases. Individual species can have large numbers of stocks or populations. Databases on these are still 
at a very early stage. FishBase has at present only about 100 records of stocks. It is hoped to extend this 
next year by including data on about 160 stocks from ICES records. FishBase also has data on about 116 

strains or breeds of farmed fish (mainly tilapias and some carps) but has no records on the genetic char- 
acteristics of any populations of fish species that are not fished or farmed. All that exist in FishBase for 
the genetic resources of non-exploited species, are records and comments on their geographical range. 

FishBase has, in total, genetic information on only about 230 species and lower taxa (populations and 
strains): a fair coverage of what has been published to date. It does provide, however, a structure to re- 

ceive more data as they are generated. 
Prioritization of which species and stocks/populations to study should reflect human needs and trends 

in fisheries and aquaculture development. There are two major trends: 1) towards intensification; i.e., 
towards increased control for increased production and 2) towards rehabilitation, conservation and rede- 

ployment of stocks. 
Regarding intensification, for freshwater fishes the focus remains on species like the carps and tila- 

pias. These are frequently used in preference to other native species, about which information is often 

scarce. For example, the trend has been to farm exotic carps in Africa rather than to evaluate African 
native cyprinids and exotic tilapias and carps in Latin America rather than native freshwater fishes. 

Stocking from hatcheries is another aspect of intensification that is very widespread and increasing. 
Its effectiveness and its genetic impacts are very imperfectly known. It is not known how to minimize the 
risks and to maximize the benefits from stock enhancement. Multispecies, wild stock, capture fisheries are 

another area in which almost nothing is known about genetic impacts, although there are substantial 
records of changes in catch composition by species. 

Regarding rehabilitation, this is an increasing trend especially in the temperate zone. Aquatic habitats 

are being restored in the hope that they will again support living aquatic resources, as they did before 
becoming degraded. However, the capacity of remaining fish populations to adapt to restorative changes 

is not known. For example, some cyprinid populations in Europe have adapted over the last two hundred 
years from a semi-migratory existence in floodplain rivers to a highly lentic existence in almost totally 



controlled systems. If these systems reverted to a floodplain situation, could such populations re-adapt? 

On the river Rhone, the common carp is now present in two forms: a 'wild' form that lives in flowing 
waters and a 'domesticated' form that lives in backwaters or slow-flowing waters. 

It was suggested that strategic research on fish genetic resources could be categorized and possibly 

prioritized as four main areas: 

1. research on highly valued and used species and their populations (for example, carps, salmon and 
tilapias) and on species and populations that are already known to be endangered. 

2, research on other economically important and potentially threatened species and populations, for 

example, sharks. 
3 .  research on what is known already about the attributes and status of other species. 

4. research on the unknown (or little known) remainder of aquatic biota and their habitats, following a 

precautionary approach. 

Clearly, although gaps remain, there are many groups working on the most important species (cat- 

egory 1) and some (for example, the shark group of the IUCN Species Survival Commission) working on 

category 2. At present, ICLARM is focusing its strategic genetic resources research on categories 1, 2 and 
3, largely through FishBase. However, projects and case studies for gathering prirnaty data and for testing 

ideas and approaches are also on the future agenda for ICLARM and its partners, especially for the 
NARS who will use the mcthods and tools developed by ICLARM and others. All of the above is 
viewed as strategic research. 

Researchers must recognize that there will not always be a direct relationship between the degree to 

which a species or population is threatened and the degree to which it is exploited. In Russia, some of 
the less exploited spccies of sturgeons have been afforded more protection than those species that are 
heavily exploited for caviar, the populations of which are almost entirely supported by hatcheries. More- 

over, fish of no economic importance, like the snail darter in the USA (Percina tnnasi) have been found 
to be threatened, usually because of threats to their habitats. Clearly, however, threats do occur from di- 

rect overexploitation of aquatic species. 
It was pointed out that the secondary data that can be gathered from museums, while valuable as 

time series biodiversity data, usually lack information on population genetics per se. Museum collections 

could be subjected to furthcr studies (for example, by DNA analysis) to gain population genetics data, but 
the sampling protocols by which thc specimens werc collected would have to bc known and be appropri- 
ate to calculating population gcnetics parameters. In population genetics, sampling protocols are very 
important. Some muscums do maintain details of these for their collections but, in gencral, keep few data 
on the delineation of aquatic populations rather than species. Therefore, most of the secondary data acces- 
sible to TCLARM and others is usually at the species level. This enables the ranges of spccies to be 

quantified, but not their stock or population structures. Moreover, although the taxonomy of finfish is 
Fairly well-known at the species level, this is not so for most aquatic invertebrates. 

It was also recognized that some of the most powcrful tools for further research on population genet- 
ics (i.e., comparative DNA analyses) arc not yet in wide usc in developing countries and the data from 

the groups that arc using these tools are scattered and published in many formats. It was also emphasized 
that DNA analysis, fur example fingerprinting, is expensive and should only he used whcn the end jus- 
tifies such means. For poor countries, with many pressing research needs and very limited resources, it 
may be, in the short-term, necessary to work with international institutions and agencies and to use inter- 
national funding for molecular genetics research, integrating this with affordable national research agen- 
das. Moreover, it is not always necessary to use expensive molecular genetics techniques to elucidate 

species or population diversity. A recent CU-fundcd study on salmon stocks showed that stock delineation 
can also be done by morc traditional descriptive methods. 



Drawing a parallel with forestry research, it was suggested that strategic research on aquatic genetic 

resources (and the databases containing the results of such research) should include baseline studies on 
diversity at the ecosystem level and time series studies of the degradation that may be occurring, Frag- 
mentation of habitats is an important aspect of degradation. The genetic impact of the continuous usc of 

Uisheries resources is also an important strategic research topic, with parallels in forestry research. 

Finally, strategic research on aquatic genetic resources must not neglect the human element in pur- 
suing biosafety and in the management of aquatic genetic resources for their equitable and sustainable 
use. Understanding and addressing the perspectives and interests of users, especially indigenous peoplcs 

and local communities, are of paramount importance. 

2. Training 

It was recognized that there are very great needs, in many developing countries, for training on 
aquatic genetic resources rcscarch methods and for raising public awareness on the importance of aquatic 
genctic resources. However, the resources to provide such training and to reach as many persons as pos- 
sible are scarce. Specific training courscs usually help only small numbcrs of trainees. This means that thc 
institutions involved in training in this area should explore multimedia technology and distance learning 
to reach more trainees. Even simple ideas, such as videotapes of lectures and laboratory methods, havc 
not yet been used much. Well-made videos can reach thousands of trainees. For example, the International 
Fisheries Gene Bank has produced videos on Cish genebanking in general and on the use and management 
of fish genetic resources by aboriginal groups. The key to getting the most impact out of such products 
is to secure the resources not only to make them but also to distribute thcm widely. Videos should also 
bc of the style and length appropriate for inclusion in the educational series that are broadcast by TV 
channels. Networks, such as the INGA, are useful mechanisms for distributing videos and other training 

mntcrials. CD-ROMs may become the preferred medium to videos. 
The production of training manuals was also seen as important. Thosc rcscarching on aquatic genetic 

resources, including ICLARM and its partners, could generate more material and methods for such manu- 

als. FA0 and ICLARM could be involved in their production and distribution. They could then be used 
for courses around thc world, in various languages. For example, ICLARM and GTZ have published in 
l996 a laboratory manual for characterization of tilapia species, principally by electrophoresis1, The Eu- 

ropean Union is also supporting, through ICLARM, a Cycar program of training on FishBase for over 50 
of the Lomt Convention countries, in Africa, the Caribbean and the Pacific (ACP). 

Maximizing the 'knock-on' effects of training courses has been discussed with respect to plant ge- 
netic resources and one solution has been to involve universities and to incorporate genetic resources 

topics into existing biological curricula. Another approach has been to dcvclop long distance training 
modules. These same approaches could be used for aquatic genetic resources. One complication is that 
the priorities for training are not always clear and vary with circumstances. For example, where in situ 

conservation and aquatic protected area are considered a priority, the Marine Protected Areas program of 

IUCN could be a partner. However, for much of this entire subject area, what to use as training material 

is still not yet clear: many questions still need research to providc answcrs. 
It was thought unlikely that FA0 and its partners could organize a series of formal training courses 

in this area, similar to thosc organized previously for fish stock assessment (with funding from DANIDA) 

and for environmental issues. FA0 is currently receiving more requests Ibr training through unilateral 

trust funds (for example, from Chile and Iran) rather than from groups of countries. 

'Falk, T.M., E.K. Abban, S. Oberst, W. Villwock, R.S.V. Pullin and L. Renwrantz. 1996. A biochemical laboratory 
manual for species characterization of some tilapiine fishes, ICLAKM Educ. Series No. 17, 93 p. 



The Technical Cooperation among Developing Countries (TCDC) mechanisms of F A 0  can support 
the recruitment of rcsource persons to give training for individual countries or for groups of countries. 
Again, the development of training materials, manuals, etc., is the key to making this cost-effective, rather 
than preparing a new course every time. This ICDC mechanism could be explorcd for the mcmber coun- 

tries of the INGA and others. Training packages and workshops could be developed on a regional basis; 
for cxample, a bilingual (French and English) package li)r Wcst Africa. 

Developed-country universities can assist with training provided that sufficient funding is provided. 
Their financial position does not allow them to subsidize such activities in developing countries. They can 

offkr training on-campus and in the developing regions. For example, h r  plant genetic rcsources. Bir- 

mingham University has a long history in training dcveloping-country nationals on its campus and aca- 
demic staff now travcl increasingly to givc courses in the developing regions. It is often more cost-efltc- 

live to give thc courses there. There are, however, at present far fewer resource persons available lo givc 
training on aquatic genetic resources than there are for plant genetic resources. Moreover, whcn training 
is given - for example in fish breeding - therc should bc some mechanisms t'or follow-up, such as a 
prqject, so that thc trainees are not just lcft entirely on their own after the course. Ultimately, training 
should Lead to the development of career professionals in the field or aquatic genetic resources, who can 
then sustain this area of work in  their rcspective countries. The SGRP has gcnetic resources training as 

one of its major themes in its strategic plan. 
Thc recent global publicity about the decline of fish stocks and the conflicts that have resulted have 

credited a climate favorable t'or increased cfforts to raisc public awareness about fish genetic resources, 

through popularization of issues in the mass media, especially television. This applies not only to large 

fisheries but also to environmental concerns, such as the effects of species introductions and transfers. For 
cxample, some anglers move live bait around without knowing thc consequenccs. Anglers recently movcd 
bait fish (Pseudornsboro) from thc Danube basin to Northern Italy whcrc this species is now sprcading 
rapidly. Thc CGIAR is expanding its public awareness activities and the SGRP could providc materials 

for this. 

3. Information 

The amount of  information gcncrated globally on aquatic genetic resources is expected to incrcasc 

rapidly, as the Convention on Biological Diversity becomes more fully impleniented. It was recognized 

that ICLARM has a unique position, as a new CGJAR center that has choscn from the outset to work 

extensively on biological and resource system databases, to be a focal point for information on aquatic 
genctic resources. This position depends upon multiplc partnerships and linkages with other institutions 
and individuals around the world. 

Accurate and standardized nomenclature is essential for databases. lCLARM, through FishBasc, is 
contributing to the Species 2000 prqiect, which is developing a global checklist for all named living or- 
ganisms: about I .7 million species. Reference CD-ROMs for the list will be made available so that coun- 
tries can use the same nomenclature for generating and checking their national databases. This standard- 
ized, international nornenclaturc is essential for making legislation and regulations for conscrvation and 
use. The names of organisms are frequently misspelled in lcgal documents. 

Databases require continuous maintenance and upgrading, because thc status of aquatic gcnetic re- 

sources changes with time. ThereCore, databases are a long-term commitment and require ongoing, lower 
level funding and numbers of staff after their initial phases of development. 

Clearly, there have to be somc criteria for including data on aquatic genetic resources in a database 

like FishBase. FishBase sets as one criterion that a given category of information should be available for 
at least 100 species. Moreover, there has to be a minimum set of properly referenced information per 



species. By topic, the information has to be 'key' information, i.e., relevant to the purposes of conserva- 
tion or use, or both. 

Information derived from indigenous knowledge on aquatic genetic resources should be included in 
databases. Such knowledge is particularly important for in situ conservation efforts. Indigenous peoples 
are among the most important guardians and users of fish genetic resources. 

Regarding museums and their holdings of information and specimens, it was recognized that for fish, 
many of these were gathered during the colonial periods for many of the developing countries. There is 
now a need to set up mechanisms for comparing these records and specimens with material that is avail- 
able from more recent and ongoing activities. There is in fact a need to invest more resources in collect- 
ing and studying aquatic genetic resources and comparing the results with collections of the past: in ef- 
fect, to generate biodiversity time series data. 

Institutions like ICLARM, that maintain databases, can help to stimulate this by soliciting such data 
and showing that it has added value when it can be compared and correlated with other data. The Con- 
vention on Biological Diversity may also help to revitalize national interests in assembling collections of 
aquatic organisms in national museums etc., but there is little evidence so far that this has happened. 
Taxonomy and systematics worldwide receive little support and museums are facing difficult financial 
situations. The development of and continued support for taxonomists, especially in the national programs 
of developing countries, are essential for the CBD to function effectively and for the success of conser- 
vation programs. 

4. Policy 

It was recognized that very little attention has yet been given to policy issues for aquatic genetic 
resources. The collection and study of aquatic genetic resources are proceeding largely in a policy 
vacuum. Moreover, the CBD and its various bodies, such as the SBSTTA, have so far considered only 
marine biodiversity and not freshwater genetic resources. 

It was agreed that there is an urgent need for an international conference towards policymaking for 
the conservation and sustainable use of aquatic genetic resources. Such a conference should be convened 
as soon as possible. Its results would assist FAO's new Commission on Genetic Resources for Food and 
Agriculture. Substantial reviews of existing policies and issues of concern would be necessary as informa- 
tion for this proposed international conference. 



SESSION V 
CONCLUSIONS AND RECOMMENDATIONS 

Chairperson: Dr. Robin L. Welcomme 

This final session commenced with a discussion on rights and access to genetic resources, comparing 

the situation for plant genetic resources to likely scenarios for fish genetic resources. After this discussion, 
the participants finalized the conclusions and recommendations of the meeting. 

1. Rights and Access to Genetic Resources 

Concerning access to genetic resources, the Convention on Biological Diversity is often interpreted 
as being framed largely for bilateral agreements. This is, however, being questioned regarding access to 
plant genetic resources. The CBD's text contains nothing that requires agreements over genetic resources 
to be bilateral. It rather requires the country of origin to be briefed and to give 'prior inlormed consent' 

on access. Moreover, there is nothing in the CBD that prevents countries entering into multilateral agree- 

ments. 
For aquatic genetic resources, as for plants, bilateral arrangements could be appropriate for resources 

that have a limited distribution and in which interest may also be limited. However, for species which are 
distributed broadly and in which there is wide interest, multilateral arrangements are likely to be more 

appropriate. Bilateral agreements could become very complex and cumbersome where material from dif- 
ferent countries of origin is combined in breeding programs, pedigree lines etc. Tilapias might become an 
example of this. Groups of countries that possess such resources could forge multilateral agreements for 
access and for sharing benefits. When the CBD was written, there was also a general assumption that 
benefits would normally be in the form of royalties, payable from the commercialization of genetic re- 
sources, especially from plants used by the pharmaceutical industry. That now seems unlikely, except in 

a minority of cases. The total profits of worldwide trade in plant seeds in 1993 were about US$700 mil- 
lion. Assuming that 10% of that came from materials received under the CBD (and estimate is not likely 
to be reached for scveral years) then there would be about US$70 milliodyear in profits to be shared. If 
10% of that were lo be distributed as royalties, this would provide only US$7 millionlyear to be shared 
among source countries. The administrative costs of estimating and distributing such benefits could well 

exceed this figure. For aquatic genetic resources, the figures would be very much smaller, except in very 
rare cases. Hence, the realization is spreading that the kind of 'windfall' profits that occur occasionally 
through commercialization of biological materials in the pharmaceutical industry are much rarer in the 
field of agrobiodiversity. For crop plants, there is a move towards multilateral sharing arrangements, with 

benefits other than cash benefits, e.g., access to other resources, especially information; transfer of tech- 
nology, training, and access to the products of breeding programs. The same might evolve for aquatic 
genetic resources. 

The CBD's text has little to say on intellectual property rights (IPRs). The World Trade Agreements1 
Trade Related Intellectual Property Rights (WTAITRIPS) that came into force in January 1996, require all 
member countries to enact patent legislation, but exclude plants and animals in general from this. It is 

assumed that this exclusion applies to aquatic plants and animals. However, lhis does not ptevent member 
countries from patenting plants and animals. It merely says that they are not obliged to do so. They are 
obliged to have patenting arrangements for cell lines. The position for genes is not clear, but it is possible 
that genes will be patentable internationally. Plant varieties, under the WTA/TRIPS agreements should be 

patented or protected by a sui generis system, in order to protect plant breeders' rights, These rights 
provide for royalties to the breeders of plant varieties for a given number of years; but anyone else can 
then take protected varieties and then breed for further characteristics using them as new parental lines. 



Plant varietal protection and patenting tend to be applied more extensively in horticulture and to fruits 
and vegetable rather than to agricultural crops. An analogy for aquatic genetic resources might be future 
attempts of ornamental fish breeders to protect new varieties, as opposed to fish breeders for the aquac- 
ulture of food fish. 

It is hard, however, to see any system comparable to plant varietal protection evolving rapidly for 
fish breeders. Plant breeders' rights arose largely from strong lobbying by private sector seed traders who 
wanted to protect their investments in breeding new varieties. The mechanisms for administering such a 
system are costly. A plant variety has to be proven to be distinct, uniform and stable in order to be pro- 
tected and there has to be a governmental system for registering varieties and documenting their release, 
etc. Fish breeding for aquaculture is currently a long way from this situation, but this position could 
change if there was heavy investment in improved fish breeds. Moreover, patents on fish genes, gene con- 
structs, organelles, etc. might be sought, as is likely for other organisms, especially in the USA. Patenting 
such resources, unlike breeders rights and varietal protection, would prevent others from using the pat- 
ented material in further breeding work. 

Attempts to patent genes from wild fish would create a very complicated situation. Suppose that a 
patented wild fish gene got into other fish populations against the wishes of their users, would they have 
a case for compensation against the patent holders? This wuld happen if patented transgenic fish escaped 
from farms and interbred with fish in open waters or on other farms. Given the relatively small number 
of fish breeders, compared to plant breeders, there is scope for developing mechanisms for equitable 
sharing of benefits and for avoiding some of the acrimony that has developed in the plant breeding world 
through rushing to patent products. 

A global network of interested scientists and fish breeders, willing to share technologies and infor- 
mation and to assist in disseminating these could avoid many of the difficulties that now beset the world 
of plant breeding. 

One immediate concern for the use of aquatic genetic resources in breeding programs is that some 
private sector interests, for example, commercial salmon farmers, are bioprospecting for breeding material 
from wild stocks that occur in aboriginal territories. The expectation of benefits from such activities tend 
to be unrealistic, from the points of view of some of the prospectors and from those who control access 
to the resources. Royalties and cash benefits would be difficult to administer in such circumstances and 
some other mechanisms for development assistance and sharing of ultimate benefits might be preferable. 

Despite the limited progress made in the domestication of aquatic species, some species like Nile 
tilapia have become popular farmed species in many countries beyond their natural range. 'This means that 
those who are now interested in starting breeding programs seek material from sources of domesticated 
strains and from wild populations. An example of the latter would be the various subspecies of Nile ti- 
lapia in Lake Baringo and in certain Ethiopian lakes. The value of such material in meeting different 
breeding objectives is, of course, unproven until the material is collected and tried. However, apart from 
the general provisions of the CBD on sovereignty over biodiversity within national boundaries, there are 
not as yet any mechanisms for governing access to and for sharing the benefits from such resources. 
Where such resources arc distributed naturally across national boundaries, countries could make regional 
or subregional agreements. Nevertheless, as breeding programs develop, the number of source countries 
contributing material to a particular breed could become large. For example, some modem rice cultivars 
have been bred with material that can be traced back to about 20 different countries. Estimating their 
percentage contributions to a breed (and this can only be done on a theoretical basis) and considering the 
time over which the various materials were developed and changed hands is a very complicated process. 
The CBD has no mechanisms to cope with such complexities. The solution for plant genetic resources, 
and ultimately for aquatic genetic resources, may be multilateral sharing arrangements, with clear benefits 
(often other than cash benefits, but not excluding cash benefits where these can be well estimated or 
effectively administered) to all concerned. This would no1 undermine the CBD. It would rather help the 



conservation and sustainable use of genetic resources on a practical basis. The INGA (see p. 18) is al- 
ready, to a small extent, an example of such multilateral sharing of information, technology, and occasion- 

ally of germplasm. 

2. Conclusions and Recommendations 

The conclusions and recommendations from the meeting were as follows: 

a. Research Needs 

It was recommended that research can be undertaken on the following priorities (not ranked here in 

any order of importance): 

i .  Characterization and Evaluation of Fish Genetic Resources (FiGR) 

Cost-effective methods for characterizing and evaluaring FiGR. 
Screening and choosing the best species for aquaculture. 
Determining the conservation status of fish populations (stocks) and species and the impli- 
cations of reduced genetic diversity. 

Determining the genetic distances among fish populations (stocks). 
Valuation of FiGR. 

Effects of reduced genetic diversity on the ability of farmed fish populations to respond to 

selectivc breeding. 

i i .  Conservation of Fish Genetic Resources, with Sustainable Use 

Policy aspects of the establishment and management of Aquatic Protected Areas (APAs). 
Site selection and design of APAs. 
Effectiveness of APAs in maintaining FiGR, with sustainable use. 
Fisheries management approaches, policies, tools and practices with respect to FiGR; espe- 
cially community-based management and comanagement and their social and economic con- 

sequences. 

Tools for the sustainable use of aqualic biodiversity. 

i i i .  Management and Genetic Impacts of Fisheries, Enhanced Fisheries and Aquaculture 

Genetic effects of fisheries and multispccies assemblages. 
Capacity of fish stocks modified by fisheries or by environmental degradation to respond to 

rehabilitation. 
Threats to and impacts on FiGR from fisheries (especially intensive fishing, e.g., trawling) 
at the ecosystem and species community levels. 
Genetic strategies for fish stock enhancement. 
Genetic impacts of stocked fish populations on fish stocks. 
Genetic impacts oC aquaculture, including those of farmed exotic species. 

iv. Intellectual Property Rights (IPR) and Related Policies for Fish Genetic Resources 
IPR policies for aquatic organisms. 

IPR boundaries, mechanisms and ownership (by nation, community, company, institution, 

individual) for FiGR. 
Germplasm Acquisition Agreements and Material Transfer Agreements ror FiGR. 



b. Training and Capacity Building on Fish Genetic Resources 
It was recognized that many NARS and other institutions need training and capacity build- 
ing for characterizing, evaluating, conserving and sustainably using FiGR. 
I t  was recommended that a Training Consortium be established to provide trainers, training 
materials and curriculum development for FiGR. 
The CGIAR's involvement in FiGR training could be on a regional basis, with courses 
hosted by those IARCs or other institutions (national, regional and international) that have 
appropriate facilities in each region. 

c. Information and Policy 
It was emphasized that ICLAKh4 should be the focal point for processing and maintaining 
information on FiGR and that gathering and disseminating such information should be 
through multiple linkages, especially with the NARS that are members of the ICLARM- 
coordinated International Network on Genetics in Aquaculture (INCA) and with NGOs. 
It was emphasized that public opinion is the key to effective conservation and sustainable 
use of FiGR worldwide. Hence, a systematic effort is needed to raise public awareness of 
the importance of FiGR. National decisionmakers need to apportion resources for this, in 
order to underpin their efforts to establish conservation areas and programs. 
It was recommended that an International Conference on FiGR be held; with the objectives 
of more fully defining and categorizing FiGR, assessing the value of FiGR, and especially 
for developing a policy framework for the effective management of FiGR. 

d. Institutional Relationships and Funding 
It was recommended that existing and future ex situ collections of FiGR cooperate as a net- 
work. The International Fisheries Gene Bank (IFGB) is interested in taking a major role in 
this. 
It was recommended that donor interest be sought to support the analysis and development 
of appropriate institutional arrangements (at national, regional and international levels; in- 
cluding intersectoral linkages and coordination) for conserving and using FiGR sustainably. 
It was recommended that interim mechanisms be developed for the collection and prescrva- 
tion of FiGR from threatened fish populations. 



APPENDIX I 
CONSULTATION ON FISH GENETIC RESOURCES - AGENDA 

A workshop convened by the International Center for Living Aquatic Resources Management 
(ICLARM) as part of the CGIAR System-wide Genetic Resources Programme (SGRP), 

and supported by the System-wide Initiative on Genetic Resources (SIGR) 

11-13 December 1995 

Session I Opening/Inttoductions/Purposes of the Consultation/Overviews of International 
Programs and Linkages 

Chairman: Dr. Geoffrey Hawtin, Director General (IPGRI) 
Rapporteur: Dr, Roger S.V. Pullin (ICLARM) 

Welcome and Introductions - Geoffrey Hawtin 
Purposes of the Consultation - Roger S. V Pullin 

Origin, structure, management and aims of the System-wide Genetic Resources 
Programme (SGRP) - Jane Toll 

The System-wide Information Network for Genetic Resources (SINGER) and Fish 
Genetic Rcsourcesl - Mark Perry 
Goals and Activities of FA0 in Relation to Fish Genetic Resources - 
Devin M. Bartley/Robin L. Welcomme 
IUCN and Fish Genetic Resources - Paul I-lolthus 
Coffee Brcak 
Animal Genetic Resources Activities at the International Livestock Research 
Institute: Commonalities and Differences with Fish Genetic Resources - 
Valentine Yapi-Gnaore 
Forestry, Fish and Crop Genetic Resources: Commonalities and Differences for 
Effective Conservation, Sustainable Management and Use - Toby Hodgkin and 

Ahdou-Salam Ouedraogo 
Regulatory Frameworks: A Summary of Issues - Eltzabeth Cromwell (written 

contribution; could not attend the meefingj 
Discussion on the morning's presentations 
L U N C H  

'FiGR = Fish Genetic Resources, defined here as all exploited or exploilable aquatic animals (principally finfish. crus- 
taceans. molluscs and other invertebrates). 
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December 12 

Session 111 

Session IV 

ICLARM's Activities and Linkages 

Chairman: Dr. John L. Munro (ICLARM) 
Rapporteur: Dr. Devin M. Bartley (FAO) 

ICLARM's Fish Genetic Resources Activities - Roger S.V Pullin 

Fish Genetic Resources Databases, present and future - Rainer Froese 
Fish Genetic Resources and the Coastal Aquaculture Centre - John L. Munro 
Fish Genetic Resources, the International Network on Genetics in Aquaculture 
(INGA) and Breeding Programs - Roger S.K Pullin 
Coffee Break 
An Example of a NARS (1AB)-AS1 (Z1M)-IARC (ICLARM) 
Partnership for Research, Training and Information - Eddie K. Abban and 

Wolfgang Villwock 
Discussion 

Special Topics 

Chairman: Dr. John A. Beardrnore (SIFR) 

Rapporteur: Dr. John L. Munro (ICLARM) 

Ex siru Genetic Conservation and Policy Development at the International 

Fisheries Gene Bank - Brian J. Harvey 
In siru Fish Genetic Resources conservation, approaches and issues - 
.lohn A. Beardrnore 

Coffee Brcak 
Biosafety and Fish Genetic Resources - Roger S.V Puffin and Devin M. Burrley 
Discussion 
L U N C H  

Future Fish Genetic Resources Activities: Nceds and Opportunities in the Face 
of Rapid Change 

Chairman: Dr. Roger S.V. Pullin (ICLARM) 
Rapporteurs: Dr. Rainer Froese, Ms. Christine Marie V. Casal (ICLARM) 

A round-table discussion on the following topics: 

I. Strategic research 
2. Training 

3. Information 
4. Policy 
5. Funding 



December 13 

Session V Conclusions and Recommendations 

Chairman: Dr. Robin L. Welcomme (FAO) 

Rapporteur: Dr. Roger S.V. Pullin (ICLARM) 

0800 - 1230 A concluding session to frame a set of agreed recommendations with respect to 
future FiGR strategic research, training and information activities and partner- 

ships. 
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WTNTRIPS - World Trade AgreernentdTrade Related intellectual Property Rights 

ZIM - Zoologisches Institut und Zoologisches Museum, Universitat Hamburg 



APPENDIX V 
ICLARM'S PLAN FOR A NEW BIODIVERSITY AND GENETIC RESOURCES 

PROGRAM COMMENCING IN 1996 

Title of Program: BIODIVERSITY AND GENETIC RESOURCES 

Objectives: 

Overall Objective: To contribute, through multiple partnerships, to the characterization, evaluation and 

conservation of aquatic biodiversity and genetic resources, for their use in providing food, employment 
and a healthy environment. The beneficiaries will be all who depend upon living aquatic resources; espe- 
cially the resource-poor fishers, farmers and consumers of aquatic produce in the developing regions. 

Specific Objectives: 
To generate, through strategic research partnerships, new knowledge, methods and tools for charac- 
terizing, evaluating and sustainably using aquatic biodiversily and genetic resources. 
To provide training courses and materials that will increase the capacity of those concerned with the 

conservation and use of aquatic biodiversity and genetic resources (researchers, developers, teachers, 

policymakers, and the private sector, including farmers and fishers) to manage these assets widely, 

for the needs of the present and future generations. 
To assemble, through global partnerships and networking, comprehensive databases on aquatic 
biodiversity and genetic resources; accessible to all who require such information for research, devel- 
opment, policymaking and education. 
To participate in international, regional, national and local fora in which research, training and infor- 

mation on aquatic biodiversity and genetic resources are discussed and advice is sought for their 
conservation and sustainable use. 

Shifts in E m m s  and Priorities 

1. Short-Term (1996-97) 
The Biodiversity and Genetic Resources Program (BGRP) commences in 1996 with the priority 
to consolidate ongoing biodiversity and genetic resources activities within the Center, so that 
these will achieve their full potential over this period and during the subsequent medium-term 
period (1998-2000) and will contribute to the development of a balanced program of strategic 
research, training, information and advisory services and consultations. This will involve inter- 
actions with all other programs of the Center, and with a wide range of international, regional 
and national partnerships. 
In 1996-97, the BGRP will continue its work on biological databases, expanding the coverage 
for finfish (FishBase) to include all extant species and exploring mechanisms and partnerships 
for assembling databases and disseminating information on the other major groups of exploited 
aquatic organisms: principally, the crustaceans and molluscs. All such databases will be rela- 

tional and will be globally accessible for researching correlation, trends and interrelationships 
among aquatic biota. Such databases are powerful tools for research, teaching and planning. 

The BGRP's interactions with ICLARM's other programs will include: 

Germplasm Enhancement and Breeding - receiving data from the Center's genebanking 
operations and integrating this with the Center's databases and others, including the 
CGTAR's System-wide Information Network on Genetic Resources (SINGER); preparing 



guidelines and standards for aquatic genebanks and assisting the development of network- 

ing for replication of and access to cryopreserved aquatic germplasm. 
Aquatic Environments - developing interactions among the Center's biological databascs 

[FishBase for thc finfish and the initiation of a shellfish (crustaceans and molluscs) data- 

base] and resource system databases (ReefBase); exploring methods for the characterization, 
evaluation and conservation of aquatic biodiversity and generic resourccs in the coastal 

zone; incorporating biodivcrsity and genetic rcsources activities into thc proposal for a 

System-wide Coastal Environments lyrogram. 
Policy Research and Impact Assessment - helping to formulate policy guidelines for aquatic 
biodiversity and genetic resources, by convening an international conference on fish genetic 
resources policy; assisting the mernbcrs of IC1,AR.M-coordinated networks [Asian Fisheries 

Social Science Research Nctwork (AFSSRN); International Network on Genetics in Aquac- 
ulturc (INGA), Network of Tropical Aquaculture Scientists (NTAS), Network of 'Tropical 
Fisheries Scientists (NTFS)] with biodiversity and genctic rcsources information and advice. 
Documentation, l'ublication and Information - providing information on aquatic 
biodiversity and gcnctic resources Center-wide; assembling publications, CD-ROMs and 

InterNet material on aquatic biodiversity and genetic resourccs. 
Pisherics Resource Assessment and Management - gathering information on the impacts of 

aquaculture and fishcries on biodiversity and genetic rcsources, and providing this to the 
Center's stafr and partners; planning for future activities on the characterization and evalu- 
ation of biodiversity and genetic resources in aquatic protected areas. 

Integrated Agriculture-Aquaculture Systems (IAAS) - exploring methods for the character- 
ization, evaluation and monitoring of biodiversity and genetic resources on farms, to 
strcngthcn this dimension of the RESTORE (Research Tools for Natural Resource Managc- 

rnent, Monitoring and Evaluation) sofiware and to research on sustainability indicators for 
integrated agriculture-aquaculture systems. 
Coastal Aquaculture and Stock Enhancement - planning thc incorporation of biodiversity 

and genetic resources research in coastal aquaculture and stock enhancement. 

Interactions with international and regional bodies and mechanisms will includc: 

F A 0  - contributing to the development of guidelines, codes of conduct and other instru- 
ments for the conservation and sustainable use of aquatic biodiversity and genetic re- 
sources, including the designation of ex-situ collections of aquatic germplasm. 

The International Convention on Biological Diversity (CBD) and its Subsidiary Rody on 
Scientific, 'Technical and Technological Advice (SBSTTA) and Clearing Housc Mechanism 

(CHM) - contributing information and advice on aquatic biodiversity and genetic resourccs 
to the CRD, SBSTTA and CHM and to related fora, such as the Glohal Biodiversity Forum 
(GBF). 

The World Conservation Union (IUCN) - contributing information and advice on aquatic 
biodivcrsity and genctic rcsources and implementing a global prqject on assessing threats to 
freshwater fishes. 
Species 2000 - providing information on all the world's finfishes and exploring how to do 

the same for other major groups of exploited aquatic organisms, as contributions to this 
global database effort. 

System-wide Programs of the CGIAR - participating in the Intercenter Working Group on 

Gcnetic Resources (TCWG-GR) of the System-wide Genetic Resources Programme (SGRI') 



leading its activities on databases for in situ conservation of genetic resources, and provid- 

ing advice on database establishment; helping to plan the System-wide Program on Coastal 
Environments; seeking assistance from other IARCs on building ICLARM's capacity in 
molecular genetics. 

Others - participation in international and regional network events to which the Center can 
contribute on biodiversity and genetic resources issues, e.g., The International Network on 
Genetics in Aquaculture (INCA), The Network of Aquaculture Centres in Asia-Pacific 

(NACA)., 

Medium-Term 1998-2000 

During this period, the BGRP's interactions within and heyond the Center will continue as 

outlined above for 1996-97. 
The 1996-97 BGRP activities outlined above [principally thc database on finfish (FishBase), 
genetic characterization research (West African tilapias), and assessment of threats to freshwatel- 
Fishes] will near completion of their original objectives and new opportunities will arise for 
research, database design and training at the gene, populations and ecosystem levels. These 
opportunities will add new dimensions to FishBase, incorporating comprehensive molecular 
genetics, population and ecological function data on the world's finfish. Databases on aquatic 

invertebrates will also begin to incorporate these new elements, as will related research, infor- 

mation and training. 
At the molecular genetics level, the BGRP will work towards both generating and acquiring 

data. However the generation of substantial primary data will require the establishment of a 

molecular genetics laboratory (at ICLARM's proposed new HQ) to which tissue and DNA 
samples can be sent for analysis, from outreach teams and collaborators. This will be a signifi- 
cant step, opening up new strategic research and training possibilities, including closer links 

with aquatic conservation breeding programs worldwide. 
At the population and ecosystem levels, the BGRP will work with the Center's ecological 
modellers and software developers and their partners to incorporatc biodiversity and genetic 
resources data and interrelationships, e.g., genetic erosion, gene flow, etc. This will bring con- 
sideration of biodiversity and genetic resources conservation and use into efforts such as eco- 
logical modeling software (e.g., ECOPATH), the use of GIs  Center-wide, and the planning of 
strategic research on the ecological function of aquatic biota. 

Beyond 2000, thc Ccnter, through the BGRP and its multiple partners can become one of the 
world's primary sources of reference and information on aquatic biodiversity and genetic re- 

sources, through on-line services, CD-ROMs, biodiversity and genetic resources software, field 
kits and other tools to build capacity i r ~  NARS and other institutions involved in biodiversity 
and genetic resources research and utilization. The Center will also be the focal point for advice 

on aquatic biodiversity and genetic resources to other IARCs within the CGIAR and for its 
System-wide programs, and to international, regional and national collaborators and clients. 



ICLARM ORGANIZATIONAL STATEMENT 

"For those who use ond depend on fish and aquatic life in the developing world" 

ICLARM's VISION 

Our Goal : To enhance the well-being of present and future generations of poor people in the 
developing world through production, management and conservation of living 
aquatic resources. 

Our Objectives : Through international research and related activities, and in partncrship with national 
research and other institutions. to: 

1. Improve the biological, socioeconomic and institutional management mechanisms for sustainable use 
of aquatic resource systems. 

2. Devise and improve production systems that will provide increasing yet sustainable yields. 
3 .  Help develop the capacity of national programs to ensure sustainable development of aquatic resources. 

The Functions of ICLARM are to: 

Conduct and catalyze multidisciplinary strategic rcsearch and policy analysis of an international public 
goods nature on all aspccts of aquatic resource management, conservation and use; 
Undertake research, training and information activitics in partnership with others in national organizations 
in the developing and developed world; 
Develop global knowledge bases for living aquatic resources; 
Undertake global reviews and assessments of thc status of aquatic resource and those who depend on 
them; 
Publish and disseminate widely research findings; 
Hold conferences, meetings and workshops to discuss current and future issues related to aquatic resources 
and to formulate advice for users and decisionmakers: 
Participate fully as a Center in the Consultative Group on International Agricultural Rescarch (CGIAR) 
and in appropriate international intergovernmental activities. 

The Guiding Principles for our Work Program are: 

Sustainability; - Equity; 
Gender role in development; 
Participation; 

* Systems approach; and 
Anticipatory research. 

Our Values: 

In our work, we are committcd to: 

Excellence in achievement; 
Relevance to our beneficiaries' needs; 
Partnerships; 
Centcrwide teamwork; 
Communication; 
Efficiency and flexibility in program delivery; - Continual growth in our knowledge and understanding. 
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Consultation on fish genetic resources. R.S.V. Phllin and
C.M.V. Casal, Editors. 1996. ICLARM Conf. Proc. 51, 61 p.

TITLES OF RELATED INTEREST

Tilapia genetic resources for aquaculture. R.S.Y. Pullin, Editor. 1988. .
ICLARMConf. Proc. 16, 108 p. ;

Genetic aspects of conservation and cultivation of giant clams.
P. Munro, Editor. 1993. ICLARM Conf. Proc. 39, 47 p.

A biochemical laboratory manual for species characterization of
some tilapiine fishes. T.M. Falk, E.K. Abban, S. Oberst, W. Villwock,
R.S.Y. Pullin and L. Renwrantz. 1996. ICLARM Educ. Ser. 17, 93 p.
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HOW TO ORDER

For book prices and more publication information, contact:

The Editor
ICLARM

MCPO Box ~631, 0718 Makati City, Philippines
Tel. nos. (63-2) 812-8641, 818-0466 ext. 110
Fax no. (63-2) 816-3183
E-mail: ICLARM@cgnet.com

Payment should be in US dollars by bankdraft or check (payable to
ICLARM) from a US-based bank. We also accept payment through the
American Express card. '

Visit our home page: http://www.cgiar.org/iclarm/


