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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 
ummary 
Lake Harvest Aquaculture (Pvt) Ltd was first developed into a freshwater tilapia fish farm 
business in 1996 on premises that originally farmed freshwater prawns owned by one of 
Zimbabwe’s food companies, Cairns Foods Ltd. The farm was set up in 1997 and, ten years 
later, has grown to a 3000-tonne fish farm where tilapia are produced primarily for 
processing and export to European and regional markets. The original targeted projections 
for production and net income of the farm were proving accurate until 2001 when the 
macro-economy began to shrink. Low production on crop farms due to inadequate 
resources and drought brought a shortage of raw materials to the feed manufacturing 
companies. The continuous downward trend in feed production affected the company as it 
failed to support its growing fish biomass. The feed and economy problems resulted in a 
decision by the board to stop expansion of the business in 2002. Lake Harvest business 
was set up at a cost of US $10,000,000. The business was externally funded by the 
Commonwealth Development Corporation (CDC, http://www.cdcgroup.com/) and Comafin, 
a pan-African private equity fund (http://www.comafin.biz/), before the share holding 
structure changed in 2002. The major costs were encountered on the installation and 
mooring of cages, and the construction of a fish processing factory. Six sites were 
installed, each costing around US $350,000, including boats. The processing factory cost 
around US $4,000,000. 

The objectives of this case study are to: 
• Provide a scenario and overview of Lake Harvest Aquaculture as a company growing 
tilapia in cages in Lake Kariba, Zimbabwe. 
• Provide a means of assessment and learning for those considering developing cage-
based aquaculture in sub-Saharan African. 

All of the main activities carried out at Lake Harvest will be described in the same 
sequence as followed on-farm; production, management, and sale of the final product: 
• Breeding 
• Feeding 
• Sampling 
• Diving 
• Harvesting 
• Processing 
• Marketing 
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Case study: commercial production of Nile tilapia on Lake 
Kariba, Zimbabwe 

Background 

This case study was conducted at Lake Harvest farm in Kariba. Kariba is located in 
Mashonaland West, one of the ten provinces of Zimbabwe and on the north-eastern border 
with Zambia. It is 365 km from the Zimbabwean capital, Harare. The town is spread along 
approximately 20 km of Lake Kariba shoreline, with its western boundary on the Zambezi 
River. 

Lake Kariba is a man-made reservoir about 270 km long, with a water storage capacity of 
180 km³. Victoria Falls is upstream from its western end and the Kariba Dam 
(hydroelectric power) forms the barrier at the other end. It is in a national park that has 
no industry and few people, high quality freshwater and good temperatures (average 
temperature, 27°C throughout the year) for growing tilapia all year round. The lake mixes 
once a year, i.e. the volume of water in the lake has an estimated overall turnover time of 
12 months and is oligotrophic. On construction of its dam by Impresit, an Italian company, 
between1955-1959, Lake Kariba was the biggest man-made lake in the world. Final 
construction and the addition of the Kariba North Power cavern by Mitchell Construction, a 
British civil engineering company was not completed until 1977, largely due to political 
problems, for a total cost of US $480,000,000. Some 86 men lost their lives during 
construction and there was also considerable social impact on an estimated 57,000 Tonga 
people who were forcibly re-settled from their original land and sources of livelihoods and 
income. 

The Kariba hydroelectric plant currently supplies 1320 MW of electricity to parts of both 
Zambia (the Copperbelt) and Zimbabwe and generates 6400 GW h (23 PJ per annum). 

Description 

Breeding 

Selective breeding is an ongoing process carried out on the farm to produce high quality 
broodstock. This broodstock project seeks to improve the gene pool of the tilapia as it 
reduces inbreeding. Currently there is a selective broodstock programme, which seeks to 
improve the gene pool of the tilapia. This programme seeks to reduce inbreeding since 
Lake Harvest cultures pure Oreochromis niloticus and there has been impelling evidence of 
inbreeding. The original broodstock to start the selective process were collected from the 
wild, surrounding farms and own stock. The selective programme is now in the fourth 
generation. 

The Breeding Process 

Tilapia have a high breeding frequency and this makes it possible to breed the fish here 
once every month; however, breeding reduces during winter when the temperature is 
lower (22°C and below). Lake Harvest uses two breeding methods; natural breeding in 
earthen ponds and controlled breeding in the hapas. Under natural breeding in the ponds, 
male and female broodstock are stocked to breed and left for about 14 days, depending on 
the temperature, with fry harvested at the end. Hapa breeding involves stocking of 
broodstock in the hapas and then subsequent harvesting of eggs, which are flushed and 
removed gently from the mouths of the females. Harvested eggs are then put into 
hatchery incubators to hatch under a controlled water current. Breeding ponds have 
controlled drainage systems and catch basins at the lower end for catching fish and fry. 
Catch basins are made of concrete to prevent trapping of fish in the mud. The breeding 
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pond has a monk and a stand pipe that are used to control water level. This stand pipe is 
fitted with a bonnet when draining water for fry harvest. Basically in the breeding process, 
the male and female fish are brought together for mating. There are two systems of 
breeding used at Lake Harvest, continuous and batch breeding. 

Continuous breeding 

The broodstock are stocked in the pond intended for breeding on day one and fry 
harvesting starts between the sixteenth and the twentieth day after stocking. This is 
usually when the first fry are noticed. Fry move in groups known as schools and each fry 
has the ability to identify the group to which it belongs. Fry are harvested every other day 
from day sixteen when fry harvesting starts until day thirty when this continuous breeding 
is stopped. When breeding is stopped, male and female broodstock are separated and 
stocked into different holding ponds to prevent further breeding. The broodstock are then 
rested for at least two weeks before another reproductive cycle can begin. This method is 
not popular here because of the size variation in the resultant fry and is used only when it 
stands to benefit certain aspects of our production cycle. 

Batch breeding  

The main difference between this method and the continuous method is that the batch 
method only involves one cycle of breeding in which a single harvest of fry is carried out 
after which male and female broodstock are rested in separate holding ponds. Fry 
harvesting is done on the fifteenth or sixteenth day after stocking, depending on water 
temperature. Resting of broodstock is the same within the two methods and is 
necessitated by the fact that the breeders, just like any other animals, have to recondition 
their bodies before they can begin breeding again. This ensures that a high level of 
fecundity is maintained. Batch breeding is very popular here because it enables the 
harvest of almost a uniform size of fry. A uniform crop of fry and subsequent fingerlings in 
an intensive production fishery such as Lake Harvest has a definite advantage that 
subsequent hierarchical feeding does not become prevalent. This then translates to an 
almost uniform growth throughout and hence reduces the grading time and associated 
costs. 
Sexing of Broodstock 

Controlling breeding necessitates that fish are handled every now and again. Separation of 
males from females also inevitably calls for fish handling. Oreochromis niloticus breeds all 
year round provided the conditions are permit. Here it is breeds when temperatures are 
between 26 and 32°C and dissolved oxygen is 5 ppm. Broodstock movement involves 
moving breeding fish from the holding ponds to the breeding ponds. After the reproduction 
cycle has been completed fish are brought back to the single-sex holding ponds for resting 
and reconditioning. Handling of fish occurs during seining, sexing, stocking and harvesting. 
A seine net is used to crowd the broodstock in a pond. Sexing involves inspection, 
identification and separation of male and female fish by examining the characteristic 
features, such as the urogenital orifice, reproductive cells (oocytes and the 
spermatogonium – milt in male fish) and the mating colours or sex colours. Differentiation 
using sex cells is done by means of stripping the abdomen; if eggs are exuded through the 
genitalia then the fish is female and if a colourless liquid (milt) is observed then the fish 
will be male. This method is more useful to a learner breeder because it is more accurate. 
In terms of colours the male O. niloticus exhibits bright red colours on the head whilst the 
rest of the body has a bright green colour. The females appear darker than the males 
because they are grayish in colour. Identification by colour is not very accurate since some 
males can be as grey as the females and is only useful to experienced breeders. Errors 
often occur when males can be found in female holding ponds. However using colours in 
sexing of fish is faster as compared to observing the urogenital organs. Another 
distinguishing feature that allows easy separation of males from females is the appearance 
of urogenital slits. In females there are three external openings, the oviduct, the urinary 
pore and the anus. Males have only two external openings namely; a combined urogenital 
pore on an enlarged genital papilla and the anus. 
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Handling of broodfish 

The technique of handling fish requires a lot of experience because fish have dangerous 
defensive behaviour. When stimulated the fish raises its dorsal fin and also opens its gills 
making it more vulnerable to injury. The fish breeder is also in danger of being pricked by 
the fish. Maintaining fish in a docile state during handling is very important in reducing the 
intensity of injury and stress to the fish. Experienced breeders always follow and allow fish 
to move unrestricted in the hand. This is important as it helps to reduce the aggression of 
the fish. Picking fish from the nets submerged in water or from the catch basin water is 
achieved by swiftly cupping the hand on the dorsal aspect on the anterior end of the fish 
thus gently flatenning the spiky dorsal fin . This way, the other fins remain docile. Fish are 
put into buckets with water/salt solution of 5mg/Litre, common salt is used. Water in the 
buckets is supplied with oxygen from a stone diffuser connected to gas bottles. Dissolved 
oxygen should be kept above 5 ppm. Salt helps to balance osmotic potential between the 
fish. Thus adding salt balances the salt concentration between the fish and its immediate 
environment so that there is no net movement between the two compartments. Salt also 
helps in the quick healing of lesions thus counteracting infection and multiplication of 
microorganisms. 

Preparation of a breeding pond for stocking 

Breeding pond preparation is done to ensure favourable conditions promoting optimum 
breeding prevails before stocking. Preparation is by building of levees, mounds, removal of 
silt and killing snails, frogs and remaining fish. Levees and mounds are built by heaping 
river sand and will work as substrate. The mounds and levees are needed in the breeding 
pond because they present fish with an easy task of building nests since the pond bottom 
is softened. Nests are necessary if spawning is to take place. Preparation of mounds and 
levees also helps in energy being diverted to the reproductive function, allowing for 
optimum fry production as opposed to too much effort put into nest building. Shovels and 
buckets are used to remove mud that result from continued deposition of small soil 
particles as the water drains out. Muddy conditions reduce the cleanliness of water, which 
consequently reduces dissolved oxygen levels. Water is filled in and blowers put in place to 
add oxygen in case of short supply. Once the pond has been filled with water, it is ready 
for stocking.  

Breeding pond harvesting 

The major objective of this activity is to gather and collect live and healthy fry. Fry are 
harvested for stocking nursery tanks. Fish in the breeding ponds are purged of feed a day 
before harvesting as a way of reducing the effect of ammonia that would be excreted 
thereafter. The level of water in the ponds intended for fry harvesting is reduced by 
lowering the standpipe. However, the water level must not drop to the level that may 
stress or threaten the fish; it must remain within the range that can still sustain the life of 
the fish. A bonnet screen is used to prevent fry from being washed away as water drains 
out of the breeding pond. Water flows by gravity into the catch basin and carries fish and 
fry with it into the concrete catch basin. Fry harvesting then commences in the early 
morning when temperatures are reasonably low in order to keep the mortality rate as low 
as possible. The inflow and outflow has to be maintained at rates that will ensure the water 
level in the pond goes down but at the same time sustains an optimum supply of fresh 
water. 

Management of broodstock 

 

Proper management of broodstock is important to maintain high fecundity over a long 
period. Breeding fish should therefore be handled with great care. Broodstock are kept in 
separate holding ponds (males and females). Also, the broodstock are kept according to 
the parent group (PG) in both males and females. This is important for tracing the origins 
and genetics of possible complications that may arise. Precise PG coding is used as a way 
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to identify the broodstock. Broodstock sizes used at Lake Harvest range from 200 to 600g, 
with a male to female stocking ratio of 1:2. Lake Harvest has 8000 broodstock that are 
currently breeding and the same number under development for future broodstock. This 
number sounds high but thirty million fry are required per year. Targets are met but there 
is also a requirement that the breeding stock is always adequately rested. Lake Harvest’s 
prime months of production are between September and April, where fry production 
ranges from four to five million per month. 
The breeding section is run by a Ponds and Technical Manager (educated to degree level), 
supervisor (with a diploma in fisheries) and breeding crew (minimum four subjects at 
ordinary level). This team of eight people is experienced and is trained continuously to 
keep up with changing technologies in this stage of production. 

Nursery section 

The harvested fry are brought at a small size (0.012 g) to the nursery section for intensive 
care. Here fry are fed high crude protein with fine powdered feed eight times-a-day. The 
nursery section phase is carried out in tanks and hapas. The nursery section ends when 
fish reach 0.3 g, when they are harvested, counted and stocked in hapas or ponds in a 
further ongrowing unit. Here fry are ongrown and then harvested at 5 g after 8 to 9 
weeks, at which point the land based operations are completed and the fingerlings are 
then moved to stock the cages in the lake. 

Outgrowing of the fingerlings in the land based ponds takes up to three months before fish 
are harvested at 5 g for outgrowing in the cages (lake). While in the ponds, fish are 
ongrown in fingerling ponds measuring up to 4000 m3 and at a stocking density of about 1 
kg/m3 (or 100 to 120 fish per m3) at harvest. Outgrowing ponds are fed by water drawn 
from the lake using an electric pump. Fish are passively graded using compartmentalized 
nets of different mesh size before transfer. Refer to the Appendix for pond dimensions and 
harvests to date. 

Lake operations 

Lake Harvest Aquaculture leases an area equal to 12 km2 from the Department of National 
Parks and Wildlife (http://www.zimparks.com/). The Lake Harvest area is demarcated 
using perimeter markers in the form of red buoys. Any boat that does not belong to Lake 
Harvest is supposed to keep a distance of 100m clear of the red buoys. Lake operations 
aim to produce market size tilapia weighing 750 g. Fish are grown from 5 to 50 g in 
juvenile cages and then up to 750 g in production cages. Commercial feed is used; with 
pellets (sinking and floating) and crumb based feeds fed depending on the size of the fish. 
Lake operations are run by a (graduate) manager, with other staff, including site 
supervisors and crew, transfer supervisors and crew, boat captains, tractor drivers, 
harvesting supervisor and crew, divers, maintenance crew and feed delivery crew. 

Sites 

The cages are situated in sites that experience a continuous water current flow. The 
current helps to flush waste products of fish from the cage. There is therefore always 
provision of freshwater. There are three people (attendants) per site led by a site 
supervisor. Lake Harvest have six cage site locations on the lake each capable of carrying 
up to 500 tonnes of biomass at a time. Sites are separated by over a kilometer from each 
other. 

The cage 

There are 14 cylindrical cages on each of the six sites. These are floating cages that are 
anchored to a grid system through bridal ropes supported by 6-tonne anchor blocks. The 
cage is made up of several components which include the rail, stanchion, circular pipes, 
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bag net, predator net, and the bird/predator net. The cage (bag net) has a volume of 1000 
m3 and a diameter of 17 m. The materials used, i.e., pipes, hand rail and stanchions are 
found locally while the nets used are imported. The technology used on the cages was 
developed from the salmon industry using international expertise. There are two nets; a 
bag net made of 14-mm nylon twine is used to hold fish and the predator net made of 20 
mm trawl netting, also nylon, is used to keep predators out. The predator net is 8 m deep 
while the bag net is 6 m from the waterline. The bird net is tied to the rail, covering the 
whole cage to prevent predation by birds such as the fish eagle and different types of 
kingfisher. The bird net is made from tough twine materials that are fine-meshed enough 
to prevent birds from entering into the cage. Fish are most vulnerable to predator birds 
during feeding when they come to the surface. The fish eagle is a dangerous predator 
because it never misses its prey once it pounces. 

Fish transfers 

Inserted is a typical protocol (standard operating procedure) used in many of the units. 
Personnel: lake operations manager, transfers supervisor, boat driver, transfers crew (8 
individuals) 
Equipment: radios, life beds, life rings, life jackets, ropes, helmets, fish carrying boxes, 
oxygen bottles, oxygen carrying pallet, boat fitted with crane and oxygen delivery pipes, 
fire extinguishers, seine net, scale, baskets/buckets, ice, dissolved oxygen meter (DO 
meter), tractor, trailer, salt 

Objectives: 
• Transfer fish stocking cages (juvenile and production) 
• Ensuring maximum quality and fish health  
• Properly account for transferred fish 
• Reducing handling mortality 
• Creation of stocking space within the lake 
• Ensuring observation of this protocol while moving fish 
• Ensuring that transferred fish are of uniform size 
  
The transfer supervisor and crew shall: 
• Ensure that equipment and relevant personnel are in place and ready for the transfer 
• Ensure that all members of the crew are trained, tested, and are capable of swimming 
• Ensure that all members of the crew are medically examined and none among them 
suffer from epilepsy, asthmatic attacks, etc. 
• Ensure that fish are fasted/starved not less than 12 h before handling 
• Ensure that fish are graded and stocked in same size classes (no mixing of different 
sizes) 

Farm to lake transfers 
Farm to lake transfers are done to stock juvenile cages in synchronization with harvests. It 
is carried out when fish are 4 to 5 g in size. Fish ready for harvest and transfers to the lake 
are fasted for not less than 12 h before harvest and graded to sort sizes. 

Cage to cage and site to site transfers 
Cage to cage transfers are carried out to harvest juvenile cages to stock production cages 
and is done when harvesting and stocking cages within the same site, while site to site is 
when fish harvested are from one site to stock a cage on another site. 

Preparation of transfer (farm to lake) 
• Check for the proper functioning of the oxygen delivery system in the trailer/s, boat and 
boxes 
• Report to the lake operations manager if the system is malfunctioning 
• Fill in the boxes with clean water from either the harbor or farm (about 500 L) 
• Check again on the oxygen delivery system after filling the boxes with water 
• Check water temperature using the DO meter 
• Add ice to reduce temperature if it is above 24°C 
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• Add 0.1% of common salt to the water in the boxes (500 g) 
• Boxes are ready to be stocked with fish 

Finding weight per fish (weighing procedure) 
• Fish ready for transfers are sampled for weight using a digital scale 
• Buckets/baskets are weighed to get tare weight (for e.g., 1 kg) 
• Fish are weighed dry in the baskets (weight of fish + weight of basket = total weight 
(e.g., 3 kg)) 
• Subtract basket weight from total weight to get fish weight (e.g., 3 kg-1 kg = 2 kg) 
• Count total number of fish weighed (usually about 500) 
• Divide total weight by total fish counted to get average weight per fish (for e.g., if the 
added-up weight of all the individual fish is 2 kg and there are 500 fish, the average 
weight is 2 kg/500 = 0.004 kg or 4 g) 
• In this instance the average weight per fish is 4 g 
• Carry out five samples or more depending on fish variability and amount of fish in the 
hapa 
• Add fish weight obtained from the five or more samples and divide by the total number 
of fish counted to get the average weight per fish 

Counting of fish transferred 
• Weigh the bucket/basket and tare the scale 
• Weigh and record fish as you load the boxes 
• Continuously monitor the scale tare to avoid under stocking  
• Turn oxygen on as you load boxes 
• Remember stocking rate per box is a function of fish sizes. Large fish proportionally 
require less oxygen in comparison to small fish (because of high metabolism in small fish). 
The table below shows the stocking rate per weight used by Lake Harvest 

Fish size (g) Stocking weight per 
box (kg) 

<10 30 

>10 45 

>30 60 

• Add weight loaded in the box to determine the total weight of fish moved 
• Divide total weight of fish by the size of fish to get the total number stocked in the box 
• Calculate number of fish in all boxes using the above method 
• Use actual weight to stock a box/cage 
• Stock same size fish to avoid over/under stocking of fish 
• Sample fish randomly while loading the boxes to check variation and sample error   

Feed and feeding 

The feed formulations developed by Lake Harvest Aquaculture with the help of nutritionist 
consultants were given to the Zimbabwean feed company, Special Animal Feed Company 
(SAFCO, willardmu@natfoods.co.zw), to produce. The feed comes in four forms, each for 
feeding different sizes of fish. Fry are fed on powdered meal, fingerlings on crumb, and 
production fish, from >100 g are fed on 5-mm pellets. Broodstock are fed on 4-mm pellet 
feed. The four feed groups differ in protein composition, ranging from 30 to 45%, and in 
physical appearance. Fishmeal used to make feed is imported from Namibia and derived 
from fishery by-products. The principal feed ingredients are maize, soya cake and wheat 
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by-products. A vitamin and mineral premix is also added. Fish in tanks, hapas and cages 
are fed by hand. Feed is loaded into small boats and then into the buckets before being fed 
to fish in the cages. Fish in ponds are fed using a modified fertilizer blower to blow feed 
into the ponds. Feed distribution is carried out in the same direction as the wind to make 
the distance required to cover all areas. Fish on the nursery first phase are fed eight times 
and the second phase four times daily, respectively. Fish on the lake and lighter than 100 
g are fed four times while those above 100 g are fed three times per day, with a 3-h 
interval. Feeding is carried out manually by Lake Harvest staff. At present there is no 
automatic feeding, but automated feeding systems are being investigated to deal with the 
expected growth and high biomass anticipated in a year’s time. 

Feed 
compositio
n 

Crumbles Pellets 

Crude 
protein 

350 g per kg 300 g per kg 

Fat 35 g per kg 35 g per kg 

Crude fibre 75 g per kg 75 g per kg 

Salt 0.01 g per kg 0.01 g per kg 

Ash 100 g per kg 100 g per kg 

Juveniles and production fish are fed to satiation and calculated feed intake is used as a 
guideline. Calculated feed is obtained by multiplying a known feeding factor with current 
biomass to get the total feed required per day. The table below shows length of growing 
season at different stocking sizes and feeding rates of different sized fish. 
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Length of 

growing 

season 

(weeks) 

Initial 

weights 

(30 g) 

Initial 

weights 

(60 g) 

Initial 

weights 

(100 g) 

Fish 

wt 

(g) 

Feeding 

Rate 

(%) 

Fish wt 

(g) 

Feeding 

Rate 

(%) 

12 200 270 350 1 11.0 30 3.6 

16 250 340 440 2 9.0 60 3.0 

20 310 410 520 5 6.5 100 2.5 

24 370 480 600 10 5.2 175 2.5 

28 420 550 690 15 4.6 300 2.1 

        20 4.2 400+ 1.5 

Feed constitutes over 60% of Lake Harvest operating costs. Current stocking (1300 MT of 
biomass) requires that we feed 800 MT of feed per month. The feed has to be actively 
managed and monitored as it forms the biggest cost on the operations of the business. 
The feeding team is given refresher courses to fully understand the cost and implications 
of their actions. Feed testing and analysis is done by the feed manufacturer and 
independent laboratories to ensure quality and prevent waste of resources. The table 
below shows the cost of feed per tonne on 1 April 2009. 

Feed type Cost per tonne 

Fry meal (powder fine) US $700 

Broodstock pellets (4mm) US $700 

Crumbles US $560 

Production pellets (5mm) US $560 

Sampling 

Samples for test weighing are taken once a month per cage to avoid stressing fish. 
Fingerlings in the earthen ponds are also regularly test weighed (once every week). Fry 
are test weighed once upon stocking the tanks and harvesting of the tanks. Test weighing 
is done to check on growth and the information is important if not vital for the computation 
of feed and feeding regime. The same information is used to predict harvests and assess 
performance of a standing crop. Regular sampling also gives the opportunity to physically 
inspect fish for pathogens. A cast net is used to sample and is thrown several times into 
the cage making sure that fish are collected from scattered points in the cage. 
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CAGE 

Previous 
Sample 
ABW (g) 

Current 
Sample 
Date 

Current 
Sample 
ABW 
(g) 

Current 
# in the 
cycle 

Est. 
ABW 
(g) 

Standard 
Feed 
Rate % 

Actual 
to 
feed 

Daily 
Feed 
(kg) 

                  

TJ1 6 21-Apr-09 6 555500 73 2 806 750 

TJ3 7 04-Jun-09 7 619000 24 3 443 440 

Sub 
Total       1174500       1190 

TP1 43 08-Jun-09 43 78000 111 2.8 242 240 

TP4 174 22-Jun-09 252 61500 318 1.7 332 330 

TP5 58 29-Mar-09 58 72500 336 1.7 414 410 

TP6 41 17-Jun-09 41 79500 82 2 131 130 

TP7 43 08-Jun-09 43 78000 111 2.8 242 240 

TP8 27 29-Mar-09 27 79500 265 2.3 484 480 

TP9 23 21-Jun-09 23 79500 50 3 120 120 

TP10 40 10-Jun-09 40 84000 98 2.8 230 230 

TP11 36 05-Apr-09 36 75000 267 2.2 441 440 

TP12 11 10-Jun-09 11 84000 39 3 99 100 

TP13 62 22-Jun-09 218 74000 284 2.2 463 460 

TP14 16 17-Jun-09 16 78500 44 3 104 100 

Sub 
Total       924000       5660 

Table showing sample data processed into information used for feed/production 
management. 
Mortalities are collected daily, counted and then recorded against the cage/pond 
concerned. The staff are trained to identify diseased fish and are always looking out for 
problems. Diseased fish samples are sent to laboratories (Zimbabwe Veterinary Services 
and University of Zimbabwe http://www.uz.ac.zw/vetscience/). 

Diving 

 

Divers are required to checking for and mending holes in nets. Once in a while fish will 
escape from the bag net to the predator net and divers are required to help re-bag the 
escaped fish. Divers are also used to monitor fish feeding and potential feed loss and 
wastage under the cages. Fish are graded as they come to the tanks from breeding ponds, 
as they come from tanks and hapas stocking ponds and from ponds stocking juvenile 
cages. Grading on the lake is carried out once as juvenile cages are harvested to stock 
production cages. Juvenile and production here is used to denote two growing phases, 5-
50 g and 50 g to the marketing/harvesting size. Two net mesh sizes are currently used for 
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the cages; 4 mm and 14 mm on bag nets. Lake Harvest has so far treated its fish once 
after encountering nutritional problems. Lake Kariba is oligotrophic and algae are not a 
problem so cleaning nets of algae has so far not been necessary. Cages are moved around 
over time. As a result we carry out an environmental audit biannually to check the impact 
of the cages on the environment against assessments carried out at the beginning of the 
project. The results so far indicate that there has been no accumulation of either residue 
or any pollution from the cages. 

Security 

In terms of on-farm security there is a radar system used to monitor cages throughout the 
night and this is supplemented by guards that are stationed on sites while another team of 
supervisors patrol between sites. 

Harvesting 

Harvesting is carried out to collect stock for outgrowing and for processing depending on 
market demand. Harvesting for outgrowing is carried out when fry are harvested from 
breeding ponds to be moved to nursery tanks, and from nursery tanks to fingerling ponds. 
Fingerling ponds mark the last land-based part of the cycle before the fish are harvested, 
graded by size and transferred to cages on the lake. Fish grading is done passively using 
compartments within a hapa made with different mesh sizes. Fish are put in hapas that are 
then placed close to aerators; as a result, fish will be try to get closer to the aerators 
moving from one compartment into the next - the compartments are arranged in such a 
way that larger fish will remain behind while smaller fish proceed until barred by the 
holding net. Fish are then scooped and sorted according to the compartments they are 
recovered from. This is a very simple, stress free method of grading the fish without 
actually handling them. Fish are harvested twice on the lake, harvesting from juvenile 
cage to production cages and then harvesting production cages to the factory for 
processing. Grading fish while harvesting on the lake is carried out by using seine nets. 
Seine net grading is done as fish are seined for harvest, small fish escaping back to the 
bag net until all large fish are seined, and then a small-mesh seine net will be used. The 
process is slow and passive to avoid injuring fish. Fish are harvested from production 
cages when they weigh 400 g or heavier. The time taken to reach 400 g depends on water 
temperature as well as other variables such as feeding, stocking density, etc. It is very 
important that fasting is carried out 48 h before harvesting for conditioning and clearing 
the gut of the fish. A cage identified for harvest is not fed 48 h before harvest. The 
production administration manager, in close liaison with the lake operations manager, will 
identify when a particular cage is ready for harvest and communicate to the respective site 
supervisor who will effect fasting and other related preparations. Harvesting is done during 
the early hours of the morning to minimize stress and enable the processed product to be 
on the market the same day. Harvested fish are shipped live from the cages in 1-m3-
boxes, each carrying oxygenated water and 350 kg of fish. Oxygen cylinders are used to 
oxygenate the water until the fish are killed at the factory. 

Harvesting is done five to six days a week and a maximum of 12 tonnes can be harvested 
per day. A maximum of six people are directly involved in the process of harvesting. The 
harvesting is done by a landing net that is fitted to the boat crane. Fish are seined and 
then scooped into the boxes that are then loaded on the boat using a landing net. A 14-
tonne boat powered by twin six cylinder motors is used for harvesting and carries up to 10 
tonnes of water and fish. Tanks and boxes can be used to transport these fish but Lake 
Harvest uses 1-m3-m boxes. Cages are harvested from their original positions (in situ). 
The nearest cage site is located about 2 km from the harbour and the harvesting boat will 
take these fish to the harbour where the boxes will be loaded onto tractor trailers and 
delivered to the factory, a further kilometer away. One cage can be harvested continually 
for over five days depending on the survivals and biomass (40 to 60 tonnes of market-
sized fish per cage). 
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Processing 

All harvested fish are processed at the factory, about a kilometer from the harbour. There 
are currently 200 employees working at the factory. The factory has a processing capacity 
for 15 tonnes per day, was constructed in 1998 and started functioning in 1999. All fish 
are processed either into whole gutted fish or fillets. Processing is carried out under strict 
hygienic conditions to meet European market standards. The reception area at the factory 
where live fish are received is solidly partitioned from the rest of the processing area 
where the final product is produced. Processing is carried out in a straight line to avoid 
cross contamination from various stages. The prime products are high quality whole gutted 
fish and skin on /skinless, boneless fresh/frozen fillets. By-products are produced during 
processing in the form of fish heads, frames, guts, pin bones, belly flaps and skins. Some 
of these by-products are sold locally for food. Skins and frames are sold to crocodile farms. 
Fish oil is used in the feed manufacturing industry. Lake Harvest International in 
Luxembourg (http://www.lakeharvest.com/contactUs.htm) and a local office attached to 
the farm and factory carry out marketing internationally and in Zimbabwe, respectively. 

Marketing 

Lake Harvest trucks fresh chilled fillets to Harare and operates a logistics office at the 
airport that effectively manages the cold chain onto the plane. Lake Harvest Aquaculture 
export to ‘Lake Harvest International’, a Lake Harvest subsidiary in Luxembourg that 
imports, promotes and sells Lake Harvest Tilapia products across Europe. A table shows 
current price of fish products at local a shop (Retail price as at 01/04/2009) in Kariba. 

Product Price in US $ 

Skinless & boneless fillet per kilogram (kg) 7.5 

Skin on fillets per kg 6.5 

Whole gutted fish per kg 3 

Fish heads per kg 0.5 

Belly flaps per kg 1 

Pin bones per kg 0.75 

Lake Harvest has built the market in Europe from scratch for high quality fresh tilapia 
products and currently sells in more than six European countries, principally France, 
Germany, the UK, Belgium, Spain and Holland. Supermarket chains buying Lake Harvest 
Tilapia include Marks and Spencer http://www.marksandspencer.com/Food-
Wine/b/199646031?ie=UTF8&intid=gnav_food-wine and Sainsbury’s (UK) 
http://www.sainsburys.co.uk/foodandwine , Del Haize 
http://www.delhaize.be/homepage/_fr/home_main.aspx (Belgium), and Systeme-U 
http://www.magasins-u.com/portailu/national/supermarche-hypermarche-u, Casino 
http://geant.fr/ and Carrefour http://www.carrefour.fr/ (France). There is also a booming 
regional market competing with the international market. The regional market is made up 
of three countries; Zambia, Democratic Republic of Congo and Botswana, where some fish 
are sold directly and others through agents. All fish are processed before selling which 
means that there are no farm gate sales. 

Outcomes to date 

The project began 12 years ago in 1997 with the construction of the farm and factory. Below 
are some of the key outcomes to date over the past 12 years: 
1. One of the most notable impacts of Lake Harvest Aquaculture has been the creation of 
employment. Currently, Lake Harvest is the second largest employer in Kariba town with 
450 employees. 30% of the employees are women, this number excludes downstream 
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industries such as fish shops and other service providers. 
2. Lake Harvest Aquaculture started off as just one business unit but to date has grown to 
include two crocodile farms. The business has influenced and benefited the region with five 
international students working at Lake Harvest in industrial attachments. This number 
excludes the local students also coming from universities and colleges for industrial 
attachments. 
3. Food security; with the decline of Zimbabwe’s beef industry, fish has helped to bridge 
the nutritional gap. There is a shop at the factory that sells prime product and by-products 
for the community which is kept busy. Fish is valued as a source of high quality animal 
protein, relatively cheap and affordable for human nutrition. Consumption of fish generally 
cuts across ecological, socioeconomic, cultural and religious boundaries, leading to its 
prominent role as a source of animal protein. Fish proteins are essential and critical 
components of the human diet, more so in Zimbabwe where the total protein intake level 
is low. 
4. Lake Harvest Aquaculture introduced commercial aquaculture to southern Africa and the 
project has since inspired many people. Kariba is a resort town brought about by the 
construction of the dam. The state-of-the-art factory built by Lake Harvest Aquaculture 
has added beauty and prestige to the town. 
5. Significant contribution to the GDP of the country; export of fish has been one of the 
very few lines that has remained bringing foreign currency to the country. 

Problems encountered 

Feed availability has been the major problem at Lake Harvest Aquaculture. Feed is limiting 
in both quantity and quality. The problem is better understood when we look into the 
politics of the country particularly in areas of land reform. The land reform created 
shortages in the production of grains which has significantly affected feed production. The 
animal livestock industry also collapsed and feed companies followed this, as there were 
no farms requiring their services except Lake Harvest Aquaculture. This meant that there 
was no competition to produce feed of high quality. The cost of feed is great and has risen 
to be problematic. 

The collapse of the economy meant that very few exporters would remain functioning to 
bring in foreign exchange and were then required to surrender 45% of receipts to the 
government at a very low rate and this affected the business by depriving it of cash and 
circumstances would force to operate without adequate facilities thereby compromising on 
other essentials. 

Lack of information within this sector is also problematic. Many operators do not want to 
share what they have and thus their farms and what they do are quite isolated. This would 
mean that anything one does has to be through self-innovation even if it means ‘re-
inventing the wheel’. 

Conclusions  

The continued expansion and improvement in efficiency of aquaculture production requires 
continued improvements in nutritional formulation, feed technology, genetic improvements 
of species reared, and continual sharing of vital information and experiences. The 
fundamental information essential to the functioning and operation of aquaculture 
businesses remains very theoretical in Africa thereby limiting the growth of this viable 
sector. It is against this background that the case study is undertaken to share our 
experience with the outside world, expecting in the same spirit, positive and constructive 
criticism. 
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Map showing the location of the Lake Harvest farm 

 

An aerial photograph of the ponds area of the Lake Harvest farm 

©Watson Pasipamire 
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Breeding ponds 

©Watson Pasipamire 

 

Blower system used to feed fish in ponds (crumbs are being distributed 
here) 

©Watson Pasipamire 
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Passive grading system carried out in ponds before fish are taken for 
outgrowing on the lake 

©Watson Pasipamire 

 

Feeding on the lake 

©Watson Pasipamire 
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Landing net used to harvest fish ready for the factory 

©Watson Pasipamire 

 

Tractor delivering fish to the factory (1 m3 stocked with 350 kg fish) 

©Watson Pasipamire 
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Fillets being processed in the factory 

©Watson Pasipamire 

 

Lake harvest products (skinless and boneless fillets) 

©Watson Pasipamire 
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O
 

rganizations 

Organization 
Type of 

Entity 
Organization Address  Main Contact Individual  

Web 

Address  

Lake Harvest 

Aquaculture  

Private 

Sector 

Box 322, Kariba, Zimbabwe 
.  

farm@lakeharvest.com  

Garikai Munatsirei (General 

Manager) 

gmunatsirei@lakeharvest.com

  

www.lakehar

vest.com

A
 

ppendix 

Ponds dimensions 
• Lake Harvest farm has 24 breeding ponds currently producing four million fry per month. 
Each breeding pond is 20 m x 10 m x 0.6 m and altogether occupies 4,800 m2. The 
breeding pond walls are made of concrete. 
• Holding ponds are used to hold broodstock (separating males and females) between 
breeding and stocking. A holding pond is 15 m x 10 m x 0.6 m and there are 21 holding 
ponds that occupy 3,150 m2. Holding ponds are made of compacted soils on the levees. 
• There are 150 concrete tanks within the intensive care unit for fry. Each tank has an area 
of 5 m x 0. 75 m and stocks up to 15,000 fry. 
• There are 30 growout ponds that occupy 15 hectares. Growout ponds are made of 
compacted soil, as do the breeding ponds. 
• Cages are used for growout on the lake and each cage is 1000 m3. Cage collars are made 
of HDPE pipes and nylon production and predator nets are used. 

Feeding/fertilization 
We do not use any form of fertilizers. Feed amount used is a function of the biomass and 
the procedure for determining the quantity is as given in the main text.   

Production  
Fish are harvested 2-3 times daily and five days a week depending on the orders.  The 
table below shows quantities harvested since the company was formed.  
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Year Tonnage harvested (MT) 

2008 2504 

2007 3014 

2006 2260 

2005 2360 

2004 3000 

2003 2623 

2002 2333 

2001 1942 

2000 1968 

1999 1016 

1998 54 
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