FISH FARMING 
Introduction
Fish farming is the rearing or growing of fish under controlled conditions and structures such as tanks, ponds, cages, pens or dam for home consumption or selling. It is a form of aquaculture; the growing of plant and animal life in water, such as crocodiles, frogs, oyster, seaweed and even rice. Fish culture involves domestication of fish in the wild state so that fish is partly or wholly managed by the farmer. The farmer provides partly or completely the necessary conditions required for fish to grow. Fish is reared in ponds, dams, raceways, tanks, cages and aquariums the kind of facility constructed will depend on the size of the farm, drainage pattern, capital available and the type of fish farming program to be followed.
COMMON TERMS USED IN FISH FARMING
1. Aquaculture; it is also known as aqua farming, it is the controlled growth of aquatic species.
2. Pisciculture; aquaculture practice involving finned fish
3. Extensive aquaculture; managed aquaculture dependent on local natural setting such as a pond   .
4. Intensive aquaculture; managed aquaculture controlled through human engineered means, such as managing water quality and food sources.
5. Fish farm; location used to grow population of aquatic organisms, primary species.
6. Fish hatchery; one form of fish managed with intentions of resupplying native wild populations in natural environments
7. Water quality; this is the characteristics of water such as water temperature and contamination which define its ability to sustain life and its purity from chemicals.
8. Culture tanks; artificial holding areas used to rear fish farm stock.
9. Fish husbandry; the breeding and rearing of fish for a variety of reasons.
10. In vitro fertilisation; artificially fertilising fish eggs in a laboratory setting.
11. Fish meal; commercially processed food used in fish farming as a source of protein for fish.
12. Fry; developmental stage of fish immediately after the larvae stage at an age of less than a week.
13. Fingerling; developmental stage of fish following the fry stage and continuing into first three to four months of life.
14. Yearling; developmental stage of fish following the fingerling stage and lasting until approximately one year of age
15. Brood stock; fish of particular species which are raised for reproduction purposes.
16. Fish kill; description of the number of fish stock to die in specific period of time.
17. Contaminants; both natural and artificial materials usually of high concentration harmful to the health of fish
THE CRITERIA OF SELECTING A GOOD SITE FOR FISH PONDS
i. The water source; quality and quantity of water must be relatively unlimited.
Little and seasonal water is difficult to manage for fish production.
ii. The soils must be impervious to water (do not allow water to drain away).
iii. Pond water should fill and drain by gravity. It is expensive to pump water in
Or out of the pond.
iv. Ponds should be above the water table (i.e. water should not seep from the
Bottom). Otherwise it is difficult to drain.
v. The farm should be accessible to markets and supplies (good road)
vi. Ponds should be large enough (from 20m x 50m to more than 2 hectares)
For commercial fish production.  Larger ponds are less costly to build per
Square metre but require large equipment to operate.
vii. Rectangular ponds are easier to manage
viii. The  average  pond  water  depth  of  1.5m  is  recommended  but  the  pond bottom should not be flat. The shallow end should be 0.5m – 1.0m and the deeper end should be 1.0m to 1.7m.
x.  The  dyke  height  should  be  within  30cm  to  50cm  above  the  pond  water level. The dyke is the space surrounding the pond or between two ponds
xii.  The  dyke  should  be  protected  from  erosion (by  compacting  hard  and  by planting grass cover
xiii. The open land space adjacent to the ponds should be wide enough to allow walking in or sufficient space for vehicles/tractors.
Other factors include security of the place.
Fish farming is the most popular and commonest form of aquaculture, resembling crop farming and animal husbandry in the following ways;
i) Like crop farming and animal husbandry, it also requires land for the construction of ponds, tanks and raceways.
ii) Management procedures such as use of manures, fertilizers, weed killer and pests and diseases control which are practiced in crop farming are also applied in fish farming to increase productivity of the fish ponds.
iii) Involves harvesting of mature fish and processing which are carried and also practiced in crops.
ADVANTAGES OF FISH FARMING ENTERPRISE
· Requires less space to practice.
· Can easily be integrated with other enterprises like poultry and piggery.
· Requires less labour to run.
· Has low maintenance costs 
· Fish products have ready market.
· Fish can adapt to awide range of fish ponds 
· Fish takes a short time to mature thus bringing quick returns 
· Fish is highly prolific hence brings high profits 
Benefits of fish farming
i) Prevents over reliance and depletion of fish in the natural water bodies such as lakes.
ii) It is a form of diversification of farming enterprises.
iii) Fish provides food, employment, income and foreign exchange earnings. 
iv) Since fish farming can be done on marginal lands, it allows utilization of useless parts of the farm such as water logged low-lands and swamps.
v) Due to the high quality fresh products from fish, fish has high demand in the market.
vi) Harvesting is easy and can be done at any time. This ensures steady supply of fish to markets.
vii) Fish farming may provide a compensation for the diminishing fish catches from natural enemies.
viii) Fish growth can be regulated by giving extra nutritious feeds and safely from natural enemies.
ix) Fish is less affected by pests and diseases when compared with other livestock.
x) On a mixed farm, it provides forward and backward linkages, and this ensures proper utilization of farm resources.
xi) It is cheaper than diary or beef rearing since fish can feed on cheap feeds comprising mainly of farm wastes.
Factors limiting fish farming in the East Africa
i) Inadequate research; little attention is given to research in aquaculture especially to fish spices of high economic value eg Nile perch. To date most of the research work has been targeted at the subsistence culture of tilapia (Oreochromisniloticus) and sometimes catfish (Clariasgariepinus), common carp (Cyprinuscarpio).
ii) Limited experience among farmers, fish farming is a recent phenomenon in agriculture and many people in East Africa lack experience in rearing of fish. Even those few with experience can only do with only few species of fish such as tilapia and carp.
iii) High pollution of the environment.
iv) Poor fish seed quality
v) Inefficient equipment
vi) Low technology 
vii) Global warming
viii) Unfavourable legal aspects which do not accept small fish in the market.
ix) Competition with fish from natural water bodies; plenty of free fish from natural water bodies
x) Inadequate fish seed
xi) Strict environment regulatory laws that prohibit farming in swamps
xii) Poor storage and marketing facilities.
xiii) Cultural beliefs which prohibit consumption of fish.
xiv) Inadequate quality fish feeds in the market.
xv) Inadequate quality land and waters
Table 01 fish species of commercial value to farmers
Abbreviations: U-Uganda, T-Tanzania and K-Kenya
	Vernacular Name
	Common Name
	Scientific Name
	Features

	Mputa (U)
Sangara (T)
Mbuta (K)
	Nile perch
Family:
Centropomidae
	Latesniloticus
Very large fish
The dorsal fins almost completely divided into two parts by deep notch
	· Largest fish in East Africa
· Requires deep water
· Water must be clear 
· It is predatory

	Ngege (UKT)
Sato (T)
Perege (T)
	Tilapia fish
Family: Cichlidae
	Oreochromisniloticus
(wavy caudal fin bars) and Oreochromisleucostictus (Spotted body)
	· Feeds on vegetation
· Prefers shallow waters with good aquatic weed cover


	Male(U)
Mumi(K)
Kambale(T)
	Mud fish, Barbel, 
Cat fish

Family: Clariidae
	Clariasgariepinus
Dark grayish/black above and creamy white yellow below 
Has tough upper head surface 
Has two pairs of barbels on the head
	· Occur in marginal swamps and shallow waters
· It is predatory

	Nkolongo or Nkumenye (U)
Okoko (K)
Gogogo or Ngogo (T)
	Cat fish

Family: Machokidae
	Synodontisafrofisceri and Synocontis victoria
Have branched mandibular barbels. The body is silver grey with dark spots
	· Occur in marginal swamps and shallow waters

	Mamba (U,T)
Kamongo (T,K)
	Lung fish

Family: protopteridae
	Protopterusaethiopicus
Has branched mandibular barbels. The body is silver- grey with dark spots.
	· It has simple lungs and can breathe air because of this it can live in water with little oxygen as in shallow inshore water and swamps

	Semutundu(U)
Mbofu (T)
Sew (K)
	Cat fish

Family: Bagriidae
	Bagrusdocmac
Has scaleless body and possesses a long adipose dorsal fin
	· Can grow well in both deep and shallow ponds.
· Prefer free flowing water

	Ngege (UKT)
Sato (T)
Silii (K)
	Tilapia
Family: Cichlidae
	Tilapia zillii
Large of 40 cm long. Body usually has horizontal stripes crossed by vertical bars.
	· Prefer shallow water with a good aquatic weed cover

	Njungule (U)
	Yellow perch 

Family:
	Percaflavescens
About 0.3m (1 ft) longa and up to 2.3 kg. body shiny yellow with notched dorsal caudal fins
	· Found in lakes and rivers.
· Lives concealed among vegetation or submerged tree roots. Feeds on insects larvae and other fishes


Table 02 Other fish species of less commercial value include;
	Vernacular Name
	Common Name
	Scientific Name
	Features

	Mukene (U)
Dagaa (T,K,U)
Omena (K)
	Sardine or Silver 
Family: Cyprinidae
	Rastrineobolaargentea
	Lives in deep and shallow waters.

	Kasulu (U)
Mbete (T)
Domodo (T)
Suma (K)
	Elephant – snout fish
Family: mormyridae
	Mormyruskannume
	Lives in deep and shallow waters

	Nzere (U)
Membe (T)
Sire (K)
	Butterfish
Family: Schielbeidae
	Schilbemystus
	Lives in deep and shallow waters


Note: It is important to know fish by their scientific names because common names can be different from one area to another. All tilapine are mouth brooder (raise their young in the mouth bucal cavity except Tilapia zillii, which is guarded species.
Characteristics of fish
Knowing the parts of fish and how healthy fish looks is vital to a fish farmer. All fish have tails and fins to help them steer through the water. They also have eyes for seeing and gills for removing oxygen and nutrients from the water. The lateral line is the sensitive part which helps fish to feel pressure, vibrations and temperature changes in the water. In some fish such as the cat fish have barbels, small projections hanging from the sides of the mouth. They help the cat fish sense its surrounding, find food and attract small fish so that it can eat them.
Fish farming systems
There are different systems used in rearing fish on the farm.
Intensive system: This aims at obtaining the highest yield from a minimum area of water. This requires heavy inputs in the form of fertilizers and pelleted feed, high-density stocking and improved management of the fish ponds or other enclosures. The yield per unit area is high. Intensive fish farming must be commercial.
Semi-intensive: In this system, the ponds or raceways are fertilized and supplemented feeds, consisting mainly of locally available materials such as kitchen wastes and brewery wastes, are supplied minimally. The yield is between those of intensive and those of extensive fish culture. 
Extensive system: In this system, no supplemental feed is supplied and there is minimal fertilization. The system is characterized by low density stocking and absence of rigorous management procedures. The result is low yield generally about 50 to 200 kilo grams per ha. Many fish culture projects in East Africa, particularly fish culture in reservoirs, are in this category. Fish farming is carried in different structures including ponds, raceways, cages, pens, tanks and aquariums.
Integrated fish farming: This is a system where fish farming is practiced in combination with crop and animal husbandry. The interaction is complementary rather than competitive. Wastes and by-products from crops and animals are used to feed fish. And fish or their by-products are used to feed animals.
Advantages of integrated fish farming
i) It increases fish yields as a result of increased nutrient and feed input.
ii) It provides a cost effective way of utilizing manure wastes on the farm.
iii) Reduced dependence on the external inputs.
iv) Increase in the overall production per unit surface area of land.
v) Allows recycling and proper utilization of farm wastes.
Disadvantages of integrated fish farming
i) Manure from the animals may give fish bad odor which may not be liked by consumers.
ii) Manure in the pond may lead to increased oxygen demand.
iii) Manure may lower the PH of the water thus reducing growth.
iv) More labour may be needed to manage the farm.
v) More capital is required in integrated fish farming.
Selecting fish species for culturing in the pond
i) Adaptability to the artificial conditions of farm ponds.
ii) High breeding and multiplication in captivity.
iii) Ability to scavenge and feed on natural and artificial feeds available on the farm.
iv) Faster growth rate and weight gain.
v) High demand in the market (the species/type of fish should be liked by the consumers).
vi) High disease and pest resistance.
Fish farming structures
The rearing structures help to confine fish within a given territory suitable for growing and even reproduction of fish. Such structures include; ponds, cages, tanks and raceways.
Ponds
A pond is a section or a structure used to hold a standing body of water that may be standing or having a limited flow. Ponds can be constructed on earthly ground or concrete and they are the most widely used structures for commercial fish farming in East Africa. Earthened ponds are the most commonly used because they are cheap, easily integrated and make use of natural feeds and water.
Ponds can be arranged differently on the farm land as either parallel, series of rosary (circular form) whose cost of construction varies depending on different factors. The pond culture system can be extensive, semi-intensive and intensive depending on the level of management, capital investment and technology involved in the production.
Types of ponds
Depending on the site, one of the following types of ponds may be constructed.
Embankment pond (levee ponds): This pond is built by construction of walls above ground level to impound water. There is no excavation of the ground. It can be built on any agricultural land especially flat lands. This pond is difficult to fill with water but easy to drain. Pumping is needed to fill the pond.
Excavated pond: this pond is built by digging out the soil. And the soil is used to build the embankments or leaves for the pond. It is easy to fill with water but difficult to drain.
Partially excavated pond with low walls (Ravine pond): In this type of pond, soil from the excavation is used to build the low walls of the ponds. The ideal site for this pond should have a slight slope so that the water supply channel can be constructed slightly above the discharge channel. In this case, pumping is neither needed for filling or emptying the pond.
Advantages of using ponds in fish culture
i) Ponds can easily be positioned near the farmer’s home to provide optimum security against theft and predatory birds and animals.
ii) They are easy and cheap to construct.
iii) Earthen ponds provide cheap source of food from natural food growing at the bottom.
iv) The earth walls and bottom stop instant temperature changes of pond water.
v) Harvesting of fish is easy.
Disadvantages of using ponds in fish culture
i) High initial cost; the financial investment required in the setting up and operating and maintenance of the pond is comparatively high.
ii) Pollution; Ponds especially excavated are prone to pollution carried with run off or floods during heavy rainfall.
iii) Ponds encourage production of weeds which may prevent growth of phytoplankton and may be used as hiding places by possible predators.
iv) Ponds are likely to encourage muddy conditions which affect growth of plankton and impair vision of the fish limiting their ability to find food.
v) Because many ponds are commonly earthen, silting and mud accumulation at the pond bottom usually takes place.
vi) Because most of the water is coming from the ground, the water may contain some heavy metals, low dissolved oxygen, low PH and low temperature.
vii) More labour is required in the construction and maintenance of the pond.
viii) Increased algal blooms; due to warm temperature and increased nitrification of the ponds, the rate of algae growth may exceed the rate of algae consumption by fish. Algal bloom can cause a considerable threat to fish in the pond because
· The bloom can consume available oxygen either during nocturnal respiration or by increasing the biological oxygen demand if the bloom suddenly dies with the resulting suffocation of the fish.
· Under certain conditions some algae are capable of producing specific toxins which kill fish.
· The mat of algae covering the water surface may prevent oxygen diffusion into the pond water.
Raceways
This is a semi-closed structure made from concrete blocks or other durable material. Raceways are designed to provide water flow through the system to enable rearing much denser population of fish and fish of different species. Water moves quickly through the structure providing oxygen and flushing out metabolic wastes, particularly ammonia. Although the earthen raceways exist, majority of them are made of concrete. Though the earthen type is cheaper to build, due to high velocity and big volume of water, seepage and erosion do occur.
Advantages of using raceways
i) The level of oxygen in the water is high.
ii) Can be used in intensive fish farming due to accommodation of high stocking densities.
iii) Metabolites are continuously removed.
iv) Can be used to rear a variety of fish species.
v) Occupies much less space than ponds.
vi) Uses less water which is important where water is scarce or where water is pumped.
Disadvantages of using raceways
i) Requires a lot of water and a reliable water source.
ii) Disease organisms in one raceway can easily spread to other raceways down-stream.
iii) Where the segments are arranged in series, metabolites may accumulate in the last segment.
iv) Requires high investment due to increased construction and production cost.
v) Requires high technical skills, which is sometimes limited.
Dam system
Dam culture involves the blocking of a stream or river, resulting in a large collection of water behind the blockage. The barrage can be constructed out of soil, concrete, metal or marine wood. The site selected for the dam construction should be gently sloping, with soil of high water holding capacity, free from strong winds and with reliable water supply from a stream or river.
Maintenance of the dam
· Remove excess plants
· Keep the level of water in the dam constant
· Repair any leakage in the walls, and outlet
· Cut down the vegetation near the dam to prevent the roots of the vegetation from damaging and cracking dam walls.
· Control wild fish
· Control weeds both terrestrial and aquatic weeds.
· Fertilize the dam regularly to keep the water green.
· Apply lime regularly to maintain optimum PH
· De-silting the dam regularly
· Repairing broken/leaking dam walls.
Tank system
Tank system is one of the intensive culture systems common in areas with limited fresh water. Tank can be made of concrete, fiberglass, marine plywood, metal, plastics or other hard materials free from toxic substances.
Advantages of rearing fish in tanks
i) Easy to manage and are suitable for experiment work.
ii) Diseases are well controlled.
iii) Feeding and harvesting takes less time since fish are held in small space.
iv) High stock densities are possible.
v) It can be practiced indoors and therefore lends itself to urban farming.
vi) It is easy to control the environment and quality of water.
vii) Requires very small space.
Disadvantages of rearing fish in tanks
i) Require a lot of capital investment to construct or buy tanks and to refill the tanks with water periodically and to install oxygen tanks.
ii) There is higher risk of mortality due to disease outbreak, mechanical or electrical failure.
iii) Easily polluted with solid waste concentrated at the bottom. This leads to increased biological oxygen demand.
iv) Requires a lot of skills.
v) Disease outbreak may not be easy to manipulate.
Cage system
This involves rearing of fish in cages enclosed in rivers, lakes and ponds. Cage can be circular, square or rectangular. Cages can be partially exposed or completely submerged under water. Cage should be placed where water movement is minimum and where the security for the fish is ensured.
Advantages of rearing fish in cages
i) Requires very little maintenance and management.
ii) Fish are protected from predators.
iii) Allow more fish production (high stock densities)
iv) Requires very low investment
v) Fish suffers less from diseases
vi) Constant water exchange inside and outside the cage provide sound environmental condition for fish which improve growth.

Disadvantages of rearing fish in cages.
i) There is high risk of damage to the cages due to flood and high wave current
ii) Adverse environmental changes such as pollution, extreme temperature and water level changes are dangerous to fish in cages.
iii) High feed quality is required.
Pen system
This involves fencing off of parts of the lake, or river or lagoons and stocking it with fish. The fence prevents fish from swimming into the lake and the fish are restricted to only a limited space in the lake or rivers or lagoon.
Pond construction
Site selection
When choosing the site for pond construction, the following factors should be considered.
Topography: A gentle slope of about 2-4%. This allows the pond to be filled and drained easily under natural gravity. If the slope is too steep, it will have landslides or soils falling into the pond and the construction of the pond becomes very expensive because appropriate levels within the pond must be attained. If the site is flat, then the pond will be difficult to drain and flooding of the pond may occur during heavy rainfall.
Soil type: The soil should be fertile and firm with very high water holding capacity to be able to hold water in the pond for longer time. Soil with a lot of clay content is ideal.
Water table: The site should have a high water table, so as to reduce the cost of filling the pond.
To test the ground for water holding capacity;
· Dig about 1m deep hole.
· Fill the hole with water to the top and cover it with leaves.
· Check the water the next day, the water may have reduced due to spillage, refill the hole with water to the op and cover again with leaves. Check the water level the following day.
· If the water level is still high on the second day, then the land is suitable for pond construction and if the hole is dry then the ground is not fir for pond construction.
Water supply and quality: The site should be near a permanent water source and water of good quality. Source of water can be ground water or surface water from streams, rivers, and lakes. The water should not be saline, should not contain heavy mental elemets and should have neutral pH. Ground water is free from dirt and other pollutants, fertilisers and pesticides. However, ground water has low oxygen levels and low temperatures.
Site accessibility: The site should be easily accessible for regular monitoring of the fish and transportation of fish.
Security: For security reasons, the site should be near sleeping houses. This allows the farmer to offer security to the fish from predators and masqueraders and those with bad intention to harm the fish.
Freedom from pollution: The site should be free from toxic residues. If the site has been used for crops, the soil should be tested for harmful chemical residues of certain pesticides that are particularly undesirable.
Cost: The cost and size of the site, land terrain and the economies of grading the land and construction.
Human activities: Human activities may have a great impact on growth of fish. Pond pollution from human wastes and chemicals residue may take place and affect fish.
Steps in construction of a pond
After satisfying the requirements for site selection, the farmer can now make a decision on the size and scale of the pond and the pond can be circular, square or rectangular. The following are steps involved in construction of a pond;
i) Survey the land; mark the slope and find out the natural drainage pattern of the land.
ii) Clear the site of stones, tree stumps and roots such obstacle and trash will interfere with harvesting operations and may give fish an undesirable flavor. Trees and shrubs should be cut back at least 15 feet from the pond to allow movement of feeding and harvesting equipment.
iii) After clearing survey and stake out the slope of the dam or walls dyke. The gradient of the land will help to determine how much soil should be excavated, and the height of the wall dyke at the front of the dam can be ascertained easily.
iv) Mark out the area where the pond and walls are to be constructed with pegs and a string. The size of the pond will depend on the fish species reared.
v) Dig out the soil from the marked area when digging out the pond, top soil should be separated from the subsoil. The depth of the pond is usually 1.0-1.5m at the outlet and 0.5-0.8m at the inlet giving the base of the pond a slanting floor. Ensure that the floor of the pond is smooth.
vi) Use the subsoil to build the pond walls. Compact the soil as you pile it around the banks to make a firm-stable leak-proof walls. The walls should be slanting and at least 30cm above the water level when the pond is filled. If need be reinforce the lower wall of the pond with concrete.
vii) Fix inlet and outlet pipes within the walls to allow water to move in and out of the pond respectively. The outlet pipe should be placed at the lower end of the deepest part of the pond. Inlet and outlet pipes should be screened to stop rubbish, wild fish and frogs from entering the pond and to avoid fish from escaping from the pond. Place another pipe above the wall to drain away excess water and to prevent flooding and spill of water from the walls.
viii) Spread the top soil that was earlier put aside over the pond walls and plant the walls with grass to prevent wall erosion by rain water.
ix) Spread a layer of lime on the pond floor about 15 days before filling the pond with water. Lime helps to maintain the pH of the water in the pond and encourage the growth of phytoplankton and other organisms in the pond to provide food for the fish.
x) Fill the pond with clean water after about two weeks. Water should be filled in the pond slowly so that scouring of the walls and the floor does not occur. The structure should be checked for leaks. Filling should take several days.
Maintenance of the pond
i) Planting of the grass along the walls to stabilize the walls and prevent them from being eroded by rainfall.
ii) Fencing of the ponds to keep away farm animals that may damage pond walls.
iii) In case the pond was constructed on flat land prone to flooding, diversion channels must be constructed around the pond to keep away unwanted water from the pond.
iv) Roots of heavy trees near the pond should be trimmed by trammeling to stop the roots from breaking pond walls that could lead to leakage.
v) Some water weeds can be planted in the pond to provide oxygen, provide shelter during hot sunny days and to provide breeding ground for fish.
vi) De-sitting of the pond regularly to maintain the pond depth.
vii) Draining of exhausted water and refilling of the ponds with clean oxygenated water regularly.
viii) Liming of the pond regularly to maintain optimum pH of the pond water. Optimum pH for most fish is between 6.5-9.0.
ix) Fertilization of the pond regularly to encourage growth of algae and phytoplankton, which are the regular source of food to fish.
x) Controlling algal bloom and weeds.
xi) Control of predators such as snakes, toads, wild catfish, birds (heroine)etc.
Routine fish management practices which increase fish yields
The following are management techniques which have been known to be effective in increasing the yield of the fish in the pond.
1. Selection of the fish culture
2. Stocking
3. Feeding
4. Control of predators
5. Water quality and quantity management
6. Pest and disease control
7. Fish sampling and sexing
8. Sorting and grading of fish
9. Harvesting and marketing of fish
10. Record keeping 
Selection of fish species for culturing
This involves choosing the fish species which hare suitable for culturing. The following factors should be considered when choosing fish species for culturing;
i) Adaptability to restricted environment of the pond, tanks, cages or raceways.
ii) High growth rate
iii) High efficiency in utilization of feeds
iv) Adaptation to crowded environment.
v) High breeding ability.
vi) High commercial value (marketability)
vii) Resistance to stress and diseases
viii) Availability of the fish seed readily in the area.
	Stocking
Stocking is the act of placing fish into the pond. And stocking density is the total number of fish which can be stocked. Good stocking density gives good fish growth while too many fish lead to poor fish growth.
Stocking rate: This is the number of fish stocked in a pond. The larger the number of young fish stocked in a pond the higher the expected yield at harvesting. The rate can be increased by polyculture. The culture of different species of fish with different food habits, in the same pond or by stocking of different age groups of the same species provided the species has different food habits at different stages.
Factors that affect stocking rate of a pond
i) Fish species: Some fish species require more space because of their behavior.
ii) The rate of production e.g. low stocking rate is recommended with species which multiply very fast.
iii) The size and weight of fish; larger fish require relatively more space than smaller fish of the same species.
iv) Fertility of the pond and its ability to provide natural food supply.
v) The amount of natural and supplementary feeds.
vi) The size of the pond.
vii) Water quality (metabolite contamination and oxygen supply)
viii) The growth rate of the fish and the period of time the fish take to mature.
ix) Level of management of the pond such as fertilizer application supplementary feeding.
x) Pests and diseases.
Carrying capacity is the number of fish of the same species or different species that can be stocked in a pond for a given period of time. However, adequate carrying capacity can be limited by other factors such as oxygen supply, accumulation of waste products, availability of food, and the size of the pond and diseases.
Maintaining optimum fish population in the pond
i) Stocking of the pond with single sex fish species.
ii) Selling of fry to other farmers
iii) Stock a predator with the fish to eat the young fish produced.
iv) Early harvesting of mature fish.
Water quality and quantity management
pH and salinity are the two main measures of water quality. Water pH can be maintained by liming the pond regularly. Turbidity is the measure of the suspended particles in the water. Use of silt traps help prevent particles into the pond. Optimum water level is important for growth of fish. Water level in the pond may drop due to the leakage of the pond bottom and walls or at the drain pipe. Repair cracks in the wall and refill with clean water.
Liming the pond;
The physical and chemical properties of the water must be kept within tolerable limits for the fish species cultured. The optimum pH for the culture is about 6.5 – 9.0. Low pH is corrected by the addition of quick lime in the pond. Lime also calcium for growth of algae and helps to reduce diseases as well as killing undesirable organisms in the pond. Lime should be spread onto the pond bottom while it is dry. The amount of lime needed to produce a neutral pH in the pond water depends on the soil type, pH of the soil and that of inflowing water.
Fertilizing the pond: 
Periodically the pond should be fertilized by applying organic manure and / or inorganic fertilizers to increase the nutrient content of the pond water and this leads to increased phytoplankton production and in the end to increased fish yield. The major disadvantage with the use of organic fertilizers is that organic materials have high oxygen demand during decomposition and this may affect fish if applied in large quantities. Animal manures produce blooms of algae that fish cannot digest. Fertile pond water is green in colour. It contains plenty of algae, plankton and water plants.
Supplementary feeding
Fish in the pond obtain their food from the natural resources such as algae, plankton, water plants and living organisms such as snails, earthworms, and larvae of insects. However, the natural sources of food in the pond may be insufficient for fish in the pond, reducing fish yield. Supplementary feeding entails provision of food from extraneous sources to increase fish yield. Example of supplementary food for pond fish includes;
i) Grass and leaves such as banana, cassava, and other leaves from tropical crops.
ii) Grains and pulses such as rice mill, maize mill, brewery grains and soya bean waste.
iii) Milling by-products such as cotton seed cake, coconut cake and ground nut cake.
iv) Formulated diet of mixed concentrates. These are made into pellets for feeding to fish.
Fish grow most rapidly on a diet high in protein. An ideal diet can be made for fish by mixing proteins, carbohydrates and fats with the necessary vitamins and minerals. Such diets are made into pellets for easy feeding to fish
Table……….Effect of diet and feeding level on standing crop of tilapia.
	Diet (Kg / ha / day)
	Maximum standing crop (kg of fish / ha)

	1 part cassava leaves
2 parts ground nut cake
15
50
100
1 part cassava leaves
2 parts rice waste
15
50
100
	

960
2000
3080


750
1150
1650




Ground nut cake has much higher protein content than rice waste. Planktivorous (plankton-eating) fish are unable to eat and digest such foods. It is important to note that fish do not have celluloses, so they can’t digest cellulose. Fish do not have a gizzard and therefore they don’t regulate. The food should be made as fine as possible to increase surface area.
Fish which are growing quickly eat about 3% of their body weight of a well-balanced food per day. Food should always be given at the same place each day so that fish get used to feeding at the same time and food should be given on trays or in a feeding frame to allow the farmer to see if all the food given has been eaten or whether there is any left.
Determination of quality of feed
The quality of feed is determined by how many kilograms of feed produce 1 kg of fish if the fish is fed on that feed alone. This ratio is called the food conversion ratio (FCR) and is obtained as follows;
FCR = 
The feed conversion ratio indicates the efficiency of the response to feeding. For example; Katwe fish farmer’s cooperative harvested 5000 kg of fish from one hectare pond at the end of the year and found that they had used 7000 kg of feed to feed the fish. Calculate the feed conversion ratio for the feed
FCR =   FCR = 1.4
This implies that for every 1.4kg of feeds consumed by fish produces 1kg of fish. The smaller the FCR the better the feed. Value above 2 is irrational.
Feeds can be fed to fish in feed trays or sprinkled over the water (if it can float). Give only the amount of feed the fish can finish within 20 to 30 minutes. Do not over feed or under feed the fish. Give feed in the mid- morning and afternoon when the temperature is not too high or too low.
	Sign of over feeding
i. Presence of feed left overs in the pond.
ii. Plenty of phytoplankton since fish cannot consume it due to too much artificial feed.
iii. High reproduction rate.
Signs of under feeding
i. Clear water indicating absence of phytoplankton
ii. Reduced rate of growth and weight gain
iii. Reduced reproduction rate
iv. Increase in the rate of cannibalism
v. Starvation and death of fish
Feeding for different stages of fish development
Larvae: Newly hatched young, still bearing the yolk sac do not need external food, require oxygen and removal of physiological wastes. The yolk sac provides all the needed nutrients at this stage.
Fry: The larvae which have finished utilizing the yolk food reserves develop into fry. They have functioning alimentary canal. They should be fed with processed feeds. Feeds should have 40% proteins content in power form. The fry should be fed 5 – 10% of their body weight several times a day. At this stage, fry can be nursed in green water to provide natural food outside artificial.
Fingerling: From one week onwards, fry have developed into fingerlings. Green water nursing and supplementary feeding should be maintained for 2 – 3 months to produce 10g fingerlings. Such fingerlings can adapt new stocking habitants, grow fast and attain table size within 6 months of good management.
Table size fish: When provide with adequate balanced diet, plenty of oxygen and suitable pH, fingerlings grow very fast to reach the table size. The level of supplementary feeds should be increased to match with the increased body weights of the fish in the ponds about 35% protein, 10% oil and 55% carbohydrates will promote fast growth of fish. Fish should feed 3% of their body weight daily.
Stocking of ponds with fry: After preparing the pond and filling it with water and maintaining of the pH, and oxygen level of the pod to the required standard, fry or fingerlings can be stocked in the pond. The young fish are introduced into the pond by lowering the container in which they are in water and allowing them to swim out into the pond water voluntarily. The temperature of the pond water and that of the water in the fish container should be the same to avoid shock.
Stock manipulation and breeding control
This involves genetic selection for the desired qualities e.g. fast growth rates and good quality fresh and control of the numbers of fish in the pond by preventing breeding through production of monosex tilapia, either through the cross of two species or through sex reversal resulting from treatment with certain hormones. When fish of the same sex is stocked in a pond, there is no breeding and the fish spend much of their energy in growing, resulting into increased yield and quality fish. Good fish for breeding should be; well- formed without bruises, free from diseases and parasites, lively and active, few years old and sexually mature. Brood fish can be obtained from: natural waters, fish breeders, other pond owners and government fish farms.
Determining the sex of fish (sexing fish)
The sex of fish can be determined more easily in brood and adult fish which have developed fully. Sexing fish on the farm helps in controlling stocking rates in ponds by controlling fish breeding. For starters who are stocking their ponds for the first time and want first multiplication rate of fish, they can decide to stock ponds with more female fish.
For tilapia
The male: has only one opening the cloaca and a genital papilla. When the abdomen is gently pressed, thin watery milt (semen of fish) is released. The body is darker in colour and the tips of most fins are reddish in colour.
The female:has two openings the cloaca and the genital opening. When pressure is applied to the abdomen, milky fluid comes out. The navel is short (small). Sometimes, eggs come out when the abdomen is pressed. The body is lighter in colour and the fin tips less coloured.
For Mudfish
The male: the head and the entire body are narrower and longer in length and a genital papilla. When a gentle pressure is applied to the abdomen near the cloaca, white milt is released from the cloaca. Have longer barbels.
The female: the head and the entire body are broader and shorter in length. When the abdominal area near the cloaca is gently pressed, a clear fluid is released from the genital opening and some eggs may be released. Have shorter barbels.
	Age determination
Determining the age of fish is an important management practice as it helps to provide appropriate management to fish depending on its age and it is also used to assess the efficiency of management practices applied to the fish ponds (comparing the age to the weight / size of fish). The age of fish can be estimated by referring to farm records, observing the external features of fish, counting growth rings on the scales, weighing, measuring the size of fish.
Control of pond environment  
The physical and chemical properties of the water should be kept within the tolerable limits for the fish species cultured. Oxygen level and pH must be optimum and control of poisonous substance from teaching the pond.
The pH of the pond water may fall from optimum (6.5-7.5) due to;
· Acidic rain water
· Acidic water supply into the pond
· Accumulation of metabolites in the pond
· Organic and inorganic acids release from organic and inorganic fertilizers
· Anaerobic respiration of microorganisms in the pond.
Low pH of the pond water is corrected by addition of lime in the pond and high pH is corrected by addition of ammonium sulphate to the water.
Oxygen is used by fish for respiration. The dissolved oxygen in the water is measured in milligrams per litre of water (mg/l) or parts per million (ppm) the minimum acceptable level of dissolved oxygen in water is 2 mg/l, dissolved oxygen level of above 5 mg/l is required for good growth in fish. Oxygen in the pond water comes from plants during photosynthesis and atmospheric oxygen that dissolve in the water. The signs of low oxygen levels in the water include;
i) Fish suddenly stops feeding
ii) Fish swims at or near the surface gasping 
iii) Dead fish with open mouth and raised gill cover
iv) High turbidity of the water
The amount of oxygen in the pond may decrease due to;
i) High level of respiration from fish due to over-stocking
ii) Over fertilizing of the pond
iii) Algal bloom which make a mat over the water surface, preventing diffusion of oxygen into the pond from the atmosphere.
iv) Muddy or turbid condition of the pond, preventing sunlight from reaching plants under water reducing photosynthesis and eventually reducing amount of oxygen being released.
v) Cloudy days that reduce sunlight energy and photosynthesis.
vi) Dense vegetation in and around the pond that use atmospheric oxygen at night.
vii) High pond temperatures which decreases the oxygen holding capacity of water.
viii) Limited wind to stir water to increase oxygen diffusion.
ix) Lack of fresh water flowing into the pond to replenish oxygen and to carry away metabolite.
x) Over-staying of water in the pond for a very long time.
xi) Oil covering the pond water. Oil film prevents oxygen diffusion into the water 
Oxygen level of pond water can be increased by;
i) Replacing old water regularly with fresh water.
ii) Flushing in of fresh oxygenated water.
iii) Using of aerators which splash water in the air to mix with atmospheric oxygen.
iv) Application of only inorganic fertilizers to increase amount of plants in the pond which provide oxygen. Manures use oxygen during decomposition, thus reduces oxygen in the pond.
v) Cleaning much of the vegetation especially on the windward side to increase stirring of water and diffusion of atmospheric oxygen into the pond water.
vi) Allow some fresh water from a stream to continuously pass through the pond. Fresh stream water brings in oxygenated water and carries away deoxygenated water.
vii) Introducing some water plants into the pond to provide oxygen during photosynthesis.
viii) On a mechanized farm, artificially –made oxygen can be pumped into the pond water.
ix) Keep only the right number of fish in the pond to prevent rapid depletion of oxygen.
x) Keeping the level of the water in the pond at the recommended level.
xi) Reducing muddy condition in the pond.
Control of weeds
Weeds in the pond may make harvesting of fish difficult and act as a hiding place for predators. Biological control of weeds can be affected by stocking of the ponds with vegetable-eating fish species. Herbicides such as sodium arsenite, sodium chlorate,2,4D and dalapon, at low concentrations are useful in controlling pond weeds.
Control of diseases
The crowded nature of the pond environment is conducive for the easy spread of fish diseases. Good pond management eradicates diseases from the pond. If infection occurs, it should be treated with appropriate drugs such as malachite green, copper sulphate, dipterex and bromex.
Production of fish seed
Like in crop farming, fish farming requires good quality seed (fry or fingerlings) to use for stocking and culturing. Many fish species do not breed in captivity and this has constrained culturing of many species of fish. Currently fish seed is readily obtained from the cichlids (the tilapia group) which readily breed in captivity, while artificially induced breeding (spawning) is done in African catfish (Clariasgariepinus) and the common carp(cyprinuscarpio).
The process of seed production involves selection of brood fish, conditioning through good feeding, induction through mimicking natural stimuli or using hormones or increased water flow, spawning, hatching, rearing of larvae and fry, grading, sorting and harvesting.
Under natural conditions spawning is controlled by hormonal changes with the fish and environmental conditions such as rainfall, temperature and day length. Under culture conditions, spawning takes place in a few fish species such as tilapia. Most cultured fish species have to be induced to spawn by mimicking the natural stimuli or using hormones.
Cat fish (Claris gariepinus) do not usually spawn in captivity. Spawning is usually artificially induced by hormonal injection of the female with pituitary extract to induce ovulation. Signs of ovulation include the softening of the belly and the belly has a shifting softness when a hand is passed over it. Also loose eggs are exuded through the genital aperture when the belly is gently pressed.
In cat fish (Clariasgariepinus), the eggs are squeezed out of the female into a clean container. The male is killed and the testes removed. The semen (milt) is extracted by cutting the testes longitudinally and squeezing out semen into the eggs. Milt and egg are then mixed for about one minute to allow fertilization. The fertilized eggs are then washed to remove excess milt. The fertilized eggs are then incubated on trays made of mosquito nets held by metal or wooden frames. In order to prevent fungal infection of fertilized eggs, eggs are dipped in 1000ppm formalin for 15 minutes.
Fertilized eggs remain dark and yellowish cream (or transparent in tilapia) while unfertilized eggs are white and opaque. Also embryos can be seen making movements within the eggs in fertilized eggs towards the end of incubator.
Incubation takes place in a tank of gently flowing water. The temperature of the water should be 26 to 28o C. Time taken from fertilization to hatching is usually 48 – 72 hours depending on the water temperature and the fish species.
Fish health management
Successful fish health management begins with prevention of diseases rather than treatment. Prevention of fish diseases is achieved through good water quality management, maintaining optimum stocking rates, use of clean seeds during stocking, good feeding, and putting up good sanitary measures.
Signs of ill-health in fish
i. Fish not eating as usual (loss of appetite)
ii. Fish swim sluggishly and become less responded to the external stimuli.
iii. Fish swimming on its side upside down
iv. Fish floating on the surface gulping
v. Impaired gills
vi. Presence of dead or dying fish
vii. Fish continuously rubbing against objects
viii. Hemorrhages, ulcers, popping eye balls and swollen abdomen.
Fish predators and their control
Farmed fish can be preyed upon by fish-eating birds, wild fish e.g, catfish which may enter the pond during filling as eggs or fry. They feed on tilapia fry and eggs, frogs, Eels which feed on fry and eggs of tilapia, tadpoles, snakes, and otters, fishing bats, monitor lizards and insects such as backswimmers. These predators may be controlled by using one or a combination of the following;
· fencing off the ponds to deny entry of predators,
·  poisoning of rats and predatory birds,
·  liming to kill off tadpoles and insects in the water, 
· use of traps for large predators, 
· use of screen on the inlet pipes to deny entry of predators, 
· covering the top of the ponds with nets to control birds ,
· clearing the bushes around the pond.
Harvesting of fish
The time of harvesting fish depends on the purpose for which fish is to be used.  Fish can be harvested as fingerlings or fry for stocking or as table fish for food. The following are some of the methods used in harvesting fish in the pond.
Drainage of the pond water; Pond water is drained out preferred fish is then picked into basket. The pond is later on refilled with clean water.
Use of hooks; These are used for small scale farming or in sampling experiments. A hook, single or a series of hooks are baited so that when fish swallows the hook, the hook pierce and get stack in the mouth. The method is not good because fish is wounded and does not discriminate on the size of fish.
Use of seine nets; A net of desirable size is dragged through the pond bottom to catch fish in the pond. Also the net can be suspended in water and the fish trying to pass through the mesh are trapped by their gills and entangle themselves in the net.
Procedure of using a gill net in deep waters
i) Tie the weights at the foot-rope (bottom end of the net)
ii) Tie the floats at the head line (top end of the net)
iii) Fix anchors on both bottom sides of the net.
iv) Suspend the net in water vertically for some time; a combination of weights at the bottom and floats at the top helps the net to remain upright in water.
v) Fish are trapped when they try to force themselves through the meshes, where their gills get entangled in the net.
vi) Lift out the anchors.
vii) Lift out the entire net with trapped fish from the water.
viii) Untangle fish from the net.
ix) Remove the floats and then the weights.
x) Leave the net to dry and then store in a cool dry place.
Procedure of using a gill net in a shallow pond
A number of people hold the net in a semicircle at one end of the pond, and then the net is hauled slowly through the pond to the other end. At the end of the pond, fish trapped in the net are removed and sorted. Large / old fish are retained for marketing and small / young fish are returned to the pond.
Harvesting fingerlings
· Harvest during cool hours of the day especially in the morning.
· Select harvesting method that will not bruise or wound the fish.
· Use a seine net to catch and lift the fish from the pond.
· Disinfect the holding equipment and water to prevent diseases.
· Excessive mudding of water should be avoided.
· The fingerlings should immediately be placed in storage facility with adequate aeration.
· Grade the fingerlings to ensure uniformity of size.
· Fingerlings should not be held out of water for more than a few seconds, because they need much oxygen than the old. Fingerlings which slip their slime or become dry are very susceptible to diseases and parasites.
Other methods used in harvesting fish include; use of traps and scoop nets. Fish poisons paralyze fish which is then caught. However, the use of poison on private or natural waters is forbidden by law because the method destroys both adult and juveniles (including larval stages) and leads to depletion of the stock. It may also be difficult to clean the poison from the pond for restocking. Also poison residues in fish can harm people who eat them. During harvesting, care must be taken to avoid excessive mudding of water as this would stress the fish remaining in the pond and retard growth.
Fish processing and preservation
When a fish has been caught and taken out of water, it must be processed as soon as possible otherwise it gets spoilt, since fresh fish deteriorates rapidly as soon as it dies. Spoilage is caused by bacterial action, and the deterioration process is speeded by the high temperatures.
Fish processing involves removal of scales, removal of viscera and gills, cleaning of fish with water and in some case removal of the skin and fleshing to obtain fish fillet. The bones and fins are processed into fish meal for feeding livestock.
Fish preservation involves treatment of processed fish to prevent spoilage and increase shelf life of fish. The methods used to preserve fish include; freezing, and chilling in ice, smoking in  Chorkor or kiln, salting and caning.
Benefits of fish processing and preservation
i) Prevents rapid fish spoilage (decay).
ii) Maintains and even improves the quality of harvested fish.
iii) Makes handling and transportation of fish easy.
iv) In some fish species, preservation increases accessibility of the fish to consumers.
v) Processed fish fetches higher prices than unprocessed fish.
Procedure of smoking fish using Chorkor kiln
i) Descale fish
ii) Split the fish open to allow deeper smoke penetration into the flesh.
iii) Remove the stomach contents.
iv) Wash the fish in clean water to remove blood and excess fats.
v) Soak the fish in salt with spices added (depending on the taste of consumers).
vi) Hang the fish and allow it to drip dry for some few hours.
vii) Place the fish on the rack made of wire mesh. Lay the rack on the combustion chamber.
viii) Set up the fire. The fire releases heat and smoke.
ix) Smoke the fish for 3-4 hours at temperatures of between 30oC and 40oC. The heat from the fire dries the fish and the smoke penetrates fish flesh, causing browning and flavoring of fish. The smoke also has preserving properties.
Procedure of salting fish
i) Descale fish.
ii) Split the fish open to allow deeper salt penetration into the flesh.
iii) Remove the stomach contents.
iv) Wash the fish in clean water to remove blood and excess fats.
v)  Soak the fish in salt solution for at least four hours to allow deeper salt penetrate into the flesh.
vi) Dry the fish in sunshine for some days depending on the weather conditions until he fish dries through to a moisture content of less than 25%.
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