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Abstract 

 

Effect of stocking density on the culture of fingerlings of C. gariepinus has not been well studied 

in Ethiopia. Therefore, fingerlings of C. gariepinus were reared at four different stocking 

densities in glass aquaria to evaluate the effect of stocking density on survival rate, feed 

utilization and growth performance. Fingerlings (n=255) were stocked at a density of 10, 15, 25 

and 35 fingerlings/L in triplicates with mean weight of 35.52±1.23, 34.16±1.63, 35.66±0.37 and 

35.67±0.63g, respectively, for 12 weeks.  Gain in weight was recorded biweekly while water 

quality parameters except ammonia were recorded daily. An observation on behavioural 

condition of the fingerlings was also made. Temperature and pH ranged between 22.63- 22.950C 

and 7.08 to 7.23, respectively, while dissolved oxygen and ammonia ranged between 5.45-

5.60mg/L and 0.69-1.91mg/L, respectively. The corresponding value of salinity, TDS and 

conductivity ranged between 0.11 to 0.13, 0.16 to 0.18mg/L and 246 to 278µS/cm respectively. 

The survival rate of the fingerlings during the study period was 90, 86.66, 85.33 and 93.33% for 

treatment I, II, III and IV, respectively. Food Conversion Ratio was 2.51, 12.82, 6.23 and 6.65 

for treatment I, II, III and IV, respectively, and the best FCR was obtained for Treatment I (2.51) 

with the lowest stocking density. Condition factor ranged between 0.504 – 0.54 and it was not 

significantly affected by stocking density. Aggressiveness and escape attempts routinely occurred 

in treatments with lowest stocking density while surface swimming was higher at the highest 

stocking densities. The final mean weights (±S.E) of the fingerlings stocked at densities of 10, 15, 

25 and 35 fingerlings were 43.11±1.06, 36.16±1.84, 43.01±2.83 and 46.80±1.40g, respectively. 

The highest mean weight gain (11.13g) was recorded in treatment stocked with 35 fingerlings /L. 

Specific growth rate was 0.230, 0.067, 0.223 and 0.323%/day for treatment I, II, III, and IV, 

respectively. The corresponding value of mean daily growth rate was 0.02, 0.007, 0.07 and 

0.04g/day for treatment I, II, III and IV, respectively. The results revealed that fingerlings 

treated at the highest stocking density exhibited higher survival and growth rate than those with 

the lowest density. 

Key words; aggressiveness, C. gariepinus fingerlings, food conversion ratio, growth, stocking 

 density   
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     1. Introduction 

1.1. Background of the study 

 

The demand for fish is globally increasing with aquaculture becoming more important than 

capture fishery as the latter is declining or stagnated. Aquaculture is the farming of aquatic 

organisms in inland and coastal areas (FAO, 2007) and it has been differentiated from capture 

fishery in that it maintains ownership of the stock and there is deliberate human intervention at 

some point in the production cycle (Naylor et al., 2000).  

 

According to FAO (2016), total aquaculture production in 2014 was 73.8 million tons with an 

estimated first-sale value of US$160.2 billion and this has accounted for 44.1% of total 

production while it was 31.1% in 2004, 34.5% in 2006, and 36.9% in 2008. FAO (2016) also 

reported that total production from aquaculture has been increased at a rate of 8.8% per year 

since 1970, while output from capture fishery was stagnated. This increase in production from 

aquaculture was expected to grow given that global capture fishery was stagnated together with 

over exploitation and depletion of important species, increasing demand due to global population 

rise, increasing income and awareness of the nutritional value of aquatic foods. Therefore, it has 

been recognized as an important venture to meet human food fish demand and considered as the 

only viable alternative for meeting the increasing need for fish and seafood products in the future 

(NACA, 2010).  

 

It has also been stated that, aquaculture can become the most efficient way of producing quality 

animal protein where certain conditions are satisfied. Thus, the most important factors for 

success are, therefore, the selection of the right species to grow and its disease resistance ability, 

ease of obtaining fingerling and their ability to grow at high stocking density and considerations 

taken during mixing of feed ingredients so as to produce feed with adequate nutritional quality 

(FAO, 2007). According to FAO (1995), these and other factors must be addressed to realize the 

contribution of aquaculture to global fish production. FAO (2016) also reported that a total of 

580 species were farmed around the world and this number has been expected to increase at a 
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rate of 3% per year (Duarte et al., 2009) in which the dominance of the culture of finfish species 

was evident (i.e. out of 580 species cultured, 362 of them were fin fishes).   

 

The African catfish, which is the concern of this study, was the most widely distributed fish 

species (Skelton, 2001). The species is one of the best candidate fish species for aquaculture and 

has great contribution to the fishery of Africa (Viveen et al., 1986) and Ethiopia (Shibru Tedla, 

1973; Zenebe Tadesse, 1998). In Ethiopia, it is believed to occur almost in all water bodies 

containing fish (Shibru Tedla, 1973; Zenebe Tadesse, 1998; Elias Dadebo, 2009), and about 90 

% of the fish catch of Ethiopian fishery is from Oreochromis niloticus, C. gariepinus and 

different species of Barbs (Zenebe Tadesse, 1998). Therefore, C. gariepinus is both ecologically 

and economically among the most important fishes in Ethiopia. 

 

Culture of C. gariepinus has received considerable attention since the early 1970s and 1980s 

(Clay, 1981), but its aquaculture potential in Africa was realized for the first time in 1941 at 

Jonkershoek Fish Hatchery center in the Western Cape Province of South Africa (Richter, 1979). 

Although the species was confirmed as one of the most suitable species for aquaculture in Africa 

(Richter, 1979) and cultured for decades, the success story regarding total production from its 

culture has been limited. This might be primarily attributed to the absence of reliable production 

techniques for the reproduction and rearing of the species under practical farming conditions (De 

Graaf and Janseen, 1996). 

 

Ethiopia has more than 180 species of fish. About 153 valid species and sub-species of fishes 

belonging to 12 orders and 24 families have been reported by Abebe Getahun (2005), whereas, 

later 168-183 valid species of fishes were reported to be found in Ethiopian water bodies 

(Gobulstov and Mina, 2003) of which 37-57 were endemic to the country. There are also about 

10 exotic fish species introduced from abroad into Ethiopian fresh waters (Shibru Tedla & 

Fisseha H/Meskal, 1981). Out of this species the country owns fish species which have a 

maximum potential in captivity and are a promise in the aquaculture industry.   
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In Ethiopia, some studies in relation to the biological aspects of the species were conducted by 

Tesfaye Wudneh (1998); Leul Teka (2001); Elias Dadebo (2009); Elias Dadebo et al. (2011); 

Lemma Abera et al. (2014) and Demeke Admassu et al. (2015). However, scientifically proven 

published data on the effect of stocking density on survival rate, feed utilization and growth 

performance of fingerlings of C. gariepinus is still unknown despite the popularity of the species 

as a good candidate for culture while the focus is mainly on culturing of Nile tilapia (O. 

niloticus).  

 

This study was conducted due to the importance of stocking density in practical fish farming and 

thus it is an important factor that determines the economic viability of the production system 

(Papst et al., 1992). Inappropriate stocking density results in stress (Leatherland and Cho, 1985) 

and causes reduced growth (Grant, 1997). It is also noted that one of the mechanisms that helps 

to increase the production and growth rate of fishes in general and C. gariepinus in particular is 

through a reliable stocking density while feed problems and inadequate availability of seed for 

stocking remain other limiting factors to the industry.  

 

Therefore, it is important to optimize the stocking density for the species in aquaculture to design 

an efficient culture system and optimum husbandry practices so as to achieve a desired level of 

growth and production. Therefore, this work geared toward comparing the survival rate, feed 

utilization and growth performance of fingerlings of African catfish (C. gariepinus) at different 

stocking densities under dark condition so as to improve the efficiency of the species in 

aquaculture. 

1.2. Statement of the problem 

 

The survival and growth of fish were influenced by a number of factors that needs to be 

considered during the operation such as the provision of suitable feed with adequate nutritional 

quality, stocking density and suitable rearing environment. Like other African countries, 

Ethiopia’s fresh water bodies harbor the species of C. gariepinus which is suitable for 

aquaculture. Researchers have shown that C. gariepinus is among one of the most important and 

dominant species of fish in major landing zones in Ethiopia. However, the aquaculture potential 
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of the species in Ethiopia is not realized despite its ability to grow and withstand unfavorable 

environmental conditions such as poor water quality, high stocking density and limited feed 

supply. 

 

In addition, research centers give limited attention to produce fingerlings of African catfish 

artificially to disseminate to local farmers while the focus is primarily on the culture of O. 

niloticus. Therefore, it is needed to investigate the actual potential of wild collected fingerlings in 

relation to their survival rate, feed utilization and growth performance reared at different 

stocking densities.   

 

Therefore, it is worth noting that stocking density is an important factor that determines the 

maximum productivity and viability of the farming systems including the culture of African 

catfish. However, there is no published information on the effect of stocking density on survival 

rate, feed utilization and growth performance of African catfish fingerlings. Therefore, this study 

was conducted to investigate the survival rate, feed utilization and growth performance of 

fingerlings of African catfish (C. gariepinus) which were collected from the wild so as to ensure 

the productivity of farmers in aquaculture at different levels of intensity. Furthermore, the results 

of this research will be important to researchers and fish farmers at any level to ensure optimum 

production in catfish aquaculture by maintaining optimum stocking density.  
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    2. Objectives of the study 

2.1. General objective 

 

The general objective of this study is to generate scientific information on the survival rate, feed 

utilization and growth performance of fingerlings of African catfish (C. gariepinus) at different 

stocking density which could be scientific basis for catfish aquaculture development. 

2.2. Specific objectives 

 

• To assess the ambient water quality parameters for the culture of fingerlings of African 

catfish (C. gariepinus). 

• To compare the survival rate of the fingerlings of African catfish (C. gariepinus) at 

different stocking densities.   

• To investigate the food conversion ratio and protein efficiency ratio of the fingerlings of 

African catfish (C. gariepinus) at different stocking densities. 

• To determine the growth rates of the fingerlings of African catfish (C. gariepinus) at 

different stocking densities. 

 

2.3. Research questions 

 

➢ Does C. gariepinus stocking density significantly affect water quality? 

➢ What is the response of fingerlings of African cat fish (C. gariepinus) in relation to feed 

utilization reared at different stocking densities? 

➢ Is there any significant difference in survival rate and growth performance among 

fingerlings of African catfish (C. gariepinus) reared at different stocking densities?   
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2.4. Hypothesis 

 

Null Hypothesis (H0): 

 

 The water quality parameters recorded during the experimental period are not 

significantly affected by stocking density.  

 

 Fingerlings of African catfish (C. gariepinus) show similar performance in survival rate, 

feed utilization and growth performance throughout the experimental period regardless of 

differences in stocking density.  

 

Alternative Hypothesis (Ha): 

 

 The water quality parameters recorded during the experimental period are significantly 

affected by stocking density. 

 

 Fingerlings of African catfish (C. gariepinus) do not show similar performance in 

survival rate, feed utilization and growth performance throughout the experimental period 

due to differences in stocking density.  

 

2.5. Limitations of this study 

 

 Although fish seed could be collected from the wild, the system is seasonal, unreliable 

and laborious and above all the viability of such seed could not be assured. 

 

 Eventhough this research was conducted under dark condition where the experimental 

aquariums were covered with a black plastic sheet with the notion that growth 

performance of African catfish was well improved under this condition, again the final 

result obtained was affected by lack of experimental data collected from light growing 

condition. This limitation actually arises from lack of adequate experimental aquariums. 
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    3. Review of Related Literature  

3.1. Biology of African Catfish 

 

The African catfish (C. gariepinus) which is also referred to as sharptooth catfish, given their 

fine and pointed bands of teeth (Skelton, 1993) belongs to the family Clariidae and is a native 

fish species in Africa and the Middle East (Spataru et al., 1987). It is a widely distributed fish 

species in Africa from the Nile and Niger River system to southern Africa in the Orange-Vaal, 

Okavango and Cunene River systems, and East African rift valley lakes (De Moor and Bruton, 

1988; Picker and Griffiths, 2011) and in Ethiopia it is believed to occur almost in all fresh water 

bodies (Shibru Tedla, 1973; Zenebe Tadesse, 1998; Elias Dadebo, 2009). It has also been 

introduced and commercially cultured in several countries in Europe (Netherlands, Germany and 

Belgium), Asian countries (Indonesia, Thailand and Malaysia) and South America (Brazil) 

(Hepher, 1988). 

 

Clarias gariepinus is characterized morphologically by the absence of scale with smooth skin 

and soft ray fin, bony head, dorso-ventrally flattened and elongated body (Idodo-Umeh, 2003). 

They have strong pectoral fins with spines that are serrated on the outer side (Teugels, 1986).   

 

Their colour ranges from dark grey to black dorsally and cream coloured ventrally (Skelton, 

1993). However, exposure to light affects their colour and thus they attain lighter color when 

exposed to light conditions. In some modification, some of them show band of pigmentation on 

both sides and irregular black spots (Idodo-Umeh, 2003). The mouth is quite large and sub-

terminal (Teugels, 1986; Skelton, 1993). They have teeth which are vomerine, granular, fine and 

are arranged in rows (Skelton, 1993).  

 

The species have an organ which is enclosed in special pocket attached to the second and fourth 

gill arches and is responsible for the ability of the species to live out of water for longer period of 

time (Haylor, 1993).  
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Plate.1. Photograph showing the air breathing organ of African catfish 

  

These arborescent or cauliflower-like structures are supported by cartilage and covered by highly 

vascularized tissue which can absorb oxygen from atmospheric air (Moussa, 1956) (Plate 1).   

3.2. Habitat Requirement of the African catfish   

 

The African catfish is a tropical fish occurring in fresh water habitats (Skelton, 2001) including 

quiet water bodies like lakes, ponds and pools (Teugels, 1986) and prefer rather shallow and 

swampy areas with a soft muddy substrate and calmer water (Seegers, 2008). Pienaar (1968) 

reported that, they are one of the last species to live and thrive in such uninhabitable habitats. 

They also spend some time on the surface by secreting mucus and burying themselves in the 

muddy substrate of a drying body of water in order to avoid desiccation (Skelton, 1993).   

3.3. Food and Feeding Behaviour of African Catfish   

 

Feeding is a complex behaviour of animals including fish. Different fish species have different 

mode of feeding. Along with physiological and feed factors, the feeding behaviour of fish has 

also been affected by environmental factors. According to Helene and Richard (2006), the 

Physico-chemical parameters of the water including the nature of the habitat (natural or 
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captivity), stocking density and the environmental photoperiod are some of the environmental 

factors that enormously affect the feeding behaviour of fishes.   

 

A number of researches on the feeding habit of African catfish (C. gariepinus) in African water 

bodies have been documented (Willoughby and Tweddle, 1978; Tesfaye Wudneh, 1998; Elias 

Dadebo, 2009) and they agreed that, the species have a wide variety of food items in expanded 

niches. However, a uniform pattern has not emerged with regards to the natural dietary 

composition of the African catfish. It is regarded as opportunistic omnivore or predator 

(Teugels,1986; De Graaf & Janssen, 1996), feeding on a large variety of plant and animal 

materials like weed, planktons, small insects, small fish, crustaceans, snails and worms (Hecht et 

al., 1988) and also take in young birds, rotting flesh and plants (De Moor and Bruton, 1988).  

 

According to Elias Dadebo (2009) the species has an ability to efficiently utilize and/or shift 

diets toward alternative food sources available when prey animals become scarce. Lauzanne, 

(1988 in Ponzoni and Nguyen, 2008) also reported that they can take almost anything that can fit 

into their mouth. Adoption of mode of feeding in African catfish depends on the availability of 

food which in turn was determined by the percent composition of natural food available in the 

system (Bruton, 2010). However, adopting a particular type of mode of feeding was adaptable. 

For example, catfishes in ponds including tank have been observed to snatch sinking pellets 

before they reach the substratum (Agbabiaka, 2010).  

 

Most of the time they feed at night on a wide variety of prey and it is estimated at about 70% 

(Hossain et al., 1999). Murray (1975) studied the feeding habits of C. gariepinus in Lake 

McIIwaine (Zimbabwe) and found that feed composition changes as fish became larger. Bruton 

(2010) recorded over 40 prey species in the stomachs of C. gariepinus in Lake Sibaya (South 

Africa) with fish contributing 75 percent, and Spataru et al. (1987) in Lake Kinneret (Israel) 

found that 81 percent of the dry weight of the diet was contributed by fish. On the other hand, 

Hecht (2000) found that zooplankton becomes more important in the diet with increasing size. 

This simply illustrates the extraordinary ability of the species to switch diet.  
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3.4. Reproduction Biology of African Catfish  

 

The African catfish undertake lateral migrations from the larger water bodies in which they feed 

and mature at about the age of 12 months, to temporarily flood grassy marginal areas during the 

period of breeding (Witte and de Winter, 1995). This reproductive migration typically takes 

place shortly after the onset of the rainy season. According to De Moor & Bruton (1988), the 

reproductive migration is carried out in shoals. Predictive cues for gonadal maturation include 

increasing temperature, photoperiod and electrical conductivity, while proximate cues for final 

maturation are associated with rising water levels (De Graaf and Janssen, 1996; Legendre and 

Jalabert 1988 in Ponzoni and Nguyen, 2008). Therefore, they show a seasonal cycle of gonadal 

maturation which is usually associated with the rainy-dry season cycle.  

 

Courtship, spawning and egg laying takes place at night often after rain (Bruton, 1979) and the 

eggs are laid in the vegetation found in temporarily flooded areas (Skelton, 1993).   There is no 

parental care for the young (Hecht et al., 1988) and hatching usually occurs after 24-36 hours of 

egg laying (Bruton, 1979).    

3.5. Water quality and the African catfish 

 

Water quality in its broader sense is the sum total of the physical, chemical and biological 

characteristics of a water body (Boyd and Lichotkoper, 1990). It is determined by various 

physico-chemical and biological factors, as they may directly or indirectly affect its quality and 

consequently its suitability for the distribution and production of aquatic organisms (Moses, 

1983).  

 

Fish in this case are physically supported by water in which they carry out their life functions 

such as feeding, swimming, breeding, digestion and excretion. Therefore, if maximum growth 

and production in fishery is required, the quality level of the water used for the growth of fish 

must be optimal.  
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The optimum production in fisheries sector is mainly dependent on the physical, chemical and 

biological qualities of water (Bhatnagar and Devi, 2013). Huct (1986) also added that the 

productivity of aquaculture sector is determined by the physico-chemical characteristics of the 

water body hence any deviation from the optimum level affects the survival, growth and 

productivity of the fish (Jhingram, 1985). Therefore, the success or failure of a fish cultural 

operation is determined to a large extent by the quality and quantity of water available (Piper et 

al., 1982). Therefore, careful monitoring of the water quality parameters were necessary not only 

to know, manage and maintain conditions within acceptable limits (Boyd and Lickotcoper, 1990) 

but also important to increase productivity and protect the health of the environment.  It is known 

that different organisms have different range of tolerable limit to the quality parameters of water 

(Boyd, 1989) and a sharp drop or an increase within these limits has adverse effects on their 

body functions (Ehiagbonare and Ogundiran, 2010).  

 

The African catfish can endure extremely harsh conditions (De Moor and Bruton, 1988; Skelton, 

2001). They possess physiological adaptations which enables them to tolerate extreme 

environmental conditions (Teugels, 1986). They are able to tolerate very low oxygen 

concentrations and even survive for considerable periods out of water, via the use of a 

specialized supra-branchial organ (Skelton, 2001) provided this supra-branchial organ remains 

moist. This organ is a large paired chamber (Plate 1) with branches above the gill arches 

specifically adapted for air breathing (Bruton, 2010) and allows it to move over land even when 

not forced to do so by drought. Good water quality is, therefore, characterized by adequate 

oxygen, optimum pH, proper temperature, limited levels of metabolites and other environmental 

factors that have a direct or indirect bearing on the cultured fish. 

3.5.1. Temperature  

 

Temperature is one of the most important physical variable affecting the metabolic rate of fish 

and is therefore one of the most important water quality attributes in aquaculture (IEPA, 2001). 

According to Bhatnagar and Devi (2013), fishes are cold blooded animals whose body 

temperature was governed by their surrounding environment and hence their metabolism and 

physiology was ultimately affected by their environment.       
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Temperature has a direct effect on important factors such as growth, oxygen demand, food 

requirements and food conversion efficiency. Thus, optimum food consumption for maximum 

growth is temperature dependent. Although different organisms have different tolerable limit for 

temperature, it still remains the major metabolic modifier in aquatic organisms. Therefore 

optimum temperature conditions will depend on the species of fish that is cultured and the 

condition will need to be met to ensure optimal growth and survival of the cultured species. 

However, Afzal et al. (2007) reported that, a temperature range of 25-320C was optimum for the 

growth of fish and other aquatic organisms especially in the tropics. The best temperature range 

for optimum production in Clarias species is at about 25-310C (Adeniji and Ovie, 1982). 

However, Teugels (19860) reported that Clarias species exhibit high growth rates between 25 

and 33 °C, with optimum growth recorded at 30°C. Its growth rate increases with increasing 

temperatures which offers it a competitive advantage over other fishes under the conditions 

where environmental conditions are not suitable (Teugels, 1986; Skelton, 2001). The ability of 

the fish to be able to tolerate these extreme conditions allows it to survive even in moist sand or 

in burrows with an air-water interface (Van der-Waal, 1998).   

 

3.5.2. Dissolved Oxygen (DO)  

 

Dissolved oxygen is an important environmental parameter which is responsible to affect both 

the chemical as well as the biological reactions in a water body. It is primarily important in the 

process of respiration and metabolism thereby affects growth, survival, distribution, behaviour 

and physiology of fish, shrimps and other aquatic organisms (Solis, 1988). Therefore, the 

depletion of oxygen in a water body results in poor feeding of fish which leads to starvation, 

reduced growth and finally end up with mortality either directly or indirectly (Bhatnagar and 

Garg, 2000).   

Although different species of fish respond differently to dissolved oxygen levels in water a 

common generalization about oxygen requirements for aquaculture is that the minimum level of 

DO should be greater than 5 mg/L for growth of warm water fish and 6 mg/L for coldwater 

fishes as their optimum temperature. Svobodova et al. (1993) also added that at low level of 

dissolved oxygen fishes are unable to assimilate the food consumed. Therefore, these minimum 
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values of dissolved oxygen levels set for warm and cold water fish species are the minimum 

requirements to ensure healthy growth, tissue repair and reproduction (Svobodova et al., 1993).   

 

The average amount of dissolved oxygen level in order to achieve average or good production of 

fish is well reported to be above 5 ppm (Bhatnagar and Garg, 2000; Ekubo and Abowei, 2011) 

and Ufodike and Garba (1992) reported that, a minimum constant value of 4.0mg/L of DO is 

adequate for most species and stages of aquatic life.  

However, Bruton (1979) reported that Clariidae rely on atmospheric oxygen for about 50% of 

their needs, which increases to 80-90% under low dissolved oxygen conditions. However, 

juveniles are dependent on dissolved oxygen for about 90% of their need, which is apparently 

due to underdeveloped nature of their supra-branchial organs (Lévêque and Quensière, 1998 in 

Ponzzoni and Nguyen, 2008) and they also occasionally gulp air through their mouth (De Moor 

and Bruton, 1988).  However, catfishes which are capable of gulping atmospheric oxygen can 

survive in low dissolved oxygen concentration as low as 4 mg/L (Santhosh and Singh, 2007). 

3.5.3. pH 

 

pH is the measure of the hydrogen ion concentration in soil or water. It is an indicator that 

determines the quality of water required for aquaculture production. The range of optimum pH 

values for aquaculture as recommended by Bhatnagar and Devi (2013) and Huet (1972) should 

be between 6.5 and 9.  According to Boyd (1989), the pH of most productive natural waters that 

are unaffected by pollution is normally in the range of 6.5 to 8.5 at sunrise, typically closer to 7 

than 8. However, wider range of pH is tolerated by African catfish (Safriel and Bruton, 1984; 

Huisman and Ritcher, 1987; Agbabiaka, 2010).  

  

Aquatic organisms are affected by pH because most of their metabolic activities are pH 

dependent (Wang et al., 2002). It can cause stress, increase susceptibility to disease and poor 

growth. Signs of sub-optimal pH include increase mucus on the gill surfaces of fish, damage to 

the eye lens, abnormal swimming behaviour and can even cause death (Wang et al., 2002). 

Fishes can become stressed in water with a pH ranging from 4.0 to 6.5 and 9.0 to 11.0 and death 

is almost certain at a pH of less than 4.0 (Acid death point) or greater than 11.0 (Alkaline death 
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point) (Ekubo and Abowei, 2011). Extremely high or low pH values cause damage to fish 

tissues, especially the gills, and haemorrhages may occur in the gills and on the lower part of the 

body.     

3.6. Stocking Density and Its Effect on Survival and Growth of     

 African Catfish 

 

Stocking density is normally being referred to as the weight of fish per unit volume or per unit 

volume in unit time of water flow through the holding environment (Ashley, 2007). It has been 

known to have a profound influence on growth, survival and behaviour of fish (Engle and 

Valderrama, 2001; Boujard et al., 2002) and hence affects its production. For example, oxygen 

depletion and accumulation of various metabolites are the major problems associated with 

stocking at high density. The decreasing trend of dissolved oxygen in tanks with high stocking 

densities would be attributed to the gradual increase in biomass, resulting in higher oxygen 

consumption at varied stocking densities (Boujard et al., 2002). In many cultured fish species, 

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

and food (Haylor, 1993). 

 

According to Lovell (1989), factors that affect the growth of fishes of any species are stocking 

density, dietary protein quality, energy content of feed, physiological status of fish (age and sex), 

environmental variables, farming conditions and food availability. Stocking density is an 

important indicator that determines the economic viability of the production system (Paps et al., 

1992). The effect of age on the growth and survival of different species varies and it was found 

that aggressive interactions and cannibalism are mainly found in early life stages of a number of 

fish species. For example, studies on African catfish larvae have shown negative effects of 

increasing density, reflected by decreased growth performance and increased cannibalism (Hecht 

and Appelbaum, 1988; Hossain et al., 1998) while juveniles showed a positive effect of 

increasing density, reflected by increased growth performance and decreased aggression (Hecht 

and Appelbaum, 1988; Kaiser et al., 1995; Hecht and Uys, 1997; Almazán-Rueda, 2004).   
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The relationship between stocking density, growth and survival of different fish species may not 

always be either uniform, positive, negative or linear (Kikuchi et al., 2006). High densities have 

been shown to reduce the survival of Nile tilapia (Yi et al., 1996) and Tiger puffer (Kikuchi et 

al., 2006). Furthermore, reduced feed intake, feed conversion efficiency and growth and 

increased fin erosion was reported by Ellis et al. (2002) for rainbow trout (Oncorhynchus mykiss) 

exposed to high culturing densities. In contrast, African catfish (C. gariepinus) (Almazán-Rueda, 

2004) and European sea bass (Papoutsoglou et al., 1998) show a depressed feed intake and 

growth rate at low densities but grow well and suffer less physical damage at high densities. This 

may be because aggressiveness, territorial defense and individual dominance are often reduced at 

high stocking density (Hecht and Uys, 1997). However, a certain threshold value must be 

attained in order to avoid stress.  

 

The effect of stocking density on the survival rate and growth performance of African catfish 

fingerlings was studied by Eyo et al. (1998) and Edward et al. (2010). They all found that 

stocking density has an inverse relationship with growth and survival of cultured fish. The reason 

for growth inhibition at high density may be attributed to overcrowding which resulted in 

competition for food and space available.  

 

According to Leatherland and Cho (1985) and Haylor (1993) inter-individual contacts, 

competition for food and stress are more important in high densities and could have adverse 

effects on growth performances and survival rate. Furthermore, Grant (1997) reported that stress 

caused due to high density leads to enhanced energy requirements causing reduced growth, feed 

utilization and net yield of the cultured fish. Despite, stocking at low density presents good 

growth rates and high survival (Gomes et al., 2000), it is not economical such that it results in a 

failure to make the maximum possible utilization of the space and have a low gross yield (Gomes 

et al., 2000).  

 

Kareem and Olanrewaju (2015) also reported that the trend of survival rate, feed utilization and 

growth performance of African catfish fry in recirculating aquaculture system was decreasing 

with increasing stocking density. They found that survival rate (86.80), feed conversion ratio 

(1.72) and growth performance in terms of weight gain (2.42) were highest for the treatment with 
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the lowest stocking density (500 fry per tank) than that of the treatment with the highest stocking 

density (1200 fry per tank) with survival rate, feed conversion ratio and growth performance in 

terms of weight gain of 49.55, 2.35, 1.53, respectively.  

 

Similarly, Jambo and Kereemah (2009) studied the effect of stocking density on the growth and 

survival of the fingerlings of C. gariepinus and found that survival rate, mean body weight, mean 

total length, specific growth rate and feed intake were stocking density dependant. Thus except 

for the feed intake the treatment with lowest stocking density (5 fingerlings) maintain optimum 

growth and survival than the treatment with the highest stocking density (15 fingerlings). On the 

contrary, Hengsawat et al. (1997) reported that growth rate in African catfish (C. gariepinus) and 

vundu catfish (Heterobranchus longifilis) have increased with increasing density. Therefore, 

identifying the optimum stocking density for different species might play a profound role in 

designing an efficient aquaculture system.  

3.7. The effect of darkness on the survival and growth of     

 African catfish fingerlings 

 

Anticipated success in aquaculture was achieved by ensuring the survival rate and growth 

performance of any cultured species. With minimum investment cost, optimal growth of the 

cultured species was achieved, therefore, by employing a number of mechanisms depending on 

the type of species cultured. Therefore, one of the simple and low-cost techniques that can be 

used to obtain faster growth during the intensive production system of C. gariepinus juveniles is 

photoperiod manipulation (Appelbaum and Kamler, 2000). Because it is one of the physical 

factors which is known to increase the growth and survival of fish larvae and particularly C. 

gariepinus is believed to prefer low light conditions for growth (Bruton, 1979; Hogendoorn, 

1981; Viveen et al., 1986).  

 

According to Britz and Pienaar (1992), the influence of photoperiodism on growth is manifested 

through its influence on endogenous rhythm and circulating levels of growth hormones. 

Brummet (1995) also added that body coloration and gonadal activity in several fish species 

including catfish was influenced by photoperiodism. The development of body coloration might 
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be associated with the production of melatonin. The effect of darkness on the survival rate and 

growth performance of African catfish are documented in (Britz and Pienaar, 1992; Appelbaum 

and Kamler, 2000; Almazán-Rueda, 2004; Adewolu et al., 2008) and they all found that 

continuous darkness in C. gariepinus culture  resulted in a better growth performance and 

survival rate than those reared under light condition.  

 

The optimal growth of juveniles of C. gariepinus reared under dark condition was, therefore, 

attributed to the reduction of stress, aggression and cannibalism. This is because shelter 

increased the amount of time spent resting and this may have influenced the growth by reducing 

energy used for locomotory activities and, therefore, leading to sparing energy in growth (Hecht 

and Appelbaum, 1988). On the other hand, the increased locomotory activities due to light 

condition brought about stress, aggression and cannibalistic behavior among the fish population 

all of which consume energy (Hecht and Uys, 1997). 

3.8. Attributes of African catfish as a potential candidate species     

 for aquaculture  

 

African catfish (C. gariepinus) is one of the most important fish species currently being cultured 

both within and outside its natural range of tropical and subtropical environments (Adewolu et 

al., 2008). In Africa, the species has been described as a fish “made for African fish farming and 

consumers” as it is extremely hardy and can be raised at much higher densities and production 

levels than tilapias (Atanda, 2007). According to De Graaf and Janssen (1996) the species is, 

therefore, well appreciated in many of the African countries and the species is recognized as one 

of the most important species for aquaculture by replacing the dominance of Nile tilapia (O. 

niloticus) culture.  

 

Bruton (1979) pointed out that C. gariepinus has high fecundity rate, grows faster, tolerate high 

stocking density and environmental extremes. It has a wide tolerance to temperature, as well as 

low dissolved oxygen and high salinity. In addition, they are omnivores such that they can feed 

on a variety of food sources (natural and supplemental) (Hengsawat et al., 1997). In addition, 

they experience a variety of feeding modes depending on food availability in expanded niches 
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(Fagbenro and Syndenham, 1988) and can be grown at very high densities due to their accessory 

air breathing organ.  

 

Other prons of C. gariepinus that makes it a good candidate for aquaculture and increases its 

commercial importance are its good quality and highly palatable meat and resistance to diseases 

(Hogendoorn, 1981; Hecht et al., 1996), ability to withstand handling stress, long drought and 

scarcity of food, high fecundity and easy production of larvae in captivity (Hogendoorn, 1981; 

Haylor, 1993). However, according to Hoffman et al. (1991), the successful aquaculture of the 

African catfish was determined by factors such as fertilization, hatching and early survival of 

larvae. Although a number of simple and effective methods for induced spawning of African 

catfish have been developed Yong-Sulem and Brummett (2006) reported that larval rearing is 

still a major obstacle for the success anticipated from the aquaculture of African catfish. They 

reported that the survival rate of the fingerling stage averages less than 30% in most cases. This 

might be due to their size being small and cannibalism occurring even within the same batch.      
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 4. Materials and Methods 

4.1. Description of the study area 

 

This study was carried out at Bahir Dar fisheries and Other Aquatic Life Research Center 

(BFOALRC), Bahir Dar, Ethiopia. The center is located in Bahir Dar City which is 563 

kilometer far from the capital of the country, Addis Ababa. The research center was located 

around the southern gulf of Lake Tana. The research center has a diversified role and some of the 

major activities are conducting research on limnology and fishery along with other aquatic lives 

throughout the water bodies of Amhara region and improving the fishery sector by stocking new 

water bodies and farmers’ backyard ponds and restocking those water bodies whose fishery 

potential was declined. Furthermore artificial propagation of different fish species such as O. 

niloticus, C. gariepinus and Labeobarbus spp. were conducted along with different feed trial 

experiments. 

 

Wild fingerlings of C. gariepinus were collected from “Gudo Bahir” wetland located at the 

entrance of Bahir Dar on the way from Addis Ababa. The wetland was charged by the 

overflowing of Lake Tana during rainy season, catchment runoff and also by direct precipitation 

such that ecological connection with the lake is maintained. During the onset of rain a number of 

African catfish brood stocks migrate to this wetland and spawn there. It is during this time that a 

number of African catfish fingerlings were hatched (Personal observation). However, these 

hatched fingerlings do not seem to have chance to get back to the lake since the connection with 

the lake was disconnected given that rain fall was seasonal and climate change was at the stake.  

Unfortunately, all the fingerlings were eaten by the birds of Lake Tana. Very surprisingly at 

around 10AM  and 3PM the majority of the lake’s bird were found surrounding the wetland and 

preyed on the fingerlings which have no alternative to escape from that predation as the wetland 

was highly encroached and the water level was dramatically lowered by evaporation and finally 

dried up. Not only had the human induced natural problems (climate change and rain fall) 

affected the wetlands, they are also targets by the city’s municipality. Real estates and a number 

of the city’s residents were legally authorized to build homes in the wetland which dramatically 

accelerates the rate of eradication of the wetland. Besides, the local community benefited from 
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these wetlands by growing crops (especially rice) through recession agriculture when the water 

level is lowered. Furthermore, the local community uses the wetland as a dumping site for 

domestically produced solid wastes and they dig out soil for producing slime or mud for 

covering their newly built homes (Personal observation). 

4.2. Experimental design 

 

The research was conducted from February to May, 2017. The experimental phase of the 

research work was conducted in triplicate for 12 weeks where twelve aquaria with a water 

volume of 25L were used. Two hundred and fifty five (255) wild collected fingerlings from 

Gudo Bahir were used in the experiment. The total length of the fingerlings ranged from 14.5 to 

21.0 cm while the corresponding total weight of the fingerlings ranged between 21.0g and 54.0 

gram. The maximum length and weight recorded during initial stocking was, therefore, 21.0cm 

and 54.0g, respectively. During the collection of the fingerlings, however, a wider range of size 

both in length and weight were collected from the wild, but the size class is limited only to the 

above mentioned range in order to avoid cannibalism that may occur due to larger heterogeneity 

in size. The fingerlings from the wetland were collected using beach seine net and then they were 

transported to the experimental site (BFOALRC) in an open container. The stocking density 

trials were conducted in glass aquaria with a dimension of 90*45*45cm. The experimental 

fingerlings were fed with a diet containing 42% crude protein.  

 

The fish in each aquarium was batch-weighed and from the data the quantity of feed to be 

dispensed was adjusted. The ration was split into two portions and hand-fed twice daily at 9-10 

am and 4-5.00 pm. During this period undigested food particles and waste products were 

siphoned out with a rubber hose daily in the morning. The experiment lasted for 12 weeks after 

which the fingerlings were individually measured for total length and weight.  

 

During the experimental period weekly behavioral record was made via direct observation. The 

behavioural conditions which were recorded during the study period were aggressive behaviour, 

escape attempts and surface swimming. The degree of aggressive behaviour was noted by 

observing the number of mortalities that occurred due to cannibalism and skin lesions found on 
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the surface of the fingerlings’ body. Surface swimming was determined by counting the number 

of fingerlings which swim at the surface of the water in 2 minutes of duration. The number of 

fingerlings that swim at the surface varied depending on the amount of oxygen provided via the 

air stones. Each aquarium was supplied with compressed air from air pump via air stones. Escape 

attempt, however, was determined by counting the number of fingerlings that tried to jump out of 

the aquarium and by recording mortalities that occurred due to desiccation after jumping out of 

the aquarium via an opening left for air transfer.   

4.3. Experimental procedure 

 

The twelve aquaria were first placed and arranged randomly in a position which was suitable for 

their manipulation during the experimental period and ensured that no single treatment is 

continually favoured or unfavoured by the researcher or location during the treatment. The 

experimental aquariums were then covered with a black plastic sheet. After doing so, the 

experimental aquariums were washed and cleaned carefully and then filled with water which was 

treated with a UV-light to avoid any harmful agents which have deleterious effect on the 

wellbeing of the fingerlings. The source of water for the experiment was Lake Tana. The water 

was pumped from the lake using a water pump. The water was then pumped to the indoor 

aquariums via a series of water pipe and then treated by UV-light before reaching the fingerlings.  

The experimental aquariums used were labeled as AQ1-AQ12. The fingerlings were stocked in 

the experimental aquariums labeled according to the stocking density specified randomly for 

each of the aquariums. Three aquariums were used for each treatment and there are four different 

stocking densities. The four stocking densities are 10F (10 Fingerlings), 15F (15 Fingerlings), 

25F (25 Fingerlings) and 35F (35 Fingerlings).  Therefore, AQ1, AQ10 and AQ11 were used to 

treat the lowest density 10F, while AQ8, AQ9 and AQ12 were used to treat the fingerlings with a 

stocking density of 15 fingerlings. On the other hand the fingerlings with a stocking density of 

25 were treated in aquariums AQ2, AQ4 and AQ7; while, AQ3, AQ5 and AQ6 were used to treat 

the fingerlings with a stocking density of 35 fingerlings. The stocking density treatments were 

labeled as treatment I, II, III, and IV for the corresponding stocking density of 10F, 15F, 25F, 

and 35F respectively.  
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However, prior to the commencement of the actual experiment, the fingerlings were allowed to 

acclimatize the artificial environment for two weeks as recommended by Eyo et al. (2013). After 

acclimatization the actual experiment on the fingerlings of C. gariepinus started after a period of 

starvation for 24 hrs to empty their gut content in preparation for the experiment. There were 4 

treatments with three replicates which were assigned to each treatment in a Randomized 

Complete Block Design (RCBD).   

 

Plate.2. Experimental aquariums; (a): before covering with black plastic sheet, (b): during 

 covering and, (c): after covering of the aquariums with black plastic sheet (Photo:  Belay 

 Abdisa). 

The mean average weight of fingerlings in each experimental aquarium was determined at the 

beginning of the experiment and every two weeks thereafter. The weight of each of the 

fingerlings was determined by using electrical sensitive balance, precision 0.1g. This was done 

by placing a container on the balance and a tar button was pressed so as to adjust the balance to 

start from zero. The water level in each aquarium was first lowered and then the fingerlings were 

caught by using scoop net and collected in a container. After that the measurement of the weight 

of each fingerling was taken one at a time. 

 

 However, during measurement foam was used as an absorbent of water from the fingerlings so 

as to ensure accuracy. The weight measurement was used to determine the specific growth rate, 

mean daily growth rate, relative growth rate, percentage weight gain, feed conversion ratio, 

weight gain and Fulton condition factor of the fingerlings. The total length (TL) of the 

fingerlings was also measured according to Lagler (1970) with the aid of a measuring ruler. It 
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was measured as the length of the fish from anterior most extremity to the end of the caudal fin. 

The total length and weight of the fingerlings were taken to the nearest centimeter and gram with 

the aid of measuring ruler and sensitive balance, respectively. These measurements were 

repeated every two weeks for 12 weeks.  

 

 Plate.3. Photograph showing measurements of (a) weight of the fingerlings and (b) length 

 gain of the fingerlings of African catfish (photo: Adane Melaku) 

During the period of sampling, the aquariums were emptied and the aquariums along with the 

shelter (black plastic sheet) were cleaned. After weighing, the fingerlings were gently returned to 

the appropriate aquariums. It was observed, however, that the fingerlings did not resume feeding 

on the day of sampling. Each week during weighing, the number of fingerlings in each aquarium 

was recorded. 

In addition the asymptotic length, growth coefficient and growth performance index and Von 

Bertallanfy growth function equation was determined for the fingerlings.  

 

The experimental aquariums were covered with black plastic sheet underneath in order to darken 

the medium so as to increase the survival rate and avoid cannibalism of the fingerlings during the 

experimental period. Besides covering with a black plastic sheet, a mosquito net was used to 

prevent the fingerlings from jumping out, intrusion of insects and other foreign bodies. All 

experimental aquariums were then cleaned daily by scrubbing and siphoning accumulated waste 

and then the aquariums were refreshed and filled with fresh water. Depleted water was replaced 

with fresh water to an effective depth of 20cm after each cleaning in order to maintain quality 

water for the growth of the stocked fingerlings. The health of the stocked fingerlings were 

monitored regularly and dead fingerlings, if any, were noted during cleaning and feeding and 

then removed carefully from the experimental aquariums. 
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4.4. Dry feed preparation and formulation 

 

Ingredients of locally available, least-cost and best ration of the nutritional requirements of the 

fingerlings were used during the feed formulation process due to the fact that there is no prepared 

commercial feed for fish farming in Ethiopia. The ingredients used were wheat bran, fish carcass 

(fish meal), wheat flour and blood and bone meal. 

 

 

 

 Plate.4. Feed ingredients used for the experiment; a) wheat bran b) fish meal c) wheat  flour 

 and d) blood and bone meal    

 

Three of the feed ingredients (fish meal, wheat flour and wheat bran) were obtained from Bahir 

Dar. Fish Caracas used as a source of fish meal was obtained from Genetu Wondie Fish supply 

unit, Bahir Dar, whereas wheat flour and wheat bran were obtained from markets located in 

Bahir Dar. However, blood bone meal was obtained from Addis Ababa abattoirs enterprise, 

Addis Ababa. During feed formulation, fish carcass (fish meal) was the highest inclusion chosen 

for its high protein potency and good amino acid profile and therefore to meet the fingerlings 

high protein requirement.   

 

The ingredients were measured using electrical sensitive digital balance and their nutrient 

composition was analyzed. The proximate analysis of the feed ingredients was determined using 

validated analytical methods following the procedures of the Association of Analytical Chemists 

(AOAC, 1990). Accordingly, the proximate analysis of nutrient composition such as moisture, 
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crude protein, crude fat, crude fiber and ash of the experimental ingredients were analyzed 

(Table 1).  

 

Moisture content was measured by placing a sample of known weight in an oven set at 900C 

until the sample attained a constant weight for 24 hours and then cooled in desiccators before 

weighing. The lost weight from the sample was considered as the moisture content. Ash content 

was measured by placing a sample of known weight in a furnace at 550oC for 4 hours, after 

which the samples were cooled in desiccators and weighed in order to determine the ash.  

 

Crude protein was determined by measuring the total nitrogen content of the ingredient using the 

Kjeldahl method and calculating the crude protein level by multiplying the nitrogen content with 

specific conversion factors to give crude protein. Crude fat was determined by subjecting the 

samples to a continuous extraction with petroleum ether using soxhlet apparatus as described by 

AOAC (1990). Crude fiber was determined as that fraction remaining after digestion with 

standard solutions of sulphuric acid and sodium hydroxide under carefully controlled conditions. 

The proximate composition of the feed ingredients was analyzed at Ethiopian institute of public 

health.  

Table.1. The proximate composition (%) of each of the feed ingredients used for the   

  experiment 

Ingredient type Crude protein  Crude fat Crude ash Moisture  Fiber 

Fish meal 50.25 12.04 29.20 7.52 0.60 

Blood and Bone 

meal 

53.35 17.63 21.75 5.40 2.17 

Wheat flour 10.07 2.45 2.62 7.73 3.05 

Wheat bran 15.79 4.82 4.02 10.63 9.53 

 

4.4.1. Experimental Feed Formulation 

Formulated food provide all required nutrients in the proper proportions necessary for rapid 

weight gain, high feed efficiency and a desirable composition of gain (high protein gain and low 

fat gain) to the cultured fish. Thus, the method of combining selected ground feed ingredients in 
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varying proportions has to comply with predetermined nutrient requirements. In this study the 

inclusion level of the ingredients was determined by using a trial and error method using Excel 

sheet (Table 2). 

         Table.2. Inclusion level of locally available feed ingredients in the formulated diet   

Ingredient type Inclusion level (Kg) Crude protein (%) Protein level 

Fish meal 53 50.25 26.63 

Blood and Bone 

meal 

23 53.35 12.27 

Wheat flour 12 10.79 1.29 

Wheat bran 12 15.79 1.89 

Total  100.0Kg   42.08% 

 

The four feed ingredients were mixed to produce dough and then the mixture was pelleted wet 

using mechanical pelleter; the pellets were put in trays and dried under shade condition for four 

days in order to prevent excess removal of the moisture from the formulated feed. After drying, 

the pelleted diet was then stored in water impermeable container until it is used (Plate 5). The 

pelleted feed was given to the fingerlings based on first in first out principle.  

     

  Plate.5. (a) pelleted feed drying under shade condition; (b) water impermeable  

   container used to store the pelleted feed 
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The feed was offered daily to the fingerlings at a rate of 5% of their body weight. The frequency 

of feeding was two times per day in pelletized form for the consecutive weeks of the 

experimental period. Feeding allowance was adjusted in accordance with increase in body 

weight as recommended by Hogendoorn (1983) and the amount of feed delivered varied 

fortnightly (either increased or decreased) based on the weight gain of the fingerlings.  

4.5. Physico-chemical parameters 

 

The physico-chemical parameters of the water in all of the experimental tanks were monitored 

regularly. The pH, temperature, dissolved oxygen; TDS, salinity, conductivity and ammonia 

concentration in the entire experimental aquariums were measured. The hydrogen ion 

concentration of the water (pH) was measured by using electronic portable pH meter (Model, 

YSI 556). The temperature in each aquarium was determined using a portable multi meter and it 

was noted in degree centigrade (Model, YSI 556). Dissolved oxygen was determined daily using 

portable multi meter (Model, YSI 556). The TDS, salinity and conductivity were measured using 

a portable multi-meter (Model, YSI 556). However, during measurement of the water quality 

parameters, mean values for each of the parameters were taken by measuring 3 times. The 

ammonia (NH3 
_ N) concentration was measured based on an indophenols method by using a 

palin test (Model; Photometer, 5000) at a wavelength of 640nm.      

 

4.6. Survival Rate 

Survival rate of the fingerlings was determined after final harvesting of the fingerlings. The total 

number of fingerlings harvested was counted and then it was computed as:  

Survival Rate (%) = 

                        
 Number of survivals at the end of the experiment 

number of fingerlings stocked
x 100%             (Ricker, 1975) 
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4.7. Feed utilization indices 

4.7.1. Feed conversion ratio 

The feed conversion ratio is a measure of feed efficiency that is used for all livestock production. 

It can provide a good indication of how efficient a feed or a feeding strategy can be. It was 

calculated by the formula; 

 FCR     =   
Food Quantity Fed 

Weight Gained 
                  (Mohanty, 2004) 

4.7.2. Protein Efficiency Ratio  

It was computed by; 

PER=
Weight gain

Protein intake
                                                    (Mohanty, 2004) 

 

4.8. Growth parameters 

4.8.1. Specific Growth Rate  

 

Specific Growth rate which is the increase in cell mass of the fingerlings per unit time is 

expressed as the percent daily fish body weight gain throughout the culture period. Both the final 

and initial weights of the fingerlings were taken using an electrical sensitive balance, precision 

0.1g. The average specific growth rate for each stocking density was then calculated as follows: 

Specific Growth rate (SGR) in %/day =  

                                          SGR=  
100 ln(𝑊2−𝑊1 ) 

∆𝑡
                  (Ricker, 1975) 

Where: 

 ln= natural logarithm 

 W1 and W2 are natural logarithm of the initial and final weights (in grams) of the 

fingerlings respectively. 

 Change in time (∆𝑡) which was the culture period (in days) for which fingerling has 

grown from W1 to W2 (The number of culturing days) 

4.8.2. Relative Growth Rate  

  RGR= 
Weight Gain (g) 

Initial Body Weight (g
 X 100              (Ricker, 1975) 
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4.8.3. Weight gain 

The average weight in gram was used to calculate the Mean Weight Gain as well as the Mean 

Daily Weight Gains. Therefore, the following two formulas were used: 

4.8.3.1. Mean Weight Gain 

 Final weight (g) − initial weight (g)                        (Ricker, 1975) 

4.8.3.2. Mean Daily Weight Gain  

  MDWG= 
W2– W1

0.5(W2 W1)
∗ 100/𝑡                          (Ricker, 1975) 

 Where: 

W1 and W2 are initial and final weights (in grams) of the fingerlings, respectively. 

t = culture period (in days) for which fingerlings has grown from W1 to W2. 

0.5 = constant 

4.8.3.3. Percentage Weight Gain: 

It was calculated as: 

                          PWG= 
𝐹𝑖𝑛𝑎𝑙𝑤𝑒𝑖𝑔ℎ𝑡−𝐼𝑛𝑖𝑡𝑖𝑎𝑙𝑤𝑒𝑖𝑔ℎ𝑡

𝐹𝑖𝑛𝑎𝑙𝑤𝑒𝑖𝑔ℎ𝑡
∗ 100              (Eyo et al., 2013) 

4.8.4. Mean Length Gain 

It was calculated as: 

 

 MLG= Mean final length-Mean initial length             (Eyo et al., 2013)                                      

4.8.5. Performance index 

 

The performance index (PI) of the fingerlings was calculated by combining two aspects: growth 

and survival and computed by the formula; 

PI= survival rate × 
𝐹𝑖𝑛𝑎𝑙 𝑚𝑒𝑎𝑛 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡(𝑚𝑔)−𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑚𝑔) 

𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑜𝑓𝑟𝑒𝑎𝑟𝑖𝑛𝑔𝑑𝑎𝑦𝑠
         (Mohanty, 2004) 
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4.9. Condition Factor  

  K = 
𝑇𝑊

𝑇𝐿3 ∗ 100                        (Worthington and Richard, 1930)               

 Where K = condition factor  

TW = weight (g)  

 TL = total length (cm) 

 

4.10. Data analysis  

 

Descriptive statistics including means and standard errors of the growth variables and water 

quality parameters were used. The effects of stocking density on the growth performance was 

computed on the basis of mean weight gain, specific growth rate, survival, food conversion ratio 

and average water quality parameters. Growth over time was presented in graphs. Microsoft 

excel was used to compute descriptive statistics and to plot graphs. Furthermore Sigma Plot was 

also used to plot graphs.  One-way Analysis of Variance (ANOVA) at α = 0.05 was further used 

to test the effect of stocking density on the growth performance of the fingerlings. Statistical 

package for social studies (SPSS Version 20) was also used. FiSAT II (Version 1.2) was also 

used to determine the asymptotic length, growth constant and growth performance index of the 

fingerlings.  
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    5. Results 

5.1. Water quality parameters  

 

The mean water quality parameters obtained for the treatments with different stocking densities 

are presented in Table 3. 

The water temperature in all treatments ranged from 21.2 – 24.10C. Mean water temperature 

recorded for the treatments were 22.79±0.9, 22.63±0.81, 22.7±0.71 and 22.95±0.650C for 

treatments I, II, III, and IV, respectively. The highest value of temperature (22.95±0.650C) was 

recorded for treatment IV with a stocking density of 35 fingerlings, while the lower range was 

recorded for treatment II (15F) with a mean value of 22.630C. However, the mean value of 

temperature among the treatments was not significantly different (ANOVA p>0.05). 

Concentrations of dissolved oxygen (mg L-1) recorded for the four treatments were variable and 

ranged from 4.9-6.03mg/L with mean values of 5.60±0.26mg/L, 5.54±0.39mg/L, 5.48±0.34mg/L 

and 5.45±0.34mg/L for treatments I, II, III and IV, respectively. The mean value of DO 

(5.60±263mg/L) recorded for treatment I with a stocking density of 10 fingerlings was the 

highest as compared with the other treatments. Although, the concentration of dissolved oxygen 

was affected by stocking density, its concentration was not significantly different among the 

treatments (ANOVA p>0.05).  

The hydrogen ion concentration (pH) recorded for the treatments were 7.20±0.32, 7.12±0.38, 

7.08±0.57 and 7.16±0.37 for treatments I, II, III, and IV, respectively. The highest value 

(7.20±0.32) was recorded for treatment I while the lowest pH value (7.08±0.57) was recorded for 

treatment III with a stocking density of 25 fingerlings. However, the measurement of pH was not 

significantly different among the treatments (ANOVA P>0.05). 

The salinity level in all of the treatments ranged from 0.08-0.18 mg/L with mean values of 

0.122±0.02, 0.116±0.016, 0.124±0.02, 0.131±0.02 for treatments I, II, III, and IV, respectively. 

Total dissolved solids in all of the treatments ranged from 0.118-0.246 mg/L with mean values of 

0.169±0.023, 0.165±0.022, 0.175±0.023 and 0.184±0.026 mg/L for treatments I, II, III, and IV, 

respectively. 
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Electrical conductivity recorded during the experimental period ranged from 189-357 µS/cm 

with mean values of 246±0.02, 260±0.01, 272±0.01 and 278±0.01µc/cm for treatment I, II, III, 

and IV, respectively. Electrical conductivity was significantly affected by stocking density 

(ANOVA P<0.05).   

Table.3. Water quality parameters of different stocking density treatments during the study  

 period (Mean  ± standard error) 

Water quality 

Parameters 

Stocking density treatments 

Treatment 

I 

Treatment 

II 

Treatment 

III 

Treatment 

IV 

Dissolved oxygen 

(mg/L) 

5.60±0.1 5.54±0.0.15 5.48±0.13 5.45±0.14 

Dissolved oxygen (%) 64.53±2.03 63.86±3.38 63.73±3.19 63.95±3.17 

Ph 7.20±0.21 7.12±0.15 7.08±0.23 7.23±0.15 

Temperature (OC) 22.79±0.37 22.63±0.33 22.70±0.29 22.95±0.26 

Salinity (mg/L) 0.122±0.01 0.116±0.01 0.124±0.01 0.131±0.02 

TDS (mg/L) 0.169±0.01 0.165±0.01 0.175±0.01 0.184±0.01 

Conductivity (µS/cm) 246±0.01 260±0.07 272±0.07 278±0.08 

  

The concentration of ammonia in all of the experimental aquariums is presented in Fig.1. The 

highest value (3.0mg/L) of ammonia was obtained for treatment IV with a stocking density of 35 

fingerlings whereas the smallest value (0.46mg/L) was recorded for treatment I with a stocking 

density of 10 fingerlings. The mean (±S.E) value of ammonia was 0.69±0.07, 0.97±0.11, 

1.26±0.18 and 1.91±0.25mg/L for treatments I, II, III, and IV, respectively. The concentration of 
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ammonia among the four treatments was significantly different (ANOVA p<0.05).                                            

     

   Fig.1. Concentration of ammonia at different stocking density treatments of  

   fingerlings of African catfish  

5.2. Survival rate 

 

The mean survival rate of the fingerlings ranged between 85.33% and 93.33%. Treatment IV 

with the highest stocking density has shown the highest rate of survival (93.33%) followed by 

treatment I with survival rate of 90%, while treatment II and III have shown relatively lower 

survival; 86.66% and 85.33% respectively (Fig. 2). However, the rate of survival in all of the 

treatments was not significantly different (ANOVA p>0.05). 

                           

    Fig.2. Survival rate of fingerlings of African catfish among the stocking density  

   treatments 
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An escape from the experimental aquarium was first observed from treatment I with the lowest 

stocking density, and the only replica without mortality was also found in this treatment.  In 

addition, however, mortality was recorded in all the treatments with varying stocking densities. 

The rate of survival in all treatments with different stocking densities showed variation between 

sampling weeks (Table 4).  

 

Table.4. Mortalities recorded in each stocking density treatment of fingerlings of African 

 catfish  during the experimental periods 

Treatments  Sampling weeks 

Wk 2 Wk 4 W 6 Wk 8 Wk 10 Wk 12 Total 

Treatment I -- -- -- 3 - -- 3 

Treatment II  1 -- 1 1 1 2 6 

Treatment III  2 -- 1 4 2 2 11 

Treatment IV -- 1 -- 2 1 3 7 

Week total 3 1 2 10 4 7 27 

Percentage 

mortality (%) 

11.11 3.70 7.40 37.03 14.81 25.92 100 

 

In spite of this, it is in the eighth week that highest mortality was recorded as compared to the 

other weeks for which fortnight measurement was made. It was found that 37.03% of mortality 

was recorded during this time and then followed by “Week 12” where 25.92% mortality was 

recorded (Table 4).  

5.3. Feed Utilization 

5.3.1. Food Conversion Ratio  

 

The food conversion ratio of all treatments ranged from 2.25 to13.55 with mean values of 

2.51±0.07, 12.82±0.29, 6.23±0.05 and 6.65±0.14 for treatments I, II, III and IV, respectively. 
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The analysis of the food conversion ratio was best in treatment I (2.51), while the least (13.55) 

was recorded in treatment II. The mean food conversion ratio between treatments was affected 

by stocking density (ANOVA p<0.05) (Fig. 3).   

                            

  Fig.3. Food conversion ratio of the fingerlings of African catfish reared at   

   different stocking density treatments 

5.3.2. Protein Efficiency Ratio  

 

Protein efficiency ratio indicates the utilization of dietary protein by means of the gain of 

biomass. Protein efficiency ratio was high (1.11) in treatments IV and I, (1.03) while treatment 

III and II had PER value of 1.02 and 0.86, respectively. However, there was no significant 

difference (ANOVA P>0.05) between the treatments. 

5.3.3. Total Feed Intake (g) 

 

Feed intake increased with the increase in stocking density and there was significant difference 

between treatments (ANOVA p<0.05). The highest feed intake (1556.59g) was recorded for 

treatment IV while the lowest feed intake (400.38g) was recorded for treatment I (Table 5). 
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Table.5. Total feed supplied to the fingerlings of African catfish reared at different stocking 

 density during the study period 

Sampling weeks Stocking density treatments  

Treatment I Treatment II Treatment III Treatment IV 

Initial week 58.28±0.61 76.86±1.22 135.36±1.03 195.63±1.17 

Week 2 58.32±0.52 81.3±0.82 138.18±2.07 215.82±1.99 

Week 4 60.3±0.59 80.19±0.42 138.03±3.01 225.9±8.78 

Week 6 64.8±0.42 80.7±0.37 143.46±2.19 234.24±7.96 

Week 8 56.88±0.83 78.09±0.49 135.0±5.22 226.59±7.84 

Week 10 55.5±0.74 73.29±0.97 134.28±5.52 227.13±5.03 

Week 12 51.3±1.51 68.43±0.89 138.12±7.34 231.36±4.37 

Total feed (g) 400.38 538.86  962.43 1556.67 

 

5.4. Stocking density and behaviour of the fingerlings 

 

The occurrence of agonistic behaviour was most prominent during the first two weeks of 

treatment and declined during the following periods. However, frequencies of agonistic 

behaviour tended to decrease at increasing density.  

This is supported by the number of mortalities that occurred due to partial cannibalism. Out of 27 

mortalities of fingerlings recorded, 7 of them died due to partial cannibalism and skin lesions 

from treatments with stocking densities of 10 and 15 fingerlings (Plate 6) while only 2 died from 

treatment with highest stocking densities.  
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Plate.6. Cannibalism induced mortality (a) fingerling that died due to cannibalism in   

 treatment I of lowest density (b) fingerling that died due to cannibalism in treatment II of 

 lowest density.  

Escape attempts also increased in treatments with the lowest stocking density than the highest 

density treatments especially when the volume of the aquarium water was reduced to a lower 

level during water exchange time. This condition was further supported by the fact that, out of 

mortalities recorded during the experiment one fingerling from treatment I died due to 

desiccation by jumping out of the aquarium through an opening left for circulation of air (Plate 

7). Furthermore, escape attempts occurred mainly during the first two weeks of the experiments 

which might be due to the wild nature of the fingerlings, and declined gradually during the 

experimental period.   

   

  Plate.7. Fingerling of African catfish that died due to escape attempt from the  

   lowest stocking density treatment 
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Surface swimming was also observed during the experimental period. Surface swimming was 

prominent especially at the 8th week of treatment during which continuous supply of oxygen 

from the air pump was not constant. It is during this time that, mean weight gain recorded was 

reduced in all of the treatments as compared to the previous measurement. Generally, surface 

swimming for air breathing has increased at higher density and particularly at the 8th week of the 

treatment. 

 5.6. Condition Factor  

 

The condition factor obtained was between 0.504-0.54 where the better values were recorded for 

treatment I and III with a value of 0.54 and 0.522, respectively, followed by treatments IV and II 

with the values of 0.521 and 0.504, respectively. The condition factor obtained during the 

experimental period was not significantly different (ANOVA p>0.05).   

 

5.7. Growth estimation 

 

The K-scan technique indicated an L∞ value of 25.78, 24.32, 24.95 and 26.63 cm in TL and a K 

value of 0.48, 0.63, 0.61 and 0.57 yr-1 for treatments I, II, III, and IV, respectively (Table 7). 

The value of growth performance index (Φ) for treatment I, II, III and IV were 2.50, 2.57, 2.58 

and 2.60, respectively. The growth estimation analysis of the different treatments reveals that 

treatment II and IV showed the highest score on growth performance index (Φ) while a lower 

value of asymptotic length (L∞) was observed at treatment II with a value of 24.32 cm (Table 7). 

The value of t0 computed for treatments I, II, III, and IV were -0.35, -0.25, -0.26 and -0.28, 

respectively. By using the value of asymptotic length (L∞), growth constant and t0 computed, the 

Von Bertallanfy Growth Equation (VBGF) was developed for each treatment with different 

stocking density (Table 7). 
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Table.6. Growth estimation of fingerlings of the African catfish under different stocking 

 densities 

Stocking 

density 

L∞ 

(cm) 

Growth 

constant 

K (/year) 

to  (yr) Growth 

performa

nce index 

(𝚽) 

VBGF 

L(t)= L∞(1-e-K(t-t0))  

 

Sam

ple 

size 

Treatment I 25.78 0.48 -0.347 2.504 = 25.78(1-𝒆−𝟎.𝟒𝟖(𝒕+𝟎.𝟑𝟒𝟕) 27 

Treatment II 24.32 0.63 -0.247 2.571 =24.32 (1-𝒆−𝟎.𝟔𝟑(𝒕+𝟎.𝟐𝟒𝟕) 39 

Treatment III 24.95 0.61 -0.256 2.58 =24.95 (1-𝒆−𝟔𝟏(𝒕+𝟎.𝟐𝟓𝟔) 64 

Treatment IV 26.63 0.57 -0.274 2.607 =26.63 (1-𝒆−𝟎.𝟓𝟕(𝒕+𝟎.𝟐𝟕𝟒) 98 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 
 

Table.7. Parameter estimates (asymptotic length, growth performance index, and growth 

 constant) of African catfish in different water bodies of Africa Adapted from   

 (http://www.fishbase.org/) 

L∞ Length 

type 

K 

(1/y) 

Sex  Growth  

index 

(Φ) 

Country  Locality  

67.20 TL 0.52 F 3.37 S. Africa L. Sibaya 

67.20 TL 0.22 F 3.00 Malawi  L. Malawi 

789.0 TL 0.17 F 3.03 Malawi  Shire river 

85.0 TL 0.20 F 3.16 Ethiopia  Lake Tana  

90.0 TL 0.20 M 3.21 Ethiopia  Lake Tana  

81.90 TL 0.52 F 3.54 Ethiopia  Northern Lake Tana  

87.15 TL 0.45 M 3.53 Ethiopia  Northern Lake Tana  

113.0 TL 0.12 M 3.13 Malawi  L. Malawi 

128.0 TL 0.19 M 3.49 Zimbabwe  L. McIlwaine 

137.0 TL 0.17 M 3.51 S. Africa Boskop Dam 

139.0 TL 0.09 M 3.24 Malawi  Shire river 

165.0 TL 0.09 F 3.53 S. Africa Boskop Dam AS 

40.22 TL 0.06 Un 1.99 Seble Getahun   Bahir Dar gulf of L. Tana  

43.37 TL 0.04 Un 1.88 Seble Getahun   Bahir Dar gulf of L. Tana  

28.14 TL 0.12 Un 1.98 Seble Getahun   Bahir Dar gulf of L. Tana  

32.86 TL 0.05 Un 1.73 Seble Getahun   Bahir Dar gulf of L. Tana  

38.12 TL 0.04 Un 1.76 Seble Getahun   Bahir Dar gulf of L. Tana  

25.78 TL 0.48 Un 2.50 The present study Bahir Dar gulf of L. Tana  

24.32 TL 0.63 Un 2.57 The present  study Bahir Dar gulf of L. Tana  

24.95 TL 0.61 Un 2.58 The present study Bahir Dar gulf of L. Tana  

26.63 TL 0.57 Un 2.60 The present  study Bahir Dar gulf of L. Tana  

 

 

 

http://www.fishbase.org/
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5.8. Growth parameters 

 

Growth performance responses of African catfish fingerlings to stocking density are presented in 

Table 9. Mean initial length and weight of the fingerlings before stocking was not significantly 

different (ANOVA p>0.05). Highest and lowest final body weight and length gains were 

observed at treatment IV and treatment II respectively (Table 9).  Mean weight gain in all of the 

treatments with different stocking densities was variable. Mean weight gain between treatment I, 

III and IV was not significantly different (ANOVA p>0.05) whereas mean weight gain between 

treatment II and treatment IV was significantly different (ANOVA p<0.05).  

 

Table.8. Summary of growth performance indices of the fingerlings of C. gariepinus at 

 different stocking densities after twelve weeks of rearing (Mean+ S. Error) 

Parameters  Stocking density treatments   

Treatment I Treatment 

II 

Treatment 

III 

Treatment IV 

Mean Initial length (cm) 17.58±0.16  17.44±0.23  17.63±0.1  17.84±0.04 

Mean Final length (cm) 20.01±0.26 19.28±0.3 20.19±0.33 20.78±0.21 

Mean length gain (cm) 2.43±0.4 1.84±0.25 2.56±0.35 2.94±0.18 

Mean initial weight (g) 35.52±1.23 34.16±1.63 35.66±0.37 35.67±0.63 

Mean final weight gain (g) 43.11±1.06 36.16±1.84 43.01±2.83  46.80±1.40 

Mean weight gain (g)  7.59±2.27 2±1.21  7.45±3.04  11.13±1.12 

Specific growth rate  0.230±0.07 0.067±0.0 0.223±0.09 0.323±0.03 

Relative growth rate (%) 20.53±8.02 5.91±3.52 21.03±8.6 31.18±3.05 

Percentage weight gain (%) 17.37±4.73 5.37±3.08  16.51±6.0  23.69±1.75 

Performance index 7.87±1.87 2.19±1.36 7.57±3.20 12.39±1.35 
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5.8.1. Mean length gain 

 

Gain in length in all of the treatments was evident and increased regardless of stocking density. 

The mean initial length for treatment I, II, III and IV were 17.58, 17.44, 17.63 and 17.84cm, 

respectively. After 12 weeks of treatment, the final length was 20.01, 19.28, 20.19 and 20.78 cm 

for treatment I, II, III and IV, respectively (Fig 4). However, both the mean initial and final 

length gain were not significantly different (ANOVA p>0.05) despite a positive growth in terms 

of length was recorded for all treatments with varying stocking densities.   
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  Fig.4. The trends of growth in terms of length of the fingerlings of African catfish 

   under different stocking densities 

 

5.8.2 Mean Weight Gain  

 

The mean initial weight in all the treatments was not significantly different (p>0.05) and ranged 

between 34.16-35.67g, while the mean final weight ranged from 36.16 to 46.80g. Treatment IV 

(35 fingerlings/aquarium) had the highest mean final weight of 46.80g, then 43.11in treatment I 

(10 fingerlings/aquarium) and followed by treatment III with a value of 43.01g while the least 

(36.16g) was recorded for treatment II with a stocking density of 15 fingerlings (Fig. 5). 

However, mean weight gain between treatment I, III and IV was not significantly different 
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(ANOVA p>0.05) but mean weight gain between treatment II and IV was significantly different 

(ANOVA p>0.05).    
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  Fig.5. The trends of growth in terms of weight of the fingerlings of African  

    catfish under different stocking densities  

5.8.3. Mean daily weight gain 

 

The mean daily weight gain in all of the treatments was very small and it was not affected by 

stocking density. The higher mean weight gain recorded (0.0064g) was found in treatment III 

with a stocking density of 25 fingerlings followed by treatment IV with a value of 0.0031g. 

However, the lower values recorded for treatment I and II were 0.0019 and 0.0006g, respectively 

but mean daily weight gain in all of the treatments was not significantly different (p>0.05) (Fig. 

6).  
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  Fig.6. Mean daily weight gain of the fingerlings of African catfish against   

   stocking density 

5.8.4. Relative Growth Rate  

 

Relative Growth Rate in all of the treatments was high except treatment II. The treatments with 

the highest stocking density have the highest relative growth rate than the lower stocking 

densities. Thus, treatment IV recorded the highest relative growth rate (31.20%), followed by 

treatment I (21.36%), followed by treatment III (20.61%) and the least was in treatment II 

(5.85%). There was significant difference (ANOVA p<0.05) in relative growth rate among the 

treatments (Table 9). 
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5.8.5. Specific growth rate  

 

The specific growth rate obtained during the study period showed variation in all of the stocking 

density treatments. The highest value (0.323%/day) was recorded for treatment IV followed by 

treatment I with a value of 0.23%/day, whereas treatment III and treatment II recorded a value of 

0.22 and 0.067%/day respectively. Therefore, specific growth rate of treatment II was 

significantly different from treatment I, III and IV (ANOVA p<0.05) whereas SGR between 

treatment I, III and IV was not significantly different (ANOVA p>0.05) (Fig 7).    
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  Fig.7. The specific growth rate of the fingerlings of African catfish reared at  

   different stocking density in every sampling week 
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    6. Discussion 

6.1. Water quality parameters 

 

The oxygen concentration in all of the stocking density treatments was in agreement with Boyd 

(1989) and Swann (2006). However, it is in contrast with the finding of Duncan (2002) who 

reported that dissolved oxygen level of 6-8mg/L is required for the culture of fishes.  

 

The temperature range recorded during the course of the present study ranged between 22.63-

22.950C. This is in agreement with the work of Duncan (2002) who reported that a temperature 

range of 20-330C was favorable for the culture of catfishes. Although this value is supported by 

Duncan (2002), however, it is lower than those temperature values reported for the optimum 

growth of C. gariepinus (Adeniji and Ovie, 1982). Shcherbina and Kazlauskene (1971) also 

reported that, temperature increases the activity of digestive enzyme, which may accelerate the 

digestion of nutrients, thus resulting in better growth. The poor growth performance of the 

fingerlings however, during the period of this study might be due to lower range of temperature. 

 

The pH of the treatment was in agreement with the work of Boyd (1989) who reported that a pH 

range of 6.0-9.0 was optimum for the culture of fishes. The salinity level of the water in which 

the fingerlings were reared was in agreement with FAO (2006) who reported that a salinity of 

15-16ppt was optimum for the culture of African catfish fingerlings. Stone and Thomforde 

(2004) recommended the desirable range of conductivity to be in a range of 100-2,000 µS/cm 

and acceptable range 30-5,000 µS/cm for pond fish culture. Therefore, the finding of the present 

study lies within this limit.  

 

The concentration of ammonia during the study period was increased with increasing stocking 

density and it was significantly different (ANOVA p<0.05) among the treatments. The higher 

concentration of ammonia in treatment IV with the highest stocking density was therefore, due to 

the increased biomass that resulted in the release of high waste product to the environment. 

However, the ability to withstand periods of high ammonia level during the experiment agrees 

with the findings of Boyd and Lichotkoper (1990) that Clarias can live in water with slightly 
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high ammonia level. The concentration was within tolerable range as reported by Eding et al. 

(2001) who stated that the concentration value of ammonia less than 8.8mg/L is considered 

tolerable for the culture of C. gariepinus.  

 

The concentrations of ammonia in all of the treatments were more or less similar with the finding 

of Oluwashina and Solomon (2012) for most of the experimental period except the highest value 

(3.0mg/L) recorded for treatment IV with the highest stocking density. However, the 

concentration of ammonia reported in the present study (3.0mg/L) was in contrast with FAO 

(2006) which reported that optimum concentration of ammonia for the culture of catfish 

fingerlings was 1.0mg/L. Although it was produced as a normal part of metabolism and its 

toxicity was evident for the fishes, the reported high level of ammonia in this study was expected 

because of the confinement as a result of culturing in glass aquaria.  

6.2. Survival rate  

 

Survival rate recorded in this study was generally high and was not density dependent. 

According to Musa et al. (2002) as cited in North et al., (2006) if environmental variables and 

husbandry necessities in the rearing environment remain constant, survival rate and growth are 

directly proportional to each other. In this experiment, therefore, survival rate was highest for the 

treatment with the highest stocking density. This is in accordance with Effiong et al. (2012) who 

reported that survival rate in African catfish fingerlings reared in net-hapa was positively related 

with stocking density.   

 

The highest survival rate in the present study may be attributed to proper handling of fish, 

possibly good water quality and dark growing condition. According to the finding of Seble 

Getahun (2014) fingerlings in dark growth conditions showed the highest survival rate (92.8%) 

than those in light growing condition and Han et al. (2005) reported that the survival rate of 

African catfish tend to be higher in dark than light conditions.  

 

In line with the finding of Han et al. (2005) and Seble Getahun (2014), the higher survival rate 

recorded in this experiment might be due to the dark growing condition. Not only the highest 



48 
 

survival rate recorded, the fingerlings in all of the treatment were doing actively. This is in 

agreement with the work of Seble Getahun (2014) who reported that the larvae of African catfish 

were more active under dark conditions than under illuminated conditions. This confirms the 

preference of C. gariepinus to darkness as an innate behaviour and therefore; stress, aggression 

and cannibalism were reduced and growth was enhanced when they were reared under 

conditions of continuous darkness or low light intensity (Britz and Pienaar, 1992). 

 

Duncan (2002) has demonstrated that survival decreases as stocking density increases. However, 

this is in contrast with the finding of the present study that survival rate was not affected by 

stocking density and, therefore, the highest rate of survival was recorded for treatment IV with 

the highest stocking density. This might be due to the proper handling of the fingerlings and 

good water quality and reduced aggression.  

 

In this study it was found that mortality of the fingerlings was caused by either natural mortality 

or cannibalism induced mortality. However, cannibalism induced mortality was higher in 

treatments with lowest stocking densities than treatments with highest stocking densities. But the 

type of cannibalism that occurred took the form of tail-first cannibalism in which the whole part 

of the prey fingerling was not swallowed by the predator fingerling. This finding was in 

agreement with the work of Hecht and Appelbaum (1988) who reported that cannibalism in 

African catfish fingerlings may involve either tail first or head-first forms. However, the sole 

existence of tail-first cannibalism in this study was attributed to the smaller size of the mouth of 

the predator which incapacitates them to swallow the whole body of the fingerling as revealed in 

Hecht and Appelbaum (1988). 

6.3. Food conversion ratio 

 

FCR values obtained for treatment I was better than values obtained for other treatments with 

various stocking densities (Fig.3). In the present study FCR decreased as stocking density 

increased. This result indicates that high stocking density reduced feed efficiency. According to 

Akinwole et al. (2014), the enhancement in FCR suggests efficient feed utilization through the 

extraction of more nutrients from the feed and converting it into flesh. In this study, FCR was 
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significantly affected by stocking density (P< 0.05) and the best FCR for the fingerlings (2.51) 

was obtained for Treatment I with the lowest stocking density. This result is in agreement with 

those reported by Edward et al. (2010) and Akinwole et al. (2014) who reported that FCR in 

African catfish fingerlings was affected by stocking density and the best FCR according to their 

finding was reported for treatment with the lowest stocking density than the higher.  

 

Ashagrie Gibtan et al. (2008) also reported that FCR in O. niloticus decreased with increasing 

stocking density. Similar results were also obtained by Akbulut et al. (2003) in Aksungur et al. 

(2007) who found that the FCR of rainbow trout were significantly affected by stocking density. 

However the finding of the present study was in contrast with Amon et al. (2016) who reported 

that food conversion ratio was not significantly affected by stocking density. Also the mean 

values of FCR were in agreement with many other researches as mentioned above, the values 

obtained, however, are somewhat higher.  

 

High FCR is an indicator of low food efficiency and has been attributed to the decreasing 

efficiency in searching for food. In this study, however, the amount of feed given to the fish was 

on the basis of their stocking density and body weight and therefore the fingerlings were fed to 

satiation. Therefore, the highest FCR in treatments with different stocking density could be 

attributed to larger pellet size, lower digestibility and improper utilization of feed, variations in 

fish size, age, stocking density and feed quality. In addition it might also be attributed to the back 

ground color. Papoutsoglou et al. (2005) reported that black background color results in reduced 

food consumption due to the poor contrast between the food particles and the background colour.  

 

De Silva & Davy (1992) stated that digestibility plays an important role in lowering the FCR 

value by efficient utilization of food. According to Chiu et al. (1987) digestibility in turn, 

depends on daily feeding rate, its frequency, and the type of feed used.  However, the types of 

feed ingredients used for formulating the feed were locally available ingredients. It is worth 

bearing in mind that the acceptability, palatability and digestibility of feed varies with the 

ingredients used. Therefore, the high FCR values (6.2–13.55) observed in this study might be the 

result of using locally available cheap ingredients for practical diet formulation. This is in line 
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with the finding of Khan et al. (2003) who reported higher FCR values for fish species fed on 

practical diets using locally available feed ingredients.  

 

Agbo et al. (2014) also reported an FCR value of 5.43-6.48 for juvenile Chrysichthys 

nigrodigitatus which were fed on locally available feed ingredients. The higher FCR value in the 

present study, therefore, indicates poor food utilization efficiency, despite the values of FCR in 

treatment I was lower and ensure better food utilization efficiency. Therefore, the low growth 

performance of the fingerlings in the present study might be associated with poor feed utilization 

efficiency; also water quality problems particularly associated with ammonia was encountered 

during the experiment, which could have been one of the reasons.  Furthermore, the reduced 

growth performance of the fingerlings may also be attributed to poor adaptation of feeding on 

artificial feed. Bohlin et al. (2002) observed that prior-residence effect may lead to initial poor 

performance of fish released from one environment to another. The fingerlings treated under 

different stocking densities in the present study were collected from the wild.  

 

Protein efficiency ratio was also higher in treatment IV with the highest stocking density. This is 

in agreement with the finding of Effiong et al. (2012) who reported best protein efficiency ratio 

in treatment stocked with 100fish/m-3 than 50fish/m-3. Therefore, the ability of the fingerlings to 

convert feed increased with increase in stocking density.     

 

6.4. Behavioural observations  

 

In this study it was realized that, the behavioral observations recorded during the experimental 

period were influenced by stocking density. In general, African catfish responded to increasing 

density (from 10-35 fingerlings) with the formation of dense clusters with constant movement 

and low aggression. This is in accordance with the work of Hecht and Appelbaum (1988),   

Kaiser et al. (1995) and Hecht and Uys (1997) who reported positive effect of increasing density 

in African catfish fingerlings, which were reflected by increased growth performance and 

decreased aggression. Furthermore, observations made in this study were in agreement with the 

work of Almazán-Rueda (2004) that fingerlings in treatments with highest stocking density 
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showed a lower number of total scars and/or wounds on the body than those at the lowest 

stocking densities.  

 

Hecht & Uys (1997) also suggested that the formation of dense shoals interferes with the cues for 

initiation of agonistic behaviour. In the present study, agonistic behavior and its effect were more 

prominent in lower densities than the higher. This was further supported by the loss caused by 

cannibalism induced mortality as it represented 25.92% mortality from treatments with the 

lowest stocking densities while only 7.40% died from treatments with highest stocking densities. 

As reviewed by Ellis et al. (2002) decreasing the stocking density increases the space available 

for the fish which in turn facilitates face to face confrontation among individuals followed by 

escapes and chasing.  

 

Observations made in this study also revealed that escape attempts and chasing were most 

common in treatments with lower stocking densities. The most probable reasons for increased 

aggression and escape attempts in treatments with lower stocking density were due to increased 

swimming area available. Almazán-Rueda (2004) also reported that aggressiveness in African 

catfish was directly related with swimming area as noted in the present study. However, the 

present study was in contrast with the work of Lambooij et al. (2015) who reported that an 

attempt to escape was higher in treatments with highest stocking densities which may be the 

result of crowding stress.    

 

Surface swimming was highest at the eighth week of the experiment. It is because; continuous 

supply of oxygen from the air pump was stopped. Therefore, at the eighth week weight reduction 

in all of the treatments was recorded which was primarily associated with shortage of oxygen.     

On the other hand, the number of fingerlings swim at the surface of the water was larger in 

treatments with highest stocking densities. The following two reasons were suggested for the 

fingerlings to swim at the surface of the water. Firstly, when they were stressed with dissolved 

oxygen and secondly when the fingerlings did not well consume the feed, depicted by reduced 

weight gain. However, large number of surface swimmers in treatments with highest stocking 

density was also reported by Almazán-Rueda (2004) who primarily attributed it to large biomass 

in agreement with the present finding.  
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6.5. Condition Factor 

 

The Fulton condition factor recorded for the present study was 0.504, 0.521, 0.522 and 0.54 for 

treatment II, IV, III and I, respectively, and they are not significantly different (p>0.05). This is 

in agreement with the finding of Amon et al. (2016) who reported that condition factor was not 

significantly affected by stocking density. However, the values recorded for this study were 

slightly lower than those reported Esayas Alemayehu (2009) and Lemma Abera et al. (2014) and 

for the same species in Lake Hayq and Lake Babogaya, respectively.  

 

According to Esayas Alemayehu (2009), the mean Fulton condition factor for the population of 

C. gariepinus was 0.68; while it was 0.64 in Lake Babogaya (Lemma Abera et al., 2014). 

Furthermore, Leul Teka (2001) reported that mean FCF for the species in Lake Langano was 

0.61. Kiriratnikom and Kiriratnikom (2012  in Agbo et al., 2014) also reported that condition 

factor in walking catfish, (Clarias nieuhofii) reared for 12 weeks in glass aquarium was 0.58 

which is in agreement with the present finding.  

 

According to Demeke Admassu (1990) mean FCF was affected by factors such as temperature, 

food quality and quantity. Although the fingerlings were fed twice daily at 5% of their 

percentage body weight , the nutritional quality of the feed in this study in relation to vitamin and 

other essential mineral contents was not tested and, therefore, not known. Therefore, the 

palatability and digestibility of the locally available feed was not analyzed. However, low 

palatability and digestibility are considered as possible causes for poor growth performance. 

Therefore, the deviation in the value of mean FCF might be due to the nutritional quality of the 

feed which was undetermined and the difference in the nature of the habitat as they are confined 

(reared in glass aquaria).  

 

Almazán-Rueda (2004) observed that in restricted spaces, the African catfish exhibits 

behavioural problems such as reduced feed intake, aggression, death and cannibalism. Therefore, 

the confinement due to the glass aquaria might affect the wellbeing of the fingerlings. However, 

the absence of scientifically published information on the ability of the species to grow under 

laboratory condition in Ethiopia might affect the general conclusion made.   
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6.6. Growth estimation 

 

Various growth parameter prediction models were available which were used to estimate L∞.   

However, maximum length (Lmax) which was obtained from the raw data for each of the 

treatments was used here. L∞ was determined by employing extreme value theory (Formacion et 

al., 1991). Therefore, in keeping with this view to estimate VBGF parameters, L∞ should be 

reasonably close to the maximum fish length observed in the samples, t0 should be smaller than 0 

so that the fish at age 0 could have a positive length (Moreau, 1987), and K might vary between 

0 and 1 per year for fish species with long life spans (Pauly, 1980); the relevant estimates of the 

fingerlings of C. gariepinus in this study conforms to all the above criteria (Table 8).  

 

Unfortunately, no adequate scientifically published information on growth parameters of the 

African catfish in Ethiopia and, therefore, already available values from the literature which are 

reported for large C. gariepinus were used to compare with the present finding 

(http://www.fishbase.org/). However, the values obtained from the current study were in 

agreement with different African water bodies such as lakes, rivers and dams as described in 

Table 8.    

 

The growth performance index value (Φ) was used to evaluate the reliability of L∞ and K 

estimates. Moreau (1987) indicated that species within the same family are expected to have 

similar Φ values, as Φ values are normally distributed. From various African water bodies the Φ 

value of C. gariepinus ranged from 3.00 to 3.67 (http://www.fishbase.org/) whereas in the 

present study the value ranged from 2.5 to 2.6. The reason for this variation might be attributable 

to the size and age of the fingerlings.  

 

 

 

 

 

http://www.fishbase.org/
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6.7. Growth performance indices 

 

Growth is affected by numerous factors. According to Jobling, (1998), feed composition, ration 

size, feeding frequency and stocking density are among the most important factors affecting 

growth. 

 

The effects of stocking density on the growth of fish were documented in Bjørnsson (1994) and 

Irwin et al. (1999) and reported an inverse relation between stocking density and growth for a 

range of fish species. This is because increasing stocking density results in stress, which has a 

metabolic cost, leading to the reduction in growth and food utilization (Hengsawat et al., 1997). 

However, in a number of other species, growth rate is not affected by an increase in fish density 

(Papst et al., 1992).  For example, North et al. (2006) on rainbow trout (O. mykiss) and 

Papoutsoglou et al. (1998) on sea bass (D. labrax) reported that high stocking densities for these 

species had positive effect on their growth performance.  

 

Previous studies on African catfish (C. gariepinus) are in line with the general assumption that 

growth performance is decreased when stocking density is increased (Haylor, 1993). However, 

this turned out not to be the case in this study and therefore, the growth performance indices 

(mean weight gain, relative growth rate, specific growth rate and percentage weight gain) 

recorded higher value at treatments with the highest stocking density than lower stocking 

densities. This is in agreement with Almazán-Rueda (2004) who reported that growth of C. 

gariepinus fingerlings increased at higher stocking densities as compared to lower stocking 

densities. 

 

The most likely reason for the difference between literature data (Eyo et al., 1998; Edward et al., 

2010) and the current study is the difference in stocking density used in the various experiments. 

It has been reported that stocking density and growth rate may not be uniformly positively or 

negatively linear for a given species. For example, the effect of stocking density on the growth 

rate of halibut was negative only above a certain threshold level corresponding to approximately 

100% coverage of the tank bottom (Bjørnsson, 1994). Another possible explanation for the 

positive effect of stocking density on the growth rate of African catfish is due to changes with 
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the size of the fish. Most previous studies on African catfish which have dealt with the effect of 

stocking density on growth performance have been carried out on juveniles with an initial weight 

smaller than 9 g Kaiser et al. (1995) and Hossain et al. (1998), whereas fingerlings with the 

smallest weight used in the present study had an initial weight of 21 g.  

 

The other reason may be the competition occurred at a higher density for feed affected the 

fingerlings positively in that they remain active during the time of feed delivery such that they 

were able to consume the feed delivered efficiently. This hypothesis was further supported by the 

degree of turbidity of the aquarium water observed during each water exchange time. It was 

observed in the present study that the amount of uneaten feed from aquariums that host the 

highest stocking density was lower than that of the lower densities.  

 

The other possible explanation may be aggressiveness. During the behavioural observations it 

was found that agonistic behaviour manifested by cannibalism and escape attempts were higher 

in treatments with lower densities than the highest one. Furthermore, the fingerlings spent most 

of their time by chasing one another. This is in agreement with the work of Kebus et al. (1992) 

who reported that rate of cannibalism in juveniles of rainbow trout was most evident and 

common in treatments with low stocking densities than higher densities. However, the 

fingerlings in treatment with highest stocking density were observed by making shoal and resting 

more at the bottom of the aquarium.   

 

Therefore, these all agonistic behaviors in treatments with lower stocking density may have 

demanded the fingerling some more energy which rather would have been used for maintaining 

growth. This finding was in agreement with Hecht and Uys (1997) who reported that aggressive 

activities caused a lot of energy which otherwise could be used for growth. Thus aggression can 

result in stock losses, reduced food conversion efficiency and slower growth. However, this 

aggressiveness was reduced in treatments with higher stocking densities as a similar finding with 

that of Hengsawat et al. (1997) who reported that aggressiveness in African catfish was reduced 

at highest stocking densities. Furthermore, this result can be explained by the hypothesis 

supported by Ellis et al. (2002) that, a high density condition does not always result in increased 

fish stress as aggressive behaviors demand high energy cost.   
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Solomon and Udoji (2011) also reported that growth rate of fingerlings of African catfish was 

higher in treatments with highest stocking densities than lower stocking densities. Kebus et al. 

(1992) also reported that stocking density have no influence on the growth performance of 

rainbow trout as much as good quality of water was maintained. Sahoo et al. (2004) observed 

that increase in stocking density resulted in increased growth and survival of C. batrachus larvae 

and fry during hatchery rearing. This report is also in agreement with the finding of the present 

study.  

 

Otubusin (1997) also reported that growth rate in African catfish was not affected by stocking 

density as the stocking density were not as high as those often used in aquaculture. On the 

contrary, Oyedeji and Funmilayo (2016) reported that except for survival rate, growth 

performance in terms of weight gain, relative growth rate and percentage weight gain in African 

catfish was not significantly affected by stocking density. In the present study, however, survival 

rate was high in treatments with higher stocking densities and it was in contrast with the finding 

of Oyedeji and Funmilayo (2016) who reported lower rate of survival for treatments with higher 

stocking densities.                                                       

 

Although a positive trend of growth in all of the treatments during the study period was recorded, 

the final weight gain after 12 weeks of treatments was not good enough for all of the stocking 

density treatments as compared with others. For example, Eyo et al. (2013) reported a better 

growth performance of wild collected fingerlings in terms of weight gain, food conversion ratio, 

specific growth rate and length gain than the findings of the present study. However, that 

difference may be due to the difference in feed and temperature.  

 

Almazán-Rueda (2004) observed, however, that in restricted spaces, the African catfish exhibits 

behavioural problems such as reduced feed intake, aggression, death and cannibalism. In 

addition, absence of natural food in the artificial environment may affect their growth as the 

fingerlings were originally collected from the wild. Fish growth was the end product and an 

integrator of the reactions involving the intrinsic and extrinsic factors in which the fish thrives. 

Piersma & Drent (2003) also reported that the variability of biotic and abiotic factors in artificial 

environment was much lower than that of the wild environment. However, specific features of 
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the environment are of primary importance in determining the growth and survival of African 

catfish in varying degrees (Ivoke et al., 2007). In line with this report, the lower growth 

performance of the fingerlings in this study might be due to the change in the nature of the 

habitat as they are challenged to adapt the artificial environment and lack of experience for 

feeding on artificial feed. 

 

The result for the lowest weight gain in treatment II with stocking density of 15 fingerlings might 

be the position of the aquariums in the experiment setup. As a matter of chance the experimental 

aquariums allocated for this treatment were located at the vicinity of window and as well as at 

the bottom of the electric lamp where light intrusion is higher than other treatments.  According 

to Almazán-Rueda, (2004) fish spent more time swimming under continuous light than under 

dark. Therefore, this extra time swimming requires additional energy that would otherwise be 

used for growth. It was also observed in this study that cannibalism induced mortality was higher 

in this treatment than others. 

The mean daily growth rate obtained during the study period for treatment III (0.07g/day) was 

higher than that of the other three treatments with mean value of 0.04g/day, 0.02g/day and 

0.007g/day for treatment IV, I and III, respectively. However, the mean daily growth rate for the 

fingerlings in all of the treatments was not different and it was not significantly affected by 

stocking density. This is in agreement with Effiong et al. (2012) and Amon et al. (2016) who 

reported that daily weight gain in African catfish fingerlings at different stocking densities was 

not significantly different. Although the mean values of the daily growth rate were not affected 

by stocking density, the highest mean daily weight gain was more or less in agreement with the 

finding of Effiong et al. (2012) who reported 0.06g/day for catfish fingerlings. Akinwole et al., 

(2014) also reported a daily weight gain of 0.27g/day as the highest value of a treatment with 

lowest stocking density.  

However, the mean daily growth rate obtained in the present study was in contrast with those 

reported by Amon et al. (2016) who reported a better daily weight gain than the finding of the 

present study.  This might be due to the wild nature of the fingerlings, the quality of feed and the 

type of feed ingredients used in the present study. It is known that locally available feed 
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ingredients were used for the present study while the above scholars used commercial catfish 

feed (Coppen) with balanced nutritional quality.  

 

The highest specific growth rate value (0.323%/day) was obtained for treatment with the highest 

stocking density. From the finding of the present study, specific growth rate obtained for 

different treatments was variable but not affected significantly by stocking density (p>0.05) 

except for treatment II. This is in agreement with the finding of Oguguah et al. (2011) who 

reported that specific growth rate of hybrid catfish was not significantly affected by stocking 

density. The finding of the present study was very close to the finding of Edward et al. (2010) 

who reported a specific growth rate ranged between 0.42-0.47. However, this finding was in 

contrast with the findings of Amon et al. (2016) who reported that specific growth rate was 

inversely related with stocking density. On the contrary, the present study finds a better specific 

growth rate among the stocking density treatments than the finding of Jamabo and Keremah 

(2009) for the same stocking density treatments.  
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7. Conclusion 

 

From the finding of the present study it was concluded that;   

 

 Except for the concentration of ammonia, the stocking density treatments do not affect 

the water quality parameters such as pH, dissolved oxygen and temperature.   

 

 The survival rate of the fingerlings treated under different stocking densities was higher 

and it was observed that it was not density dependant 

 

 Food utilization capacity of the fingerlings determined by food conversion ratio and 

protein efficiency ratio was poor given that the fingerlings were collected from the wild.  

 

 Aggressive behaviors characterized by skin lesion, cannibalism and escape attempts were 

most common in treatments with the lowest stocking density while the fingerlings 

responded to increasing density with the formation of dense clusters with constant 

movement and low aggression. 

 

 Growth performance of the fingerlings of C. gariepinus was not affected by stocking 

density. Thus the highest weight gain, specific growth rate, daily weight gain, relative 

growth rate, percentage weight gain and performance index were recorded for treatments 

with the highest stocking density than the lowest densities.  
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8. Recommendation 

 

 There was a positive effect of stocking density on growth performance of African catfish 

fingerlings. However, a number of research reported that stocking density have an inverse 

relationship with growth performance. Therefore, to come up with a concrete conclusion 

on the effect of stocking density on growth performance of the fingerlings of African 

catfish, the stocking density treatment should be conducted as high as the trial of the 

present study until a certain threshold level where growth was inversely affected by 

stocking density was determined.   

 

 Comparative study on survival rate, feed utilization and growth performance of African 

catfish fingerlings which actually was the intention of the present study should be 

conducted to have a clear distinction between the wild collected and hatchery bred 

fingerlings.  

 

 Because commercial catfish feed was not available in Ethiopia; other types of locally 

available feed ingredients should be tested to determine their potential for aqua feed.  

 

 It has been noted that growth performance of African catfish was improved when grow 

under dark condition. However, the poor feed utilization efficiency obtained in the 

present study was associated with dark background color which reduces the contrast 

between the feed and the fingerlings. Therefore, different background colors should be 

tested to improve food utilization efficiency as well as improving growth.  

 

 Based on the current finding it is very difficult to make maximum profit in the 

aquaculture sector by using fingerlings of African catfish collected from the wild. 

Therefore, mechanism should be developed in the country to promote artificial 

propagation of African catfish so as to have hatchery bred fingerlings.  
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 A similar experiment on tank or pond should be conducted to determine the growth 

performance of fingerlings of African catfish  

 

 

 Gudo Bahir wetland which is the source of seed for the present study was vulnerable. 

Therefore, this study urges research centers, government body, Non-Governmental 

organizations, stake holders and other community members to take their part and get 

involved to protect the wetland from eradication so as to ensure the continuity of the 

ecosystem services provided by this wetland. It is during this time that fishery sector is 

more benefited, the population of the species in the lake is maintained and alternative 

fishery is promoted.    
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