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Summary  
This case study describes the piloting and subsequent commercialization of an integrated 
pig and fish operation in Zambia. The initial scheme began in October 1981 using 
indigenous Zambian species including Oreochromis andersonii, Oreochromis macrochir and 
Tilapia rendalli. Different fertilization techniques were trialled, including organic (chicken 
manure) and inorganic (compound) fertilisers, and different integration systems were 
tested; ducks over fish and pigs over fish. 

Over the 29 years the project has been running, the variety of methods originally trialled 
have been refined to the extremely productive system in place today. Oreochromis 
niloticus is the dominant fish species produced, and members of the Clarias genus used as 
the main predator. The hatchery has been intensified (and now incorporates mono-
sexing), aeration systems have been implemented in grow-out ponds and a green-water 
floating fish pellet has been developed. Yields have increased from an initial average of 2.5 
to 3 tons/ha to present yields of over 11 tons/ha. The initial five hectare project has grown 
to over 45 ha of water producing over 600 tons of fish a year, and a stable herd of 200 
sows producing in excess of 4100 slaughter stock per annum. 

All SARNISSA case studies will be included 
in the Aquaculture Compendium, an 
interactive encyclopaedia with worldwide 
coverage of cultured aquatic and marine 
species.  www.cabicompendium.org/ac 
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Case study: Commercial-scale aquaculture of tilapia 
species in Zambia 

Background  

The project was initially started in October 1981 against a very different political and 
economic background than the time of writing (March 2010). At that time Zambia had a 
one-party political system with a controlled economy. There was a dearth of foreign 
currency in the country and companies that made significant profits were not allowed to 
externalise their dividends, relying instead on foreign exchange from the government. Tax 
benefits were offered to companies that recycled their un-remittable dividends, removing 
them from the “foreign-exchange pipeline” and re-investing them in new projects within 
the country.  

The idea of the farm was conceived by a British-based industrial organisation producing 
pipes and roofing sheets for Zambia. The government of the day, Kenneth Kaunda’s  
United National Independence Party (UNIP), actively encouraged industry to get involved 
in national food production; the British sister company therefore looked at various 
agricultural enterprises that would benefit the country, and also be of high political profile.  

The idea of an integrated system was the central philosophy of the scheme, as was the 
desire to develop sustainable systems that would remain a leading example of agriculture 
in the country. The realisation that Zambia was a country blessed by significant riches in 
terms of its river and lake systems was coupled with the knowledge that these resources 
were already being over-exploited and coming under increasing human pressure.  That 
Zambians were traditionally a fish-loving people, but that the natural riches of the country 
were not being utilised at a sustainable rate, created the belief of a reliable future market.  

At the time of writing, nearly thirty years on, the project continues to go from strength to 
strength and still has ambitious plans to further expand the business. The project is 
generally recognised as being unique in the context of African aquaculture as it has 
enjoyed continuous commercial viability for nearly three decades. 

Description 

Introduction 

The agricultural and scientific basis for the initial project was inspired by an ancient 
Chinese system of integration. However, although the system had worked for over 2400 
years in Asia (Hu and Zhou, 1989), whether the principles would work in Africa was 
completely unknown, the species and environment being completely different. There was 
no history of aquaculture in Zambia, and indeed little development of aquaculture across 
the African continent, and thus it was a giant leap in to the dark. With so many 
uncertainties and unknowns a huge amount of experimentation and trials accompanied the 
progression of the farm. The formation of an integrated project was the underlying theme, 
but what form that would take was no known at the time; the growth of the project has 
been a story of exploration and adaptation, and a countless number of avenues have been 
explored to reach the present point. It should also be remembered that the understanding 
of tilapia’s potential was extremely limited in the early 1980s. There had been no genetic 
selection process on any species, nor was there an understanding of the nutritional 
requirements of tilapia; the historical development of integration in China and the Far East 
largely centred on the various carp species. 

However, to give the project the best possible chance, a very careful study of the location 
was carried out before the final site was chosen. An extensive feasibility study was 
conducted by Landell Mills Associates of Bath, UK, and the advantages of the present site 
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were considered very strong; excellent soil type for pond construction (high clay content), 
unlimited supply of water (the Kafue River) and the site being situated very close to the 
market (the capital city, Lusaka, only 50 km away). Other important factors related to 
climate, altitude (temperature), availability of a large labour resource and relative 
proximity to major electricity and road infrastructure. 
The basic concept of the farm is an integrated pig and fish operation, where manure from 
pigs is used to fertilize the water, thereby feeding the microorganisms in the pond and 
creating a microbial feed source for the fish themselves. Pig houses are situated on the 
pond banks and manure is manually swept in to the ponds twice a day, or pumped from 
centrally located pig-fattening units. In the early part of the farm’s development fingerling 
production relied on natural propagation in earthen ponds. Over the years there has been 
increasing intensification of the hatchery to its present day state where production occurs 
under poly-tunnels to ensure consistently high temperatures and greater reproductive 
performance of the broodstock. Fingerlings are produced in an intensive hatchery and 
stocked in to the growout ponds at 2-10 (ideal is about 7) g. The present feeding system 
relies on some ‘greenwater’ as well as supplementary meal and pellets. 

Oreochromis niloticus and O. andersonii hybrids are the principle fish grown today; O. 
niloticus has been dubbed the “aquatic chicken” (Maclean, 1984) and dominates global 
tilapia production. Members of the genus Clarias are used as the principle predator to 
control the problems associated with unwanted reproduction of the tilapia. The farm 
hatchery produces both tilapia and Clarias fingerlings; the majority of the tilapia and all 
the Clarias are stocked from the farm – the latter being propagated by the administration 
of natural pituitary injection. At harvest the pond levels are lowered and fish caught with 
the use of large seine nets (mesh diameter of 2.5 -4.5 inches) with a large pocket, 
dragged manually by a large number of farm staff. The fish are enclosed in the net and 
transferred to wheelbarrows for hand-grading. Once graded, the fish are taken in crates 
directly to the vehicle for transport to market on ice, or kept overnight in coldroom 
facilities for sale the next day.  

Activities 

The discovery, in the first year, of two fundamental aspects of the challenge was critical. 
Firstly, O. andersonii, an indigenous Oreochromis species, was a species found to have 
great commercial potential. Secondly, the range of production systems under test showed 
that growth rate and general welfare of the fish was infinitely superior in an integrated 
system compared to the other systems on trial (inorganic fertilizers and other forms of 
imported dried manure). The whole farm was transformed to an integrated operation 
(although other integrated systems, such as ducks over fish were still being trialled) and 
the initial five hectare trial was doubled. Even at these very early stages the economic 
advantage of an integrated system were becoming obvious: firstly two sources of revenue 
are produced and secondly, pig manure, normally a problem, is recycled biologically to 
create a second source of income. The integrated concept was taken even further by 
vegetable and crop production within the ponds (tomatoes, onions and in particular, rice). 

The commissioning of additional infra-structure was a major initial activity in the farm’s 
development as it was a completely new, “green-field” site. In particular this was the cost-
efficient construction of ponds, a major access road in to the farm as well as an internal 
road network, housing for livestock and the installation of a simple water reticulation 
system. The main activities then involved trialling a range of fish species, and the 
subsequent refining and development of those systems. 

The variety of production systems mentioned above (ducks/vegetables etc) was rapidly 
narrowed as the obvious benefits of pig/fish integration became evident. From this basic 
foundation, a significant number of changes, experiments and improvements have 
continually been undertaken on the farm. In particular there has been focus on limiting the 
problems associated with the tilapia’s great propensity to breed: the greatest commercial 
problem with this prolific fish. Unwanted breeding is a very serious problem because i) 
reproduction requires a huge amount of energy that would otherwise be used for growth 
(diverted to gonad production, courtship etc.) ii) ‘second-generation’ fish compete for 
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resources (oxygen, food, space etc) iii) ‘second-generation’ fish are of a much lower 
economic worth than the purposefully stocked fish. To compound these problems, tilapia 
can begin to breed at a very early age and will breed several times a season if conditions 
are favourable; these combined effects can result in 30-50% of harvested biomass being 
of almost un-marketable quality (Mair et al., 1995). 

Initial attempts to limit the affects of over-breeding included hand-sexing but this was 
intrinsically time-consuming and labour intensive. Subsequently, control was acquired 
through the importation of tilapia bloodlines from Swansea University and the use of 
hormone therapy for sex-reversal of fingerlings. This involves the use of genetically male 
tilapia (GMT, the production of YY males through genetic manipulation was based on 
extensive research into sex determination in tilapia conducted at the University College of 
Wales, Swansea, UK) in the hatchery. Normal tilapia males carry one Y chromosome and 
one X chromosome, whereas GMT males carry two copies of the ‘Y’ chromosome (no copy 
of the X chromosome). When these ‘YY’ males breed with a female (all females are of 
genotype XX), any progeny will be XY, and therefore male (Mair et al., 1993). As all 
fingerlings are of one sex, this eradicates the problem of unwanted breeding; an additional 
bonus of the progeny being all male is that male tilapia tend to grow faster than females 
(Beardmore, Mair and Lewis, 2001). Here methyl-testosterone applied in the early larval 
stages has a very high sex-conversion rate, resulting in a near all-male population 
(between 95 and 98%). Combined with the artificial propagation of Clarias species and 
controlled stocking (2-3% of tilapia population) this voracious predator has a major impact 
on second-generation numbers. It should be noted here that no breeding control strategy 
has had 100% efficacy for various reasons, but particularly as the accidental introduction 
of wild fish in to ponds, due to the extensive nature of the project, makes it impossible for 
totally efficient screening. 

A particular success, in conjunction with mono-sexing, has been the increased level of 
supplementary feeding. Initially, the tilapia fed on entirely natural food; the abundance of 
phytoplankton and zooplankton supported by the pig manure. However, as the 
intensification and scale of the project grew, the benefits of supplementary feeding 
became clear. Working very closely with a South African feed company, a specifically 
tailored green-water floating pellet was developed. Feeding represents 50% of production 
cost in aquaculture (El-Sayed, 1999) and by far the most important cost involved in this is 
protein. The most obvious benefit of the integrated system described here is the food 
source generated as a result of pig production. The supplementary green-water pellet that 
was developed takes this natural food source into account. The pellet was developed to 
provide energy for the fish, and much less to provide protein. The pellet is about 16-18% 
protein, whereas in a clear-water system, to provide the same results in growth, the 
protein content would have to be around double this value. Therefore the green-water 
pellet is extremely cost-efficient, whilst still providing huge commercial advantages: pellet 
feeding allows the fish to be kept at much higher densities and a much greater percentage 
of the harvest falls in to the “large” grade. 

As a natural result of the higher stocking densities and faster growth supported by 
supplementary feeding, aeration systems were installed for the first time. These systems 
incorporated simple electric, paddle-wheel aerators. One aerator is installed per pond and 
aerators are only turned on at night when photosynthesis of the phytoplankton (the 
natural source of oxygen) is not occurring. The high fertility of the green-water system, 
created by the extremely high levels of fertilization from the pig manure, carries inherent 
risks. When environmental conditions rapidly change, death of large numbers of the 
photosynthetic phytoplankton, and their subsequent breakdown by aerobic bacteria, can 
lead to crashes in pond oxygen levels. This in turn can lead to large-scale die-off of fish. 
Aeration has created conditions suitable for sustaining much higher stocking densities, as 
well as greatly reducing the risk of fish deaths due to lack of oxygen. 
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Production trends over the past ten years 

©D. Flynn 

 

Magnitude of investment  

Due to the longevity of the farm and the gradual nature in which it has expanded over 30 
years, quantifying the investment is nearly impossible. However, currently, Kafue Fisheries 
Limited is a multi-million dollar business with modular expansion plans being considered. 
The demand for fish in Zambia can be absorbed by increased production and the possibility 
of a value-added operation to the pig enterprise is a realistic option in the medium term. 

Diseases 

One of the most significant advantages of the extensive, green-water system has been the 
relative lack of disease problems; the use of any drugs to prevent disease has never been 
necessary. With the increased stocking densities the level of ecto-parasites present has 
increased, but even in the worst ponds, levels are relatively low. Fungal infections occur 
with greater prevalence in the cold season (June/July), but present only a minor problem 
with very little commercial impact. However, with the future development and 
intensification of the hatchery system, particularly the growing out of fingerlings to a larger 
size before stocking, disease is predicted to become more of an issue. However, the 
supplementation of the low water throughput in the hatchery with small amounts of green 
water has meant the availability of natural feed and contributed to a low disease challenge. 



 

 7 

EC FP7 Project, SARNISSA Commercial-scale aquaculture of 
tilapia species in Zambia 

Marketing 

With the present system over 70% of the total annual harvest is graded large (250-650 g), 
and only 20% medium (100-250 g). The final balance is either Clarias or fish of less than 
100 g. The catch is un-processed and delivered in a closed three-ton vehicle. The 
freshness of the product has undoubtedly been one of the keys to success – this has 
always been one of the strongest positive points described by customers. The proximity of 
the market – the country’s capital Lusaka only an hour away – is a huge benefit and was a 
very important consideration in the feasibility study of the farm. 

The harvest is delivered straight to a single retailer where the fish are presented in open 
fridges for the client to individually select. Crucially there is no secondary trading, the 
result being a great benefit in price for the customer. In the “large” grade, fish are 
purchased at K13,500 and sold to the customer at K15,500. In the medium and lower 
grades an even smaller mark-up is placed by the wholesaler and the very lowest grades of 
fish are sold with the minimum price increase possible. Only these lowest grades are 
bought by local women traders for further sale - this system has been encouraged as it 
brings great benefit to the local community. 

 

 

Proportions of total harvests that fall within the different size categories 

©D. Flynn 

 

One of the greatest strengths of the business has been the marketing. The business has 
built a close relationship with one outlet which has contributed significantly to the success 
of the business. For more than 20 years all production from the farm has been sold 
through this one outlet meaning the clientele have grown to know and respect the product. 
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This relationship between the buyer and Kafue Fisheries has been incredibly important 
throughout the history of the farm. This has ironed-out aspects such as seasonal 
competition from wild-caught fish because the customer knows the product is available 
year-round and of consistent quality.  

Outcomes 

The overall outcome has been a major expansion from the initial pilot scheme. There has 
been a massive leap in production, employment and capitalization in a previously un-
developed area. At the end of the year 2009, production figures stood at 666 tons of fish 
(540 tons in 2008), with the prediction for 2010 being around 700 tons. Around 150 
members of staff are now employed on the farm. 4200 pigs are produced a year from the 
integrated system, of average weight 125 kg (around 650 tons of pork per annum). 

Problems encountered 

There were inevitably some major hurdles encountered in establishing a successful project, 
one of the most significant being the complete lack of previous commercial aquaculture in 
southern Africa. No species of tilapia was available for common use and the potential of 
the native Zambian species was not known; the knowledge base on which to found the 
project was extremely limited. The consequence of this was that management had to 
adapt concepts that had been successful in other parts of the world, and alter them to an 
African environment. This meant relying heavily on in-house research and 
experimentation; all projects were started on a small scale to test their viability and to not 
over-stretch resources. The training and subsequent participation of labour has been a 
major contributing factor to the success of the project. 

Technically, the single biggest challenge over the course of the entire project has been in 
controlling the tilapia’s propensity to breed, a characteristic which causes enormous 
inefficiencies in production. 

The extensive system brings inevitable problems: predation at all levels of production. A 
variety of predators prey on tilapia, particularly at the juvenile stages. The most notable of 
these are the reed cormorant, Phalacrocorax africanus, and the clawless otter, Aonyx 
capensis. 

Future and conclusions 

The longevity and consistent success of Kafue Fisheries demonstrates the enormous 
potential for large scale commercial aquaculture in southern Africa. In particular it shows 
the multiple benefits of an integrated system and how, if the right approach is taken, an 
aquaculture project can be environmentally responsible and sustainable in the long term. 

In recent years the project has undergone particularly rapid expansion and increase in 
production. It is the belief of management that the farm is reaching a critical size. 
Expanding far beyond the present size will have a major impact on the operation and there 
will have to be significant logistical changes to day-to-day operations e.g. 
harvest/grading/transport systems. In the immediate future focus will continue to be on 
improved efficiency within the existing production system. Areas of particular attention 
include the full commissioning of the intensive hatchery to ensure self-sufficiency in quality 
fingerlings as well as the commissioning of an on-site stock-feed plant capable of meeting 
all the feed requirements of the farm (particularly the fish pellet). Increased levels of 
partial harvest/’thinning’ will become more important as biomass levels within individual 
ponds are taken to greater heights. 
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Organizations 
 

Organization 
Type of 

Entity 

Organization 

Address  
Web Address  

International 

Rice Research 

Institution 

(IRRI) 

Research House-30H, Road-10B, 

Banani, Dhaka-1213, 

Dhaka, Bangladesh 

http://www.irri.org 

WorldFish 

Center, 

Malawi 

NGO PO Box 229, Zomba, 

Zomba, Malawi 

http://www.worldfishcenter.org 

Meadow 

Feeds 

Proprietary 

Ltd. 

Private 

sector 

PO Box 6224, 

Weltevreden Park, 

1737, South Africa 

http://www.meadowfeeds.com/ 

Landell Mills 

Development 

Consultants 

Private 

sector 

Bryer Ash Business 

Park, Bradford Road, 

Trowbridge, Bath BA14 

8HE, UK 

http://www.landell-mills.com/ 

University of 

Stirling 

University Stirling, FK9 4LA, UK http://www.stir.ac.uk 

University of 

Swansea 

University Singleton Park, 

Swansea, SA2 8PP, UK 

http://www.swan.ac.uk/ 

Zambian 

Department 

of Fisheries  

Government Chilanga, Zambia  

OmniAqua 

Advisors 

Private 

sector 

45555 Via Jaca, 

TEMECULA, CA 92592, 

USA 

http://www.omniaqua.com/ 

 

http://www.irri.org/
http://www.worldfishcenter.org/
http://www.meadowfeeds.com/
http://www.landell-mills.com/
http://www.stir.ac.uk/
http://www.swan.ac.uk/
http://www.omniaqua.com/
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Appendix 

Pond dimensions  

The current project comprises of 102 ponds; over 45 ha of water. Ponds vary in size from 
a quarter of a hectare to one hectare, with two-thirds of a hectare considered the ideal 
size. Depth varies from about 0.7 m to 1.5 m (about 1.2 m is considered ideal). Deeper 
ponds have great advantages due to greater stability against changing environmental 
conditions (particularly temperature). However, there is a direct trade-off between this 
stability and the productivity of the green water system. Photosynthesis predominately 
occurs in the top 50 cm of water (personal observation, Fergus Flynn) and therefore any 
water below that is not productive for phytoplankton. 

Hatchery 

The hatchery is currently under major development aiming to produce 1.5-2 million 
fingerlings per year, the number required for complete self-sufficiency. The main structure 
of the hatchery is concrete ‘Brazilian’ style tanks of dimensions 5 x 20 x 0.75 m. 
Additionally, circular tanks of various dimensions are used. The hatchery presently 
produces fry from natural spawning and growth of larvae, as well as through artificial 
incubation of fertilized eggs and partially developed embryos. Facilities are also available 
for the artificial propagation of common carp and Clarias species.  

Present development involves the complete poly-tunnelling of both existing and new tanks. 
Greater control of temperatures through the poly-tunnel system allows a lengthened 
breeding period and faster growth of fry and fingerlings. 

Feeding 

The green-water system demonstrates the unique nature of individual ponds (soil type, 
age of pond, etc.). However, on average 30 pigs are sufficient to fertilize one hectare of 
water. Present results show a food conversion ratio (FCR) for the artificial floating pellet of 
1.8 to 1.9. Artificial pellets are purchased at about US $350 per ton. Average final price of 
fish is about US $2400 per ton. The weighted cost of pig food (starter, grower, finisher, 
adult food) is around US $240 per ton, with a herd FCR of 3.4 and a selling price of pork of 
US $3000 per ton. Both individual operations demonstrate independent economic viability. 

Production cycle 

The average fish cycle is taken to be about one year. However this is very dependent on 
the time of stocking of fingerlings (due mainly to temperature effects), fingerling size, 
individual pond chemistry, seasons and ambient temperatures, and thus cycles can vary 
from 7 to 14 months. The target size for the fish is 450 g but due to lower numbers 
stocked, the average size is presently significantly larger. With the recent hatchery 
expansion stocking densities could be as high as 50 per m3 as opposed to the present 30 
per cubic m3. The higher stocking densities will necessitate a ‘thinning’ programme during 
the production cycle, as mentioned above.  
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Size-dependent market prices of tilapia. Note that grades are very flexible as grading is all 
done by hand  

Market grade Price per kg (K) Size (g) 

large 13500 >250 

medium 8500 150-250 

medium small 5500 80-150 

small 3000-4000 <80 

Average net yields have increased significantly. However, it is important to stress that 
when analysing individual pond data that turnover, in Kwachas per unit area, is far more 
important than yield. Clearly, the business goal is to have as high as percentage of high 
value (top grade) fish in the final harvest as possible.  

Predation impact 

Due to the extensive nature of the project, predation can play a major role on productivity. 
Particular attention is paid to newly stocked ponds when the fish are at their most 
vulnerable, both in terms of their ability to escape, and in terms of size. Bird predation, 
particularly the reed cormorant, (which has the potential to eat up to half its body weight 
per day) can have devastating impacts on production.  

To minimise this, a programme of constant shooting and whipping is employed. Deterrent 
whips are carried by all pellet feeders, as well as being carried by night-watchmen to deter 
nocturnal predators such as otters and herons. 
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