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ABSTRACT
The aquaculture subsector is important in Kenya for food and 
nutritional security. The rapid growth of the subsector is evi-
dent especially in the widespread culture of Nile tilapia 
(Oreochromis niloticus); however, the gains made in the indus-
try may be curtailed by inadequate quality seed. Currently, 
hatcheries are plagued by inbreeding, hybridization of related 
stocks, and poor-quality broodstock due to lack of proper 
selective breeding plans or strain improvement for broodstock 
development. Properly designed selective breeding programs 
in both public and private hatcheries will be the solution to 
provision of quality seeds for sustained aquaculture growth. 
Currently, the fingerlings produced exhibit a low growth rate 
under culture conditions. This review discusses the signifi-
cance of genetic improvement of Oreochromis niloticus 
through selective breeding with reference to current and pre-
vious global experiences and reports. Genetic improvement of 
tilapia is important in provision of quality seeds to farmers for 
growth in body weight and sustainable aquaculture develop-
ment. Body weight, survival, and resistance to diseases are 
heritable traits that can be improved through selective breed-
ing for a long-term genetic gain and trait improvement. 
A strain improvement program that encompasses establish-
ment of breeding nuclei and programs for monitoring and 
evaluation of hatcheries, based on the existing standard oper-
ating procedures for tilapia seed production, should be in 
place to ensure adherence to the procedures for stock 
improvement and sustainable growth of aquaculture in Kenya.
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Introduction

Aquaculture is the world’s fastest agrifood production sector and through its value 
chain linkages is important for emerging economies in promoting rural develop-
ment, food and nutrition security, and poverty alleviation (Chu et al. 2018). 
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Aquaculture contributed 47% of the total fish produced globally in 2018 
and has had an annual growth of 12% since 1990 (FAO, 2020). A vast 
majority of aquaculture products are derived from Asian countries, with 
the region producing 72.8 million tons of farmed aquatic produce out of 
the total 82.1 million tonnes of total production (FAO, 2020). One of the 
reasons that make Asia a lead aquaculture producing region is the use of 
improved strains of farmed fish species. These include the carps (Hulata 
1995; Nguyen and Ponzoni 2008), tilapias (Nguyen 2016), salmonids 
(Khang et al. 2018), and shrimp (Fjalestad, Moen, and Gomez-Raya 
2003), all developed mainly through traditional selective breeding. The 
Genetically Improved Farmed Tilapia (GIFT) strain of the Nile tilapia 
(Oreochromis niloticus), for instance, was developed in Asia to address 
poor growth rates of existing farmed strains (Eknath et al. 1993) and 
helped increase tilapia production in the Philippines by 186% (ADB 
2005). Since its development in 1997, the GIFT strain has been widely 
distributed in Asia, and farmers have continuously improved the strain 
through selective breeding. It has demonstrated great performance: 30%– 
65% higher than nonimproved strains (Dey 2000).

Nile tilapia (Oreochromis niloticus) is a leading species in Kenyan 
aquaculture, although farmed production of the species is low, averaging 
14,952 tonnes annually (Opiyo et al. 2018). The fish is reared mainly 
through semi-intensive culture systems and contributes more than 70% 
to the total aquaculture production (Obwanga et al. 2020). Although 
costly, intensive culture systems of tilapia have emerged, with more 
focus on the Recirculating Aquaculture System (RAS) being embraced 
and cage culture becoming an investment choice for many farmers 
(Orina et al. 2018; Opiyo et al. 2018). The RAS system is suitable in 
areas with low annual rainfall like arid and semi-arid lands, which has 
opened opportunities for fish farming in such areas, hence opening up 
rural economies and enhancing protein uptake. For instance, 
Kamuthanga Fish Farm has increased the efficiency of aquaculture enter-
prises through RAS, reducing the growout period by half, with an 
average fish harvest weight of 400 to 500 g, compared to 300 g in 
9 months from farms not practicing RAS (Obiero, Munguti, and Ani 
2019).

A recent effort at increasing production of the species, and aquaculture 
in general, was the Government-supported National Fish Farming 
Enterprise Productivity Program (FFEPP), in which farm subsidies were 
provided to farmers, new hatcheries were established, and existing or 
dilapidated ones in the country were improved from 2009 to 2012. The 
result of this was an instantaneous increase in the number of farmers 
engaged in fish farming from 4,742 to 49,050 (Nyandat and Owiti 2013). 
Land under aquaculture increased from 722 Ha in 2008 to 3500 Ha in 
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2018 (Opiyo et al. 2018). Production levels increased from 4,452 MT (in 
2008) to a record high of 24,096 MT in 2014 (Figure 1). Currently, fish 
farming contributes 12.8% to the total fish production, with a production 
of 18,542 MT realized in 2019 (Kenya National Bureau of Statistics 2020).

Although the increase in tilapia production was modest, this national 
program stimulated private investments in aquaculture, and more hatcheries 
have since been established by farmers interested in commercial farming of 
tilapia. By 2013, another opportunity to upscale aquaculture production in 
Kenya came via establishment of devolved units of governance (county gov-
ernments), following the promulgation of the Constitution of Kenya in 2010, 
in which aquaculture development was devolved from national to county 
governments. A number of these devolved units have started investments in 
aquaculture, with more hatcheries being established in Uasin Gishu, Vihiga, 
Muranga, Kirinyaga, Kiambu, Nairobi, Homabay, and Siaya counties; others 
such as Kisii, Murang’a, and Bungoma have renovated hatchery facilities that 
had been grounded. Further opportunities for higher tilapia production have 
also occurred in cage culture of tilapias in Lake Victoria, which provide 
lucrative investment opportunities for tilapia farmers and hatchery operators. 
Production from cages is estimated to be 40,000 MT of fish per year (Njiru, 
Aura, and Okechi 2019). However, these important investments and official 
efforts to support tilapia farmers face significant challenges along the produc-
tion value chain, which could be addressed by adopting modern scientific 
techniques, such as selective breeding.

Selective breeding has the potential to improve the productivity of farmed 
Nile tilapia in Kenya by targeting traits of economic importance. Through this 

Figure 1. Trends in aquaculture production in Kenya from 2006 to 2019 (Kenya National Bureau of 
Statistics 2020).
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technology, a remarkable improvement in such traits can be achieved within 
a few generations. Despite the significance of such technologies, little effort has 
been devoted to conservation and selection of the tilapia germplasm for seed 
improvement in Kenya (Omasaki et al. 2016). The country has made little effort 
in initiating a well-planned selective breeding program for Nile tilapia for 
sustainable and cost-effective aquaculture production. This has been coupled 
with weak policies and lack of regulation for authentication and monitoring of 
hatcheries. This article reviews the global experience and significance of genetic 
selection of O. niloticus to inform on the need to initiate policy guidelines for the 
management of genetic resources to optimize aquaculture production in Kenya.

Tilapia in aquaculture

As a lead species in aquaculture with fast growth rates, resistance to diseases, 
ability to feed on artificial diet, ability to culture in different production 
systems, and global market appeal (Liping and Fitzsimmons 2011; Yáñez, 
Joshi, and Yoshida), the Nile tilapia (Oreochromis niloticus) is native to 
Africa and the Middle East (Trewavas 1983), with its natural range encom-
passing the Nilo-Sudanian province, from the headwaters of the Nile in 
Ethiopia and Kenya, to the Nile Delta in Egypt, the Niger Basin, and lakes 
and streams once historically connected to these drainages (Trewavas 1983). 
Projected as the most important food fish on the planet (Liu and Fitzsimmons 
2011), annual global production of farmed tilapia reached 6 million metric 
tonnes in 2020, overtaking salmonids and catfishes. Of this global production, 
China led the world with 1.8 million tonnes, followed by Indonesia with 
900,000 tonnes in 2020 (FAO, 2020).

Apart from being a model species that allows the study of diverse traits 
of commercial importance (Kocher 2004), expansion of tilapia culture 
globally is also fueled by high genetic diversity in the available natural 
tilapia germplasm (Hassanien and Gilbey 2005). Additionally, a wide 
range of genomic resources has been developed for O. niloticus over the 
years to support the identification and mapping of traits for breeding 
improved and desired strains. One such commercially appealing trait of 
farmed tilapias is monosex male tilapias. Tilapias are sexually dimorphic 
for growth rate, with males having a natural ability to grow faster than 
females (Bhatta et al. 2013). Global production of farmed tilapia relies on 
all-male populations, as this eliminates prolific breeding at the expense of 
somatic growth (Beardmore, Mair, and Lewis 2001), common in mixed- 
sex cultures. All-male tilapia seeds are, for instance, in high demand by 
tilapia cage culture enterprises in Lake Victoria, to avoid breeding where 
hatchlings would easily escape through the mesh into open waters and 
interact with natural tilapias. In this regard, considerable research efforts 
have been invested in identification of loci linked to sex (Lee, Hulata, and 
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Kocher 2004), identification of tilapia brood stock carrying the W or 
Y chromosomes (Lee, Hulata, and Kocher 2004), mapping of quantitative 
trait loci regions for sex determination in tilapias (Shirak et al. 2006), 
developing physical maps for whole genome sequencing (Katagiri et al. 
2005), and identification of genes that drive sex determination in tilapias 
(Cnaani et al. 2008).

Current status of Nile tilapia breeding in Kenya

To support and upscale the tilapia industry in Kenya, there is a need to 
produce and supply high-quality fingerlings all year round at affordable cost 
to farmers. The establishment of hatcheries in Kenya coincided with the rapid 
growth in aquaculture realized between 2009 and 2012 due to the prevailing 
demand for fingerlings. Between 2009 and 2012, Kenya recorded a rapid 
growth in hatcheries from 21 to 147; however, the number decreased to 125 
in 2016, due to the cessation of funding of fish farming by the government 
(Nyonje et al. 2018). Currently the freshwater fish production hatcheries 
actively involved in production of tilapia, catfish, and various ornamental 
fish are approximated to be 40, mostly concentrated in Western Kenya, as 
shown in Table 1 and Figure 2. There is generally a lack of coordinated or weak 
regulatory policy among the relevant government entities for the establish-
ment of tilapia hatcheries, hence compromising production and supply of 
quality seeds to farmers in Kenya.

Hatchery production of O. niloticus is typified by small-scale fingerling 
production in open earthen ponds measuring between 50 and 600 m2. 
Therefore, the fry are bred and nursed in these ponds. Farmers utilizing 
such ponds as hatcheries also stock brood fish of nonuniform sizes, of 
unknown ancestry, and maintained under poor managerial regimes. These 
are the same conditions in which most Asian farmers kept their tilapias in 
backyard ponds (Eknath et al. 1993), with poor yields of small-sized tilapias, 
necessitating the initiation of the genetically improved farmed tilapia (GIFT) 
project (Eknath et al. 1993). Furthermore, without a clearly known origin of 
the brood stock, the fish most likely is sourced from stocks suffering from 
genetic founder effects, as is common among farmed tilapia sources globally 
(Beardmore, Mair, and Lewis 2001), a practice that is difficult to avoid under 
farm conditions. Consequently, the fish suffer high levels of inbreeding, which 
is often compounded by hybridization or introgression of genetic material 
from feral tilapias (Macaranas, Taniguchi, and Pante 1986), since tilapias are 
also prolific breeders in culture conditions. Inbreeding leads to loss of genetic 
variability (Brummett and Ponzoni 2009) and inbreeding depression associated 
with lower growth rates, low survival, and low fecundity (Ren et al. 2020). 
Often, these challenges are due to lack of properly trained personnel and 
proper framework that is important in guiding farmers.
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Source of broodstock for the hatcheries in Kenya

The main source of broodstock, as recorded in the recent survey by Nyonje 
et al. (2018), is Lake Victoria, which provides 80% of the broodstock to the 
Kenyan hatcheries. Others include Lakes Baringo and Kyoga. Recently, there 
has been interest in the Lake Turkana O. niloticus strain due to the observed 
high genetic diversity and the high number of private alleles, which is 

Table 1. Major freshwater fish production hatcheries in Kenya.
County Hatchery Species

Siaya Belvis Hatchery O. niloticus

Mabro Fish Farm Hatcheries O. niloticus

Cosade Hatchery O. niloticus
Agunja Hatchery O. niloticus, C. gariepinus
Dominion Fish Farm O. niloticus

Kakamega Maisha Fish Farm O. niloticus

SAFE Farm O. niloticus

Labed Cash Marine Enterprise O. Niloticus, C. gariepinus, goldfish
Jafi Fish Farm O. niloticus
Lutonyi Fish Farm O. niloticus, C. gariepinus

Busia Oketebwa Hatchery Fish Farm O. niloticus

Hydro Victoria Fish Hatchery O. niloticus

Butula Nerika Fish Hatchery O. niloticus
Wakhungu Fish Farm O. niloticus, C. gariepinus
USUO Fish Hatchery O. niloticus

Homabay Lake View Fisheries Limited O. niloticus

Jewlet Enterprises O. Niloticus, C. gariepinus

Muga Fish Farm O. niloticus, C. gariepinus
Victory Fish Farm O. niloticus

Kisumu Lake Basin Kisumu O. niloticus, C. gariepinus

Victolapia Fish Farm O. niloticus

Pioneer Fish Farm O. niloticus
Sangoro Fish Farm O. niloticus, C. gariepinus

Kirinyaga Green Algae Highlands O. niloticus, C. gariepinus, ornamental fish

Sagana Fish Farm O. niloticus, C. gariepinus, ornamental fish

Karunditu Fish Farm C. gariepinus, ornamental fish
Mwea Aquafish Farm O. niloticus, C. gariepinus, ornamental fish
Kutus Fish Farm and Hatchery O. niloticus, C. gariepinus
Emmick Enterprises O. niloticus

Kisii Kegati Fish Farm O. niloticus, C. gariepinus, goldfish

Kisii Multiplication Center O. niloticus, C. gariepinus

Machakos Kamuthanga O. niloticus
Muranga Makindi Fish Farm O. niloticus

Vihiga Tigoi Fish Farm O. Niloticus, C. gariepinus

Mwitoko Fish Hatchery O. niloticus, C. gariepinus

Uasin Gishu University of Eldoret Fish Farm O. niloticus, C. gariepinus
Baringo Omega Farm O. niloticus baringoensis
Nairobi Paradise Fish Farm C. gariepinus
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important in maintenance of a vibrant breeding stock (Tibihika et al. 2020). 
This population will be important in stock improvement in the local breeding 
programs. In other hatcheries, broodstock are obtained from more established 
hatcheries like the National Aquaculture development training and Research 
Center (NARDTC), Sagana. Other hatcheries have illegally imported 
improved broodstock from Asian countries and Uganda due to the emerging 
demand for high-performing strains. However, the genetic quality of the 
imported populations is not known, and the consequences on the feral popu-
lation may be negative, considering the chances of fish escaping from aqua-
culture facilities into the natural ecosystems.

The concept and history of selective breeding

Selective breeding is the process where the genetic variation present in desir-
able traits within a population is used to improve production quality, effi-
ciency, and sustainability of the target species (Brummett and Ponzoni 2009). 
It has very high potential for improving genetic makeup of fish in aquaculture 

Figure 2. Current distribution of major fresh water fish production hatcheries in Kenya.
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production, which is important in realizing high fish production and profit-
ability of the culture enterprise (Murphy et al. 2020). Though relatively limited 
in application in aquaculture species, this technology has an advantage of 
producing permanent genetic gains that are cumulative compared to other 
genetic improvement methods such as hybridization, chromosomal manipu-
lation, cross-breeding, transgenesis, etc. (Chavanne et al. 2016). For example, 
a genetic gain of 2% per annum will impart to commercial fish 20% superiority 
in productivity compared to the current production for the next 10 years 
(Gjedrem, Robinson, and Rye 2012). A simple genetic improvement protocol 
would involve selection of the best-performing parents of generation one, 
which are then paired to produce generation two progeny. The resulting 
population will demonstrate a genetic improvement with a higher phenotypic 
mean of the trait targeted compared to the founder population.

The most significant selective breeding program where a high-performing 
strain for fresh water aquaculture was developed is the GIFT, which was 
established in 1988 through a collaborative research approach involving the 
Asian Development Bank (ADB) and other institutions in Asia and executed 
by the International Center for Living Aquatic Resources Management 
(ICLARM)—currently, World Fish and AKVARFORSK in Norway 
(Eknath et al. 1993; Yáñez, Joshi, and Yoshida). The GIFT strain was gener-
ated by crossing four wild strains from Africa and four farmed strains from 
the Philippines (Murphy et al. 2020). The base population was established in 
early 1990 in the Philippines, and by 1996, six generations of selection for 
growth had been produced (Nguyen 2016), with an average genetic response 
of 13% higher than the local strains. The improved strain has been trans-
ferred to several countries globally, where selection has been continuing. By 
2013, sixteen generations of selection had been developed. The countries in 
Asia where the GIFT strain has had a remarkable impact on aquaculture 
productivity include China, the Philippines, Malaysia, Bangladesh, Thailand, 
Vietnam, and Sri Lanka (Hamzah, Ponzoni, Nguyen, and Khaw 2014). For 
example, in the Philippines, tilapia production increased by 186% over 
a period from 1990 to 2007. The cost of production was also reduced by 
32%–35% in the same period, signifying the impact of selective breeding for 
aquaculture productivity (ADB 2005). The superiority of the GIFT strain 
over the non-GIFT tilapia across different countries and production systems 
is illustrated in Table 2. Pond and cage systems used in the evaluation of the 
performance of the GIFT strain in Asia mirror the production systems in 
Kenya, demonstrating that the application of selective breeding will yield 
similar results and therefore should be adopted.
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The most popular and preferred genetic improvement of tilapia is mass 
selection and pedigree-based selection, although recently genome-wide single 
nucleotide polymorphism (SNP) has been embraced by top global breeders as 
standard and more robust for stock improvement (Gratacap et al. 2019; 
Houston et al. 2020; Lu et al. 2020; Zenger et al). Furthermore, due to 
increasing sophistication of tools for genomics research, as well as decreasing 
costs of sequencing, it should be possible to study quantitative trait loci for 
other economically important traits yet impossible to measure such as disease 
resistance, fillet quality, maturation, and feed efficiency (Chen et al. 2019) to 
hasten the process of selecting desirable genotypes for use in breeding.

In Africa, the need to improve strains and to benefit from the GIFT project 
without ecological risks led to the development of the Akosombo and Abbassa 
strains in Ghana and Egypt respectively. The Akosombo strain was developed 
from the year 2000 at the Aquaculture Research and Development Center 
(ARDC) of the Water Research Institute (WRI) in Ghana (Anane-Taabeah 
and Hallerman 2019). This strain was developed from a founder population of 
wild germplasm from different ecological zones and a farmed stock in 4 × 4 
diallel cross. This has since become the nucleus of the breeding program in 
Ghana and the West African region due to its comparatively high performance 
in growth. A recent evaluation of the performance of the improved strains in 
Ghana demonstrated that the Akosombo strain grew 16.6 g larger than the 
nonimproved strains (Trinh et al. 2021), and the Abbassa strain has demon-
strated a growth performance 28% better than a commercial strain and 
a comparatively lower recorded food conversion ratio (FCR) of 1.5 (Ibrahim, 
Mohamed Nasr-Allah, and Charo-Karisa 2019). All these programs clearly 
demonstrate great opportunities for tilapia aquaculture in Africa and particu-
larly Kenya through adoption of selective breeding for stock improvement.

Genetic improvement of Nile tilapia in Kenya

Genetic improvement through selective breeding involves heavy capital and 
human resource investment, and these factors have constrained its adoption in 
Kenya. The first attempt at selective breeding of tilapias in Kenya was initiated 
at the National Aquaculture Research Development and Training Center 

Table 2. Comparative yields of F3 GIFT and non-GIFT strains in selected Asian countries, adopted 
from Dey et al. (2008).

Country Production system Non-GIFT yield (Kgs/ha) GIFT yield Kgs/ha Yield gain (%)

Bangladesh Pond 896 1593 78
China Pond 310,967 389,346 25

Cage 4275 4645 9
Philippines Pond 15,285 23,551 54

Cage 912 1361 49
Thailand Pond 2044 2829 38
Vietnam Pond 558 743 33

JOURNAL OF APPLIED AQUACULTURE 9



(NARDTC), Sagana, in 2010 through a project funded by the Kenya 
Productivity and Agribusiness Project (KAPAP). The founder population 
was comprised of locally available O. niloticus strains from private and govern-
ment hatcheries and the wild population from Lakes Victoria and Turkana. 
The main goal for selection in this program was improving harvest weight in 
semi-intensive systems. This was important because the culture systems in 
Kenya are at a semi-intensive level, exploiting both primary productivity of the 
water and supplementary feeding of the fish. The program at NARDTC set 
a model in which the station would act as the breeding nucleus that would 
supply improved tilapia broodstock to other hatcheries, as shown in Figure 3. 
The proposed model for stock improvement never achieved expected objec-
tives due to lack of funding and goodwill from the government after the 
KAPAP project ended. However, Omasaki et al. (2016), with funding from 
the Koepon Foundation and Wangenigen University estimated the genetic 
parameters of the nucleus population at NARDTC through genotype by 
environmental interaction (G × E), which generated the seventh-generation 
(F7) population. Ongoing research at the same station, funded by the Kenya 
Climate Smart Agriculture project (KCSAP) and the AgriFI-Kenya Climate 
Smart Agricultural Productivity Project (AgriFI Kenya CSAPP), still focuses 
on improving traits of economic importance for distribution of improved 
broodstock and seeds to hatcheries and farms in the country.

Significance of stock improvement

Increased farm production

Fish farmers in Kenya rank growth as the most important trait for choice of 
culture species since it influences the final harvest weight and the growout 
period (Omasaki, Charo-Karisa, and Kosgey 2013; Oyieng and Kahi 2013), 
two factors that impact the profitability of the aquaculture venture. For 
example, most tilapia farmers in Kenya use all-male tilapia brooders for 
aquaculture ventures (Githukia et al. 2015), just like the practice globally 
where economic production of tilapias exploits monosex populations 
(Wohlfarth 1994). This is because prolific breeding in mixed-sex tilapia culture 
diverts energy from somatic growth to reproduction, producing many small- 
sized fish of low market value (Opiyo et al. 2020). Due to sexual dimorphism, 

Figure 3. Proposed genetic improvement model for O. niloticus in Kenya.
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male tilapias grow faster than females (El-Greisy and El-Gamal 2012). For 
mouth brooding species like O. niloticus, females further forego feeding for up 
to 21 days as they incubate eggs and nurse fry, which further impedes their 
growth (Ajiboye et al., 2015). In a selective breeding program, it is still possible 
for farmers using all-male tilapias to select the faster-growing individuals from 
the pool of all-male fish for stocking in ponds to begin the enterprise.

Using genetically improved tilapia in breeding programs in Kenya will 
dramatically increase aquaculture production twofold, thus enhancing aqua-
culture sustainability in the country. This is also supported by a review by 
Gjedrem, Robinson, and Rye (2012), who predicted double production by 
the year 2020 globally under the application of genetically improved organ-
isms and estimated that genetic gain of 5.4% would result to 53.2 million 
tonnes of fish when improved material is used in aquaculture systems. In other 
studies on O. niloticus reared in brackish water and selected for improved 
growth over four generations, Ninh et al. (2014) realized a positive genetic 
correlation between body weight and length (0.97); the study by Rye et al. 
(2015) on determination of growth parameters, selection response, and fillet 
yield of O. niloticus after six generations of multitrait selection revealed 
a considerable improvement of growth of between 60% and 90% with selection 
response of 8% per generation. Selection for growth of the GIFT strain in 
Malaysia revealed a progressive trait improvement through eight generations, 
as shown in Figure 4 while in Sri Lanka, the GIFT strain exhibited 
a remarkably improved genetic gain of 112% compared to local varieties across 
three different culture systems (Nguyen 2016). A higher survival of between 
8% and 23% was also registered compared to the local stock.

Figure 4. Genetic gain of body weight of GIFT strain over eight generations in Malaysia (adopted 
from Hamzah et al. 2014).

JOURNAL OF APPLIED AQUACULTURE 11



Increased economic value

Improved economic value of an aquaculture enterprise is another important 
goal for a selective breeding program. Profitability is a key parameter in 
adoption of breeding technology. In Kenya and sub-Saharan African coun-
tries, feed cost is the greatest challenge and may stymie the realization of 
profitable aquaculture as it constitutes between 50% and 70% of production 
cost (Chan et al. 2019; Munguti, Kim, and Ogello 2014). Stock improvement 
programs should therefore target selection for improved food efficiency of 
tilapia; that will result in reduced feed consumption at a targeted production 
level to achieve economic sustainability of fish farming (de Verdal et al. 2018). 
Kenya’s aquaculture industry will be more economically sustainable with 
a well-designed stock improvement program for tilapia, as has been experi-
enced in countries that continue to invest in selective breeding. For example, 
the second generation of genetically improved farmed tilapia (GIFT) tested in 
Bangladesh, China, Thailand, and Vietnam revealed a lowered production cost 
by 20%–30%, partly due to the efficiency of the improved strain in utilization 
of feed resources (Dvergedal et al. 2019). Additionally, in the Philippines, 84% 
profitability was estimated for a 40% increase in productivity due to the 
adoption of the improved GIFT strain in the Philippines (Gupta et al. 2010).

Fish appearance, such as color and body shape, plays an important role in 
consumer preference; at the same time, large variation in cohort weight and 
size at harvest reduces the market value and fish farm profitability. Selective 
breeding technology can be used to mitigate such challenges for increased 
hatchery and farm returns (Marjanovic et al. 2016). Under the standard 
operating procedures for tilapia seed production in Kenya and the manual 
for good aquaculture management practices for hatcheries in Kenya, there is 
a need to produce and supply uniform-sized fingerlings to farmers. Genetic 
selection for uniformity within a population will mitigate against the effects of 
environmental fluctuations on some individuals, hence enhancing their per-
formance. The study of the estimation of genetic parameters of uniformity of 
harvest weight and body size of the GIFT strain of tilapia revealed a 13% 
genetic variance as a result of the group effect (Marjanovic et al. 2016). This 
implies that individuals in the same group are more uniform than in a different 
group. This still justifies that application of selective breeding in the culture of 
tilapia is important in producing uniform individuals for both local and 
international markets, a factor that can be exploited by Kenyan fish traders.

Disease resistance

With the rapid growth of the aquaculture industry in Kenya, sustainable 
growth hinges on intensification of the systems. Disease outbreaks are asso-
ciated with such systems and are very problematic, hence the need for 
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mitigation measures. Currently, there is no information on regulation of the 
use of antibiotics, probiotics, and vaccines for aquaculture in Kenya (Opiyo 
et al. 2018). Disease transmission vectors are common in farmed fish in Kenya 
(Mukwabi et al. 2019), with Philometroides spp., Acanthocephalus spp., and 
Procamallanus spp. being common in farmed tilapia. The disease occurrences 
are caused by poor water quality coupled with poor fish husbandry. 
Furthermore, biosecurity measures are inadequate and at times not adhered 
to, resulting in mass mortalities due to infectious diseases.

Selective breeding has been proposed as a promising option for disease 
management in culture systems (Leeds and Wiens 2019; Megahed 2019). 
A recent report by Barría et al. (2020) on the genetic parameters to resistance 
against the Tilapia lake virus (TiLV) revealed that selective breeding of 
O. niloticus with GIFT origin increased resistance and reduced mortality. 
A significant additive genetic variation was detected in the different models 
applied to the population, and a heritability value of 0.23 was estimated, 
signifying the potential of selective breeding to improve resistance to diseases. 
Similar responses were observed in another selection for resistance to 
Streptococcus agalactiae in Thailand where the risks of death of fish remark-
ably decreased by 54%, the survival rate increased by 21%, and heritability was 
estimated at 0.22 (Suebsong et al. 2019). columnaris disease (Flavobacterium 
columnare) is a major cause of tilapia mortality in Thailand, and selective 
breeding has been demonstrated to increase resistance to the disease. Another 
study by Wonmongkol et al. estimated quantitative genetic parameters in the 
Chitralada tilapia strain on resistance against columnaris disease, which 
demonstrated a heritability estimate of 0.33 under the threshold sire–dam 
model and a mean survival of 32%.

Adaptability to various culture conditions

The semi-intensive culture systems of tilapia culture practiced in Kenya are 
characterized by low input and diverse culture conditions dictated by level of 
income and market objectives (Omasaki et al. 2017). The systems are also 
associated with poor water quality due to poor husbandry practices. Water 
quality is the most limiting factor in aquaculture and affects feed efficiency, 
fish growth rate, survival, and fish health (Wanja et al. 2020). Other external 
stressors that might compromise fish welfare include high stocking densities, 
poor nutrition, and transportation stress, among others.

Understanding genetic and environment interaction (G × E) is very impor-
tant in the design of a selective breeding program that suits different culture 
environments. According to Thoa et al. (2016), selection for traits under 
vulnerable conditions may produce genotypes that excel in a wide range of 
culture environments. Selection for faster growth, FCR, sexual maturity, and 
gill condition of tilapia revealed a heritability for body weight of 0.6–0.7 (Thoa 
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et al. 2016), indicating a positive chance for future genetic response to further 
selection by the population. A genetically improved tilapia strain has been 
demonstrated to adapt to various culture systems; both controlled and open. 
Studies by Rowena, Ikeda, and Basiao (2010) indicated the superiority of the 
GIFT strain compared to the unselected red tilapia in growth in all the culture 
systems, where the GIFT strain exhibited a specific growth rate (SGR) of 
1.358%/day in a controlled environment in tanks; the unselected strain 
was1.257% in the tanks. The same trend was demonstrated in the open system 
in cages, where the SGR in the GIFT and unselected strains was 1.57% per day 
and 1.456% per day respectively. It is therefore possible for Kenyan fish 
farmers to grow tilapia profitably using improved strains that adapt to 
a wide range of culture conditions.

Conclusions and recommendations

The growing demand for food and nutritional security will require 
strengthening of strategies of boosting aquaculture production. Clearly, 
adoption of genetically improved breeding of tilapia is still not popular in 
Kenya, yet it is one of the best approaches that can enhance the produc-
tivity of tilapia significantly, increase profitability of farmed tilapia for 
economic empowerment of the rural and peri-urban populations, and 
improve nutritional and food security due to increase per capita fish 
consumption. Kenya plans to increase per capita fish consumption from 
4.5 kg to 10 kg in the next 10 years, with a target production of 350,000 
MT fish under aquaculture. This targeted production and economic sus-
tainability will only be realized under a well-planned breeding program. 
Such strategies should focus on traits of economic value such as improved 
fish growth, feed efficiency, improved food conversion ratio (FCR), toler-
ance to disease as production intensifies, and tolerance to environmental 
and climate changes.

Cage culture technology is emerging as an alternative system embraced by 
fish farmers in Kenya due to the relatively high income associated with a high 
production of fish (Njiru, Aura, and Okechi 2019). However, there are chal-
lenges experienced, such as fish death from anoxic conditions, poor feeds, and 
lake upwelling. Development of a tilapia strain that withstands poor culture 
conditions is critical for the successful development and implementation of 
cage culture in freshwater lakes, dams, and rivers. The genetic impact of 
improved stock on the recipient wild population is a contested debate that 
cannot be overlooked, and the potential ecological ramifications can negatively 
affect both capture fisheries and aquaculture in Kenya. Currently the cage 
establishments, especially in Lake Victoria, cannot prevent fish from escaping 
into open waters. The government, through extension officers, should monitor 
and provide awareness of proper cage construction, stocking, and good 
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harvesting to avoid farmed fish escaping into the water. In consultation with 
the stakeholders, the national and county governments should formulate 
evidence-based policies to protect and mitigate against genetic pollution of 
the wild tilapia germplasm. Regulatory measures also need to be put in place to 
ensure inspection and monitoring of the hatcheries and evaluation of the 
hatcheries’ performance to ensure maintenance of high-quality fish seed for 
Nile tilapia culture in Kenya.
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