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ABOUT THIS REPORT 

The GlFT Project is one of the longest multidisciplinary research and development program 
implemented by ICLARM and its partners. It began on March 1, 1988 and was successfully 
concluded on December 31, 1997. Condensing the ten years of cumulative experience gained 
in implementing the GlFT Project into a report of few pages is a task that we have set out to 
accomplish in this report. 

The focus of this report, as suggested by the principal donor of this initiative, the United Nations 
Development Programme (UNDP), has been on describing the major findings, 
recommendations and lessons learnt. This Part 1 of the final GlFT Project report is organized 
into three sections: (a) extended executive summary. The objective of this section is to provide 
a "stand-alonen account of the entire GlFT Project for readers wishing to gain a quick 
comprehensive insight into the wide variety of activities implemented by ICLARM and its 
partners; (b) assessment and brief description of project activities in relation to the stated 
immediate objectives of the Project. This section also includes a brief description of activities 
carried out through the DEGITA project. In anticipation of a wider range of target audience, we 
have, to the extent possible, kept the technical jargon to a minimum; and (c) recommendations 
and lessons leamt. Detailed technical descriptions and other relevant materials are included in a 
separate Part 2 of the report. Part 2 also contains references to all relevant literature on the 
subject. 

The GlFT project as a whole, like any pioneering projects, is a "story" of research successes 
and also setbacks. It has evolved continuously through rigorous peer review and by taking stock 
of experiences gained at the end of each year of implementation. All these experiences have 
been captured in annual progress reports, the tripartite reviews convened by the UNDP, and the 
External Review Panel reports submitted to the UNDP. 

To facilitate proper implementation of the complex range of activities nested within the stated 
objectives of the GlFT Project and in response to the challenges and opportunities presented by 
the donor community, ICLARM developed three major parallel projectsiinitiatives: (a) the 
Dissemination and Evaluation of Genetically Improved Tilapia Species in Asia (DEGITA) Project 
with principal focus on the dissemination of the improved Nile tilapia gennplasm and ex ante 
evaluation of impact on equity, environment and biodiversity; (b) the International Network on 
Genetics in Aquaculture (INGA) as a forum for the participating national institutions to exchange 
research methods, experiences and germplasm; and (c) the GlFT Foundation International Inc. 
as a mechanism for continuing the selective breeding research initiated by the GIFT Project. 
Consequently, a comprehensive insight into the complete story of the GlFT project can only be 
gained by reading this report in conjunction with the following reports available on request from 
ICLARM: 

The DEGITA Final Report (an extended summary of the report is included as an attachment 
to Part 1 of the GlFT Final Report) 

The INGA Reports including the breeding plans prepared for Indonesia (Nile tilapia, milkfish 
and carps) and Vietnam (Nile tilapia, carps and silver barb); and the new research initiative 
on "Genetic Improvement of Carps in Asian. 



The GlFT Project Database: Data Dictionary and Documentation. 

The GlFT Manual of Procedures - developed according to the UNDP Train-X methodology 
for training purposes. 

The annual Tripartite Review Reports and the annual External Review Panel Reports 

Agreements between ICLARM and its partners for successful termination of the GlFT 
Project and establishment of the GlFT Foundation lnternational Inc. 

Recommendations of the Meeting on "International Concerns in the Use of Aquatic 
Germplasm" (June 1992) -- this document laid the foundation for establishing the GlFT 
Phase II, DEGITA and INGA projects. 

At the time of compilation of this report, a number of scientific papers for primary literature were 
in various stages of preparation. 

Ambekar E. Eknath 
Belen 0. Acosta 



Meryl J. Williams 
Director General 

ICLARM 

This report describes the conduct of a unique 10-year research and capacity building 
partnership. The context within which the GlFT project was conducted is also a unique period in 
the history of development, food production and aquaculture. 

Feeding the world with affordable, nutritious food, produced in farm systems which respect the 
environment and biodiversity is one of the central aims of today's development. Many are 
familiar with the achievements of the 'Green Revdution' in cereals production and the large 
gains in production of livestock. These developments have helped to lower the prices of grains 
and animal meat and other products almost continuously over the last several decades. Billions 
of lives have been saved as a result and the nutrition of many more improved. World 
populations continue to grow, especially in developing countries, and thus improved production 
and production in crops and livestock is still being sought through genetic 
improvements, even as controversial genetic engineering and other biotechnologies are applied 
to help. The diversity within the germplasm of crop and animal species is being painstakingly 
documented, characterised and tested for its future use. Some efforts, but not sufficient, are 
being made to conserve the remaining natural diversity on earth. With a few exceptions among 
temperate species, genetic improvements in fish and other aquatic resources have lagged far 
behind those of terrestrial food species. So too have the Worts to characterize, document and 
use aquatic biodiversity. 

In 1988, when ICLARM and its main partners (the Philippine Bureau of Fisheries and Aquatic 
Resources, the Central Luzon State University, and the Norwegian Aquaculture Research 
Institute AKVAFORSK) embarked on a project, supported by the United Nations Development 
Program and the Asian Development Bank, to test whether genetic improvement was also 
possible for a tropical aquaculture species, the Nile tilapia, the parties little imagined that the 
pressure to increase fish production would escalate so fast during the nearly 10 year course of 
the project. In this period, a crisis in world fisheries production was recognized as many natural 
fish stocks became fully and over-exploited. This led to increasing scarcity of supply and prices 
rose for many aquatic commodities. Indeed, the subject of the GIFT project, the Nile tilapia, 
Oreochmmis niloticus changed from being a low value commodity of little more than local 
domestic interest in many parts of the world to being an internationally traded commodity of 
great commercial interest. Due to the biology and culture characteristics of Nile tilapia, however, 
it still remains a fish which small farmers can grow suc~essfully and which many poor 
consumers can still obtain. 

Against this world backdrop, the GIFT project partnerships developed. From the start and over 
the decade, scientific opinions differed over the approaches being taken. Each of the debates 
helped focus and improve the science and the technical procedures, from the genetic studies to 
the questions of fish introductions. Real environmental concerns over the development of 
improved breeds and their impact on the environment led the project partners to examine this 
question and led ICLARM to develop a policy position on fish introductions. To this day, we 
have not permitted the repatriation of the GlFT fish to Africa where interactions with natural 
populations of Nile tilapia could ultimately impact existing biodiversity. Concerns over possible 
disease introductions through fish transfers led to the development of stringent quarantine 
arrangements which are still constantly under review. 
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It is our hope that the results of the GlFT project will live on in its legacies, namely: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

None of 

the demonstration that tropical aquaculture species respond well to selective 
breeding; 

the existence of a new strain of Nile tilapia suitable for many different farming 
environments; 

proof that biological diversity does matter in fish farming and fish selection; 

a small research collection of tilapia germplasm; 

many trained project partners and staff; 

an International Network for Genetics in Aquaculture which begins to bring fish 
genetics research and development more into the mainstream of aquaculture 
research and development; 

a pilot fish multiplication and dissemination institution - the GlFT Foundation 
International tnc.: 

contributions to science; 

contributions to understanding the different impacts of new fish strains on different 
socioeconomic groups in five Asian countries; and 

follow-on studies on the genetic improvement of carps. 

this would have been possible without the unique GlFT partnership among 
researchers, government, development assistance agencies, farmers and hatchery owners. 



MESSAGE 

Trygve Gjedrem 
Professor 

AKVAFORSK, Norway 

It is widely accepted that capture fisheries have reached their maximum potential of around 100 
million tons per year. The increased requirement for aquatic protein in the future must therefore 
be supplied by aquaculture. It is estimated that to keep pace with the demands of the rapidly 
growing human population, aquaculture production will have to expand at a faster rate in the 
future as it has done during the successful period 1984-1996. By 2025 fish production from 
aquaculture will have to increase by 5% per year to meet the projected demand. 

Aquaculture is similar in most respects to animal production on terrestrial farms. However, so 
far aquaculture has not adequately utilized selection techniques in breeding to increase 
productivity and improve product quality. It is well documented that systematic selection over a 
long period has greatly increased the production of farm animals and cultivated plants and also 
improved the utilization of nutrients and other resources. Today, it is impossible to imagine 
terrestrial farm animal production based on wild, unimproved stocks. Yet, the aquaculture 
industry continues to do exactly that. Even if the productivity of aquaculture operations can be 
increased substantially by better management and improved feeding practices, the future 
demand for fish cannot be met with these improvements alone. 

The reasons why aquaculture has not focused on improving the breeds of farmed fish are 
diverse and, to some extent, due to less knowledge of reproduction of aquatic organisms 
compared to terrestrial animals. Twenty to thirty years ago it was believed that the prospects of 
genetic improvement in fish and shellfish were not as good as for farm animals and plants, 
since selection experiments with common carp in Israel and with tilapia in Israel, USA and 
Taiwan had not shown successful results. 

Selection experiments with Atlantic salmon and rainbow trout were started in early 1970s in 
Norway to study the prospects of genetic improvement in fish. These extensive experiinents 
showed a large genetic variation for all economic traits studied, with the response to selection 
for growth rate at 10 to 15 % per generation. Similar results were later shown in selection 
experiments with who salmon and channel catfish in USA. However, the less promising results 
from the experiments with common carp and tilapia seemed to support the view that selection 
did not work in farmed tropical fish. 

Given the imperative to develop a more efficient and productive aquaculture, it was necessary 
to investigate and document what could be accomplished through selection in tropical 
aquaculture species. In 1985, ICLARM contacted AKVAFORSK, the research institute in charge 
of the Norwegian salmonid breeding programs, to support a selection experiment with Nile 
tilapia. The two institutions worked out a research plan. UNDP recognized the strategic 
importance of the proposal and gave financial support, together with ADB, for three years. The 
GlFT project (Genetic Improvement of Farmed Tilapias) was started in 1988 at Mutioz, 
Philippines in co-operation with the Bureau of Fisheries and Aquatic Resources (BFAR) and the 
Freshwater Aquaculture Center of the Central Luzon State University (FACICLSU). The project 
was extended several times and was terminated in 1997 after 10 years of research. It is the 
most extensive fish breeding project ever carried out. 

The GlFT project has provided valuable information which could lead to a revolution in tropical 
aquaculture production if applied to commercial operations. Substantial genetic variation was 
found for all economic traits studied and the response to selection for growth rate was, on 
average, 12-17 % per generation. Growth rate was doubled during the first 6 generations of 



selection. These results are supported by more recent studies in which substantial response to 
selection has been reported for other tropical species, such as in rohu carp and shrimp, 
Penaeus vannamei. 

From the early stages of the GlFT project, collaboration arrangements were established with 
tilapia farmers in the Philippines to carry out comparison tests between the tilapia strains 
traditionally used by the farmers and the improved GIFT tilapia. The superiority of the improved 
fish was confirmed under commercial conditions, and generated a demand in the industry for 
GlFT fingerlings. 

The GlFT project has also led to the acceptance by scientists working with tropical aquaculture 
that systematic selection and domestication has great potential for increase productivity and 
improving efficiency. In 1993, UNDP supported an initiative from the GlFT project to form the 
International Network on Genetics in Aquaculture (INGA) to strengthen partnerships to advance 
the science of fish genetics and development of national fish breeding programs. At present, 
INGA has 13 member countries representing the bulk of the present tropical aquaculture 
production and a wide range of important farmed species and farming systems. In order to 
realize the opportunities Mered by systematic selection and domestication, breeding programs 
should be started in many countries for every important farmed species. 

With the assistance of INGA, GlFT tilapia has been distributed to and thoroughly tested in 
several Asian countries through the ADB funded project "Dissemination and Evaluation of 
Genetically Improved Farmed Tilapias (DEGITA)." Breeding plans have been designed both for 
tilapia and for other species. However, many INGA member countries, lack the funding to 
develop their own breeding program. Since the majority of aquaculture production takes place in 
developing countries, foreign aid could be used to help establish such breeding programs. 

Alternatively, breeding programs could be established by farmer's co-operatives or private 
investors assisted by experts in quantitative genetics, as has been done for many farm animal 
species. However, the termination of the GlFT project has once again proved that the 
commercialization of breeding programs in aquaculture is a rather difficult exercise. Time and 
patience are required to establish and to run an economically viable breeding program. 
Necessary testing facilities need to be developed, programs for processing field data and 
estimation of breeding values must be generated and a marketing organization has to be built. 
The Norwegian salmonid breeding programs were operated through the first 14 years by a 
research institute (AKVAFORSK), partly based on research funding, and then for another 8 
years in collaboration with national fish farmer's organizations, before it was completely 
commercialized in 1992. The GlFT project legacy is facing the challenge to establish a 
sustainable commercial base, after 10 years of existence during which it enjoyed the solid 
support from UNDP and the project partners. 

To conclude, the GlFT project has proved the great potential of selection and domestication of 
farmed tropical fish in the efforts to face the future requirements of rapid increases in 
aquaculture production. The project has also encouraged scientists in several major tropical 
aquaculture countries to focus on the development of selection programs for farmed fish. The 
challenge will be to secure financial support for this and to create mechanisms for successful 
commercialization of research based selection projects. 
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MESSAGE 

Graham A. E. Gall 
Chairperson, Expert Advisory Panel to the GlFT Project 

University of California, Davis 

The GlFT project was the first successful Mort to demonstrate for Asia, the appropriateness of 
traditional animal breeding technology for the breed improvement of fish populations. The 
project provided leadership in extending this knowledge to many countries now committed to 
genetic improvement of tilapia. The potential result will be a profound impact on the volume and 
efficiency in the production of a primary source of protein. I had the pleasure of serving as the 
chair of an expert advisory panel charged with advising the United Nations Development 
Programme, the sponsor of the project. The vast volume of research results of the project are 
beginning to appear in the scientific literature. These papers, along with the reports prepared by 
the project, will allow anyone with an interest in the breed improvement of tropical fish full 
access to the protocols, successes, and failures experienced by the research team. However, 
for this old scientist, the greatest reward was observing, and being able to make a small 
contribution to, the enormous energy and commitment exhibited by a group of young scientists 
pushing the project to completion. It was the effort of this group of individuals, who worked 
endlessly day after day, that made the GlFT project more than a scientific and technological 
success. It was a demonstration to all agencies and groups funding development projects that 
success comes about, not by the imposition of ideas from without, but by encouraging and 
supporting young minds at the local level. The young scientists associated with the GlFT project 
were committed to making a difference, regardless of how small, and to sharing their 
experiences with anyone interested in listening. 

One highly innovative and productive approach used by the research team was to actively 
involve tilapia farmers in the Philippines to carry out comparison tests between the tilapia strains 
traditionally used by the farmers and the improved GlFT tilapia. Not only did the effort establish 
the superiority of the genetically modified fish, it, more importantly, demonstrated to the local 
farmers that genetic improvement would enhance their productivity and success. This 
experience then was easily transmitted to officials and farmers in other countries. The outcome 
was an overwhelming respect for breed improvement programs, an appreciation of the effort of 
the research team, and a realization that genetic improvement program results in direct benefits 
to the fish farmers. 

The project also showed clearly that just the mere presence of a group of scientific experts to 
provide assistance to local "workersn does not guarantee success. Rather, a lot is required from 
both parties. There must be a high level of respect on the part of both the experts and the local 
scientists. There must be a commitment on the part of the experts to let the local scientist grow 
and mature. And finally, there must be continuous, if often intense, discussions every step of the 
way. The Norwegian group of experts from AKVAFORSK exemplified this caring and sharing 
attitude, even if there were difficulties at times. I like to feel also that the Expert Advisory Panel 
system chosen by UNDP made a significant contribution. The panel appeared to function as an 
effective intermediary, in addition to its expected scientific role, so communications among the 
many parties involved in the project was interpreted, translated, and circumscribed for all 
involved. UNDP must be complemented for this outward looking attitude. 

The GlFT project was a scientific success. It has demonstrated the great potential of selection 
and domestication of farmed tropical fish. It provided stimuli for young scientist to follow their 
beliefs and ambitions. It provided leadership that will be invaluable to other young scientists 
facing the challenges and demands for increased aquacultural production. The development of 
selection programs for farmed fish by a wider array of young scientists in many developing 
countries is the challenge for the future. 

vii 



A TRIBUTE TO KEY CONTRIBUTORS 

Ambekar E. Eknath 
ICLARM Senior Scientist and GlFT Project Leader 

(March 1, 1988 to December, 31, 1997) 

Over 500 individuals from different walks of life - international donor representatives, politicians, 
planners, NGO representatives, scientists, farmers and consumers --- have contributed to the 
development and implementation of the GlFT Project and the associated initiatives. It has been 
a great decade-long learning experience. 

At the very outset, I wish to express my sincere appreciation and gratitude to my colleagues in 
the GlFT Project who have been largely responsible for the evolution of the GlFT Project 
concepts and also for my personal development. As a team, we have braved many challenges, 
including some natural calamities (earthquakes, typhoons, and Mount Pinatubo eruption). I also, 
in behalf of the entire GlFT Project core staff, wish to record our appreciation to the Executive 
Management of the collaborating institutions and the management of UNDPIDGIP and UNOPS 
for their support throughout the execution of this project. 

The commitment of our partners in the Philippine national institutions (BFAR and CLSU) to the 
objectives of the GlFT project has been extraordinary, a fact that finds a pride of place in all 
annual External Advisory Panel review reports. I can confidently say that the complex range of 
project activities could not have been implemented anywhere else in the world! The value of in- 
kind contribution (staff time, facilities, feeds and fertilizers, and other major operating expenses) 
of BFAR and CLSU probably matches the total cash contribution of UNDP. They have remained 
goodwill ambassadors of the project in all national and regional level meetings. They have 
enthusiastically shared the products of GlFT research (germplasm and results) with all Asian 
countries. 

My intention here is to single out for special mention a few individuals, outside of the core 
GlFT Team, who, in my view have played a significant role in the evolution of the GlFT concept 
and for their unfailing support in implementing this complex project. 

Preparation of research project proposals and putting together a team of scientists is a task that 
do not just happen overnight. All the necessary background work, spanning nearly a decade, 
from 1978 to 1988, that eventually led to the development of the first successful proposal to the 
Asian Development Bank, was done almost single-handedly by Dr. Roger S. V. Pullin of 
ICLARM. The initial research plans including the guiding principles of collaboration among the 
partner institutions were laid down as early as 1987 by Roger Pullin and Prof. Trygve Gjedrem 
of AKVAFORSK. Trygve Gjedrem has been a source of inspiration for the entire team 
throughout the GlFT project period. 

As the GlFT Project started to metamorphose from a relatively small research project during the 
Phase I into a major research, training and national capacity strengthening initiative during 
1993-1994, the Project Staff were confronted with substantial changes in the management 
structure at ICLARM, and also in other collaborating institutions. The arrival of Meryl J. Williams 
as the new Director General of ICLARM paved the way for strategic changes in the operations 
of the GlFT Project and in redefinition of collaborative linkages among partners on a 
professional footing. The structure of annual reporting of progress and preparation of workplan 
and budget for UNDP and EAP reviews were substantially improved through her personal 
intervention. Dr. Williams also paved the way for rapid development of new initiatives for 
ICLARM, namely, the DEGITA, the INGA, the GICA, and the GlFT Foundation International Inc. 
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Dr. Williams will always be remembered by the GlFT core staff for her personal touch in all her 
communications and her sincere concern for their welfare. 

At UNDP, Dr. Alva App has been involved with the GlFT Project ever since its formative days 
and was largely responsible for securing UNDP funds for the first phase. The collective wisdom 
of Dr. Alva App, Dr. Nyle Brady, Mr. Philip Reynolds, and Dr. Timothy Rothemel, was 
instrumental in establishing the INGA. These gentlemen will be remembered for their defense 
during annual UNDP budget hearings against any budget cuts for the GlFT Project. Much of the 
debate against the research strategies followed in the GlFT Project, especially, during the initial 
GlFT Phase I, were cleared by UNDP through organization of independent external reviews. All 
GlFT staff owe a sense of deep gratitude to Phil Reynolds for organizing these reviews, for 
instituting a permanent "External Advisory Panel" to review the annual GlFT Project workplans, 
and for his moral support throughout. 

The most difficult role of conducting annual review of project activities and providing clear 
directions to the project was shouldered by the External Advisory Panel consisting of Prof. 
Graham A. E. Gall (University of California, Davis), Dr. Brian Davy (SIFR I IDRC, Canada) and 
Dr. Bernard Chevassus (INRA, France) and Dr. Vo Tong Xuan (University of Cantho, Vietnam). 
They have, in addition, played the critical role of facilitating relationships among collaborating 
partners and individuals; and also in advising on research strategies, directions, and priorities. 
The wide spectrum of activities of the GlFT Project would not have been implemented without 
the technical support and directions provided by the Panel. 

The various independent initiatives developed under the auspices of the GlFT Project needed 
experienced pro-active people to lead them. I record here my sincere appreciation and gratitude 
to: Dr. Madan Dey for his leadership and direction to the highly successful DEGITA Project; to 
Dr. D. V. Seshu for initiating the INGA Network, based on his 20 years of experience in leading 
the highly acclaimed INGER Network at IRRI; to Dr. M. V. Gupta for developing sound 
strategies and research proposals to continue the INGA; to Mr. Basilio M. Rodriguez Jr. for 
assuming the role of Executive Director of the GlFT Foundation International Inc. and for 
developing business strategies and research priorities; and to Dr. Rex Dunham for taking the 
responsibility of leading the GlCA Project and for his able leadership to the ICLARM GEB 
Program. 

Finally, with some notable exceptions to the rule mentioned above, I must express my gratitude 
to Dr. Hans Bernard Bentsen of AKVAFORSK, for being there at all times. Hansi has been a 
great sparring partner, a friend, and a guide throughout my tenure as Project Leader of GIFT. I 
am also grateful to Dr. Morten Rye of AKVAFORSK for his dedication and assistance in 
organizing the entire GlFT database and for initiating the data analysis in preparation for the 
major scientific publications to follow. 

I sincerely appreciate the efforts of Dr. Rex Dunham for securing and maintaining the data sets 
and for carrying out data analysis from several strategic experiments. Dr. Dunham and Dr. 
Gupta have edited the initial drafts of this report. 

Of course, like any leader should, I assume the responsibility for opportunities missed and for 
any strategic errors that may have occurred. 
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The Genetic Improvement of Famed Tilapias (GIFT) Project: 
is a collaborative research project implemented by ICLARM in cooperation with NFFTRCIBFAR, 
FACICLSU, UPIMSI and AKVAFORSK. It was executed in two phases: Phase I from March 1988 
to July 1992; and Phase II from January 1993 to December 1997. It was based in the Philippines 
with outreach to 8 Asian countries. 

GIFT Phase I was co-financed by the Asian Development Bank through a Regional Technical 
Assistance Grant to ICLARM (ADB RETA No. 5279) and the Division for Global and Interregional 
Programmes of the United Nations Development Programme (UNDP Project Nos. INTI991019 
and INTI91 100511 101 142). 

GlFT Phase II represents the evolution of the GlFT project from a relatively small research 
project during Phase 1 into a major strategic research, training, and national capacity 
strengthening initiative in germplasm enhancement and Breeding. It was financed by the 
UNDPIDGIP (Project No. GL0/90/016), ICLARM core budget, and participating national 
institutions. 

Although executed in two phases, the GlFT Project as a whole represents one major ICLARM 
program with three major themes: (a) evaluation of Nile tilapia genetic resources and their 
utilization in national breeding programs; (b) dissemination and monitoring of the adoption of 
improved Nile tilapia breeds with regard to their potential impacts on equity, the environment, and 
biodiversity; and (c) human resources development and establishment of a forum for national 
institutions to exchange methods and genetic materials. 

Dissemination and impact assessments was carried out through a separate parallel initiative 
known as the DEGITA Project. The lnternational Network on Genetics in Aquaculture (INGA, see 
below), established in 1993, focuses on providing assistance to National institutions in developing 
breeding plans and in exchange of genetic materials. The GlFT Foundation lnternational Inc. was 
established almost towards the end of the Project to continue the selective breeding research 
initiated by the GlFT Project in partnership with institutional partners of the GlFT Project and the 
private sector in the Philippines. All 18 GlFT Project core staff members are employed by the 
GlFT Foundation. 

The Dissemination and Evaluation of Genetically Improved Tilapias in Asia (DEGITA) 
Project: was developed by ICLARM to: (a) disseminate the improved germplasm, the "GIFT 
Strain", developed by the GlFT Project to countries in the region requesting for it. Dissemination 
has followed rigorous quarantine procedures in consonance with the lnternational Codes of 
Practices in Fish Transfers; (b) assess ex ante the impacts of improved genetic material on social 
equity, environment and the biodiversity. 

The DEGITA project was implemented by ICLARM from June 1994 to June 1997 in cooperation 
with national institutions in Bangladesh, People's Republic of China, the Philippines, Thailand and 
Vietnam. It was funded by the Asian Development Bank (RETA grant No. 5588), ICLARM Core 
funds, and the participating national institutions. 

The lnternational Network on Genetics in Aquaculture (INGA): was established in July 1993 
as a forum for exchange of knowledge, research methods, and where applicable, genetic 
materials among participating countries. The present focal species are tilapias and carps. 
Thirteen countries in Asia and Africa are collaborating in research and exchange of genetic 
materials: Bangladesh, Peoples Republic of China, Cote d'lvoire, Egypt, Fiji, Ghana, India, 
Indonesia, Malawi, Malaysia, the Philippines, Thailand, and Vietnam. ICLARM is the member- 
coordinator. INGA was established with funds from UNDP. It is now operating mainly through 
funds from ICLARM Core and supplementary grants from the Canadian IDRC and the Norwegian 
Ministry of Foreign Affairs. 
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The GlFT Foundation International Inc.: was established in 1997 by the institutional partners 9f 
the GlFT project as an independent non-stock non-profit organization to undertake the 
commercialization of the GlFT strain developed by the GlFT project through partnerships with the 
private sector. Commercialization of the GlFT strain was chosen as a strategy to generate the 
funding required to continue the selective breeding and research on the genetic materials 
assembled by the GIFT project and to sustain the "GIFT legacy" comprising the highly trained and 
dedicated GlFT project core staff members (18) in the Philippines, the improved GlFT strain, the 
gene banks, and the data base meticulously gathered over the past 10 years. 

The GIFT Foundation at present distributes the GlFT strain using a network of private hatcheries 
that become members of the Foundation through a formal licensing agreement with the 
Foundation. This formal agreement includes provisions obligating the participating hatcheries to 
make regular research and development contributions to the Foundation in exchange for the 
privilege of using the Foundation breeders and the Foundation trade name and trademark. The 
Foundation became operational in January 1998 and operates its breeding and production 
facilities in the former GlFT Project site now called the "Center for Applied Fish Breeding and 
Genetics", built with funds from the UNDP, located in the campus of the CLSU. The GlFT Project 
partners have formally agreed to aHow the Foundation rent-free use of these facilities for the first 
five years of its operations. 

The Genetic Improvement of Carp Species in Asia (GICA) Project: was developed by 
ICLARM following the successful implementation of the GIFT and the DEGITA Projects and in 
response to the request from the carp producing countries in Asia to initiate a GIFT-type strategic 
research and training program on Asian Carps. The project became operational in June 1997 and 
is being implemented by ICLARM in cooperation with national institutions in Bangladesh, 
People's Republic of China, India, Indonesia, Thailand and Vietnam. During its present Phase I 
(June 1997 to May 2000), the focus is on: (a) assessing the current status of carp genetic 
resources in Asia, including their systematic documentation and evaluation; (b) establishing 
strategic research partnerships and networking arrangements; (c) development of criteria for 
prioritizing research areas, species, farming systems and breeding strategies. The GICA Project 
is funded by the ADB RETA No. 571 1, ICLARM Core funds, and participating national institutions. 
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t EXECUTIVE SUMMARY 

Challenges and Development Context 

The GlFT Project was established to address three challenges. First: Could the application of 
basic principles of genetics and applied breeding technology, as practiced for centuries in plant 
and animal production, to the emerging aquaculture industry result in enhanced production 
efficiency? This challenge was highly relevant within the context of: (i) stagnating fish production 
from capture fisheries (direct harvests from marine and inland waters) and aquaculture (farming 
of aquatic animals and plants) is increasingly seen as a panacea for the looming gap between the 
demand for and supply of food fish; (ii) glaring lack of conscious application of genetics to tropical 
aquaculture, even though the tradition of fish farming dates back hundreds of years. 
Consequently, the fish stocks used in aquaculture are generally similar to wild undomesticated 
stocks and in some situations there is strong evidence for genetic deterioration. In fact, before the 
GlFT Project, it had been widely assumed that genetic intervention will require extensive 
resources and, therefore, should be considered as an option for the future. 

The second challenge pertains to the dissemination of improved fish breeds, once they are 
developed. It was understood right from the beginning of the program that genetic improvement 
and development of improved breeds was only half of the story. The other crucial aspect is their 
dissemination to reach the targeted beneficiaries effectively, including monitoring of the impact 
and adoption of improved breeds. Management of and access to germplasm are also becoming 
increasingly important issues, under the new Convention on Biological Diversity, which went into 
force in 1993. It was critically important for a nascent scientific discipline of applied fish breeding 
that it consciously and responsibly derive guiding principles from the complexities unique to 
aquaculture in a developing country context and also from the social lessons learned from the 
green revolution in crop production. 

Ways and means of catalyzing the development of applied fish breeding programs in countries 
that needed them most was the third challenge addressed by the GlFT Project. Relevant issues 
in this context included, objective assessment of needs and opportunities for developing applied 
fish breeding programs in each participating country; prioritization of species and farming 
systems; and development of the most viable mechanisms for international cooperation and 
provision of fora for exchange of research methods and where necessary, genetic materials. 
ICLARM had already declared its intention to adopt and apply internationally accepted codes of 
practices for responsible transfer of germplasm in relation to the GlFT Project. 

The GlFT Project was implemented by ICLARM in cooperation with the National Freshwater 
Fisheries Technology Research Center of the Bureau of Fisheries and Aquatic Resources 
(NFFTRC-BFAR), the Freshwater Aquaculture Center of the Central Luzon State University 
(FAC-CLSU), the Marine Science Institute of the University of the Philippines (UP-MSI) and the 
Norwegian lnstitute of Aquaculture Research (AKVAFORSK). 

Objectives 

The three challenges described above formed the three immediate objectives of the GlFT Project, 
namely: (a) to develop improved breeds of Nile tilapia and provide those fish breeds to national 
testing programs and thence to the fish farmers; (b) to strengthen national institutions in 
aquaculture genetics research; and (c) to establish a mechanism for international exchange and 
evaluation of improved breeds and research methods. The overall development objective was to 
increase the quantity and quality of protein consumed in low income rural and urban populations 
in tropical developing countries in all regions of the world and increase the income of low-income 



producers. As with future agricultural and aquacultural developments, the objective was to aim for 
sustainable systems, in harmony with social equity, the environment and biodiversity. 

Nile tilapia (Oreochmmis niloticus) was chosen as a prominent test species because of their 
growing importance in aquaculture, their omnivorous diet which suits low cost aquaculture, and 
their short generation time of about 8 months, making them an excellent model species for 
investigating the application of genetics in aquaculture, from conservation of genetic resources to 
breeding programs. The research thrust was to develop methodologies and policy guidelines that 
can be applied or adapted to a wide range of finfish species in national fish genetic improvement 
programs. 

Sponsors and implementation 

The Project was implemented by ICLARM and its partners in two consecutive phases from March 
1, 1988 to December 31, 1997. The Phase I (March 1988 to June 1992) was co-financed by ADB 
and the UNDP/OGIP and the Phase I1 (January 1993 to December 1997) was financed by 
UNDPlSEED and JCLARM Core funds. 

The stated objectives and plan of activities of the GlFT project has evolved over the years. The 
Project, as a whole, is a concerted effort on the part of ICLARM and its partners to buiid on the 
successes and experiences of various other initiatives in the region. The Project research plan 
was developed following the successful experiences of AKVAFORSK with salmon and trout 
breeding programs in Norway. The expertise required to implement the project was secured by 
bringing together institutions with experience in: (a) tilapia farming (BFAR, FAC, ICLARM); (b) 
documentation and characterization of tilapia genetics resources (UPMSI and ICLARM); and (c) 
application of genetic improvement strategies in fish (AKVAFORSK and ICLARM). The research 
was carried out in strengthened research facilities in FAC-CLSU and NFFTRC-BFAR. The Project 
plans were circulated for peer-review before implementation. 

To facilitate proper implementation of the complex range of activities nested within the stated 
objectives of the GlFT Project and in response to the challenges and opportunities presented by 
the donor community, ICLARM, under the auspices of the GlFT Project, and very early during the 
GlFT Phase 11, developed: (a) the Dissemination and Evaluation of Genetically Improved Tilapia 
Species in Asia (DEGITA) Project with principal focus on the dissemination of the improved Nile 
tilapia germplasm and ex anfe evaluation of impact on equity, environment and biodiversity; and 
(b) the International Network on Genetics in Aquaculture (INGA) as a forum for the participating 
national institutions to exchange research methods, experiences and germplasm. Thirteen 
countries in Asia and Africa are collaborating in research and exchange of genetic materials: 
Bangladesh, Peoples Republic of China, Cote d'lvoire, Egypt, Fiji, Ghana, India, Indonesia, 
Malawi, Malaysia, the Philippines, Thailand, and Vietnam. ICLARM is the member-coordinator. 
INGA was inaugurated in 1993 by seed funding from the GIFT Project and has been supported 
since by ICLARM core funds and project funds from the Government of Norway, AClAR and 
IDRC, as well as operational funds from the member countries. 

Main Results and Outputs 

The main focus of this report is on the results and outputs from the GlFT Project implemented by 
ICLARM and its partners since 1988. The major findings from the ADB funded DEGITA project is 
also included to demonstrate the two major themes addressed by CLARM under the auspices of 
its rapidly evolving Germplasm Enhancement and Breeding Program: (a) evaluation of Nile tilapia 
genetic resources and their utilization in national breeding programs; and (b) monitoring of the 
adoption of improved Nile tilapia breeds with regard to their impact on equity, the environment 
and biodiversity. 



Development of improved breeds of Nile tilapia has involved: (a) assembling of tilapia germplasm 
from their wild habitats in Africa and from "domesticated" Asian aquaculture stocks; (b) estimation 
Of genotype x environment interaction in diverse Asian farming systems; (c) a complete diallel 
crossing experiment to determine the magnitude of heterosis and thereby the appropriate 
breeding strategy - pure-breeding or crossbreeding; (d) establishment of a base population and 
initiation of selection to improve growth performance. 

The program began with consultations with fish farmers and experts from various disciplines. The 
relative economic importance was considered for each of the diverse tilapia farming systems 
including the backyard fishpond, rice-fish culture, cage culture and some more intensive systems. 
A grow-out period of about 90 days (from the fingerling stage when the fish are about 3-79 to their 
harvest weight of about 120 g) was chosen as a representative production cycle. Standardized 
research methods were then developed for mating, mass marking of individual fish, sampling, 
anesthesia, recording of traits and pedigree, management of databases, statistical analyses, and 
quarantine and safe dispersal of fish. 

Assembling Nile tilapia germplasm. While the global wealth of tilapia genetic resources are 
restricted to Africa and the Levant, the main aquaculture industries are at present in Asia. The 
established farm stocks in Asia derive from very small founder stocks, and possibly suffer from 
inbreeding and widespread introgression of genes from other less desirable feral tilapia species. 
ICLARM and its partners collected wild Nile tilapia germplasm from Egypt, Ghana, Sdnegal and 
Kenya. Philippine commercial Nile tilapia strains were also gathered, giving a total of eight strains 
for study. These have been described using biochemical markers and truss morphometrics. 
Spermatozoa from founder stocks and from subsequent generations are being cryopreserved. 

Genotype x Envimnment interaction (GE): The most important criterion determining the number 
of strains to be developed is their relative performance in different target environments. In genetic 
parlance, this is called genotype x environment interaction. If there is little or no GE, then the best 
strains in one environment will be the best in most or all environments. On the other hand, if there 
is high GE then special strains must be developed for specific environments. 

The GIFT project's first major experiment was to determine the growth performance of strains and 
the magnitude of GE over two consecutive generations. The 11 test environments chosen 
covered a wide range of tilapia farming systems: earthen ponds fertilized with organic manure, 
ponds fertilized with on-farm agricultural residues, rice-fish systems, cages, and hatcheries 
located in different agro-climatic regions. A total of 1 1,000 individuals (7650 and 3420 individuals 
during first and second generation) were communally reared in all test environments for 90 days. 
Results indicated highly significant differences in growth performance among the strains. Except 
for Ghana strain, the wild African strains performed as well as or better than the 'domesticated' 
strains used by the Philippine farmers. The widely cultured Israel strain in the Philippines 
performed poorly. The GE was low. Overall, the growth performance of the strains were relatively 
consistent across test environments. It was concluded that development of specialized strains for 
each of the farming systems in the Philippines may not be necessary. However, the GlFT plan 
incorporates testing of breeding materials across all target environments to ensure that the 
response to selection will be valid in almost all grow-out environments. 

Breeding strategy. The major alternative breeding systems are selection and crossbreeding. 
Selection as a breeding strategy focuses on additive genetic variance - choosing the best 
performing individuals as breeders in every generation. Selection programs are in general 
resource efficient, simple in design and easier to implement than crossbreeding programs, and 
the genetic gain is sustainable during generations of reproduction outside the breeding system. 
By nature, the selection approach is 'non-protective'. Crossbreeding focuses on non-additive 
genetic variance - choosing the right combination of strains1 individuals. The hybrid vigor (or 
heterosis) should be substantial to adopt crossbreeding as a breeding strategy. 
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The GE experiment performed during the first generation experiments was followed by a 
complete diallel crossing experiment producing all 64 hybrid and pure strain combinations among 
the eight founding strains to estimate the magnitude of heterosis. Growth performance was 
recorded in a total of 23,739 individually tagged progeny after a grow-out period of about 90 days. 
Least square means (LSM) of body weights at harvest were computed for each strain 
combination within and across all test environments, and additive genetic effects, maternal 
(reciprocal) effects, and non-additive genetic effects (heterosis) were estimated. The LSM 
heterosis of all strain crosses across all test environments was 4.3 %, and the cross that 
expressed the largest non-additive genetic effect showed a least square mean heterosis of 14 %. 
However, only seven out of the 22 crosses with significant heterosis performed better than the 
best pure strain, and the largest gain was then about 11 %. 

Although some strains performed better as sire strains and others as dam strains, it was 
concluded that specific line or strain crossing schemes will result in only marginal improvements 
in growth performance and may show an increased sensitivity to GE interactions. Therefore, a 
regular selection program based on additive genetic performance was adopted for rapid genetic 
improvement of Nile tilapia in the Philippines. 

Building the base population and initiating selection: Based on their growth performance of 64 
different strain combinations, individuals from the 25 best performing purebred and crossbred 
groups were selected to build a base population with a broad genetic base and initiate a selection 
program, with a combined family and within family selection strategy. Another major experiment 
was set up to estimate additive genetic parameters. 50 sires were mated with 150 dams in a 
hierarchical mating scheme. About 25,000 individually tagged fingerlings were grown for 90 days 
in seven test environments. 

The heritability estimates for body weight at harvest were consistent across test environments. 
The estimates based on sire and dam components of variance, respectively, were 0.23 and 0.53; 
heritability for survival based on the sire component of variance was 0.08; and the half-sib 
correlation between body weight at harvest and survival was 0.2. The observed response after 
the first generation of selection in the synthetic GlFT strain, estimated as a difference between 
progeny of individuals with average breeding values and those from selected individuals, was 
26%. in on-station trials, the synthetic GlFT strain was about 60% heavier at harvest than the 
'Israel' strain. 

In every successive generation, about 20,000 individually tagged fingerlings from 120-183 
selected full-sib families (within 100 half-sib families) have been evaluated in a variety of test 
environments. The genetic gain per generation across five generations of selection for growth 
performance has been about 12-17%. The accumulated genetic gain in relation to the base 
population was 85%. 

Several strategic experiments initiated during the GlFT Project are now being carried out by the 
GlFT Foundation (see below). These include: evaluation of GE in specific target environments 
such as cages, rice-fish and earthen ponds; genotype x season interaction; procedures for 
developing late-maturing Nile tilapia; and procedures for a multi-trait selection plan involving 
growth, survival and late maturation. 

Regional On-Farm Trials And Early Impacts 

Under the DEGlTA Project, the production potential of GlFT and existing Nile tilapia strains 
(referred as 'non-GIFT' strains because of their diversity of origins) were assessed through on- 
station and on-farm experiments in a range of aquaculture systems in Bangladesh, Peoples 
Republic of China, the Philippines, Thailand and Vietnam. GlFT fish were distributed after one 
generation of selection. 
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Production per unit area or yield depends on stocking density, average weight at harvest and 
survival. Atter accounting for the wide heterogeneity of input use levels, production environments 
and other factors, the percent change in average weight at harvest and survival due solely to the 
mean superiority of the GlFT strain over the existing non-GIFT strains were highly significant 
across different countries. The magnitude of the effect of the GlFT strain on growth rate, 
however, varied among countries, ranging from 18% in China to 66% in Bangladesh. In t ens  of 
survival, the GIFT Strain showed higher survival compared to the existing strains only in China 
(3%) and the Philippines (13%). The magnitude of impact, however, varied according to the 
history of tilapia introductions and farmers' experience. Overall, the results indicated that the cost 
of production per unit of fish produced is lower for the GlFT strain than for the non-GIFT strains: 
more than 30% lower in Bangladesh and the Philippines; about 20% tower in Peoples Republic of 
China, Thailand and Vietnam. 

The estimated yield potential of the GlFT strain was more than 50% higher than that of the best 
existing strains, ranging from about 54% percent higher in Vietnam to about 97% higher in 
Bangladesh. The estimated Yield Gap II, the difference between potential and actual yields in 
farmers' fields, ranges from around 3000 Kg ha in China to around 850 Kg ha in the Philippines 
(which has a shorter growing period and poorer production environment). These estimated gaps 
show the extent to which yield might be increased through the invention of appropriate technology 
to overcome production constraints such as disease, water quality, etc. 

In the Philippines and Thailand, where about 80-90% of the tilapia production is marketed locally 
and the demand for tilapia is price elastic, both producers and consumers will benefit from 
technological interventions (such as the GlFT technology). As low-priced tilapia is consumed 
mainly by poor people whose demand is inversely related to price, the major portion of the 
consumers' benefit will go to poor consumers. In countries like Bangladesh, where tilapia fish 
farmers consume about 70% of their produce, the major economic gain from GlFT technology will 
accrue to the producers. In subsistence farming, the reduction in market price due to higher 
production has relatively little influence on producers' income. 

The participating countries in the DEGITA project are now in the process of developing their 
respective national tilapia breeding programs with the GlFT strain as a base starting genetic 
material. 

The GlFT Foundation 

ICLARM and its partners established the GIFT Foundation as an independent non-stock non- 
profit organization primarily to continue the selective breeding research on Nile tilapia initiated by 
the GIFT Project and to undertake commercialization of the GlFT strain through partnerships with 
the private sector. Commercialization of the GlFT strain was chosen as a strategy to generate the 
funding required to continue the selective breeding and research on the genetic materials 
assembled by the GlFT project and to sustain the "GIFT legacy" comprising the highly trained and 
dedicated GlFT project core staff members (18) in the Philippines, the improved GlFT strain, the 
gene banks, and the data base meticulously gathered over the past 10 years. The Foundation 
continues to maintain strategic research partnerships with the GlFT Project institutions. 

The GlFT Foundation at present distributes the GIFT strain using a network of private hatcheries 
that have become members of the Foundation through a formal licensing agreement with the 
Foundation. This formal agreement includes provisions obligating the participating hatcheries to 
make regular research and development contributions to the Foundation in exchange for the 
privilege of using the Foundation breeders and the Foundation trade name and trademark. The 
Foundation became operational in January 1998 and operates its breeding and production 
facilities in the former GIFT Project site now called the "Center for Applied Fish Breeding and 
GeneticsJ', built with funds from the UNDP, located on the campus of the CLSU. The GlFT Project 



partners have formally agreed to allow the Foundation rent-free use of these facilities for the first 
five years of its operations. 

Cancluslons and Recommendations 

The selective breeding program for Nile tilapia developed and implemented by ICLARM and its 
partners is the first systematic attempt to apply the principles of animal breeding theory to tropical 
aquaculture in a developing country setting with the primary objective of demonstrating: (a) the 
importance of genetics in improving production efficiency in aquaculture, (b) methods and 
mechanisms for dissemination of results and products to reach targeted beneficiaries effectively, 
and (c) methods to estimate ex ante the potential benefits to a wide spectrum of aquaculture 
enterprises. Successful demonstration could mean not only better tilapia breeds for fish farmers 
but also new breeding procedures for use with other species. ICLARM and its partners have also 
proceeded a step further in developing the non-stock non-profit GIFT Foundation International as 
a mechanism for continuation of the GlFT Program for the benefit of the tilapia industry in the 
Philippines and elsewhere. Depending on the structure of the tilapia farming industry in other 
countries, other mechanisms may be more appropriate in those countries. 

The program has demonstrated the enormous gains in economic performance of farmed tilapia 
that are possible from a systematic selection program. The GIFT program has stimulated 
planning of and implementation of national fish breeding programs in Bangladesh, India, 
Indonesia and Vietnam. An International Network on Genetics in Aquaculture (INGA) was 
established in 1993. Bilateral and multilateral research initiatives under the INGA have begun to 
include other fish species, especially the carps which accwnt for most of the finfish production in 
Asia. A collaborative research and training project on the genetic improvement of carps in Asia 
(GICA) is already in progress with funds from ADB. 

ICLARM is now well poised to establish itself as one of world leaders in Fish Germplasm 
Enhancement and Breeding. The decade long experience and the significant lessons learned in 
implementing the GlFT and the DEGITA projects, the research forum offered by the GlFT 
Foundation, the INGA and the GICA initiatives, mark the beginnings of exciting research and 
development opportunities for ICLARM. ICLARM's unique position in the Consultative Group on 
International Agricultural Research as the only center devoted to fisheries research also brings 
with it new challenges. In executing its new responsibilities, ICLARM should build on and must 
forge new and innovative working relationships with national fisheries centers. 

The selective breeding technology generated through the GlFT Project is not an end in itself. It is 
in many ways the beginning of new research challenges and directions for ICLARM and its 
partners. Some of the research challenges emanating from the GlFT Project are as follows: 

The need for systematic documentation and conservation of tilapia genetics resources was felt 
very strongly throughout the course of GlFT project implementation. It was also recognized that 
there exists a vast but scattered body of local knowledge about fish genetic resources and 
habitats which also are in as urgent need of conservation as the germplasm itself. The ICLARWs 
FISHBASE program is a step in the right direction. This activity, however, should be strengthened 
and could benefit through appropriate partnerships with projects and agencies which are currently 
engaged.in such activities. 

The development of GlFT Manual of Procedures Volume 1, a training manual of GIFT Project 
techniques based on TRAIN-X methodology, has been completed and will be distributed at the 
next INGA Steering Committee meeting in March 1999. It is expected to directly benefit the 
targeted users (research partners from INGA member countries). However, the reproduction and 
distribution of this document would still require financial assistance. The preparation of GlFT 
Manual of Procedures Volume 2, more specifically focused on development of tilapia breeding 

xix 
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programs, is also important but compilation of this manual must follow after the publication of the 
core text material (scientific papers on project's major experiments) and identification of future 
financial resources. Given these constraints, it is essential that either ICLARM or INGA seek 
donor's support to continue the activity. 

The main bottlenecks experienced in the GlFT breeding program are: (a) the amount of time 
required in producing the required numbers of families; (b) the time required to rear these families 
to a size when they can be tagged; and (c) the number of families that can be effectively tagged; 
and (d) the tag-losses experienced during rearing. Although corrections for the effects of various 
factors (initial size, initial age, etc.) affecting the early life history through novel statistical 
procedures and manipulations were possible, it is important that procedures for synchronous 
maturation of tilapia breeders and more efficient tagging techniques be developed. DNA 
fingerprinting is one possible technique of enhancing the efficiency of the selection program. 

The focus of the GlFT program has been on a relatively simple but extremely important breeding 
objective: growth rate, with recording of other traits such as survival, occurrence of diseases, and 
maturation rate. The purpose of this exercise was to demonstrate the effectiveness of a properly 
planned selection program. In future experiments, it is important that the breeding objectives (in 
relation to the targeted species) are carefully examined. This should necessarily include a formal 
study on the benefits to the fish farmers arising from improvements in each trait. 

The rigorous genotype x environment experiments conducted under the GlFT Program did not 
suggest a need for the development of several parallel strains for different production systems. 
However, it should be recognized that the rice-fish farming system has received very little 
attention in the GlFT project and that all environments tested were in the Philippines where 
temperature changes were limited. It is possible that the importance of genotype x environment 
may emerge later, particularly when the GlFT strain is used in other countries. 

The GlFT breeding nucleus should remain open in the medium term. There should be continuous 
comparative evaluations to screen potential genes for possible inclusion in the ongoing selection 
program, and if the potential benefits from such genetic mixing will outweigh setbacks. Sex 
manipulation procedures (hormonal sex reversal, ploidy induction, or YY-male technologies) are 
important in the distribution process. 

As economies are transformed and agriculture in general becomes more commercialized, the 
private sector is also expected to play an increasingly important role in technology generation, in 
food production, and in ensuring food security. For ICLARM to advance its strategic research 
agenda of improving productivity in aquaculture to close the looming gap in demand for and 
supply of food fish estimated at about 100 million mt by the year 2025 and also to establish a 
strong research base for the evolving tropical aquaculture industry, it is important that ICLARM 
reaches out to building strategic alliances with the private sector. ICLARM has recently developed 
a pro-active policy document describing the specific guidelines for mutually beneficial 
relationships with the private sector as a first step in this direction. 

Future ICLARM Tilapia Breeding 

Based on the success of the GlFT Project, ICLARM will continue and expand its Program on 
Tilapia Germplasm Enhancement and Breeding. One of the primary purposes of the GlFT 
Foundation is to continue the GlFT selection program as selection plateaus have not been 
reached and further genetic enhancement is likely. ICLARM will collaborate with the GlFT 
Foundation, BFAR and FACICLSU to continue the selection program. Additionally, ICLARM has 
initiated selective breeding of tilapia in Africa. Great interest has also been expressed by NARS 
partners in Southeast Asia to have ICLARM assist in tilapia breeding programs. Maximum genetic 
gain and maximum impact will be obtained by combining the GlFT selection program with other 
traditional and new biotechnological breeding programs. ICLARM intends to continue selective 
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breeding, to combine genetic enhancement approaches, and to document and preserve tilapia 
genetics resources including thorough environmental risk assessment. Dissemination and impact 
assessment research are critical to affect global good security. ICLARM has ongoing research in 
this area with plans to expand such research in the future. The GlFT project demonstrated the 
potential of germplasm enhancement in tilapia. The continuation andlor expansion of this 
research will require investment of new resources and funds, but the benefits are clear. 

Global Impact of GlFT 

The GlFT project had and is expected to continue to have global impact in a number of ways. 
During the GlFT project over 650,000 GIFT brood stock were disseminated throughout the 
Philippines. An additional 45,000 GlFT brood stock were disseminated in Bangladesh, China, Fiji, 
Indonesia, Thailand and Vietnam. Together, these countries are among the major tilapia 
aquaculture countries in the world and several are major exporters of tilapia. These fish also form 
the base for further genetic enhancement in each country. Inevitably, in several countries which 
have received GlFT fish, the GlFT line is being crossed with local unimproved tilapia and thus the 
improved genome is entering other locally available tilapia. This impact, although difficult to 
measure, is that of top crossing and serves to upgrade the local fish. 

Another mechanism bringing widespread impact is the transfer of the GlFT technology to other 
countries, as well as training in the technology. The trained staff from the project form the nucleus 
of staff for the GlFT Foundation International in the Philippines, thus continuing to use their skills 
in applied fish breeding research, development and management. Two hundred twenty-four 
researchers have been trained in 11 countries in quantitative genetics research and analysis 
methods. ICLARM is seeking further funds through INGA and other sources such as UNDP's 
TCDC program to further extension of the technology particularly to Asian countries. 

The International Network for Genetics in Aquacultlire has been formed and now comprises 13 
developing country members, 10 associate members which are advanced scientific institutes. 
Funding is being provided and from ICLARM's core resources and alternated from donors such 
as Norway and IDRC. ICLARM in all its international fora, continues to publicize the work of INGA 
as a flagship research network, thus continuing to globalize the outcomes of the GlFT project. 
The GlFT research methods are available, and are being applied in the GIFT Foundation and in 
national breeding programs under INGA. The methods are simple, rigorous and effective in 
breeding better fish. Better still, the techniques result in immediate improvement soon after 
selection studies are started. This contrasts to many other genetic techniques for which the 
promised results are still 5-10 years off. The GlFT Foundation International model for 
publiclprivate sector cooperation in delivering new breeds of fish to the farmers is receiving 
international attention. Several INGA member countries such as Indonesia and Vietnam are 
developing national tilapia breeding programs based on GlFT methods. 

The method of germplasm collection, the selective breeding experiments and the chosen 
dissemination route are leading to pioneering studies on the definitions of intellectual property 
rights for fish. ICLARM has used this and other experience and knowledge to develop its Policy of 
Intellectual Policy Rights for Germplasm, a first for aquatic resources. The policy is drawing 
international interest as a possible model for use or adoption by other agencies. 

The GlFT strain at this stage appears to be better than most competitors and is developing a 
reputation in the Philippines for being more profitable to grow than other strains. Early indications 
from talking to the hatchery and feeds sector in the Philippines and Europe are that the existence 
of a faster growing strain of tilapia is spurring the need to examine other efficiency factors in 
tilapia production. These factors include feed improvements, better breeding and hatchery 
controls, better farm management practices and close attention to marketing of the fish. Ex-ante 
assessment of likely impact, borne out by early farm results, are that the GlFT tilapia and other 
selective breeds will lower the price of tilapia for the consumer. 
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Continuing impact from the GlFT project is also expected. The GlFT Foundation has been formed 
and continues to distribute GIFT fish and further enhance Nile tilapia. Additional GIFT fish are 
distributed, but without the GlFT trademark by BFAR in the Philippines. ICLARM retains a 
breeding population at the GlFT Foundation for further enhancement and future dissemination. 
The GIFT Foundation cooperates with INGA for further international distribution. Recent 
generations of GlFT have been shipped to India, Thailand and Vietnam. Further international 
distribution may occur through private enterprise. 

Funding and economic change may make either government or private enterprise more effective 
at different locations for disseminating germplasm to best benefit poor consumers. However, it is 
essential that government mechanisms are established to ensure that the poor fish farmer 
benefits as well. 

Recommendations for Future Research 

The successful GlFT program leads to the need to address the following research issues. 

1. Selection to improve growth rate should be continued for GlFT Nile tilapia as selection 
plateaus have not been reached. 

2. Crossbreeding and selection should be combined and evaluated to maximize genetic gain for 
growth in tilapia. 

3. YY male technology and sex reversal should be combined with GlFT selection procedures 
and evaluated. 

4. Correlated responses to selection for other important economic traits should be evaluated. 

5. Additional heritabilities and genetic correlations should be calculated for the design of 
multiple trait selection programs. 

6. Enough time has elapsed since the original distribution that post impact assessment of GlFT 
Nile tilapia should be conducted. In fact, since GlFT fish have been distributed by both 
government and private enterprise, an opportunity to assess the relative merits of different 
dissemination exists. 

7. Research techniques should be evaluated to allow transfer of the successful GIFT technology 
to Africa. The UNDPflCDC program is a possible mechanism to accomplish this. 

ICLARM is seeking to address these research needs with the appropriate partner institution and 
follow-up funding is needed to maximize the benefit from the groundwork laid by the GlFT project. 
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1 .O. INTRODUCTION 

ICLARM's long quest to develop a strategic research program for application of genetics 
in aquaculture began in the late 1970s, with the realization that more productive and 
profitable aquaculture in developing countries would depend upon interactive research 
for the development of better breeds of farmed aquatic organisms and better farm 
environments. In the early 1980s, ICLARM, in collaboration with Philippine national 
institutions, undertook a series of studies on Asian farmed tilapia stocks and found a 
poorly documented and worrying situation. Farmers spoke of poor growth performance. 
Population genetics studies revealed extensive introgressive hybridization with feral 
populations of a much less desirable species for tilapia farming - the Mozambique tilapia 
(Oreochromis mossambicus). Clearly, the lack of any systematic attempt to breed 
tilapias for aquaculture was a major bottleneck to increasing the productivity and 
expansion of the industry. 

The landmark ICLARM workshop on "Tilapia Genetic Resources for Aquaculture" in 
March 1987, in Bangkok, Thailand, marked the beginnings of the GlFT Project. A long- 
term research program to investigate the potential for genetic improvement of farmed 
tilapias was conceived during this workshop. It was anticipated that successful results 
could mean not only better tilapia breeds for fish farmers, but also new research 
methodologies for use with other species. 

The GlFT Project was established in March 1988. It was implemented by ICLARM in 
cooperation with NFFTRC-BFAR, FAC-CLSU, UP-MSI and AKVAFORSK in two 
consecutive phases from March 1, 1988 to December 31, 1997. 

The stated objectives and plan of activities of the GlFT project has evolved over the 
years. The Project, as a whole, is a concerted effort on the part of ICLARM and its 
partners to build on the successes and experiences of various other initiatives in the 
region. The Project research plan was developed following the successful experiences 
of AKVAFORSK with salmon and trout breeding programs in Norway. The expertise 
required to implement the project was secured by bringing together institutions with 
experience in: (a) tilapia farming (BFAR, FAC, ICLARM); (b) documentation and 
characterization of tilapia genetics resources (UPMSI and ICLARM); and (c) application 
of genetic improvement strategies in fish (AKVAFORSK and ICLARM). The research 
was carried out in strengthened research facilities in FAC-CLSU and NFFTRC-BFAR. 
The Project plans were circulated for peer-review before implementation. 

1 .I. Challenges addressed 

The GlFT Project was established by ICLARM and its partners to address three 
challenges. 

First: Could the application of basic principles of genetics and applied breeding 
technology, as practiced for centuries in  plant and animal production, to the 
emerging aquaculture industry result in  enhanced production efficiency? This 
challenge was highly relevant within the context of: (i) stagnating fish production from 
capture fisheries (direct harvests from marine and inland waters) and aquaculture 
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(farming of aquatic animals and plants) is increasingly seen as a panacea for the 
looming gap between the demand for and supply of food fish; (ii) glaring lack of 
conscious application of genetics to tropical aquaculture, even though the tradition of fish 
farming dates back hundreds of years. Consequently, the fish stocks used in 
aquaculture are generally similar to wild undomesticated stocks and in some situations 
there is strong evidence for genetic deterioration. In fact, before the GlFT Project, it had 
been widely assumed that genetic intervention will require extensive resources and, 
therefore, should be considered as an option for the future. 

The second challenge pertains to the dissemination of improved fish breeds, once 
they are developed. It was understood right from the beginning of the program that 
genetic improvement and development of improved breeds was only half of the story. 
The other crucial aspect is their dissemination to reach the targeted beneficiaries 
effectively, including monitoring of the impact and adoption of improved breeds. 
Management of and access to germplasm are also becoming increasingly important 
issues, under the new Convention on Biological Diversity, which went into force in 1993. 
It was critically important for a nascent scientific discipline of applied fish breeding that it 
consciously and responsibly derive guiding principles from the complexities unique to 
aquaculture in a developing country context and also from the social lessons learnt from 
the green revolution in crop production. 

Ways and means of catalyzing the development of applied fish breeding programs 
in countries that needed them most was the third challenge addressed by the 
GlFT Project. Relevant issues in this context included, objective assessment of needs 
and opportunities for developing applied fish breeding programs in each participating 
country; prioritization of species and farming systems; and development of the most 
viable mechanisms for international cooperation and provision of fora for exchange of 
research methods and where necessary, genetic materials. ICLARM had already 
declared its intention to adopt and apply internationally accepted codes of practices for 
responsible transfer of germplasm in relation to the GlFT Project. Companion and follow- 
on projects covering the dissemination and evaluation of the GlFT tilapia (the DEGITA 
Project) and the genetic improvement of carps in Asia (GICA), are beginning to address 
this challenge. 

1.2. The Project Focus 

The Project focus is on Nile tilapia (Oreochromis niloticus). It was chosen as a prominent 
test species because of their growing importance in aquaculture, their omnivorous diet 
which suits them to low cost aquaculture, and their short generation time of about 8 
months, making them an excellent model species for investigating the application of 
genetics in aquaculture, from conservation of genetic resources to breeding programs. 
The research thrust was to develop methodologies and policy guidelines that can be 
applied or adapted to a wide range of finfish species in national fish genetic 
improvement programs. 
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1.3. Objectives and Scope 

The overall development objective was to increase the quantity and quality of protein 
consumed in low income rural and urban populations in tropical developing countries in 
all regions of the world and increase the income of low-income producers. As with future 
agricultural and aquacultural dev.elopments, the objective was to aim for sustainable 
systems, in harmony with the natural environment, to benefit producers and consumers. 

The project's immediate objectives were to: 

Develop improved breeds of tilapia and provide those fish breeds to national testing 
programs and thence to fish farmers; 

Strengthen national institutions in aquaculture genetics research; and 

Establish a mechanism for international exchange and evaluation of iniproved 
breeds and research methods. 

The immediate objectives were accomplished by pursuit of the following activities: 

Core Research Activities: 

a) Documentation, collection and genetic characterization of tilapia genetic resources in 
Asia and Africa. 

b) Evaluation of new African germplasm along with existing cultured stocks in the 
Philippines in a wide range of farming systems and under various agro-climatic 
conditions. 

c) Estimation of the magnitude of non-additive genetic effects (heterosis) and thereby 
determine the breeding strategy: selection and crossbreeding 

d) ' Building up of base population using promising strains and crosses. 

e) Selective breeding of Nile tilapia 

f) Investigation of genetics of other important traits 

g) Preservation of tilapia germplasm as live collections and as cryopreserved 
spermatozoa. 

h) Development of database management systems 

i) Scientific Publications 

j) Regional dissemination of improved germplasm and assessment of impacts (carried 
out under the auspices of the DEGITA Project). 
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Training and International Cooperation: (partially carried out under the INGA 
established in 1993) 

a) Dissemination of information and training of personnel from various national and 
regional institutions through a series of training workshops. 

b) Distribution of genetically improved fish through national broodstock distribution 
channels and testing programs and finally to fish farmers. 

c) Formulation of plans and policy guidelines for effective management of cultured 
stocks and establishment of national fish breeding programs. 

d) Defining from this work with tilapia, methods and approaches to fish genetic 
improvement for application to other species. 

1.4. Implementation Arrangements 

1 A.1. Donorlinstitutional arrangements 

The GlFT Phase I was co-financed by the Asian Development Bank (ADB, Regional 
Technical Assistance Project, RETA # 5279) and the United Nations Development 
ProgrammelDivision for Global and Interregional Programmes (UNDPIDGIP Project # 
lNT/88/019 and lNT/91/005/1/01/42). It was executed by ICLARM in cooperation with 
NFFTRCIBFAR, FACICLSU, UPMSI and AKVAFORSK (through NORAGRIC). The 
Project's Phase I began in 1988 with initial funding for three years. Following the review 
of the overall progress of the project and request from ICLARM, the Bank agreed to an 
extension of the Project. The UNDPIDGIP granted a one-year supplementary funding to 
the project (lNT/91/005/1/01/42). The extension phase of the UNDPIDGIP grant was 
executed by the World Bank. The Phase I of the Project was successfully completed in 
July 1992. 

The GlFT Phase II officially started on 1 January 1993. It represents a major evolution of 
the GlFT Project from a relatively small research project during the GlFT Phase I into a 
major complex strategic research, training and national capacity strengthening initiative 
in germplasm enhancement and breeding. The basic principles for research and 
cooperation were laid down during a consultative meeting convened by ICLARM and the 
UNDP on "lnternational Concerns in the Use of Aquatic Germplasm" (June 1-5, 1992). 
The Phase I1 of the Project was financed mainly by the UNDP (UNDPIDGIP Project # 
GL0/90/016). The Project document for GlFT Phase I1 was officially signed between 
ICLARM and the UNDPJOPS in JanuaryIFebruary 1993. 

Separate Memoranda of Understanding (MOU) were forged between ICLARM and its 
Philippine research partners (FACICLSU and NFFTRCIBFAR) and AKVAFORSK 
(Institute of Aquaculture Research in Norway). The MOU encompassed the institutional 
responsibilities over the five years and the protocols for development, control, and the 
use of improved germplasm, data and technology developed through the GlFT Project. 
The Philippine government's contributions to the Project were in terms of manpower, 
research facilities and farm inputs. The GlFT Phase I1 was officially terminated on 31 
December 1997. 
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To facilitate efficient implementation of the complex range of activities nested within the 
stated objectives of the GlFT Project and in response to the challenges and 
opportunities presented by the donor community, ICLARM, under the auspices of the 
GlFT Project, and very early during the GlFT Phase II, developed: (a) the 
Dissemination and Evaluation of Genetically Improved Tilapia Species in Asia 
(DEGITA) Project with principal focus on the dissemination of the improved Nile tilapia 
germplasm and ex ante evaluation of impact on equity, the environment and biodiversity. 
The DEGITA project was implemented by ICLARM from June 1994 to June 1997 in 
cooperation with national institutions in Bangladesh, the People's Republic of China, the 
Philippines, Thailand and Vietnam. It was funded by the Asian Development Bank 
(RETA grant No. 5588), ICLARM Core funds, and the participating national institutions; 
and (b) the International Network on Genetics in Aquaculture (INGA) as a forum for 
the participating national institutions to exchange research methods, experiences and 
germplasm. Thirteen countries in Asia and Africa are collaborating in research and 
exchange of genetic materials: Bangladesh, Peoples Republic of China, Cote d'lvoire, 
Egypt, Fiji, Ghana, India, Indonesia, Malawi, Malaysia, the Philippines, Thailand, and 
Vietnam. ICLARM is the member-coordinator. INGA was inaugurated in 1993 by seed 
funding from the GlFT Project and since then has been supported by ICLARM core 
funds and project funds from the Government of Norway, AClAR and IDRC, as well as 
operational funds from the member countries. 

1 A.2. Resource Allocation 

Four categories of Project staff were formed: (a) seconded project staff - permanent staff 
members of collaborating institutions (BFAR and FACICLSU) seconded to the GlFT 
project and who spent between 20 and100% of their time in the project; (b) Project-hired 
staff - staff hired on an ad hoc basis on prevailing national salary scales and benefits; (c) 
ICLARM GlFT project staff - staff hired under ICLARM1s terms and conditions; and (d) 
Project staff based in AKVAFORSK, Norway. Staff in categories (b) and (c) worked full 
time in the project. In AKVAFORSK, the time spent in various project activities was 
logged up to effective man hours and budgeted accordingly. Details on allocation of 
resources (personnel) in relation to project tasks and activities are indicated in the 
annual Project Workplans previously submitted to UNDP. 

The names, institutional affiliations of personnel and duration of their direct involvement 
in the project are presented in Annex 1. 

1.4.3. Project Management 

The management of the GlFT Project including preparation of annual research plans 
and budgets was through the Project Management Committee (PMC) set up according 
to the principles outlined in the Memorandum of Agreements between ICLARM and its 
research collaborators. The Project Leader was the Chairperson of the PMC. 

A total of 29 PMC meetings were heldlorganized throughout the duration of the project. 
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1.4.4. Dedicated Research Facilities and Equipment 

With funds from the UNDPISEED, the following research facilities were built during the 
pr~ject  period: 

The Philippine Tilapia Germplasm Reference Collection Center. The facility was built 
at the NFFTRCIBFAR in April 1989 to hold the GlFT founder stocks. This is a self- 
contained facility comprising 7 units of twin holding tanks (14 tanks), 3 units of 
quarantine tanks, a sump pond, a deep well and a water tank. 

Dedicated Research Facilities (8 ha) known as the "Center for Applied Fish Breeding 
and Genetics Research" was built at the CLSU as a common research facility for use 
of ICLARM and its Philippine national research partners (FACICLSU and 
NFFTRCIBFAR). This was formally inaugurated on 9 October 1996. 

For long-term storage of tilapia genes, a modest cryopreservation facility was built at 
the NFFTRCIBFAR. The Institute of Aquaculture, University of Stirling, Scotland 
provided the technical expertise in setting up this facility. 

The list of fixed assets accumulated during the entire project duration and their 
present location is in Annex 2. 

1.4.5. Project Reviews 

The progress and direction of the GlFT Project were reviewed periodically through: (i) 
the annual review by the External Advisory Panel (EAP), instituted by UNDP since 1993; 
(ii) the annual Tripartite Review (TPR) convened by UNDPISEED from 1993 to 1996; 
and (iii) through regular ICLARM Program Reviews and the TACICGIAR External 
Program Reviews. The full account of the TPR conducted yearly are given in the TPR 
reports submitted previously to UNDP ManilaINew York. 

1 A.6. Archiving 

ICLARM will function as the long-term permanent depository of all project data, reports 
and manuscripts. This process has already been implemented. 

2.0. SUMMARY OF ASSESMENT OF PROJECT ACTIVITIES IN RELATION TO THE 
STATED PROJECT OBJECTIVES 

The status of implementation of all project activities is presented in the Logframe (Table 
1 - Please note that the codes in column 1 of Table 1 refers to the corresponding sub- 
sections of Section 3.0 on Results and Outputs and Section 4.0 on Publications). 

Overall, the majority of the activities in pursuit of the various project activities have been 
accomplished. During the entire duration of the Project, the one major activity that 
suffered the most was the preparation of scientific publications. Although a number of 
publications have been prepared (see section 4.0), about 10 scientific papers are in 
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various stages of preparation. ICLARM and its partners are committed to complete these 
papers as they are crucial to understanding the whole range of research activities 
conducted under the auspices of the GlFT Project and their reviews by scientific peers is 
also critical to finalizing the project outcomes. 

3.0. RESULTS AND OUTPUTS 

3.1. CORE RESEARCH ACTIVITIES 

Overview: 

The program began with consultations with fish farmers and experts from various 
disciplines. The relative economic importance was considered of each of the diverse 
tilapia farming systems including the backyard fishpond, rice-fish culture, cage culture 
and some more intensive systems. A grow-out period of about 90 days (from the 
fingerling stage when the fish are about 3-7g to their harvest weight of about 120 g) was 
chosen as a representative production cycle. Standardized research methods were then 
developed for mating, mass marking of individual fish, sampling, anesthesia, recording of 
traits and pedigree, management of databases, statistical analyses, and quarantine and 
safe dispersal of fish. Published manuscripts from the early standardization methods are 
in Final Report Part 2 Attachment 1. 

The standardized research methods have been thoroughly documented in the GlFT 
Manual of Procedures Vol. 1, prepared according to the UNDP Train-X format. This 
manual has been prepared for use during regular training of national scientists 
participating in INGA. The Manual of Procedures Vol. 2 was not initiated as earlier 
planned as not being a high priority in the 1997 workplan. It will, however, be an 
important additional instructional manual for developing country partners wishing to 
establish breeding programs for the first time. This manual will describe the broad 
techniques of developing the tilapia breeding program and will comprise the following 
procedures: (i) determination of breeding goals; (ii) systematic documentation and 
evaluation of available genetic resources; (iii) identification of genetic base; (iv) 
determination of the number of strains to be developed; (v) knowing the breeding 
strategy; (vi) establishment of the base population; (vii) implementation of selection 
program for identified traits; (viii) production and dissemination of improved strains and 
(ix) assessment of social, economic and environmental impacts. Completion of this 
volume will require identification of additional donor support. 

The core research activity comprised 9 major research experiments, spanning nine 
tilapia generations. The first three experiments (generation 1 - 3) were devoted to a 
search for the most effective breeding strategy. This involved: (a) collection of a planned 
set of wild and locally available Nile tilapia genotypes; (b) comparison of these different 
genotypes in different farming systems to quantify any interactions between the 
genotypes and the range of targeted environments (farming systems); (c) comparison of 
strains and their two-way crosses in the form of a complete diallel cross experiment to 
quantify any specific or general benefits from heterosis effects; and (d) combining the 
best strain crosses and pure strains to build a base population. Selective breeding using 
the base population began from generation 4 onwards. The breeding objective was to 
improve growth performance within the pre-determined rearing period in grow-out 
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environments. Records of other traits, e.g. survival, occurrence of diseases and 
deformities, and maturation rate (defined as the frequency of spawning females within a 
family) were also recorded. The potential for developing late maturing tilapias was also 
investigated. The genetic material and data gathered in each generation of experiments 
were utilized to conduct parallel studies (known here as complimentary studies) to 
answer specific research questions on the biology and genetics of tilapia. 

In the following sections, only a brief account of the major experiments conducted are 
presented. The various complimentary studies conducted during each major experiment 
are listed. Detailed technical description of both major experiments including the 
experimental environments used and the complimentary studies are in appropriate 
Attachments in Final Report Part 2. 

3.1.1. Documentation, Collection, Quarantine and Genetic Characterization of Nile 
Tilapia Germplasm 

3.1 .I .I. Documentation, collection and quarantine 

One of the major recommendations of the 1987 Bangkok Workshop on "Tilapia Genetic 
Resources for Aquaculture", organized by ICLARM in preparation for the GlFT Project, 
was that the established farm stocks in Asia do not form the best genetic base to begin a 
genetic improvement program because of small founder populations originally imported, 
possible inbreeding and widespread introgression of genes from other less desirable 
feral tilapia species. 

Based on the identification of sources of pure Nile tilapia genetic resources from the 
above workshop, the GlFT team made in 1988 and 1989 the first ever collections and 
direct transfer of Nile tilapia germplasm from Africa to tropical Southeast Asia. Breeders 
andlor fingerlings were collected in Egypt, Ghana, Kenya and Senegal, in collaboration 
with the University of Hamburg; the Musee Royale de IIAfrique Centrale, Tervuren, 
Belgium; the Institute of Aquatic Biology (IAB), Ghana; the Suez Canal University, Egypt; 
and Baobab Farms, Mombassa, Kenya. The details of tilapia germplasm collections in 
Africa are in Table 2. The fish from Africa were held in isolation at the NFFTRCIBFAR. 
The team worked with the BFAR Fish Health Unit in developing quarantine procedures 
for three to seven months: a model for use elsewhere. The experience of the project 
team on quarantine methods followed are fully described in the GlFT Manual of 
Procedures Volume 1. 

Domesticated stocks of four Philippine commercial Nile tilapia strains (known in the 
Philippines as 'Israel', 'Singapore', 'Taiwan' and 'Thailand' strains) were also gathered, 
giving a total of eight strains for study. The origin of the four farmed Nile tilapia strains in 
the Philippines are presented in Table 3. The eight founder stocks were held in newly 
constructed "Tilapia Germplasm Reference Collection Center" at the NFFTRCIBFAR. 
Spermatozoa from tilapia founder stocks, as well as from the breeders from each 
generation of selection are being cryopreserved, as part of a small tilapia genebank, for 
further research. About 761 samples have been preserved, as described below. 
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3.1.1.2. Biochemical and Morphometric Characterization of Nile tilapia Germplasm held 
by the Project 

Genetic characterization using morphometric, electrophoretic and mitochondria1 DNA 
techniques were performed on the eight founderstocks. lsozyme analysis and the 
resulting dendrogram of genetic distance values revealed the close identity of the 
Philippine strains with those from Egypt and Ghana - confirming that the origin of 
Philippine strains is Egypt and Ghana. The wider separation of Kenya strain supports its 
recognition by Dr. E. Trewavas as a different subspecies (0. niloticus vulcan~) from all 
others (0. niloticus niloticus). Morphometric (truss) analysis, however, indicated very 
little morphological difference among the eight strains. 

The technical details in the form of six published manuscripts are in Final Report Part 2 
Attachment 2. 

Outputs: 

Collection of diverse Nile tilapia germplasm useful for further strategic research to 
support national breeding programs. 

Development of effective quarantine procedures for tilapia stocks - a model 
experience in the region. This experience is fully documented in the GlFT Manual of 
procedures Vol. 1. 

Thorough biochemical and morphometric characterization of diverse tilapia strains. 

Six scientific papers published (Part 2 Attachment 2). 

3.1.2. Maintenance of Live and Cryopreserved Nile Tilapia Genebank 

3.1.2.1. Maintenance of live genebank 

In addition to the eight founder stocks (four directly introduced from Africa and four 
domesticated strains of Nile tilapia) and their replacements, the live collections include 
top ranking crosses (from the diallel crossing ---the base population) and selected lines 
produced from every generation of selection. Representative samples from these 
collections were used regularly as controls for measuring the magnitude of genetic gains 
achieved in the selection program. The selected lines were kept separately in ponds by 
generation of selection and sex in the new breeding facilities (Center for Applied Fish 
Breeding and Genetics Research). The germplasm collections used as founder stocks in 
the GlFT Project are presently being kept at the NFFTRCIBFAR. A complete list of all 
Nile tilapia germplasm held by the GlFT project, based on an actual inventory of stocks 
conducted in December 1997 is presented in Table 4. 
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3.1.2.2. Maintenance of cryopreserved tilapia genebank 

As of November 1997, spermatozoa of about 761 fish samples representing the founder 
stocks and selected lines have been cryopreserved (Table 5). The protocol followed in 
the cryopreservation of tilapia spermatozoa was patterned after the technology 
developed at the Institute of Aquaculture, University of Stirling, Scotland. 

Following the recommendations of the External Review team of ICLARM Genebank 
Operations in November 1995, all the cryopreserved tilapia germplasm collections 
(founder stocks and selected stocks) were replicated for safety. Negotiations with the 
Philippine Carabao Center at CLSU to hold a duplicate collection is on-going. 

On termination of the GlFT Project in December 1997, the genebank is being maintained 
by BFARINFFTRC and the GlFT Foundation. 

3.1.2.3. Database on the GlFT Nile Tilapia Germplasm Reference Collections 

Under Microsoft Access Version 2, a comprehensive relational database covering 
importation, quarantine, and live and cryopreserved germplasm collections has been 
developed. This database is a sub-system within the larger GlFT database system, and 
thus can be further linked to other databases such as breeding and grow-out databases. 
The database consists of a master list of PIT tag numbers which facilitates the 
systematic recording of cryopreservation data linked with the breeding data was also 
established. A data dictionary was prepared to describe each variable used. 

The cryopreservation datasets were made available to the System-wide Information 
Network on Genetic Resources (SINGER) an information network system geared at 
handling the genetic resources documented by the CGIAR centers. 

Outputs: 

Establishment of live and cryopreserved tilapia germplasm collections for further 
strategic research. 

Protocol for maintenance of live germplasm collections (Part 2 Attachment 3). 

Development of comprehensive relational database for live and cryopreserved tilapia 
germplasm collections. 

3.1.3. Evaluation of Culture Performance of the Eight Strains in a Wide Range of 
Farming Systems and Under Various Agro-climatic Conditions (Generation 
1) 

The most important criterion determining the number of strain to be developed is their 
relative performance in different target environments. In genetic parlance, this is called 
genotype X environment interaction. If there is little or no GE, then the best strains in one 
environment will be the best in all. On the other hand, if there is high GE then special 
strains must be developed for specific environments. In determining the target 
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environments, emphasis should be on the relative importance and proportion of 
commercial production represented by each of the environments and whether or not 
existing environments will prevail in the foreseeable future. 

The GlFT project's first major experiment was to determine the growth performance of 
strains and the magnitude of GE over two consecutive generations (Schematic diagram 
of the experiment in Fig. 1). The 11 test environments chosen covered a wide range of 
tilapia farming systems: earthen ponds fertilized with organic manure, ponds fertilized 
with on-farm agricultural residues, rice-fish systems, cages, and hatcheries located in 
different agro-climatic regions. A total of 11,000 individuals (7650 and 3420 individuals 
during first and second generation) were communally reared in all test environments for 
90 days. Results indicated highly significant differences in growth performance among 
the strains. Excepting Ghana strain, the wild African strains performed as well as or 
better than the 'domesticated' strains used by the Philippine farmers. The widely cultured 
Israel strain in the Philippines performed poorly. The GE was low. Overall, the growth 
performance of the strains were relatively consistent across test environments. It was 
concluded that development of specialized strains for each of the farming systems in the 
Philippines may not be necessary. However, the GlFT plan incorporates testing of 
breeding materials across all target environments to ensure that the response to 
selection will be valid in almost all grow-out environments. 

Technical details on this strategic experiment and on the other complimentary studies 
conducted during generation 1 are provided in Final Report Part 2 Attachment 4. 

List of complimentary studies conducted during generation 1 : 

Predictability of individual growth rates of Nile tilapia 

Growth and reproduction of individually tagged Nile tilapia of different strains 

A practical quantitative method to estimate relative reproductive activity in Nile 
tilapia. 

Outputs: 

Strategic decision 1. Development of specialized strains and diverse selection 
programs for each of the investigated diverse farming system is not necessary. 
The best performing strains could be mixed together to build one base 
population. 

Four scientific papers published (Part 2 Attachment 4). 



GIFT PROJECT FINAL REPORT 1988-1997 

3.1.4. Estimation of the Magnitude of Additive- and Non-additive Genetic Effects 
(Heterosis) and Determination of the Breeding Strategy: Selection or 
Crossbreeding (Generation 2) 

The major alternative breeding systems are selection and crossbreeding. Selection as a 
breeding strategy focuses on additive genetic variance - choosing the best performing 
individuals as breeders in every generation. Selection programs are in general resource 
efficient, simple in design and easier to implement than crossbreeding programs, and the 
genetic gain is sustainable during generations of reproduction outside the breeding 
system. By nature, the selection approach is 'non-protective'. Crossbreeding focuses on 
non-additive genetic variance - choosing the right combination of strains1 individuals. 
The Hybrid vigor (or heterosis) should be substantial to adopt crossbreeding as a 
breeding strategy. 

The GE experiment performed during the first generation experiments (see above) was 
followed by a complete diallel crossing experiment producing all 64 hybrid and pure 
strain combinations among the eight founding strains to estimate the magnitude of 
heterosis (see schematic diagram in Fig. 2). Growth performance was recorded in a total 
of 23,739 individually tagged progeny after a grow-out period of about 90 days. Least 
square means (LSM) of body weights at harvest were computed for each strain 
combination within and across all test environments, and additive genetic effects, 
maternal (reciprocal) effects, and non-additive genetic effects (heterosis) were 
estimated. The LSM heterosis of all strain crosses across all test environments was 
4.3%, and the cross that expressed the largest non-additive genetic effect showed a 
least square mean heterosis of 14%. However, only seven out of the 22 crosses with 
significant heterosis performed better than the best pure strain, and the largest gain was 
then about 1 1 %. 

Although some strains performed better as sire strains and others as dam strains, it was 
concluded that specific line (or strain) crossing schemes will only result in marginal 
improvements in growth performance and may show an increased sensitivity to GE 
interactions. Therefore, a regular selection program based on additive genetic 
performance was adopted as the breeding strategy for rapid genetic improvement of Nile 
tilapia in the Philippines. 

Technical details on this strategic experiment and on the other complimentary studies 
conducted during generation 2 are provided in Final Report Part 2 Attachment 5. 

List of complimentary studies conducted during generation 2: 

Early growth and survival of eight strains of Nile tilapia and their crosses 

Fry Production of eight strains of Nile tilapia and their crosses 

Progeny sex ratio in a complete diallel cross with eight strains of Nile tilapia. 
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Outputs: 

Strategic decision 2: A combined family selection strategy commencing with a 
mixed base population with a broad genetic variability is the best approach to 
genetic improvement in this case. 

Strategic decision 3: Establishing the base population. Based on their additive 
genetic performance, breeders from the 25 best performing purebred and 
crossbred groups (from the 64 evaluated) were chosen to build the mixed based 
population. 

Three scientific papers published (Part 2 Attachment 5). 

3.1.5. Building the Base Population and Starting the Selection Program 
(Generation 3) 

The objective of this experiment was to estimate the genetic parameters (heritability, 
genetic variation and genetic correlations) of survival, growth and reproduction traits. 

One hundred fifty breeding units in three sets (or 450 units) were established in a nested 
mating design (one male mated to three different females) to produce 150 full-sibs 
groups. Of the 150 full-sibs groups planned and actually produced, 27 groups were not 
tagged due to low numbers of fish at tagging. A total of 25,000 individually tagged 
fingerlings were communally reared for 90 days in 7 different test environments. Tagged 
fingerlings of the commercial strain most commonly used by fish farmers ('Israel' strain) 
were also stocked in three different locations in Central Luzon to compare the growth 
performance. 

Significant results from this experiment were as follows: 

(i) the heritability estimates for body weight at harvest were consistent across all test 
environments. The average heritability value based on the sire component of 
variance was 0.23. This indicates a substantial additive genetic variance for growth 
rate in the mixed base population. The prospects for rapid genetic improvement for 
this trait through selective breeding are therefore very promising. 

(ii) the heritability values for growth rate based on the dam component of variance were 
high, averaging 0.53 across test environments. This may indicate a significant 
maternal genetic, non-additive genetic or environmental effect common to full-sibs 
for body weight at harvest. 

(iii) the heritability for survival based on the sire component of variance was 0.08 - also 
indicating a significant genetic variance for this trait also. The percentage survival at 
harvest of the base populations was higher than the commercial strain. 

(iv) correlation between body weight and survival based on the sire component was 
positive (0.2) indicating a favorable genetic correlation between these two economic 
traits. 
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(v) the performance of the commercial strain was very poor. It was equal to the second 
lowest ranking full-sib group (out of the 123 groups tested). The GlFT project's base 
population was about 60% faster growing than the most widely cultured 'Israel' strain 
across the range of environments tested. 

Outputs: 

Strategic decision 4: There is substantial genetic variance for growth and survival in 
the base population. Rapid genetic improvement is possible. 

An improved tilapia breed which performs better than the Philippine commercial 
'Israel strain'. Preliminary economic analysis showed that: (i) under experimental 
conditions when the project's base population and the commercial 'Israel' strain were 
communally reared, the average gross revenue from using GlFT base population 
was 1.6 times (or 60%) greater than the commercial strain; (ii) a survey of optimal 
production conditions in three provinces of Central Luzon indicated that tilapia reach 
a harvest size of about 80 g after a grow-out period of 5-6 months - about 2 crops 
per year. The GlFT fish reaches the same harvest size in only 3 months at a slightly 
higher stocking density - about 3 crops per year. This translates into doubling of 
annual production and gross revenue. 

two major scientific papers in preparation 

3.1.6. Selection and estimation of genetic gains (Generations 3 to 9) 

The primary objectives of this study were: (i) to estimate the response to selection 
(magnitude of genetic gain); (ii) to initiate procedures for recording of other economically 
important traits such as maturation, carcass quality, survival etc. and (iii) test release 
genetically improved fish in farmer participatory research in a wide range of farming 
systems. 

3.1.6.1. Selection for growth (Generations 4 to 9) and for two traits (growth and 
frequency of spawning females (Generation 7 to 9). 

The generation 3 experiment described above (3.1.5) represents the base reference 
material (the base population) for comparisons and documentation of observed genetic 
gains in growth performance in subsequent selection experiments (Generation 4 to 9). 

Generations 4 to 9 focused on selection for growth of tilapia. A two-trait selection 
experiment (Generation 7) was initiated in 1996 but this was not repeated in the 
following year (Generation 8) because records on female maturity were not gathered. 
Records to perform a two-trait selection were again collected in Generation 9. The 
Generation 9 experiment was completed in March 1998 within the resources of the GlFT 
Foundation. Data analysis in preparation for a full two trait selection experiment is in 
progress. 
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The regular procedures followed during each selection cycle involved production of 
about 200 families by mating 100 selected males with 200 selected females in a nested 
mating design (1 male: 2 different females; schematic diagram in Fig. 3). Representative 
samples of progeny from each family were individually tagged and distributed to different 
test environments. After a grow-out period of about 120 days, the fish from all the test 
environments were harvested and individuals ranked based on their growth (single trait 
selection) or growth and reproductive performance for performing a two-trait selection. 
Breeders for the next round of selection were selected based on their estimated 
breeding values. 

Reproduction (or maturation) was recorded as the frequency of spawning females per 
individual family, about halfway through the rearing period, when substantial fry 
production was observed in rearing ponds. Maturation records were obtained by total 
draining of the ponds and sampling of the entire population. 

Magnitudes of genetic gains were estimated by comparisons with standard controls 
(progeny of breeders with average breeding values; progeny from repeat mating of 
breeders used in previous generations) and also with non-standard controls (progeny 
from conventional commercial strains in the Philippines, namely, 'Israel' and 'Thailand'). 
The latter comparisons were carried out for demonstration purposes. Representative 
family materials from each selection cycle were also used for carrying out specific 
research experiments, as described in following sub-sections. 

Estimation of genetic parameters and response to selection for growth: 

Estimation of heritabilities (with standard errors) for growth performance in Generation 3 
through 8 were all estimated with an single-trait animal model, using a derivative-free 
Restricted Maximum Likelihood algorithm (dfREML). Within each generation and within 
each test environment, the dfREML model included the random additive genetic effect 
and a random environmental effect common to members of a full-sib group. The fixed 
effect part of the model included the effect of sex and the initial age variable was 
included as a covariate. For analysis across test environments (within a given 
generation), the same model was applied, except that the fixed effect part now contained 
the sub-class effect of environment by sex. For all analyses, pedigree information was 
traced to the base population (Generation 3). The total number of individual records 
used in the univariate dfREML analyses and information on the number of test 
environments, sires and dams in each generation are presented in Table 6. 

For the estimation of selection response within each generation, the dfREML model was 
expanded to include the fixed effect of genetic group ('selected' individuals and 
'controls'), and the response was estimated as the contrast between these. The latter 
was performed across test environments in each generation. 

The estimated heritabilities within each environment, and across all environments, 
during each generation is in the Final Report Part 2 Attachment 6. The summary of 
heritability estimates for growth performance and the observed response to selection for 
growth in each generation is in Table 7. 
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Percent survival in each test environment in generation 3 through 8 is given in Table 8. 
The survival across environments and across generations (generation 3 - 7) has been 
almost consistent with few significant deviations. The low survival recorded during 
generation 8 were mainly due poorer water quality and water circulation in the test 
environments during this particular generation. Furthermore, the tag-losses were also 
very high during this experiment. 

Analyses of survival records using the Gianola and Foulley Categorical analysis 
procedure (GFCAT) has been initiated. The GFCAT procedure performs a categorical 
data analysis and provides estimates for additive variance component in terms of the 
underlying, non-observable normal distribution. 

Results so far indicate no or low additive genetic variation for survival. This is probably 
due to extensive tag-losses, which unfortunately is difficult to separate from the actual 
survivorship. Consequently, the planned estimation of genetic correlations between 
survival and growth performance had to be dropped. 

Genetic correlations: Growth performance in different environments 

Growth performance of representative full-sib groups in different environments were 
considered as different traits, and their genetic correlations were estimated. The 
analyses were done by applying a multi-trait animal model including the random effect of 
additive genetic effect and common environment, as described above. Sex was included 
as a fixed effect and the target variable for analysis, observed body weights at harvest, 
were all pre-corrected for variation in initial age at stocking before analysis. Analyses 
were done on records obtained from generation 6, 7 and 8. The estimates of genetic 
correlations across environments were highly variable. In general, the genetic 
correlations were significantly high (0.7 to 0.8) for similar environments, the earthen 
pond environments of BFAR and FAC. Between earthen pond and the cage 
environments, the genetic correlations were low (0.0 to 0.4). Interestingly, the genetic 
correlation between earthen pond environments and the rice-fish environments were 
very high (0.9 to 1.0). 

Inbreeding 

The level of inbreeding in each generation was calculated by tracing the pedigree to the 
base population (generation 3) using the conventional tabular method. 

Outputs (Generations 4 to 8): 

A genetically improved tilapia breed and estimates of its genetic gains 

The survival across test rearing environments and across generations (generation 3 
to 7) has been almost consistent (73%) with few significant deviations. There was no 
or low levels of additive genetic variation for survival. 

Genetic correlations between growth performance of sib groups in different 
environments were highly variable across test environments. The relatively lower 
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values of genetic correlations between growth performance in earthen ponds and in 
the cages should be investigated further. 

Five generations of selection completed. The genetic gain per generation has been 
about 12-1 7% across five generations of selection. The accumulated genetic gain in 
relation to the base population was 85% (see Fig.4). 

The estimated rates of inbreeding per generation from Generation 4, when selection 
was initiated, to Generation 8 were, respectively: 0.138, 3.82, 5.34, 7.09, and 7.09. 

Initiation of research work for developing late-maturing Nile tilapia; and procedures 
for a multi-trait selection involving growth and late maturation (as described below). 

Standardized techniques for controlled mating, anesthesia, mass individual tagging, 
recording of ancestry, hatching data, growth and survival. 

Improved research methodologies and associated software for estimation of genetic 
parameters and response to selection, widely applicable in developing country 
aquaculture research and development. 

The models and results obtained needs to be further reviewed before preparation of 
scientific papers can proceed smoothly (see section 4.0). 

Specific core-research experiments conducted from Generation 5 - 9 

3.1.6.2. Estimation of the magnitude of genotype (families) x season interaction (using 
the same sires and dams used in the previous generation) 

Two seasonal lines were produced for testing in two different growing seasons. The 
over-all objective was to determine if there was a need for establishing two separate 
lines depending on their relative performance during the two major growing seasons. 

Repeat mating of the same sires and dams used in Project's seventh generation 
experiment were bred again in 1995 to produce progenies for testing in three different 
environments (BFAR, FAC and Pantabangan cage). After 120 days of culture all the fish 
from the three environments were harvested. Data gathered were analyzed to correlate 
the growth performance of progenies reared during cold and summer months. 

Examining correlations between growth of winter and summer lines in each of the three 
environments, showed no significant correlation on the growth of 28 full sib families in 
two environments (BFAR pond and Pantabangan cage) and significant correlation in 
only one environment (FAC, 0.44 at p ~0.05).  Implications for setting up of two separate 
selection lines (winterlcold and summer) should be considered in the strategic planning 
of the GlFT Foundation. 
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3.1.6.3. Estimation of genetic parameters for maturation (frequency of spawning 
females per family) 

Separate fishponds were prepared and stocked with family materials from the Project's 
seventh generation experiment for recording of maturation (age at first spawning). 
Progenies from 155 families from the Generation 5 were communally stocked in two 
replicate earthen ponds in FAC. Total draining of ponds and sampling of all fish were 
done about two weeks after the appearance of fry. Female's spawning conditions were 
recorded at this intermediate sampling. Females were scored for their spawning activity 
(either as "0" or " I " ,  depending on whether they had spawned or not). Body weights 
were recorded at this intermediate sampling. The fish were further grown and harvested 
at the end of the experiment, when spawning and body weights were again recorded. 

The estimated heritability (based on sire component of variance) for growth, heritability 
of frequency of spawning females and genetic correlation between frequency of 
spawning females and growth at intermediate sampling were, respectively, 0.34, 0.37 
and 0.70. The corresponding values based on the dam component of variance were 
0.55, 0.80, and 0.43. These results indicate significant positive correlations between 
growth and maturation, i.e., faster growing families had significantly high frequency of 
spawning female individuals. A strategic decision was therefore made to include 
maturation as the second important trait in the selection program. 

The estimated individual breeding values for growth and family values for frequency of 
spawning females (assuming a heritability of 0.25) were combined in a selection index 
(assuming equal economic weights). 

3.1.6.4. Response to selection for late and early spawning females 

Progenies from families with high and low values for maturity (late and early spawning 
families) were used in the experiment. A total of 3,566 individually tagged fingerlings 
from 9 late maturing families and from 19 early maturing families were stocked 
communally in three 600 m2 earthen ponds. Total sampling was done two weeks after 
each appearance of swim-up fry in the ponds. Two intermediate samplings were done 
before the fish were harvested. Data such as body weight, standard length, body depth 
and papilla condition of the female (for determination of maturation) were recorded 
during samplings. The experiment was terminated after a grow-out period of 120 days. 

A highly significant response to selection was observed for frequency of early maturing 
females (33.5% mature females in the progeny of late maturing broodstock as compared 
to 55% in progeny of early maturing broodstock at the time of recording). Furthermore, a 
significant correlated response was observed for body weight at harvest in male 
progeny. Progeny of early maturing broodstock was heavier than progeny of late 
maturing broodstock (205 and 182 g. respectively). A similar, but non-significant trend 
was observed in female progeny. 

The results of this experiment further confirmed the need to apply a simultaneous 
selection for both traits in an applied breeding program. One scientific paper describing 
the details of the experiment has been accepted for publication (Final Report Part 2 
Attachment 7). 
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3.1.6.5. Determination of Indirect markers to improve rate of Survival 

This study was carried out as part of a Ph.D Thesis dissertation by a Thai student in 
AKVAFORSK. The study was carried out in two parts: (a) Determination of genetic 
variation in lysozyme and spontaneous haemolytic activities of blood serum; and (b) 
Determination of genetic associations of serum lysozyme and serum spontaneous 
haemolytic activities with survival and body weights. Details of these studies are in Final 
Report Part 2 Attachment 8. 

3.1.6.6. Specific Genetic Studies to Design Efficient Selection Programs 

The following experiments were completed: (a) Replicate effects of rearing of families; 
(b) Effects of communal and separate rearing of test groups; and (c) sex reversal. 

Manuscripts from (a) and (b) are being reviewed, and for (c), a manuscript on 
"Combined effects of genetic improvement through selection and sex reversal on 
survival and growth of Nile tilapia" (Final Report Part 2 Attachment 9) was prepared and 
presented at the Second International Workshop on Genetics in Aquaculture and 
Fisheries Management in Asia, held in Bangkok, Thailand in November 1994. 
Reanalysis of the data was completed following the review of paper. Revision of the 
manuscript is being done based on the revised analyses. 

3.1.6.7. Growth performance in different farming systems 

Studies to evaluate the performance of the GlFT Strain in various practical farming 
systems were conducted under the FACICLSU research component. Seven 
complementary studies were completed as follows: (i) Response of the GlFT strain to 
various feed formulations; (ii) Growth evaluation in earthen ponds fertilized with on-farm 
crop residues; (iii) Growth performance under intensive fertilization and supplemental 
feeding regimes; (iv) Growth performance in rice-fish environments; (v) Use of Bagasse 
(sugarcane waste) in freshwater aquaculture; (vi) The influence of stocking density on 
the growth, size-at-harvest, and survival rate of GlFT fish; and (vii) the response of the 
GlFT strain in polyculture systems. 

Two manuscripts on the above studies have been prepared for submission to scientific 
journals for publication (Final Report Part 2 Attachment 10). These papers are now 
being circulated for review. 

3.1.7. Commissioned Reviews to Investigate Genetics of Resistance to Biotic and 
Abiotic Stresses 

The purpose of the commissioned reviews was to obtain an authoritative account on a 
chosen subject and provide advice to ICLARM on possible approaches and the 
investment needed to implement new research initiatives. Two topics were chosen for 
review: (a) Genetics of Disease Resistance in Fish; and (b) genetics of tolerance to 
saline waters in tilapias. Prof. Trygve Gjedrem of AKVAFORSK prepared the review on 
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genetics of disease resistance. The paper has already been reviewed, finalized and 
submitted to ICLARM for publication. A copy of the review is in Final Report Part 2 
Attachment 11. The second review on tolerance to saline waters could not be 
implemented due to lack of resources. However, a special session on "Development of 
Salt Tolerant Tilapia" was organized and conducted in conjunction with the 3rd INGA 
Steering Committee meeting in Cairo, Egypt, 8-12 July 1996 to discuss among INGA 
member countries the possibility of developing a salt-tolerant Nile tilapia. The output of 
the session is in Final Report Part 2 Attachment 12. 

3.1.8. Database Management 

3.1.8.1. Standardization of datasets and preparations of data dictionary 

Datasets from all core-research experiments conducted from Generations 1 to 9 were 
standardized to fit into a user-friendly database system in SAS-format. There are four 
sets of files for each generation experiment corresponding to its different stages: 
breeding, fry collection, early rearing and growth and grow-out. The accompanying Data 
dictionary and documentation for Generations 1 to 9 describes all the variables used in 
the GlFT database. 

3.1.8.2. User-friendly software (within SAS) for routine analysis of genetics data - the 
GlFT Stat. 

Applications development was one of the major tasks carried out by the Database 
Management Unit of the Project. The objective was to produce stand-alone software or a 
utility program which is user-friendly. The task was started in 1994 and was completed in 
April 1996. The GlFT Stat acts as repository of all standard statistical, genetic and data 
management programs developed and used by the GlFT Project since 1988. 

3.1.9. Regional On-Farm Trials and Assessment of Impacts 

This activity was inter-phased with the DEGITA Project. An extended summary on the 
DEGITA Project is included as Annex 3 to this report. The complete DEGITA Project 
Final Report has already been submitted to the UNDP and is also available on request 
from ICLARM. The main findings are as follows: 

The production potential of GlFT and existing Nile tilapia strains (referred as 'non-GIFT' 
strains because of their diversity of origins) were assessed through on-station and on- 
farm experiments in a range of aquaculture systems in Bangladesh, Peoples Republic of 
China, the Philippines, Thailand and Vietnam. 

Production per unit area or yield depends on stocking density, average weight at harvest 
and survival. After accounting for the wide heterogeneity of input use levels, production 
environments and other factors, the percent change in average weight at harvest and 
survival due solely to the mean superiority of the GlFT strain over the existing non-GIFT 
strains were highly significant across different countries. The magnitude of the effect of 
the GlFT strain on growth rate, however, varied among countries, ranging from 18% in 
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China to 66% in Bangladesh. In terms of survival, the GIFT Strain showed higher 
survival compared to the existing strains only in China (3%) and the Philippines (13%). 
The magnitude of impact, however, varied according to the history of tilapia introductions 
and farmers' experience. Overall, the results indicated that the cost of production per unit 
of fish produced is lower for the GIFT strain than for the non-GIFT strains: more than 
30% lower in Bangladesh and the Philippines; about 20% lower in Peoples Republic of 
China, Thailand and Vietnam. 

The estimated yield potential of the GIFT Strain was more than 50% higher than that of 
the best existing strains, ranging from about 54% percent higher in Vietnam to about 
97% higher in Bangladesh. The estimated Yield Gap 11, the difference between potential 
and actual yields in farmers' field, ranges from around 3000 Kg ha in China to around 
850 Kg ha in the Philippines (which has a shorter growing period and poorer production 
environment). These estimated gaps show the extent to which yield might be increased 
through the invention of appropriate technology to overcome production constraints such 
as disease, water quality, etc. 

In the Philippines and Thailand, where about 80-90% of the tilapia production is 
marketed locally and the demand for tilapia is price elastic, both producers and 
consumers will benefit from technological interventions (such as the GlFT technology). 
As low-priced tilapia is consumed mainly by poor people whose demand is inversely 
related to price, the major portion of the consumers' benefit will go to poor consumers. In 
countries like Bangladesh, where tilapia fish farmers consume about 70% of their 
produce, the major economic gain from GIFT technology will accrue to the producers. In 
subsistence farming, the reduction in market price due to higher production has relatively 
little influence on producers' income. 

The participating countries in the DEGITA project are now in the process of developing 
their respective national tilapia breeding programs with the GIFT strain as a base starting 
genetic material. 

3.2. TRAINING AND INFORMATION DISSEMINATION 

3.2.1. Training of GlFT Project Staff and Scientists from National Institutions 
participating in INGA 

A summary of the trainings conducted for technical personnel in national institutions and 
GlFT Project is given in Table 9. Twenty weeks were spent by the project for conducting 
the trainings organized for GIFT core staff and researcherslscientists from INGA 
member countries. A total of 224 researchers1 scientists from GIFT Project and national 
institutions from 11 INGA member countries had been trained during the project period. 

Prior to implementation of the main project activities, a two-week training program in 
quantitative genetics was conducted for the leaders of the GIFT collaborating institutions 
on May 30 to June 10 1988 at the Institute of Aquaculture Research, Agricultural 
University of Norway. The training was followed by a workshop held at the AKVAFORSK 
(Sunndalsora) on June 26-28, I988 to finalize the project research plan. 

In addition to hands on-training, about six training workshops for the 18 project 
personnel from national collaborating institutions directly involved in the implementation 
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of the project were subsequently conducted from 1989 to 1993. Scientists from other 
national and regional institutions likewise participated in some of these training 
workshops. These training workshops focused on designing of genetic experiments, 
management and analysis of large databases, computer software applications and 
scientific writing. 

An intensive training program on the "Application of Quantitative Genetics in 
Aquaculture" was successfully conducted for the GlFT Project core research staff and 
INGA researchers from November 6 to December 2, 1995 in Cavite, Philippines. The 
objective was to strengthen the capacity of GlFT core research staff and scientists from 
national institutions in the field of quantitative genetics and its application to increase 
sustainable aquaculture production. A full account of this activity is described in a 
separate training report submitted to UNDP in January 1996. 

3.2.2. Training and supervision of graduate students 

Five students directly involved in the Project successfully completed their Master of 
Science degrees. The Project Leader and senior research partners from FAC and 
AKVAFORSK provided guidance for completion of the theses. Of the five thesis studies, 
two received "Outstanding" rating from the Central Luzon State University and another 
one from the University of the Philippines. In addition, six students sponsored by the 
Philippine Bureau of Agricultural Research have completed their Master of Science 
degrees under the auspices of the GlFT Project. These students were supervised 
directly by the senior FAC research partners. 

A compilation of all theses abstracts is in Final Report Part 2 Attachment 13. 

3.2.3. Training and Dissemination of GlFT germplasm in support of National 
Tilapia Breeding Program in the Philippines 

Organization of trainingslworkshops 

One of the objectives of the Project was to provide assistance to national institutions in 
planning national fish breeding programs. To accomplish this, nineteen traininglcourses 
were conducted by the Project from March 1993 to September 1997, either as a main 
organizer or in support to its national research partner (NFFTRCIBFAR). Shown in Table 
10 is the summary of these traininglcourses. 

These series of training courses are classified into four, depending on their main 
objective: 

(i) training courses to formulate distribution strategies of GlFT fish 

About eighty-two (82) personnel from various levels of organizations of the Philippine 
Department of Agriculture were trained during the four different training workshops 
conducted between March 1993 to April 1994. The purpose of the meetings was to 
develop strategies for distribution of improved tilapia germplasm. 
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(ii) training courses to gather feedback on GlFT fish performance from farmers and 
research outreach station; 

A total of ninety two (92) Philippine farmers and technicians were trained during the five 
training workshops conducted to gather feedback on performance of GlFT fish at 
farmers' level, during the period December 1994 to May 1996 

(iii) training to disseminate information on GlFT fish 

A total of four hundred fifty (450) participants representing Philippine tilapia farmers, 
teachers, and aquaculturists were trained during the seven training workshops aimed at 
disseminating information on GlFT technology, conducted during the period February 
1994 to September 1997. 

(iv) training courseslworkshops which led to formation of the GlFT Foundation 
lnternational Inc. 

Eight training workshops and discussion meetings were conducted from December 1994 
to June 1997, aimed at formation of the self-sustaining national tilapia breeding program. 

Dissemination of the GlFT Strain in the Philippines 

The distribution of GlFT fish to Research Outreach Station (ROS) was initiated in 1993. 
BFAR took the leadership role in this activity. Recipients of the fish have gone into mass 
production and dispersal of fingerlings to grow-out farmers in their respective regions. 
Details of dissemination of GlFT fish to government stations (ROS) and private tilapia 
hatcheries are given in Table 1 1, 12 and 13. A total of about 688,250 of GlFT brood 
stock were disseminated during the duration of the project. 

3.3. INTERNATIONAL COOPERATION 

3.3.1. Establishment of INGA and continued support to its activities 

Under the auspices of the GlFT Project, ICLARM with assistance from UNDP organized 
a series of consultative meetings with national program leaders from Asia and Africa to 
explore possible mechanisms for establishing a formal global forum for national 
scientists to exchange ideas, research methods, and genetic materials (see Table 14). 
Details of these workshopslmeetings were given in the reports earlier submitted to 
UNDP. These meetings eventually led to the establishment of the lnternational Network 
on Genetics in Aquaculture (INGA), patterned after a similar network on rice breeding 
(the lnternational Network for Genetic Evaluation of Rice) coordinated by IRRI. 

Thirteen countries in Asia and Africa are collaborating in research and exchange of 
genetic materials: Bangladesh, Peoples Republic of China, Cote d'lvoire, Egypt, Fiji, 
Ghana, India, Indonesia, Malawi, Malaysia, the Philippines, Thailand, and Vietnam. 
ICLARM is the member-coordinator. INGA was inaugurated in 1993 by seed funding 
from the GlFT Project and has been supported since by ICLARM core funds and project 
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funds from the Government of Norway, AClAR and IDRC, as well as operational funds 
from the member countries. 

The GlFT Project team continued to provide significant technical and logistical support in 
the organization of the INGA Steering Committee meetings convened by the INGA 
Secretariat at ICLARM and the host country institutions. Specifically, significant 
contributions of GlFT were given during the Committee meetings held in 1994 
(Thailand), 1995 (India) and 1996 (Egypt) and also during the SIFRIUNDP convened 
"International Fisheries Development Donors Consultation meeting held in Paris in 
October 1996. 

3.3.2. Production and distribution of germplasmlimproved fish breeds for 
evaluation in national programs 

Fingerlings of improved tilapia breed (GIFT strain) were produced and disseminated to 
six countries in Asia and Pacific (Vietnam, China, Indonesia, Thailand, Fiji, Bangladesh) 
according to standard quarantine procedures developed in the GlFT Project. A total of 
45,163 fingerlings were sent to these countries through INGA and DEGITA Projects from 
May 1994 to August 1997. A record of tilapia fingerlings transported to the 
INGAIDEGITA member countries is shown in Table 15. Protocols for testing of 
genetically improved breeds in national and regional institutes and protocols for 
dissemination of these fish breeds were developed by the GlFT Project in consultation 
with international experts and national program scientists. 

3.3.3. Preparation of Standard Research Methodologies and Reporting 
Procedures for Evaluation of Fish Genetic Materials 

The GlFT Project contributed to the preparation of the Draft Procedures for Evaluation of 
Fish Genetic Materials. The document was presented at the first INGA Steering 
Committee Meeting held in Bangkok, Thailand in 1994 and subsequently finalized in 
consultation with INGA Research Coordinator for use by national institutions of 
participating INGA member countries. 

3.3.4. Preparation of the GlFT Manual of Procedures 

The GlFT Manual of Procedures contains user-friendly training material prepared by the 
GlFT team. It has been developed using the United Nations TRAIN-X methodology. This 
manual documents the technical procedures developed by the GlFT Project and was 
based mainly on the Project experiences. The Manual's targeted audiencelbeneficiaries 
are the technical staff of the INGA member countries. 

Two training workshops to finalize the Manual were organized in 1997: (a) Instruction for 
Trainers' was conducted in March 1997; and (b) Training to validate the Manual of 
Procedures (JulylAugust 1997). Revisions from the Validation course conducted in 
JulylAugust 1997 are presently being incorporated into the entire standardized training 
package. 
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Reports of the training courses conducted in relation to the preparation and validation of 
the Manual have been submitted to UNDP. 

3.3.5. Training of Scientists from National Institutions Participating in INGA. 

The training of scientists from national institutions was a significant activity in the GlFT 
Project, with emphasis on quantitative genetics and planning of national fish breeding 
programs. 

The intensive training program on the "Application of Quantitative Genetics to 
Aquaculture" was held on 6 November - 2 December 1995 in Cavite, Philippines and 
attended by researchers from INGA national institutions. It was a major initiative 
undertaken by the Project. Apart from this, short-term training programslstudy visit were 
also organized (see Table 16). A training programlstudy visit to the Philippines (GIFT 
Project site) in April 1994 was organized for three Indian scientists from Central Institute 
of Freshwater Aquaculture (CIFA) participating in the lndia Rohu Breeding Program. 

The Project also provided significant technical assistance to national programs in 
developing their national fish breeding programs. For example, the Project Leader 
participated as a resource person during a national workshop on "Broodstock 
Management and Procedures for Avoiding Inbreeding in Fish Hatcheries" held in 
Bangladesh in March 1994. Apart from this, and under INGA through financial support 
from the Norwegian Ministry of Foreign Affairs, AKVAFORSK assisted national program 
scientists in Vietnam and Indonesia to develop breeding plans for several fish species. In 
Vietnam, breeding plans were developed in cooperation with scientists from Vietnam's 
Research lnstitute for Aquaculture 1 and RIA 2 for utilization of the GlFT strain Nile 
tilapia, mrigal and silver barb (see Final Report Part 2 Attachment 14). In Indonesia, 
breeding plans were developed in cooperation with scientists from the Research lnstitute 
for Freshwater Fisheries (RIFF), Research Station for Coastal Fisheries (RSCF) and the 
Research lnstitute for Coastal Fisheries (RICF) for tilapia, milk fish and common carp. 

3.4. DEFINITION OF METHODS AND APPROACHES FOR APPLICATION TO 
OTHER SPECIES 

3.4.1. Genetic lmprovement of Carps in Asia 

A proposal for collaborative research and training on "Genetic lmprovement of Carps in 
Asia" was developed for implementation during the years 1997-2000. The proposal 
eventually led to a three-year regional technical assistance grant of ADB to implement 
the study in six countries of Asia (Bangladesh, China, India, Indonesia, Thailand, and 
Vietnam). The GlFT Project provided technical inputs during the Planning Workshop for 
the ADB Genetic lmprovement of Carps Project held in lndia on July 24-28, 1997. The 
objective of this workshop was to discuss in detail the objectives, scope of work, 
workplans and expected outputs. 
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3.4.2. Future Directions for Research in Fish Germplasm Enhancement and 
Breeding 

A Consultative workshop to develop "Strategies for Collaborative Research and Training 
in Application of Genetics to Increase Sustainable Aquaculture Production" was 
organized in conjunction with the INGA Steering Committee meeting held in June 1995 
in Hyderabad, India 

In 1996, the Project Leader submitted and presented to the ICLARM Board of Trustees a 
concept paper on ICLARM's future directions for research in germplasm enhancement 
and breeding. The primary focus of the paper was on developing a near term (5 years, 
1996-2000) research agenda for work on carps and tilapias. 

3.5. THE GlFT FOUNDATION INTERNATIONAL INC. 

ICLARM and its partners established the GlFT Foundation as an independent non-stock non- 
profit organization primarily to continue the selective breeding research on Nile tilapia initiated 
by the GlFT Project and to undertake commercialization of the GlFT Strain through 
partnerships with the private sector. Commercialization of the GlFT strain was chosen as a 
strategy to generate the funding required to continue the selective breeding and research on 
the genetic materials assembled by the GlFT project and to sustain the "GIFT legacy" 
comprising the highly trained and dedicated GlFT project core staff members (18) in the 
Philippines, the improved GlFT strain, the gene banks, and the data base meticulously 

, gathered over the past 10 years. The Foundation continues to maintain strategic research 
partnerships with the GlFT Project institutions. 

The present structure of the Foundation has evolved through the years. For nearly four years, 
from 1993-1996, ICLARM in cooperation with the Philippine national institutions vigorously 
pursued a public sector approach (involving BFAR and CLSU) to continue the GlFT legacy. 
Thereafter, the partners realized that the complex breeding activities of the project and the 
maintenance of the core of highly trained staff would require a more commercially-oriented 
approach. A non-stock, non-profit Foundation was therefore established by the partners. 

The GlFT Foundation at present distributes the GlFT strain using a network of private 
hatcheries that become members of the Foundation through a formal licensing agreement 
with the Foundation. This formal agreement includes provisions obligating the participating 
hatcheries to make regular research and development contributions to the Foundation in 
exchange for the privilege of using the Foundation breeders and the Foundation trade name 
and trademark. The Foundation became operational in January 1998 and operates its 
breeding and production facilities in the former GlFT Project site now called the "Center for 
Applied Fish Breeding and Genetics", built with funds from the UNDP, located in the campus 
of the CLSU. The GlFT Project partners have formally agreed to allow the Foundation rent- 
free use of these facilities for the first five years of its operations. 

Additionally, many steps have been taken to ensure the widespread use of GlFT fish and 
GlFT technology in and outside the Philippines. The GlFT project had and is expected to 
continue to have global impact in a number of ways. During the GlFT project over 
650,000 GlFT brood stock were disseminated throughout the Philippines. An additional 
45,000 GlFT brood stock were disseminated in Bangladesh, China, Fiji, Indonesia, 
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Thailand and Vietnam. Together, these countries are among the major tilapia 
aquaculture countries in the world and several are major exporters of tilapia. These fish 
also form the base for further genetic enhancement in each country. Inevitably, in 
several countries which have received GlFT fish, the GlFT line is being crossed with 
local unimproved tilapia and thus the improved genome is entering other locally available 
tilapia. This impact, although difficult to measure, is that of top crossing and serves to 
upgrade the local fish. 

Another mechanism bringing widespread impact is the transfer of the GlFT technology to 
other countries, as well as training in the technology. The trained staff from the project 
form the nucleus of staff for the GlFT Foundation lnternational in the Philippines, thus 
continuing to use their skills in applied fish breeding research, development and 
management. Two hundred twenty-four researchers have been trained in 11 countries in 
quantitative genetics research and analysis methods. ICLARM is seeking further funds 
through INGA and other sources such as UNDP's TCDC program to further extension of 
the technology particularly to Asian countries. 

The lnternational Network for Genetics in Aquaculture has been formed and now 
comprises 13 developing country members, 10 associate members which are advanced 
scientific institutes. Funding is being provided and from ICLARM's core resources and 
alternated from donors such as Norway and IDRC. ICLARM in all its international fora, 
continues to publicize the work of INGA as a flagship research network, thus continuing 
to globalize the outcomes of the GlFT project. The GlFT research methods are available, 
and are being applied in the GlFT Foundation and in national breeding programs under 
INGA. The methods are simple, rigorous and effective in breeding better fish. Better still, 
the techniques result in immediate improvement soon after selection studies are started. 
This contrasts to many other genetic techniques for which the promised results are still 
5-10 years off. The GlFT Foundation lnternational model for publiclprivate -sector 
cooperation in delivering new breeds of fish to the farmers is receiving international 
attention. Several INGA member countries such as Indonesia and Vietnam are 
developing national tilapia breeding programs based on GlFT methods. 

The method of germplasm collection, the selective breeding experiments and the chosen 
dissemination route are leading to pioneering studies on the definitions of intellectual 
property rights for fish. ICLARM has used this and other experience and knowledge to 
develop its Policy of Intellectual Policy Rights for Germplasm, a first for aquatic 
resources. The policy is drawing international interest as a possible model for use or 
adoption by other agencies. 

The GlFT strain at this stage appears to be better than most competitors and is 
developing a reputation in the Philippines for being more profitable to grow than other 
strains. Early indications from talking to the hatchery and feeds sector in the Philippines 
and Europe are that the existence of a faster growing strain of tilapia is spurring the need 
to examine other efficiency factors in tilapia production. These factors include feed 
improvements, better breeding and hatchery controls, better farm management practices 
and close attention to marketing of the fish. Ex-ante assessment of likely impact, borne 
out by early farm results, are that the GlFT tilapia and other selective breeds will lower 
the price of tilapia for the consumer. 
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Continuing impact from the GlFT project is also expected. The GlFT Foundation has 
been formed and continues to distribute GlFT fish and further enhance Nile tilapia. 
Additional GlFT fish are distributed, but without the GlFT trademark by BFAR in the 
Philippines. ICLARM retains a breeding population at the GlFT Foundation for further 
enhancement and future dissemination. The GlFT Foundation cooperates with INGA for 
further international distribution. Recent generations of GlFT have been shipped to India, 
Thailand and Vietnam. Further international distribution may occur through private 
enterprise. 

Funding and economic change may make either government or private enterprise more 
effective at different locations for disseminating germplasm to best benefit poor 
consumers. However, it is essential that government mechanisms are established to 
ensure that the poor fish farmer benefits as well. 

4.0. PUBLICATIONS 

As mentioned earlier, during the entire duration of the Project, the one major activity that 
suffered the most was the preparation of scientific publications. Although a number of 
publications have been prepared, about 10 scientific papers are in various stages of 
preparation. ICLARM and its partners are committed to complete these papers as they 
are crucial to understand the whole range of research activities conducted under the 
auspices of the GlFT Project. The status in respect of each of the major publication 
activity is described below. 

4.1. Preparation of the book "Aquaculture Genetic Research Initiatives in Asia, 
Africa and the Pacific". 

Status of Implementation: 

The first draft of the book (Genetic Research in Tilapias and other Farmed Fish in Asia, 
Africa and the Pacific) was completed in April 1996. Technical editing has been 
completed for the majority of the papers in the book. Copy editing is in-progress. As of 
December 1997, about 14 papers have been copy edited and returned to technical 
editors for incorporation of inputs. 

4.2. Preparation of GlFT Manual of Procedures 

Status of Implementation: 

Revisions from the Validation course conducted in JulyIAugust 1997 (see section 3.3.4. 
for details) have been incorporated in the entire standardized package of materials. The 
United Nations TRAIN-X methodology of preparing a standardized training package was 
followed in revision of the manual. 
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4.3. Scientific PaperslPresentations 

Status of Implementation: 

The Project has published a number of studieslpapers in primary journallbooksl 
proceedings and likewise presented papers in international conferences. As of July 1998 
several papers from major and complementary experiments are in various stages of 
completion for publication. A detailed list of published papers and the status of pending 
papers are in Annex 4 of this report. 

5.0. CONCLUSIONS AND RECOMMENDATIONS 

The selective breeding program for Nile tilapia developed and implemented by ICLARM 
and its partners is the first systematic attempt to apply the principles of animal breeding 
theory to tropical aquaculture in a developing country setting with the primary objective 
of demonstrating: (a) the importance of genetics in improving production efficiency in 
aquaculture, (b) methods and mechanisms for dissemination of results and products to 
reach targeted beneficiaries effectively, and (c) methods to estimate ex ante the potential 
benefits to a wide spectrum of aquaculture enterprises. Successful demonstration could 
mean not only better tilapia breeds for fish farmers but also new breeding procedures for 
use with other species. ICLARM and its partners have also proceeded a step further in 
developing the non-stock non-profit GlFT Foundation lnternational as a mechanism for 
continuation of the GlFT Program for the benefit of the tilapia industry in the Philippines 
and elsewhere. 

The program has demonstrated the enormous gains in economic performance of farmed 
tilapia that are possible from a systematic selection program. The GlFT program has 
stimulated planning of and implementation of national fish breeding programs in 
Bangladesh, India, Indonesia and Vietnam. An lnternational Network on Genetics in 
Aquaculture (INGA) was established in 1993. Bilateral and multilateral research 
initiatives under the INGA have begun to include other fish species, especially the carps 
which account for most of the finfish production in Asia. 

ICLARM is now well poised to establishing itself as one of world leaders in Fish 
Germplasm Enhancement and Breeding. The decade long experience and the 
significant lessons learnt in implementing the GlFT and the DEGITA projects, the 
research forum offered by the GlFT Foundation, the INGA and the GlCA initiatives, mark 
the beginnings of exciting research and development opportunities for ICLARM. 
ICLARM's unique position in the Consultative Group on lnternational Agricultural 
Research as the only center devoted to fisheries research also brings with it new 
challenges. In executing its new responsibilities, ICLARM will build on and forge new and 
innovative working relationships with national fisheries centers. 

The selective breeding technology generated through the GlFT Project is not an end in 
itself. It is in many ways the beginning of new research challenges and directions for 
ICLARM and its partners. Some of the research challenges emanating from the GlFT 
Project are as follows: 
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The need for systematic documentation and conservation of tilapia genetics resources 
was felt very strongly throughout the course of GlFT project implementation. It was also 
recognized that there exists a vast but scattered body of local knowledge about fish 
genetic resources and habitats which also are in urgent need of conservation as the 
germplasm itself. ICLARM's FISHBASE program is a step in the right direction. This 
activity, however, should be strengthened and could benefit through appropriate 
partnerships with projects and agencies which are currently engaged in such activities. 

The main bottlenecks experienced in the GlFT breeding program were: (a) the amount of 
time required in producing the required numbers of families; (b) the time required to rear 
these families to a size when they can be tagged; and (c) the number of families that can 
be effectively tagged; and (d) the tag-losses experienced during rearing. Although 
corrections for the effects of various factors affecting (initial size, initial age, etc.) the 
early life history through novel statistical procedures and manipulations were possible, it 
is important that procedures for synchronous maturation of breeders and more efficient 
tagging techniques be developed. DNA fingerprinting is one possible technique of 
enhancing the efficiency of the selection program. 

The focus of the GlFT program has been on a relatively simple but extremely important 
breeding objective: growth rate, with recording on other traits such as survival, 
occurrence of diseases, and maturation rate. The purpose of this exercise was to 
demonstrate the effectiveness of a properly planned selection program. In future 
experiments, it is important that the breeding objectives (in relation to the targeted 
species) are carefully examined. This should necessarily include a formal study on the 
benefits to the fish farmers arising from improvements in each trait. 

The rigorous genotype by environment interaction experiments conducted under the 
GlFT Program did not suggest the need for several different strains for different 
production systems. However, it should be recognized that the rice-fish farming system 
has received very little attention in the GlFT project. It is possible that the importance of 
genotype x environment may emerge later, particularly when the GlFT strain is used in 
other countries. 

The GlFT breeding nucleus should remain open in the medium term. There should be 
continuous comparative evaluations to screen potential genes for possible inclusion in 
the on-going selection program, and if the potential benefits from such genetic mixing will 
outweigh setbacks. Sex manipulations procedures (hormonal sex reversal, ploidy 
induction, or YY-male technologies) are important in the distribution process and should 
not be done in the breeding nucleus. 

Finally, it appears that fish breeding research has come of age when overall funding 
from public multilateral development assistance sources to agricultural research has 
been declining. As economies are transformed and agriculture in general becomes more 
commercialized, private sector is also expected to play an increasingly important role in 
technology generation, in food production, and in ensuring food security. For ICLARM to 
advance its strategic research agenda of improving productivity in aquaculture to close 
the looming gap in demand for and supply of food fish estimated at about 100 million mt 
by the year 2025 and also to establish a strong research base for the evolving tropical 
aquaculture industry, it is important that ICLARM reaches out to building strategic 
alliances with the private sector. To this end, ICLARM has developed a pro-active policy 
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document describing the specific guidelines for mutually beneficial relationships with the 
private sector. 

In summary, 

1. Strain variation exists for growth rate of Oreochromis niloticus. 

2. Immediate impact can be made by ~lsing the best strains. 

3. In general, wild African strains grow better than domestic Asian strains. 

4. Genotype-environment interactions occur for growth rate in all tilapia, and need to be 
considered. 

5. lntraspecific crossbreeding improves growth rate up to 12% in Nile tilapia. 

6. Seven generations of selection can improve growth rate by 77% or more (up to 
123%) in Nile tilapia. 

7. GlFT line grows faster than most genotypes of Nile tilapia in Asia and in most 
environments. 

8. Fast growth and late sexual maturity are negatively correlated in Nile tilapia. 

9. GlFT tilapia are positively impacting food production in Asia. 

The successful GlFT program leads to the need to address the following research 
issues. 

1. Selection to improve growth rate should be continued for GlFT Nile tilapia as 
selection plateaus have not been reached. 

2. Crossbreeding and selection should be combined and evaluated to maximize genetic 
gain for growth in tilapia. 

3. YY male technology and sex reversal should be combined with GlFT selection 
procedures and evaluated. 

4. Correlated responses to selection for other important economic traits should be 
evaluated. 

5. Additional heritabilities and genetic correlations should be calculated for the design 
of multiple trait selection programs. 

6. Enough time has elapsed since the original distribution that post impact assessment 
of GlFT Nile tilapia should be conducted. In fact, since GlFT fish have been 
distributed by both government and private enterprise, an opportunity to assess the 
relative merits of different dissemination exists. 

7. Research techniques should be evaluated to allow transfer of the successful GlFT 
technology to Africa. The UNDPITCDC program is a possible mechanism to 
accomplish this. 

ICLARM is seeking to address these research needs with the appropriate partner 
institution and follow-up funding is needed to maximize the benefit from the groundwork 
laid by the GlFT project. 
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6.0. EXPERIENCES AND LESSONS LEARNED 

The GIFT Project has been a major multidisciplinary and multi-institutional initiative 
encompassing a range of complex research, training and human capacity strengthening 
activities. It was one of the longest running program implemented by ICLARM and its 
partners. The GIFT project as a whole, like any pioneering projects, is a story of 
research successes and also setbacks. The project evolved continuously through 
rigorous peer review and by taking stock of experiences gained at the end of each year 
of implementation. Almost every step that the project took along its long journey of ten 
years has been a learning experience. The team has braved many challenges, including 
some natural calamities (earthquakes, typhoons, and the Mount Pinatubo eruption). 

The First Phase of the GIFT Project was almost exclusively devoted to development of 
research methods, development of strategic research directions, and development of 
equitable collaboration mechanisms among partners. This period was also punctuated 
with some serious discussions and debate on the GIFT Project's chosen research 
direction and strategy. 

Although tilapias in general have the rare distinction of being the subject of more 
research than perhaps any other tropical farmed fish, it was recognized by the team that 
the literature on tilapia biology of some 2000 published papers lacked an interdisciplinary 
approach to tilapia farming. There was very little information that the project team could 
gain for direct implementation in its activities. The team had to invent and adapt methods 
for controlled mating, mass marking of individual fish, sampling schemes, anesthesia, 
recording of traits and ancestry. This had to be accomplished within a short span of 
about 8 months before major project experiments could begin. In preparation for the 
collection and transport of new Nile tilapia germplasm from Africa, the team also had to 
develop very quickly quarantine procedures in consultation with fish health experts. 

For such a pioneering work, it is not surprising that the debate on GIFT Project's 
research direction was fierce at times. Some were concerned that that the GIFT team 
would bring in new fish diseases and parasites along with the new germplasm from 
Africa. This spurred the team on to develop the best possible quarantine safeguards for 
its transfers of fish - an imperative to this day. It was also alleged that the Project's 
stated objective of developing improved breeds of Nile tilapia could destroy the existing 
tilapia biodiversity in Asia. In fact, the whole experimental design was questioned. The 
GIFT team considered all criticisms carefully and prepared objective documents and 
scientific reasoning against these criticisms. The senior advisors to the UNDP were also 
involved in executive level discussions on these issues. Independent expert panels were 
commissioned by UNDP to unequivocally address all challenges and criticisms leveled 
against the GIFT Project Research Plan. Eventually, the GIFT approach was 
"commended" by senior scientist peers from the world of animal and plant breeding. 

The dedicated collaboration spirit exhibited among partners has always been 
commended in all international fora. Although the team represented a diverse group of 
individuals with different educational and cultural background, there was a deep sense of 
togetherness during the execution of the project. Planning and implementation of project 
activities have always been on a consultative basis. The dedication of team members to 
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the goals of the Project, as observed by the External Advisory Panel can be seen in the 
Message from the Chair of the EAP. 

As the project evolved into its second Phase, the complexity of activities increased. In 
preparation for implementation of the GlFT Phase II, ICLARM and its partners developed 
Memoranda of Understandings defining in most exclusive terms the roles and 
responsibilities of each institution. The planning of project activities was through a 
Project Management Committee, which was tasked to prepare detailed annual plans and 
budgets for review by UNDP and the External Advisory Panel. This mechanism was 
highly effective. 

The GlFT Phase II also saw the expansion of project activities (and experiences) to 
other countries participating in DEGlTA and INGA projects. This, admittedly, led to 
dilution of research thrust in the GlFT Project and also stretching of resources. As a 
result, some major activities of the GlFT Project, especially, the preparation of scientific 
publications and thorough data analysis of experiments conducted, were severely 
compromised. The GlFT Project would have greatly benefited by inclusion of at least 
one additional scientist at ICLARM. Unfortunately, the Phase II of the Project also 
coincided with several new parallel initiatives in lCLARM and core funds were not readily 
available for this purpose. 

Substantial resources were devoted towards the evolution of the National Breeding 
Program and later the GlFT Foundation in the Philippines during the GlFT Phase II. For 
nearly four years, from 1993-1996, ICLARM in cooperation with the Philippine national 
institutions vigorously pursued a public sector approach (involving BFAR and CLSU) to 
continue the GlFT legacy. Thereafter, the partners realized that the complex breeding 
activities of the project and the maintenance of the core of highly trained staff would 
require a more commercial-oriented approach. A non-stock, non-profit Foundation was 
therefore established by the partners. The experience of AKVAFORSK in setting up the 
pioneering salmon breeding program in Norway was extremely valuable in this context. 

At the time of writing this report the GlFT Foundation was already in its 8th month of 
successful operation as an indepsndent organization. All the 18 GlFT Project core-staff 
members are employed in the Foundation and continue to contribute to the mission of 
the Foundation. The Foundation has developed separate memoranda of agreements 
with the original GlFT Project institutions to continue strategic research and development 
activities. 

One of the very first lessons the GlFT Foundation has learned is that the continued 
growth and success of the tilapia industry in the Philippines, and possibly elsewhere, 
cannot be solely fueled by a selective breeding program, no matter how successful it is 
in incorporating various economically important traits in its selection program. A selective 
breeding program without feedback from a vigorous tilapia production systems research 
program may fail to meet farmers' real needs and thus may fail to contribute significantly 
to industry growth and success. In order to strategically position itself, the Foundation is 
already developing strategies to deveiop production systems technology, product quality, 
and effective customer orientation. 
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Table 1. Assessment of targeted activities, status of their implementation, and major outpl 
the stated immediate objectives of the GlFT Project (March 1988 to December 199' 

to the fish farmers 

Project Objective 1 a 

Documentation, 
Collection and 
Quarantine of Nile 
Tilapia Germplasm 

Biochemical and 
morphometric 
characterization of Nile 
tilapia germplasm held 
by the Project 

Maintenance of live and 
cryopreserved tilapia 
genebank 

Documentation, collection, ( 

Broaden the genetic base by 
bringing in pure Nile tilapia 
stocks from Africa; follow 
protocols of International 
Codes of Practice in 
importation of tilapia 

Conduct biochemical and 
morphometric 
characterization of 8 founder 
stocks used as base 
population for GlFT strain 

Establish protocols for 
maintenance of live 
cryopreserved genebank 

arantine and genetic charac 

Accomplished during Project 
Phase I; initiated in 1988 and 
completed successfully in 
1992; activity was interfaced 
with INGA activity during 
Project Phase II for further 
collections and transfers. 

Done; technical details 
published in proceeding1 
scientific journal 

Activity being continued. 

Note: on termination of the 
Project in Dec. 1997, the 
gene bank is being 
maintained by BFARI 
NFFTRC & GFIl 

rization of Nil 

Establishec 
diverse Nil1 
(pure wild ' 
useful for f 
research tc 
breeding p 

Developme 
quarantine 
experience 

Quarantine 
documente 
Procedure! 

Thorough I 
morphome 
procedure! 

6 scientific 

Establishrr 
cryopreser 
collections 
research a 
national br 
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ACTIVITY 
STATUS OF 

PLANNED TARGET I IMPMENTATION 1 (as of December 1997) 

Protocols i 
live geneb; 

Protocols i 
developed 
Institute of 
University 

Establishm 
cryopreser 

Duplicatior 
collections 

Establishm 
Reference 

Project Objective Ib :  Evaluation of culture performance of the eight strains in a wide range of far 

Generation 1 (Genotype 
x Environment 
interaction experiment) 

tder various agroclimatic cor 

Estimate the magnitude of 
GxE interaction; decide 
whether or not specialized 
strain is necessary for each 
farm environment and its 
implication in breeding 
program 

fitions (the 1st gen 

Successfully carried out from 
March to November 1989; 
technical details published in 
scientific journal 

ration experim 

Strategic d 
Developme 
strain and 
programs i 
investigate 
system no1 
performing 
mixed toge 
population 

4 scientific 

Project Objective Ic :  Estimation of the magnitude of additive and non-additive genetic effects an 
determine the breeding strategy: Purebreeding or crossbreeding (the projet 
generation experiment) 
I I I 

Diallel Cross 
Experiment (Generation 
2) 

Determine the breeding 
strategy: purebreeding or 
crossbreeding 

Successfully carried out from 
January to October 1990; 
Technical details published in 
a scientific journal 

strategic d 

a) simple! 
commel 
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CODE ACTIVITY STATUS OF 

PLANNED TARGET I IMPMENTATION I (as of December 1997) 

base pol 
genetic 
approac 
improve 

b) Based o 
perform 
25 best I 
and cro! 
the G4 e 
chosen 
based p 

Three scier 
published 

Project Objective ld: Building the base population and starting the selection program (Project's ' 
Experiment) 

Generation 3 (Building 
the base population) 

Estimate the genetic 
parameters (heritability, 
genetic variation and genetic 
correlation) of survival, 
growth and reproduction 
traits 

The study was conducted 
between November 1990 to 
June 1991; estimation of 
genetic parameters for 
generation data analysis 
across generation in-progress 
3 datasets completed; 

Project Objective le: Selection and estimation of genetic gains 

(i) Selection for growth 
and (ii) selection for two 
traits (spawning and 
frequency of spawning 
females) 

Estimate the response to 
selection (magnitude of 
genetic gain) 

selection for growth 
completed; analysis of 
datasets in progress; 
manuscripts based on 
reanalyzed datasets in- 
preparation 

Substantial 
growth anc 
population 

improved t 
performs t 
Philippine 
strain 

two major 
in prepara' 

Geneticall 
breed and 
gains. 
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CODE ACTIVITY 

Estimation of the 
magnitude of genotype 
(families) x season 
interaction 

PLANNED TARGET 

determine if there is a need to 
establish two separate lines 
depending on performance 
during major growing 
seasons 

STATUS OF 
IMPMENTATION 

(as of December 1997) 

selection for two traits 
(growth and frequency of 
spawning females) is being 
continued under GlFT 
Foundation 

two separate experiments 
conducted in 1993 and 1995; 
preliminary analysis done; 
pre-corrections of data made 
and model for data analysis 

Five generi 
completed. 
12-17% pel 
five genera 
was obsen 
increase in 
relative to 1 

Initiation of 
developing 
tilapia and I 
multi-trait s 
growth and 

Standardiz 
controlled 
mass indiv 
recording ( 
data, grow 

Improved r 
methodolo 
software fc 
genetic pal 
response t 
applicable 
country aq 
and develc 

Major sciel 
compleme 
preparatiol 

No Signific 
Strategic d 
separate lil 
considerec 
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CODE 

3.1.6.3 

3.1.6.4 

3.1.6.5 

3.1.6.6 

ACTIVITY 

Estimation of genetic 
parameters for 
maturation 

Response to selection for 
late and early spawning 
females 

Determination of indirect 
markers to improve 
survival 

Replicate effects of 
separate rearing of 
families 

Sex reversal and 
evaluation of growth 
performance of monosex 
against mixed sex culture 

Effects of communal and 
separate rearing of test 
groups 

PLANNED TARGET 

investigate genetics of 
frequency of spawning females 
per family 

a) Evaluate lyzozyme activity 
(LA) and spontaneous 
haemolytic (SH) activity 

b) Determine genetic variation 
in LA and SH 

Asses how the genetically 
improved breed of tilapia 
perform under the mixed or 
monosex culture technique 

Determine whether communal 
stocking of control groups has 
any effect on growth 
performance & thereby 
estimated response to selection 

STATUS OF 
IMPMENTATION 

(as of December 1 997) 

developed. Manuscripts based 
on re-analyzed datasets to be 
prepared. 

experiment completed. Re- 
analysis of data initiated; 
Manuscript to be prepared as 
soon as data analysis is 
completed 

experiment completed; 
presented at 6th ISGA meeting 

Experiment completed as part 
of Ph.D thesis by a student in 
AKVAFORSK 

rogram 

Experiment completed; draft 
manuscript being reviewed 

Experiment completed; Study 
presented at Genetics 
Workshop in Thailand in 1994; 
Paper reviewed and data were 
reanalyzed; 

Experiment completed; 
manuscript under review. 
Revision of paper will be made 
based on revised analysis of 
data 

Major papei 
preparation 

8 Significant 
between gr 

Strategic dc 
include ma' 
economic t 

Major pape 
preparatior 

One paper 
in Aquaculi 

Two scient 
review 

paperfor 1 
preparatia 

paper for 1 
preparatic 

paper for 
preparatic 
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CODE ACTIVITY PLANNED TARGET STATUS OF I IMPMENTATION I (as of December 1997) 

Growth performance in 
different farming 
systems 

Commissioned Revien 

Genetics of disease 
resistance 

Genetics of salt 
tolerance 

Determine response of the I Seven complementary studies 
GlFT fish under a broad range completed 

to investigate the genetics ( 

Commission on systematic 
study and review on genetics 
of parasites and disease 
resistance 

Commission systematic 
studies and reviews on salt 
tolerance 

resistance to biotic and abi~ 

Project Objective le,  Activity 3: Database Management 
I I 

Revised version of Review on 
genetics of parasites and 
diseases by AKVAFORSK (T. 
Gjedrem) submitted to 
ICLARM 

Not accomplished as a 
commissioned review due to 
lack of resources 

Special session on 
"Development of salt tolerant 
tilapia" held in conjunction 
with 3rd INGA Steering 
Committee in Cairo, Egypt, 8- 
12 July 1996 

Accomplished as planned Standardization of 
datasets and 
preparation of data 
dictionary 

OUTPUTS 

Complete standardization of 
datasets generated since 1988 
to enable efficient data 
analysis; prepare data 
dictionary 

lnformatior 
performanc 
breed unde 
production 

Two paper! 
by FACICL: 

Major pape 

ic stress 

Completion of I 
of parasites anc 
of Nile tilapia" 

Note: To be pub, 
~esearch  
Farmed Fi 
the Pacific 

Developme 
conductins 
developme 
Nile tilapia 
of brackish 

Standardiz~ 
Generation 

Developme 
and docum 
generation 
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CODE 

3.1.8.2 

3.1.9 

3.2 

ACTIVITY PLANNED TARGET STATUS OF 
IMPMENTATION 

(as of December 1997) 

User - friendly software 
(within SAS) for routine 
analysis of genetics 
data 

Regional on-farm 

On-farm trial and 
assessment of 
socioeconomic benefits 

Produce stand-alone software 
for analysis of genetics data 

assessment 

Evaluate performance of GlFT 
under on-farm conditions and 
asses its genetic, 
socioeconomic, and 
environmental impacts 

TRAINING AND INFORMATION DISSEMINATION 

Done 

GlFT Project conducted on- 
Farm experiments from 1991 - 
1993; the study was 
interfaced with ADB-DEGITA 
Project in 1994 and was 
completed in June 1997 

Immediate Objective 2: To strengthen national institutions in aquaculture genetics research 

I Activity 1: Training and Assistance to Plan National Fish Breeding Program 

Enhance the professional 
capabilities of technical 
personnel in national partner 
institutions and GlFT Project 

3.2.1 Done; training on quantitative 
genetics conducted for 
leaders of GlFT partner 
institutions in Norway in 1988; 
intensive training on 
"Application of Quantitative 

Training of Project Staff 

I Genetics in Aquaculture" 

Applicatioi 
GlFT Stat i 
manual 

Developmc 
methodolc 
station ant 
performan 
nonQift s l  

GlFT strair 
DEGITA m 

Comprehe 
GlFT strair 
conducted 

Baseline d 
Philippine 
generated 

One major 
the lnterna 
published 

o Another 01 

preparatio 

0 Trained GI 
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CODE ACTIVITY 

Training and 
supervision of graduate 
students 

Training in support of 
national fish breeding 
programs 

PLANNED TARGET 

Establish national breeding 
programs 

STATUS OF 
IMPMENTATION 

(as of December 1997) 

given to GlFT core research 
staff in 1995; Six training 
workshops conducted for 
staff from 1989 to 1993 aside 
from hands-on training on 
computer software. 

5 students directly involved in 
Project completed MSc; out of 
5 students, 3 received 
outstanding mark for thesis; 
Six FSP supported students 
likewise completed MSc 

Substantial progress made in 
establishment of GlFT 
Foundation and initiation of 
national breeding program in 
Indonesia and Vietnam during 
the GlFT Phase II 

Advisory ss 
MSc studel 

Nineteen sc 
workshops 
Philippines 
September 
formulate c 
of GlFT fist 
on GlFT pe 
farmers an1 
Station anc 
the GlFT Fc 
lnternation 

About 688, 
disseminat 
Governmer 

Developme 
the establia 
Foundatiov 
for dissemi 
sustainabil 

Establishn 
Foundatio~ 
(GFII) 
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ACTIVITY 
STATUS OF I PLANNED TARGET I IMPMENTATION 

I I (as of December 1997) 

INTERNATIONAL COOPERATION 

Establishment of a formal 
forum for exchange of 
methods and genetic 
materials 

Production and 
distribution of 
germplasm for evaluation 

Preparation of Standard 
Research 
Methodologies and 
Reporting Procedures 
for Evaluation of Fish 
Genetic Materials 

Provide support as needed Done, significant technical 
and logistical support 
provided during the INGA 
Steering Committee meetings 
held in 1994 (Thailand), 1995 
(India) and 1996 (Egypt); 

International Cooperation and Networking 

Assistance provided in formal 
presentation of INGA during 
donor consultation meeting 
held in Paris in 1996 

I 

Accomplished through the 
INGA Project 

Completed and adopted by 
INGA member countries 

Potential i r  
Foundatio~ 

Planning a 
national fi: 
in Banglad 
Thailand a1 
stimulated 

INGA estat 

Continuou 
logistical s 

Atotal o f 4  
distributed 
Indonesia, 
through IN( 
Projects. 

Standard F 
Methodolo 
Procedure 
Fish Gene1 
in coordin, 
Coordinate 
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CODE 

3.3.4 

3.3.5. 

3.4 

3.4.1. 

ACTIVITY 

Preparation of GlFT 
Manual of Procedures 

Training of national 
program scientists 

DEFINITION OF METHO 

Strategic planning for 
research, training and 
networking 

PLANNED TARGET 

Enhance the professional 
capabilities of technical 
personnel in national 
institutions through training 

STATUS OF 
IMPMENTATION 

(as of December 1997) 

Volume 1 completed; validation 
process conducted for 
researchers in Philippine 
national institutions; revisions 
based on results of validation 
incorporated 

Done, One intensive training 
program (four weeks) on 
quantitative genetics 
implemented for national 
participants from INGA member 
countries; Two separate short- 
term trainings1 study tours 
organized for 2 scientists from 
RIA, Vietnam and 3 scientists 
from CIFA, lndia 

S AND APPROACHES FOR APPLICATION TO OTHER SPECIES 

Organize consultative 
workshops to develop strategic 
plans for fish genetic research 

GlFTManu: 
(volume 1); 

Trained nat~ 
scientists 

Consultative workshop to 
develop "Strategies for 
Collaborative Research and 
Training in Application of 
Genetics to Increase 
Sustainable Aquaculture 
Production" organized in June 
1995 in lndia; 

Paper on ICLARM's future 
directions for research in 
germplasm enhancement and 
breeding conceptualized by 
Project Leader 

Developed a proposal on 
"Genetic improvement of Carps 
in Asia" which led to 5-year 
ADB 

Technical k 
implement 
lmproveme 
5 countries 

Provision c 
inputs duri~ 
Workshop 
Assistance 
Improveme 
held in lndi 
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CODE 

4.0 

4.1 

4.2. 

4.3. 

ACTIVITY I PLANNED TARGET STATUS OF I IMPMENTATION I 
I I (as of December 1997) I 

PUBLICATIONS 

Book (Genetic Research 
in Tilapias and other 
Farmed Fish Species in 
Asia, Africa and the 
Pacific") 

GlFT Manual of 
Procedures 

Scientific Papers 

technical editing of the initial 
draft completed; copy editing 
in-progress 

see section 3.3.4 above for 
details 

completion of all pending 
papers from major breeding 
experiments and 
complementary experiments 
in-progress 

see section 3.3 

Note: See detail 
of the rep 
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Table 2. Details of Nile tilapia (Oreochromis niloticus) germplasm collected by 
the GlFT Project from Africa. 

Strain Collection Date Numbers 
Code sites collected 

m y  pt 
(First Collection) 
i) Lake ~ a n z a l l i h  
2) Creeks along Desert road 

to Port Said 
3) Lakes around Alexandria 

m y  pt 
(Second Collection) 
1) Abassa 
2) lsmailia 

E ~ Y  pt 
(Third Collection) 
1) Monsour 
2) Manzalla 
3) Timsah Lake 
4) lsmailia 
5) Abassa 
6) Mariut 
7) Suez Canal 
8) ldku 

Ghana 
Volta River System 

Kenya 
First generation progeny from 
a founder stock collected in 
August 1988 

Senegal 

Se 1) Dagana 
2) Dakar-Bangos 
3) Mbane 

30 breeders 
25 breeders 

70 fingerlings 

August 1989 60 breeders 
90 breeders 

October 1992 22 breeders 
41 breeders 
63 fingerlings 
7 fingerlings 
153 fingerlings 
266 fingerlings 
4 breeders 
10 breeders 

October 1988 200 fingerlings 

August 1989 800 fingerlings 

October 1988 120 breeders 
40 breeders 
40 fingerlings 
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Table 3. Origin of the four farmed Nile tilapia (Oreochromis niloticus) strains 
used by the GlFT project in the Philippines. 

Strain Popular Origin 
Code name 

Is Israel Derived from founder stocks of Ghana origin kept 
in Israel. The original founder stock (1974) was 9 
females and 2 males. Fry from 100-200 single pair 
mating shipped to the Philippines in 1979. 

Si Singapore Descended from a founder stock of Ghana origin 
shipped from Israel to Singapore, then to the 
Philippines in 1979. 

Th Thailand Egypt origin. Introduced in the Philippines from 
Thailand in 1987. The Thailand founder stock was 
introduced from Japan in 1965 (50 fish formed the 
founder stock, however, the number which actually 
survived to breed is not clear). 

Tw Taiwan Descended from the founder stocks introduced to 
the Philippines from Taiwan in 1983-84; previous 
history not certain but most likely of Ghana origin. 
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Table 4. List of  Nile tilapia (Oreochromis niloticus) germplasm maintained by the 
GlFT Project at NFFTRCIBFAR and GFII' Facilities. 

Origin Date of ~ o ~ ~ e c t i o n  Present No. 

M F 

EGYPT (First Collection) 
EGYPT (Second Collection) 
EGYPT (Third Collection) 

1) Monsour 
2) Manzalla 
3) Timsah Lake 
4) lsmailia 
5) Abassa 
6) Marriot 
7) ldku 

Unreadable tags 

GHANA 
1) Volta River System 

KENYA 
1) First generation progeny 

from a founder stock 
collected in August 1988 

SENEGAL 
1) Dagana 
2) Dakar-Bangos 

ISRAEL 
(Ghana) 

SlNGA PORE 
(Ghana) 

TAIWAN 
(Ghana) 

THAILAND 

( E ~ Y  pt) 

May 1988 
August 1989 

October 1992 

October 1988 

August 1989 

October I988 
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Table 4. Cont'd. I 

Origin Date Produced Present No. 

M F 

REPLACEMENT STOCKS 

GHANA 

KENYA 

SENEGAL 

ISRAEL 

SINGAPORE 

TAIWAN 

THAILAND 

EGYPT (Third Collection) 
I )  Monsour 
2) Manzalla 
3) Timsah Lake 
4) Abassa 
5) Marriot 

Unreadable tags 

SELECTED STOCKS~ 

G2 (Top ranking crosses) 
G3 (Base population) 
G4 (First selection) 
G5 (Second selection) 
G6 (Third selection) 
G7 (Fourth selection) 
G8 (Fourth selection - 

second best) 
G9 (Fifth selection) 

Based on the latest actual inventory of stocks conducted in October 1997 
* Currently being maintained at the facility of NFFTRCIBFAR 

Currently being maintained at the GFll facility 
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Table 5. Summary data on cryopreserved sperm of Nile tilapia (Oreochromis 
niloticus) stocks, held by the GIFT Project at Nueva Ecija, Philippines. 

STRAIN NO. OF FISH SAMPLES STRAW NO. 
CRYOPRESERVED PER FISH 

FOUNDER STOCKS 

ISRAEL 

SINGAPORE 

TAIWAN 

THAILAND 

EGYPT 

GHANA 

KENYA 

SENEGAL 

SELECTED STOCKS 

CROSSES 

BASE POPULATION 

FIRST SELECTION 

SECOND SELECTION 

THIRD SELECTION 

FOURTH SELECTION 

FIFTH SELECTION 

IDRC 

* Includes Replacement Stocks 
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Table 6. Total number of individual records, number of test Environments, 
number of sires and dams, used in dfREML analyses of growth 
performance. 

1 Generation Number Environment Sires Dams 
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Table 7. Estimated heritabilities (standard errors, se) for growth performance and 
observed response to selection, estimated as differences between 
progeny of selected individuals and progeny from breeders with average 
breeding values. 

Generation h2 (se) Observed Response % 

3 0.18 (0.08) ---- 

4 0.25 (0.09) +19.1 

5 0.18 (0.08) +13.5 

6 0.07 (0.06) +9.2 

7 0.13 (0.07) +I 7.8 

8 0.09 (0.05) +6.2 
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Table 8. Estimates of survival in generation 3 through 8. Number of tagged 
individuals stocked (n-stock), number of individuals recovered after 
rearing (n-survival) and percentage survival (survival %) in each test 
environment. Explanation of environment codes and characteristics 
are in Attachment 6 of GlFT Final Report Part 2. 

Test Environment N-Stock N-Survival Survival % 

Generation 3 
BAl L 
BFARI 
BFAR2 
BFCG 
FAC 1 
FAC2 
FWAS 
PNCG 
SMAT 

TOTAL 

Generation 4 
BAl L 
BFARI 
BFAR2 
BFCG 
FAC 1 
FAC2 
FWAS 
SM AT 

TOTAL 

Seneration 5 
BFAR 
FAC 

TOTAL 

Seneration 6 
BFAR 
FAC 

TOTAL 

Seneration 7 
BFAR 
F AC 
PNCG 

TOTAL 

Seneration 8 
BFAR 
F AC 
PNCG 
RF 

TOTAL 
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Table 9. Summary of trainings conducted for technical personnel in national institutions and GlFT Prc 

Title of Training Objectives Dates Venue Partici 
Conducted 

Research Planning Workshop 

First training Workshop on 
Quantitative Genetics of 
Farmed Tilapias 

Introduction to SAS 
(Statistical Analysis System) 

Data analysis using SAS 

Second training Workshop on 
Quantitative Genetics of 
Farmed tilapias 

Third training workshop on 
Quantitative genetics of 
farmed tilapias 

Fourth Training Workshop on 
Quantitative Genetics of 
Farmed Tilapias 

Basic Statistical Method 
for Genetics Data Analysis 

To familiarize GlFT Staff on 
quantitative genetics; Develop Project 
Research Plan 

Analyze growth data obtained from 
the project's first generation breeding 
experiment; Discuss workplans for 
the second generation experiment; 
Introduce the basics of quantitative 
genetics 

Orient Gift staff on the use of SAS 
software and apply in analysis of 
datasets 

Practice analysis of data using SAS 

Review the basic concepts of 
quantitative genetics; analyze the 
growth data from the project's first 
and second generation experiments 
and define strategies for building the 
base population and planning of the 
selective breeding experiment. 

Dry-run presentations of the project 
paper for ISGA, Wuhan, China on 29 - 
April - 3 - May 1991 

Analyze data from the Third 
generation breeding experiment; 
discuss workplans for the next 
breeding experiment 

Practice application of statistical 
methods to fish genetics research 

March to June 
I988 

29 October to 
4 November 
I989 

I 7  - 2 0  
January 1990 

2 - 4  
May 1990 

22 - 26 
April 1991 

19 - 2 5  
August 1991 

February I 
March 1992 

AKVAFORSK, 
As, Norway 

FACICLSU, 
Muiioz, Nueva 
Ecija 

FACICLSU 
Muiioz, Nueva 
Ecija 

FACICLSU 
Muiioz, Nueva 
Ecija 

FACICLSU, 
Muiioz, Nueva 
Ecija 

FACICLSU, 
Muiioz, Nueva 
Ecija 

FACICLSU 
Muiioz, Nueva 
Ecija 

FACICLSU 
Mu Aoz, Nueva 

(12 davs) Eciia 

Leaders of all 
collaborating 
institutions 

GlFT core res 
representativ 
SEAFDEC. 

GlFT Core Re 
staff 

GlFT Core Re 
staff 

GlFT Core re2 

GlFT Core re5 

GlFT Core Re 
staff 

GlFT Core R 
staff 
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Title of Training Objectives Dates Venue Particil 
Conducted 

Fifth Training Workshop 
on Quantitative Genetics 
of Farmed Tilapias 

Sixth Training Workshop 
on Quantitative Genetics 
of Farmed Tilapias 

Basic concepts of 
immunology in fish 
breeding 

Application of Quantitative 

Genetics to ~ ~ u a c u l t u r e ~  

Training of GlFT 
Methodology 

Training of Potential 
lnstructors for Validation 
of GIFT Manual of 
Procedures 

Formulate structure of Philippine 10 - 13 
National Tilapia Breeding May 1993 
Program: discuss results of 
previous breeding experiment 

Analyze datasets from the 18 - 23 
Project's Fourth Generation May 1992 
Experiment; review on previous 
generation datasets and analysis. 

Discusslapply specific and non- March 10-1 1, 
specific immunity, immunological 1994 
methods and vaccination to fish 
breeding 

Develop a core group of scientists 6 November- 
who would interact as equal 2 December 
partners, under the auspices of 1995 
INGA in pursuing a focused 
research agenda in aquaculture 
genetics, with special emphasis 
on development of national fish 
breeding programs. 

Conduct the Initial Validation 6 July - 
Course for the GIFT Manual of 2 August 
Procedures Volume I 1997 

Orient the trainors who will be 15-18 March 
involved in delivery of GIFT 1998 
Course and who will use the 
training material prepared 
according to UN TRAIN-X 
methodology 

FACICLSU 
Muiioz, Nueva 
Ecija 

FACICLSU 
Muiioz, Nueva 
Ecija 

NFFTRCIBFAR 
Muiioz, Nueva 
Ecija 

IIRR, Silang, 
Cavite 

NFFTRCIBFAR 
Muiioz, Nueva 
Ecija 

NFFTRCIBFAR 
Muiioz, Nueva 
Ecija 

GlFT Core R 
staff; Privatc 

GlFT Core R 
staff 

GIFT Core R 
Staff, UCS a1 
FACICLSU 
researchers 

GlFT Core R 
staff 

Researchers 
lnstructors f 
Philippine N, 
institutions 

GlFT Core R 
Staff 

a Similar training was participated in by 23 scientists from national institutions of INGA member countries. 
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Table 10. Summary of trainings facilitatedlconducted by the GlFT Project in support of the natic 
program in the Philippines. 

Title DatelPlace Participants No. of 
Conducted persons 

Trained 

Outp 

Trainings to formulate distribution strategies of GlFT fish: 

Consultative Planning 
Workshop 

Sixth Training workshop on 
Quantitative Genetics 

Meeting to Discuss the 
Strategies for a Self- 
Sustainable PNTBP 

The PNTB: Strategies for 
Dissemination & the Role of 
Multiplier Stations 

March 9-10, 1993 
BFAWNFFTRC 
Mufioz, Nueva Ecija 

May 10-1 3,1993 
BFARINFFTRC 

Jan 20,1994 
Bureau of Soils, 
Quezon City 

January 22,1994 
Bureau of Soils, 
Quezon City 

April 21 -22, 1994 
BFAWNFFTRC 

Regional Directors 
(Reg. I-V, DA), 
FACICLSU, ICLARM 

GlFT Staff, ICLARM, 
AKVAFORSK, FACICLSU, 
BFAWNFFTRC 

UNDP, ICLARM, BFAR, 
DA, BAR, DA-Regional 
Directors Farm 
ManagerslAquaculturist 

DA-Regional Directors 
Farm Managers, 
Aquaculturist 

ROS (Reg. Ill, IV, VI, XII), 
NGO 

14 Classified DA-regional into 
Stations (ROS) and Provinc 
(PSS) 
Proposed release of funds 

18 Drafted PNTBP Structure Launc 

24 Suggested strategies: 
establish non-profit organizal 
non-profit fisheries organizat 
active participation of private 

15 Defined functions and respor 
Outlined partnerships of rese 

Trainings to gather feedback on GlFT fish performance from farmers and Research Outreach Stations 

Genetic Research & the 
Tilapia Farming Industry 

Feb. 24-25, 1994 Private hatchery 
BFAWNFFTRC operators, ROS 
Mutioz, Nueva Ecija (Reg. I-V), farmers, 

Technicians 

66 Demonstrated GIFT me tho do lo^ 
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Title DateIPlace Participants No. of Outr 
Conducted persons 

Trained 

Trainings to disseminate information on GlFT fish. 

FSP-Hands-on Training on 
GlFT (First Batch) 

(Second Batch) 

Training of FSP Extension 
workers 

Culture of GlFT Fish 

Economics & Culture 
Management 

GlFT Orientation 

July 4-9, 1994 
BFARINFFTRC 
Mufioz, Nueva Ecija 

Oct. 21 -25, 1994 
BFARINFFTRC 

August 24,1994 
Sta. Barbara, 
Pangasinan 

August 28,1995 
Sta. Barbara, 
Pangasinan 

May 23,1996 

May 25,1996 

May 26 

May 28 

May 29 

September 26,1997 
Taal, Batangas 

DA Representatives - 
Regions I-XI, 
Agriculturists, Teachers 

Aquaculturists, 
Technicians, DA-Reg. 1, 111, 
IV, v, VII, VIII, IX, X, XI1 

Fisheries Sector Program 
extension workers of Reg. 
I 

LandBank Personnel 

Agusan del Norte Farmers 
Davao del Norte Farmers1 
prawn operators 
North Cotabato Farmers 

Sultan Kudarat Farmers 

SOCSARGEN, 

Gen. Santos City 

Cage operators 

27 Lecture on GIFT me tho do log^ 
breeding 

30 Discussed the relevance of far 
orientation 

58 Explained GIFT culture & mng, 

41 -do- 

34 Discussed Tilapia biology 

69 -do- 

30 -do- 

30 Discussed the cage culture of 



GlFT PROJECT FINAL REPORT 1988-1997 

Title DatelPlace Participants No. of 
Conducted persons 

Trained 

Trainings which led to evolution/operationalization of GlFT Foundation International Inc. 

Status of GlFT grow out in 
Demonstration and Private 
Farms 

Status of ROS in the 
Multiplication & Dispersal of 
SIFT Fish 

Finalization of Legal Aspects 
& Distribution of GlFT 
Broodstocks to Private 
Licensed Hatcheries 

December I ,  1994 
BFARINFFTRC 
Muiioz, Nueva 

Ecija 

Private Hatchery operators 

January 20,1995 

October 13-14, 
1994 
-do- 

May 13-1 7, I996 
-do- 

June 15,1995 
BFARINFFTRC 
Muiioz, Nueva 
Ecija 

Private Hatchery operators 

DA-ROS Region 
Representatives, 
Aquaculturists, LandBank of 
the Philippines, BFAR 
representatives 

DA-ROS (Reg. I, ll, Ill, IV, V, VI, 
VII, VIII, IX, X, Aquacuiturists, 
Agriculturists), BFAR, LBP 

Accredited Hatchery 
Operators, ICLARM, BFAR, 
FAC Representatives 

28 Feedback on GIFT performan 
discussed: 

less fry production 
late maturing 
fast growing 
white coloration afte 

18 Assessed multiplication & I 
fish 
Identified ROS problems 

15 
Presented regional profile ( 

8 
Discussed status of ROS rc 
defined specific roles wher 

7 Signed letter of commit me^ 
Agreement to pay license 8 
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Title 

Special Meeting on Technical 
Issues of a Foundation 

Conceptual Framework for 
Philippine National Tilapia 
Breeding Program 

Launching of Aquaculture 
Genetics Research 

First Strategic Planning: GlFT 
Foundation International 
Incorporated 

Guideline on GlFT Hatchery 
Management 

DateIPlace Participants No. of 
Conducted persons 

Trained 

Outp 

September 15, 
1995 
-do- 

February 26-28, 
I996 
Sulo Hotel, 
Quezon City 

October 9,1996 
BFARINFFTRC 
MuAoz, Nueva 
Ecija 

December 16, 
I996 
-do- 

June 25-26,1997 
-do- 

GIFT Staff, AVKAFORSK, 14 Outlined the gene flow from 
BFAR Representatives farmers 

ICLARM, BFAR, FAC, 10 Commercialization of resea 
AKVAFORSK, Hambrecht & Business plan 
Quist, Phils. 

Philippine Govt. Officials, 200 Launched GIFT Foundation 
ROS, Farmers, Media Signed a 25-year collaborat 
Representatives genetics 

Accredited Hatchery 21 Drafted Vision, Mission and P 
operators, BFAR, ICLARM 
Representatives 

Accredited Hatchery Operators 10 Signed hatchery agreemenl 
(represen- 
ting 4 hat- 
chery ope- 
rators & 
hatchery 
technicians 
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Table 11. Dissemination of GlFT broodstocks to Research Outreach Station (ROS) 
of the Philippine Department of Agriculture*. 

Number of fish distributedlyear Region Recipient 

I 
(Ilocos Region) ROS, Laoag, llocos 6, 600 

II 
(Cagayan Valley) ROS, lsabela 35,000 

111 
(Central Luzon) ROS, Zambales 

IV 
(Southern Tagalog) ROS, Laguna 

v 
(Bicol Region) ROS, Camarines Sur 

VI 
(Western Visayas) ROS, lloilo City 

VI I 
(Central Visayas) ROS, Cebu City 

Vlll 
(Eastern Visayas) ROS, Leyte 

IX 
(Western Mindanao) 

ROS, Zambales City 
Local Government Unit, 
Pagadian 

X 
(Northern Mindanao) ROS, Agusan del Norte 

XI 
(Eastern Mindanao) ROS, Davao 

XI1 
(Central Mindanao) ROS, Cotabato City 

CAR La Trinidad 

Total 

Grand Total 53,350 

" Activity accomplished through NFFTRC 
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Table 12. Dissemination of GlFT broodstocks to private tilapia hatcheries in 1995 
accredited under the national tilapia breeding program in the 
Philippines. 

-- 

Name of Farmer1 Area Total no. of fish 
Location of Farm distributed 

Agnes Tayag 1.87 26,000 
Arayat, Pampanga 

Michael Lim 0.70 12,100 
Looc, Calamba 

Jonathan Reyes 1 .O 12,300 
Sta. Rosa, Nueva Ecija 

Jose Cervantes 1.25 24,000 
Bacolor, Pampanga 

Joel Garcia 1.20 12,000 
Capas, Tarlac 

Vic Zafra 1 .O 6, 500 
Sto. Tomas, Nueva Ecija 

Reynaldo Mencias 1 .O 6,000 
Alcala, Pangasinan 

I TOTAL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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Table 13. Dissemination of GlFT broodstocks to private tilapia hatcheries in 
1997, accredited under the GlFT Foundation International Inc. 

Name of Farmer1 
Location of Farm 

Area Total no. of fish 
distributed 

Pedro Manese 
Tibagan, Tarlac 

Agnes Tayag 
Arayat, Pampanga 

Michael Lim 
Cabuyao, Laguna 

Jonathan, Reyes 
Sta. Rosa, Nueva Ecija 

I TOTAL.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36,000 
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Table 14. Record of Oreochromis niloticus (GIFT strain) disseminated to INGA member countries. 

Date Sent Recipient 

July 1994 

21 August 1996 

Details of Germplasm** 

Bangladesh 

I I Countrv I 

August 1996 

China 

Bangladesh 

June 1994 

I I 

Peoples 
Republic of 

October 1994 

11 August 1997 

, October 1994 

January 1995 

January 1995 

February 1996 

lndonesia 

Thailand 

I I I 

* to test the feed conversion e 

Institution I 

Fisheries Research lnstitute (FRI), Mymensingh 

Fisheries Research lnstitute (FRI), Mymensingh 

GlFT strain-\/ generation selection (, 
wt. 30-40 g) 

GlFT strain-Ill generation selection 

I (a) GlFT strain-Ill generation selectil 

FRI, Mymensingh 

Shanghai Fisheries University, Shanghai 

GIFT strain-Vll generation selection 

GIFT strain-Ill generation selection 

Ministry of Agriculture Fisheries and Forestry, 
Suva 

I 
RIFF, Sukamandi I GIFT strain-lX generation selection 

(b) Egyptian strain 
GlFT strain-lX generation selection 

Research Institute for Freshwater Fisheries, 
Bogor 

GIFT strain-Ill generation selection 

Asian lnstitute of Technology* 

National Aquaculture Genetics Research 
lnstitute (NAGRI), Bangkok 

GlFT strain-Ill generation selection 

GIFT strain-Ill generation selection 

GIFT strain-Ill generation selection 

GlFT strain-Ill generation selection 

** the actual number of generations ofselection equals x generation minus 2 - 

NAGRI, Bangkok GIFT strain-lV generation selection 

fficiency under AlTllCLARM collaborative study 
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Date Sent 

May 1994 

January 1996 

27 August I996 

August I996 

Country 

Vietnam 

Vietnam 

Recipient 

Institution 

Research lnstitute for Aquaculture No 
1. Hanoi 

Research lnstitute for Aquaculture No. 
2, Ho Chi Min City 

Research lnstitute for Aquaculture No. 
1, Hanoi 

RIA 1, Ha Bac 

i Details of Germplasm** 

a) GlFT strain-Ill generation selectio 
b) Egypt strain 

GlFT strain-lV generation selection 

GlFT strain-\/ generation selection ( I  

wt. 50-609) 

GlFT strain-Vll generation selection 
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Table 15. TrainingsMlorkshops organizedlfacilitated by GlFT Project in support of INGA and DEGITA 

Title of Training DateslPlace Conducted Resource Persons Participants 

Formal 

Application of Quantitative 6 November - 2 
Genetics to Aquaculture December 1 995 

IIRR, Cavite 

Informal 

TrainingIStudy tour to April 1994 
familiarize with GlFT Project GlFT Project site, Mutioz, 
and Philippine aquaculture Nueva Ecija, Philippines 
activities 

Training to develop fish March 1996 
breeding plans for RIA No. 1, Hanoi, 
carpltilapia in Vietnam Vietnam; 

Senior Scientists from Researchers from IN' 
AKVAFORSK, ICLARM, member countries 
University of Dublin, (see attached list) 
(I reland) 

GIFT core staffllCLARM Scientists of CIFA, 0 
scientists India 

AKVAFORSK scientists Scientists from RIA h 
and RIA No. 2 

RIA No. 2, Ho Chi Mihn, 
Vietnam 
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LIST OF PARTICIPANTS 

Intensive Training on the Application of Quantitative Genetics to Aquaculture 
IIRR, Silang, Cavite, Philippines 

06 November - 02 December 1995 

Bangladesh 

Mr. Shyamal Chandra Mahata 
Scientific Officer 
Freshwater Station 
Fisheries Research lnstitute 
Mymensingh 2201 
Tel no: 880 91 54874154221 
Fax no.: 880 91 55259 

Mr. Ms. Shahidul Islam 
Scientific Officer 
Freshwater Station 
Fisheries Research lnstitute 
Mymensingh 2201 
Tel no: 880 91 54874154221 
Fax no.: 880 91 55259 

China 

Mr. Li Jiale 
Lecturer 
Laboratory of Ecology and Physiology in Aquaculture 
Shanghai Fisheries University 
334 Jungong Road, Shanghai 200090 
Fax no.: 021 -6543721 0; 021 -654371 53 
Tel no.: 021 -6571 0533 

Mr. Laining Yu 
Yangtze River lnstitute of Fisheries 
Chinese Academy of Fisheries Sciences 
Sashi 434000, Jingsha, Hubei 
Fax no.: (0716) 8228212 
Tel. no.: (071 6) 821 2277-301 8 

Mr. Kong Jie 
Yellow Sea Fisheries Research lnstitute 
Chinese Academy of Fisheries Sciences 
106 Nanjing Road 
Fax: (0532) 581-1514 
Tel no.: (0532) 582-2941 
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Cote d'lvoire 

Ms. Olga S. Assemien 
Researcher 
Laboratoire de Physiologie de la Reproduction et de Genetique 
lnstitut des Savanes (IDESSA) 
01 B.P. Bouake 
Fax no.: (225) 633 I26  
Tel no. (225) 63-35-26; 63-31-39; 
63-20-44 

Ms. Ebtehag Abdel Razek Kamel 
Research Associate 
Central Laboratory for Aquaculture Research 
Abbassa Abou Hammad, Sharkia, Egypt 
Tel no. : 055-4004971055401027 
Fax no:: 055-400498 

Mr. Ashraf Abdel Rahman Ramadan 
Research Assistant 
Central Laboratory for Aquaculture Research 
Abbassa Abou Hammad, Sharkia, Egypt 
Tel no.: 055-4004971055401027 
Fax no.: 055-400498 

Ghana 

Mr. Felix Kleman Attipoe 
Research Scientist 
Water Research lnsitute (CSIR) 
P.O. Box 38 
Achimota 
Fax no.: (233-21) 777 1701761 030 
Tel no.: 233-21 -775351 I2 

India 

Mrs. Kanta Das Mahapatra 
Scientist 
Central Institute of Freshwater Aquaculture 
PO Box Kausalyanganga, Bhubaneswar, Orissa 751 002 
Fax no.: (91-674) 404 2221463 407 
Tel no.: (91-674) 463 421 
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Dr. Y Basavaraju 
Associate Professor 
University of Agricultural Sciences 
Fisheries Research Station 
Hesaraghatta, Bangalore 
560 089 Karnataka, lndia 
Fax no.: +9l8O 8466451 ; Tel no.: 0091 80 846645118466244 

Dr. Gopal Krishna 
Cental lnstitute of Fisheries Education 
Seven Bungalows, Versova, Bombay 
400-061 lndia 
Tel. No. 826-3404 
Telex 01 1 78421 
Fax No.: 91 -22-6261 573 

Mr. Nagappa Basavaraja 
Assistant Professor 
College of Agriculture 
University of Agricultural Sciences 
Mangalore 575002, lndia 
Fax No.: 91 0824 438366 

Mr. Chindi Vasudevappa 
Fisheries Research Officer 
Fisheries Research Station, Hesaraghatta 
University of Agricultural Sciences 
Bangalore, Karnataka, lndia 

lndonesia 

Mrs. Lies Emmawati Hadie 
Researcher 
Research lnstitute for Freshwater Fisheries 
Jln. Sempur No. 1 ,  P.O. Box 150 
Bogor I61 54 , Jawa Barat 
Tel. no.: (0251) 31 3200, 327890 
Fax no.: (0251) 327890 

Mr. Andi Parenrengi 
Researcher 
Research lnstitute for Coastal Fisheries Maros 9051 1 
South Sulawesi Selatan 
lndonesia 
Tel. No. (041 1)-371544 
Fax No.: (041 1)-371545 
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Malawi 

Mr Alfred Ochanza Maluwa 
Fisheries Research Officer 
Central and Northern Regions Aquaculture Centre 
PO Box 700 Mzuzu, Malawi 
Tel. No. 721-7661721 114 
Fax no.: 721 114 

Philippines 

Ms. Marietta P. de Vera 
Ms. Ravelina Velasco 
Mr. Hernando Bolivar 
ICLARM MCPO Box 2631 
Makati, Metro Manila 0718 

Ms. Ma Jodecel Danting 
Researcher 
NFFTRCIBFAR 
CLSU compound, Munoz, Nueva Ecija 
Tel no.: 3881455 

Ms. Felicisima Longalong 
Ms. Edna Dionisio 
Research Assistant 
Bureau of Fisheries and Aquatic Resources 
National Freshwater Fisheries and Technology Research Center 
Munoz, Nueva Ecija 

Ms. Marietta P. Hechanova 
Mr. Antonio Taduan 
Freshwater Aquaculture Center 
Central Luzon State University 
Munoz, Nueva Ecija 

Thailand 

Mr. Pitchaya Chinauparavat 
National Aquaculture Genetics Research Institute 
Chatuchak, Bangkok 
10900 Thailand 

Mr. Kongphop Ampolsak 
National Aquaculture Genetics Research Institute 
Chatuchak, Bangkok 
10900 Thailand 
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Vietnam 

Mr. Nguyen Cong Dan 
Senior Researcher 
Research Institute for Aquaculture No. 1 
RIA 1, Dinh Bang, Tien Son, Ha Bac 
Fax No.: 84-4-8273070 
Tel. no.: 84-4-8780408 

Dr. Nguyen Van Hao 
Vice Director, RIA 2 
116 Nguyen Dinh Chieu Street 
1st District, Ho Chi Minh City 
Tel no.: 84-8-8299592; Fax no.: 84-8-8226807 
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Table 16. Initiatives of GlFT Project which led to establishment of International 
Network on Genetics in Aquaculture. 

Year Activity Output 

Asian Regional Workshop on 
Tilapia Genetics 

First Meeting to Establish the 
lnternational Collaborative 
Linkages in Fish Genetics 
Research 

UNDP Mission Visit 

INGA Network Planning 
Workshop 

Concluded that there was a strong 
need to establish international 
collaborative linkages that can help the 
evolution of national fish breeding 
programs in those countries 

Defined the principles and 
mechanisms for establishing the 
linkage; led to the implementation of 
network formation functions carried out 
by the UNDP mission 

Explored the possibility for aquaculture 
genetics in six countries in Asia (China, 
India, Indonesia, Philippines, Thailand 
and Vietnam) and four in Africa (Cote 
d'lvoire, Egypt, Ghana and Malawi) 

Recommended the establishment of a 
new genetics research, designated as 
the lnternational Network on Genetics 
in Aquaculture; developed the guiding 
principles for establishing INGA. 







Annex 1 

Genetic Improvement of Farmed Tilapia (GIFT) Project Staff List 

DATES OF SERVICE 
NAME POSITION STARTING CONCLUDING 

DATE DATE 

Dr. Ambekar E. Eknath* 
Dr. Roger S. V. Pullin 
Ms. Belen 0. Acosta 
Ms. Josephine Capili 
Ms. Ravelina Velasco 
Ms. Marietta P. de Vera 
Ms. Madeline Dalusong 
Mr. Gaspar Bimbao 
Ms. Carmela C. Janagap 

Mr. Divino Rosales 
Mr. Edwin de Guzman 
Ms. Ma. Josephine France 
Rius 
Mr. Hernando Bolivar 
Ms. Perla Virly 
Ms. Isa Manela 
Mr. Norberto Cabrera 
Mr. Cirilo 0 .  Federigan Jr. 
Mr. Michael lgharas 
Ms. Florian Lopez 

NFFTRC / BFA R 

Dr. Melchor Tayamen Jr. 
Mr. Ruben Reyes 
Ms. Jodecel Danting 
Ms. Edna Dionisio 
Ms. Felicisima Longalong 
Ms. Lilibeth Afan 
Ms. Teresita Gonzales 
Mr. Marlon Reyes 
Mr. Mario Danting 
Mr. Joseph Cruz 
Mr. Everlito dela Cruz 
Mr. Camilo Celestino 
Mr. Mario dela Cruz 

Project Leader 
Program Leader 
Research Associate 
Sr. Research Assistant 
Sr. Research Assistant 
Research Associate 
Research Associate 
Research Associate 
Senior Research 
Assistant/Programmer 
Programmer 
Programmer 
Programmer 

Sr. Research Assistant 
Secretary 
Secretary 
Driver 
Admin. Assistant 
Clerk Typist 
Clerk 

Project Manager 
Officer-In-Charge 
Research Leader 
Research Analyst 
Research Analyst 
Assistant Study Leader 
Data encoder 
ForemanIStudy Leader 
Accounting Clerk 
Field Assistant 
Field Assistant 
Field Assistant 
Field Assistant 

1988 
1988 
1989 

May, 1988 
2 November1 988 

August, 1989 

September, 1993 
June,1991 

1993 
February, 1991 
28January1992 

1989 
July, 1991 
July, 1988 

September, 1992 
15 July, 1995 

May, 1997 
March, 1996 

I988 
I988 
I988 

11 July I988 
3 January 1990 

July 1992 
16January1990 
January 1994 
January 1990 
August 1988 
August 1988 
August I988 
October 1991 

December, 1997 
1996 

December, 1997 
November, 1991 
December, 1997 
December, 1997 

September, 1995 
April, 1996 

1994 
June, 1991 

December, 1997 

December, 1997 
December, 1997 

June, 1991 
December, 1997 
December, 1997 
December, 1997 

30 May 1997 

October, 1997 
October, 1997 
October, 1997 
December1 997 
December 1997 

June 1997 
December 1997 

June 1997 
December 1997 
December 1997 
December 1997 
December 1997 
December 1997 

* Program Leader (Germplasm Enhancement and Breeding Program) from 1996 to October 1997. 

1 
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DATES OF SERVICE 
NAME POSITION STARTING CONCLUDING 

DATE DATE 

Mr. Baldwin Reyes 
Mr. Danilo Beltran 
Mr. Rogelio Estrada 
Mr. Reginald Gonzales 
Mr. Elmer Afan 
Ms. Grace Navidad 
Mr. Arnel dela Cruz 

FAC / CLSU 

Dr. Ruben Sevilleja 
Dr. Tereso Abella 
Ms. Remedios Bolivar 
Mr. Antonio Circa 
Mr. Saturnino Ladromo 
Mr. Rolando Villanueva 
Ms. Marietta Hechanova 
Mr. Leonardo Deguinat 
Mr. Antonio Taduan 
Dr. Marilou Abon 
Ms. Gina Encarnacion 
Ms. Angelee Romero 
Ms. Miguel May 

A KVA FORS K (Norway) 

Dr. Erling Fimland 
Dr. Trygve Gjedrem 
Dr. Hans Bentsen 
Dr. Bjarne Gjerde 
Dr. Terje Refstie 
Dr. Morten Rye 

Dr. Julie Macaranas 
Ms. Ma. Josefa Pante 
Ms. Carmen Ablan R. 
Ms. Liza Agustin 
Ms. Ma. Theresa Rodriguez 

Field Assistant 
Field Assistant 
DriverIField Assistant 
Assistant Study Leader 
ForemanIStudy Leader 

Field Assistant 

Program Leader 
Project Geneticist 
Project Leader 
Interim Project Leader 
Field Assistant 
Field Assistant 
Research Assistant 
Field Assistant 
Research Assistant 
Consulting Statistician 
Accounting Clerk 
Messenger 
General Clerk 

Director 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 
Senior Scientist 

Project Leader 
Research Associate 
Research Associate 
Research Associate 
Research Aide 

1991 
September 1 991 
September 1994 

I988 
January 1994 

I988 
I988 
1989 
I988 
I989 

01 July 1988 
01 March 1993 

November I993 
01 March 1993 
01June1996 

I988 
01 August 1996 

1994 

1988 
I988 
I988 
I988 
I988 
I988 

April 1988 
April 1991 

September 1988 
September 1988 
November 7990 

July,1997 
December 1997 
December 1997 

June 1997 
June 1997 
May 1995 

October 1997 
October 1997 

1994 
October 1997 

1994 
December 1997 
December 1997 
December 1997 
December 1997 
December 1997 
October 1997 
October 1997 
October 1997 

December, 1997 
December, 1997 
December, 1997 
December, 1997 
December, 1997 
December, 1997 

March 1991 
June 1992 
June 1992 

August 1991 
June 1992 





l 4 ih  Floor,,Mukinancnal Fasizl Addrass: Te!ephone: 825-2728 
!ancorpora5on Qnre P.0. Sax 22G3 Ai,~wr$632) 3:52?G5 
5105 riyala Avenue !Ax& Philippines 
Makd City, Philippines 

Price T.t/aterhouse 

INTERNATIONAL CENTEfi FOR LlVlNG AQUATIC 
RESOURCES MANAGEMENT, INC. (ICLARM) 

We have reviewed the iniormation shown in the acmpanyirig summary of fixed asseis 

acquired by the Center ;'or me projed 'Genetic improvement of Farmed Tiiapia" or GIFT 

from January 1, IS93 to December 37, 1297. Our review inc!uded inspection o i  

se!ec:ed iixed assets, test of the accounting records 2nd such other procedures as we 

cmsidered necessary in the circumsknc~s. We hzve found the acampanying 

summary of iixed asseis to be in accsrdance with the projecfs books of acaunt 2nd 

accounting records. 

Makati City, Phiiippines 
February 19,1998 
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I 

L!ST OF ASSETS IN CGSTOOY 

PFiOJECT DURATION: JANUARY 1,1993 - DECEMZE3 31.1997 

AS OF CECEMEEX 31.1997 

IN US C C L U R  1 

Tag No. DESCXl?TION a .  ' AMOUNT LOCATION 1 
INFSSTRUCTURES: 

I 

1 
STAFF WUSE COST 25.819.02 

Concyete, wl 3 bedroom, livingldining room and kitchen, 
I 

I 'Centrz) L s m  Stare Unkesity. Munc. Nuen  Ezia I 

I RESEARCH AND EKEE2ING FACiLliY i E7.GEZCQ : 1 
i 

;Lcr;;tej in a 8 he- Land w e d  by 1 
!Card LLZZ Stae UnksitY. Munc. Nuea E=iia . 1' 

!I WE? -cry (am, GI Ra3ng .  w/ s&l rccm for W q a )  i 
; 1 Smoling Hut (serni-cncete. nipa d ~ n g )  I 

I 
j2 Czretaker Harses ( C m m e  flming. hcuse r r d e  ci niw. wccd & s x d i )  : . . 

!1Guard Hcuse (cnc-ee) 
. - 

I I 
- 

jlctatp.' tt EFAR F d i .  Munc. NU- Ekj2 I I 

!Ccncee Tanks - '12 Ciialar and 223 ReCerrne Tanks" I 

I 
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LIST OF ASSETS IN CUSTODY I 

]PROJECT DURATION: JANUARY 1.1993 - DECEMEER 31.1997 I 
AS OF DECEMBER 31.1997 1 
IN US D O U R  1 

I 
1 

i AUDITED : 

Taa No. ! DESCXIPTION ' : QN. : AMOUNT ' LOCATION 

t GRAND TOTAL 332.901.02 I 
f 

I 
- - 

COMPUTERS I 
Xi37 i Acemate CPU 4860x4-100. XMS 

3338 :with dored rnonitar (Philips) .hard disk 850 MB 

3339 & 4175 i Ficopy disk drive. b e  B keybard 

4174 1Printer. C h  brand 200 GX i lse! 4.148.10 . . 3rd Rcor - HQ 

1 4225 lAVR - Mitsui brand - ECQ mtts 1 
1 

I 

4080 - 82 ibptcp m p u t w  (Tcshioa) T 4 5 E  wl ccmplde RAM & Mase j lset. i 3.640.9 : 3rd Fiw - HQ 
I 

- I A m  486DX 16MB with 72-pin M. Haxi disk Seacate 

2 E S  :Floppy d r i ~  S V W  ikuse. keyward & dn. rncnitcr . 

368 !Printer. Citizen brand, Dd M a i x  8kd . .  2CQ GX SN85C15359 i l s d  : 1.E20.53 . BFAR 

22-59 - Acer 486DX 16MB with R s i n  RAM, hzrd disk Sexzte 

1 3371 ! Ficppy dri* SVGA Mcuse. Ke&s& & cdor monitor I 
38 i3  iPrinter. E p o n  brand. Dct Matrix, 130.. LQ1 170.SNl,W%51 I lse! : 1.5LY3.47 1 GFAR 

' I  I 
360 jAcer $86 DX 72pin. 16MB with hard disk (Seaqbe) 

4i91192 b i s k  VO contdler IDE &B card. SVGA dored 
' 8 4194 ! Mcnitcr ISA flcppy disk d m ,  mouse & keywanj : lset ' 3.819.17 . BFAR I 

I . . 

4202 8 ~.Thmpscm brand" with keyocard KTC. 

3 1  i F u i i u  M2613T hard disk and b d t m  mcuse . . 
1 

3959 i With AVR P w i q r i d  j lset i 3,819.17 F AC 
' I 

3897 1 ~ent ium bridge 3 1  33 mhz piamssor. KTC 
4180 j Floppy disk drive 3.5 1.44 MB. PC Lancard 

4179 13 COM etherlink and Sand blaster,lntel SM . 8 

4241 i m c t h W  & mini t a ~ w  cffe and mouse. j l s e  i 83729 ; 3rd Flm - HQ 
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I 

L!ST OF ASSETS IN CUSTODY I I 

PROJECT DURATION: JANUARY 1. : E 3  - OECEtAeE3 31.1597 1 
AS OF DECEMBER 31.1997 ! 
IN 'JS D O U R  1 

I 

I 

. AUCITE!I f 
CESCRIFTION Taq No. : Q ' AMOUNT ' a LCCATION ! 

I 
42% - ! 4 S O X 4 0  with 16 ME rrmcrj 4 x 4 - ?O pins C h i m y  K q c &  

4099 ;Phitics Ivlcntkx.mner CFS2101 hard disk & A4 te5-i Mcsgse. : l ser  1 120.G : k i  E= - EG --a 

I 

I 
,5345 ! Ncr&cdc (hlzcimcsh) brad SMW5GHD - 

i Sh%G5351 Wry P c v e ~ o c i c  52.00 CS : l .  5.37.E 

I 1 
4253 INdfficdc (Psxium 150) cigd Hi-ncte U b  I1  LTS 3150 I 

I 

~d& with Ficcw disk c*. scm bat= B Mcuse 1 
I I 

I i(Uffiztx!: Sand  W ~ n d c w s  STAT AF FSP. ACCFCZ 1 
& b s e )  W/ serial no. 6 R W O 8 7  hard disk 1.3E3 2 Ma I 

I 

I 

325-3527 !with VGA d m  IS pxer crid Disk 110 csnrdler. ICE 

I 421d card. a c z & r a ~ ~ ,  mink- wl turm case swrtcb. I 
L I 

4183 . jsound blaster. tax dTiLie. (51CO b u s i n s s  s&r 1CO nrc 
. . .  4185 lpentiun 30 pin 1 E . d  ecxdakle to 12eF48. . . . . 

I 
I 

4182 :UPS : IsP, : 1.CZ.52 : ?rdFim-HQ 1 
f040 ! Pnnter Stand I 

3917-19 i ihcmoscn Mcrritcrwith k e $ c a d  8 Mouse , ' lset ' 2.15.58 ' C o y  L&lBFAR 
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LIST OF ASSETS IN CUSTODY I 
PFiOJECT DURATION: JANUARY 1,79S3 - OECE?d@E2 ?I, 1997 1 
AS OF DECEMBER 37.1997 I 
IN US DOLLAR I 

I I 
1 I 

I : AUDITED : I 
DESCRIF'TION LOCATION Taa No. i QM. i AMOUNT 

3501 i5e6 sx with ~onoc:cme ~cni tcr  20 - pin %a. ~ q p y  I 
3503 I E q w  disk driw 5.2F1.2 MB I E C  3.5' f .4 MB TE4C 

3SC4 .iDisk VO cmdler.  ICE. vidm cud 

3505 ;printer. E3scn Dct-hzuix 8C-d LXaCOSN1805GS26 

:XI7 !with N R  - Stancr : :sa . 1 .C i i .ZO BFAR 

to ; Pcwer supply, Seagdte hard disk. infwnae keybcard 8 

3S95 13 b~ztcn m!anical mouse - 5Cd8 

4020 iAVR- S k  i ~ S E  i 1.8S7.4 I FAC 

I .  
. . 

4 7 4  to i N ~ N  Ccrcputer w/ CD ROM and muki w . i a  

-107 iscedter. CPU. mcnkcr m d  k&zcxd P d u n  166 : lse! : 1.CZ16 i FAC 

I 4165 i Thanason PC+Yl&6 business u n p  a m h z  m i u r n  wi~h 1 
A ;  67 j 110 ccntrdkr card. d c r d  mcnacr cclcr inn&sicn. RAM 5-n 

41% . ti6rnS.Wdeo /sound flaw disk d,* 3.5" 1 . a  MB.Mcuse and 

4272 i kebcad  - 101 keys SNCZ097SlS 1 ISE? I 1.SS7.52 : 1.T1 Fica  - HQ 

1 3 ! l o w - a  ZIP 100 Parallel P m  O r i ~  - SaWRD)?41AO9X ; I :  0.03 3rd Fiocx- k!Q 1 

4287 & 4084 ~ C a n p u ? ~ w i V I  T& CPU. DX - 40.1 unit tCOM and (1) 

4i87 j T m .  CPU W i n k  Ill m b o  l a n d  (m) AOC Mcnitcr 

4CE8 ~AVR-Stambrand . . 
4089 !Primer. E3scn FX1050 lser 2.5S5.43 7rd ECCT - HQ 

1 4243 icrnputer. 3e6 SX D P I N  2MB with P h i i i ~  rncnacr Ch imy  

42M i k e y k c a d  S N8l  Z2Oi%7 Fiopw ask drive 525' 1.2MB T d C .  

4 2 5  imc.3.5" 1.44 MB Disk UO Ccncc(ler. crrd and s q a e  h u d  disk j 
4247 :with UPS - PK2OCO SN00202E9 i i s@ i 539.57 i FAC 

4071 ~ H P  Izserje! 6L print- Hith czble ' i  1 534.m 1 FAC 
I .  I 
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PROJECT DURATION: JANUARY 1.1993 - DECEMBE3 31.1997 
1 
I 

t 

. . AUDITED 1 
Tag No. : OESCiilFilON QM. . AMOUNT ' : LOCATION 

1 
4i78 iHP Izseije? Printe 4F 1 1.280.01 ' 3rd F a r  I 

'058 ;?rimer. C % L w  - . l .  653.59 EFAR 
. I  

I 

4050 iAVii - Eer ,  Srand I 1 0.04 E FA? 

4 x 2  ; U P S - w C 6 X W  I 1  0.m 1 FAC 
7 

3934 ICryo. Lquid N i b c g e n  tank i l :  3.177.24 ! EFAR 

3189 i C m i c  ecuiomm( Krvo 10 Series 1 1 :  805.53 : @FAR 
I 

Page 5 



GENETIC IMPROVEMENT OF FARMED TlUPlA - G lF i  PROJECT - I 
LIST OF ASSETS IN CUSTODY I 
PROJECT DURATION: JANUARY 1. I993 - DECEMBER 31.1997 

I 
! 

IN US D O U R  I 1 

, AUDiTE3 I 
Tag No. ! DESCXIFTION : QlY. : AMOUNT . LCUTION 1 

3%2 i G m s  Cutter - M a k i  4 .  
: I .  0.04 G F A ~ E ~  - -- 

I 
3563 i G m s  Cutter - Kaxasaki i 1 : 0.04 : E F W : E X I  I 

4052 ;Genesla. diesel q i n e  - Kubda SKI25 1 1  1 1.52524 1 EFr;R/FIEL!2 

5012 iGenerztw. diesel engine- Kuboa Ei?WXlNSEl916i-€ie62 I l i  3.024.50 : B FXWi El3 

I 
501 1 iYSl d i i s d d  wen mot rrde! 1 1  ; 2.121.55 1 FAC 

4 .  4254 ;Pice i h d w  set : I :  507.72 1 EFAR 1 

2 !GI Pipe wrend -.shct 0.Cd aFAR 

4107 ;GIPi~wrenc!- lci-g j 1 ; 0.04 1 
I 

EFrM 

35% i GI Pipe wrencC1- fie!d i l !  0.0: i WAR 

. 913 !GI Piwwrenc! ; 1 ; 0.04 . BFAR I 

501 4 i Furnp, cmkibaal- T* 5 x 5 957.12 r BFAR 

2% ! W a s  pump. cmmfqa l -  SSai : 1 : 0.04 : FAC 

2557 i W a c  pump. &gal - Kubcta M e 0  1 1  ; 1.59.55 i FAC 

0.04 1 We Lab 

! 

4C61 !Ref~lgeracr i l i  2E.13 i Guesmcuse 

4 1  jSalinQ me'.er - 2 j .  357.(iO 1 FAC 

4052 iSehiq Machine - SNF6252004 S w  Master ; I :  0.M i Wet lab 
4 
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I G E N E T I C  IMPROVEMENT OF FARMED TiUPLA - GiFT PROJECT - I 
L!ST OF ASSETS IN CUSTGOY I 
PFiCclECT DURATION: JANUARY 1.1523 - OECEMEEF? 31. 1997 I 

IN US C O L U R  I 
I i 

: AUDITED : 

DESCiilFTlGN 
I 

Tag No. f i Q7Y. i AMCUKT i ; LCCATiCN 
. 

42% ~lldentity pcrt&k r & ~  AVID - SNGGl4T : I :  84O.Ca : C v  L b  

. . 

I 
3C35 ;Tank. I& 3. liquid . " d q 3  : l i  748.23 i C y  h I 

I 
1 3537 ;Tank, IZZI 30 liquid nitrazm 1 1 '  748.23 C m  kii . I  

40% ;Tar,k. lab 20 liquid n-3 ; I  I 1.Cf,S.C8 : C.yo L;S I 

3521 iT2nk. i& 30 liiuid n e e n  - r d  smzll t;mk r l ;  1.059.08 I C y  lsb 
I 

'C25 ;Tank, aAvar MVE XC 4711 7-1 0 -- ; 1 f 1,254.82 : Cryo Lab I 

Pace 7 



 GENETIC IMPROVEMEKT OF FARMED T l U P l A  - G;FT ?ROJECT - I 
! 

LIST OF ASSETS IN CUSTODY I 
PROJECT DURATION: JANUARY 1.1003 - DECZMBER 31,1997 

AS GF DECLMBER 31,1997 
i 

I 
IN US D O U R  1 

Tag NO. I DESCRIFTION : Q-IY. t AMOUNT : LCCXTION i 

405356 I M n e  frjrhrcugh. m e n  (F&riCzt~) : p i  10.51 ' We? Lto -- -- 
I 

5024 IT& oxwen and decs?  
I 

: 1 :  0.G ' Wet IA I 

L 
1 4276 'Tag rexls MPR SN 2ES25S4 I f :  0.M . C,yo Lto 
I 1 

4Zi7 i T q  &er MPR SN GO051320 : 1 :  0.G ; C q n  IA 
I 

4278 ;Tag reader MPR SN 4S52450 : 1 ;  0.0: ' C.? Ltl 

5t5;,3 :Gas St- WI 2 burrier and ' a k  : 1 : 0.W : E F M  

Xi27 'Tester : I :  0.04 . EFAR . 

I maw F m  and Hae SN97443780 : 1 0.03 1 BFA=Sie!d 1 

5029 I D m ,  Mcror engine - PTD7ffi DY22D-1011324 0.04 P a w n o u s e  



GENETIC IMPROVEMEKT OF FARMED TIUPIA - GI= PROJECT - I 
I 

LIST OF ASSETS IN CUSTODY 

PFiOJECT DURATION: JANUARY 1.4993 - DECC5EE4 31,1997 
2 

i 
AS OF DECEVEER 31.1997 

IN US DOLLAR I 
i 

Tau No. i CESCZlFi7ON ' QM. : AMOUNT : : LCCATICN 

L 1. 
SUBTOTAL i 43.037.45 ! 

iTRANSPORTATlON ECUlPMEM - . . 
5034 lTcycfa Land Cruiser wrVl Plate no. GEV-1EBt ; I 1  -2"CZ.Z i Mzktti - EC 

I 

593 i ~ i ~ t b h i ,  E c O  (El~e) wnh p k e  no.OFJ-i8ES 10.5E.9 I Munc I 
I 
I 
I 

TOTAL 1 41.,%827 271 I 
FURNITURE AND FIXTURES 

I i 
iacard. hit= . . .  

I .  0.C4 1 3rd Fir. - HQ 

1 j 8 d .  Aite . . .  : I ,  0.M : FAC 

1 ! 3card. Air= vdh durninun f m  : I .  0.04 1 WAR I - . . .  
J 

3 9 3  i Ecard. Aite : I .  a . ~  i FAC 1 
J 

41 ICE50 facard. white stxd . : 1 :  0.04 r BFM ,I 
- - 

41 1 lES51 !Board. h d e  wdl type i 1 .  0.04 . 8 F m  

2952 , Bcard. wixie. (Field) 1 0.04 EFAR 

3053 : Eoard. h d e  1 0.04: EFAR 
I 
1 

: I ,  123.15 1 FAC 1 
1842 i 8 c d t  s h k  1 1 ;  13.15 j 2rd ~ i r .  - HQ 
?A43 shelvs (wa3?en) - Lhs dwbte walled 11 x $8 x S.5 : I 1  0.04 ! Ird Fir. - HQ 

3920 iB& she(~es (wccden) - Narra . . 
: I ,  0.04 : 3rd FI~. - HQ 

3W1 i€!& shel- ( d m )  - i k s  dcuble walled 11 x r ; 8  x t3.5 i l i  0.m : 3rd flr. - HQ 

7,841. !Book s h h  ( d ~ )  1 : - 133.15~ 3rd ~ i r .  - HQ 

3923 i 8cak she- (wcden) i l ;  13.15 : 3rd Rr. - HQ 

3924 i B c d c  shelvs ( m e n )  1 1 :  133.15 j 3rd Fir. - HQ 

3354 i E& shehes ( d m )  : l i  13.15 / Ird flr. - HQ 
1 E 5  ;B& s h h  ( d e n )  j l ;  133.15 j ?rd Flr. - HQ 

3955 I ~ c d e n  s h h  wl hangirg glass d m  (57.6) ' !  ' f 173.15 i GFAR 

[ 4105 iWcden shdws wl hanging g l s s  d m  133.15 I EFAR 1 
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GENETlC IMPROVEMENT OF FARMED TlUPlA - G i F i  PROJECT - 
LIST OF ASSETS IN CUSTODY 1 
PROJECT DURATION: JANUARY 1,1993 - OECEMeE4 31.1997 I 
AS OF DECLUBER 31.1997 . . 1 
IN US DOUAR 

: AUDlTE.3 ; 

Tag No. DESCXIPTION i QTY. ' AMOUNT i L9CATlCN 

5026 !Table. McnoOla : I .  0.m BFAR 

41 52 ;Two seater &air. mdcc 1 1 :  0.04 : . SFAR 

5037 ' :Two seater eclair, rncncbla i 1 I 0.04 t BFAR 

4058 a !chain, Monobla 1 12 ; 0.48 : BFAR 

ichain. khcb l cc  i s :  0.23 ; 8 F W  1 

1 1  1 0.04 : 3rd flr. - HQ I 
2822 :Chair. exewhe : l j  0.04 i FAC 

I 

320 ichair. Vsitds : I :  0.04 i FAC 

!chair. Visitofs 0.04 ; FAC 

=I !chair. Vi i tds ; 1 ;  0.04 r zrd Fir. -KC . 

2% j Chair, q u t e f  (€TO) 1 i 1 ; 115.14 i FAC 

3- !Chair. cmputer (Ergo) - L w  back wl zjasnent  r l ;  0.04 I GRI 
I 

41 27 i chair, mputer  (Ergo) - Lcw b& wl : I :  0.04 t 6FAR 

4280 f Chair. crnputer (EGO) - L w  Oack wl djmrment i 1 ; 0.04 r GFIIWFPR 

4124 iChair. mputer  (Eqo) - LDN k t  W/ 4E.m. : 1 ; 0.04 1 @FAR 

5038 :Chair. crnwter Erco) - LDN tsck wl  aciustment ' 1 :  0.04 f BFAR 

41 19 i Chair. canputer (E~O) - LON kck W/ adjust~?mt . I :  0.04 : @FAR 

3186 (chair. ccmputer (LTO) - Low b3 wl ausW j l i  0.W i FAC 

4263 !Chair. mputer  (Ergo) - L w  badc wl  X&~s;ment r l ;  0.04 : FAC 

3918 i ~ h a i r .  canouter PC1513 A : I ;  115.14 : FAC 

- 

347 i chair. mputer  (Ergo) 1 1 :  115.14 j 3rd Fir. - HQ 
3898 i~hair. mputer  (Ergo) :. 1 i 115.14 3-d Fir. - HQ 
3919 !chair. omputer : I !  115.14 3rd Fir. - HQ 
3029 I Chair, canputer (Ergo) 1 1 :  115.14 i 3rd Fir. - HQ 
421 9 ] chair. ccmputer ( m o )  1 :  115.14 i 2rd Flr. - HQ 
3859 jchair. secretarial 1 1 :  115.14 t 3-d Fir. - HQ 

i - 
3 s  !E.Wc Fan. desk i l i  0.04 i 3rd Flr. - HQ 
3991 ; E!&c Fan. stand . l .  0.04 i FAC 
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GENETIC IMPROVEMENT OF FARMED TIUPLA - GlFi PROJECT - 
UST OF ASSETS IN CUSTODY 

PROJECT DURATION: JANUARY 1.1993 - DECEMBER 31.1997 

AS O F  DECEUBER 31.1997 
t 

IN US D O U R  -. 

. . i AUOKED i 
Tag No. I OESCXIPTION ! QTY. i AMOUNT : LOCATION 

' 3349 i Ei-c Fan. desk ; I :  0.04 : ' 2rd Fir. - HQ . 

3849 !Filing czbinet st& with 2 d m v e s  : I ;  0.04 i 3rd Fir. - HQ 1 
0 

i z n g  &in& .: 1 : 0.G i 3rd Fir. - H Q  

421 6 ! Eing d ine?  with 4 draws 1 1 ;  143.13 1 3rd Fir. - HQ 

3% iEing d i n e t  'Niih 4 d m e r s  Gauge w/ built in handle 1 1 :  0.04 ; 3rd fir. - HQ - 
3530 !Filing c&ine! with 4 d- ! l i  1n.x i EFAR 

3W5 i Fiiina czbinet steel with 4  draw?^ : I :  14.13 ; 3rd flr. - HQ 

3- j~ji ing &me(. steel with 4 d m  : I ;  143.13 j 3rd Fir. - H Q  

j l i  
I 

4239 l Filing cabin& st& with 2 di'avefS 143.13 i 2rd fir. - HQ 

41 03 iFiiing cabinet st& with 4 e M  143.13 EFid? 

4104 ;Firing d i n e l l  s t e l  with 4 ; I t  143.13 6F.M 

2925 !Fiiina cabinet s t d  M 4 ddrawers ; I :  143.13 1 8FAR 

3%8 !,Filing c&inec WOXM 143.13 f 3rd Rr. - HQ 1 
41 38 ~ o = d e n  cabinet paiMirRed ydlw - fabricxed j l ;  0.04 t 6FAR 

Z Z 4  iC&ine! (no dscriptim if st& cr wccda) .I 1 : 0.04 j FAC 
I 

1 4130 :Ta le  m n p u t w ( S ~ )  : 1 : .  14.62 i EFAR 1 
4129 !Table ccmpter ( d m .  fabriaej) 140.~2 i EFicR 

1,834 ;Table cxmuter ; l i  140.62 3rd flr. - HQ 

5039 jTabk m ~ u t e r  ; 1 i 140.62 ! BFAR 

=2 !Table. q u t e r  1 1  ; 140.62 ; BFAR 
. .  I 

3921 !Table. Office (Small) i 1 i 0.M I 3rd f i r .  - HQ 

3 Z 2  !Table. oftice ; I ;  0.04 : 3rd Fir. - HO 
4217 ]Table. d ice  i 1 ; 0.C4 j 3rd Fir. - HQ 

3SSO jTabk cft ie ! I !  0.a i 3rd Rr. - HQ 

3 W  !Table. office I l ;  0.04 : 3rd Rr. - HQ 

5001 i ~ a b k  office (Single Pedsbl w/ carvings - 24' x 2 T  x 48') i l i  0.04 i G F l l  

,%I2 !Table dfce (Single Pedestal wl atvincs - 24- x 29" x 48") : 1 i 0.04 i GFll 

5003 :T&~le. Mce (Single Pedestal wl &ngs - 24- x 29" x 48") 
. . ' 1 :  0.W f GFI1 
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GENETIC IMPROVEMEKT OF FARMED TIUPW -GIFT PROJECT - I 
LIST OF ASSETS IN CUSTODY 1 
PROJECT DURATION: JANUARY 1.1993 - DECE?d8E!? 31.1997 I 
AS OF DECE?ABER 31,1997 1 
IN US DOLUR I 

I 1 AUGKED : 

Tag No. j OESCiilPTlON : QT/. ' AMOUKT . LOCATION 
. . I 

. X.OG ;Table. &ice (Single P d ~ t a l  w/ &TS - 24" x 2S' x 48') . I 0.W G i l  

5t05 ;Table cifie (Single Pedestal w/ c a ~ n s s  - 24' x 2s" x 48') ' 1 '  0.04 GFl i 

,933 :Table. c f i e  (Single PebestA w/ &%s - 24" x Z* x 487 I 1 : .  0.04 ' G i l l  

5207 ;Table. cffice (Sinqk Pedestal w/ & ~ C S  -2C x 2T  x 48-1 
1 

: I .  0.04 ' GFll I 
1 5008 !Table. cffic? (Sinqle PedestA w/ c a h ~ s  - 2C x 20 x 487 i l !  GF1 i 1 

!XW !Table. c5ce (Sinale Pdestzl w/ caMncs - 24" x iC* x 48") ; 1 1  0.04 1 G i l l  

3857 iTable. cifie : I ;  0.W ] 3m Fir. - MI 
?,2322 ;Table.cffie i l i  2S8.31 i 3rd Er. - EQ 

I 
9 

3322 ;Table. &ice 1 1 1  3C8.31 : FAC I 
-220 iTzble. c5fee (g lus  :w) ; I :  0.04 1 2rd Fir. - i-:Q I 
X 3 1  !Table. kxk  : l i  0.04 i Cuesnase 

3858 jTzble. typing l l i  0.W 1 3r3 Fir. - EC I 
. . I 

;Table, printer 1 1 ;  0.W i 3rd Fir. - HQ 1 
3 w  !Table. ~ m p  0.04 : 3rd Fir. - HG I 
3%5 :Table. : I :  0.04 t 3rd Fir. - HQ 

1 

sOTa iT&le. LnT.3 : I :  0.04 : 3rd Er. - HQ I 

W 8  iswi t t !  l i ~ h t  z . .  : I .  0.04 i ?rd Fir. - HQ 

3844 i~oard. : I :  0.W ' 313 Fir. - HC 

3031 tC:cck wall (nkm) ; I ;  0.04 i EFAR 

3853 I h n o .  ememencv . . . 
I , !  0.04 i 3rd Fir. - HQ 

' 395 !Venetian blinds (29 x 64) I 11 i 0.43 1 ' Wet Lab. 1 
I 

,5344 15 d~ file bzv ; I '  0.04 ; @FAR 



GENETiC IMPR0VEME.N OF FARMED TIWPU -GIFT PROJECT - 
LIST OF ASSETS IN CUSTODY 

PROJECT DURATION: JANUARY 1.1903 - OECEMBEX 31.1997 i 
/AS OF DECEMBER 31. f 997 ! 
IN US WUAR 1 

1 . . 
AUDITED : 

Tag No. DESCRIPnON t QM. i AMOUNT LOCATION 

4237 ;Filer. tray ETP MT5 
I 

: I ;  . 0.04 3rdFim-HQ . '  . 
f I I 

1,825 IEecoic Fan. desk Raa - ajre : l r  0.04 : FAC 1 
I I - 

3S09 jFiiing czbinet steel Hith 2 d m  i l :  143.13 : 3rd Fir. - h'Q 

! ' 
7,899 Table. cfficz : I !  0.04 . 3rd Fir. - HQ 

3950 ;Table. typing : I ;  0.W : 3rd flr. - HQ 
I 

! 

4113 j~adcwi th  r d k  i 1 I 0.W i EFAR 

4240 lBcston Puncher ; 1 ; 0.04 ! 21-d RCCT - HQ 

I 
I 

I 
t SUBTOTAL I - 5.837.64 j 
I ! 

FFlCE EQUIPMENT 1 
331 8 tAircond'iccrer. Nacicnal 1.0 HP w/ timer CW-93FPH : I !  544.14 FAC 
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GENETIC IMPROVEMENT O f  FARMED TIUPIA - GiFT PROJECT - 
LIST OF ASSETS.IN CUSTODY 

PRCWECT DURATION: JANUARY 1.1993 - DECEMBER 31.1997 

. . 
; AUCITED ; 

DESCillPTlON -1 Tag No. : PT(. i AMOUNT i LOCXTlON I 
3827 ; Aircxditicner. Ndcnal 1.0 HP wl tim CW-WF? H : I :  . 544.14 : Guesthcuse 

I 

i t ;  54-23 1 We! Lab. 1 
3916 jAirc3nditicner. N=&i?licnal windw type CW2402 - '24 i 1 ; 1.W5.11 i Ciyo Irh. 

I . * 

KM9 i Calukor.  "Sharp" EL-SOSO SN 920CM333 i 1 i 0 . a  i @FAR 
I 

I 

3880 icalculator. 'Sharp" EL-5C-W SN 9204oCO . . .  I ) I  0.04 : 6FAR 
I 

?a26 Wauk Saie 1 1 : 0.04 t 3rd Fim - HQ 1 

29521 ;Typewriter. Pmable 707 DLX i 1 ; 0 . a  i SFAR ! 

1 

4139 1Calculatc~ - "Sharp" : l i  0 . a  f EFAR 
I 

1,508 :Calalator - "Casio" .R(-82C : I :  0.04 I BFAR 

4C6-i i Calculator - 'Casio" FXZ€IP : I :  . 0.04 1 EFAR I 
4252 :Calculatcr - "Casio" FX-ZCO W (YlW97) ; 1 ; 0.04 i FAC 

I 
L 

1 3% icvtter. B& 17 x15 1 1 1  0.04 EFAR I 
5046 ICalwlaia - ' Aunxa" HC107-T SN 101707 i l l  0.04 i BFAR 

I I 

SUBTOTAL ! 
8 2.637.14 1 

I I 

COMMUNICATION EQUIPMENT: L I 

* 
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r~~~~~~ IMPROVEMENT OF FARMED TIUPIA - GIFT PROJECT - I 
LIST OF ASSES IN CUSTODY 

PROJECT DURATICN: JANUARY 1.1003 - DECE?dBER 31.1997 

AS OF DEC'cBER 31,1997 
! I 

IN US D O U R  i 
I 
I 
I 

AUDITED . I 
- - 

Tag No. f DESCRIPTION i QM. : AMOUNT : LOCATION 1 
-8 

4230 i Mcdem Ed lU -r, (Acquired in 31 5%) : I 
Serial No. AQd153COWEE : I :  0.04 . '  3 d  FOX -KO 

4E.3 ilnteriac d e i c e  (Faddata) - Mdcrcla brand i l i  0.G4 i C F M  

I 
1 

5047 ! C m h c n e  a i n t e r f e  d e i e  with iax I 
I I m e m  ex~ernzi ~chver SUCG~Y : I !  0.W i e FAR 1 

4220 1 W a i k m  - Aiwa b r d  JS35 1 1  1 789.03 1 3rdFcori iQ I 
I I 

- - 

3835 ~Wzknan - Aiwa brad J0502MKIll wth  d a o t u  2 ec!!arcer : l i  189.CO I 1rd Ficcr H Q  

4225 i W z i k m  - Ajwa b r a 4  J%20 1 ;  0.W : 3rd Flccr-HC I 
1 

L227 Nckia Cdluizr P h m e  (Ttw frcm Lad  C~iser) ' . .  
: I :  0.Ci . 3rd Fica H Q  

I I 

4125 jlccm Radio tramche ( IS174 Mhz 40 max dands) I l i  0.04 i GFPR 
I DC PC- d 6-1 6 wits with SN 3 00376 1 



GENETIC IMPROVE?AEM OF FARMED TlLXPZA -GIFT PROJECT - I 
UST OF ASSETS IN CUSTOOY I I 

PROJECT DURATION: JANUARY 1,1993 - DECZdBER 31.1997 
I 

IN US OOUAR 
I 1 
i 

I ; AUDITED I MSIGNEY I 
Tag No. ; DESCRlPnON Q .  A M O U ~  f STAFF CODE 

I DC P w  d 616 K& with SN SlCQ374 I 

SUBTOTAL i ! I 500.95 : 

I i I 

iG8AND TOTAL ! I ! 485.S54-51 I 
I 1 
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GENETIC IMPROVEMENT OF~FARMEL) TlLAPlA 

NOTES TO THE SUMMARY OF ASSETS IN CUSTODY 
PROJECT DURATION: JANUARY 1,1993 TO DECEMBER 31,1997 

Note 1 - Assets in Custody 

International Center for Living Aquatic Resources Management, Inc. (ICURM) became a 
member of the Consultative Group on International Agricultural Research (CGIAR) in 1993. 
Prior to its membership-in CGIAR, project assets were recorded as capital expenditures (an . 

expense account) at its full historical landed mst. As a result of its membership in CGIAR, the 
Center adopted CGIAR accounting policies in recording these fixed assets as assets in 
custody. The Centei capitalizes assets costing at least US500 or its equivalent in pesos. 
Acquisitions costing below the said limit are assigned a minimal value of P1.00 for control 
purposes and the difference charged to the operating cost of the projects. Fixed assets in 
custody are considered 'assets in trust" and are therefore not subject to depreciation. 

Note 2 - inventorv of ~roiect asset 

A physical count of the GIFT assets was conducted in August 1997 to ascertain existence of 
project assets and correctness of recorded balances. 





Annex 3 

Dissemination and Evaluation of Genetically Improved Tilapia Species 
in Asia: Final Report 

- International Center for Living Aquatic Resources Management (ICLARM) 
MC P.O. Box 2631, Makati City, Metro Manila 

0718 Philippines 

Executive Summary 

The International Center for Living Aquatic Resources Management (ICLARM) 
and its research partners developed a Nile tilapia line through selective breeding that 
outperformed in growth and survival other widely farmed tilapia strains, in varied 
farming environments, in Asia. Following this successful development of a genetically 
improved Nile tilapia strain, popularly known as GIFT slain, it became important to 
spread this "new technology" as a means to increasing aquaculture productivity, 
improving rural nutrition and increasing farmers' income in Asia. This report highlights 
the results of the on-station and on-farm evaluation of the performance of the GIFT strain 
against the commercially available tilapia strains '& well as its likely economic, social 
and environmental impact in Bangladesh, China, the Philippines, Thailand and Vietnam. 
The work was carried out under the Dissemination and Evaluation of Genetically 
Improved Tilapia Species in Asia (DEGITA) Project of ICLARM, funded by the Asian 
Development Bank (ADB) under regional Technical Assistance (RETA) No. 5558. 

A unified methodology integrating the disciplines of genetics, economics, 
sociology and environmental science was developed to achieve the objectives of the 
DEGITA Project. The methodology was a combination of ex-ante and ex-post evaluation 
techniques, and consisted of the following activities: a) national review of the past 
performance and the current status of the tilapia industry; b) on-station evaluation of 
GIFT vs. non-GIFT ("control") strains; c) analysis of agroecological and socioeconomic 
environments of project sites; d) baseline survey of fish producers, consumers and 
traders; and e) on-farm trials of GIFT vs. non-GIFT strains. The impact evaluation 
framework used was holistic in nature. The impacts were measured at household 
(producers vs. consumers) and country levels using a combination of general equilibrium 
(GE) analysis, micro system analyses (village studies and farming system analysis), and 
ecological analysis. 

In Asia tilapia fanning is growing rapidly. It accounted for about 87 percent of 
globally farmed tilapia in 1994. Asia's tilapia production increased from 154,509 t in 
.I984 to 5 19,192 t in 1994, giving an average annual growth rate of 12%. In 1994, 
DEGITA-participating countries such as Chi (43 percent), the Philippines (19 percent), 



and Thailand (11 percent), accounted for the majority of farmed tilapia production in 
Asia. 

Depending on their natural endowments and investment capacity, fish farmers in 
these countries raise tilapia in ditches, ponds, cageslpens and concrete tanks. In 
Bangladesh, most fish faxmers culture tilapia in relatively small ponds a id  ditches. In 
China and the Philippines, they raise tilapia in ponds and cages with a few in concrete 

. tanks. In Thailand and Vietnam, most farmers grow tilapia in ponds. The majority of fish 
farmers in Bangladesh, China, Thailand and Vietnam raise tilapia in polyculture systems. 
Moreover, integrated fish farming (e.g. rice-fish farming, fish-duck farming, fish-pig 
farming) is becoming popular in all these countries. 

The average size of fish farm varies considerably. Fish farmers in Bangladesh 
have the smallest average size at 500 m2, while the farmers in the Philippines have the 
highest with fishponds at 15,000 m2. Fish farmers in China, Thailand and Vietnam 
operate an average fishpond area of 13,700 m2, 10,500 m2 and 1,000 m2, respectively. As 
in China and the Philippines, those operating cages are working on smaller area than 
those operating fishponds. Fish farmers generally have security of tenure as they own a 
very high proportion of their fish farm area (56-99 percent), except in China. 

Freshwater aquaculture is fast becoming a highly market-oriented farming 
activity. About 94-97,97,98 and 88 percent of the fish farmers' production in China, the 
Philippines, Thailand and Vietnam, respectively, is being marketed. Only fish farmers in 
Bangladesh have a low marketable surplus (20 percent of their production). 

Overall, China's pond (monoculture and polyculture systems) and cage 
productivity (monoculture) per production cycle was higher than in the other countries. 
In pond and cage monoculture, China (5,860 kgha; 5,613 kg1100 m2) has higher 
productivity than the Philippines (3,559 kgha; 853 kg1100 m2). Also, China's (6,593 
kgka) pond productivity under polyculture was higher compared to Bangladesh (1,736 
kgka), Thailand (6,290 kgha) and Vietnam (3,020 kgha). It must be noted, however, 
that those culturing tilapia in cageslpens and tanks have relatively higher production per 
unit area than those using ponds due to their higher stocking density and an input- 
intensive production system. 

In pond monoculture, China (US $ 3,104/ha) has a lower profitability in terms of 
net profit over variable cost than the Philippines (US $ 3,421fha). But the country's (US 
$4,146/100 m2) piofitabiliq in cage monoculture is substantially higher than the 
Philippines (US $524/100 m ). Thailand (US $7,395/ha) and China (US$ 3,997ha) have 
a relatively higher profitability in pond polyculture than Bangladesh (US$ 1,258/ha) and 
Vietnam (US$ 1,321ha). The cash cost of producing a kilogram of fish varies 
considerably (Bangladesh pond polyculture- US$0.16/kg; China: pond monoculture- US 
$0.76/kg, pond polyculture- US $0.66/kg, cage monoculture- US $1.09/kg; Philippines: 
pond monoculture- US $0.60kg, cage monoculture- US $0.61/kg; Thailand: pond 
polyculture- US $0.45/kg; and Vietnam: pond polyculture- US $0.27/kg). As much as 75 



percent of the gross value of production in these countries can be considered a 'pure 
profit'. 

Socioeconomic problems (cagelpond vandalism, poaching, high prices of 
frylfingerlings, increasing cost of inputs, high capital requirement, high marketing cost, 
lack of credit, water supply shortage, proliferation of tilapia farms, farm fragmentation 
and limited market) affect tilapia farming productivity in ponds more seriously than in 
cages. On the other hand, cage operators are more dependent on natural endowments 
such as the existence of lakes and water reservoir, and are greatly affected by 
naturallenvironrnental factors (flood, water qualityfpollution, drought, typhoon, cold and 
sulphur upwelling) and technical/biological factors (high fish mortality, fish diseases, 
poor fiy/fingerlings quality, slow growth, lack technical assistancefmanagement 
expertise, small fish at harvest, harvesting difficulty and over growth of weeds). 

Fish producers generally have a higher annual fish consumption per capita than 
non-producers, indicating the importance of fish farming for the supply of nutritional 
protein requirement in the rural areas. Results of DEGITA (1995-1996) show that 
consumers in Bangladesh (21.3 kg) have a higher annual per capita fish consumption 
than those in Thailand (1 8.6 kg) and Vietnam (1 3.9 kg). Per capita fish consumption per 
annurn in China and the Philippines amounts to 35.8 kg and 44.6 kg, respectively. In all 
these countries, except the Philippines, carp is the freshwater species which is 
traditionally consumed. 

Consumers in these countries show a strong preference for the following fish 
species: Bangladesh- ilish (54 percent), rohu (32 percent) and tilapia (7 percent); China- 
tilapia (29 percent), cmcian carp (12 percent), grass carp (10 percent); the Philippines- 
tilapia (65 percent), milkfish (11 percent) and threadfin bream (5 percent); Thailand- 
snakehead (43 percent), tilapia (30 percent) and hybrid catfish (21 percent); and Vietnam- 
common carp (25 percent), mrigal(17 percent), rohu (16 percent) and tilapia (15 percent). 
This has significant implications for the development of the tilapia farming industry, not 
only in all these countries but also in Asia, as tilapia is now a widely accepted food fish. 
In the case of tilapia, most consumers show a strong preference for bigger fish with sizes 
ranging from 2 to 4 fishlkg. However, consumers' in Bangladesh show a preference for 
fish of smaller size: 5 to 7 fishkg of tilapia. 

The fish marketing structure in Asia is evolving fast particularly in the DEGITA- 
participating countries. Fish marketing in China and Vietnam (especially in the North) 
used to be an activity controlled by the government. The government is now encouraging 
the participation of the private sector (i.e., traders, wholesaIers and retailers) as is relevant 
in Bangladesh, the Philippines and Thailand. Mainly due to the large trading volume they 
are handling, fish trading is a very lucrative economic activity for traders in the 
Philippines and Thailand but not yet in Bangladesh. Fish traders are earning a monthly 
income of US $600 in the Philippines and US $641 in Thailand. If the fish traders in 
Bangladesh can increase the volume of the fish they eade, it can also be a lucrative 



business in this country, as fish traders are earning a comparable margin per kg of fish 
traded (US $0.19) to those in the Philippines (US $0.27) and Thailand (US $0.20). 

Private tilapia hatchery operations are more important in the Philippines than in 
any other DEGLTA participating country, where the industry is dominated by small scale 
family-based hatcheries. On the average, hatchery operators in the Philippines are 
operating an effective hatchery area of 1.07 ha, and more than 90 percent are owner 
operators. With an average hatchery operator incurring a total production cost of about 
US$ 2,500 per ha. per production cycle, they are earning a net income of about US$ 
4,300 per ha. per production cycle, which is considered lucrative. 

On-station performance of the GIFT fish against commercially available local 
strains was evaluated in diverse environments in: Bangladesh (warm humid tropics); 
China (warm cool humid subtropics, warm arid and semi-arid subtropics); Thailand 
(warm subhumid tropics); and Vietnam (warm humid tropics). The magnitude of impact 
of the GIFT strain over existing strains (Bangladesh: Thai strain; China: '1978' 
introduced, '1988' introduced, Egypt, Red and Tianjin strains; Thailand: Chitralada and 
Chitralada I strains; and Vietnam: Egypt, Thailand and Vietnam strains), varied among 
various countries according to the history of tilapia introduction, environments and 
farmers' experience. In Bangladesh, where Nile tilapia has a short history with very 
limited broodstock management, the GIFT strain appears to be 42 percent superior to the 
local strain in terms of growth. In China, the GIFT strain did not show superior 
performance relative to local strains under on-station conditions. This is plausible because 
China has good existing strains obtained directly from Africa (the origin of Nile tilapia) 
and there is a longer history of tilapia farming, greater climatic variation and, therefore, 
the possibility of both natural and artificial selection of existing strains to local 
environments. In Vietnam, the GIFT fish of the 4th generation of selection had 40 
percent higher growth rate compared to existing strains, though the GIFT fish of the 2nd 
generation of selection did not show statistically significant superior performance in 
terms of growth. The on-station data did not show any superiority of the GIFT strain over 
existing strains in terms of survival. 

Following farmers' practices in terms of levels of input use and growing periods, 
the on-farm performance of the GIFT strain against the 'best' existing local strains was 
assessed in all DEGITA-participating countries. The trial sites represent the major 
agroecological zones, farming systems (extensive to intensive) and types of culture 
(ponds and cages) of Asia. After accounting for the wide heterogeneity of input use level, 
production environments and other intrinsic and extrinsic factors, the percentage change 
in average weight at harvest due solely to the mean superiority of GIFT strain over the 
existing non-GIFT strains were highly significant across different countries. The 
magnitude of the effect of the GIFT strain on growth rate, however, varied among 
countries, ranging from 18 percent in China to 66 percent in Bangladesh. In terms of 
survival, the GIFT strain showed higher survival compared to the existing strains only in 
China (3 percent) and the Philippines (13 percent). Results show that the GIFT 
technology is neutral with respect to feed use, i.e., increase in output due to GIFT 



technology per unit of feed used was constant across feed use levels in all countries, 
except Bangladesh 

Cost of production per unit of fish produced was lower for the GIFT strain than 
for other Nile tilapia strains in current use: more than 30% lower in Bangladesh and the 
Philippines, and about 20% lower in China, Thailand and Vietnam. 

The estimated yield potential of the GIFT strain was more than 50 percent higher 
than that of the best existing strain, ranging from about 54 percent higher in Vietnam to - 
about 97 percent higher in Bangladesh. The estimated Yield Gap 11, the difference 
between potential and actual yields on farmers' field, ranges &om around 3,000 kg ha in 
China to around 850 kg ha in the Philippines (which has a shorter growing period and 
poorer production environment). These estimated gaps show the extent to which yield 
might be increased through the invention of appropriate technology to overcome 
production constraints such as disease, temperature extremes, water shortage, poor water 
quality and so forth. 

As the price elasticity of demand for tilapia is elastic (close to -1 in absolute 
term), the rate of decrease in the price of tilapia would be lower compared to the rate of 
increase in productivity. In the Philippines, a 15 percent increase in average national 
productivity of tilapia (Scenario I, early stage of adoption, wherein the rate of adoption 
would be lower but productivity gain to adoptor would be higher) would result in about 
1 1 percent decrease in tilapia price; while a 20 percent increase in national productivity of 
tilapia (Scenario 11, later stage of adoption curve, where the rate of adoption would be 
higher but productivity gain to adoptor would be lower) would decrease tilapia price by 
about 14.5 percent. Similar trends is observed in all the participating countries under both 
technical change scenarios. 

In terms of profitability, the level of increase for adoptors would be higher during 
the early stage of adoption (Scenario I). As more and more farmers adopt the technology, 
the supply would increase and the relative price .of tilapia would decrease in the later 
stage of adoption (Scenario 11). These effects, combined with the relatively lower 
increase in average productivity gain due to adoption of GIFT strain in poorer quality 
farms, would reduce the level of increase in profitability. In the Philippines, the 40 
percent increase in productivity due to GIFT strain would result in about 84 percent 
increase in profitability (from a US $4,052 per farm of 1.6 ha to US $7,452) during the 
early stage of adoption and profitability would only increase by about 17 percent during 
the later stage of adopjion. Similar trends are expected to be observed in other countries. 
But due to the lower market price of tilapia, profitability of tilapia farming for non- 
adopting farmers would be expected to decline. However, as the GIFT technology is scale 
neutral, non-adopting farmers are expected to follow the early adoptors. The government 
should remove supply side constraints, if any, so that every farmer has access to the 
technology and each of them face the same "effective" price of tilapia fingerlings. 



Adoption of GIFT strain is expected to increase tilapia production in particular 
and overall fish production in general. In the Philippines, the 15 percent increase in 
average national tilapia productivity would increase national tilapia production by about 
16 percent during the early stage of adoption (Scenario I). In Thailand, the 8 percent 
increase in average national tilapia productivity would result to a 9 percent increase in 
tilapia production in the country under Scenario I. At the household level, production of 
other fish species would decrease marginally for GIFT-adopting farmers, while for non- 
adopting farmers it would increase marginally for those culturing fish in polyculture 
systems in Bangladesh, China, Thailand and Vietnam. This, combined with the fact that 
tilapia has no major competitor in the resource use in the Philippines, implies that 
adoption of the GIFT strain would increase tiiapia production in all countries without 
decreasing the production of other species. 

The technical change such as that provided by the faster-growing GIFT fish is 
expected to increase tilapia consumption in all types of household (GIFT adopting fish 
farmers, non-GIFT adopting fish farmers and consumers), except for the non-adopting 
farmers of the Philippines, for whom the negative effect of lower income would probably 
be higher than the positive effect of the lower market price of tilapia. In China, where the 
national average tilapia consumption is about 1 kg/year/household, GIFT technology is 
expected to increase average tilapia consumption by about 7 percent. In the Philippines, 
average tilapia consumption per household is expected to increase from 10 
kglyeadhousehold to about 12 kg/year/household due to the GIFT technology. Overall 
fish consumption is also expected to increase for all non-producing consumers and GIFT 
adoptors, and even for most of the non-GIFT adopting tilapia producers, though the level 
of increase is expected to be very small, ranging from almost 0 percent in China to about 
3 percent in Thailand. . 

At the household level, adoption of the GIFT strain would increase the overall 
welfare gain for all consumers and GIFT adopting fish producers. For subsistence 
farmers in Bangladesh with 500 m2 pond area under polyculture systems, GIFT 
technology would increase the overall economic gain by about US $5-6/household/year. 
In the Philippines, the overall economic gain of GIFT adoption, with 1.6 ha of pond area 
under tilapia monoculture, would be about US $1,500 to US $3,50O/household/year, 
depending on the level of productivity gain. Although the overall gain to an average - 
consumer in the DEGITA-participating countries would be very low (often less than US 
$5/household/year per household, except in the Philippines) due to the relatively low 
level of tilapia consumption per household, the overall economic gain for the country is 
very high due to the very large number of tilapia consumers. More than 50 percent of the 
total economic gain due to the GIFT technology would go to consumers, except in 
Thailand, where the share is about 40 percent. 

As tilapia production is dominated by small- and medium-scale farmers 
employing extensive or semi-intensive production systems, the major portion of the 
producers' benefit is expected to go to them. In Bangladesh, where tilapia is cultured 
mostly in seasonal ponds under extensive culture systems by poor farmers with an 



average farm size of 0.6 ha (fish farm of 0.05 ha), most of the producers' gain would go 
to small farmers. 

Tilapia is consumed mainly by relatively poor people because of its relatively low 
price, except in the Philippines. As the price elasticity of demand for fish is higher for 
poor people than for the rich, the major portion of the consumers' benefit will go to 
relatively poorer (not to the very poor who can not afford to buy any fish) consumers in 
all these countries, except the Philippines. As richer consumers consume more tilapia in 
the Philippines, both in terms of the absolute level of consumption and share of total fish 
consumption, they are expected to get the larger share of the total consumers' benefit. 

Except for the Philippines, almost all the pre-harvest labor for tilapia culture 
comes from family sources. As adoption of the GIFT strain does not require additional 
care, it is expected that the same structure of labor use will prevail even after the 
introduction of the GIFT technology. This implies that demand for pre-harvest labor is 
not expected to increase due to adoption of GIFT technology in these countries, except 
the Philippines. However, with the increase in production due to the adoption of the 
GIFT strain, demand for labor in harvesting and post-harvesting activities will increase in 
countries like China, the Philippines and Thailand. As the GIFT strain is technology 
neutral with respect to feed use, demand for feed is not expected to increase under the 
present level of stocking density. Thus, the use of the GIFT strain will not directly affect 
the demand for feed. However, if farmers increase their stocking density and thereby 
increase feed requirement per unit area, and increase the area under tilapia operation, 
overall demand for feed would increase. 

GIFT fish is not a genetically modified organism in the biotechnological sense, 
but only a strain of 0. Niloticus produced by selective breeding. In Asia, 0. niloticus is 
already widespread and there are no reports, even anecdotal ones, that it has been 
responsible for the decline in the indigenous species. As such, it is argued that the GIFT 
fish should not be harmful either. With proper management of culture practices, the GIFT 
fish is unlikely to harm biodiversity andlor environmental integrity. However, more 
detailed studies on the environmental impact of the GIFT fish are needed. 

In order to improve and sustain the productihity of the improved strain, all the 
.DEGITA participating countries are in the process of developing their own national 
tilapia breeding programs with GIFT fish as genetic material (with or without other 
genetic material). 

As the final outcome of any technological improvement depends equally on the 
policy and institutional environments within which it is introduced, appropriate 
government policies should aim at ensuring an incentive structure that reflects the true 
social opportunity cost of resource use in tilapia culture. It is likely that the market would 
fail to allocate resources efficiently to the tilapia sector in the presence of negative 
externalities (e.g. pollution of the aquatic environment, displacement of existing fish 
species or loss of fish biodiversity, etc.) and absence of perfect market conditions. Under 
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such conditions, government interventions are necessary in providing public goods 
(research, extension and infi-astructure) and access to information and inputs (e.g., credit, 
availability of quality fiylfingerlings during the early stage of adoption, etc.) to "get the 
price right". 
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MAJOR SCIENTIFIC PAPERS FOR COMPLETION AND THEIR CURRENT STATUS: 

1. Genetic Improvement of Farmed Tilapias (GIFT) - Systematic Effects of Test 
Environments, Sex, and Age at Stocking on Growth in Nile Tilapia. 

Status: Data analysis completed. Needs only some fine tuning of analysis to 
determine the relationship between mean weights at stocking, final weights at 
stocking and age groups. Outline of manuscript prepared. 

2. GlFT - Composition and Genetic Parameters of a Heterogeneous Base 
Population for Selection. 

Status: DFREML analysis for growth completed. GFCAT analysis for survival 
initiated. 

3. GlFT - Heritability of Growth and Survival during Six Generations of 
Selection. 

This paper also is now being considered under three separate communications: 3 (a) 
heritability of growth across generations; 3 (b) heritability of survival across 
generations; 3 (c) genetic correlations between growth and survival. 

Status: DFREML analysis for growth in progress. GFCAT for survival to be initiated. 

4. GlFT - Genotype x Environment lnteraction for Growth of Replicate 
Families Tested in Different Tilapia Farm Environments. 

Status: to be initiated. 

5. GlFT - Genotype x Season lnteraction for Growth of Replicate Families 
Tested during different Grow-out Seasons. 

Status: Data analysis completed. 

6. GlFT - Growth Performance of an Improved Breed of Nile Tilapia in On- 
Farm Trials in Asia. 

Status: Data analysis complete. Writing of manuscript to be coordinated with DEGITA 
Project Leader, Madan Dey. 

7. GlFT - Response to selection for growth. 

Status: Estimates of observed response to selection is possible during the data 
analysis in respect of paper 3 described above. Model for estimating the 
predicted response to selection under review and or further refinement. 

8. GlFT - Genetic Correlation between Growth and Frequency of Spawning 
Females in Nile tilapia. 

Status: Only preliminary analysis done. (Focus is on generation 7 datasets). 



9. Effect of common environment during early rearing on subsequent growth 
performance of Nile tilapia. 

Status: Data analysis complete; outline of manuscript reviewed 

10. Combined Effects of Genetic Improvement through Selection and Sex 
Reversal on Survival and Growth of Nile Tilapia. 

Status: Revised analysis complete; manuscript needs slight revision based on 
revised analysis. 

11. GIFT - Estimation of Genetic Variation and Heritability for Age- and Size- at 
First Spawning. 

Status: DFREML analysis completed. Genetic correlations to be carried out. 

12. Response to B i  - Directional Selection for Frequency of Early Maturing 
Females in Nile Tilapia. 

Status: Paper presented during ISGA 6; Manuscript submitted. 

We expect completion of all manuscripts during 1999. Priority will be on the primary 
paper on selection response which will be completed by December 1998 


