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Introduction 

The contribution of developing countries to world aquaculture production has been very important since 

aquaculture’s beginnings, mainly due to the role of Asia. Figures of average production from the five year 

period 2003-2007, obtained from the FishStat data base (FAO, 2009), reveal that Asia contributes 

approximately 87% of fish, 90% of mollusk, 89% of crustacean, and 99% of seaweed world aquaculture 

production; equivalent to an average of 47,9 million tons per year during that period. Excluding China, if 

one considers the production of the next top 20 countries contributing to aquaculture production, 13 are 

developing countries and account for 80% of this group’s contribution during that period. Developing 

countries are, for the most part, located in Asia, Africa, and Latin America (South America, Central 

America and the Caribbean) but both aquaculture production and genetic improvement development 

differ between countries. Apart from seaweeds, Africa produces almost exclusively fish (97%), Asia 

produces mainly fish (59%) and mollusks (31%), and Latin America produces mostly fish (62%) and 

crustaceans (27%). Considering the contribution of these developing areas to world aquaculture 

production, the figures (volume/value) are 0.8/1.0 % for Africa, 90.8/77.4 % for Asia and 4/11.4 % for 

Latin America. Just for the sake of comparison these values for Europe and Oceania are 4.3/9.3 % and 

0.3/0.9 %, respectively. 

On the other hand, the generalization might be accepted that aquaculture in Asia and Africa has the role 

of contributing to improve human condition while in many countries in Latin America aquaculture 

provides export products for consumption in developed areas of the world. The real situation, of course, is 

not that simple, and greater scrutiny reveals exceptions to this general trend. 

Another interesting aspect is that the key species involved in developing countries’ aquaculture are in 

many cases exotic species. Just a few examples will serve to illustrate this. Common carp (Cyprinus 

carpio) is by and large the most important animal aquaculture species that has subspecies originated in 

Eastern Europe, Asia, and Far East Asia (Kirpichnikov 1999), but Brazil and Mexico are the fourth and 

eighth top producing countries of this species, respectively and it is also produced in Africa (Janei and 

Jian, 2009).  Shrimps and salmonids fish are the second and third-ranked group of species in value (fourth 

and fifth in volume). Penaeus vannamei and Penaeus monodon provide 87% of the world’s farmed 

marine shrimp.  The natural range of Penaeus vannamei is the western coast of Central and South 

America, but it is farmed in the USA, East and South-East Asia, the Middle East, and to a lesser extent in 

Africa (Benzie, 2009). Pacific and Atlantic salmon are important resources across their natural range of 

distribution in the North Pacific and North Atlantic rim, but around 39% of farmed salmonid production 

takes place in Chile. Nile tilapia is the third most important farmed fish species in the world in volume 

and value and its natural distribution areas are restricted to Africa and the Levant, whereas the main areas 

of utilization, primarily for aquaculture, are outside Africa (Eknath and Hulata, 2009) with farmed tilapia 

being produced in 13 countries of Latin America.  

The situation of genetic improvement in aquaculture in developing countries, the subject matter of this 

paper, is under vigorous development with singular emphasis in the different continents but the situation 

is still far from being well-organized in developing regions. 
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Material and methods 

Developing and developed countries: In agreement with the companion lecturer of this session, 

countries from Asia, with the exception of Japan, Africa, South America, Central America, and the 

Caribbean were considered to be developing for these two papers. The exception is Chile that, due to the 

level of progress of its aquaculture industry, was considered within the developed countries and will not 

be included here but rather in Dr. M. Rye’s lecture. We are aware that this simplistic way of division has 

limitations, which are considered to be minor for this analysis. 

 

Data collection: Data of world aquaculture production statistics was obtained from FishStat data base 

(FAO, 2009) and the figures discussed correspond to the average production of the five year period from 

2003 to 2007. Information from breeding programs was obtained through a questionnaire sent urbi et orbi 

that included queries on general and technical information on applied genetic improvement programs 

having an impact on production. Actions centered only in research activities were asked to be excluded. 

Only summarized technical information will be exposed from the answered questionnaires to ensure 

confidentiality. 

Results and discussion 

The questionnaire was sent to 79 identifiable professionals, institutions and companies associated with 

breeding in aquaculture species. Forty nine answered questionnaires were received of which 41 were 

considered and became part of the data base analyzed here. Those that were considered complied with the 

requirement having a basic concept of what is a breeding program and to be under the supervision of 

trained professionals. We are aware that there may be breeding programs that were not included in our 

data base, but only those that answered the questionnaire were considered. The result is that we collected 

information from 34 genetic improvement programs in fish, 26 in tilapias, 4 in carps, 2 in catfish, 1 in 

silver barb, and 1 in rohu. Crustaceans are represented by 6 breeding programs, 4 in shrimp and 2 in fresh 

water prawn. Finally, we collected information in only one mollusk specie, abalone that is located in 

Africa. This information is summarized in Table 1. 

 

Africa reported to have 6 breeding programs running, 4 in tilapia and one in each African catfish and 

Abalone. Latin America, excluding Chile, has 7 breeding programs running, 3 in shrimp and 4 in tilapia. 

Asia communicated 28, which represent 67% of all reported genetic improvement programs; 18 in tilapia, 

4 in common carp, 2 in fresh water prawn, and one in each catfish, rohu, shrimp, and silver barb. 

 

Tilapia 

Modern genetic improvement programs in aquaculture using quantitative genetics tools were initiated in 

the 70’s by Norway in salmon and trout. The following milestone was the initiation of the genetic 

improvement of farmed tilapia (GIFT) project in the Philippines in 1989; coordinated and executed by 

ICLARM, now the WorldFish Center , in collaboration with the Norwegian Institute of Aquaculture 

Research, AKVAFORSK, now NOFIMA Marin, and three national institutions in the Philippines: the 

Philippine Bureau of Fisheries and Aquatic Resources (BFAR), the Marine Science Institute of the 

University of the Philippines (UP-MSI), and the Freshwater Aquaculture Center of the Central Luzon 

State University (FAC-CLSU) (Eknath and Hulata, 2009). In 2002 a sample derived from the GIFT 

project was installed by WorldFish in Malaysia and has continued the GIFT tilapia selection and 

distribution. The GIFT project in Philippines was reported here by the GIFT Foundation International 

Incorporated (GFII). The other 17 tilapia breeding programs reported here are quite young, they started 

being implemented in 1994, but most of them (54%) started as recently as 2005. The impact of the GIFT 

project is evidenced here by the fact that 10 out of the other 17 Nile tilapia breeding programs considered 

in this study confirmed that their base population had originated from WorldFish and 15, including blue, 

red, and shiranus tilapia, acknowledged having received technical support from this institution including 

Asia, Africa, and South America. WorldFish has also exported the GIFT technology to other genetic 

improvement programs including carp, FW prawn, Rohu, and silver barb. 

 

As shown in Table 2, the majority (17) of the tilapia breeding programs are funded by public sources 

while 9 (35%) of them have only private funds; 7 located in Asia and 2 in Latin America. Half of the 



programs declare to have a size of 100 or more families and a large part of them (21) have a family based 

design, with individual tagging and a generalized use of PIT tags that allows the use of BLUP based 

estimation of breeding values. Selection within cohorts was reported in 4 programs. Generation interval is 

usually one year. Growth performance is the only trait under selection in more than half of the programs, 

other traits such as cold and salinity tolerance, carcass quality and disease resistance, and in some cases, 

color are considered but in many cases it is not clear how selection is performed. While response to 

selection is commonly estimated as genetic trend, no actual figures of gain were reported here, even thou 

some of them have published results. In a few cases the use of a control population was reported. The 

improved material is usually for local use but in a few cases (5) is for international market. Normally it is 

not explained how the multiplication phase of improved material is organized. In general, there is no use 

of genomic tools or MAS selection, neither the use of alternatives for hormonal sex reversal incorporated 

in the breeding programs.  
 

Carp 

Only 4 genetic improvement programs in common carp (Cyprinus carpio) and one in Rohu carp (Labeo 

rohita) were reported. All of them are in Asia, with just one in China (Table 3). This is unexpected if one 

considers that by and large carps constitute the most important cultured fish in the world, with China as 

the main producer, and with great amounts produced in India, Indonesia, and other Asian and African 

countries. All programs are publically funded and all of them, except one in common carp, are family 

based programs, with 60 to 200 families using individual identification with PIT tags and BLUP estimates 

of breeding values. Generation interval is usually 2 years. Selection is always performed to increase 

growth and, in one case, fecundity and, in another, disease resistance is also included. Gain is usually 

estimated as genetic trend and improved material is used for local production. In only one case 

microsatellite and SNP markers for a disease resistant trait is reported to be under progress. 
 

Shrimp 

Even though most of white  shrimp (Litopenaeus vannamei) are produced in Asia, with China, Indonesia, 

Thailand, and Vietnam as the main producers, we received only one report on genetic improvement in 

shrimp from China, that started only in 2007, and three from Latin America (Table 3) that are functioning 

since 1998 and 1999. All of them are private institutions but two have a mixed private-public source of 

funds. Family selection is usually performed, with elastomere tagging of individuals for family 

identification. Growth is again the main trait selected, using BLUP estimates of breeding values. Disease 

resistance is usually incorporated in a selection index. Other traits are survival and low salinity tolerance. 

Generation interval is generally one year, with one or more cohorts per year. Response to selection is, 

typically, estimated as genetic trend and improved material is placed in both national and international 

markets. Genetic by environment interactions are reported to be important and became a limiting factor in 

at least one case.  
 

Catfish, Silver barb, Freshwater prawn and Abalone 

One breeding program was reported for abalone and catfish in Africa with one for silver barb, one for 

catfish, and two for freshwater prawn in Asia. All of them are recent programs funded by public or 

international institutions (Table 3). They are normally family based programs with individual tagging in 

fish (PIT tags) and family identification in prawn (elastomere) and abalone (bee tag). Growth is the main 

selected trait, using BLUP estimates of breeding values, with mass selection used in two cases adducing 

limited facilities. Tripliody is being tested in abalones. Generation intervals of one year (freshwater 

prawn), 2-3 years (catfish), or 4 years (abalone) are in place.  Selection response has not been measured 

yet in the youngest programs or genetic trend is claimed to be used for this task. Only the production for 

local markets is declared in these cases with one exception (abalone) that is open to international markets 

also. 
 

The genetic improvement in developing countries 

In terrestrial animal species (e.g. dairy cattle, pigs, poultry) genetic improvement programs have made a 

substantial contribution to industry productivity and viability.  The gains achieved among plants species 

have been even more spectacular.  It appears to offer great potential for improvement in aquatic animal 

species, given that comparatively little application of genetic improvement technology has taken place to 

date, especially in developing countries.  Hence, there is ample justification for the planning, design and 



implementation of research, development and technology transfer of genetic improvement programs for 

aquatic animal species. In contrast to terrestrial farming systems, where most global production is limited 

to a small number of animal and plant species, in aquaculture the number of animal cultured species is in 

the hundreds (Nguyen, et al, 2009); a fact that leaves much room for opportunities. Nevertheless in the 

present study 85% of our collected information on breeding programs (35 out of 41 programs) is 

concentrated only in tilapias, carps and shrimps. There are a number of factors limiting the increased 

impact of genetic improvement programs in more aquaculture species for which  breeding needs to be 

solved such as: the aquaculturists have not succeeded in closing the life cycle of important species; lack 

of financial resources; lack of a market paying a higher price for improved stock; lack of trained 

professionals in quantitative genetics; and lack of knowledge of the installed industry on what a breeding 

program is and what to expect from it. These and other aspects have been discussed in several 

publications and will not be covered here (see Knibb, 2000; Shepherd, 2007; Ponzoni et al, 2009; De 

Silva and Davy, 2009). 

 

Most of the breeding programs considered in this study appear to be using sound genetic improvement 

tools but there are a couple of aspects that are not sufficiently clear: what measures are taken to avoid 

excessive increase of inbreeding (see Ponzoni et al 2010), how the improved material is been efficiently 

disseminated, and what is the design of the multiplication phase to ensure the expected impact in 

production.  

 

Significant efforts in genetic improvement programs have been put in place to contribute to food security 

and poverty eradication in developing countries of Africa and Asia, and to promote sustainable 

development and the use of living aquatic resources based on environmentally sound management. The 

main source of funding has been a joint effort of local governments and international organizations. These 

funds have been used for the appropriated infrastructure and function of the programs and for recruiting 

technical support from research institutions in developed countries. In Latin America the situation has 

sometimes been different, genetic improvement programs have been started by researchers with 

insufficient resources, both financial and technical. Typically, the industry does not invest in long term 

projects and intends to import complete packages, as has happened with pig and poultry industries in the 

60’s and 70’s. In the majority of the cases, however, those complete packages do not exist. Regarding the 

Chilean situation that will not be discussed here, it is sufficient to say that because of its leading role in 

world salmonid production, both the industry and the government have made available enough research 

funds to make a good start. The knowledge from livestock genetic improvement, that was available in the 

country, was also put to work. Other countries, with important shrimp and tilapia aquaculture production, 

are buying genetics and trying to comply with international market requirements for their products. In 

some cases they are lucky enough to get their genetics from serious sources but sometimes they acquire 

them from pseudo-genetic-improvement programs. It is very important to make a big effort in training 

local staff in quantitative genetics and animal breeding (Ponzoni et al. 2009) but the industry should also 

be aware what a genetic improvement program is and what can be obtained from it. 

 

Another aspect, not sufficiently discussed is the use of alien species in aquaculture. From a food 

production viewpoint, alien species in aquaculture play a significant role in Asia (De Silva et al. 2006) 

and in countries such as Chile, where aquaculture is emerging very rapidly and a major sector of its 

aquaculture is largely dependent on introduced species (Gajardo and Laikre 2003). According to Nguyen 

et al.,(2009) the balance of evidence suggests that translocations in aquaculture have been beneficial from 

a food production and employment viewpoint and that there is no explicit evidence to demonstrate that 

alien species in aquaculture have had an overly negative impact on biodiversity (Crivelli 1995; Gozlan 

2008). In cases where a diversification of local aquaculture is been promoted, it is restricted to the 

development of native species on the belief that is a safer decision. This may not be the case, however, as 

it appears inevitable that, escapees of individuals from a population which has been modified through the 

domestication process and artificial selection, will eventually re-enter the natural environment inhabited 

by its parent stocks. Such events result in the genetic breakdown of wild stocks and the loss of unique 

reservoirs of genetic diversity for the species; aspects that are fully discussed in Svåsand et al (2007).  

 

 



Conclusion 

 
The provision of better breeding stock to the major aquaculture farming developing countries, and of 

methods for their safe and productive operation, is expected to result in a more stable fish production and, 

consequently, in improved income among small-scale farmers. This can be expected to positively impact 

upon food security and poverty alleviation in the less developing world. The gains can be measured not 

only in physical terms (e.g. increases in production) but also by socio-economic and environmental 

surveys jointly conducted with collaborators.  
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Table 1: Aquaculture species with reported breeding programs in developing countries, by 

continent and country 
 

Continent / Country 

A
b
al
o
n
e 

C
at
fi
sh
 S
tr
ip
ed
 

C
at
fi
sh
 A
fr
ic
an
 

C
o
m
m
o
n
 c
ar
p
  

F
re
sh
w
at
er
  

p
ra
w
n
 

R
o
h
u
 

S
h
ri
m
p
 

S
il
v
er
 b
ar
b
 

T
il
ap
ia
 N
il
e 

T
il
ap
ia
 B
lu
e 

T
il
ap
ia
 R
ed
 

T
il
ap
ia
 s
h
ir
an
u
s 

  
T
o
ta
l 

Africa 

 South 

Africa 1                       1 

Egypt     1           1 1     3 

Ghana                 1       1 

Malawi                       1 1 

Asia 

China       1     1   2 1 1   6 

Nepal       1                 1 

Vietman   1   2 1       3       7 

Thailand         1       2   2   5 

India           1             1 

Bangladesh               1 2       3 

Malaysia                 1   1   2 

Philippines                 2       2 

Sri Lanka                 1       1 

Latin 

America 
(Chile not 

considered 

here) 

Venezuela             1           1 

Brazil             1   2       3 

Costa Rica                 1       1 

Ecuador                 0       0 

Colombia             1   1       2 

 Total 1 1 1 4 2 1 4 1 19 2 4 1 41 



 

Table 2. General information reported for breeding programs in Tilapia, Abalone Catfish,  

               Silver barb and F. W. prawn (C stands for within cohort selection) 

Species  Country 

Name of the Institution, 

Company 

Year 

started Families 

Traits 

selected 

Source of 

Funding 

Tilapia Nile,                             

Oreochromis 

niloticus 

Egypt The WorldFish Center Egypt 2002 100 1 Public 

Ghana Water Research Institute (WRI) 2002 60 1 Public 

  Bangladesh 
Bangladesh Fisheries Research 

Institute 
2005   3 Public 

  Bangladesh BRAC – Fisheries Enterprise 2008 225 1 Private 

  China 

Freshwater Fisheries Research 

Center (FFRC), Chinese Acad. 

of Fishery Scs (CAFS) 

2006 100 1 Public 

  China 
Hainan Progift Aqua-Tech 

Cooperation Ltd 
2005 125 3 Private 

  Malaysia The WorldFish Center 2002 87 1 Public 

  Philippines 
GIFT Foundation International 

Incorporated 
1989   1   

  Philippines TGA Farm Incorporated 2006 1200-C 1 Private 

  Sri Lanka 

National Aquaculture 

Development Authority of Sri 

Lanka 

2007    960-C 1 Public 

  Thailand Manit Farm Feedmill Co., Ltd. 2008   4 Private 

  Thailand 
Pathumthani Fisheries Test and 

Research Center 
1994    150-C 1 Public 

  Vietnam 
Research Institute for 

Aquaculture No. 1 (RIA 1) 
1997 110 1 Public 

  Vietnam 
Research Institute for 

Aquaculture No. 2 (RIA 2) 
2006 100 1 Public 

  Vietnam 
Research Institute for 

Aquaculture No.1 
1998 80-120 2 Public 

  Brazil 
Instituto de Tecnologia 

Agropecuaria de Maringá 
2005 60 1 Public 

  Brazil 

University of Mogi das Cruzes 

and Royal Fish – Tilápia Fish 

Farming  

2004 64 4 Private 

  Colombia CENIACUA 2006 100 2 Mixed 

  Costa Rica Aqua Corporación Internacional   2006 120 3 Private 

Tilapia, 

Blue,                 

Oreochromis 

aureus 

Egypt The WorldFish Center Egypt 1998 80 1 Public 

China 
Hainan Progift Aqua-Tech 

Cooperation Ltd 
2007 100 3 Private 

 

Tilapia, Red,                  

Oreochromis 

sp 

  

China 
Hainan Progift Aqua-Tech 

Cooperation Ltd 
2008 125 3 Private 

Malaysia 
Fisheries Research Institute, 

Penang, Malaysia 
2006 100 2 Public 

  Thailand Manit Farm Feedmill Co., Ltd. 2008 150 4 Private 

  Thailand 
Pathumthani Fisheries Test and 

Research Center 
2005   2 Public 

Tilapia          

Oreochromis   

shiranus 

Malawi 
Department of Science and 

Technology: 
1996 51 1 Public 

 



Table 3: General information reported for breeding programs in Abalone, Catfish, Carp, Shrimp, 

Silver barb and F. W. prawn. 
 

Species  Country 
Name of the Institution, 

Company 

Year 

started 
Families 

Traits 

selected 

Source of 

Funding
1 

Abalone,                 

Haliotis midae South Africa 

Division of Aquaculture, 

Dept. Genetics, 

Stellenbosch University 

2005 420 1 Mixed 

African catfish,                                

Clarias 

gariepinus 

Egypt 
The WorldFish Center 

Egypt 
2006 70 1 Public 

Common carp                    

Cyprinus carpio 
China 

Freshwater Fisheries 

Research Center, Chinese 

Academy of Fishery 

Sciences 

2004 80-90 1 Public 

Vietnam,        

North of 

Research Institute for 

Aquaculture No.1, 
2004 100-200 1 Public 

Nepal 
Fisheries Research 

Division (FRD) 
2000  2 Public 

Vietnam 
Research Institute for 

Aquaculture No.1 

1993  

2005 
130-150 1 Public 

Freshwater 

prawn, 

Macrobrachium 

rosenbergii 

Vietnam,           

South of 

Research Institute for 

Aquaculture 2, Vietnam 
2006  100-200 1 Public 

Thailand 
Institute, Department of   

Fisheries 
1998 13 1 Public 

Rohu.                             

Labeo rohita India 
Central Institute of 

Freshwater Aquaculture 
1992 60-70 2 Public 

 

Shrimp,                          

Litopenaeus  

(Penaeus)  

vannamei 

China Global Gen 2007 288 3 Private 

Venezuela 

Aquamarina de la Costa 

Shrimp Farm. Universidad 

de Oriente. 

1999 300 1 Mixed 

Brazil 
Genearch 

Aquacultura/Aquatec 
1998 60 2 Private 

Colombia CENIACUA 1998 140 2 Mixed 

Silver barb,                

Barbodes 

gonionotus 
Bangladesh 

Bangladesh Fisheries 

Research Institute 
2002  1 Public 

Striped catfish 

Pangasianodon 

hypophthalmus 

Vietnam,           

South of 

Research Institute for 

Aquaculture No.2 
2001 156-208 3 Public 

 

1/(in tables 2 and 3 “Public” stands for government, international organizations or both, and “mixed” means both   

    private and public), 
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