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In brief:
1. The Nile Tilapia aquaculture technologies
have high success rates

KMFRI’s Dr Munguti reveals
emerging
Nile
Tilapia
production technologies for
boosting livelihoods
Nile Tilapia | Photo | Courtesy
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W

ith the surging demand for locally farmed fish,
innovative technologies have emerged to
boost production of the popular Nile Tilapia.
Kenya Marine and Fisheries Research Institute
(KMFRI) researchers led by Aquaculture Director Dr
Jonathan Munguti have unveiled emerging production
technologies aimed at boosting farming of Nile Tilapia

The aquaculture Technologies, Innovations and
Management Practices (TIMPs) range from culture
systems to fish health and biosecurity measures, to
post-harvest loss reduction, value addition and
marketing.
Some of the technologies and innovations being
developed and tested in Kenya include culture
systems such as biofloc (BFT), fingerpond, periphyton,
integrated aquaculture, selective breeding, and the
use of alternative protein sources such as the black
soldier fly in feed formulation.
“The study findings reveal that the technologies have
great potential to increase tilapia production and
profitability, and will boost local livelihoods of
smallholder fish farmers by creating more jobs,
increasing economic growth and providing better
nutrition,” says the Aquaculture Director.

KMFRI Director of Aquaculture Dr Jonathan Munguti | Photo |
Courtesy

- scientifically known as Oreochromis niloticus. It is
envisaged that successful uptake of the modern fish
farming methods will improve livelihoods for people in
Kenya.
MTAFITI MONTHLY

And as uptake of futuristic fish farming methods
becomes imminent, donor and public research-funded
projects are moving with speed to validate the
aquaculture
Technologies,
Innovations
and
Management Practices (TIMPs) to encourage their
adoption.
For instance, the Kenya Climate Smart Agriculture
Project (KCSAP) is validating TIMPs to achieve ‘triple
wins’ - increase fish production, improve resilience and
reduce greenhouse gas emissions.
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conditions and high resistance to stress and diseases.
The fish also has the ability to reproduce in captivity,
has a short generation time, can feed at a low trophic
level, and accepts artificial feeds immediately after
yolk-sac absorption.
According to KMFRI research, Nile tilapia is the most
frequently bought fish species, and is a regular source
of income for most fishermen in Kenya because it has
high market returns and demand.

KMFRI’s head of Aquaculture Division Dr Jonathan Munguti
working with farmers under the World Bank-funded KCSAP
project.

In addition, the International Fund for Agricultural
Development (IFAD)-funded Aquaculture Business
Development Programme is also working to
commercialize aquaculture.

More about Nile Tilapia
Nile tilapia (Oreochromis niloticus) is one of the most
farmed fish globally, and significantly boosts local
livelihoods, especially in developing countries. It was
first cultured in Kenya in 1924 before spreading across
Africa. But several illustrations from the Egyptian
tombs reveal that the culture of tilapia dates back 3000
years ago.
Tilapia is native to Africa, but was introduced into other
tropical, sub-tropical and temperate regions of the
world during the second half of the 20th century to
boost capture fishery. This was due to its high elasticity
and tolerance to environmental and ecological factors.
“Research shows that Tilapias are among the most
important warm-water fishes used for aquaculture,”
says Dr Munguti. Nile tilapia is an excellent candidate
for warm water aquaculture because it grows fast, it
has high tolerance to a wide range of environmental
MTAFITI MONTHLY

The average cost per kilogram of Nile tilapia was
KES147.52, which was higher than that of carp’s
KES122.93 between January and April 2016. This
implies that Nile tilapia farming is highly profitable and
has improved livelihoods of fish traders, created jobs,
and offers recreation.

Tilapia species
Approximately 70 species of tilapia have been
identified globally and Nile tilapia is the most cultured.
Other tilapia species with aquaculture potential include
the Mozambique tilapia (O. mozambicus), Congo tilapia
(O. sarotherodon), the blue tilapia that is native to
Northern and Western Africa, and the Middle East. (O.
aureus) and Jipe tilapia that is native to Kenya and
Tanzania (Oreochromis jipe). KMFRI is studying some
of these species. Research shows O. jipe, for example,
has great potential for domestication.
Currently, more than 140 countries in the world farm
and trade in Tilapia. The global harvest of farmed
tilapia has surpassed six million metric tonnes, placing
tilapia second to carps as the most widely farmed
freshwater fish in the world.
According to Food and Agriculture Organization
(FAO), by 2030, global tilapia production is expected
to reach 7.3 metric tonnes. Currently, the top tilapia
producers are China with 1.78 metric tonnes followed
by Indonesia whose production stands at 1.12 metric
tonnes. Egypt comes third with Tilapia production
totaling 0.88 metric tonnes.
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Philippines, Thailand, Honduras, Ecuador, Costa Rica
and Ghana are also significant producers of tilapia.
Annually, Nile Tilapia accounts for 62 per cent - an
equivalent of 15,000 tonnes - of total aquaculture
production. Nile tilapia is the most cultured species in
Kenya, accounting for 80 per cent of production,
followed by African catfish - Clarias gariepinus- at 14
per cent, and other species account for only 6 per cent
of national aquaculture production.

Farming challenges
Although Nile Tilapia is the most preferred farmed fish,
its farming faces challenges, ranging from early
maturation due to prolific breeding behaviour. This
leads to stunted growth that limits its farming and
profitability among smallholder farmers.
Other bottlenecks in farming Nile tilapia include high
cost of fish feeds and quality seeds, which necessitate
adoption of climate smart technologies for higher
yields. Effective fish farming methods will therefore
push Nile Tilapia farming a notch higher and make it
more lucrative.
Generally, the global challenges facing the culture of
tilapia include pests and diseases, lack of access to
quality feeds and seeds, climatic change and, most
recently, the Coronavirus disease (COVID-19)
pandemic.
However, tilapia production has hit major milestones
owing to the development and adoption of novel
technologies that have allowed farmers to overcome
major production barriers and constraints.
The roll-out of TIMPs is therefore timely, and the
interventions will go a long way in addressing the
challenges to achieve food security and nutrition for
healthier people.
The aquaculture technologies are contained in a
reviewed research paper titled ‘Nile tilapia
(Oreochromis niloticus Linnaeus, 1758) culture in
Kenya: Emerging production technologies and
MTAFITI MONTHLY
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socio-economic impacts on local livelihoods’, lead
author being KMFRI’s Aquaculture Director Dr
Jonathan Munguti.

A look at emerging aquaculture technologies
Bio floc technology is one of the novel technologies
under development and validation in Kenya by Maseno
University and Busia County under the Kenya Climate
Smart Agriculture Project (KCSAP). The main principle
of BFT is the recycling of nutrients by maintaining a
high carbon/nitrogen ratio in the water to stimulate the
growth of heterotrophic bacteria, which in return
converts ammonia into microbial biomass.
BFT has been proven to increase protein utilization
efficiency, which improves the feed conversion ratio
(FCR) and enhances the fish growth rate even with a
lower dietary protein level. The technology not only
reduces the cost of production, but is also
environmentally friendly and easy to maintain and run.
Depending on the level of investment available, BFT
can either be pond- or tank-based. Under the KCSAP,
for example, preliminary results have shown that
ponds with BFT units have higher plankton diversity
and abundance than those without. It has been
reported that BFT ponds have higher fish growth and
better FCR.

Periphyton technology
It utilizes the attached biofilm communities on surfaces
within the water, and has also been proven to increase
fish growth and reduce feed requirements. This is
mainly due to the high protein content of the biofilms.
Research demonstrates that periphyton technology
can also increase fecundity and delay spawning of Nile
Tilapia by up to four weeks.
These technologies can revolutionize Nile tilapia
culture in Kenya, especially by reducing the
overreliance on chemicals for sex reversal in tilapia to
curb early maturation and prolific breeding of tilapia
under pond culture systems.
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Cage fish farming in Lake Victoria | Photo Courtesy
Periphyton technology (PPT) stocked with Nile Tilapia at
KMFRI, Sang’oro. | Photo by Dr Erick Ogello

Cage fish farming
Cage fish farming has been highly adopted by fishing
communities living around Lake Victoria and several
dams within the country. The annual production from
cages is estimated to be 40,000 metric tonnes of fish
per year. “Although some aspects of this technology
are still under study, especially in Kenya, the prospects
are good,” says Dr Munguti.
“This is mainly due to the high stocking densities in
these systems since the waste is constantly flushed
out from the system by the waves. The main debate
around the technology has been the potential negative
environmental impacts it would have on water bodies,
especially due to the accumulation of uneaten feeds,”
he adds.
Although cage culture promises to increase
productivity, create jobs and improve economy, site
suitability for cage installations is poorly regulated, with
over 45 per cent of cages located within 200m of
shoreline. This means they act as breeding grounds for
fish which brings conflicts with other lake users.

With an increasing number of cages in the lake, there
is a need for policy and regulations to guide the
investment for environmental sustainability and
posterity.

RAS systems
Recirculating aquaculture systems (RAS) are also
being embraced by farmers, especially in the arid and
semi-arid areas of Kenya. One of the farms using RAS
system is the Kamuthanga fish farm in Machakos
County. Proven benefits of this culture system include
increased efficiency, reduced grow-out period and
increased production. The efficiency is enhanced by
the constant cleaning and aeration of water as well as
waste filtration and elimination.
The annual fish production from the Kamuthanga fish
farm is currently 40 tonnes per year, but it has the
potential to produce more than 100 tonnes annually.
“But the high initial cost associated with this investment
and technical support required means very few RAS
farms are currently operating in Kenya,” says Dr
Munguti.

Aquaponic and hydroponic systems
To enhance food and nutrition security in Kenya,
research and trials are being done to establish the
potential of aquaponic and hydroponic systems in the
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production of tilapia. These systems are being
preferred because waste from the fish production is
used to grow vegetables and fruits within the systems
enhancing the efficiency of aquaponics and
hydroponics.
Since tilapia is sensitive to water quality, the use of
wastes from the water by the plants enhance its growth
and performance.
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KMFRI researchers have developed energy-efficient
and healthy post-harvest technologies to address the
gaps in the traditional methods. The smoking kiln,
which uses less firewood and produces less smoke
can be used to smoke tilapia and can keep it fresh and
edible for several months.

Aggregated fish production systems
Aggregated fish production (aquaparks) is also being
implemented in some parts of the country. One such
initiative is in Busia County for both ponds and cagebased production. Under this model, several
smallholder fish farmers are organized into groups and
assisted in producing a pool of more than 100
fishponds in a centralized area. This reduces the
losses and constraints associated with segmented
small-scale tilapia production. It also helps farmers
reap maximum benefits associated with economies of
scale, especially regarding farm inputs, pooled
management and efficient training and extension
services.
This system has been adopted under KCSAP, and
there is evidence it has enhanced the livelihoods of
farmers and improved diets.

Postproduction technologies
Fish are very perishable, and post-harvest
technologies are crucial for the success of any
aquaculture venture. Since tilapia is the most
commonly cultured species in Kenya, post-harvest and
marketing technologies need to take into consideration
the requirement for this particular species. In Kenya,
for example, some of the traditional fish post-harvest
technologies that have been used to extend the shelf
life of fish and fish products include salting, smoking,
frying and drying.

MTAFITI MONTHLY

KMFRI’s Sagana Centre Director Dr Domitilla Kyule
demonstrates how smoking kiln works | Photo by Jane
Kiguta
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Value addition

Enhancing market linkages

This has also been an area of research in recent times
since it helps increase income from fish and prolong its
shelf life, while making it more nutritionally superior.
KMFRI has developed value-added fish products
namely fish samosas, fish balls, fish paste and fish
burgers, among others.

To enhance market linkages for tilapia production,
some marketing platforms and tools, for instance,
AquaRech, have been developed in Kenya. These
apps help farmers access markets as well as
extension services with ease.

Selective breeding
This breeding process is being adopted for generic
improvement of Nile Tilapia. This is where the genetic
variation present in desirable traits within a population
is used to improve the production quality, efficiency
and sustainability of the target species.
This is manifested through faster growth and survival
rates, and better disease resistance. Asian countries
adopted the technology and it resulted in genetically
improved farmed tilapia with high production being
recorded.

Fish burgers | Photo by Jane Kiguta

Additional nutrient-rich products are being developed
and validated under the KCSAP, and are poised to
increase the profit margins for farmers. This will help
improve fish farmers’ and traders’ livelihoods and
enhance food and nutrition security at the household
level.

The programme was initiated and implemented by the
International Center for Living Aquatic Resources
Management, currently, WorldFish and Akvarforsk in
Norway. The countries in Asia where the GIFT strain
has had a great impact on aquaculture productivity
include China, the Philippines, Malaysia, Bangladesh,
Thailand, Vietnam and Sri Lanka.
For example, in the Philippines, tilapia production
increased by 186 per cent between 1990 and 2007.
The cost of production was also reduced by 32–35 per
cent in the same period, signifying the impact of
selective breeding on aquaculture productivity.
The first attempt in Kenya was through a project
funded by the Kenya Productivity and Agribusiness
Project, where the initial population comprised locally
available Nile Tilapia strains from private and
government hatcheries, and the wild population from
Lakes Victoria and Turkana.

KMFRI technologists teach farmers how to prepare fish
sausages | Photo by Jane Kiguta
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This trial was performed at the National Aquaculture
Research Development and Training Center
(NARDTC), Sagana, in 2010. The project aimed to
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develop a strain that would attain higher harvest weight
in semi-intensive systems within a shorter time in
comparison to the traditionally cultured fish.
There is ongoing research at the station, funded by the
KCSAP and the AgriFI-Kenya Climate Smart
Agricultural Productivity Project, focusing on improving
traits in the Nile tilapia for improved broodstock and
seeds for supply to hatcheries and farms in the
country.
In an effort towards fish improvement, on-station trials
have been carried out at Sagana, and the results
achieved so far indicate that these interventions can
bring accelerated development to the aquaculture subsector.
The on-farm validation research initiated in Western
Kenya demonstrated a 30 per cent increase in growth,
compared to the non-improved strains.

Environmental and socio-economic impacts
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Methodology
In this study, a scoping review methodology to review
and synthesise published literature on tilapia culture in
Kenya was used to explore current and emerging
tilapia production technologies and document their
socio-economic impacts on farmers’ livelihoods.
The review is specifically relevant to the agriculture
sector in enhancing fisheries development and
management.
The story was extracted from the paper titled ‘Nile
tilapia (Oreochromis niloticus Linnaeus, 1758)
culture
in
Kenya:
Emerging
production
technologies and socio-economic impacts on local
livelihoods’, authored by Jonathan M. Munguti,
Rita Nairuti, Jacob O. Iteba, Kevin O. Obiero,
Domitila Kyule, Mary A. Opiyo, Jacob Abwao,
James G. Kirimi, Nicholas Outa, Mavindu Muthoka,
Cecilia M Githukia, & Erick O. Ogello.

In the past five years, there has been a gradual shift in
Nile tilapia culture from semi-intensive, low-input
systems to more intensive systems. The use of
artificial culture inputs, such as hormones, drugs,
processed feed, probiotics and fuel, is increasingly
being adopted by farmers.
Intensive systems have however led to the conversion
of large areas of coastal and inland environments
leading to loss of mangroves, lagoons, wetlands, use
of wild-caught fish in feeds, high freshwater demand,
coastal water pollution and soil degradation. Some
farmed fish also escape and join wild fish.
On the flipside, high-intensity Nile tilapia farming in the
cages can enrich and lead to eutrophication of aquatic
environments.
But generally, culturing tilapia has improved livelihoods
of people in developing countries, increased
household incomes, improved food security and
enhanced
diets
through
increased
protein
consumption.
MTAFITI MONTHLY
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PICTORIAL PAGE by Jane Kiguta

Biology students from Musanda Secondary School,
Kakamega County during an educational tour of KMFRI’s
Kisumu Research Centre |Photo by Pauline Onyango

Top, one of the six deep sea fisher woman trainee receives her
document before embarking on the 10-day deep sea fishing
training onboard a deep sea fishing vessel. Bottom, KMFRI led
by Ag Ocean and Coastal Systems Director Dr James
Mwaluma, Kenya Fisheries Service senior official Mrs
Barabara Mwaka and Bandari Maritime Academy officials
pose for photo with six fisherwomen drawn from the Coast
region cleared to proceed with the final phase of deep sea
fishing training. |Photo by PhionaLorna Nzikwa
KMFRI staff during a pre-retirement training held at the
Institute’s headquarters in Mombasa |Photo by PhionaLorna
Nzikwa
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KMFRI CEO Prof James Njiru PhD, leads the Institute’s board
members and Directors during a tour aimed at acquainting the
members with new scientific interventions being implemented
at KMFRI involving the use of the Black Soldier Fly Larva as
the key protein ingredient in the production of fish feed |Photo
Courtesy

KMFRI CEO Prof James Njiru with the Republic of
Indonesia Consul Mr K Takarijanto. The two held
discussions on the possibilities of forging partnership
in fisheries and aquaculture |Photo Courtesy
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KMFRI’s Dr Judy Okello and Dr Amon Kimeli among
participants during the GWS-SENCE project inception
workshop held at the Wangari Maathai Institute of Peace and
Environmental Studies, upper Kabete, Nairobi |Photo
Courtesy
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