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ABSTRACT

The African Catfish (Clarias gariepinus, Teugels) were reared at three different stocking 

densities in bamboo-net cages to evaluate the effects of stocking density on growth, survival 

rate and food conversion ratio. 300 fish weighing 1.8Kg were stocked at 25, 50 and 75 fish/ 

m3 cage in a Bi-factorial experimental design with a mean weight of 5.6±0.23g, 5.9±0.23g 

and 6.3±0.23 g/m3 respectively. The growth trial lasted for 150 days (May 2009 to October 

2009). 20% of the total biomass (weights) of fish in each cage was weighed monthly and the 

bulk weights, considering any mortality were recorded monthly. The final mean weights 

(±S.E) of the fish stocked at densities of 25, 50 and 75 fish/m3 cage were 828.0±1.83g, 

774.0±20.18g and 693.0±34.20g. The corresponding mean values of Specific Growth Rate 

were 3.33, 3.25 and 3.43. Temperatures ranged between 24.50C - 32.60C while salinity 

ranged between 24 - 95ppm. The Feed Conversion Ratio (FCR) was 4.99, 4.73, and 3.43, 

and cumulative survival rates were calculated as 99.84, 99.66 and 99.50% respectively. The 

results revealed that stocking density had a significant effect on growth and survival rates of 

Clarias gariepinus. Fish held at the highest stocking density exhibited the lowest growth and 

survival rate. Cages with 50fish/m3 had the best production economic returns in terms of 

final weight (38.67Kg), production cost (�19,940.95) and profit index (3.27) compared to 

the other treatments.
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CHAPTER ONE

3.0 INTRODUCTION

1.1 BACKGROUND INFORMATION

Aquaculture is the rearing of fish and other aquatic organisms in man- made ponds, 

reservoirs, cages or other enclosures in lakes and coastal waters (Essien, 1981). Fish can be 

cultured in one of four culture systems-ponds, raceways, recirculation systems, or cages. 

Rearing of fish in enclosure (suspended cage in reservoirs) is a practice that is relatively new 

in the Northern part of Nigeria as compared to the Southern parts of Nigeria. Data derived 

from the summary report of the 13-year International Biological Programme (IBP) illustrates 

that between temperate (23°N–67°S) and tropical (23°N–23°S) zones, there is a considerable 

increase in the range of production values of fish catch and thus tropical water bodies offer 

better opportunities for extensive and semi-intensive cage and pen culture (Le Cren and 

Lowe-McConnell, 1980). One of the limiting factors of aquaculture development apart from 

high temperature is the non suitable soil in the Northern parts of Nigeria. Many water bodies 

in the northern parts of the country have the potential to serve in a multiuse capacity. In 

addition to traditional uses, such as livestock watering, irrigation and recreational fishing, 

such waters can be integrated for aquaculture through the use of cage culture. Fish grown in 

cages can improve the food budget by providing a cheap source of protein for personal 

consumption or may supplement a farmer’s income through direct sales.

Cage culture originated from Kampuchea, Southeast Asia (Pantalu, 1979) where

fishermen in and around Tonle� Sap (The Great Lake) hold their fish catches (Clarias

species and other commercial catches) alive for short periods of time in bamboo or rattan 
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cages and baskets until they were transported to markets. The intentional confinement of 

fish in cages to increase their size is a technology dating back to the early 1900s and is now 

wide spread through the lower Mekong area (Ling, 1977) and in recent years to Viet Nam, 

Thailand and other Indo-Chinese countries.

In Mundung Lake Jambi, Indonesia, fry of Leptobarbus heoveni captured from the 

wild according to Reksale-gora (1979) has been grown in floating bamboo cages since 1922 

while Vass and Sachlan (1954) reported that capture and enclosure of Carps in submerged 

bamboo cages has been practice since 1940’s where the carps were fed and grew on organic 

materials and benthic organisms carried in the drift. In recent years cage culture has spread 

throughout the world to more than 35 counties in Europe, Asia, Africa and America and by 

1977 more than 70 species of fresh water fish have been experimentally grown in cages 

(Coche, 1977). Today cage culture is practiced in many regions of the world, and is a 

thriving industry in some areas (Beveridge, 1987).

Cage culturing makes it possible to grow fish in bodies of water where draining and 

seining would be difficult or impossible. Cages are for instance utilized in lakes, large 

reservoirs and rivers. They are also a good alternative for estuaries and coastal bays, and 

have been successfully used for farming tilapia in cooling water discharge Canals (Luchini, 

and Quiros, 1990). Cages are used to produce high quality protein cheaply as it requires a 

low capital outlay and makes use of simple technology. The cages consist of mesh in order 

to let the water circulate freely and they are best located in the open water of a pond or lake 

where the prevailing winds allow water movement through the cages. Even slight breezes 

can cause wave and current action that can assist in water movement through a cage, 
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bringing in oxygenated waters and helping to remove metabolic and food wastes (Schmittou, 

1991). Harvesting is simplified and less cost effective.

Cages are constructed using materials such as nylon, plastic, polyethylene and steel 

nets (more expensive although, permit better water exchange), wood and bamboo. Most 

cage designs are of the floating type and, rely on a buoyant collar usually constructed from 

locally available materials such as bamboo, steel or plastic pipes suspended in a synthetic 

fiber net, oil drums or Styrofoam (Coche, 1982) and are usually floated in rafts either 

anchored to the bottom of the water body or connected ashore by a walkway. In China and

the Philippines, fixed cages are used in shallow water (�8m) with muddy bottom (FAO, 

1983), where synthetic fiber net bags are attached to post driven into the substrate. These

types of cages are cheaper, simpler and poorly constructed thereby susceptible to adverse 

weather conditions as witnessed at Lake Buhi, Bicol region of the Philippines in July, 1983 

when Typhoon Bebeng destroyed most of the fixed cages; but most floating cages survived

(Beveridge, 1984). Buoyant collars according to IDRC/ SEAFDEC (1979) accounts for 

more than 50% of the capital outlay in cage construction. Cage culture system maximizes 

the use of feeds and allows higher stocking densities as compared to the unit area of the net-

hapa. This system also permits better management, which results in high production 

potentials and low mortality of fish (Okoye et al., 2007).  In Nigeria, aquaculture practices 

are still in the extensive and semi intensive levels (Adikwu, 1999) and recently intensive re-

circulatory system (Bolorunduro, 2006).

Data on domestic fish production in Nigeria has shown a downward decline over the

years: 1982 (920,484), 1990 (315,000) and 1996 (200,171) metric tons as reported by (FDF, 

1990; FOS, 1997). In order to sustain the current average domestic production of 615,507 
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metric tons per annum, an effective delivery system has to be put in place (FDF, 2007). 

Nigeria is amongst the largest consumer of fish in Africa (FAO, 1999); its total available 

land for aquaculture development according to Fisheries statistics of Nigeria is about 

1.7million hectares and existing pond area under cultivation is about 60,000 hectares with a 

domestic production of merely 0.62million metric tons while it has an aquaculture potential 

of producing about 2.5million tons. Nigeria’s current domestic fish production from 

aquaculture is only about 85,087 tones and consumption was estimated to be over one 

million metric tons. In order to reduce importation of fish to Nigeria, there is need to 

develop local domestic fish production.

Clarias gariepinus is a highly appreciated fish in Nigeria due to its favourable food 

conversion ratio, resistance to disease, low technology farming system, excellent food meat 

quality, possibility for high stocking density and can tolerate wide ranges of environmental 

conditions (Fagbenro et al., 2003), and also they can grow to a large size of over 10kg (Reed 

et al., 1967; Olaosebikan and Raji, 1999) which are attractive to consumers. Thus, Clarias 

gariepinus was chosen for this study because of its ready availability, economic and 

ecological advantages.

Artificial feeding should therefore have the benefits of promoting greater production 

in terms of yield per hectare and efficient growth of fish in an aquacultural system which 

depends on feeding the best feed at quantity not exceeding the dietary requirements 

(Banyigyi et al., 2001). Feeds with floating capacity are best used in cage culture as it allows 

the farmer to observe the fish while feeding.
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1.2 RESEARCH PROBLEM

With global population expansion, the demand for fish is steadily increasing and 

natural fish population have declined during the last decade due to environment degradation 

and overfishing. This has resulted in an increasing effort in the technology for more 

domestic production. A lot of people have gone into the fish farming at both subsistence and 

commercial level in North-Central Nigeria; however there has been low capacity production 

due to problems of knowing the right size of fish to stock, stocking at too high density and 

under-stocking of fish (Edward and Demaine, 1988). Apart from the non availability of good 

soil; constant supply of water, and availability of quality feeds, cage culture is an alternative 

means of aquaculture especially for land-less fish farmers and it is almost none existing in

the North-Central part of the country. Nigeria is blessed with an abundance of scattered

inland water mass (comprising of lakes, reservoirs, ponds, streams and rivers) of 12.5 

million hectares (Ita et al., 1985)

The use of cages in an existing water body whether community or government 

owned, enhances aquaculture and enables rural and small-scale farmers to go into 

aquaculture for increased productivity in domestic fish production. The system is also 

particularly suited to the rural poor who do not have access to land for any other form of 

agricultural production.

1.3 JUSTIFICATION

The demand for fish as compared to other animal source of protein in recent years 

has been on the increase but this increase has not been met by supply. Fish are low in

collagen content, have a nutrient profile superior to all other source of animal protein, it has 

a high digestibility; as almost every nutrient is absorbed (WHO/FAO, 1999). Fish protein 
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contains all the necessary amino acids - as high as 60% on dry matter basis (Alatise et al., 

2006) needed for man’s physical and mental growth. Nigerians have been observed as the 

largest fish consumers in West Africa with some 1.3 million tons of fish consumed annually 

(Miller, 2003). However, Nigeria’s fish production stands at only 450, 000 million tons of 

domestic production. A lot of farmers have been discouraged by incidence of high mortality 

in the present day practice in North-Central Nigeria. Cage culture is not new in Nigeria, the 

problem is that the practice has remained at the experimental level for over two decades

(Okorie, 2003). There are encouraging studies (Otubusin. 1989; Otubusin and Olatunde, 

1992) on the viability of cage culture in Nigeria, but these scientific   contributions have not 

yet translated to large scale cage culture either at the subsistence or commercial levels. In 

other countries of similar socio-economic standards, cage culture has provided spectacular 

opportunities for creation of employment and large scale fish production. In Philippines, for 

instance, large scale tilapia/milk fish culture in cages is carried out in Lake Laguna (900 km2

surface area) based on industrial and domestic effluents of over 6 million inhabitants of 

Manila the capital city. One of the likely reasons for the failure to popularize cage culture in 

Nigeria is that the idea has not been properly sold to potential farmers, especially in terms of 

economics of production.

Studies have shown that cage culture is relatively new in the Northern parts of 

Nigeria as compared to its practice in the South-Western region. Otubusin (1989) reported 

that cage culture system can be used not only primarily for producing fish cheaply, but also 

for cleaning up eutrophic water bodies through the culture and harvesting of caged 

planktivorous fish species as practiced in Malaysia and Singapore. Cage culture in Nigeria 

according to the works of (Otubusin, 1989; Otubusin and Olaitan, 2001) has shown a drastic 



22

reduction in the mortality rates of fish. The North-Central of Nigeria is a place blessed with 

abundant supply of scattered fresh-water bodies that can be used effectively to practice cage 

culture either at subsistent level or at a commercial level; thereby encouraging land-less 

farmers remain in the business, increasing fish production and reducing the level of poverty.

Arable farming and aquaculture can go hand in hand. Aquaculture serves as the livelihoods 

of the poor in several ways as reported by Muir (1999) who considered its role in poverty 

alleviation; employment and income or securities which can be direct, indirect or general. In 

addition to fish, other aquatic organisms have been demonstrated to generate income in the 

rural communities. Many household do not own sufficient land to culture fish in a pond

(land-based) system and the only option to culture fish may be a water based system such as 

cage or pen in large communal water bodies (lakes, reservoirs, and dam’s etcetera) provided 

access to the water body can be achieved. Raising fish in cages can be quite challenging if 

the fish farmer stocks at a density too low or too high; also not using the right size of fish

and number of fish that may be stocked will be limited by the “carrying capacity” of the 

water. Investment in terms of construction materials and its durability (lifespan) is relatively 

low when compared with (raising fish in open ponds) land based culture if an existing body 

of water is available depending, on location and type of culture being practiced; cage culture 

may be classified as extensive, semi-intensive or intensive on the basis of feeding. Harvest is 

generally simplified because the entire cage can be taken from the water and the fish 

removed. Otherwise, the fish are simply scooped out of the cage with a net. These harvest 

techniques eliminate the need for expensive harvesting equipment and labor. Fish are easier 

to observe for general health and feeding behavior. Cages also facilitate treatment of 

diseased fish and reduce fish losses to bird and other animal predation.
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1.4 OBJECTIVES

a. To determine some physicochemical parameters of the reservoir during the period of 

the study.

b. To determine the effect of stocking density on growth and survival rate of Clarias 

gariepinus in bamboo net-cages.

c. To determine the economic analysis of the cage culture production system under the 

different stocking densities.

1.5 HYPOTHESIS

a. Some physicochemical parameter of the reservoir has no effect on the growth of the 

stocked fish.

b. There is no significant difference between the effects of stocking density on growth

and survival rate of Clarias gariepinus in bamboo net-cages.

c. There is no significant difference between the economic analyses of the cage culture

production systems under the different stocking densities.
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CHAPTER TWO

4.0 LITERATURE REVIEW

There have been different researches concerning different species of catfish the 

world over for aquaculture because of its high potentiality and preference. The stocking at 

best density still attract attention of researchers because these factors are aimed at yielding a 

higher profit for the farmer and getting good quality fish at a reasonably short period of 

time. The growth of Clarias species depends upon stocking density, dietary protein quality, 

energy content of feed, physiological status of fish (age, sex), environmental variables, 

farming conditions and food availability are some of the main factors that affect fish growth 

(Lovell, 1989). In terms of the fish production in cages, stocking density, which is related to 

the volume of water or surface area per fish is an important factor. Increase in stocking 

density results in increasing stress, which leads to higher energy requirements, causing a 

reduction in growth rate and food utilization. Contrarily, in case of low stocking densities 

fish may not form shoals and feel comfortable. Consequently, identifying the optimum 

stocking density for a species is a critical factor not only for designing an efficient culture 

system (Leatherland and Cho, 1985), but also for optimum husbandry practices. Controlling 

the fish size and production are the two important tasks to meet the market demands as, 

price of fish is determined by the market demand of supply (size and production), and that in 

turn depends on their growth. Increase in stocking density to produce more fish which 

increases fish intensification may not be the best way of dealing with problem of space 

shortage. The present study focuses on growth of the African catfish Clarias gariepinus
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reared in net cages in ambient temperatures of the Kubanni (drinking water) reservoir of the 

Ahmadu Bello University, Zaria.

2.1 Biology of Clarias gariepinus

Clarias gariepinus is a member of the Clarridae family. They occur naturally in 

South East Asia and in Africa and are sometimes called African catfish or mudfish. C. 

gariepinus is well appreciated in many African countries (De Graaf et al., 1996). The 

clariids exhibit many qualities which makes them suitable for culturing. They have a high 

fecundity, faster growth rate, disease resistance; can withstand handling stress as well as 

been highly palatable (Eroudu et al., 1993; Nwandukwe, 1993). They are very adaptive to 

extreme environmental conditions and can withstand low oxygen level and pH level in the 

range of 6.5 - 8.0.  (Huisman and Ritcher, 1987; Fabgenro and Sydenham, 1988). They are 

able to live in very turbid waters and can tolerate temperatures of 8o - 35oC. The optimal 

temperature for growth is 28o - 30oC (Teugels, 1986). Clarias gariepinus has a long-based 

rayed dorsal fin (Reed et al., 1967) without an adipose tissue; two pairs of nasal and 

maxillary barbles on its dorsoventrally flattened head, elongated body with fairly long dorsal 

and anal fins and smallish eyes. This species can attain length of up to 1.7m including the 

tail and can weigh 59kg when fully grown. Their coloure ranges from dark grey to black 

dorsally and cream coloured ventrally (Skelton, 1993). It comprises of species such as

Clarias anguillaris, C. gariepinus, C. lazera and C. mossambicus (Teugels, 1982a). The

African catfish are omnivores (Reed et al., 1967), feeding on a large variety of plant and 

animal materials like weed, planktons, small insects, small fish, crustaceans, snails, worms 

etcetera (Bakare, 1968) but they have high tendency towards been a carnivore as adults. 
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Catfishes are therefore said to be opportunistic feeder, feeding on virtually everything that 

comes their way.

2.2      Stocking Density and Culture

           Stocking density is one of the main factors determining the growth (Engle and 

Valderrama, 2001; Rahman et al., 2005) and the final biomass harvested (Boujard et al.,

2002). Environmental variables, farming conditions and food availability are other factors 

that can affect fish growth. In terms of the fish production in cages, stocking density, which 

is related to the volume of water or surface area per fish is an important factor. Increase in 

stocking density results in increasing stress, which leads to higher energy requirements, 

causing a reduction in growth rate and food utilization (Aksungur et al., 2007). Contrarily, 

in case of low stocking densities fish may not form shoals/group together and feel 

comfortable. Consequently, identifying the optimum stocking density for a species is a 

critical factor not only for designing an efficient culture system (Leatherland and Cho, 

1985), but also for optimum husbandry practices. Controlling the fish size and production 

are the two important tasks to meet the market demands. Increase in stocking density to 

produce more fish which increases fish intensification may not be the best way of dealing 

with problem of space shortage (Aksungur et al., 2007). In many cultured fish species, 

growth is inversely related to stocking density and this is mainly attributed to social 

interactions and food (Holm et al., 1990; Haylor, 1991; Bjøernsson, 1994; Huang and Chiu, 

1997; Irwin et al., 1999; Ma et al., 2006). Social interactions through competition for food 

or space can negatively affect fish growth while the price of fish is determined by the market 

demand of supply (size and production), which in turn depends on their growth. Papst et al. 

(1992) suggested that in intensive aquaculture the stocking density is an important indicator 
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that determines the economic viability of the production system. In intensive larvae and fry 

culture, several factors influence survival, welfare, growth, and production for example 

feeding (Kerdchuen, 1992; El-Sayed, 2002), water quality (Brazil and Wolters, 2002), and 

stocking density (Sahoo et al., 2004; Rahman et al., 2005; Schram et al., 2006). The effects 

of stocking density on growth and survival have been studied on some African catfishes 

such as Clarias gariepinus (Haylor, 1992) and Heterobrancus longifilis (Ewa-Oboho and 

Enyenihi, 1999; Coulibaly et al., 2007). The effects of stocking density on Tilapia 

production as reported by Otubusin and Opeloye (1985) in floating Bamboo-net cages in 

Kigera III reservoir New Bussa, Nigeria, shows that fish growth generally decreased with an

increase in stocking density. The slow growth of the fish observed in the study may be 

attributed to low productivity of the Kigera III reservoir. Wannigamma et al. (1985) carried 

out an experiment using Sarotherodon niloticus in cages (at three stocking densities; 400, 

600 and 800/m3) fed varying crude protein levels for a period of four months; it was 

observed from his results that there was no significant difference in live weight gains and 

feed conversion ratios between stocking densities for a particular dietary crude protein level. 

Osofero et al. (2007) revealed that stocking density has an inverse relationship with level of 

protein intake which affects weight and growth of fish (Oreochromis niloticus). Growth is 

the manifestation of the net outcome of energy gains and losses within a framework of 

abiotic and biotic conditions. In fact, under crowded conditions at higher stocking densities, 

fish suffer stress as result of aggressive feeding interaction and eat less, resulting in growth 

retardation (Bjøernsson, 1994). Space is a factor which can be used to determine the fish 

growth rate in aquaculture (Otubusin, 2000). For family fish cage culture operations, an area 

of 500 m2 to 1,000 m2 water surface area is feasible.  High density aquaculture has been 
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described by the United States Department of Agriculture as the most intensive form of 

agriculture practiced on a large scale today. Cage culture is one of the most intense forms of 

aquaculture (Masser, 2008).                                                                                                                                                                                             

2.3 Cage Culture

Cage culture is an aquaculture production system where fish are held in floating net 

pens. Cage culture of fish utilizes existing water resources but encloses the fish in a cage or 

basket on all sides and bottom by materials that hold the fish inside while permitting water 

exchange and waste removal into the surrounding water (Masser, 2008). Cages are 

constructed in a variety of shapes using materials such as bamboo or wooden slats and wire, 

nylon and other synthetic meshes. Support structures can hold cages on the water surface or 

suspended above the bottom of a body of water (Beveridge, 1984). Cages are widely used in 

commercial aquaculture overseas and individual cage units come in all shapes and sizes and 

can be tailored to suit individual farmer’s needs. Cage units can be purchased through 

commercial outlets, but can also be made from readily available construction materials such 

as polypipe, bamboo, wood or/and steel. Cages can be used in both freshwater and marine 

environments. Modern cage culture began in the 1950s with the advent of synthetic 

materials for cage construction (Masser, 2008).

In Norway, cages were used to culture Atlantic salmon (Salmo salar) in the early 1960s;

in Scotland the whale fish Authority commenced salmon cage rearing trials around 1965.

Coche (1982) reported that cage culture practiced in inland waters had spread through the 

world to more than 35 counties in Europe, Asia, America and Africa, and that by 1978, more 

than 70 species of freshwater fish had been experimentally cultured in cages. Milne (1974)

reported that experimental cage fish farming started in 1954, and the commercial culture of 
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yellowtail, Seroila quinqueradiata followed three years later. Culture of tilapia in cages

(Oreochromis niloticus) is of a recent origin and owes its beginning to work carried out at 

Auburn University U.S.A in the late 1980’s (Schimittou et al., 1984). The Philippines are 

rated to be the second highest producer of tilapia fish in cages and pens, at 100,000 tons with 

production increasing annually (Roderic, 2000). Cages can be used in both freshwater and 

marine environments. The advantages and disadvantages of cages compared with other 

culture systems include: 

 They are practiced in existing water-bodies, whether marine, brackish or freshwater;

 Technical simplicity in the use of locally sourced materials with which farms can be 

established or expanded;

 Lower capital cost compared with land-based farms;

 The system permits higher stocking density (surface area per fish) of fish compared 

to the pond culture system;

 Easier stock management and monitoring compared with pond culture;

 The productivity of the system is much higher than the pond culture system 

considering the inputs and surface area (Chua and Teng, 1980).

Catfish farming had been traditionally practiced in many counties especially in Asia (Ling, 

1971). In Nigeria, cage fish culture was first practiced at experimental stage in Kainji Lake 

Research Institute  (Now National Institute for Freshwater Fisheries Research NIFFR) by an 

F.A.O. aquaculture expert in 1975 (Konikoff, 1975). Research work on cage culture was 

resuscitated in the 1980s at the institute (NIFFR) generating more practical information as 

reported in NIFFR (1989), ( Otubusin, 1985, 1987, 1988; Otubusin et al., 1991; Otubusin,

1992, 1993, 1997, 2000, 2001, 2002). These works contributed to more knowledge on cage 
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culture technology under the Nigerian environment. Lindergh (1979) reported that interest 

of cage fish culture in the United States had been stimulated by experiences of Doom-sea 

Farms Inc. of Bremerton, Washington.

2.4 Supplemental Feeding

Supplemental feed is a feed that does not completely satisfy the nutritional 

requirements of fish, but which supplements naturally available food. Supplemental feeding 

of fish increases fish production and allows for higher stocking densities. Unconsumed 

artificial diet in the culture system acts as fertilizer which helps to stimulate rapid growth of 

plankton population. Artificial feeding allows the farmer to observe behavior of the cultured 

fish during feeding regarding the level of feeding and health status. Supplemental feeding 

should have the benefits of promoting greater production in terms of yield per hectare and 

efficient growth of fish in an aquacultural system depends on feeding best feed at quantity 

not exceeding the dietary requirements (Banyigyi et al., 2001). ADCP (1983) reported that 

feed represents 40 – 60% of the total operating cost in intensive aquaculture but in order for 

the venture to be profitable, cost of feed should not exceed 20% of the farm gate value of the 

fish (Pullin Pers. Comm).

Sado (1989) reported that supplemental feeding allows the measuring of what 

quantity of feed in kilogram produces 1Kg of fish i.e. feed conversion rate, although it also 

depends on a number of other factors such as density of stocking, individual weight, age of 

fish, state of health, water temperature and method of feeding. According to Campbell et al. 

(1995) reporting on the large scale commercial cage farming of S. niloticus concluded that 

fish production was directly proportional to the amount of food given and Beveridge (1984) 



31

had suggested that yield from extensive cage culture are between 1% and 3% of primary

production.

Intensively cultured fish usually require high protein feeds and since feeds are normally the 

largest variable cost item in commercial production; the profitability of intensive 

aquaculture is closely related to the world supply and cost of feed protein (Hoffman et al., 

1997). Generally, increasing protein levels in fish diets can lead to improved fish production 

though it may be expensive. To evaluate the effect of stocking density on production 

performance with more precision, the performance index (PI) was calculated according to 

Zacharia and Kakati (2002); Mohanty (2004). This index was calculated by combining two 

responses such as growth and survival.

2.5 Nutritional Requirements

2.5.1 Protein Requirement

Dietary protein requirements of African catfish have been reported by several 

authors; Jamabo and Ockiya (2008) reported 40% crude protein for H. bidorsalis, Olufeagba 

(1999) recommended 45% for triploid H. longifilis, while Fagbenro et al. (1992) reported 

42.5% dietary protein requirement for H. longifilis.

In Clarias gariepinus, the protein requirement of fingerlings, juveniles and adult 

fish varies; for instance, the juveniles and fingerlings require more protein compared to the 

adult. Havler (1978) reported that the gross protein requirements are highest in initial 

feeding and that it decreases as fish increase in size. Machiels and Henken (1986), Ayinla

(1988) and Degani et al. (1989), concluded that Clarias gariepinus brood stock requires 

about 40% crude protein while the fingerlings and juvenile requires about 31-34% crude 

protein, Madu (1992) recommended 40% crude protein for C. anguillaris and Fagbenro et 
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al. (1992) recommended 40-42.5% for Heterobrancus bidorsalis. The quality of protein in 

any feed stuff is principally influenced by its amino acid composition (Ayinla, 1991) and 

this in turn induces its digestibility in the diet. Digestibility of some amino acids varies 

amongst ingredients. Fish utilizes both plant and animal proteins although the later is more 

nutritionally better. The more closely the dietary protein meets the qualitative requirement of 

indispensable amino acid by the fish, the greater its utilization. For cultured fish fry to grow 

at a maximum rate, it must have a diet in which half its digestible feed ingredients consist of 

balanced protein (indispensable amino acid). Ayinla (1991), stated that deficiencies in any 

of these ten essential amino acids will cause reduced appetite, reduced growth rate, disease 

or even death in fish. The ten indispensible amino acids needed for growth are arginine, 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, valine, threonine and 

tryptophan (NRC, 1993). Fagbenro et al. (2000) reported the estimated essential amino acid 

requirements in (g/kg protein) for Clarias gariepinus as argenine (445), histidine (21.5), 

isoleucine (30.6), leucine (52.2), lysine (57.0), methionine (18.3), phenylalanine (27.3), 

threonine (31.6) and valine (29.0). 

2.5.2 Carbohydrate Requirement

The carbohydrate-based feedstuffs are usually the cheapest source of energy for 

cultured fish due to their relative abundance. Buhler and Halver (1961) reported that 

relatively high levels of carbohydrates are tolerable by carnivorous fish and that dietary 

carbohydrate levels of around 20% may be optimal. Fiber has no nutritional value in feeds 

(Sado, 1989) apart from aiding the passage of food into the gut of fish. A dietary excess or 

deficiency of useful energy can reduce growth rate because energy needs for maintenance

and voluntary activity must be satisfied before energy is available for growth. Energy is a 
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nutritional requirement for the culture of animals. Failure to include adequate quantity in 

diet may result in reduced growth while excessive quantities of energy results in undesirable 

fat deposition or reduced feed consumption (NRC, 1993). 

2.5.3 Fats requirements

Lipids include free fatty acids, triglycerides, phospholipids, oils, waxes and sterols. 

All these lipids provide dietary energy which is about twice as much as the energy produced 

by carbohydrates and protein (Sado, 1989). Catacutan (1991) revealed that homoeothermic 

animals have dietary requirements for essential fatty acids. Dietary lipids are an important 

source of energy and the only source of essential fatty acids (EFA) in fish; only differs in

species and from age and size (Shepherd and Bromage, 1992).

Determining requirements for fatty acid is difficult for fish because the metabolic 

requirement is very small and fatty acids stored in the body or even carried over from egg 

yolk can influence performance of the experimental fish according to Lovell (1987).

2.5.4 Vitamins and Minerals

Vitamins are organic compounds required by fish in very small amounts for growth, 

metabolism of tissue nutrient and disease resistant. Vitamins are either fat or water soluble; 

water soluble are easily leached from pelleted feeds when they come in contact with water 

and they include thiamine, riboflavin, pyridoxine, pantothenic acid, nicotinic acid, biotin, 

inisitol, choline, folic acid, B-12 and ascorbic acid (Ayinla, 1991). In highly stocked cages, 

it is important to feed fish with complete diets since it is doubtful if the nutrient supply of 

natural food organisms in the water body will be adequate to meet the vitamin requirements 

of the fish.
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Mineral requirement of fish is similar to those of terrestrial animals. Fish require 

minerals in trace amounts for tissue formation and other metabolic activities. Most important 

minerals are calcium (Ca) and phosphorous (P) which must be supplied in sufficient 

quantities (Lall, 1991) although fish absorbs some of these minerals in water and reduce 

their requirement. Nevertheless, it is safer to supply adequate amount of calcium in the feeds 

to forestall possible deficiency symptom in fish. Comparably, P is lower than Ca in natural 

water so it does not occur in reasonable amounts. The most reliable source of phosphorous

for fish is through its diet (Sado, 1989). Aduku (1993) reported that blood meal, bone meal 

and limestone inclusions into feeds can effectively take care of the deficiency.

2.6 Water Quality parameters

Fish and other aquatic organisms such as shrimps and crayfish are known to be very 

rich in protein and the need to cultivate these in clean water in the locality is highly needed.

The need for clean water to raise this protein rich and most needed aquatic commodity 

cannot be overemphasized. The productivity of a given body of water is determined by its 

physical chemical and biological properties. The environmental properties of water need to 

be conducive for fish to grow well; therefore an ideal water condition is a necessity for the 

growth and survival of fish. The population density of organisms of any water system such 

as inland fresh water and lakes always vary according to the physico-chemical factors such 

as hydrogen-ion concentration (pH), dissolved oxygen (DO), conductivity, nutrients and 

temperature (Abolude, 2007).

2.6.1 Temperature (T0C)

Water temperature is one of the major environmental factors that affects and control 

food utilization at all levels and stages of fish growth. The suggested temperature ranges 
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from 200C to 300C while the lethal levels are from 20C to 420C. Fish are poikilothermic and 

water plays an important role in their feeding as it affects their metabolic activities, feeding 

potential, growth, survival, reproduction in all species of fishes (Dupree and Hunner, 1994) 

and efficiency of food conversion (Martinez-Placious et al., 1993).

Temperature has a pronounced effect on the rate of chemical and biological 

processes in water; for instance, fish require twice as much oxygen at 300C than at 200C

(Adeniji and Ovie, 1990). It is recommended that fish in the tropics be kept in water whose 

temperature range is between 250C and 300C (Auta, 1993). Sudden increase in temperature 

will stress or even kill fish and this has formed the basis for the acclimitation of fish (Adeniji 

and Ovie, 1990). Temperature has been found to affect the dominance and distribution of

phytoplankton in water as it influences the growth rates and mortality of zooplanktons and 

other organisms (Orchutt and Porter, 1983). Temperature is known to influence other factors 

such as Dissolved Oxygen and may affect organisms to varying degrees, depending on their 

sensitivity; thus fish survival in lakes depend on temperature and dissolved oxygen 

(Countant, 1987).

2.6.2 Dissolved Oxygen (DO)

Dissolved oxygen in water is very essential to life in the aquatic environment as it 

affects the physiology and distribution of the aquatic organisms. Nearly all aquatic 

organisms, with the exception of some bacteria must have oxygen to survive and most of 

these organisms must extract their oxygen from liquid water. The two main sources of 

oxygen into the aquatic environment are the atmosphere and photosynthetic activities of

aquatic plants. The ideal range of dissolved oxygen in the water must be at least 5mg/l, is 

required to sustain fish and other aquatic life in water bodies (Adakole, 2000). Insufficient 
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dissolved oxygen (DO) in a water system tend to cause anaerobic decomposition of organic 

materials in water thereby leading to the production of obnoxious gases such as carbon 

dioxide, hydrogen sulphides and methane which bubbles to the surface.  The physiology of 

aquatic organisms is such that they can tolerate only narrow ranges of temperatures, outside 

which they cannot function normally (Willoughby, 1976).

Kutty (1968) and Kutty and Sunders (1973) reported that Atlantic salmon stopped 

swimming when dissolved oxygen concentration remained below 5ppm but goldfish, tilapia 

and carps swim at oxygen level of 1- 2ppm. Inadequate dissolved oxygen has many effects 

on fish like reduced feeding; impaired growth and leading to fish becoming stressed thereby

becoming more susceptible to diseases. Cold water fish require large amounts of dissolved 

oxygen with a temperature range of 50C - 150C while, warm water fish with a temperature 

range of 200C - 400C are able to survive with low oxygen content. 

2.6.3 Hydrogen-ion concentration (pH)

The hydrogen-ion concentration (pH) of any water is the measurement of the acidity 

or alkalinity of that water body. It is usually measured on a scale of 0 - 14 with 7 being 

neutral. The effects of pH on the chemical, biological and physical properties of a water 

system, makes its study very crucial to the lives of the organisms in the medium. 

Freshwaters with a pH ranging from 6.5 - 9.0 have been known to be productive and

recommended as suitable for fish culture (Adeniji, 1986; Auta, 1993). Increase in acidity 

and alkalinity of any water body may increase or decrease the toxicity of poison in that

water; solar radiation and temperature accelerates photosynthesis, which in turn increases 

carbon dioxide absorption altering the bicarbonate equilibrium and producing OH- thus 

raising the pH (Branco and Senna, 1996). 
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Hynes (1974) observed that pH values of below 5 or above 9 are harmful to most 

animals. Within the normal range, according to Wuhramann and Woker (1982) and Krenkel 

(1974), pH has more influence on some poison. Chronic pH levels may reduce fish 

reproduction and are associated with fish die-offs (Stone and Thomforde, 2006). Adeniji and 

Ovie (1990) reported that acid and alkaline deaths points are approximately at pH 4 and 11

respectively.

2.7 Total dissolved solids (TDS) and Total suspended solids (TSS)

Total dissolved solids (TDS), refers to the inorganic substances that are dissolved in 

water while Dissolved solids are finely divided materials in suspension (organic or 

inorganic) particles that tend to screen out light from the bottom of a water body (Abolude, 

2007). These substances include carbonate, bicarbonate, chloride, sulphate, nitrate, calcium, 

sodium etcetera. When some of these substances are in suspension, they cause turbidity in 

the water, reducing photosynthesis, decreasing the amount of dissolved oxygen and affect 

the feeding habits of the organisms that depend on sight to catch its prey. A certain level of 

these ions in water is necessary for aquatic life (Stone and Thomforde, 2006). TDS and TSS

are parameters used in measuring the fitness factor and as a general measure of edaphic 

relationship that contributes to productivity within a water body (Ryder, 1965; Welcomme, 

1979).

Changes in TDS and TSS concentration can be harmful to the animal due to the 

density of the flow of water in and out of the organism’s cells. In fish, concentrations too 

high or low, may affect the growth of fish and death may result. Reduction in water clarity

can contribute to a decrease in photosynthetic activity combined with toxic compounds and 

heavy metals; may lead to an increase in water temperature (Murphy, 2005).
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2.8 Electrical Conductivity (EC)

Electrical conductivity is the ability of a water body to receive and conduct electrical 

current in correlation to its salt content. It is an indicator of the type and number of ions 

present or dissolved in water or in solution, which are almost proportional to the amount of 

dissolved matter. Freshwater fish thrive over a wide range of electrical conductivity. The 

desirable range is 100 – 2,000µSi/cm and the acceptable range, is 30 – 5,000µSi/cm (Stone 

and Thomforde, 2006). Lind (1979) reported that estimation of total ion in matter in a 

solution or water bodies is related to its fertility while, Ryder et al. (1974), reported that

electrical conductivity and mean depth of a reservoir could be used to calculate the potential 

fish yield of a lake. High conductivity is an indication of the presence of large amount of 

dissolved salts while, at low level major ions may be determine by the nature of the fauna

(Moss, 1993).

2.9      Water depth (Mean Depth)

The water depth or mean depth of any water body has a great influence in mixing 

and re-suspension form of the top sediments. In an aquatic system, the physical, chemical 

and biological elements changes with time and depth (Goldman and Horne, 1983). Carpet 

and Bechmann (1993) observed that lakes with large surface areas and fetch are particularly 

susceptible to changes in lights and sediment re-suspension. The transport of dissolved 

materials across the sediment water interface, as well as within the sediments, is an 

important factor affecting the chemical characteristics of lakes and reservoirs (Enell and 

Longfres, 1988).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 The Experiment Site

The study site is the Kubanni lake also called Ahmadu Bello University dam located 

approximately within latitude N 11o 11� and longitude E 07o 38� at an elevation of 2,200m 

above sea level and approximately 122m in width and a mean depth of 6m in Samaru-zaria, 

Kaduna state (Figure1). It is located within the premises of Ahmadu Bello University main 

campus. The lakes tributaries are the Samaru and Kampagi streams.

3.2 Experimental fish

Three hundred juveniles of Clarias gariepinus (Tuegels) were procured from 

Mairuwa farms in Funtua and transported to the Department of Biological Sciences Ahmadu 

Bello University, Zaria, in two 50 litres open plastic containers. They were acclimatized for 

three days in two concrete tanks and fed with coppens (an artificial pelleted floating feed 

containing 42% crude protein) twice daily, 8.00 - 9.00am in the morning and 5.00 - 6.00pm

in the evenings. 
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Figure 1. Map showing Kubanni Lake. 
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3.3 Experimental Cages    

3.3.1 Cage Construction and Setting

The experiment was conducted at Kubanni water reservoir in 6 floating bamboo net 

cages (1m3). Each cage was made up of a wooden frame lined with net (210/9, 12.7mm 

mesh size) and bamboo lattices walls with lockable lids. A cage usually has a roof and walls 

for protection against sun and rain. The bottom of the cages has an additional hapa (1.5mm 

mesh size) aside from being double net walled. Kuralon rope (No. 15) was used to attach to 

the upper side of each cage are two well sealed empty plastic kegs (20 litres) which served 

as floats. The cages were clearly labeled with numbers from one to six for identification.

Two units of floating bamboo poles (11m in length), were joined to another two units 

of 3 m lengths at right angles to give a 10 m x 2 m (L x B) apartment using 6� nails. These 

were the framework (Raft) for the cages. The raft were launched manually by carrying into 

the water and towed by both to the required site. The six cages were launched manually and 

dragged by boat to the floating bamboo raft, where they will be arranged at 0.5m spacing 

within the raft using Kuralon ropes to fasten them in place at the four top corners. The raft 

was anchored to site with a six 9 - inch concrete blocks at the four corners and middle (5m) 

with the aid of polypropylene anchor ropes to secure the cages and protect them from being 

swept away by wind or floods. A free board (above water space) of 0.2m was maintained in 

each of the cages throughout the duration of the experiment. The longest side of the cage is 

oriented perpendicular to the direction of the wind.

3.3.2 Experimental Layout

       The bamboo net cages were arranged in one row nested within a bamboo frame towards

the shore line (plate 1). The cages were anchored by means of Kuralon (No. 15) ropes. 
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Plate 1. Cage layout at the experimental site.



43

3.4 Experimental Design

The fish were conveyed to Kubanni reservoir and further acclimatized in the 

reservoir by placing them in plastic container in the water near the shore for two hours

before stocking. Each cage was stocked with Juveniles of 5.93 ± 0.23g average weight per 

fish replicated in a complete randomized design (CRD), randomly stocked at densities of 25, 

50 and 75 per cage corresponding to treatment I, II and III respectively (Bi-factorial 

designed).

3.5      Fish Feed and Feeding

The fish were fed with coppens, a floating pelleted diet (Table 1) at 5% total biomass 

per treatment for the first sixty days, then 1% for the remaining ninety days. The feed for 

each treatment and its replicate were weighed in separate nylon bags for on ward feeding. 

Fish were fed five days a week manually by administering the feed inside the cages on the 

water surface.

3.6 Fish Sampling

A 5m fiber glass canoe and a paddle were used for transportation to and from the 

experimental site. A life jacket was worn before entering the canoe. Sampling of fish was 

carried out once a month, early morning between 7.00am and 9.00am using a scoop net;

20% of the stocked fish in each cage were sampled out and weighed using a Philip top

loading balance (model SP). Immediately after weighing, the fish were returned to their 

respective cages. As the water level increased the position of the cages were adjusted to 

maintain a fairly regular 200cm water level in the cages.
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Table 1. Coppens: an Artificial Complete Floating diet

Feed Composition

Crude Protein………………….42%

Crude Fat………………………13%

Crude Fiber…………………….1.9%

Ash…………………………….9.5%

Phosphorus…………………….1.1%

NFE……………………………33.6%

Vit A……………………..15000iu/kg

Vit D3…………………….2000iu/Kg

Vit E………………………200mg/Kg

Vit C (stable)……………150mg/Kg

Copper……………………….5mg/Kg
(cupric sulphate pentahydrate)

Vit = Vitamins
NFE = Nitrogen free extract
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3.7 Fish Harvesting

The fish were harvested after 150-day culture period by moving the cages to the 

shore, one after the other. All the fish inside the cages were scoped out for mass weighing 

per cage and the total number of fish in each cage counted.

3.8 Growth Response

To determine the growth response of the fish, the following parameters were 

calculated:            

3.8.1 Mean Weight Gain (g) (MWG)

MWG = Wt2 – Wt1………………..………………....……………………………….………1 

Where Wt1 = initial mean weight of fish at time T1

Wt2 = final mean weight of fish at time T2

3.8.2 Feed Conversion Ratio (g) (FCR) (Hepher, 1988)

FCR = weight of feed given (g)   ………………...……….………………………….………2
   Fish weight gain

3.8.3 Relative Conversion Ratio (RCR) (Wannigamma et al., 1985)

RGR (%) = (Wf - Wi) x 100    …………………...………………………………….…..........3
    Wi

Wf = final average weight at the end of the experiment

Wi = initial average weight at the beginning of the experiment

3.8.4      Protein Efficiency Ratio (PER) (Wilson, 1989)

PER =    fish Weight Gain (g)   ………………………............................................…..........4
    Protein intake (g)
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Where;

  Protein intake = % protein in feed x total diet consumed  ………………………….............5
                  100

3.8.5      Specific Growth Rate (SGR) (Hepher, 1988)

SGR = 100 (Loge Wf – Loge Wi)    …………………………….…………………………….6           

        Time (days)

Wf = final average weight at the end of the experiment

Wi = initial average weight at the beginning of the experiment

Loge = Natural Logarithm reading

Time = Number of days for the experiment

3.8.6 Survival rate (%)

Survival Rate (%) = Number of fish that survived x 10………………………………...........7
Total number of fish stocked

3.8.7 Production (Kg/m3) (Osofero et al., 2007)

Production (Kg/m3) = Total weight of fish cropped @�500.00/Kg…………………………8
   Cost of feed + Cost of juveniles & cage

      

3.8.8    Production Index (Mohanty, 2004)

PI = survival rate  x  final weight (g) – initial weight (g).........................................................9
Duration of rearing period (days)

3.9 Water Quality Analysis (Water Parameters)

Physicochemical analysis of water was measured once a week during the duration of 

the study. The followings were tested for using HANNA instruments: HI-98129, HI-987130,

water temperature, hydrogen ion concentration (pH), electrical conductivity and total 

dissolved solids while dissolved oxygen (DO) was analysed using dissolved oxygen test kit 



47

HI-3810 following the manufacturer’s instructions. Water depth was measured using a 

calibrated bamboo pole.

3.9 Data Analysis

Data were analysed by One-Way Analysis of variance (ANOVA) (Snedecor and 

Cochran, 1982) and difference between means was examined using Duncan’s Multiple 

Range Test (Duncan, 1955). Correlation co-efficient was used to determine the relationship 

between weight gain and food conversion ratio, stocking density and growth, weight gain 

and protein efficiency ratio and production and food conversion ratio.



48

CHAPTER FOUR

4.0 RESULTS

4.1 Water Quality Parameters

4.1.1 Temperature 

The water temperature in all treatments ranged between 24.50 - 32.60C. The 

temperature of water in the cages was highest in May (32.60C) and a lowest (24.50C) in 

September (Table 2).

4.1.2 Hydrogen Ion Concentration (pH)

The hydrogen ion concentration ranged from 6.8 - 8.5. The pH (8.5) was highest in 

May and lowest (6.8) in October (Table 2).

4.1.3 Dissolved Oxygen (DO)

Dissolved oxygen (DO) during the culture period ranged from 4.6mg/l to 12mg/l. 

Dissolved oxygen (DO) increased from May to October, and the highest (12mg/l) was in 

September (Table 2).

4.1.4 Electrical Conductivity

The highest electrical conductivity (190µs/cm) was recorded in May and lowest

(45µs/cm) in August (Table 2).

4.1.5 Total Dissolved Solids (TDS)

The mean monthly total dissolved solids ranged between 24 - 95ppm. The highest 

(95ppm) was in May and lowest (24ppm) in August.
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Table 2. Mean of some Physicochemical Parameters of Water in all the Treatments for
the culture Period

PARAMETERS

MONTHS
COND

(µs/cm )
pH      DO

   (mg/l)
TEMP

(0C)
TDS

(ppm)
             MAY 190 8.5     4.8 32.6 95

JUNE 103 8.1     4.6            30.6 71

JULY 93 7.2     5.0            26.4 48

AUGUST 45 7.7     8.6            27.0 24

SEPTEMBER 50 7.2      12.0            24.5 27

OCTOBER 50 6.8      10.0            28.0 30

S.E.M ±22.65 ±0.26

      

±1.29            ±1.21 ±11.65

S.E.M = standard Error of Mean
pH = Hydrogen Ion concentration
TDS = Total Dissolved Solids
DO = Dissolved Oxygen 
TEMP= Temperaure
COND=Conductivity
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4.2 Growth Performance of Clarias gariepinus

The summary of the growth performance of Clarias gariepinus are shown in table 3, 

table 4 and figure2.

4.2.1 Mean Weight Gain (MWG)

The mean initial weight in all the treatments was 5.93±0.23g; range was between 5.4 

- 7.0g while the mean final weight ranged from 679g - 858g. the daily weight gain show an 

inverse relationship; as stocking density increased, the Treatment I (25 juveniles /cage) had 

the highest final mean weight of 828g then 774g in treatment II (50 juveniles /cage) and the 

least 693g was recorded in treatment III (75 juveniles /cage)(Table 4). Daily weight gain

was low in all treatment in the first 30 days, but gradually increased and the highest was 

recorded from day 60 - 90 in all the treatments (Fig. 2). There was no significant difference 

(P<0.05) in the daily weight gain in all treatments. There was a high correlation (r = 0.01) 

between the Daily Weight Gain and the Protein Efficiency Ratio, Feed Conversion Ratio

and Mean Weight (Table 5).

4.2.2 Relative Growth Rate (RGR)

Relative Growth Rate in all the treatments was high. Treatment I (14.71), followed 

by treatment II (12.95) and the least was in treatment III (11.11). There was significant 

difference (P � 0.05) in relative growth rate in all the treatments. The Specific Growth Rate 

decreased with increase in stocking density while. The highest value was 3.33% in treatment 

I, followed by 3.25% in treatment II and the least 3.14% was in treatment III (Table 3).
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4.3.0 Feed Utilization

Tables 3 shows the feed utilization of Clarias gariepinus at different stocking 

densities.

4.3.1 Food Conversion Ratio (FCR)

The analysis of the food conversion ratio, which expresses the efficiency of fish in 

converting food to flesh, was best in treatment III (3.43) while the least (4.99) was recorded 

in treatment II. There was no significant difference (P �0.05) in the FCR in all the 

treatments. Production was highest in treatment III (64.97Kg) followed by treatment II 

(48.34Kg) and the least (25.86kg) was recorded in treatment I (Table 3).

4.3.2 Protein Efficiency Ratio (PER)

Protein Efficiency Ratio was high (4.80) in treatment II and I, (4.79) while treatment 

III had the lowest (4.48). There was no significant difference (P �0.05) between the 

treatments (Table 3).

4.4 Survival Rate

The mean survival rate ranged between 99.33% and 100%. Cages 1, 2 and 6 had the 

highest survival rate followed by cages 5 and 4 while the lowest was in cage 3.

Fish escaped during sampling was first observed in cage 5 in the fourth month, while 

mortality was observed in all the treatments at the fifth month in cages 4 and cage 3.
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Table 3. Summary of the Mean Growth Performance at Different Stocking Densities of Clarias gariepinus cultured 
in Bamboo – Net Cages 

TRT (SD)
I WT                  

( Kg)

   F WT   
(Kg)

WTG
(Kg)

   
RGR 
(%)

SGR$
(% /day) FCR

  
SURV
(%)

DWG
(Kg/day)

PRO
(Kg/cage)

Water
depth (m) PER

I (25) 0.14 20.69 20.55 14.71 3.33 4.73 99.84 0.14 25.86 0.5 4.79

II (50) 0.3 38.67 38.37 12.95 3.25 4.99 99.67 0.26 48.34 0.5 4.80

III (75) 0.47 51.97 51.5 11.11 3.14 3.43 99.5 0.35 64.97 0.5 4.48

S.E.M 0.1 9.06 8.97 1.04 0.06 0.48 0.1 0.06 11.33 0 0.11

TRT = Treatment SD = Stocking Density PER = Protein Efficiency Ratio
IWT = Initial Weight FWT = Final Weight DWG = Daily Weight Gain
WTG = Weight Gain SGR = Specific Growth Rate FCR = Feed Conversion Ratio
S.E.M = Standard Error of Mean RGR = Relative Growth Rate PRO = Production
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Figure 2. Mean Growth rate (monthly weight gain) of The African Catfish (Clarias gariepinus) at Different stocking Densities in 
Bamboo net-cages for the culture period

TRT I= Treatment 1
TRT II= Treatment 2
TRT III= Treatment 3
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Table 4.  Mean Growth (Weight Gain) (kg/day) for Clarias gariepinus during the culture period 

Values with different superscript in the same column are significantly different at P�0.05

S.E.M = Standard Error of Mean

TREATMENTS

May June July August September October

I 0.14b 1.48c 7.50b 14.38c 16.18c 20.69c

II 0.30b 2.94b 14.00ab 26.75b 29.75b 38.39b

III 0.47a 5.58a 18.00a 35.88a 40.75a 51.97a

     

          S E M 0.10 1.20 3.06 6.23 7.11 9.56
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Table 5. Correlation Matrix of Growth Parameters of Clarias gariepinus during the culture period

IWT FWT WTG RGR SGR FCR SURV DWG PRO PER

IWT 1

FWT 0.99463** 1

WTG 0.99452** 0.99999** 1

RGR -0.99999** -0.9951** -0.99499** 1

SGR -0.99731** -0.98436** -0.98417** 0.99695** 1

FCR -0.78859** -0.72073** -0.71997** 0.78571** 0.83157** 1

SURV -0.99985** -0.99629** -0.99619** 0.99992** 0.99587** 0.77771** 1

DWG 0.99503** 0.99999** 0.99999** -0.99548** -0.98504** -0.72341** -0.99662** 1

PRO 0.99463** 1.00000** 0.99999** -0.99511** -0.98437** -0.72074** -0.99629** 0.99999** 1

PER -0.86099** -0.80373** -0.80308** 0.85860** 0.89598** 0.99173** 0.85196** -0.80603**
-

0.80375** 1
RGR= Relative Growth Rate SRG= Specific Growth Rate ** Significant at P�0.01
FCR= Food Conversion Ratio WTG= Weight Gain
PER= Protein Efficiency Ratio PRO= Production
IWT = Initial Weight FWT = Final Weight
SURV=Survival                                                                                 DWG=DailyWeightGaim
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Table 6. Summary of Cost Benefit Analysis.
TREATMENTS
I II III

Production period (days)

Stocking Density (per cage)

Net production (Kg/cage/150days)

Value of Fish @ �500.00/Kg

Feed Input (Kg)

Cost of feed/ Kg (�)

Cost of Feed used (�)

Cost of Fingerlings (�)

Cost of cage (�)

Total cost of Production (�)

Gross Profit (�)

Profit Index

150

25

25.86

12,930.00

10.22

313

3,198.86

500

416.70

4,115.56

8,814.44

3.14b

150

50

48.34

24,170.00

19.07

313

5,968.91

1,000

416.70

7,385.61

16,784.39

3.27a

150

75

64.97

32,485.00

27.47

313

8,598.11

1,250

416.70

10,514.81

21,970.19

3.09c

Values with different superscripts in the same row are significantly different at P�0.05 
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4.5 Economic Analysis

The profit index was significantly different (P<0.05) in all the treatments. The 

cost of producing six (6) bamboo net cages including cost of materials: red wood, nets, 

nails, ropes, floaters and bamboo, transportation and labour was eighteen thousand naira 

(�18,000.00) while the cost of procuring 300 juveniles of Clarias gariepinus at Twenty 

Naira per fish was six thousand naira (�6,000.00). The cost of using a cage for the 

duration of the experiment five (5) months was calculated based on life-span of the 

construction material used (bamboo) which gave �416.70 as the cost for all the 

treatments. The value of fish was based on current market price of �500.00/Kg for 

Clarias gariepinus as at the period of the experiment. The amount of feed used during 

the experimental period was determined by using the feeding adjustments recorded 

during each sampling period. Feed consumption increased as the stocking density 

increased. The cost of feed was based on the market price for coppens �4,700.00 as at 

the period of the experiment and cost per Kg per feed �313.00 was used to calculate the 

total cost of feed used in each treatment. The total cost of production was determined by 

the summation of the cost of using a cage, juveniles and cost of feed used, while the 

gross profit was determined by subtracting the values of the cost of production from the 

value of fish cropped per treatment (Table 6). The cost of production increased as the 

stocking density increased, a profit index of 3.27 in treatment II was highest while the 

least 3.09 in treatment III.
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CHAPTER FIVE

5.0 DISCUSSION

The survival of Clarias gariepinus ranged between 99.50 - 99.84% which was 

comparable to similar work done by Otubusin (2000) and Osofero et al. (2007) with a 

range of 98.5 – 99.5%.  The high survival rate recorded in all the treatments could be 

attributed partially to the physico-chemical parameters of the water body and also due to 

the good health condition of the fish. This result also indicates an inverse relationship 

between survival rate and stocking density; it was noticed that as the stocking density 

increases, the survival decreases. This could probably be due to stress experienced as a 

result of aggressive feeding behaviour where energy meant for growth is used up in

frenzy feeding activities. The low mortality (2.3% = 7 fish) recorded in this study is an 

indication of proper handling of experimental procedures, though death and escape of 

fish (during sampling) in cages cannot be ruled out (Secretan, 1979).

The water temperature range in this study falls within the ideal temperature 

required for catfish culture in fresh water. The temperature range of 24.5 – 32.6 also 

agrees with the work of Adeogun et al. (2004) on the culture of Heterobrancus and 

Heteroclarias in pond water.

The water pH range of 6.8 - 8.5 reported during the experiment falls within 

tolerable range for fish cultivation and also compares with the pH ranges observed by

Thomas and Michael (1999), khattab et al. (2000) and Otubusin and Olaitan (2001).

The dissolved oxygen of 8.3mg/l recorded in this study indicates that it was not 

limiting in the cages and similar value was reported by Otubusin and Olaitan (2001) in a 

similar work on Clarias gariepinus in bamboo net-cages.
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The growth and mortality of Clarias gariepinus cultured at various stocking 

densities were not initially affected by density but, the overall harvest productions in 

terms of final weight and size were directly related to the stocking density. As the 

stocking density increased, the weight gain decreased; this depicts an inverse 

relationship as was observed in similar works by Otubusin and Olaitan (2001). Growth is 

a manifestation of the net outcome of energy gains and losses within an environment. 

Weight gain is one of the important indices for measuring growth which was obvious

among the different treatments.

The feed conversion ratio in this study showed that treatment III had the best 

conversion ratio of 3.43 while treatment II had the lowest of 4.99; the ability of Clarias 

gariepinus to utilize feed nutrients at maximum biochemical efficiency allows for higher 

feed conversion ratio. This study shows that at higher stocking density fish expend more 

energy due to aggressive feeding than converting it to flesh. The overall weight gain at 

stocking density of 75fish/m3 cage was low and may be attributed to high energy being 

expended during feeding (aggressive feeding), whereas at lower stocking density

(25fish/m3), higher conversion to flesh and weight was obvious. The values of Food 

Conversion Ratio in this study shows that stocking density has an effect on the ability of 

fish to convert its feed into flesh and may also be attributed to the feeding technique, 

quality of feed and temperature variations. The feeding rate of 3% and 1% used in this 

study were attributed to the high productivity of Kubanni reservoir (Adakole et al.,

2003).

The Specific Growth Rate decreased with an increase in stocking density. The

growth rate of 3.2g/day observed in this study was lower than 4.2g/day reported for

Clarias gariepinus in net-cages by Otubusin and Olaitan (2001) and 7.3g/day as reported 

by Otubusin et al. (2004), but higher when compared with other culturing system like 
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concrete tank monoculture for hybrid catfish; 2.6g/day as reported by Salami et al.

(1993) and 0.012g/day by Egwui (1986) in home stead concrete tanks. This result is

similar to the findings by Otubusin (1997) who reported 3.28g/day for Clarias 

gariepinus in a polyculture study in net-cages. Growth rate according to Bowen (1982) is 

determined through the combined effects of quantity and food quality. The quality and 

quantity of a given food or feed is directly proportional to its ability to support growth. 

Fish production increased as the stocking density increased. The high production 

obtained in all treatments in this study could be linked to the favourable physico-

chemical condition of water and maximum utilization of feeds and design of the cages. It 

could also be attributed to the high crude protein content of the feed. 

In this study, the effect of stocking density on growth (SGR and DWG) and 

performance index (PI) was highly significant at higher stocking density, while there was 

no significant variation among SGR, DWG and PI. Production and final weight were 

positively correlated and highly significant at P<0.01. The mean production of 38Kg/m3

cage in this study indicates an optimum production performance at stocking density 

(Treatment II), where yield is significantly higher. In fact, under crowded conditions at 

higher stocking densities, fish suffer stress as a result of aggressive feeding interaction 

and eat less, resulting in growth retardation (Bjøernsson, 1994). This indicates that in

Clarias gariepinus fingerlings, stocking densities above 50 fish/m3 may delay growth. In 

a study on the influence of population stocking density in Clarias batrachus larvae 

reared in tanks, Sahoo et al. (2004) reported a similar effect of high stocking densities on 

growth and SGR.  This result suggests that, at lower stocking densities all larvae 

received adequate amounts of food, compared to those of higher densities. Higher 

stocking densities resulted in lower SGR.
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FCR decreased in high stocking densities. Food conversion ratio, production and 

weight gain were negatively correlated with stocking density in Clarias gariepinus

fingerlings. This result indicates that high stocking density reduced feed efficiency. 

Similar results have been reported in both Cyprinus carpio larvae (Jha and Barat, 2005) 

and Tor putitora larvae (Rahman et al., 2005). However, Haylor (1992) reported that the 

stocking density did not affect survival of Clarias gariepinus larvae reared in floating 

cages. 

The Profit Index for all treatments was significantly different at P�0.05 and this 

is reflected in the FCR and SGR of all the treatments. It is therefore apparent that 

biological and economic benefit will be achieved in intensive cage culture of Clarias 

gariepinus juvenile when stocked at 50/m3. The higher profit index in treatment II over 

the other treatment shows that the 50 fish per 1m3 cage may be economically viable in 

terms of final weight and size than 75/m3 cage for Clarias gariepinus when feed with a 

diet containing 42% crude protein.

Some encountered problems during the course of this study include algal growth

around the bamboo raft and cages. Fouling by algae is one of the major problems in cage

culture (Masser, 2008). There were also instances of weeds growing on the lid of the 

cages. The cages and weeds may have given the appearance of an ‘island’ from afar 

which attracted the birds. The faecal droppings of the birds may have acted as organic 

manure that assisted growth or even a secondary source of the weed. The presence of the 

birds and fish probably attracted the snake that was found on the cage. Birds and reptiles 

have been reported as pest and predators in cage culture ( Secretan, 1979). Strong winds

were encountered in August to September during the course of the study which generated 

strong currents that disturbed the bottom of the cages, resulting in stress and may have

contributed to the sudden sharp fall in the growth rate observed in that month (fish were 
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obviously stressed and therefore suffered a retarded growth) although growth improved 

subsequently and such disruption by strong winds have been reported by Beveridge

(1984).
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CHAPTER SIX

6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

The amount of researches concerning Clarias species has increased significantly

in the last years, including many areas of interest for aquaculture because of the high

importance of Clarias the world over. The stocking density still attracts attention because 

it aims at higher profit without significant losses in growth ratio and environmental 

quality. Furthermore, the growth of Clarias depends upon the stocking density, dietary 

protein quality, energy content of the diet, the physiological status of the fish, age, 

reproductive state, and the environmental factors such as temperature, salinity, etcetera.

It is important to take fish density into account when ranking families or progeny groups 

for growth performance where density is an important factor affecting growth and 

maturation. Also, fish density could affect the efficiency of food utilization where the 

number of fish stocked in a pond increases, the amount of feed available to each fish 

decreases. The African catfish, Clarias gariepinus high performance and survival in this 

study may be attributed to; the stocking density, cage design, feed used, feeding 

techniques, high protein content of diet, favourable physico-chemical parameter, high 

productivity of the water body and adherence to culture practices.

6.2 Conclusions

In conclusion, stocking density of 25 - 75 juveniles per 1m3 cages having a mean 

weight 5.9±0.23g was successfully. Stocking density of 50/m3 cage had the highest

economic return in this study in terms of final size and weight obtained. Therefore

commercial catfish cage culture in reservoirs and other water bodies which are abundant
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in the northern parts of Nigeria as a means of increasing the domestic production and 

allowing land meant for arable farming to boost the economy is encouraged. 

6.3 Recommendations

It is recommended that since wild-capture fisheries have declined and aquaculture 

has expanded, opportunities to increase fish cage production with the optimal utilisation 

of our water bodies mostly in the Northern region of Nigeria cannot be overemphasized. 

Cage culture is best recommended for artisan farmers during the off season period in 

Nigeria. Other recommendations are;

 There should be dissemination of information on the cage culture system via 

media, seminars, extension workers etcetera;

 Cage culture of other fish species for example, mono-sex tilapia;

 Polyculture of fish species in cages;

 The use of larger cage sizes and assessment of its economic returns;

 Regular maintenance of cage, security to avoid pilfering (theft).

Finally, there should also be legal considerations on the use of cages in private waters

and the regulatory authorities should develop policies towards cage culture.



65

REFERENCES

Abolude, D. S. (2007). Water quality and metal concentration in sediments and fish from 
                Ahmadu Bello University Reservoir, Zaria. Unpublished Ph.D Thesis. Ahmadu 
              Bello University Zaria Nigeria 264pp

Adakole, J. A. (2000). The effects of Diuretic, Agricultural and industrial effluents on 
              the water quality and Biota of Bindare stream, Zaria-Nigeria. Unpublished 
              Ph.D Thesis. Ahmadu Bello University Zaria Nigeria 256pp

Adakole, J. A., Mbah, C. E. and Dallah, M. A. (2003). Physicochemical Limnology of 
                Lake Kubanni Zaria Nigeria. In: Towards the Millennium Development Goals, 
              29th WEDC International Conference Abuja Nigeria.

ADCP: Aquaculture Development and Coordination Programme (1983). Fish Feeds and 
              Feeding in developing countries. ADCP/REP/83/18 pp.19 – 32. 

Adeniji, H. A. (1986). Some Limnological precautions for fish farmers. Kainji Lake 
              Research Institute Annual Report. pp 54 – 56.

Adeniji , H. A. and Ovie, S. I. (1990). A simple guide to water quality management in 
                fish ponds. Technical report series, N0. 23. National Institute for Fresh Water 
              Fishes Research (NIFFR), New Bussa. PP 1-10.

Adeogun, O. A., Fafioye, O. O., Olayeye, B. A. and Nigabili, G. O. (2004). The 
               relationship between some physico-chemical parameters and plankton 
                 composition on fish production in ponds. In: Araoye, A. A. (Ed). 2004 FISON    
               Conference Proceedings, FISON, Lagos, Nigeria. 

Adikwu, I. A. (1999). Aquaculture in Nigeria: Problems and Prospects. Journal of 
              Fishery Technology. 1:1: 16 - 27

Aduku, A. O. (1993). Tilapia feedstuff analysis table. Department of Animal Science, 
              Faculty of Agriculture, A.B.U, Zaria, Nigeria

Alatise, P. S., Ogundele, O., Eyo, A. A., Oludunjoye, F. (2006). Evaluation of different 
              soybean-based diets on growth and nutrient utilization of  Heterobranchus 
                longifilis in aquaria tanks. FISON Conference Proceeding. Calabar 13th-17th 
              Nov. pp. 255-262

Aksungur1, N., Aksungur1, M., Akbulut1, B. and Kutlu1, I. (2007). Effects of Stocking 
              Density on Growth Performance, Survival and Food Conversion Ratio of 
              Turbot (Psetta maxima) in the Net Cages on the Southeastern Coast of the 
              Black Sea. Turkish Journal of Fisheries and Aquatic Sciences 7: 147-152 

Auta, J. (1993). Water Quality Management in Fish Ponds. Proceedings of National 
              Workshop on Fisheries Extension Delivery. 2P



66

Ayinla, O. A. (1988). The Food and feeding Habit of African mud catfish Clarias    
                gariepinus (Burchell, 1822) caught from the wild. NIOMR Technical paper.

Ayinla, O. A. (1991). Fish feed and nutrition. Paper presented at the Fisheries Society of 
              Nigeria Symposium, 31st October 1991 at Giginya hotel, Sokoto. 12pp.

Bakare, E. (1968). Food and Feeding habits of Non-Chiclid fishes of the Middle Niger 
                with particular reference to Kainji Research Basin. Unpublished M. Sc. Thesis, 
              University of Ife- Nigeria.

Banyigyi, H. A., Balogun, J. K., Oniye, S. J and Auta, J. (2001). Growth performance 
              and feed utilization of Tilapia (Oreochromis niloticus) fed diet containing 
                toasted Bambara groundnut (Vigna subterranean) meal. Journal of Agriculture 
              and environment. 2: 1: 121 – 127.

Beveridge, M. C. M. (1984). Cage and Pen fish farming. Carrying capacity models and 
              environmental impact. FAO Fish. Tech. pap., (255) :131p.

Beveridge, M. C. M. (1987). Cage Aquaculture Fishing News Books Ltd. Farnham, 
              Survey England. 351p

Bjøernsson, B. (1994). Effects of stocking density on growth rate of Halibut 
              Hippoglossus hippoglossus L. reared in large circular tanks for three years. 
              Aquaculture, 123: 259–270.

Bolorunduro, P. I. (2006). The roles of Research Institute in improving the productivity 
              of Fish Farming in Nigeria. In: Proceedings of the National workshop on 
              Improving the productivity of Fish Farming in Nigeria ed. NPC pp 1 – 15.

Boujard, T., Labbé, L. and Aupérin, B. (2002). Feeding behaviour, energy expenditure 
                and growth of rainbow in relation to stocking density and food accessibility. 
              Aquaculture Research 33: 1233-1242

Bowen, S. H. (1982). Feeding, Digestion and Growth qualitative Consideration. In: The 
                Biology and Culture of Tilapias ed R. S. V. Pullin and R. H. Lowe-McConnell 
                ICLARM Conference Proceedings 7 ICLARM, Manila, Philippines. Pp 141-
              156.

Branco, C. W. C. and Senna, P. A. C. (1996). Relations among heterotrophic bacteria 
               cholorophyta total Phytoplankton, total Zooplankton and Physical and   
               Chemical features in the Paranoa Reservior, Basilia, razil. Hydrobiologia, 
             337: 171-181

Brazil, B. L. and Wolters, W. R. (2002). Hatching success and fingerling growth of 
                channel catfish cultured in ozonated hatchery water. North American Journal 
              of Aquaculture 64: 144-149.

Buhler, D. R. And Halver, J. E. (1961). Nutrition of Salmonoid Fishes Ix carbohydrate 
              requirements of salmon. Journal of Nutrition. 74: 307- 318



67

Campbell, D., Obuya, S. and Spoo, M. (1995). A simple method for small scale                
                 propagation of Clarias gariepinus in Western Kenya, Field Document No. 2,   
               FAO/TCP/KEN/4551, 27 pp. 

Carpet, G. L. and Bechmann, R. W. (1993). Wind re-suspension of sediments in Prairie 
               Lake. Canadian Journal of Fisheries and Aquatic Science, 41: 1763 – 1767.

Catacutan, M. R. (1991). Growth and fatty acid composition of Penaeus monodon 
                 juveniles fed various lipids. Israel Journal of Aquaculture  Bamidgeh. 43: 2: 
               47 – 56.

Chau, T. E and Teng, S. K. (1980). Economic production of estuary grouper 
               Epinnephelus salmoides Maxwell reared in floating cages. Aquaculture,
               20:187 – 228.

Coche, A. (1977). Premiers reslutats de I'elevage en cages de Tilapia nilotica (L.) dans le 
               lac Kossou, Cotes d'Ivoire. Aquaculture, 10, 109-140.

Coche, A.G. (1982). Cage culture of tilapias. p. 205-246. In: R.S.V. Pullin and R.H. 
                Lowe-Mc Connell (eds.). The Biology and Culture of Tilapias. In Proceedings 
               of the International Center for Living Aquatic Resources Management, 
               (ICLARM) Manila, Philippines 7, 432 p. 

Coulibaly, A., Ouattara, I. N., Koné, T., N’Douba, V., Snoeks, J., Gooré Bi, G. and 
                 Kouamelan, E. P. (2007). First results of floating cage culture of the African 
               catfish Heterobranchus longifilis Valenciennes, 1840: Effect of stocking 
               density on survival and growth rates. Aquaculture 263: 61-67

Countant, C. C. (1987). Thermal Preference: When does an asset become a liability? 
               Environ. Biol. Fishes, 18:161-172

De Graaf, G. J., Galemoni, F. and Banzoussi, B. (1996). Recruitment control of Nile 
               tilapia, Oreochromis niloticus, by the African catfish, Clarias gariepinus
               (Burchell 1822) and, the African snakehead, Ophiocephalus obscuris. I. A 
               biological analysis. Aquaculture, 1996. (In press). 

Degani, Ben Zvi, Y. and Levannon, D. (1989). The effects of different protein levels and 
               temperature on feed utilization, growth and body composition of Clarias 
               gariepinus (Burchell, 1822). Aquaculture, 76: 293 – 301.

Dupree, K. H. and Hunner, J. V. (1994). The status of warm- water fish farming and 
                 progress in fish farming research U.S. Fish and Wild life service, Washington, 
               D.C.,U.S.A.

Duncan, D.B. (1955). Multiple range and Multiple (F) test. Biometrics, 11: 1-12

Edward, P. and Damaine, H. (1988). Rural Aquaculture: Overview and Framework for 
               country reviews. RAP Pub. 1997/36. RAP/Fao. Bangkok.



68

Egwui, P. C. (1986). Yields of the African catfish Clarias gariepinus (Burchell), from a 
              low input, homestead, concrete pond. Aquaculture, 55: 87-91

El-Sayed, A. F. M. (2002). Effect of stocking density and feeding levels on growth and 
               feed efficiency of Nile tilapia Oreochromis niloticus. Aquaculture Research
              33: 621-626

Enell, M. And Longfres, S. (1988). Phosphorus in interstitial water: Methods and 
              dynamics. Hydrobiologia, 170: 103 – 132.

Engle, C. R. and Valderrama, D. (2001). Effect of stocking density on production 
                characteristics, coasts, and risk of producing fingerlings channel catfish. North 
              American Journal of Aquaculture 63: 201-207

Eroudo, E. S., Nnubai, C. And Nwaduke, F. O. (1993). Haematological studies on four 
              catfish species raised in water pounds, In: Nigerian Journal of Applied 
              Ichthyology, 9:250 – 256.

Essien, J. I. (1981). Fish farming in Cross-River state. In: proceedings of the first Cross-
              river fisheries Conference, Calabar, pp. 69-72

Ewa-Oboho, I. and Enyenihi, U. K. (1999). Aquaculture implications of growth and 
                variation in the African catfish: Heterobranchus longifilis (Val.) reared under 
              controlled conditions. Journal of Applied Ichthyology 15: 111-115

Fagbenro, O. A. and Sydenham, D. H. J. (1988). Evaluation of Clarias isheriensis Under 
                Semi – intensive Management in Ponds. Aquaculture Nutrition, 5 (3) pp 199-
              204.

Fabgenro, O. A., Balogun, A. M. and Anyanwu, C. N. (1992). Optimal Dietary Protein 
                levels for Heterobranchus bidorsalis fingerlings fed compounded diets. Israel 
              Journal of Aquaculture. 2: 10 - 15

Fabgenro, O. A., Adeparusi, e. O and Fapohunda, O.O. (2000). Feedstuff and Dietary 
              Substitution for Farmed fish in Nigeria. National Workshop on Fish Feed 
              Development and Feeding Practices in aquaculture.FAO - NSPFS – NIFFR

Fagbenro, O. A. Adeparusi, E. O. and Fapounda, O. O. (2003). Feedstuffs and dietary 
                substitution for the farmed fish in Nigeria. In; National Workshop on Fish Feed 
              Development And feeding practices in Aquaculture organized by FISON in 
              collaboration with NFFR and FAO Special programme on Food Security 
              (SPFS). A. A. Eyo (Ed), New Bussa, 15th – 19th Sept. Pp 60 – 72.

Food and Agricultural Organization (1980). Production Year Book, Italy, Rome. Vol. 2 
              pp. 46 - 58

FAO (1983). Freshwater Aquaculture in China. FAO Fisheries Technical paper 215.

FAO (1999). The state of World fisheries and Aquaculture. In 1998 Food and 
              Agricultural Organisation of the United Nations, Rome 112p



69

FDF (1990): Federal Department of Fisheries. Fisheries of statistics of Nigeria. Second 
               edition. Abuja (2005). Fisheries statistics of Nigeria. Abuja

FDF (2007). Fishery Statistics of Nigeria. Federal Department of Fisheries Publication. 
               Abuja, FCT, Nigeria. 11 – 24pp.

FOS (1997) Federal Office of Statistic: Facts and Figures about Nigeria. 1996 Processed 
               data, Lagos. Pp15, 17

Goldman, C. R. and Horne, A. J. (1983). Limnology. Mc Graw Hill, New York. 464pp.

Halver, J. E. (1978). Proteins and Amino Acids. Aquaculture Development and Co-
               ordination Programme. ADCP/REP/80/11: 32 – 40.

Haylor, G. S. (1991). Controlled Hatchery production of Clarias gariepinus (Burchell, 
                 1822): Growth and Survival of Larval at High Stocking Density. Aquaculture 
               and Fisheries Management 23: 303 – 314.

Haylor, G. S. (1992).controlled Hatchery production of Clarias gariepinus (Burchell, 
               1822). Growth and Survival of larvae and fry at high stocking density. 
               Aquaculture and Fisheries Management. 23; 303 – 314.

Hepher, B. (1988). Nutrition of Pond Fishes. Cambridge University Press. 388pp

Hoffman, L. C., Prinsloo, J. F. and Rukan, G. (1997). Partial replacement of fish meal 
                 with either soybean meal, brewers yeast or tomato meal in the diets of African 
               sharp tooth catfish Clarias gariepinus. Water SA, 23(2): p. 181.

Holm, J. C., Refstie, T. and Bo, S. (1990). The effect of fish density and feeding regimes 
                on individual growth rate and mortain rainbow trout (Oncorhynchus ykiss). 
               Aquaculture, 89: 3-4. 

Huang, W.B. and Chiu, T.S. (1997). Effects of stocking density on survival, growth, size 
               variation, and production of Tilapia fry. Aquaculture Res., 28: 165- 173.

Huissman, E. A. and Ritcher, C. J. J. (1987). Reproduction, Growth, Heat control and 
                 Aquaculture potentials of the African Catfish (Clarias gariepinus Burchell, 
               1822), Aquaculture 63: 1 - 14

Hynes, H. B. N. (1974). The Biology of pollutant waters. Liverpool, Liverpool 
               University Press. Cambridge. 202pp.

IDRC/SEAFDEC (1979). International conference on pen and cage culture of fish. 11 –
               22 February, Tigbauan, Iloilo, Philippines, SEAFDEC,164P.

Ita, E. O., Sado, E. K., Balogun, J. K., Pandogari, A. and Ibitoye, B. (1985). Inventory 
                 survey of Nigeria with special reference to ponds, lakes, Reserviors and major 
               Rivers. KLRI Technical Report Series. NO. 14, 51pp



70

Irwin, S., Halloran, J. O. and FitzGerald, R.O. (1999). Stocking density, growth and 
               growth variation in juvenile turbot (Scophthalmus maximus). Aquaculture, 
               178: 77-88.

Jha, P. and Barat, S. (2005). The effect of stocking density on growth, survival rate and 
                number of marketable fish produced of Koi carp, Cyprinus carpio vr. Koi, in 
               concrete tanks. Journal of applied Aquaculture 17: 84-102

Jamabo, N. A. and Alfred-Ockiya, J. F. (2008). Effects of dietary protein levels on the 
               growth performance of Heterobranchus bidorsalis Geoffrey-Saint-Hillarie) 
                 fingerlings from Niger delta. African Journal of Biotechnology. 7(14): 2483-
               2485.

Kerdchuen, N. (1992). L’alimentation artificielle d’un silure Africain Heterobranchus 
                 longifilis (Teleostei: Clariidae): Incidence du mode d’alimentation et première 
                estimation des besoins nutritionnels. Thèse de Doctorat, Université Paris 6, 
               France, 182 p

Khattab, Y.A.E., Ahmad, M.H., Shalaby, A.M.E. and Abdel-Tawwab, M. (2000). Response
                  of Nile tilapia (Oreochromis niloticus L.) from different locations to different 
                  dietary protein levels. Egypt. Journal of Aquat. Biol. Fish., 4(4): 295-311.

Konikoff, M. (1975). Feasibility of Cage Culture and Aquaculture Schemes at Kainji 
                Lake, Nigeria. Rome  FAO 1975.17P. (FI.NIR/66/524/18).

Krenkel, P. A. (1974). Sources and classification of water pollutants. In Industrial 
                  pollution. Sax, I. N.( Ed.). Published by Litton educational publishing, Inc. 
               7New York. Pp  197 – 219. 

Kutty, M. N. (1968). Respiratory quotient in Gold fish rainbow trout. Journal of fisheries
                society Research.Can 25: 1689 - 1728

Kutty, M. N and Sunders, R. L. (1973). Swimming performance of young Atlantic
                  salmon sakir as affected by reduced ambient oxygen concentration Journal of
                fisheries society Research. Bd 223 – 227.

Lall, S. P. (1991). Concepts in the formulation and preparation of a complete fish diet, p1 
                  – 12 W. S. S. De Silva (ed.) Fish nutrition research in Asia. Proceedings of 
               the forth Asian Nutrition Workshop. Asian Fish Soc. Publ. Asian Fisheries 
               Society. Manila, Philippines, 5: 205pp.  

Luchini, L. M. And Quiros, R. (1990). Cage Culture Of South American Catfish 
               (Rhamdia Sapo) Preliminary Results In The Salto Grande Reservoir 
               (Argentina). Instituto Nacional de Investigacióny Desarrollo Pesquero 
                 (INIDEP) C.C. 175, 7600 Mar Del Plata. Argentina Journal of Aqua. Trop., 
               5: 163-172 

Leatherland, J. F. and Cho, C. Y. (1985). Effect of rearing density on thyroid and inter-
renal gland activity and plasma and hepatic metabolite levels in rainbow trout,      
Salmo gairdneri Richardson. Journal of Fish Biology, 27: 583-592.



71

Le Cren, E. D. and Lowe-McConnell, R. H. (1980). The functioning of freshwater 
                  ecosystems. Cambridge, England. Cambridge University Press, International 
                Biological Programme. 22: 588p.

Lindbergh, J. M. (1979). The development of Commercial Pacific Salmon Culture 
                  Business_ In Advances in Aquaculture. T.V. R. Pillay and W.A.Dills (eds). 
                Fishing News Books Ltd, Farnham, Surrey pp. 441- 447.

Lind, O. T. (1979). A hand book of common Methods of water analysis for limnology.
                C.V. Moshy Publishers,St. Loius, U.S.A. 69pp.

Ling, S. W. (1971). Travel report visits to Taiwan and Hong Kong, FID/71/87. FAO. 
                Rome 11p.

Ling, S. W. (1977). Aquaculture in Southeast Asia. Seattle, Washington, university of 
                Washington press, 108p

Lovell, T. (1987). Nutrition and Feeding of Fish. An AVI Book, published by Van 
                Nostrand Reinhold, New York. 260pp.

Lovell, T. (1989). Nutrition and Feeding of Fish. An AVI Book, published by Van 
               Nostrand Reinhold, New York. 318pp.

Ma, A., Chen, C., Lei, J., Chen, S., Zhuang, Z. and Wang, Y. (2006). Turbot 
                  Scophthalmus maximus: stocking density on growth, pigmentation and feed 
                  conversion. (Abstract) Chinese J. of Oceanology and Limnology, 24(3): 307-
                312

Machiels M. A. M. and Henken, A. M. (1986). A dynamic simulation model for growth 
                of the African catfish, Clarias gariepinus (Burchell, 1822). In: Effect of   
                feeding level on growth and energy metabolism. Aquaculture 56, 29-52.

Madu, C. T. (1992). Optimum dietary protein level for the practical feed of mudfish, 
                  Clarias anguillaris fingerlings. In: Ayeni, J. S O. and A. A. Olatunde (eds.) 
                 Proceedings of the National conference on two decades of research on Lake 
                 kainji. National Institute for Freshwater Fisheries Research, New Bussa, Niger 
                state. Pp 138 -147

Martinez- Placious, C. A., Sanchez C. C. and Olvera, M. A. (1993). The potential for 
                 Culture of the American Cichlidae with emphasis on Cichlasma 
                  urophthalmus. In: Recent Advances in Aquaculture. Eds: J.F. Muir and R. J. 
                Roberts. Blackwell Scientific Publications. Oxford. 208p

Masser, M. P. (2008). Cage Culture: Cage Culture Problems. Southern regional 
                Aquaculture Center (SRAC – 165 – 2). http://osufacts.okstate.edu.

Milne, P.H. (1974) A visit to Japan’s Fish Farming Industry, Fish Farming Int., 1 (2) 38-
                  55. In Malocm M. B. (1991). Cage Aquaculture, the Dorset press, Dorchester. 
                21pp.



72

Miller, J. W. (2003). Inception of Fishing industry; An Overview of Artisanal Reefs and 
                Fish Aggregation devices for Increasing fisheries Output and Viability in 
                Nigeria. Proceeding of the 10th annual Conference FISON 1992. 230pp. 

Mohanty, R. K. (2004). Density-dependent growth performance of Indian major carps in 
                rain water reservoirs. Journal of Applied Ichthyology 20: 123-127

Moss, B. (1993). Ecology of freshwater – man and medium. 2nd edition. Blackwell 
                Scientific Publication. London. 417pp.

Muir, J. (1999). Aquaculture and poverty: full basket or empty promises? Perspective 
                   from the DFID Aquaculture research program. Paper presented at the fifth 
                 fisheries development donor consultation, 22 -24 February, FAO, Rome.

Murphy, S. (2005). General Information on Solids. BASIN Project. City of Boulder/Usas   
                 water Quality Monitoring. Accessed 27 September 2006 Via 
                 http://beniboulder.co.us/basin/indfexe.html

NIFFR (1989) Fish Cage Culture Technology. (S.O. Otunbusin, ed) NIFFER Training 
                   Series No.1. 138p National Institute for Freshwater Fisheries Research. New-
                 Bussa, Nigeria.

NRC (1983). Nutrient Requirements of warm water Fishes and Shellfishes, National 
                 Academic Press, Washington, D. C. 253pp.

NRC (National Research Institute) (1993). Nutrient Requirements of Fish. Committee on 
                Animal Nutrition. National Academic Press, Washington D. C. 114pp.

Nwadukwe, F. O. (1993). Including Oocytes Maturation, Ovulation and Spawning in the 
                 African Catfish Heterobranchus longifilis using frog pituitary extract.
                 Aquaculture fish management 24: pp 625- 630.

Okorie, P. U. (2003). Socioeconomic Appraisal of Cage Fish culture in Oguta Lake, 
                 Nigeria.Http://Aquacomm.Fcla.Edu/863/1/Fison2003_110-118.Pdf.

Okoye, F. C., Dada, A. A. and Amadi, M. (2007). Effects of stocking density on the 
                   growth rates of Clarias gariepinus in floating hapa system. In: Proceedings 
                of the National Conference of the Fisheries Society of Nigeria (FISON). 
                FISON, Lagos, Nigeria pp136-139

Olaosebikan, B. D. and Raji, A. (1999). Field guide on Nigeria Freshwater Fishes. Pp 52 
                 – 53.

Olufeagba, S. O. (1999). Induced Triploid in Heterobrancus longifilis (Valenciennes, 
                1840). Family (Clarridae) and its Aquacultural potentials (Ph. D. thesis 
                  submitted to the University of Ilorin) 166pp 



73

Orchutt, J. D. and Porter, G. (1983). Dual Vertical migration by 200 plankton. Constant 
                   and fluctuating temperature effects on life history parameters of Daphnia 
                 Limnol. Oceanogro, 28:720-730

Osofero, S. A., Otubusin, S.O. and Daramola, J. A. (2007). Effect of Stocking density on 
                 Tilapia (Oreochromis niloticus, Linnaeus 1757). Growth and Survival in 
                    Bamboo- Net Cages Trial. In: journal of fisheries International 2 (2): 182 –
                 185pp.

Otubusin, S.O. (1985). Preliminary Studies on Bamboo Floating Cage and Net enclosure 
                    Fish Culture in Kanji Lake Basin. Proc of the 4th Annual Conference of the 
                    Fisheries Society of Nigeria, African Regional Aquaculture Center (ARAC), 
                  Aluu, Port-Harcourt, Nigeria. 26th -29th Nov. 1985. Pp 113-128.

Otubusin, S.O. (1987). Effects of different levels of blood meal in pelleted feeds on            
                  Tilapia, Oreochromis niloticus. Production in floating bamboo net-cages. 
                  Aquaculture, 65: 263-266. 

Otubusin, S.O. (1988). Hybridization trials using Oreochromis niloticus and Srotherodon 
                 galilaeus in floating bamboo net- hapas in Kainji Lake Basin, Nigeria. 
                 Aquaculture 74: 233 – 237.

Otubusin, S.O (1989). Fish culture in cages, pens and encloses: A possibility of meeting 
                   the fish demand in Nigeria. In: 1989 Fisheries Society of Nigeria Conference 
                 Proceeding, A. D. Onyia and G.N. Asala (Eds). pp 9-15.

Otubusin, S.O (1992). Fish culture studies in Floating cages in Lake Kainji, Niger State, 
                   Nigeria. PhD dissertation, Ahmadu Bello University, Zaria, Nigeria. 411p.

Otubusin, S.O (1993). Commercial cage fish farming in Nigeria: the way forward. Paper 
                  presented at the Internal seminar of National institute for fresh water Fisheries 
                Research, New – Bussa. 27th October, 1993, 9p.

Otubusin, S.O. (1997). Cage culturability of some commercially important fish species in 
                 Lake Kainji, Nigeria Tropical freshwater Biology. 6:41-47. 

Otubusin, S.O. (2000). The effects of different feedstuff on tilapia, Oreochromis 
                    niloticus fry in floating net- hapa, Nigerian Journal of Science, Vol. 34 No. 
                 4: 377 - 379

Otubusin, S.O. (2001). Economics of Small Scale Table Size Tilapia Production in Net 
                  Cages ASSEST Series A Vol.1. No.   86 - 90.

Otubusin, S.O. (2002). Effect of broodstock (Male: Female) stocking density on fry 
                   production in Oreochromis niloticus in net-hapa. Nigerian Journal of 
                  Science. Vol. 36 No 2: 255 - 258.

Otubusin, S.O. and Opeloye, G. O. (1985). Studies on fish production using floating 
                     bamboo net- cages and hapa in kainji Lake Basin. K.L.R.I. Ann. Report. Pp 
                   82- 87. 



74

Otubusin, S.O. and Olatunde, A. A. (1992). Utilization of waste waters in fish 
                    production: preliminary results from fish culture studies in floating cages in 
                 a sewage pond, New Bussa, Nigeria. In Proceedings ofA the 10th Annual 
                   Conference of the Fisheries Society of Nigeria. A. A. Eyo and A. M. Balogun 
                 (Eds) pp 39-46.

Otubusin, S.O. and Olaitan, O. O. (2001). The production of cat fish (Clarias gariepinus) 
                   in floating bamboo net-cage system in Nigeria. ASSET Series A, Volume 1 
                 No 1:77-82.

Otubusin, S.O., Ayanda, J.O., Opeloye, G.O. and Asekome, I.G. (1991). Economic 
                    feasibility of cage fish farming. In: proceedings of the 4th Annual Seminar of 
                    the Committee of Directors of Rrsearch Institutes (CODRI), J.G. Tobor and 
                  B.I.O Ezenwa (eds) Nigerian Institutes of Oceanography and Marine
                  Research, Lagos 10th Dec.1991.pp.71-84.

Otubusin, S.O., Olaofe, O. O. and Agbebi, O. T. (2004). High yields and growth of 
                    catfish (Clarias gariepinus) in floating bamboo net cage system in Nigeria. 
                  Nigeria Journal of Science. Sci. Ass. Of Nig 12p.

Pantalu, V. R. (1979). Floating cage culture of fish in the lower Mekong River Basin. In 
                    Advances in Aquaculture, edited by T. V. R. Pillay and W.A. Bill. Farnham, 
                  surrey, Fishing News Book Ltd., for FAO, pp. 423 - 427

Papst, M. H., Dick, T. A., Arnason, A. N. and Engel, C. E. (1992). Effect of rearing 
                    density on the early growth and variation in growth of juvenile Arctic charr, 
                  Salvelinus alpines (L.). Aquaculture Fisheries Management, 23: 41-47.

Pullin, R. S. V. culture of herbivorous tilapias. In Proceedings from Intrenational
                  Conference on Development and Manadement of Tropical Living Aquatic 
                  Resources, Universiti Pertanian, Malaysia, August 2 - 5 (in press)

Rahman, M. A., Mazid, M A., Rahman, M. R., Khan, M. N., Hossain, M. A. and 
                     Hussain, M. G. (2005). Effect of stocking density on survival and growth of 
                     critically endangered mashseer, Tor putitora (Hamilton), in nursery ponds. 
                  Aquaculture 249: 275-284

Reed, W., Burchard, J., Hopson, A. J., Jennes, J. and Jaro, I. (1967). Fish and Fisheries 
                 of Northern Nigeria. Gaskiya Corporation. Zaria, Nigeria. 15pp.

Roderic, E. (2000). Worldwide scope for expansion for the ‘aquatic chicken’: fish 
                Farmer Vol. 14 No. 5 pp 13 – 16.

Reksale-gora, O. (1979). Fish cage culture in the town of Jambi, Indonesia. in 
                     Proceedings of the IDRC/Aquaculture Department SEAFDEC International 
                   workshop on pen and cage culture of fish. 11 – 22 February, Tigbauan, 
                   Iloilo, Philippines, SEAFDEC, pp 51 - 53



75

Ryder, R. A. (1965). A method for estimating the potential fish production of north 
               temperate lakes. Trans. Am. Fish. Soc., 94(3): 214-218.

Ryder, P., Ross, E. and Howarth, K. (1974). The Ecology of Runing waters. Liverpool 
                University Press. London. 318pp.

Sado, E. K. (1989). Feed and Feeding: Artificial fish feed formulation and nutrition, In: 
                 Fish Cage Culture Technology, NIFFR TRAINING SERIES No. 1. NIFFR, 
                New Bussa Nigeria pp46 – 71.

Sahoo, S. K., Giri, S. S. and Sahu, A. K. (2004). Effect of stocking density on growth 
                and survival of Clarias batrachus (Linn.) larvae and fry during hatchery 
                rearing. Journal of Applied Ichthyology 20: 302-305

Salami, A. A., Fagbenro, O. A. and Sydenham, D. H. J. (1993). The production and 
                 growth of clarrid catfish hybrids in concrete tanks. The Isreal journal of 
                Aquaculture Bamidgeh 45(1): 18-25.

Schram E., Van der Heul, J. W., Kamstra, A. and Verdegem, M. C. J. (2006). Stocking 
                  density dependent growth of dover (Solea solea). Aquaculture 252: 239-247

Schimttou, H. (1991) Guidelines for raising principally Omnivorous Carps, Catfishes and 
                    Tilapias in Cages suspended in freshwater Ponds, Lakes and reservoirs. In: 
                 Proceedings of the People’s Republic of China Aquaculture and Feed 
                 workshop. Akiyama, D., (Editor, 1989). American Soybean Association, 
                 Singapore. 24 – 42p. 

Schimttou, O. M., Codd, G. A. and Carmicheal, W. W. (1984). Toxic Blue Green Algae 
                  Blooms in Europe: A growing problem, Ambio 13: 244 – 247pp.

Secretan, P. (1979). Too much stock escapes from nets and cages. Fish Farming 
                International, 6 (3): 2 - 3

Shepherd, J. and Bromage, N. (1992). Intensive fish farming (Nutrition and growth). 
                Oxford Blackwell Scientific Publications. London (1992) 154 - 197

Skelton, P. (1993). A complete Guide to the Freshwater Fishes of Southern African. 
                Halfway House: Southern Book Publishers Ltd. 

Snedecor, G.W. and Cochran, W.G. (1982). Statistical Methods. 6th Edition, Iowa State 
                 University Press, Ames, IA, USA, PP.593.

Stone, N. M. and Thomforde, H.K. (2006). Understanding your Fish Pond. Water 
                   Analysis report. Co-operative Aquaculture/Fisheries Extension Programme. 
                 University of Arkansas. Pine Bluff. U. S. Department of Agriculture and 
                 County Governments C-operating. FSA - 9090. Pdf.

Teugels, G. G. (1982a). Preliminary Results of a Morphological study of five African 
                 species of the sub-genus Clarias (Pisces: Clarridae). Journal of Natural 
                 History 16 (3): 439- 464



76

Teugels, G. G. (1986). A systematic revision of the African species of the genus Clarias 
                  (Pisces: Clariidae). Annales Musee Royal de L’Afrique Centrale. Science 
                  Zoolgiques, 247: 1-199.

Thomas, P. and Micheal, M. (1999). Tilapia; Life History and Biology, SRAC 
                  publication NO. 283: 1-4pp

Vass, K. R. and Sachlan, M. (1954). Cultivation of common carp in running water in 
                  west java. Proc. IPFC, 6 (1 – 2): 87 - 96

Wannigama, D. N., Weerakon, D.E. M. and Muthukumarana, G. (1985). Cage culture of 
                   S. niloticus in Sri Lanka: Effect of Stocking Density and Dietary Crude 
                   Protein levels on Growth. In: Finish Nutrition in Asia. International 
                   Development Research Center Ottawa, Canada.

Welcomme, B. L. (1979). Fisheries ecology of floodplain rivers. Longman, London. 
                   317pp.

WHO/ FAO (1999). Development of food – based dietary Guidelines for the Western 
                      pacific Region, Manila. World Health Organisation Regional Office for the 
                   western Pacific, 1999. 380pp.

Willoughby, L.G. (1976). Freshwater Biology. Hutchinson and Co. of London, Art. 
                   Britain 410 PP

Wilson, R. P. (1989). Amino acid and protein requirement of fish. In:nutition and 
                   feeding in fish. Academic press London.

Wuhramann, K. and Woker, H. (1982). Experimental untersuchungen uber die   
                  Ammoniakund Blausaure Vergiftung. schweiz Z. hydrol.,11:210-244. In 
                  Adakole, J. A. (2000). The effects of Diuretic, Agricultural and industrial 
                  effluents on the water quality and Biota of Bindare stream, zaria-Nigeria.
                  Unpublished Ph.D Thesis. Ahmadu Bello University Zaria Nigeria 252pp

Zacharia, S. and Kakati, V. S. (2002). Growth and survival of Penaeus merguinensis 
                    postlarvae at different salinities. Israeli journal of Aquaculture Bamidgeh 
                  54: 157-162


