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ABSTRACT 

The aquaculture system of Pakistan is mainly extensive and in some areas 

are semi-intensive having low stocking density, culture of low value fish species 

and low per unit fish production (2.5 ton per ha). It is high time to move towards 

intensive aquaculture by introducing high value fish species with high growth and 

export potential. The African catfish may serve as potential candidates as it can be 

stocked at higher densities, can attain maximum weight of 16-40 tons/ha. In 

addition, they have high consumer preference due to fewer bones, good meat, 

adaptability to wide range of environmental conditions and disease resistance. 

Therefore, current study was planned to introduce commercially important African 

catfish in aquaculture system of Pakistan. The germplasm of African catfish was 

obtained from Thailand and shifted to AFP (Aquaculture and Fisheries Program) of 

NARC (National Agriculture Research Centre), Islamabad for further 

experimentation. The fish was acclimatized in local environmental conditions and 

exhibit a highly cannibalistic behavior at early stage, which was controlled by 

segregating it on size basis. The feeding experiments were performed to develop 

a cost-effective fish feed from locally available ingredients and feeding 

strategies for optimal use of feed. It was concluded that African catfish should 

feed three times a day at rate of 4% body weight with a feed of 35% crude protein 

level containing 20% animal source of protein. The effect of different stocking 

densities in monoculture was also studied. The culture of African catfish in earthen 

ponds at stocking densities of 15,000 to 20,000 fish per acre gives highest 

production and profitability compared to stocking of 10,000 fish/ acre. African 

catfish was easily bred through induce breeding {the most important factor for the 

introduction of new species} in the local environment.  A female fish of about 1 kg 

gave good results in the terms of fertilization rate (%) hatching rate (%) and a 

handsome number of hatchlings was obtained by the artificial breeding.  These 

experiments provided knowledge base and rational for development of African 

catfish culture under the prevailing environmental condition of the region. 

Intensive culture of this fish could be beneficial for the improvement of 

aquaculture industry in Pakistan.  
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CHAPTER 1 

GENERAL INTRODUCTION 

The current world population is 7.8 billion according to the most recent 

estimate and it is projected that population of world will reach to 9.9 billion by 

2050 (Uarrota et al., 2019). The ever-increasing human population will pose 

greatest challenges to the world to feed greater than 9 billion persons.  As a result 

of prompt populace expansion, the food shortage problem, especially good quality 

protein is of great concern (FAO, 2020). Current estimates show that about 690 

million individuals are malnourished and if current trends persist 840 million 

population of world will be hungry by 2030. Among the world’s undernourished 

people, the majority are found in Asia and Africa. A severe levels of food 

insecurity was seen in almost ten percent of world population in 2019.To nourish 

690 million hungry people and the additional 2 billion people by 2050, the increase 

in food and agriculture production is needed, otherwise the developing countries 

including Pakistan would face the severe risks of malnutrition. To alleviate the 

risks of hunger, sustainable food production and increase in agricultural 

productivity are vital (UN, 2020). The oceans and inland waters have an immense 

potential to contribute significantly to food security and adequate nutrition for a 

global population (FAO, 2016). 

Pakistan is currently 5
th

 most populated country in the world having around 

223 million people. Pakistan is a lower middle-income country in Southern Asia 

and one fifth population of Pakistan is undernourished. The economy of Pakistan is 

semi-industrialized and back bone of Pakistan’s economy is the agriculture sector. 

The contribution of agriculture sector in the GDP of country is 18.5 percent. The 

contribution of livestock sector in GDP is 11 per cent (60.5 % of agriculture GDP) 

and provide employment to about 35 million people. The estimated contribution of 

fisheries sectors in the GDP is 0.4 per cent (2.1% of agriculture sector). Although 

the share of fisheries sector in GDP is very little, it contributes significantly to the 

national income through export earnings. Total fishery production in Pakistan was 

679,452 tonnes in 2017 (FAO, 2019). Fish export value in 2016 was 352 million 

USD (141m790 tonnes) as compared to import value of 18.5 million USD (8672 
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tonnes). On the average, Southern Asia exports relatively high-valued fish and 

imports low-valued fish (PES, 2004).  Pakistan’s fish export in 2016 accounted for 

1.71 percent of its total export value of all commodities (FAO, 2020).  

 Inspite of the fact that agricultural production in Pakistan is continuously 

growing, the food insecurity level in the country is still high. According to report 

printed jointly by WFP, FAO, WHO, UNICEF and IFAD in 2019, forty million 

people of Pakistan (20.3 per cent) are food insecure/undernourished (FAO, 2019). 

Despite of being an agricultural country, population of Pakistan is also facing a 

shortage of quality proteins. Availability of high quality protein is critical for the 

better nourishment of growing population.  Fish is a source of high quality protein, 

an important source of minerals, vitamin D & E and essential fatty acids.  Fish 

meat have a higher percentage of important amino acids and proteins as well as 

omega-3 fatty acids that have crucial role for the neural development and 

improving cardiac health (Pradeepkiran, 2019). Fish consumption has been 

reported to improve health, control heart diseases and brings better growth in 

children and young ones (FAO, 2012). Many researchers have explained the strong 

association between consumption of fish and reduced inflammatory diseases such 

as arthritis and cancer (Lund, 2013, Rudkowska et al., 2010; Calder, 2004). Fish is 

not only a source of poly unsaturated fatty acids but also have various minerals 

including iodine, calcium phosphorus and selenium. Moreover, considerable 

amount of vitamin A, iron, and zinc are available in fish meat and therefore it can 

be recommended if other sources of these nutrients are limited (Lund, 2013). 

 Total daily protein intake in the world average is 81.2 g/person, while in 

Pakistan it is lower than world average (65.5 gram per person) but a little higher 

than the Southern Asian average (61.7 g/day). Animal protein intake in Pakistan 

(27.3 g/day/person) is twice from the Southern Asian average (13.9 g/day) but less 

than the world average (32.1 g/day). Globally, fish provides about 16.3 % of the 

animal protein consumed by humans, while in Pakistan the fish contribute only 2.2 

percent of animal protein intake. Per capita fish consumption in Pakistan (1.9 

kg/year) is much lower than the world average (19.9 kg) and the Southern Asian 

average (7.3 kg) (FAO, 2020). In present scenario, the consumer demand for fish 

products is increasing day by day. To meet the increasing demand, aquaculture and 
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fisheries has become fastest growing sector of agricultural business and an 

important industry (Villa-Cruz et al., 2009). 

Pakistan’s aquaculture production increased more than tenfold, from 2000 

to 2017. From the perspective of resource endowment, Pakistan’s aquaculture is 

underperforming compared to the world.  Pakistan exhibits 0.45 % of total world 

water resources and 0.59 percent of world total land area, while the share of 

aquaculture production is only 0.14 %.  The share of inland aquaculture production 

of Pakistan (0.32 percent) was less than its share of world total inland water surface 

area (0.57 percent) in 2017 (FAO, 2020).  

Inspite of huge potential for development, aquaculture is yet a relatively 

new activity in Pakistan and is still in its early stages. Despite its vast marine, 

brackish and fresh water resources, the aquaculture is practiced on a limited scale 

in inland waters. Pakistan is rich in fish fauna, however, only two cold water and 

seven warm water fish species are cultured on a commercial scale (Multisector 

Nutritional Strategy, 2019). Formerly, it was supposed that aquaculture is not 

giving the worth mentioning contribution to fish production but now it is emerging 

as an industry. Specifically, marginally productive agricultural lands are being used 

for aquaculture production, hence becoming more attractive for fish farmers. The 

fish production technology is progressively being upgraded over the passage of 

time at world level. However, aquaculture industry in Pakistan is characterized by 

low production values per unit area mainly due to low input system employed for 

fish production (Pakistan Fishery Policy, 2006). 

 Pakistan is rich in freshwater fisheries fauna.  About 242 freshwater fish 

species has been reported from the inland waters of Pakistan (Fishbase, 2020).  

Among these fish species the number of economically important species are 31 

(Rafique and Khan, 2012).  Only three indigenous carps (Catla catla, Cirrihinus 

mrigala and Labeo rohita) are being cultured in Pakistan (Basavaraga et al., 1999). 

Many commercially important fish e.g Khaga (Rita rita), Giant river catfish 

(Sperata seenghala), Malli (Wallago attu), and mahseer (Tor putitora) are 

available in the inland waters of Pakistan (Ali, 2016). To bring the expansion and 

improvement in the aquaculture system of Pakistan introduction of Chinese carps 
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(including Silver carp, Grass carp, Bighead carp and Common carp) was done 

initially. The culture traits, such as suitability and good growth in captive 

conditions and ponds made them good candidates for farming (Mirza and Bhatti, 

1999).  

The aquaculture system of Pakistan is mainly extensive and sometimes 

semi-intensive that is based on low stocking density and culture of low value fish 

species that ultimately results in low fish production (2.5 ton/ha/year). It is the need 

of time to move forward towards intensive aquaculture at high stocking densities 

by introducing high value fish species with high growth potential in aquaculture 

and export potential. The potential candidates are catfish (American channel catfish 

or African catfish), pangasius, tilapia and Asian sea bass. The catfishes are an 

important class of fresh and marine water teleosts having a major contribution to 

economy. Different catfishes are in use because of their suitability in aquaculture 

and a small number of species like Channel catfish, African catfish and Pangasius 

have promising culture characteristics (Mingkang, 2005).  The African catfish has 

gained attention due to its rapid growth which allows fast attainment to market size 

under the intensive culture conditions, (reaching market size of 1 kg in 5-6 months) 

and flesh with very few spines. These fish can tolerate harsh conditions including 

high temperature and less oxygen that makes these fish more malleable and 

resilient to stress (Olaleye, 2005). In addition, high disease resistance, high 

fecundity and ease of their larval production in captivity has contributed towards its 

acceptability in culture systems (Kestemont et al., 2007). Its unique air breathing 

ability enable it to survive in moist sand, burrows and even in meagre water quality 

conditions (Hecht et al., 1996). The fish species that can tolerate such adverse 

conditions could have a better survival rate (Van der Waal, 1998). Even at high 

stocking densities African catfish is found more profitable in culture (Toko et al., 

2007).  

The potential to grow in highly intensive culture without pond aeration and 

water exchange is an exciting feature of the catfish aquaculture (Huisman & 

Richter, 1987).  Production statistics from Thailand illustrates the exclusive 

potential of air breathing catfish for intensive culture where yields range from 12.5 
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to 100 tons/ha/year in the ponds with static water without circulation (Panayotou et 

al., 1982). African catfish (Clarias gariepinus) is native to Africa and the highest 

production of African catfish is reported in Nigeria following other countries like 

Brazil, Mali, Syrian Arab Republic, Hungary, Cameroon, South African, and 

Netherlands (FAO, 2016b).  In various regions of the world, the introduction of this 

fish was very successful. The fish has been introduced from the Central African 

Republic to Coted’ Ivoire; Netherlands and from there to Poland and Indonesia, 

Zaire, China and Cameroon. This fish species has also been introduced in France, 

Hungary, Iraq, Saudi Arabia, Syria, Israel Cyprus; Thailand, Bangladesh, 

Myanmar, Malaysia, Philippines, Vietnam, Cambodia and Laos; Gabon and 

Congo; Czechoslovakia; Rwanda, Burundi, Jordan, Indonesia, Mauritius and Brazil 

(FAO, 2012).  

Temperature range of 20-32 °C is suitable for optimal growth of African 

catfish (Kleynhans et al., 2005). Most of the regions of Pakistan have more or less 

similar climatic conditions. The average atmospheric temperature of Pothohar 

plateau of Punjab region is found to be 35 °C (WRRI, 2006) which is very close to 

optimal temperature range of African catfish. Based on climatic conditions of 

Pakistan and characteristics of African catfish specifically, wide tolerance to harsh 

environmental conditions, it is predictable that African catfish culture will be 

beneficial in Pakistan. It was expected that the per unit fish production will 

increase many times by the culture of this species. Therefore, it was hypothesized 

that this fish species will acclimatize grow and reproduce in local environment of 

Pakistan. The objectives of this study were: 

 Acquisition of African catfish germplasm, its acclimatization and 

performance evaluation in local environmental conditions. 

 Development of feed for African catfish from locally available ingredients. 

 To study the effect of stocking density on growth of African catfish in 

earthen ponds. 

 Evaluation of breeding performance of African catfish under local 

environmental conditions of Pakistan. 
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CHAPTER 2 

ACQUISITION OF AFRICAN CATFISH GERMPLASM, ITS 

ACCLIMATIZATION AND PERFORMANCE EVALUATION IN LOCAL 

ENVIRONMENTAL CONDITIONS 

2.1 INTRODUCTION 

 The aquaculture system of Pakistan is mainly extensive and in some areas, 

semi-intensive culture is also practiced at low stocking density of low-value fish 

species that ultimately give low per unit fish production, estimated to be 2.5 ton per 

hectare. Indigenous and exotic carp species are being cultured in the inland 

aquaculture system of Pakistan (Basavaraga et al., 1999). These fish species have 

no potential to grow in highly intensive culture conditions and are also considered 

low value fish species. Although carps have a wide range of acceptability among 

the consumers, a large segment of the people does not prefer these fish due to a 

large number of intramuscular spines (Mirza and Bhatti, 1999). It is a need of time 

to move towards intensive aquaculture at high stocking densities by introducing 

high-value fish species with high growth potential in aquaculture and export 

potential. The potential candidates are catfishes like African catfish, Channel 

catfish, Pangasius and Sea bass. The catfishes are gaining popularity in the culture 

system because of their high growth, consumer preference due to good quality flesh 

with very few spines and high export potential (Mingkang, 2005). 

 African catfish has recently attracted the attention of fish culturists all over 

the world due to its economic advantages. African catfish has the endurance to 

extensive range of surroundings with high temperature and less oxygen with its air-

breathing ability that makes it more malleable and resilient to stress (Olaleye, 

2005). It is disease resistant, highly fecund and ease of their larval production in 

captivity declared it commercially very important species (Kestemont et al., 2007). 

The fish species have a better survival rate (Van der Waal, 1998). Even at high 

stocking densities, it is found more profitable in culture (Toko et al., 2007). African 

catfish have been successfully acclimatized in the culture system of various 

countries and globally well known for its culture. In early 1980s, this species was 
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familiarized worldwide for its farming, therefore it is also observed outside of its 

native habitat such as Brazil, Vietnam, Indonesia and India. African catfish is the 

most widely dispersed species (Skelton, 2001). 

  The first step for the introduction of new species in an environment is its 

transportation in the local environment from the source environment. Many 

stressors are faced by the fish during transport such as changes in density and 

environmental conditions including water movement, flow regime and 

environmental pressure (Mcewen & Wingfield, 2003; Koolhaas et al., 2011). Less 

species survival due to increased stress and transportation during unfavorable 

conditions has also been reported (Warriss, 1998; Broom, 2005). Earlier, better 

tolerance of African catfish was reported during its transportation due to its hardy 

nature (Emmanuel et al., 2013). 

 After transportation, the second step is acclimatization in a particular 

environment for the purpose to introduce an organism at somewhere.  The 

adjustment of an organism in a changed environmental condition is known as 

acclimatization. The change in environment could be change in temperature, 

altitude, humidity, pH and photoperiod. Organisms can acclimatize their physical, 

morphological, biochemical and behavioral traits in response to changing 

environment (Hutchison, 2009). Whenever a fish is moved to new environment it 

experiences high levels of stress which make it vulnerable to 

various diseases.  Acclimation is done to reduce the level of shock in a fish which 

is being introduced to a new environment.  

 After acclimatization, species confirmation is of prime importance so that 

its genetic traits can be manipulated efficiently for a given purpose. Morphometrics 

and meristic traits are usually used to organize taxa, species level or sub-species 

level.  Morphometric and meristic studies have been widely used for the 

identification of different fish stocks and are helpful for separating species, 

populations & races (Turan et al., 2005, 2004). Morphometric studies of fish 

populations within a species are helpful to understand the interactive effect of 

environment, selection and heredity on the body shapes and sizes (Cadrin, 2000, 

Ibanez-Aguirre et al., 2006). The fish species with similar morphometric features 

https://en.wikipedia.org/wiki/Photoperiod
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are supposed as a stock (Avsar, 1994). Besides this, growth of different body parts 

is proportional to the total length of fish. Therefore, the morphometric 

measurements and the study of their relationship with total length is also essential 

for taxonomic characterization of a species. The enormous morphological variety 

of fishes has often been defined subjectively and qualitatively (Froese and Pauly, 

2017). Study of these characteristics are equally important for fish culturists to 

study their adaptability to newly introduced environment with reference to their 

feeding habits, ecological interactions and reproductive behaviors in particular 

culture system.  

 Keeping in view the significance of acclimatization for the successful 

introduction of a species this study was planned to check various aspects of 

adaptability and growth performance of African catfish in culture system of 

Pakistan. 

2.2 REVIEW OF LITERATURE 

Fish survival during transport is affected by a number of factors. According 

to FRG recommendation, the overall temperature difference during transportation 

of fish should not be more than 1-2°C, but this can be variable for the species and 

size of the fish. Excluding the larval stages if there is need to transport fish, it 

should be left to famish for at least one day. The probable duration of fish 

transportation can be reduced to half, if the gastral tract of the fish is not 

thoroughly cleansed (Pecha, Berka & Kouril, 1983). Fish with full stomach 

requires additional oxygen as these are more vulnerable to trauma and produce 

feces which absorb much of oxygen in water. However, when fish larvae are 

shipped, their time of subsistence deprived of food should be taken into concern.  

For the larvae of herbivorous fish, the transport time should not be more than 20 

hours and that of several species of aquarium keeping should be lesser than 12 

hours (Orlov, 1974). 

Fish density should be decreased by 5.6% with every 0.5°C rise in 

temperature and increased by 5.6% with every 0.5°C fall in temperature while 

transporting fish (Piper, 1982). Consumption of oxygen is also increased due to 

eratic swimming during handling process. Such movements increase oxygen 
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requirement 3-5 times. For example, the salmonid fry needs many hours to return 

to the regular level of oxygen metabolism after the the transportation process is 

completed (Lusk and Krcal, 1974). Using closed systems for transport, by 

dissolving oxygen under high atmospheric pressure, the content of oxygen in water 

commonly is not a limiting factor due to the sufficient availability of pressurized 

oxygen in a closed bag. 

High oxygen contents in water has no harmful effects on the fish, e.g 35 mg 

L
-1

 is reported to be the limit for rainbow trout which is not achievable in practical 

situations, as declared by Heiner (1983). The fish are capable to adjust the quantity 

of oxygen entering to their bodies.  According to the research by Dupree& Huner 

(1984) additional oxygen is consumed within the initial 15 min in the 

transportation unit as compared to successive 15 minutes time period. For this 

reason, supplementary oxygen, as much as doubles the flow is usually obligatory 

and should be delivered during loading and the initial first hour of transportation. 

The oxygen flow can be decreased to normal level of 6 mg L
-1

 after this 

acclimatization period, when the fish have become stable and oxygen consumption 

has alleviated (Piper, 1982). 

The African catfish is considered as the most appropriate fish for farming. 

Presently, the farming of this species on a profitable level is described in almost 12 

African countries including Nigeria, South Africa and Zambia. The farming of this 

species has been established primarily in The Netherlands, South Africa, Belgium 

and Central African Republic. Based on type of practice, the level of production 

ranges between 1 to 40 tons per hectare per year and even exceeds 0.8 tons/m
3
/year 

under ultra-high density farming conditions.  Its feed conversion ratio is 6 when fed 

least-cost feed stuffs. The farming of a relevant species including Heterobranchus 

longifilis and the hybrid of this species with African catfish was also significantly 

improved by artificially prepared farm based feeds. Nevertheless, the farming of 

clariid catfish has immense future potential throughout their distributional ranges 

(Hecht et al., 1996).  

African catfish is not only produced on a commercial level as a food fish in 

Uganda and Kenya, but also its fingerlings are used as live baitfish to catch the 
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Nile perch in Victoria Lake. Currently, 8-10 g fingerlings, around 700 million/year 

are demanded for live bait. Per annum demand of the African catfish fingerlings in 

Uganda is about 300 million (Isyagi et al., 2009 a,b). African catfish is 

characterized to have fast growth rate (in length and weight) and its growth rate is 

found to be strongly influenced by ambient conditions and habitat ecology (Britz & 

Pienaar, 1992).  

Although the growth and survival of African catfish is known to be 

manipulated by many factors but water quality, feeding and stocking density are 

the most imperative ones (Brett, 1971). The extent of growth in this fish is 

determined by interaction of these factors (Hogendoorn, 1983).  African catfish can 

tolerate very stark surroundings (Skelton, 2001). It can endure low oxygen levels in 

water for substantial periods of time, by using special supra branchial body part 

(Hecht et al., 1988). This structure is remarkably visible part with its branches 

passing overhead arches of gills exactly adapted for inhalation by air (Maina & 

Maloiy, 1986) and permits for moving on the land when there is less availability of 

water (Johnels, 1957). 

A wide ranges of water temperature (8-35°C), salinities (0-10ppt) and pH 

(6.5-10.0 reported by Stone and Thormforde, 2003) are tolerated by this species 

(Safriel & Bruton, 1984). At higher temperature of 25-33°C, the African catfish 

displays higher rate of growth with optimum development at 30°C (Britz & Hecht, 

1987). The species has higher adaptability as it can survive in extreme conditions 

like damp sand or in borrows (Van der Waal, 1998). Distinct stages can be 

identified throughout lifetime of African catfish. The prelarval stage last about 14-

42 days, depending on the water temperatures. After the consumption of yolk sac, 

post larvae swim up to water surface to gulp air. Then, they become free swimming 

fry by complete growth of fins and development of organs (Hernandez & Fernado, 

2015). 

Between 1985 to 1998, active research effort was spent on the high density 

farming of African catfish in recirculated systems (Eding et al., 2006). The 

technique originally was developed in the Netherlands and it was promptly adapted 

in Nigeria, Hungary and Poland. In Nigeria and Uganda, pond systems are still 
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used to produce majority of African catfish. In Nigeria, tank culture system is 

operated at high stocking density. In Uganda, African catfish culture is mainly 

done in semi-urban surroundings and in those regions where there is ease in 

accessibility to supplies and services (Akinwole & Faturoti, 2007). 

For aquaculture farming of African catfish in ponds as well as for intensive 

culture in tanks under controlled indoor conditions, its potential was described by 

Hogendoorn & Koops (1983). The Huisman and Richter (1987) has stated that 

systems for water recirculation are desirable for the intensive culture of the African 

catfish in those areas having moderate conditions of climate as water has high 

temperature. Various methods of feeding are also used for commercial-scale 

production of catfish using ponds. Complete, pelleted feed or farm-made feeds are 

used to raise this fish in monoculture using static pond or flow-through conditions.  

About 15-20 tones/ha fish was produced in a yearlong production cycle 

using stagnant pond culture system while yield ranged between 25 and 40 

tones/ha/cycle using flow-through system. African catfish and O. niloticus are 

often cultured together by feeding on farm manufactured feeds giving a total yield 

of 5 to 8 tons per hectare per year in polyculture conditions in stagnant ponds 

(Ayinla, 2007).  Although these levels of yields are about 50 % of those attained 

under flow-through culture conditions, they are still very high. However, the 

capability of ponds was deteriorated under standing water conditions than that of 

flowing water. 

Under the static water management conditions, the production capacity of 

ponds is lower than flow through conditions (Hecht, 2013). Isyagi et al (2009b) 

have proposed that fish less than 10 cm or weight less than 6 g should not be used 

for farming in earthen ponds. To decrease the mortality ratio and to achieve a high 

profitability level, they advised to use the larger fingerlings weighing about 15 g. 

The stocking density of 24,750 (15 g) fish one hectare are required to get an 

expected harvest weight of 800 g per fish. This resulted in only 10 percent rate of 

death during growth period. The most basic problem in small hatcheries was the 

cannibalism exhibited by Clarias gariepinus, Oreochromis niloticus, 

Heterobranchus longifilis by even fries and fingerlings. Frequent grading on daily 
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basis however reported to lower the rate of cannibalism in African catfish juveniles 

(Siddik et al., 2015).   

Almazan et al. (2004) reported that the decline in swimming movements 

effects the frequency of aggressive behavior in catfish. Hence by directing feeding 

frequency, food availability and light intensity to reduce the swimming activity 

could be beneficial in lessening the cannibalism. This was attained at soft light 

intensity of less than 15 lux, constant availability of food material and offering a 

feed to the fish after every two hours around the clock during initial rearing period. 

Measurements of length and weight in combination with data of age can 

provide information of the fish stock, their age of maturity, fish life span, growth, 

mortality and reproduction (Kumar et al., 2013). Fishery researchers and managers 

use this relationship to determine the weight from the length of a fish and for the 

spatial and temporal comparison of the related parameters by average calculation 

(Ayoade & Ikulala, 2007).  By using the mathematical equation, weight could be 

computed from a given length and vice versa by using this relationship. Length-

weight relationship of fish is extensively documented as an imperative means in 

fisheries particularly in ecology for study of population dynamic and for planning 

stock management strategies (Abdoli & Rasooli, 2008).  

Condition factor is used as an index factor to express abiotic and biotic 

factors interaction in the physiological conditions of fish species. Therefore, in 

different localities, the value of condition factor among fish species shows 

variations (Blackwell et al., 2000). In fisheries science, the condition factor (K) is 

used for comparison of the condition, i.e., fitness or wellbeing of fish in particular 

environment (Seher and Suleyman, 2012).  Isometric growth is exhibited by fish 

when length increases in proportions equally with body weight for constant specific 

gravity (Olurin & Aderibigbe, 2006). 

Presently, African catfish is the dominant fish species due to lot of 

favorable aquaculture characteristics so its production may increase to meet up the 

increasing fish demands of population. Nigeria and Malaysia have higher 

production of this catfish due to population increase, diversification status of their 

aquaculture industry, required technicalities and acceptability of African catfish 
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among consumers (Dauda et al., 2018). The future of aquaculture of African catfish 

is brilliant as Pakistan has vast land & water resources and demand of fish is also 

increasing day by day due to increase in population and per capita fish 

consumption. The main objective of this study was to introduce high value African 

catfish to cater the domestic demand and for increase export earnings. 

2.3 MATERIALS AND METHOD 

2.3.1 Study Site 

 This study was performed at Aquaculture and Fisheries Program (AFP) 

National Agriculture Research Centre (NARC), Islamabad. Having humid and 

subtropical conditions, the climate could be divided into five seasons viz., Spring 

(March, April), Autmn (September, October), Summer (May, June), Rainy Moon 

Soon (July to August) and Winters (November to February).  Minimum air 

temperature range (3.9-20°C) was observed in January and extreme high 

temperature was recorded (38-46°C) in June (Pakistan Meteorological Department, 

2013).  

2.3.2 Transportation of African Catfish from Thailand 

 For introduction, African catfish was imported from Thailand with the 

help of commercial importer. About 400 and 500 fish fry/bag were packed in 

polythene bags filled with water and oxygen in ratio of 1:3. The polythene bags 

were packed in Styrofoam boxes, and two polythene bags were kept in each 

Styrofoam box.  These Styrofoam boxes were air lifted from Bangkok Thailand 

to Islamabad Pakistan.  The duration of transportation was approximately 16 

hours from Thailand to NARC, Islamabad Pakistan.  

2.3.3 Un-packaging and Recovery  

 After arrival at AFP research station, fish was unpacked. Mortalities were 

recorded and water quality parameters including DO, temperature, pH, and 

ammonia was determined for both loading densities. Fish were initially stocked in 

raceways and circular tanks slowly by equalizing the water temperature of bag, 

circular tanks and raceways. Fish were kept in raceways for 7 days by feeding ad 

libitum and intensive aeration was maintained in regular water flow throw system. 

Fish were offered with minced meat during this recovery period. Fish started to 
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accept feeding after 3 days of transportation in powdered form at 35% crude 

protein level (CP). During this period, mortality was recorded after every three 

hours of initial stocking on first day and then mortality was recorded on daily basis.  

2.3.4 Acclimatization in Local Conditions - Comparison of Growth in 

Raceways and Stagnant Pond Environment 

 For the acclimatization of fish in local environment, imported fish was 

kept in outdoor raceways with 1500 gallons water flow through capacity and 

earthen ponds of size 0.04 hectare in extensive culture system. Fish was 

stocked at the rate of 100 fish per raceway and 1000 fish in each pond. No 

aeration was done during this period. The acclimatization process was 

continued for 90 days. The feeding was done three time in a day ad-libitum. Fish 

were fed with locally prepared feed. For the measurement of length and weight, 

the fish (n=15) were captured randomly after 15 days by using hand nets and drag 

nets and after taking required data fish were released back to their respected 

system. During the process of acclimatization in raceways and ponds, mortality of 

fish was recorded on daily basis. After acclimatization process total fish were 

collected for recording survival and total weight. Their growth performance 

(Weight gain, Specific growth rate (SGR) and condition factor (CF) and survival 

rate  were calculated using following formulas: 

Weight gain= Wf-Wi 

Survival rate (%) = No. of fish stocked-No of fish survived x100/ Number  

   of fish stocked 

SGR (%) = [(In Wf- In Wi) x 100]/days  

CF= [fish weight (g)/ fish length (cm)
3
] x100 

2.3.5 Cannibalism Study   

 After acclimatization, the fish that survived appeared less than expected 

number of fish without any apparent mortality. This low fish survival was observed 

due to phenomenon of cannibalism. To minimize cannibalism, further investigation 

was done using physical grading method based upon the fish size (cm) for 

improving growth performance and survival of African catfish in raceways system. 

Experimental design was completely randomizes design (CRD) having three 
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treatments and three replicates. Duration of study was three weeks. Fish was fed at 

ad libitum during the whole experimental period. For this purpose, fish was divided 

into three groups.   

i. Treatment 1 (T1):  Sorting interval 5 days  

ii. Treatment 2 (T2):  Sorting interval 7 days 

iii. Treatment 3 (TO): without any sorting (Control group) 

The 200 fish of almost same size were stocked in each raceway. Fish 

was graded manually by hand picking method. For every treatment fish was 

divided into two groups based upon its size. Their survival, growth rate and 

cannibalism rate was calculated accordingly based upon the pooled data.  

2.3.6 Water Quality and Data Anlysis 

 Water quality parameters including temperature, pH, dissolved oxygen 

(DO) were recorded on daily basis using multimeter (Lutron, 2015) during 

the acclimatization while alkalinity and hardness was measured on weekly 

basis. The data analysis was done by analysis of variance (ANOVA) on SPSS. 

The significant values  at 5% significance level were compared using Duncan’s 

Multiple Range test (DMRT). 

2.3.7. Morphometric and Meristic Study 

Identification, morphometric and meristic study of the introduced 

African catfish was done by keys and descriptions given by Talwar and 

Jinghran (1991). Specimens of African catfish of mixed sex were collected 

from raceways and earthen ponds with the help of nets. The meristic 

counts recorded were anal fin rays, pelvic fin rays, caudal fin rays, dorsal fin 

rays, pectoral fin rays and gill rackers in the head region. Morphometric 

characters recorded were total length, standard length, body depth, head 

length, head depth, snout length, pre-orbital head length,  post-orbital head 

length, length of dorsal, pectoral, ventral, anal and caudal fins and longest 

length of dorsal, pectoral, ventral and anal fin.  

2.3.8 Length-Weights Relationship  

Length and weight of African catfish was recorded initially after 
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import and then on fortnightly basis for twelve weeks to monitor the 

growth of African catfish in local environment (raceways and earthen 

ponds). The weight of fish was recorded with electronic balance. The 

condition factor was evaluated by the formula: 

K=W / L3 X 100 

K:      Condition factor 

W:     Body weight 

L:      Fish total length 

The relationship between length and weight was recorded by formula: 

W= a ± Lb (Pauly, 1984) The factors a (proportionality constant) and b 

(regression coefficient) of relationship between length and weight were 

estimated by least square regression (Zar, 1984) for each species combined 

sex. The total 200 specimens of fingerlings of African catfish were collected 

from earthen ponds at AFP, NARC  during 2013 and studied for length-

weight relationship. 

2.4 RESULTS AND DISCUSSION 

2.4.1 Transportation and Recovery after Unpacking 

 The introduction of any exotic fish species in the culture system of a 

country requires successful transportation of live fish with great care and attention. 

In the present study about 4000 African catfish fry with average weight of 0.20 g 

were transported by air from Bangkok, Thailand to Islamabad Pakistan. Total 

transit time from Bangkok to Islamabad was 16 hours. The fish bags were 

unpacked immediately after being transported at AFP, NARC, Islamabad. All fish 

were apparently healthy and no injured fish were seen.  Mortalities and important 

water quality parameters were determined immediately after unpacking of bags for 

both packing densities (Table 2.1). A negligible (<1%) fish mortality was observed 

at both packing densities. These mortalities were within the permissible limits 

during the transportation of live fish. Average water temperature after the 

unpacking of fish bags was 23.5 and 24.1
o
C in packing density of 400 and 500 

fish/bag, respectively that is considered suitable for the survival of African catfish 

(Khattab et al., 2000) and Otubusin (2001). Concentration of dissolved oxygen in 

water was 5.90 and 5.30 mg L
-1

 at both packing densities. The enough amount of  
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Table 2.1: Post transport mortality and water quality parameters of African catfish 

packed in ploythene bags using two different loading densities.  

Parameters 400 fish/bag 500 fish/bag 

Mortality (%) 0.50.01b 1.40.01a 

Temperature (
O

C) 23.50.5b 24.20.48a 

pH 7.00.01a 6.40.03b 

DO (mg/l) 5.900.02a 5.300.04b 

Ammonia-N (mg/L) 4.10.05b 5.30.07a 

Carbon dioxide (mg/L) 11.20.02b 13.10.03a 

Means with different letters differ significantly.   
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Figure 2.1: Post release mortality in African catfish during recovery phase after 

transportation at AFP, NARC. 
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dissolved oxygen in water indicated that oxygen is not the limiting factor at 

packing of 4:1 ratio (Otubusin, 2000). Average values of free CO2 and pH ranged 

from 11.2-13.1 mg L
-1

 and 5.9-6.2 for density 1 (400 fish/bag) and density 2 (500 

fish/bag) respectively. 

  Accumulation of carbon dioxide originated from fish and bacterial 

respiration has been reported to lower the pH of water (Paerl & Paul, 2012). 

Amount of free ammonia in water is one of the most important factors. 

Concentration of free ammonia during the transportation of Clarias gariepinus was 

4.10 and 5.30 mg/L in both packing densities (400 and 500 fish/bag). Free carbon 

dioxide and free ammonia were directly related with packing densities, while 

dissolved oxygen and pH are inversely related with the packing densities.  

According to Alikunhi (1954), overcrowding in the container in which fry are kept 

deteriorates the water quality. Survival of African catfish even at high values of 

ammonia could be attributed to its hardy nature as extremely high tolerance of 

ammonia up to 6.5 mg L
-1

 in has already been described for Clarias gariepinus 

(Oellermann, 1995).  

 Another greatest challenge after live transportation of exotic fish species for 

introduction purpose is the recovery of fish after arrival at destination.  In the 

present study the fish was initially released in raceways and circular tanks. 

Post release mortality was initially higher, and afterward it was stabilized 

gradually as shown in Figure 2.1. Higher death rate could be attributed to 

physiological stress in newly introduced environment. Even within a short 

duration of transport, carrying fish is often associated with numerous stressors. 

Poor quality of water (Weirich & Tomasso, 1991; Carmichael, 1992), tank 

confinement (Davis & Parker, 1986), more packing densities (Piper, 1982), 

physical handling (Maule et al., 1988; Cech et al., 1996) and conditioning of 

fish to a new environment (Carmichael et al., 1984; Brick & Cech, 2002) are 

main stressors related with transportation 

2.4.2 Acclimatization in Local Conditions-Comparison of Growth in 

Raceways and Stagnant Pond Environment 

 After keeping the fish in intensive environment for recovery from 
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transportation stress, fish were distributed in two different culture systems for 

acclimatization. During the first day, within first eight hours after stocking, 1 %, 

mortality was observed in raceways while 4% mortality was recorded in earthen 

ponds. The catfish mortality may be attributed to handling stress in raceways and 

stress of newly introduced environment of earthen ponds. Major mortalities during 

the nurturing stage have already been reported when catfish fry were stocked in 

earthen ponds (Bindu, 2006).  

 Fortnightly growth trend of African catfish fed with feed (35% Crude 

Protein) at ad libtum in raceways and earthen ponds during acclimatization for a 

period of 90 days is given in Figure 2.2. There was a gradual increase in weight 

gain in raceways and earthen ponds. Total weight of African catfish in earthen 

ponds was significantly higher compared to those reared in cemented raceways. 

The better growth in earthen ponds has also been reported by other authors 

(Akinwole et al., 2016; Marimuthu, et al., 2010; Nahar et al., 2000). The be t t e r  

g rowth  in earthen ponds may be due to higher water temperature (27-30°C) as 

compared to temperature in raceways. The natural food in ponds might have 

contributed to the significantly better growth rate in earthen ponds compared to 

the race ways.  Better growth of American channel catfish in earthen ponds 

with sufficient supply of natural prey items in summer has been reported earlier 

(Rab et al., 2007). The natural feeding resulted in increased growth rate in 

earthen ponds with nearly 8-9% as compared to artificial feed provided in tank 

culture (Bosworth & Wolters, 2005). Similar to Wellborn (1988), the present 

study recorded the higher growth rate in African catfish in earthen ponds as 

compared to raceways which could be due to a large quantity of tadpole larvae 

in ponds in monsoon. Our results are in contrast to the finding of some other 

authors reporting m o re  gain i n  w e i g h t  under raceways s y s t e m  

( Marimuthu et al., 2010; Nahar et al., 2000). In inside and open-air reservoirs, the 

constraints for quality of water can be organized with much ease as compared to 

earthen ponds (Keremah, 2014). Also, the tanks require frequent water exchange 

for aeration and presence of regular prey items is scarce compared to earthen ponds 

(Engle & Sapkota, 2012). Some other studies have also reported the farming of C. 

gariepinus in rigorous and extensive type culture systems in both raceways and 

earthen ponds (Keremah and Esquire, 2014). 
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Figure 2.2: Line graph showing growth of African catfish during 

acclimatization (June- August 2015) fed on imported floating feed in 

raceways and earthen ponds. 
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Performance of African catfish in raceways and earthen ponds during 

acclimatization period of 90 days is given in Table 2.2. Significantly higher weight 

gain and specific growth rate of African catfish was observed in earthen ponds as 

compared to raceways. African catfish was successfully acclimatized in present 

study in both type of culture systems without aeration. Fish survived even in very 

less water exchange in raceway culture. As compared to other species, catfish has 

the ability to grow even in severe culture conditions without requirement of pond 

ventilation or higher water exchange (Huisman & Richter, 1987). The exclusive 

potential of survival lies in its air breathing ability, omnivorous type feeding habit 

and its tolerance to poor water quality conditions (Nguyen, 2016).  

 However, the decrease in number of fish was recorded in both cemented 

raceways and earthen ponds during the acclimatization process although apparent 

natural mortality was very low. This was due to cannibalism that has been reported 

in African catfish and many other fish species. The cannibalism was reported as 

one of the major problems hindering survival in C. gariepinus, Oreochromis 

nilticus, H. longifilis fry and fingerlings (Royle, 2001). The present results are in 

line with previous studies that reported cannibalism in African catfish rose in 

concrete tanks in Nigeria (Yalcin et al, 2002; Dadebo, 2009; Baras, 1999). 

According to Naumowicz et al. (2017), more than 30 fish families have been 

reported to exhibit cannibalism phenomenon. Cannibalism is highly detrimental 

and disadvantageous for most of these fish species which are valuable contributes 

in aquaculture. Some wild populations of African catfish were also reported to have 

cannibalism (Corbet, 1961; Bruton, 1979).  The cannibalistic cohort of species has 

been reported also in larval and juvenile sibling (Aboul-Ela et al., 1973). This 

decrease was more obvious in raceways as compared to earthen ponds (P<0.05). 

Ponds provide significantly higher survival rate to African catfish as they have 

more space to reduce interaction between individual fish and they also provide 

place to smaller fish to avoid attacks by larger fish. The rate and extent of 

cannibalism in African catfish larvae and juveniles is affected by numerous 

environmental factors (availability of food & prey, feeding frequency, size 

variation, stocking density, refuge, light and feed distribution (Reddy et al., 1995). 

 It was    observed    that    cannibalism   was high   during initial period of 
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Table 2.2: Growth performance of African catfish in raceways and earthen ponds 

during acclimatization period of 90 days.  

Parameters Raceways  

n=100 fish 

Earthen ponds  

n=1000 fish 

Mortality (during first 8 hours) 1.00 % 4.00 % 

Initial weight (g) 1.9±0.45a 2.0±0.61a  

Final weight (g) 181.2±2.61b 208.3±2.88a 

Weight gain(g) 179.3±1.25b 206.3±1.08a 

Specific growth rate 4.94±0.07b 5.18±0.03a 

Survival fish after 90days  30.4±0.04b 63.4±0.07a 

 Means with different letters differ significantly. 
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(a) Rceways                                                  (b)  Earthen ponds 

Figure 2.3: Fortnightly survival and mortality rates of African catfish in two culture 

systems (raceways (a) and earthen ponds (b)) during 90 days experimental period. 

(Differences were calculated by subtracting mean number dead fish collected 

during a particular fortnight from the mean number of alive fish at the beginning of 

that fortnight). 
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Table 2.3: Water quality parameters recorded in raceways and earthen 

ponds.  

Parameters Earthen ponds Raceways 

Temperature °C 30.9±1.0 27.0±0.7 

DO (mg/l) 5.4±0.4 7.8±1.3 

pH 7.2±0.3 7.5±0.4 

Alkalinity (mg/l) 168.3±7.63 157.0±3.4 

Hardness (mg/l) 130.0±10.0 136.2±5.8 
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acclimatization then it was gradually declined Natural mortality was also found to 

reduce with the passage of time, ultimately it diminished and survival rate was 

improved (Figure 2.3 a & b). Previously, higher rate of cannibalism was reported in 

early weeks or months during the unequal growth of organisms leading to size 

heterogeneity in Asian sea basaa and African catfish (David et al., 2010). The 

consumption of small fish by larger ones is also reported in different clarias species 

earlier by Bara et al. (1999) and Haylor (1989). Two types of cannibalism 

including tail-first and head-first was defined by Hecht and Appelbaum (1988) in 

culture of Clarias gariepinus who reported the start of cannibalism from 8 mm to 

about 80 mm. Hafedh & Ali (2004) also reported that cannibalism is the main 

cause of mortality in African catfish and it becomes more prominent in species that 

are not fed properly (2-4%).  According to Mukai et al. (2013), chemical 

substances were produced from the bruised skin surface of African catfish that 

elicited cannibalistic behavior in other fish present near the injured fish. They 

commend larval rearing of African catfish in dark or dim conditions to increase 

survival rates in catfish. Proper grading according to size is also used to decrease 

size discrepancy of many other cultivated species of fish (Popper et al., 1992; 

Kamstra, 1993).  

 The data on different limnological features recorded in raceways and 

earthen ponds are given in Table 2.3. The average temperature recorded during 

experimental period in outdoor concrete raceways (raceways) and earthen 

ponds was 27.0± 0.7 and 30.9± 1.03°C respectively. Different studies have 

reported maximum growth of C. geriepinus at the temperature of 28-30°C and 

24-29°C (Mollah, 1984; Henken et al., 1986). The ranges of dissolved oxygen 

values recorded in the present study were 5.4-7.8 mg/1 in raceways and earthen 

ponds. The range of DO (6.7-8.3 ppm) was considered suitable for catfish 

production (Lakshmanan et al., 1967). The pH ranges recorded in the present 

study were similar to that described earlier (Dewan et al., 1991). 

2.4.3 Control of Cannibalism in African Catfish through Physical Grading 

Physical grading is an important tool to control the phenomenon of 

cannibalism. The Table 2.4 shows that there was a significant difference in  
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Table 2.4: Survival rate, natural mortality and cannibalism-induced mortality of 

African catfish.  

Group  Sorting interval 

5 days) 

Sorting interval 

7days 

Without sorting 

Number of fish 

stocked 

200 200 200 

Final number of fish 

harvested 

175.5±25.30b 170.5±28.70a 23.2±4.57c 

Natural mortality  9.4±0.62a 8.9±0.79a 10.7 ±0.54a 

Cannibalism induced 

mortality 

15.1± 0.74c 20.6± 0.52b 166.1±0.67a 

Total survival (%) 87.7±1.65a 85.25±1.73a 11.6±0.25b 

Average Final 

weight(g) 

44.6±1.00c 46.63±2.65b 78.56±7.34a 

Weight of total 

harvest(g) 

7827.3±0.95a 7950.4±0.87a 1822.5±0.65b 

Means with different letters differ significantly. 
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survival rate of African catfish at different grading treatments. The fish that 

was sorted after five days interval had maximum survival rate (87.7%) 

followed by the fish sorted after seven days interval having survival rate of 

85.2% and control group (11.6 %) respectively. The results of present study are 

in line with the findings of Mollah et al. (1999) who reported that grading is 

useful for improving survival in African catfish. 

The maximum cannibalism was observed in control group (unsorted 

group) followed by 7 days sorting interval and 5 days sorting interval. Highest 

rate of cannibalism in control group was due to size difference of fish (Baras & 

Jobling, 2002). It has already been reported that the cannibalism can be 

significantly lowered by sorting of individuals (Szczepkowski, 2009). In 

present study, natural mortality was non significantly different among all the 

three treatments. African catfish are hardy and are able to thrive in tough 

environmental conditions so they are less prone to natural mortalities (Bruton, 

1979; Uys, 1989). The average weight gain was maximum in control group 

(non-sorted group) followed by 7 days sorting and 5 days sorting. The total 

weight of harvest was maximum in the fish which was sorted after 5 days 

interval followed by sorted after 7 days and control (unsorted). An improved 

rate of growth was also observed by some researchers after the removal of 

dominant individuals from culture systems through sorting thus reducing 

competition for food and space (Jobling & Reinsnes, 1986). 

2.4.4 Meristic and Morphometric Study 

 The data on meristic counts of African catfish are summarized in Table 

2.5. The African catfish was characterized to have 4 pairs of unbranched 

barbels, two nasal and two mandibulars (inner and outer) present on the jaw. 

External mandibular barbel were lengthier than internal pair. Dorsal and 

anal spines were absent; the numbers of dorsal and anal soft rays were about 

61-80 and 45-65, respectively. The number of soft-rays in the pectoral fin 

ranged from 10-11 with a hard spine, similarly the number of soft-rays in the 

pelvic fin was 6. Caudal fin was rounded having 18 soft rays. Head appears 
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quadrilateral and pointy in dorsal shape; snout generally curvy; eyes are located 

supero-laterally and comparatively smaller. The fins formula derived on the basis 

of our study is D. 64-74; A.54-59; P1. I/9-10, P. 2.5. The meristic studies of this 

fish confirmed its species. Results from this study are in agreement with results 

reported by studies of Oijen (1995); Teugles (1986); Teugles et al. (2007); 

Hansen, (2009); Fagbuaro et al. (2015).  

 The data on morphometric characteristics of African catfish is given in 

Table 2.6. Most of the morphometric characters changed with increasing size 

of the body. Morphometric measurements of total length, standard length, 

snout length, head length and head depth increase with increasing body weight. 

The apparently specimens observed have scaleless bony elongated body with 

long dorsal and anal fins nearly reaching the caudal fin and a helmet like head.  

The head was compressed with highly ossified hard body which was covered 

with smooth skin without scales. The skin was darkish on the dorsal side while 

greyish on the ventral side. Different habitat characteristics such as food 

availability, water depth & flow, turbidity and temperature contribute to 

differences of morphometric characters. For example, the diameter of eye was 

greater in the populations of Aksu than Ceyhan, which might have been due to 

turbidity differences among the both rivers (Matthews, 1988). Placement in 

lateral position was assumed to be due to pelagic type habitat and increase in 

displacement dorsally was assumed to be due to exposure a more inactive 

mode of life (Aleev, 1969).  Moreover, small prey size is believed to be 

corelated in stream fishes with short head length (Gatz, 1979). The head of C. 

gariepinus showed large morphometric differences between samples of African 

catfish collected from six populations of Clarias gariepinus in the Asi, Seyhan, 

Ceyhan, Goksu, Aksu, and Sakarya river systems in Turkey. In the Asi 

population, when the morphometric characters were compared, the placement 

of dorsal and ventral fins is more anterior, length of pectoral spine and head 

length was short and the placement of eyes was closer to each other as 

compared to other samples from different rivers (Turan et al., 2005) 
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Table 2.5: Meristic counts of African catfish imported from Thailand. 

Parameters  Numbers 

Gill arches 4 

Mandibular barbels 4 

Nasal barbels  2 

Maxillary barbels 2 

Pectoral fin rays 10-11 

Pelvic fin rays 5 

Anal fin rays 54-59 

Dorsal fin rays 64-74 

Caudal fin rays 18 
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Table 2.6: Selected Morphometric Features of African catfish, Clarias gariepinus. 

Parameters Group 1 Group 2 Group 3 

Body weight 174-370g 507-821g 1060-2080g 

Total length (cm) 32-39 42-49 56-63 

Standard length (cm) 24-30 37-44 50-58 

Fork length (cm) 27-34 34-48 55-61 

Caudal peduncle depth (cm) 2-3.20 4-5.29 5-6.2 

Preanal distance (cm) 13.50-15.40 20.82-23.0 25.0-35.0 

Prepelvic distance (cm) 12.0-14.0 16.97-18.0 21.0-27.0 

Prepectoral distance (cm) 6.0-8.0 8.45-9.2 9.00-12.0 

Dorsal fin length (cm) 15.5-21.0 24.5-27.0 23.0-38.0 

Pectoral fin length (cm) 2.5-3.60 4.45-5.0 5.00-5.3 

Pectoral spine length (cm) 2.00-2.22 3.11-4.0 5.5-6.0 

Pelvic fin length (cm) 2.00-4.0 3.49-4.5 4.0-5.0 

Anal fin length (cm) 11.50-14.50 16.12-18.0 21.0-25.0 

Head length (cm) 4.70-6.0 9.0-10.31 11.20-14.5 

Head depth (cm) 2.2-3.0 3.85-4.20 4.3-5.0 

Snout length (cm) 1.80-2.30 3.85-4.0 4.20-5.0 

Nasal barbels length (cm) 3.0-3.90 4.31-5.0 5.20-6.25 

Maxillary barbels length (cm) 8.10-9.40 9.31-10.50 10.0-12.0 

Genital papilla length (cm) 0.70-1.20 1.09-1.30 2.0-2.5 

Body depth at anus (cm) 4.0-6.0 5.16-8.0 8.0-10.0 

Caudal peduncle depth (cm) 2.5-4.0 5.29-6.0 6.0-7.25 
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2.4.5 Length Weight Relationship of African Catfish 

 The relationship between weight and total length and its regression equation 

for African catfish is shown in Figure 2.4. The mean condition factor (k) of African 

catfish reared in earthen ponds and raceways ranges from 2.20.99-3.60.18 and 

2.40.36-3.20.40, respectively with mean value of 2.8 which is greater than 1. 

Higher K values are indication of conduciveness of both types of culture system for 

African catfish. The similar values of mean condition factor for male, female and 

combined sexes during pre-monsoon, moonson and post-monsoon were also 

reported by Pillai et al. (2016). Similar trend of condition factor was observed for 

both sexes of another catfish species Arius tenuispinis by Das et al. (1997). The 

results are inline with the study of Chandra & Jhan (2010) who recorded the greater 

condition factor values (more than 1) of Channa punctata. These studies indicate 

that these fish have high adaptability to various environmental conditions. The 

condition factor “K” was reported to decrease with increase in fish weight and 

length as has been reported earlier (Wootten, 1998; Abbas, 2000). Variations in 

condition factor are related growth pattern, reproductive maturation, ecosystem 

health and climatic variations as well as feeding rythms (Quasim, 1973a; Davies et 

al., 2013). The length weight relationship and condition factor of this species 

confirmed its rapid growth and its adaptability to local environmental conditions as 

reported by Cren (1951), Salami & Janjua (1991). 

 The value of correlation coefficient (r) for length and body weight was 

linear and highly positively corelated.  The value of correlation coefficient (r) for 

length and body weight was 0.92 and that of growth coefficient (b) was 3.2.  The 

value of growth coefficient (b) was not significantly different from isometric 

coefficient value which shows that fish grows isometrically. Isometric growth 

generally refers to increase in body weight with increase in length whereas, b >3 

and b < 3 indicates positive and negative isometric growth, respectively. Le Cren 

(1951) and Chauhan (1987) reported shape or body outline of does not 

remainsimilar throughout their life, a substantial deviation was observed from the 

cube law as specific gravity of tissue also not remains constant. The b value is 

directly linked with weight affected by various factors including  ecological and 

biological conditions (Ricker, 1973). 
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   Figure 2.4: Relationship between total length (cm) and wet body weight (g) 
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In contrast to isometric, in allometric growth, the body weight does not 

increase in proportion to body length. Ali et al. (2002) and Haniffa et al. (2006) has 

reported negative allometric growth pattern in some fish species including C. 

punctata. The negative allometric growth has also been reported in C. 

Striatus (Khan et al., 2011) and C. maurulius (Rathod et al., 2011, Dua & 

Kumar, 2006). 

Conclusion: The African catfish was successfully transported and acclimatized in 

local environment of Islamabad Pakistan.  The better growth rate and survival rate 

was achieved in the earthen ponds (P<0.05) compared to the raceways that shows 

the adoptability of African catfish in local conditions. During initial weeks of 

acclimatization, high rate of cannibalism and low survival rate was observed in 

African catfish, however the survival rate was improved as the cannibalism was 

decreased with increase in fish weight. Physical grading based upon size and 

weight of fish significantly (P< 0.05) improves the survival of African catfish by 

lowering the rate of cannibalism. Initial rearing period of 2-3 weeks is the most 

critical period, cannibalism almost diminishes after 2-3 weeks and the survival rate 

become constant due to similar size fish with periodical grading. The survival rate 

of African catfish at initial stages can be improved by sorting the fish at 5 days 

interval.  
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CHAPTER 3 

DIET DEVELOPMENT FOR AFRICAN CATFISH FROM LOCALLY 

AVAILABLE FEED INGREDIENTS 

3.1 INTRODUCTION 

 Fish requires sufficient food supply in the precise proportions and with 

proper nutritional contents for growth, energy, reproduction, movement and other 

activities (Umaru et al., 2016). In recent years, advancements have been observed 

in the field of fish nutrition because of the development of new, balanced 

commercial diets that are helpful to promote optimal fish growth and health. For 

better production, it is usually recommended to use fish feed that favors the 

viability and profitability of fish farming (Umaru et al., 2016). In this scenario, 

formulation of fish feed is of significance as 40-50% of the production costs is 

represented by this input (Jamu & Ayinla, 2003; Steven & Louis, 2009).  

The proportion of protein is higher in fish diet when compared with other 

cultured animals and this makes fish feed very expensive. African catfish is 

omnivore that feeds on fish, invertebrates, reptiles and amphibians (Kadye & 

Booth, 2012). Commercial feed is usually comprised of expensive and high-

quality proteins and in addition, its processing, packaging and transport 

contributes towards its higher costs. High feed cost is considered as the major 

variable operating cost associated with channel catfish and African catfish 

farming (FAO, 2012). The precise knowledge on the protein requirement of fish is 

therefore important for any aquaculture initiative as high priced protein 

ingredients are usually needed in greater amounts for the majority of fish species 

(NRC, 1993).  

  Catfishes require high protein diets; therefore, fish meal is the main 

ingredient due to its high protein content (Fontainhas & Fernades et al., 1999). 

Most of fish species can get complete set of essential amino acids from fish meal to 

fulfill their protein requirement (Sogbesan & Ugwumba, 2008).  However, fish 

meal is scarce in most of the developing countries that makes it too expensive.  

Therefore, it is not economically feasible to use fish meal alone or at high inclusion 
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levels in fish feed. It is therefore suggested to reduce the animal protein content in 

fish feeds with some suitable alternative that is equally good in nutritional quality, 

easily available and more cost effective (Olsen & Hassan, 2012).  Previously, the 

replacement of animal protein with cheaper plant sources such as soybean meal and 

gluten has been reported (Jones et al., 1996; Lovell, 1988; Lim et al., 2004). Since 

African catfish requires major portion of protein in feed so, there is need to find out  

the optimum level of protein in its diet with replacement of low cost localy 

available feed ingredients. 

 One problem that is faced by fish culturists is to determine a balance 

between rapid growth of fish and optimal use of feed (Gokcek et al., 2008).  

Information about the optimum feeding rate and feeding frequency is vital, not only 

for adjusting the feed intake but also for optimal growth and maintaining water 

quality (Ertan et al., 2015; Salama, 2008; Du et al., 2006). The water quality, fish 

health and the response of the immune system as well as fish growth are directly 

influenced by feeding frequencies or feeding intervals (Lee et al., 2000, Dwyer 

et al., 2002, Garcia & Villarroel, 2009). Due to the return of appetite from gastric 

evacuation, the optimal feeding frequencies may enhance growth by improving the 

intake of food (Riche et al., 2004). However, the overloading of of fish stomach 

and intestine due to overfeeding leads to decrease in digestive efficacy and reduced 

feed consumption and utilization (Du et al., 2006; Hung & Lutes, 1987; 

Storebakken & Austreng, 1987; Jobling, 1986).  

 Both over feeding and under feeding affect the cost of fish production 

(Mihelakakis et al., 2002) and physicochemical parameters of water quality (Ng et 

al., 2000). The rate of feeding is affected by many factors like the fish size, its type, 

the system used to culture it (Cho et al., 2003) and the presence of the nutrients in 

the feedstuff (Mihelakakis et al., 2002). Maximum growth rate at reduced cost 

could be attained by the regulation of the feeding rates and feeding frequency 

(FAO, 2012). Keeping in view the above facts present study was conducted to: 

 Determine optimum dietary crude protein requirement for maximum 

growth of African catfish. 

 Replace the fish meal by plant proteins in the diet of African catfish to 

make it more cost effective. 

https://www.sciencedirect.com/science/article/pii/S2452316X1730515X#bib21
http://biopublisher.ca/index.php/ija/article/html/1722/#re
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 Study the effects of feeding levels on production characteristics of pond-

raised African catfish. 

 Evaluate the performance of African catfish under different feeding 

frequencies. 

3.2 REVIEW OF LITERATURE 

African catfish is studied to be omnivorous in feeding habit as it displays 

both scavenging and predatory type behavior (Bruton, 1979). It is identified to have 

tremendously diverse diet composition eating fruits and seeds, all types of aquatic 

invertebrates and small vertebrates, small mammals and even plankton in aquatic 

ecosystem (Skelton, 2001). Bigger fish show an explicit dietary modification 

towards fish as they gain weight and attain larger size (Willoughby & Tweddle, 

1978). However, sedentary foods, which it senses with its sensory barbells are also 

preferred (Skelton, 2001). It is reported to be an effective predator and even hunts 

in groups where it may drove groups of small fish alongside of inundated aquatic 

vegetation before consuming them. Introverted feeding, collective hunting and 

synchronized pack-hunting foraging behaviors and even migratory movements for 

feeding have also been observed (Merron, 1993). 

The species is cultured in extensively different systems of farming varying 

from very intensive culture in tanks with flow-through or recirculating water 

conditions to intensive, semi-intensive and extensive type either small and large-

scale, polyculture or monoculture, pond culture with stagnant or flow-through 

system. It is therefore, not astonishing that a diverse range of feeds are used in the 

farming of this type of fish species. These feed types are  dry feeds which are 

futher classified as dry feeds made of single type of ingredients e.g. maize bran, to 

feeds that were farm-manufactured made from mixed feed ingredients to 

formulated feeds, floating or slow-sinking and extruded pellets type feeds (Hecht, 

2013). According to Wilson & Halver (1986), optimum dietary protein level for 

catfish fluctuated from 22 to 32% crude protein.  

 Catfish feed with 28 percent protein content is nutritionally complete, 

however, the percentage increases to 32 percent specifically for fingerlings and 

juvenile catfish (Wurts, 2005). Ideal level of protein in the feed of catfish depends 
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upon factors including protein in the feed, the energy and protein ratio, feeding rate 

and the amino acid constituents of the protein.  The fishes farmed in less number 

have low requirements than that which are grown on higher density. Due to high 

protein contents, different plant based ingredients including sunflower meal, canola 

seed meal and soybean meal have balanced amino acid composition to fulfil the 

nutritional requirements of fish (Storebekkan et al., 2000).  

The nutritional demands of African catfish fluctuate slightly with the various 

phases of growth. Protein requirements at the larval stages is determined to be 55% 

(Uys & Hecht, 1985) while for nursery and growout phases, it is 50 and 40-42%, 

respectively. Similarly, the optimum crude lipid content of 9% and of 

carbohydrates 21 percent was considered optimum for growth (Uys & Hecht, 

1985). For rearing of catfish, non-pelletized feeds using ingredients like maize 

bran, chicken offal (Ayinla, 2007), cocoa pod husk (Fagbenro, 1992) have also 

been used. Feeds of pig and poultry origin are frequently used as substitute feeds 

for African catfish in the African subcontinent (Nyandat, 2007). Alternative 

mineral sources utilized in Nigeria comprised of bone meal and crushed periwinkle 

shells (Ayinla, 2007).  

Studies have been conducted on whole fish meal replacement in the diet of 

catfish with some alternative feedstuffs rich in protein contents, like soybean meal 

and poultry by-product (Goda et al., 2007), full-fat winged bean (Psophocarpus 

tetragonolobus) seed meal (Fagbenro & Davies, 2001) and meal prepared from 

head waste as well as from fermented shrimp (Nwanna, 2003). The replacement of 

fish meal with alternate sources could enhance profitability of fish farming and 

reduce the fishing pressure on fish species utilized for production of fish meal. It 

will further reduce the organic stack of fish farm wastes and ecological pollution 

generated by it (Naylor et al., 2009). Possible replacements to fish meal include 

animal by-product based ingredients like by-products obtained from poultry source 

(Goda et al., 2007), combination of poultry by-products and meat and bone meal 

(Hu et al., 2008, Wang et al., 2008), feather meal and also the blood meal (Wang et 

al., 2008), fish waste from visceral organs (Mondal et al., 2008) and other locally 

prepared by product of fisheries for example crab meal (Garcia-Ortega et al., 

2010). The main issue with by-products of animal source is health risks due to 
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diseases outbreak.  

The maggot meal could also be used as an alternate of fish meal for Clarias 

gariepinus diet (Idowu & Afolayan, 2013) as it was reported to improve the growth 

rate of this species (Dada & akiwand, 2005; Sogbesan et al., 2004). The growth 

performance of Clarias gariepinus fry was studied by Onyia et al. (2011) using 

four different feeds including Coppens (56%), Multifeeds (45%) and locally 

compounded feeds of (35%) and (45%) CP levels. Multi-feeds showed the best cost 

benefit, followed by Coppens and compounded feeds respectively. As, farming for 

carnivorous fish species demands high protein feeds, there is a need to choose 

ingredients with high levels of protein. However, growth performance could be 

improved by replacing fish meal with plant based materials as has been reported in 

Atlantic cod, Gadus morhua (Opstvedt et al., 2003, Krogdahl et al., 2003; Hussain 

et al., 2007). Reasonable growth rate was attained by partially replacing (75%) the 

fish meal (FM) with poultry by-product meal (PBM), meat and bone meal (MBM) 

and soybean meal (SBM) in everyday feed for African catfish (El-Saidy & Gaber, 

2003; Fasakin et al., 2005; Goda et al., 2007).  

Other feeds like live and dry foodstuff were also reported to have significant 

effect on morphology of intestine in African catfish as studied in 2 days’ larvae 

(Onura et al., 2018). In another study conducted by Sotolou & Faturoti (2009), the 

suitability of processed leucaena seed meal as an alternative to soyabean meal for 

fingerlings of African catfish has been reported. Another study reported 37.0% CP 

diet supplemented with a phytase level of 1,200 FTU/kg diet suitable for the 

optimum growth of African catfish (Kemigabo et al., 2018). Similarly, best results 

were obtained by the addition of vitamin C supplement in the feed (Jambo, 2013). 

It was reported that increased feeding rate from 1 to 3 and 5 times daily reduced the 

mortality and increased the Feed Conversion Ratio (FCR) in African catfish fry and 

fingerlings (Asuwaju et al., 2014).  

The feeding frequency is also having an impact on the composition of body 

at fries and fingerlings stage (Marimuthu et al., 2010). Studies on Clarias 

gariepinus juveniles at different feeding frequencies reported improvement in 

weight gain and growth performance of Clarias gariepinus juvenile with increasing 
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feeding frequency. The specific growth rate was lowest with value of 3.56% at 

once daily feeding frequency and highest value of 4.21% was documented with 

thrice daily feeding frequency (Olalusi & Ugwumba, 2010). 

Based on the growth performance of fingerlings, the suitable feeding rate 

per day is 8% of body weight (Marimuthu et al., 2011). However, the African 

catfish fries were not reported to have noticeable difference after feeding on 

commercial feed at 3% and 5% of body weight (Abubakar & Ipinjolu, 2013). The 

African catfish juveniles were described to have intitial weight gain of 0.64g after 

feeding at 6% and 5% of body weight per day (Al-Hafedh &  ali, 2004; Olaoye et 

al., 2014). The feeding input could also be reduced by changing periods of 

restricted feeding levels (Ali, 2001) but it can show compensatory growth (Ali & 

Jauncey, 2004). 

Under intensive tank culture conditions, African catfish can be fed 

manually by hand or using automatic demand feeders on feed distributors working 

on compressed air system. Demand feeders under these situations are not 

suggested, as the pendulum in unceasing movement may lead to wastage of feed. 

For the shifting towards usage of intensive tank culture, detailed research about the 

methods of management and optimized use of feed under these situations is 

required (Hecht, 2013). 

3.3 MATERIALS AND METHODS 

3.3.1 Study Site and Experimental Systems 

For the diet development for the African catfish from indiginous feed 

ingredients, four experiment were conducted at Aquaculture and Fisheires 

Program, NARC, Islamabad. These feeding experiments were performed in 

three types of culture systems i.e. cemented raceways, fiberglass circular tanks, 

earthen ponds (0.02 ha) and two research laboratories (Water quality lab and 

Fish nutrition lab).  

3.3.2 Evaluation of Fish Growth and Feed Utilization 

          Before the start of experiments, all fish were acclimated to the 



41 

experimental condition for a period one week. Prior to the stocking of fish in 

experimental units, the initial data of fish was recorded. During the experiments 

period, the data regarding the fish growth was recorded on fortnightly basis and 

accordingly the amount of feed was adjusted.   At end the experiments, all fish 

were caught with nets, number of fish survived and final weight were recorded. 

The growth parameters i.e. weight gain, percent weight gain, feed efficiency and 

specific growth rate (SGR), Protein Efficiency Ratio (PER), Feed Conversion Ratio 

(FCR) and Survival Rate was determined by using following formulae:  

Weight Gain = Mean final weight of fish – Mean initial weight of fish 

Percent Weight Gain= final weight of fish – initial weight of fish X 100 

                                                 Initial weight 

Protein Efficiency ratio= Weight Gain(g)/Protein Fed (g) 

Feed Efficiency= (Wt. gain/feed offered X 100) 

Food Conversion Ratio  = (Feed offered/Weight gain)  

Specific Growth Rate (SGR)= {[(ln Wf – ln Wi) × 100]/days}. 

    (Wf: final weight, Wi: initial weight) 

Survival rate = 
Total number of fish harvested 

X 100 
Total number of fingerlings stocked 

3.3.3 Diet Preparation 

According to known nutrient requirements of African catfish (NRC, 

1993), the feed was formulated from locally available feed ingredients given 

in Table 3.1. The dietary ingredients included fish meal, soybean meal, canola 

seeds, gluten, wheat bran, rice polish, premixes, Vitamin-C and oil were 

weighed. All ingredients were completely mixed with soybean oil and water 

to obtain a suitable moisture level for making sinking pellets. The feed dough 

was passed through a small extruder and sun dried at ambient temperature of 

40
0
C.  

3.3.4 Proximate Analysis of Feed and Fish  

After the preparation of fish diet,  the p roximate analysis was 
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performed at Fish Nutrition Lab, NARC to determine moisture, dry mater, 

fat, fiber, percent crude protein and total ash. After the completion of 

experiment, three fish were sampled randomly from each treatment for whole 

body proximate analysis. The fish meat was crushed and its moisture and dry 

matter was determined. The obtained dry meat of fish was subjusted to further 

analysis to find out its ash content, crude fiber, lipid and crude protein by 

standard methods (AOAC, 2003). 

3.3.5 Water Quality Analysis  

  To determine suitability of water for fish, the water quality parameters 

(water temperature, dissolved oxygen, pH, alkalinity and hardness) were 

analyzed before start of experiment and at weekly intervals. The pH of the 

water was determined using a pH meter.  Water temperature was recorded with 

digital thermometer. The reading was taken by dipping the sensor of 

thermometer in water. Other water quality parameters including alkalinity and 

hardness were determined through titration methods (Boyd et al., 2016).  

3.3.6 Experimental Design and Procedure  

Experiment 1: Optimum Dietary Crude Protein Requirement for Maximum   

Growth of African Catfish 

This feeding trial was performed on African catfish in twelve fiber 

glass circular tanks (2000 L water capacity) for period of 12 weeks at the 

stocking rate of 20 fish/ tank. The experimental design was CRD with 4 

treatments having 3 replicates.  

 Four experimental diets containing different levels of crude protein  

(CP: 40%, 35%, 30% and 25%) levels were prepared. The composition and 

a n d  proximate analysis of feeds is shown in Table 3.1. The fish fed at the 

rate of 5% wet fish body weight for four times a day.  

Experiment 2: Effect of Replacement of Animal Protein Source with Mixture 

of Plant Protein Sources in African Catfish Diets 

 To develop an economically viable feed for the maximum net return from 

its   culture and to   achieve the   optimum growth of   African  fish.  This feeding  
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Table 3.1: The composition and proximate analysis of diet used for African catfish 

in circular tanks. 

Feed Ingredients 25% CP 30% CP 35% CP 40% CP 

Fish meal 30 30 30 30 

Soybean meal 2 13 20 25 

Sunflower meal 5 5 5 5 

Canola seed meal 5 5 5 5 

Rice Polish 27 17 10 8 

Gluten 30% 5 13 10 0 

Gluten 60% 0 0 6 17 

Wheat bran  22 13 10 6 

Vitamin C 0.5 0.5 0.5 0.5 

Soybean oil  2 2 2 2 

Vitamin premixes 1.5 1.5 1.5 1.5 

Total 100 100 100 100 

Proximate Analysis 

Dry matter 90.2 89.98 92.5 89.82 

Crude fat 2.69 3.10 3.60 4.05 

Crude protein 23.94 29.84 33.68 39.25 

Total ash 9.14 10.4 8.56 7.33 

Crude fiber 14.68 12.94 15.94 13.25 
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experiment was performed to replace the expensive protein source of animal origin 

with cheap plant based feed ingredients. The experiment was performed in CRD 

design with four treatments and three replicates. The duration of experiment was 12 

weeks and experimental system consisted of 12 fiber glass circular tanks having 

2000 L water capacity at the stocking rate of 20 fish/ tank.  

 Four isonitrogenous (35% CP) experimental diets were formulated. 

Soybean meal (45%) and corn gluten (CP 55%) were mixed in equal ratio (50% 

for each) to obtain the Plant Protein Mixture, PPM (CP 50%).  The diet contained 

40% Animal Protein Source was considered as Control Diet. The share of Animal 

Protein Source was decreased at 30, 20 and 10 % CP in other experimental diet, 

same was replace with Plant Protein Mixture, PPM (Replacement of animal protein 

source at 25, 50 and 75 % levels with Plant Protein Mixture, PPM). The fish were 

fed at the rate of 5% wet fish body weight daily at a feeding frequency of two 

times per day. The different combinations of diet and their proximate analysis 

is given in Table 3.2. 

Experiment 3: Effects of Feeding Levels on Production Characteristics of 

Pond-raised African Catfish 

To determine the optimum feeding level for African catfish culture, an 

experiment was conducted in earthen ponds of size 0.02 hectare each, for the 

period of four months at a stocking rate of 10,000 fingerlings per hectare 

(500 fish/acre). The experiment design was CRD with four treatments (2%, 4%, 

6% and 8% feeding level of wet fish body weight daily) having 3 replications. 

The aquafeed of 35% crude protein with 20% fish meal (Table 3.2; Feed F3) 

was used to conduct this experiment.  

 Before stocking of fish ponds, dikes were checked completely for leakages 

and apparent repairs. Excessive grass was removed from pond bottoms and ponds 

were dried completely and limed by using quick lime at the rate of 7-10 kg/100 m
2 

for disinfection. Ponds were filled with water from tube well source up to the level 

of 2.5 m and the water level was maintained at this level throughout the experiment. 

The fish offered feed two times a day in the morning and evening. 



45 

 

 

 

 

Table 3.2: Composition and Proximate Analysis of experimental diet (35% 

CP) used for rearing African catfish in circular tanks. 

Feed Ingredients Feed- 1 Feed- 2 Feed- 3 Feed- 4 

Fish meal (50% CP) 40 30 20 10 

Plant Protein Mixture 

(50% CP)  

15 25 35 45 

Canola seed meal 5 5 5 5 

Rice Polish 10 10 10 10 

Gluten 30% 10 10 10 10 

Sunflower meal 5 5 5 5 

Wheat bran  12 12 12 12 

Vitamin C 0 0 0 0 

Vitamin premixes 1 1 1 1 

Soybean oil  2 2 2 2 

Total 100 100 100 100 

Proximate Analysis     

Dry matter 89.24 88.55 90.33 89.44 

Crude fat 5.71 4.99 5.35 5.76 

Crude protein 35.24 34.85 35.28 34.84 

Total ash 12.14 11.54 12.56 11.43 

Crude fiber 16.68 16.74 15.87 15.55 

* PPM: Plant Protein Mixture 
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Experiment 4: Performance of African Catfish Under Different Feeding 

Frequencies 

To evaluate the optimum feeding frequencies for growth of African catfish 

in cemented race ways, the experiment was performed in nine raceways of 5000 L 

water capacity for the period of four months. The experiment was performed in 

CRD design having three Treatments (1, 2 and 3 times feeding daily) with three 

repetitions. Prior to the stocking, all raceways were thoroughly cleaned and 

filled with clean water from tube-well and this water level was sustained 

during the whole experimental period. After measuring the initial weight of 

fish, 100 similar sized fish were stoked randomly into each cemented 

raceway.  

3.3.7 Data Analysis 

The significant differences among different parametrs were checked by 

ANOVA (analysis of variance) and Duncan's Multiple Range test by using 

SPSS software. Relationship among different parameters like cost of feed, net 

profit and specific growth rate were determined by correlation and simple 

regression analysis.  

3.4 RESULTS AND DISCUSSION 

3.4.1 Optimum Dietary Crude Protein Requirement for Maximum Growth of 

African Catfish  

 The fortnightly growth trend of African catfish fed on diets containing 

different levels of crude protein showed that the total weight of fish increases 

gradually with the passage of time (Figure 3.1). Maximum growth was observed by 

fish fed by diet of higher protein level. The growth rate in the present experiment 

was similar to earlier studies (Machiels & Henken, 1985) who reported that growth 

rate and protein gain increased as levels of protein in the feed increased. The data 

on growth parameters i.e., average final weight, weight gain, feed conversion ratio 

(FCR), specific growth rate (SGR), feed efficiency ratio (FE %) and protein 

efficiency ratio (PER) of African catfish fed on diet containing varying CP levels is 

given in Table 3.3 



47 

 

 

 

 

Figure 3.1:  Fortnightly growth trend of African catfish fed on different diets    

containing different levels of crude protein. Different letters show treatments differ 

significantly (P<0.05). 
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 The final weight of fish and weight gain was improved by increasing 

proteins levels in feed. The fish fed with the feed containing 25% showed 

minimum growth, and followed by feed of 30% CP, 35 % CP and 40 % CP level; 

although weight gain, final body weight, feed conversion ratio, specific growth 

rate, protein efficiency and feed efficiency ratio of fish feed of 35 and 40% CP 

level did not differ significantly. 

 The growth rate of African catfish was best in the fish fed with diet of high-

protein contents (protein 40%) compared to the diet with low-protein (20%). 

Faturoti & Lawal (1986) and Fagbenro (1992) has reported that at least 40% crude 

protein is required for normal growth in Heterobranchus bidorsalis and Clarias 

gariepinus. The present results revealed that maximum growth rate was achieved at 

40 % CP level in terms of weight gain, final weight and specific growth rate. This 

could be due to the metabolism of excessive amino acids by oxidative deamination 

which helps in generating energy (Li et al., 2009, Vergara et al., 1996). Similarly, 

insufficient levels of proteins caused poor growth in various fish species (Giri et 

al., 2003; Kim & Lee, 2005). The CP levels of 40, 35, 30 and 25% CP in 

experimental diets did not affect the water quality parameters that continued to 

remain in appropriate range as described earlier (Buentello et al., 2000). 

In terms of specific growth rate (SGR) and feed conversion ratio (FCR), it 

appears that CP levels in 40% and 35% were better followed by CP levels 30% and 

25% CP. Feed efficiency of African catfish fed 40% and 35% CP feed was higher 

than that of fish fed 30% and 25% CP feed. The best SGR (1.8%/day) was obtained 

at 40% and 35% CP levels. The relationship of SGR with respect to body weight is 

shown in Figure 3.2. The 35% protein was recorded optimal for African catfish as 

increasing further protein level increases the cost of feed and reducing the profit.  

Previously, Karemah & Baregha (2014) have reported similar trend whereby final 

weight gain, percentage weight gain and specific growth rate was increased as 

dietary protein level was amplified. Studies on FCR values for all treatments 

ranges. from 2.1-2.4 and did not differ 0significantly (P<0.05) and these 

observations are found consistent with the studies on carnivorous fish species such 

as the estuary grouper Epinephelus salmoides (Teng et al., 1978) and striped bass, 

Morone saxatilis (Berger & Halver, 1987) fed with formulated diets. Mohanty & 
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Table 3.3: Growth parameters of African catfish fed on diet containing varying CP 

levels .  

Parameters  25% CP 30% CP 35% CP 40% CP 

Initial weight (g/fish) 41.82±0.93a 41.7±0.82a 41.30±0.96a 41.10±0.78a 

Final body weight 

(g/fish) 

169.51±0.90c 184.1±0.90b 209.6±0.42a 214.5±0.87a 

Weight gain (g/fish) 127.69±0.10c 142.4±0.65b 168.3±0.21a 173.4±0.67a 

Food conversion ratio 

(FCR) 

2.4±0.45a 2.3±0.55a 2.1±0.41a 2.1±0.48a 

Specific growth rate 

(SGR) 

1.55±0.25c 1.67±0.23b 1.80±0.21a 1.83±0.22a 

Protein efficiency 

ratio (PER) 

4.0±0.43a 3.33±0.41a 2.85±0.37b 2.50±0.35b 

Feed efficiency (FE 

%) 

41.74±0.22b 43.10±0.31b 45.67±0.24a 45.89±0.36a 

Means with different letters differ significantly. 
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Samantaray (1996) and Lochmann & Phillips (1994) has reported similar results 

for gold fish (Carassius auratus) juveniles fed at protein levels of 21.2-34.5% and 

snakehead (Chana striata) fry using casein or other varied protein sources having 

30-60% CP level. In this study slightly decreasing trend of PER by increasing 

protein could also accounts for PER to be consistent with other studies on Cyprinus 

sp. (Ogino & Saito, 1970), gilthead sea bream (Sabaut & Luquet, 1973), Florida 

red hybrid tilapia species (Clark et al., 1990) and Nile tilapia (Siddiqui et al., 1988). 

 Although significantly higher rate of growth was observed with 40% levels 

of CP as compared to other protein levels. However, on the basis of cost 

calculation, feed having 35% CP was found more economical compared to feed 

with 40% CP. These results of cost benefit analysis pointed out that 35% protein level 

is optimum for African catfish as increasing protein levels beyond 35% increases 

the cost of feed without affecting the growth rate in a significant way thus reducing 

the net profitability (Figure 3.3). The present findings were similar to earlier 

studies on same species using fish meal as a source of protein with 35% CP level 

(Morenike & Akinola, 2010; Karemah & Baregha, 2014).  The lowest cost of 

production of C. gariepinus at temperature 28°C was achieved at 36% protein level 

in fish feed (Al- Deghayem et al, 2014). 

The data on proximate composition of Carcass of African catfish is given in 

Table 3.4. Crude protein in the African catfish fed the diets containing 40% & 35% 

CP were higher (P<0.05) followed by the fish fed diets with 30 and 25% protein, 

respectively. Various researchers (Faturoti & Lawal, 1986; Faturoti, 2000, Sotolou, 

2009; Aderoulo & Akenermi, 2009) have reported that carcass proteins and lipids 

level is increased in African catfish using fishmeal and 40% CP. According to Lin 

& Shiau (1995), carcass composition should reflect the diets as it was observed 

from results of present study. The catfish fed with diet having 40 to 44% protein 

showed significant positive performance as compared with fish offered diets of 32 

to 36% protein (Kiriratnikom, 2012). In this study higher levels of crude lipids  

were observed in fish fed with 35 and 40% CP compared to 25 and 30% CP level 

which is in disagreement with the findings of Davis et al.  (1993) who reported that 

fish fed with lower levels of proteins have more fatty acid contents than those fed  
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Figure 3.2: Relationship of dietary protein levels and SGR for A. catfish fed on 

diets of different protein levels. 
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Figure 3.3:  Relationship between cost and profit at different crude protein 

levels in feed of African catfish. 
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Table 3.4: Carcass composition of African catfish fed with diets containing 

different protein levels.  

Parameters 25% CP 30% CP 35% CP 40% CP 

Carcass (%) 

Moisture (%) 

58.1b 

71.69a 

62.7a 

72.18a 

64.4a 

71.74a 

65.5a 

72.54a 

Dry matter (%) 28.31a 27.82a 28.26a 27.46a 

Crude protein* 43.50b 47.42b 52.71a 53.98a 

Crude lipid* 5.01b 6.27b 10.31a 11.48a 

Ash* 5.63b 7.51a 7.96a 8.01a 

   Means with different letter differ significantly (P<0.05).   

* Percentage of dry matter 
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Table 3.5: Water quality parameters during experimental trial of African catfish. 

Parameters 25% CP 30% CP 35% CP 40% CP 

Temperature (°C) 28.3±0.7 27.2±0.4 28.4±0.2 28.0±0.2 

Dissolved oxygen (mg L
-1

) 5.7±0.37 6.6±0.26 5.9±0.34 6.0±0.87 

pH  7.6±0.02 7.2±0.04 7.0±0.07 7.7±0.09 

Electrical conductivity (µs/cm) 154.6±1.32 151.1±2.10 156.30±1.9 158.60±3.6 

Alkalinity (mg L
-1

) 164.3±17.2 158.6±16.8 161.9±23.4 163.8±25.9 

Hardness (mg L
-1

) 170.8±8.75 169.5±16.2 165.2±13.2 168.1±9.5 
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with higher levels of proteins. In addition, ash content in the fish fed at 40% CP 

was also higher compared to the fish fed with feed at 25% CP level as reported 

earlier by Ramzan et al. (2014). In this study all fish survived easily during the 

whole experiment. No mortality was observed during the whole experimental trial. 

The high rate of survival might also be due to the favorable conditions of water 

body, the good health condition of the fish stocked, the quality and quantity of the 

feeds used and also, the acceptance of feeds by the fish. The high survival validates 

the report of Otubusin (2000).  

  The data on limnological features during farming are given in Table 3.5. 

The values were in acceptable range for culture of African catfish (Viveen et al., 

1985). In addition, oxygen levels for the size air breathing African catfish used 

used in this study may not be considered critical (Haylor & Oyegunwa, 1993). 

3.4.2 Effect of Replacement of Animal protein Source with Mixture of Plant 

Protein Sources in African Catfish Diets  

To develop the cost-effective feed for the culture of African catfish, feed 

was formulated replacing animal source protein with protein of plant origin.  

The Figure 3.4 shows the fort nightly growth trends of African catfish during 

this experiment. The gradual increase in weight of fish was seen with the 

passage of time. The fish fed with feed with 20 % FM and 35% PPM indicated 

maximum growth followed by feed with 30% FM and 25% PPM, feed with 40 

% FM and 15% PPM and feed with 10% FM and 45% PPM. The data on 

growth parameters of African catfish fed on feed formulated by replacement of 

fish meal by plant proteins (PPM) are given in Table 3.6. The final fish body 

weight (429.44±1.54) and gain in weight (145.67±0.24) was significantly 

higher in the fish offered feed contain 20 % Fish meal replaced with 35% plant 

proteins than other treatments which were non significantly different from one 

another. The lowest FCR was recorded by African catfish fed on feed with 20 

% Fish meal replaced with 35% plant proteins, while maximum value of FCR 

(1.90±0.01) was observed with feed having 10% fish meal replaced with 45% 

plant protein source. The values of specific growth rate (SGR) and feed 

efficiency ratio (FE %) of African catfish was non-significant among all  
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Figure 3.4: Weight increment of African catfish fed on diets containing 

different ratio of fish meal and soybean meal. different letter  differs significantly 

(P<0.05). 
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treatments, although numerically 20% fish meal replacement was better than all 

other treatments. 

 In present study, replacement of fish meal up to 50% level by Plant 

Protein Mixture does not affect the growth of fish but at 75% it reduced the 

growth. The trends in results of present study are in conformity with Isicheli 

(2008); Oso et al. (2011) and Nyirenda et al. (2000). However, it was reported by 

Hart & Brown (2005) that the incorporation of soybean meal at 15-25% level in 

diet of trout and salmon did not show promising effect on the growth. Plant 

proteins shows similarity to fishmeal in terms of the protein contents and apparent 

protein and digestibility of amino acids. However, as amino acid profile of 

fishmeal matches the requirement of some fish species, the amino acid profile of 

the protein from plant sources does not match the amino acid requirement of these 

fish species (Hardy, 2007). For example, methionine is found to be the limiting 

amino acid in soybean meal (SBM) and its protein concentrates, while corn gluten 

meal is lysine deficient; and both lysine and arginine are limiting in wheat gluten 

meal. The amino acid profile can be adjusted by preparing blend of SBM with 

grain protein concentrates, to partially overcome these limitations of individual 

plant proteins source. A combination of SBM and DDGS (Dried distillers grains 

with solubles) in feed in replacement of fishmeal for channel catfish, Ictalurus 

punctatus, and blue catfish, I. furcatus, does not influence the growth performance 

of the fish (Webster et al., 1992; Webster et al., 1995a). It was also reported by 

Barbarito et al.  (2009) that greater than 25% inclusion of shrimp head meal in feed 

increased the feed cost and causes reduced growth by lowering feed utilization in 

L. Schmitti juveniles. Eyo (1999a) reported a significant difference in growth 

performance of Clarias gariepinus juvenile fish when fed different levels of 

plant protein. However, when we increase soybean meal above 20% (20 % 

fishmeal) it negatively affected the African catfish growth. 

 Some previous studies reported negative effect of replacing animal 

proteins from fish meal by plant protein from soybean meal and corn gluten 

source (Krogdahl et al., 2003; Rab et al., 2007). The protein synthesis may be 

halted due to missing of one amino acid or even if it is present in lesser 

concentrations (Geiger, 1947). Trout and Salmon showed reduced growth  
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Table 3.6: Growth parameters of A. catfish fed on feeds formulated by replacement 

of fish meal by plant proteins in different ratios 

 

Parameters  40% fish 

meal with 

15% PPS 

30% fish 

meal with 

25% PPS 

20% fish 

meal with 

35% PPS 

10% fish 

meal with 

45% PPS 

Initial weight 

(g/fish) 

283.00±3.30a 282.56±2.21a 283.77±2.92a 283.28±4.36a 

Final body weight 

(g/fish) 

417.63±2.19b 420.76±3.81b  429.44±1.54a 414.34±1.33b 

Weight gain 

(g/fish) 

134.63±0.16b 138.20±0.55b 145.67±0.24a 131.06±0.74b 

Food conversion 

ratio (FCR) 

1.88±0.08a 1.82±0.03a 1.76±0.02b 1.90±0.01a 

Specific growth 

rate (SGR) 

0.43±0.02a 0.44±0.05a 0.46±0.01a 0.42±0.02a 

Feed efficiency (FE 

%) 

54.9±0.25a 53.2±0.51a 56.8±0.33a 52.5±0.15a 

   Means with different letters differ significantly (P<0.05). 
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performance when 15-25 percent of soybean meal was incorporated in their diet as 

an alternate protein source for fish meal (Hart & Brown, 2005). 

The compensation of fish meal in diets of catfish was made by a blend 

plant protein (soybean meal), however, at low levels of fishmeal along with 

soybean meal showed negative growth and increased FCR that render higher 

inclusion of plant based protein to be unsuccessful in terms of feed efficiency 

and growth. General productive performance through better food palatability, 

digestibility and good nutrient profile is greatly improved due to fish meal 

inclusion in animal’s diet (El-Saidy & Gaber, 2007). Increased uptake of 

nutrient, digestion, and absorption of feed having high levels of fish meal is 

also reported by Miles & Chapman (2009). Although the nutrient values and 

low cost inferences the utilization of plant based feedstuffs in diet formulation 

but the presence of some substances called as anti-nutritional factors limitize 

their frequent uses (Sogbesan, 2006).  

Negative effects on growth, reproduction and other physiological 

activities is obvious due to these factors specifically when included at very high 

levels (Oresegun & Alegbeleye, 2001). In present study, the data on carcass 

composition of fish fed different diets is given in Table 3.7. It appears that dry 

matter, moisture and lipid contents, differ significantly (p<0.05) among all 

treatments. Lipid contents of fish appeared to decrease with increased soybean 

meal in diets. Similar findings were reported by Bromage et al. (1992), Robin 

& Kaushik (1994), & Kaushik et al. (1995) who reported that total or partial 

replacement the fishmeal by soybean meal reduced the level of plasma 

cholesterol in female salmonids.  The fishmeal has balanced amino acid 

composition which stipulates synergistic effects with other animal and 

vegetable protein sources in the diet to endorse rapid growth and reduction in 

the costs of feeding (Miles & Chapman, 2009).  Similar findings were reported 

by Koumi et al. (2008) for tilapia Sarotherodon melanotheron where partial 

replacement of fish meal with soybean meal was reported to yield promising 

results. Fapohunda (2012) has reported the use of processed soybean in partial 

replacement of fishmeal for feeding fingerlings of Clarias gariepinus that yielded 

growth comparable to feed having fish meal at full content of 70, 65 and 60 %  
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Table 3.7: Carcass composition of African catfish fed with diets containing 

different levels of animal and plant source protein.  

Parameters 40% fish 

meal with 

15% PPS 

30% fish 

meal with 

25% PPS 

20% fish 

meal with 

35% PPS 

10% fish 

meal with 

45% PPS 

Dry matter (%) 30.51b 26.97d 32.53a 28.27c 

Moisture (%) 69.49c 73.03a 67.47d 71.73b 

Crude protein* 41.02c 44.33b 48.24a 44.89b 

Crude lipid* 4.25a 4.23b 3.68c 2.99d 

Ash* 09.02a 10.96b 09.82a 10.52b 

   Means with different letters differ significantly (P<0.05). 

* Percentage of dry matter 
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Table 3.8:  Water quality characteristics of water during experimental trial of 

African catfish. 

Parameters 40% fish 

meal with 

15% PPS 

30% fish 

meal with 

25% PPS 

20% fish 

meal with 

35% PPS 

10% fish 

meal with 

45% PPS 

Temperature (°C) 30.3±0.35 31.2±0.29 30.4±0.30 31.6±0.33 

Dissolved oxygen 

(mg L
-1

) 

6.7±0.33 6.4±0.28 6.0±0.25 6.5±0.22 

pH  7.2±0.06 7.6±0.02 7.5±0.04 7.4±0.02 

EC (µs/cm) 140.6±2.20 142.1±4.23 140.3.0±2.5 144.6.0±2.2 

Alkalinity (mg L
-1

) 164.1±12.4 166.6±13.5 163.9±11.0 165.2±13.4 

Hardness (mg L
-1

) 152.0±6.52 157.0±8.14 155.9±5.04 159.0±4.36 
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replaced with processed soybean meal (roasted and boiled) at 30%, 35% and 40% 

levels. 

The data on water quality parameters during study period are given in 

Table 3.8. It is evident that all the water quality parameters remained within 

normal and suitable range for growth of African catfish. In this present study, 

the range of pH (7.2-7.6) reported is in agreement with the findings of Pedapoli & 

Ramudu (2014) and Ajiboye et al. (2015) who reported pH within the range of 

6.90-7.06 for African catfish culture. Water temperature is one of the most 

important physical factors affecting fish growth and production (Gaber et al., 

2012). Results of this study are not in line with findings of Raimi et al. (2018), 

who reported 25
0
C to 30

0
C for the African catfish culture. The dissolved oxygen 

content recorded in this study ranged between 6.0mg/l- 6.7mg/l are high as 

compared to those (3.43-6.50mg/l) reported by Ajiboye & Aremu (2015) for 

African catfish reared in glass aquaria. 

3.4.3 Effects of Feeding Levels on Production Characteristics of Pond- 

Raised African Catfish 

 The data on fortnightly growth trend of the pond raised African catfish at 

different feeding levels is given in Figure 3.5. The growth of African catfish was 

increased over time by increasing the feeding level. Table 3.9 shows the data on total 

weight, weight gain (WG), feed conversion ratio (FCR), specific growth rate (SGR) 

and percent weight gain (PWG) of African catfish fed at four feeding levels. A 

significant difference was recorded in the final weight and weight gain, percent 

weight gain and specific growth rate among all treatments.  The feeding rate at 8% 

showed higher final weight and weight gain, percent weight gain and specific growth 

rate followed by 6% feeding rate, 4% feeding rate and 2% feeding rate respectively. 

The Food Conversion ratio (FCR) was incresed by increasing the feeding levels; 

lowest value of FCR was recorded for 2% feeding level followed by 4% feeding 

level, 2% feeding level and 8% feeding level, respectively. By increasing the feeding 

level, Feed Efficiency (FE) was decreased while FCR was improved.  

Positive relationship of feeding rate and weight gain is also documented by 

Seenappa & Devareaj (1991), Sen et al. (1980) ; Cui  et al. (1996), & Tippayadara  
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Figure 3.5: Fortnightly growth trend of pond raised African catfish at different 

feeding levels different letter differ significantly (p<0.05). 
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Table 3.9:  Effects of feeding levels on growth parameters of pond-raised African 

catfish.  

 

Parameters 2% 4% 6% 8% 

Initial weight(g) 84.20.10a 84.70.12a 86.620.08a 84.40.15a 

Final weight(g) 498.30.52d 603.20.32c 655.30.27b 708.60.43a 

Weight gain(g) 414.10.34d 518.50.24c 568.60.19b 624.20.37a 

Feed conversion   

ratio 

2.00.01d 3.30.04c 4.40.03b 5.70.02a 

Feed efficiency 49.290.07a 32.970.05b 22.520.09c 17.300.06d 

Specific growth 

rate 

1.480.05b 1.630.08a 1.680.04b 1.770.09a 

Percent weight 

gain 

491.80.14d 612.10.43c 656.60.56b 739.50.72a 

Survival rate 70.00.24b 91.40.15a 92.00.22a 94.00.26a 

  Means with different letters differ significantly (P<0.05). 
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et al. (2016) in fingerling and juvenile Asian redtail catfish (Hemibagrus 

wyckioides) by using four feeding levels, i.e., 2%, 3%, 4% and 5%. Marimuthu et 

al. (2011) described that Clarias gariepinus fingerlings fed at commercial catfish 

feed under four feeding rates (2%, 5%, 8% and 12%) yielded significantly different 

final weights. At 8% and 12% feeding rate, C. gariepinus fingerlings attained 

highest growth compared to 2 & 5% feeding level. Similar results were 

reported by Sun et al. (2006) for cobia (Rachycentron canadum) juvenile giving a a 

greater SGR when fed with 7% body weight per day as compared to 3% body 

weight per day. Other fish species like bagrid catfish juveniles (Mystus nemurus), 

European sea bass (Dicentrarchus labrax) Channel catfish (Ictalurus punctatus) 

and Pacu (Piaractus mesopotamicus) also reported increased growth rate when fed 

with higher feeding rates due to increased availability of feed, size uniformity and 

well managed water quality conditions (Ng et al., 2000; Eroldogan et al., 2004).  

Most of the economic benefits from fish culture operations are centered 

upon approximations from calculations of gross and net yields. The data on 

production characteristics of pond raised African catfish at different feeding levels 

are summarized in Table 3.10. The economic profitability of using different feed 

application levels for the culture of African catfish in earthen ponds is shown in 

Figure 3.6. It is observed that net profit is increased on increasing feeding level 

from 2 to 4% of wet fish body weight. However, upon further increase in feeding 

level from 6 to 8%, the feed cost was increased that decreased the net profit and 

vice versa. Although weight gain is maximum at 8% feeding level, yet based upon 

cost benefit analysis, feeding at 4% rate is considered best.  Other fish species like 

Channel catfish (Ictalurus punctatus), Bagrid catfish (Mystus nemurus) and 

European Sea Bass (Dicentrarchus labrax) also showed similar trend of growth 

increment at higher feeding rates (Borghetti & Canzi, 1993; Robinson & Li, 1999; 

Ng et al., 2000; Eroldogan et al., 2004). Increasing feed application rate is also 

helpful in reducing the cannibalism and improving the survival rate of carnivorous 

cannibalistic fishes. Similar results were obtained in present study as survival rate 

of African catfish was improved with increasing the feeding level. In several other 

fish species involving C. gariepinus, with increased food accessibility reduction in 

cannibalism has been described (Hecht & Pienaar, 1993; Polis, 1981; Fox, 1975). 
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Table 3.10: Production characteristics of pond raised African catfish at different 

feeding levels. 

Parameters         2%        4%       6%        8% 

No of fish stocked 500 500 500 500 

No of fish harvested 350 457 460 470 

Total harvest (kg) 174.4 275.6 301.4 333.0 

Total feed consumed(kg) 293.5 718.6 1161.5 1695.3 

Cost of feed (PRs) 11743.02 28747.63 46462.82 67815.57 

Income from fish (PRs)  43601.25 68920.17 75362.95 83269.9 

*Net profit (PRs)  31858.16 40172.54 28900.13 15454.33 

*Net profit= Income  from fish-Cost of feed 
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Figure 3.6: Relationship between cost and profit at different feeding levels. 
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Carcass composition of African catfish fed at different feeding levels in 

earthen ponds has been shown in Table 3.11. The body composition 

specifically crude protein contents of African catfish meat were non significant 

(P>0.05) at variable feeding levels. While the meat of fish fed at 6 and 8% 

body weight/day was high in lipids contents than that of the fish fed at 2 and 4% 

body weight/ day. Ash contents was high and lipid content was lower in the fish 

offered with feed at 2% feeding rate as compared to fish fed at 4, 6 and 8% feeding 

rate. It has been established that, low lipid contents in body of fish is a consequence 

of fish fed with less than optimum feeding rate (Bureau et al., 2006 Fiogbe & 

Kestemont, 2003, Van Ham et al., 2003, Puvanendran et al., 2003, Chua & Teng, 

1982) and low frequency of feeding (Lee et al., 2000 and Dwyer et al., 2002; 

Ruohonen et al., 1998; Wang et al., 1998; Andrews and Page, 1975; Chua & Teng 

1978; Kayano et al., 1993).  

For maintaining a healthy aquatic environment and for the production of 

sufficient number of organisms as natural fish food, the role of water quality 

parameters cannot be overlooked (Bhatnagar & Devi, 2013). Physicochemical 

characteristics of water body actually determine the aquaculture productivity (Huct, 

1986). Data regarding to various water quality parameters is summarized in Table 

3.12. In the present study water quality does not seem to be influenced by the 

increased rate of feed application. Various physicochemical parameters including 

dissolved oxygen, temperature, and pH were within the appropriate ranges for 

culturing catfish and it was noted that apparently these parameters did not have any 

impact on the growth of catfish, as these remained optimal for all treatment groups.  

3.4.4.  Performance of African Catfish Under Different Feeding Frequencies 

 Determination of a suitable feeding frequency is essential to give ideal 

growth and improved survival rate in fish. The data on fortnightly growth trend of 

African catfish under different feeding frequencies is shown in Figure 3.7. There 

was a gradual incrase in total weight of African catfish at all feeding frequencies 

during the experimental period. The data on growth parameters of African catfish 

under different feeding frequencies are given in Table 3.13. A significant 

difference was found in mean live weight and weight gain among all treatments.  
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Table 3.11: Carcass composition of African catfish fed at different feeding levels in 

earthen ponds.  

Parameters     2%   4%    6%     8% 

Dry matter (%) 10.20a 12.43a 12.30a 11.03a 

Moisture (%) 89.80a 87.57a 87.70a 88.97a 

Crude protein* 51.25a 54.18a 52.82a 53.23a 

Crude lipid* 4.10b 4.63b 8.92a 9.38a 

Ash* 21.02a 11.53b 13.05b 11.0b 

  Means with different letters differ significantly (P<0.05). 

* Percentage of dry matter  
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Table 3.12: Physico-chemical parameters of water in ponds of African catfish at 

different feeding levels. 

Parameters Treatments Ranges Mean Standard 

deviation 

Temperature (°C) 2% 22.7.0-32.0 27.3 2.7 

4% 21.0-31.8 26.6 2.0 

6% 

8% 

25.5-28.0 

27.2-28.0 

 

26.7 

27.6 

 

2.3 

2.0 

 

Dissolve oxygen 

(mg L
-1

) 

2% 6.0-8.6 7.3 1.4 

4% 7.2-7.5 7.3 1.1 

6% 

8% 

7.0-8.2 

6.5-8.2 

 

7.6 

7.3 

 

1.2 

1.0 

 

pH 2% 7.0-8.0 7.5 0.6 

4% 7.5-8.5 8.0 0.3 

6% 

8% 

7.5-8.0 

7.0-8.0 

 

7.7 

7.5 

 

0.5 

0.3 

 

Alkalinity (mg L
-1

) 2% 178.4-228.0 203.2 8.0 

4% 170.5-189.5 180.0 9.1 

6% 

8% 

174.7-208.3 

171.4-195.3 

 

191.3 

183.3 

 

7.2 

8.4 

 

Hardness (mg L
-1

) 2% 173.0-187.2 180.1 10.7 

4% 167.3-193.7 180.5 16.2 

6% 

8% 

165.2-188.2 

163.7-185.9 

 

176.7 

174.8 

 

14.0 

12.3 
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Minimum gain in weight was observed by feeding the fish once a day followed by 

feeding twice a day and thrice a day. The feeding frequency of two times and three 

times were significantly different (P<0.05) from each other. The relative growth 

rate and specific growth rate remained higher for the fish fed two times a day  and 

three times a day compared to those fed once a day. The FCR values indicate that 

the feed provided once, twice and thrice a day to the fish can be efficiently 

converted into protein biomass as its values are non-significantly (P>0.05) different 

among all the treatments. Highest (P<0.05) survival rate was observed with three 

times feeding frequency followed by two times and one time daily. 

In present study, the highest mean weight gain was recorded for the fish fed 

thrice a day. Our results are in accordance with findings of Zaid et al. (2010), who 

studied effect of four feeding frequencies (once, twice, thrice and four times) on 

growth performance and economic viability of Clarias gariepinus fingerlings and 

juveniles.  He observed a significant difference (P<0.05) in mean weight gain, 

relative growth rate and the specific growth rate all across feeding levels except at 

thrice and four times feeding levels. Okwasu et al. (2016) has reported that 

fingerlings of C. gariepinus could be fed three times at 1% 2%, 3% and 4% body 

weight at the initial culturing period. Robinson & Rushing (1994) has been 

reported that the channel catfish fed once/day exhibited growth rates similar to the 

fish offered feed twice/day using cage culture (Webster et al., 1992a) or ponds 

(Webster et al.,1992b).  

According to the results of Asuwaju et al. (2014), feeding Clarias 

gariepinus one time daily did not affect the growth; however, five times daily 

feeding regime reduced mortality and enhanced the Feed Conversion Ratio (FCR). 

Both the juvenile and fingerling of African catfish fish could be fed three times a 

day for achieving better growth and revenue (Aderalu et al., 2009). It has been 

documented that increasing feeding frequency increases consumption of feed and 

growth up to a certain limit (Wang et al., 1998; Bascinar et al., 2007). The effect of 

feeding frequency on feed conversion is generally minor (Hepher, 1988) as is 

evident in present study. Therefore, the feeding frequency could be considered as 

growth limiting factor (Wang et al., 1998).  In this study, significantly higher 

growth rate was achieved when fish were fed three times a day. The individual 
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Figure 3.7: Fortnightly growth trend of African catfish under different feeding 

frequencies. Different letters show significant difference (P<0.05) between the 

treatments. 
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Table 3.13: Growth parameters of African catfish under different feeding 

frequencies.  

Parameters   one times two times three times 

Initial weight (g/fish) 171.81±1.50a 170.66±1.77a 172.59±1.70a 

Final body weight 

(g/fish) 

464.48±2.56c 547.0±2.28b 562.2±2.20a 

Mean weight gain 

(g/fish) 

292.67±1.12c 376.34± 1.02b 389.61±1.30a 

Relative growth rate 

(RGR) 

170.3±0.92b 220.4±0.85a 225.7±0.90a 

Specific growth rate 

(SGR) 

0.82± 0.04b 0.97±0.04a 0.98±0.02a 

Food conversion ratio 

(FCR) 

3.4±0.05a  2.9± 0.02a 3.0±0.08a 

Survival rate (%) 80.2±0.45b 94.5±0.34a 96.0±0.98a 

Means with different letters differ significantly (P<0.05).
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mean weights and specific growth rate were found significantly higher when 

African catfish were fed according to their feeding rhythms as evaluated by 

Hossain et al. (1999). This is in agreement with research on other species; like 

Ictalurus punctatus (Noeske et al., 1985), Carassius auratus (Spieler & Noeske, 

1984) Heteriopneustes fossilis (Sundararaj et al., 1982), Heterobranchus longifilis 

(Kerdchuen & Legendre, 1991; Baras, et al., 1998; Boujard et al., 1995) and 

Oncorhynchus mykiss (Reddy et al., 1995). 

 It has also been reported that in fish fed at a higher frequency give more 

uniform sizes due to less aggressiveness of individual fish under such 

circumstances, or because more food is distributed to locations occupied by 

subordinates (Baucınar et al., 2001). The same author equally emphasizes the need 

to establish accurate feeding rates and frequencies for respective species, for 

different sizes of the same species, under variable culturing conditions. Water 

quality parameters were recorded on weekly basis during whole experimental 

period and data are presented in Table 3.14. Physicochemical parameters including 

pH, temperature and dissolved oxygen were maintained at optimum level during 

the whole experimental period for the treatments as recommended earlier (Boyd, 

1979). 

 Proximate composition of the fish from present study showed that feeding 

frequency does not have any significant effect on carcass composition of African 

catfish (Table 3.15). Study of Ajani et al. (2011) on African catfish reported the 

significant difference in crude protein level was obtained in fish fed floating pellet 

once when compared with fish fed sinking pellet once while no significant 

difference was observed in fish fed floating/sinking pellets twice and thrice. The 

difference of day at rate of 4% body weight with a feed of 35% crude protein level 

containing 20% animal source of protein. Results recorded in the present study and 

other researches may arise due to type of feed utilized, as percentage fat and ash 

content obtained from the carcass of the fish fed the different feed types may be 

due to losses due to volatisation or some interaction between constituents (Michael 

et al., 1995). Noeske et al. (1985) has reported higher levels of lipid in channel 

catfish fed twice a day in comparison to fish offered with feed one times daily. No 

significant   difference is reported   by   Webster et al.   (1992a) in the   values   of 
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Table 3.14: Physical and chemical water characteristic recorded during study 

period in raceways. 

Feeding 

frequency 

Temp 

(
o
C) 

DO 

(mg L
-1

) 
pH 

Alkalinity 

(mg L
-1

) 

Hardness 

(mg L
-1

) 

One time a day 23.5±1.2 7.2±0.5 8.0±0.5 143.3±3.4 152.2±5.6 

Two times 25.2±1.1 7.0±0.4 8.0±0.0 144.9±4.7 149.7±7.9 

Three times 23.7±1.2 6.9±0.7 8.0±0.5 140.0±5.2 155.5±4.0 
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Table 3.15: Carcass composition of African catfish fed at different feeding 

frequencies in raceways.  

Parameters   one time two times three times 

Dry matter (%) 10.55a 9.64a 10.45a 

Moisture (%) 89.45a 90.36a 89.55a 

Crude protein* 48.96a 44.67a 46.70a 

Crude lipid* 3.57a 4.0a 3.83a 

Ash* 9.87a 8.94a 10.0a 

  Means with different letters differ significantly (P<0.05). 

* Percentage of dry matter 
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 percentage moisture, protein, and lipid in fillet of once or twice fed channel catfish 

on daily basis. It has been verified by various researchers that declining the feeding 

frequency results in reduced lipid content of fish (Alanara, 1992; Chua & Teng, 

1978; Kayano et al., 1993; Ruohonen et al., 1998, Shearer, 1994; Wang et al., 

1998, Liu & Liao, 1998; Fatan et al., 2005).  

 

Conclusion: These experiments were performed to develop a cost-effective fish 

feed from locally available ingredients and feeding strategies for optimal use of 

feed. It was concluded that dietary protein requirement of African catfish ranged 

between 35-40% CP. For the commercial production of African catfish 35% crude 

protein level in the feed was optimum. To reduce the cost of feed of African 

catfish, the expensive source animal protein was reduced up to 20% by replacing 

with the blend of plant proteins mixture (Corn gluten and soybean in ratio of 1:1) 

raised in circular tanks. At least 20% fish meal is required in diet of African catfish 

as further reduction negatively affects the growth of African catfish. For the best 

use of feed information about the optimum feeding rate and feeding frequency is 

vital. The feeding level of 4% wet fish body weight was optimum for economical 

production of African catfish. The economic profitability of using different feed 

application levels for the culture of Clarias gariepinus in earthen ponds showed 

that net profit is increased on increasing feeding level from 2 to 4% of wet fish 

body weight, however, upon further increase in feeding level from 6 and 8%, the 

feed cost was increased that decreased the net profit and vice versa. Although 

weight gain is maximum at 8% feeding level, yet based upon cost benefit analysis, 

feeding at 4% rate was considered best.  The fish feed in the form of pellets could 

be fed three times a day for optimum growth in African catfish which reduces the 

wastage of feed in cemented raceways. Finally, to sum up, the African catfish 

should feed three times a day.  
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CHAPTER 4 

THE EFFECT OF STOCKING DENSITY ON GROWTH OF AFRICAN 

CATFISH IN EARTHEN PONDS  

4.1 INTRODUCTION 

In the field aquaculture Pakistan has made a remarkable progress, yet inland 

fish culture the faces many problems. The present per unit production is low due to 

conventional farming system, lack of proper managemental inputs non-availability 

artificial fish feed, improper species combination and low stocking density. The 

present level of fish production about 1000-1200 kg/acre can easily enhance to 

about 1500-2000 kg/acre per year by applying fertilizers (organic and inorganic), 

use of artificial diets and adoption of the intensive fish culture technology (Jarwar, 

2010). Proper stocking density and fish combination in farm ponds also played 

major role in increasing fish production (Wolnicki, 2005) and may differ 

significantly between different species reared in different environmental conditions 

(Zarski et al., 2008).   

 On the basis of stocking density, the fish farming systems are classified as 

extensive, semi-intensive and intensive. The aquaculture with low stocking 

densities in which supplementation of feed is not done and fertilizers are used to 

the stimulate the production of natural food in water is called extensive 

aquaculture. While supplementary feeding used to support higher densities in 

Semi-intensive systems. Intensive culture is totally dependent on artificial 

formulated feeds and support very high densities. The inputs (mainly lime, 

fertilizers, feeds, and pesticides) are applied to manage the intensive and semi-

intensive culture systems and the water quality is also managed through the use of 

aerators and pumps. Fish farming in a controlled environment demands different 

stocking densities due to variable culture conditions (Osawe, 2007, Nwokoye et al., 

2007).  For intensive production of African catfish, tanks are commonly preferred 

while for semi-intensive or extensive production, earthen ponds are considered 

more feasible (Keremah & Esquire, 2014).  

 The profitability from production systems is determined by the number of 
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fish stocked, because it directly affects fish growth, survival, behavior, health, 

feeding requirements and water quality (Gibtan et al., 2008, El-Sayed, 2006). The 

relationships between stocking density and growth of fish might be positive or 

negative (Abou et al., 2016; Bosworth et al., 2015).  

High stocking density can be a cause of stress for fish (Ellis et al., 2002, 

Abou et al., 2016), that reflets an inverse relationship between mean final weigh 

and specific growth rate (Abou et al., 2016; Ullah et al., 2018), feeding rates and 

survival (Rowland et al., 2006; Das et al., 2016). It is well established fact that 

inappropriate stocking rates have harmful impact on the survival, growth 

performance, behavior, health, water quality, feeding and fish production, as well 

as overall welfare parameters of the fish (Ashley, 2007; EFSA, 2008; Gibtan et al., 

2008). However, more biomass (i.e., marketable product) production is facilitated 

by higher stocking densities which could potentially have positive influences on 

overall profitability within a fish farming system.  

The stocking density, production efficacy and profitability are closely 

interacting factors. Fish production is much higher and financial returns is more 

attractive from intensive culture than those from semi-intensive and extensive 

aquaculture; the return on investment (ROI) from the intensive culture is less than 

those from semi-intensive culture due to the high inputs cost (mainly feeds and fry) 

used in intensive culture. One of the fundamental needs of an investment decision 

is to establish the best system which can give the maximum profit from least 

resource usage (Edward, et al., 2010; FAO, 1995). Such extensive studies are not 

available that have provided detailed knowledge regarding the assessment of 

financial benefits of African catfish in monoculture at different stocking densities 

in earthen ponds for rural fish farms of Pakistan.  

 The optimization of the stocking densities in earthen ponds for African 

catfish is necessary for efficient management, increase in fish production and to 

maximize the return on investment. So, the present study designed and performed 

to evaluate the effects of stocking density on profitability, growth performance and 

water quality of African catfish in earthen ponds. 
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4.2 REVIEW OF LITERATURE 

Stocking density and survival are chief markers that regulate the economic 

feasibility of a fish production system (Aksungur et al., 2007). The eventual 

objective of aquaculture is the production of quality fish in the highest number, 

within the smallest possible time at the minimum cost. This is attainable with 

cautious choice of species, suitable feeding, and better water quality and to a large 

extent, the density to which the fish are stocked.  Therefore, it is very important to 

determine the optimal carrying capacity of an aquatic environment. 

The higher stocking densities may inrease the food competition and 

negatively affect the reproductive performance by reducing the fecundity and 

quality of eggs (Tave, 1986). But sometimes high stocking densities shows no 

effect on mortality rates, may be actually helpful to improve the total fish yield 

through better survival rates (Pouey et al., 2011, Khatune-Jannat et al., 2012) and 

result in higher gross and net return at a low production cost (Abou et al., 2007). It 

is more profitable to adopt higher stocking densities for fish culture where fresh 

water & land, manpower, and other facilities are costly (Ridha, 2005). A 

compromise between economical and biological requirements of the selected 

species is key to adopt the culturing conditions for a particular aquaculture 

program. 

For a variety of fish species, impact of stocking density on production 

system, growth, survival rate and yield were described by workers. For example, in 

Anabas testudineus (Thai climbing perch) both survival rate and growth 

performance tended to be higher at lower stocking rates (Khatune-Jannat et al., 

2012);  in Amur sturgeon (Acipenser schrenckii ) silver catfish (Rhamdia quelen) , 

Oreochromis spp. and in  Macrobrachium rosenbergii prawns similar trend was 

observed (Zhu et al., 2011, Pouey et al., 2011, Sorphea et al., 2010; Cuvin-Aralar et 

al., 2007). The effect of stocking density on survival in Oreochromis 

niloticus (Osofero et al., 2009) and Barbus luteus (Gokcek and Akyurt, 2008) is 

momentary and diminishes after sometime or it seems sometimes that generally no 

differences of survival occur across different stocking densities, as observed in the 

apple snail, Pomacea paludosa (Garr et al., 2011), while in Icatalrus punctatus, an 
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advantage of low stocking densities for fish survival has not been reported 

(Southworth et al., 2009).  

The harmful effects of higher stocking rates on the fish culture in terms of 

reduced growth, increased feed conversion ratios and reduced survival rates were 

mentioned by Powell (1972). The growth rate and survival of the catfish Rita rita 

was studied for different densities (10, 20 and 30 fish per cistern) and highest 

survival rate and specific growth rate was observed at 20 fish per cistern. Further, 

at low density culture of this fish, no competition for feed and space was observed 

(Jalbani et al., 2018).  In contrast, a negative correlation of survival rate with the 

stocking density was reported in Nile tilapia which could be attributed to high 

competition and space limitation for the fish (Daudpota et al., 2014).  

The fish growth is found to be positively dependent on on stocking density 

in case of African catfish culture (Hecht & Appelbaum, 1987). In pond culture of 

African catfish, highest biomass production was achieved at highest stocking 

density (Hogendoom & Koops, 1983). However, with the increase in stocking 

density, water quality in the ponds is deteriorated, as is expected.  The water 

quality parameters which were negatively influenced with the increase in stocking 

density include water transparency and dissolved oxygen, which further results in 

lower numbers of zooplankton. Probable by increasing the stocking density the 

water transparency is decreased due to increased biological growth resulting from 

increased organic material like fecal material & feed and inorganic substances 

including phosphorus and nitrogen nutrients into the aquatic environment by large 

numbers of fish (Bureau & Hua, 2010). The increased consumption of oxygen by 

large numbers of fish and high oxygen demand from large numbers of microbes 

present in water, causes reduction of dissolved oxygen (Boyd, 2012; Sinyangwe et 

al., 2017).  

 Aaggression and cannibalism might be reduced by the manipulation of 

feeding frequency and stocking density. The author found that in all stocking 

densities (15, 30, and 60 fish L-
1
) there was a significant increase in aggression and 

cannibalism with time since feeding; and the resarcher identified a density 

threshold of 30 fish L-
1
 , beyond which the intensity of aggressive behaviors did 
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not increase in spotted sea trout (Manley, 2014) One of the major hindrance in the 

production  and rearing of larvae and juveniles of the African catfish is the 

excessive rate of cannibalism. To maintain the high production with improved 

survival rates, stocking density should be maintained at least as high as 1.2 larvae 

per cm
2
 bottom surface area (Kaiser et al., 1995). Pascal (2009) stated that the 

increasing stocking density increases the welfare of African catfish at juvenile’s 

stage. Hecht & Pienaar (1993) reported the aggression and cannibalism differs 

among different fish species by changing the stocking density. Aggression behavior 

can be reduced in territorial or hierarchical species by increasing the stocking 

density (Hecht & Pienar, 1993; Baras & Jobling, 2002). Other studies also revealed 

that several aquaculture species including Greater Amberjack (Miki et al., 2011), 

Japanese Amberjack (Sakakura & Tsukamoto, 2007), and Yellow Perch ( (Baras et 

al., 2003) also showed this type of behavior. However, in some species higher 

density may lead to more aggressiveness and as well as frequent cannibalism. This 

phenomenon is also observed in Nile Tilapia culture (Fessehaye et al., 2006) and 

Fat Snook (Correa & Cerqueira, 2007). Positive relationship between density and 

aggression is possibly due to increased number of prey encounters for aggressors 

and increased rates of intraspecific interactions at increased densities (Hecht & 

Pienar, 1993; Baras & Jobling, 2002). 

For effective utilization of feed, optimal growth performance and better 

survival of African catfish in a re-circulatory type culture system, the stocking 

density of 5000 fry m
-3

 is recommended (Kareem & Olanrewaju, 2015). Even at 

higher stocking densities, physical welfare standards can be maintained in African 

catfish (Wang et al., 2013). When fish is reared at higher densities, it is necessary 

the feeding frequency should be five to six times per day. Under high density tank 

farming conditions, food consumption monitored at daily basis, farmers are advised 

to adjust rations accordingly because of the high cost of feed. To check the feed 

consumption against recommended levels, a fish sampling done on a weekly basis 

or every 10 days (Hecht, 2013).  As monoculture of African catfish is usually a 

common practice in African countries such as Nigeria. They developed the culture 

expertise for production of this fish at higher yield and they well recognized the 

optimal financial benefits of its culture (Ayinla, 2007; Nwachukwu et al., 2016). 
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As a result, number of different countries including the Hungary, Germany, 

Netherland, Denmark, England, Spain, USA, Belgium, most of the Asian countries 

and South America have adopted the African catfish culture (De Graaf & Janssen 

,1996; Anon, 1997). One of the most critical factors for its aquaculture is 

stocking density as it has direct impact on fish survival, growth performance, 

individual behaviour, health status, quality of water, feeding and characteristics 

of production. The stocking density is helpful in sole pace utilization for 

maximized production of fish through intensive type culture and can enhance 

the profitability of the farms of fish. Therefore, effect of different stocking 

densities of African catfish was studied on the growth, food conversion ratio 

and fish production. 

4.3 MATERIALS AND METHODS 

 A four months experiment was conducted in nine newly constructed 

earthen ponds, each measuring 0.09 acre. Experiment was performed in CRD 

design with three treatments T1 (10,000 fish per acre), T2 (15,000 fish per 

acre) and T3 (20,000 fish per acre) with three replicates.  All the ponds were 

filled with the tube well water up to a level of 5 ft that was maintained 

throughout the experiment. The weight and length of the fish was recorded at 

the time of stocking. Fish was fed three times at the rate of 4% of total wet fish 

body weight (for 20 minutes) daily on sinking pellets containing 35% CP 

manufactured from locally available ingredients. To adjust the amount of feed, 

sampling on fortnightly basis was done from each pond using drag net (mesh 

size 3 cm). After taking the desired data, fish was released back into their 

respective ponds. According to the biomass of fish in each pond, the amount of 

feed was calculated and adjusted accordingly.  At the end of experimental trial, 

all fish were captured from each pond, survival and total fish body weight of 

fish was recorded. Various water-quality parameters including dissolve 

oxygen, temperature, akalinity, hardness and pH were checked weekly to 

perceive the usual environmental conditions in the experimental fish ponds. 

Temperature was recorded by using thermometer while hardness, alkalinity and 

dissolved oxygen was measured by using titration methods. Economic analysis 

for this on farm study was carried out by calculating the total cost of fish crop, 
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total cost of feed consumed, profit index and net profit by using following 

formulas:  

Profit index= fish cost/feed cost 

Net profit= fish cost-feed cost 

4.3.1 Data Analysis 

  The significance among different parametrs was checked by ANOVA 

(analysis of variance) and Duncan's Multiple Range Test by using SPSS 

software. Relationship among different parameters was determined by 

correlation and simple regression.  

4.4 RESULTS AND DISCUSSION 

 The growth and survival of fish is directly affected by stocking density. To 

get maximum economic returns, optimum growth and productivity in relation to 

inputs, a proper number fish is necessary to stock in the ponds. The fortnightly 

growth trend of African catfish stocked at various stocking densities in earthen 

ponds is shown in Figure 4.1. The average  individual fish weight was highest at 

lowest stocking density(10,000) followed by medium stocking density (15,000) and 

highest stocking density (20,000) respectively. There was an overall increase in 

weight all fish during the experimental time period and similar trend was observed 

by Oyedeji & Nike, (2016). The fish with low stock density were significantly 

different in growth from those fishes kept with high stock density. These results 

correspond with the studies by Adewolu et al., (2008) in the African catfish 

(Clarias garierpinus) where randomly stocked  fish grew more gradually than 

those in pairs or at high density However, it is more probable that the stocking 

density never touched the threshold at which food accessibility and struggle among 

individuals negatively affected the growth rate. The different parameters of growth 

of African catfish cultured at different stocking densities in earthen ponds are given 

in Table 4.1.  African catfish cultured at lower stocking density have higher 

average final weight, mean weight gain, mean daily weight gain and specific 

growth rate compared to higher stocking density (P <0.05). Feed conversion ratio 

was non-significant   (P>0.05) at all stocking   densities. This study indicated   that 



85 

 

 

 

 

 

Figure 4.1: Fortnightly growth trend of African catfish stocked at various stocking 

densities in earthen ponds. Different letters shows significant difference (P<0.05) 

between the treatments. 
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Table 4.1: Growth performance parameters of African catfish at different stocking 

densities in monoculture system of earthen ponds.  

 

Parameters  10,000/acre 15,000/acre 20,000/acre 

Mean Initial 

weight(g) 

2.030.05a 3.420.07a 2.300.02a 

Mean Final 

weight(g) 

532.60.67a 456.20.87b 402.30.62c 

Mean weight 

gain(g) 

530.570.57a 452.780.82b 400.00.49c 

Mean weight 

gain/day (g) 

4.420.02a 3.770.01b 3.330.04c 

Feed conversion 

ratio 

 1.700.02a 1.630.09a 1.550.06a 

Feed efficiency 58.70.65a 61.160.63a 64.500.59a 

Specific growth 

rate 

4.640.06a 3.700.03c 4.000.09b 

Means with different letters differ significantly (P<0.05). 
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 mean weight gain, total mean weight and final weight of this species was 

decreased with the increase in stocking density. Our resultsare according with 

studies of Shoko et al.  (2016), Suleman & Solomon (2017) and Hossain & 

Haylor (1998) who reported that C. gariepinus stocked at low stocking density 

and medium stocking density showed significantly higher weight gain, specific 

growth rate, and final mean weight than those cultured at high stocking density. 

Bok & Jongbloed (1984) discovered converse relation in growth rates of 

individual fish and fish density in African catfish at a stocking rate of 2.5, 5.0, and 

12.5 fish m-2 using ponds. By the increasing stocking density, decrease in the 

mean weight gain was also reported earlier by Otubusin & Olaitan (2001). Same 

results were reported by Eyo et al. (1998) and Edward et al. (2010). They 

discovered that stocking density has a converse relationship with growth and 

survival of other cultured fish species such as Nile tilapia and common carp. The 

reason for inhibition of growth at high stocking density may be attributed to 

overcrowding which developed competition for food and space availability. 

Likewise, Nieuwegiessen, (2009) found that stocking density of fingerlings of 

African catfish effected body weight, survival rate, mean total length, specific 

growth rate and feed intake. Therefore, excluding for the feed intake the lowest 

stocking density maintain optimal growth and survival compared to the treatment 

with the highest stocking density. On the contrary, Hengsawat et al. (1997) stated 

that African catfish and Vundu catfish exhibited increased trend in growth rate 

with increasing density. Therefore, recognizing the optimum stocking density for 

a species could be a promising strategy towards planning an effective aquaculture 

system.  

 The relative growth was found to be decreased with the increased stocking 

density. The growth rate observed in this study was in agreement as reported earlier 

for African catfish in mesh net cages (Otubusin & Olaitan, 2001) and lower than 

that reported by Otubusin (2004). In present study, the growth rate per day in 

earthen ponds was found to be highest while in other culture systems like cemented 

tank for rearing of hybrid catfish (Boujard et al., 2002) and homemade concrete 

tanks lower growth rate was reported (Egwui, 1986). Indeed, fish experience stress 

at high stocking rates, as a consequence of aggressive interactions while feeding 
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and consume less resulting in retardation of growth (Bjoemsson, 1994). This shows 

that stocking densities beyond 20 fish/70 L may pause the growth in African catfish 

at fingerlings stage. The influence of stocking density on growth and relative 

growth rate in Clarias batrachus larvae raised in tanks has been reported by Alatise 

(2006).  

 Researchers has explained that all larvae receive sufficient quantities of 

food at low stocking densities, compared to those of having high densities. In 

present study, the feed efficiency and RGR was decreased at high stocking density. 

Parallel results have been documented in Tor putitora larvae (Rahman, 2001) and 

Cyprinus carpio larvae (Jha & Barat, 2005). In agreement with our study, high 

densities have been revealed to decrease the survival of Nile tilapia (Yi et al., 1996) 

and Tiger puffer (Kikuchi et al., 2006). Furthermore, decreased feed intake, feed 

conversion efficacy and growth and increase in fin rot was reported by Ellis et al., 

(2002) for rainbow trout (Oncorhynchus mykiss) exposed to high culturing 

densities. 

 Table 4.2 shows the production characteristic of African catfish at different 

stocking densities in monoculture system of earthen ponds. Fish stocked at the rate 

of 10,000 per acre showed higher survival rate (%) compared to 15000 and 

20,000/acre. More survival rate of C. gariepinus at high stocking density was due 

to air breathing ability and tolerance to hostile quality of water (Hecht et al., 1996). 

African catfish can live at high stocking densities, particularly with fully grown 

arborescent organs that are helpful in air breathing (Lin & Diana 1995, Adewolu, 

Adeniji, and Adejobi 2008). African catfish at post fry stage, were tested by 

Nwipie et al. (2015) at the rate of 5.0, 10.0, 15.0, 20.0, and 25.0 post fry/L of 

water. Best growth and survival rates were documented at stocking density of 5.0, 

10.0, and 15.0 post fry/ per L. Though, the reported optimal stocking level for 

culturing of African catfish at post fry stage using tanks is 15.0 post fry in each litre 

of water. It was reported by Nwipie et al. (2015) that increase in density influences 

the growth performance and rate of survival of the fish, but it also increases the 

recurrent surfacing, swimming and feeding response and as well as aggression. 

However, number of fish harvested was maximum in ponds stocked at high 

density followed by medium   and   lower stocking density.   The African   catfish  
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Table 4.2: Production characteristic of African catfish at different stocking 

densities in monoculture system of earthen ponds.  

Parameters  10,000/acre 15,000/acre 20,000/acre 

No of fish stocked 500 fish 750 fish 1000 fish 

No of fish harvested 445 617 764 

Survival rate (%) 89.0% 82.3% 76.4% 

Net production (kg) 237.0 279.3 307.3 

Value of fish crop @ 

of 250 Rs /kg 

59262.8 69844.4 76839.3 

Feed input(kg) 451.2 555.2 620.1 

Cost of feed used @45 

Rs/kg 

20304.9 24985.8 27906.2 

Performance index 1967.5 2328.04 2546.6 

Net profit (Rs) 38957.97 44858.6 48933.0 

Profit index 2.9 2.7 2.7 

@=at the rate of 

Survival rate=no of fish harvested/no of fish stocked X 100 

Performance index= weight gain X fish harvested in no/duration of culture 

Profit index= fish cost/feed cost 

Net profit= fish cost-feed cost 
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stocked at highest stocking density of 20,000 per acre generated significantly 

higher yields compared to fish stocked at medium density of 15,000/acre followed 

by lowest stocking density of 10,000 fish per acre. Similar results were reported for 

culture of African catfish in cage culture (Hengsawat, Ward, & Jaruratjamorn, 

1997) and in earthen ponds (Bok & Jongbloed, 1984; Shoko, Limbu, et al., 2014b). 

The increased production with increase in stocking density in current study could 

be linked to a higher survival and increase in the number of fish harvested. At the 

completion of the experiment, the number of African catfish survived was 

maximum at the high stocking densities. Ultimately, the greater number of fish 

harvested at higher stocking densities led to higher yields (Hengsawat, Ward, & 

Jaruratjamorn, 1997).  

 Financial analysis of the present study showed encouraging net earnings at 

all stocking densities. In terms of income and net returns African catfish raised at 

moderate and highest stocking rate generated more profit as compared to those 

cultured at low stocking rate with minor difference in profits between medium and 

high stocking densities as shown in Table 4.2. Findings further suggested that both 

the net revenues generated (income beyond variable cost) and net yields were 

relative to stocking density as net production and net profit increased with 

increasing stocking density. The conclusions are in accordance to those achieved 

earlier by Nieuwegiessen et al. (2009); Hengsawat, Ward & Jaruratjamorn (1997) 

and Bok & Jongbloed (1984). The net earnings from the 3 stocking densities 

indicate that a reasonable profit can be gained by stocking African catfish at 10,000 

fish per ha
-1 

density (Engle & Sapkota, (2012). However, even more benefits can be 

gained by maximizing the stocking level of African catfish in this study up to 

20,000/acre. Because of better survival rates even at high stocking density, the 

higher stocking densities of African catfish (15,000 and 20,000/acre) exhibited 

significantly greater benefits than the lesser stocking density (10,000/acre).  Dasuki 

et al. (2013) reported that stocking density effects the growth and survival rate of 

African catfish in a significant way when cultured in floating bamboo cages. 

According to his findings, highest stocking density had negative effect on the 

growth and survival of fish which is contrary to the present study. Their study 

reported that 50 fish/m
3
 is the optimum stocking   density giving finest   production  
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Table 4.3: Physico-chemical parameters of earthen ponds with African catfish 

stocked at various stocking densities. 

Parameters Treatments Range Mean Standard 

deviation 

Temperature (°C) 10,000/acre 17.0-30.8 23.9 5.7 

15,000/acre 20.0-31.2 25.6 5.0 

20,000/acre 17.5-30.0 24.35 5.8 

Dissolve oxygen 

(mg L
-1

) 

10,000/acre 5.2-7.6 6.4 1.2 

15,000/acre 5.0-7.7 6.3 1.0 

20,000/acre 5.7-8.0 6.8 1.4 

pH 10,000/acre 7.5-8.0 7.7 0.5 

15,000/acre 7.0-8.0 7.5 0.2 

20,000/acre 7.5-8.5 8.0 0.6 

Alkalinity (mg L
-1

) 10,000/acre 164.4-177.0 170.7 8.2 

15,000/acre 161.3-169.2 165.2 10.7 

20,000/acre 166.7-178.8 172.7 9.7 

Hardness (mg L
-1

) 10,000/acre 166.2-177.3 171.7 11.4 

15,000/acre 164.3-173.7 169.0 11.9 

20,000/acre 163.2-178.4 170.8 11.0 
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and profit index value. 

 The water temperature was within the best temperature range as essential 

for culture of catfish in fresh water (Table 4.3). Zakas (2013) also reported same 

temperature ranges for the culture of African catfish in the pond culture. During the 

experiment, pH of water (ranges from 7.0 to 8.5) remained suitable for fish farming 

as described by Khattab et al. (2000) and Otubusin & Olaitan (2001). Dissolve 

oxygen (8.3mgL
-l
) as observed in this study designates that it was not restrictive 

and comparable value was described by Otubusin & Olaitan (2001) in a same work 

on African catfish by using bamboo net-cages. 

Conclusion: This study reveals that stocking density is an important parameter for 

the production of African catfish in earthen ponds.  Findings suggested that net 

production and net profit increased with increasing stocking density. The culture of 

African catfish in earthen ponds at stocking densities of 15,000 to 20,000 fish per 

acre gives highest production and profitability compared to stocking of 10,000 fish/ 

acre.  
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CHAPTER 5 

BREEDING SUCCESS OF AFRICAN CATFISH 

5.1 INTRODUCTION 

The aquaculture of various exotic fish species is widely spreading in 

Pakistan. For the successful introduction of an exotic species to any system local 

seed production is an important factor. The techniques of induced breeding have 

contributed significantly towards breeding success of a species and expansion of 

aquaculture during recent decades. Induced spawning of exotic and local carps has 

become a common practice in Pakistan. A large number of hatcheries in the private 

and public sector have been established for the artificial breeding of exotic species 

(Bhuiyan et al., 2013). These techniques have enabled the farmers to gain 

profitability by breeding and raising the species that do not naturally reproduce in 

captivity. These techniques are also helpful for manipulation of the reproduction 

timing to suit production cycles. Due to the difference of environmental or culture 

conditions (e.g difference of water temperature or substrate type), some species do 

not breed in captive conditions. These conditions may induce stress or may not 

provide the signals required to complete the reproduction in fish (Mittelmark & 

Kapuscinski, 2008). Induced breeding has solved the shortage problem of good 

quality seed having uniformity in size, that is free from diseases, pests and parasites 

at the time of stocking in ponds for large-scale commercial culture of numerous 

fish species (Marimuthu et al., 2011).  

For the artificial or semi artificial breeding, healthy and sexually ripe fish 

are needed. The brood fish can be raised on farms or obtained from the spawning 

ground in natural waters just prior to the spawning season. In African catfish 

gonads are matured usually in the rainy season. Photoperiodicity and annual 

changes in water temperature influenced processes of maturation of African catfish, 

a rise in water level due to rainfall also activate spawning process (Degraaf et al., 

1995).  

Evaluation of the commercial potential of stock, practical culture and actual 

management of the fishery can be evaluated through biological parameters of the 
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reproductive potential i.e. fecundity (Gomez-Marquez et al., 2003; Doha & Hye, 

1970). Effective fisheries management involving practical aquaculture is dependent 

on precise evaluation of fecundity for understanding the capability of fish 

populations to recover (Tracey et al., 2007). The evaluation of the potential of egg 

production can be possible through study of fecundity and its relation to female 

size (Chondar, 1977). Dadzie et al. (2000) reported that the ovaries of 

reproductively ripened females quickly gain size just before the breeding season, 

and regular seasonal changes are observed in weight of gonads specifically the 

ovaries. Therefore, the study of relationship between body weight with gonadal 

weight, (gonadosomatic index) is used as a technique for determining the spawning 

season of any fish species (Ahirrao, 2002; Shankar & Kulkarni, 2005).  

In Pakistan African catfish seed is being imported from Thailand and the 

cost of imported seed is on higher side. African catfish culture technology is in the 

phase of experimentation in Pakistan and becoming popular among the fish 

farmers. The major problem of African catfish culture in the country is non 

availability of its seed. In order to introduce the culture of this fish, there is a dire 

need to produce African catfish seed locally, this will ensure the availability of 

seed to the fish farmers throughout the year on reduced cost. For the mass seed 

production of African catfish at local level, complete artificial reproduction 

technology package is desirable. The goal of the present study was to develop a 

brood stock and to study its reproductive performance in culture system of 

Pakistan. 

5.2 REVIEW OF LITERATURE 

The availability of good quality fish seed for artificial propagation of fish is 

most significant contributing factor towards sustainability of the aquaculture 

industry. For this purpose, natural or synthetic hormones are used for inducing 

ovulation and spawning in cultivated fish species (Viveen et al., 1985). These all 

hormones are costly to procure that constrains the artificial propagation of catfish. 

Ovaprim for example is costly than Ovatide (Nwokoye et al., 2007). Other 

synthetic hormones used for this purpose are Decorticosterone Acetate, Human 

Chorionic Gonadotrophin, and Leutenizing Hormone Releasing Hormone 
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(Shepherd & Bromage, 1988). 

Olaleye (2005) has reported that African catfish can be bred artificially by 

induced spawning for ensuring the large number of fingerlings that could be used 

for commercial production. The female of African catfish has completely grown 

ovary with developed eggs throughout the year. The eggs contribute 15-20% of the 

body weight of female.  The changes in environmental features such as water level 

and flood of shallow areas causes the failuere of natural spawning of African 

catfish in captivity. Under natural conditions of spawning, poor hatching rates are 

reported in African catfish. An average rate of spawning for this species was 

reported as 59.1% in the raining season in the Republic of Congo (Degraaf et al., 

1995), while as low as 4% hatching rate was reported by Macharia et al. (2005) for 

eggs that were incubated on a nylon substrate. At early phase of larvae, 

fertilization, hatching and survival are vital factors for effective and fruitful 

aquaculture of the African catfishes (Ataguba et al., 2009). 

As far as natural reproduction of African catfish is concerned, the seasonal 

gonadal maturation processes are usually induced by annual water temperature 

changes, photoperiodicity and a raise in water level due to rainfall (Degraaf et al., 

1995). In the shallow inundated areas of the rivers, lakes and streams, spawning 

usually occurs at night. Males show aggressive behavior during courtship. In 

shallow waters separate pairs of males and females, courtship and mating occur. 

Milt and eggs are released and eggs are spread over large surface area by vigorous 

swish of the female's tail (Bruton, 1979). As the eggs become sticky after 

fertilization, they usually adhere to submerged vegetation. Hatching of the eggs 

takes place usually after 24 to 36 hours (Bruton, 1979b). No parental care is shown 

by catfish for ensuring the survival of the catfish hatchlings until they find some 

suitable site to survive (Hecht et al., 1988). 

High fecundity of African catfish is one of the factors for its high 

production potential.  It is reported to breed in April till July (Admassu et al., 

2015).  The great variation in Gonado-somatic index of females and males was also 

observed in catfish (Dadebo et al., 2011). In Lake Babogaya, the range of fecundity 

(F), for fish having total length 40-102 cm ranged from 11,000-580,571 eggs with a 
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mean no of 159,660 eggs. This value was somewhat lower than the fecundity of the 

same species (African catfish) in Lake Awassa (8,800 to 650,000 eggs) and 

significantly lower compared to species in Lake Chamo ranging from 625 - 2,760 

eggs (Elias Dadebo, 2000).   

 African catfish can be bred easily through artificial reproduction in 

captivity. The results obtained with different doses of LHRHa ranging from 10-70 

µg Kg
-1

 clarify that there were significant deviations in the ovulation percentages, 

weight of spawn and percentage of fertilization and rate of survival in artificially 

induced African catfish. The diameter of head, average body weight, standard and 

total body length in the larvae also exhibited variation due to varying hormonal 

doses (Fame & Obialo, 2005). Spawning can be induced successfully in African 

catfish using HCG, CPE, LHRHa and GnRHa with or without dopamine 

antagonist. Results were described by many researchers for several fish species 

including catfish (Rawat et al., 2016; Kasi et al., 2015; Dimaggio et al., 2014; 

Olumuji & Mustapha, 2012).  

Common managing strategies like transportation, rough handling, 

overcrowding, use of chemicals and poor quality of water are practiced in 

hatcheries act as stressors that may negatively impact the fish breeding (Adebayo, 

2006; Okanlawon, 2010). Shourbela et al. (2016) reported that African catfish have 

the aptitude to spawn successfully under stress but a negative affect of stress is 

observed on their breeding output, mainly in the form of anomalous larvae.  It is 

suggested that female African catfish need proper handling, feeding, and 

management for proper induced spawning (Ibiwoye et al., 2017). 

The reproductive performance of male broodstock of African catfish was 

assessed by Gbemisola et al. (2014).  According to his results, production of sperm, 

fertilization percentage, hatchability and survival rate of the larvae using sperm 

collected from revived testes of African catfish showed no significant difference in 

growth and survival. The incomplete gonadectomy can not change the quality of 

producing sperms of African catfish. Male gametes collected from regenerated 

testes have efficiently fertilized the eggs.  

 According to Odedeyi & Eniade (2014) the fish farming industry quantity 
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and quality of male and female broodstock greatly affect the production of healthy 

and abundant larvae. However, it is reported that most commercial hatcheries 

where African catfish seed is being produced, milt is often insufficient in quantity 

and renders successful fertilization in the artificial breeding impossible (Rurangwa 

et al., 2004). For a limited male broodstock, it is exclusively important to ensure 

the availability of the quality sperm that is good enough to accomplish fertilization 

at a higher percentage. For successful fish farming, the source of fish seeds 

(fingerlings) of the commercially important species is a pre-requisite (Nwuba & 

Aguigwo, 2002). Therefore, objective of this study was to develop the reproductive 

performance of male and female catfish. 

5.3 MATERIALS AND METHODS 

5.3.1 Selection of Brood Fish and Gonadosomatic Index (GSI) 

The imported fish from Thailand (April, 2015) was kept in earthen ponds 

and raceways. For the brood stock development, one thousand fingerlings of 

African catfish were stocked in earthen ponds.  The fish were fed on artificial 

feeding of 35% crude protein level at 4 % fish biomass daily.  The growth data 

were collected on monthly basis and amount of feed was adjusted accordingly. The 

shooter fish were separated and kept in separate ponds of 0.04 hectare area. The 

water quality of stocked ponds was monitored regularly on fortnightly basis. The 

mature 100 males and 100 females brooders fish were selected on basis of 

morphometric characters. 

For the determination of gonadosomatic index, at least three fish of good 

health status were collected from ponds after every month during the whole year. 

These fish were first weighed to record their total body weight by using electrical 

balance.  Fish were dissected to remove the gonads for study of gonadosomatic 

index. The individual fish and its gonads were weighed and calculation of its 

gonadosomatic index was done by the formula (Chellapa et al., 2010): 

GSI = Weight of gonads     X100 

             Weight of fish 

5.3.2 Reproductive Performance of Male African Catfish 

For the study of reproductive performance of male African catfish, the 
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mature males brooders fish were selected on basis of morphometric characters and 

were divided into four groups based upon their sizes. At least three males from 

each group were used to study the milt quality parameters. 

Milt Collection 

Mature male was injected with ovaprim (Syndel laboratories B, Canada) at 

a rate 0.25ml/kg body weight. Males were dissected after 13 hours of injection and 

their testes were removed surgically and cleaned from blood before milt collection.  

Perforations were made on the lobes of testes with the help of clean needle. Milt 

was squeezed out by pressing the testes. Milt volume was measured with plastic 

syringe in ml. The milt was studied further to assess following sperm quality 

parameters. 

i. Sperm Concentration 

 Concentration of spermatozoa was calculated according to standard method 

by using Neubauer haemo-cytometer. By using micropipette 2 microlitre drop of 

30-fold diluted semen sample with 9% NaCl was loaded on haemo-cytometer. 

Pipette tip was placed on V-shaped groove of haemo-cytometer while loading the 

sample. The sample was allowed to settle the sperm concentration was measured 

by taking counts in central counting squre using binocular light microscope at 40X 

magnification attatched with viewable camera. 

ii. Sperm Motility 

Motility of sperm was evaluated immediately after milt collection by 

dilution of 0.1 µl milt with 20 µl of fresh water under light microscope at 100x 

magnification. The sperm that were seen moving on glass slide were assessed 

motile and expressed as percentage. Sperm that were appeared still were 

considered non motile.  

iii. Motility Duration 

 The time period from which sperm get activated till 100% of spermatozoa 

become immotile is known as motility duration. When sperm motility was 



99 

estimated, motility duration was calculated at the same time by placing the sample 

at laboratory conditions. After every 60 seconds sample was checked to observe the 

percentage motility until all spermatozoa became still. 

5.3.3 Reproductive Performance of Female African Catfish 

Fecundity, relative fecundity and absolute fecundity of African catfish was 

calculated to check the reproductive performance of female African catfish (Qasim 

& Qayyum (1963). The fish was wiped with a dry clean towel, a staggered cut was 

given carefully with sharp surgical blades.  For careful removal of the ovaries, the 

lateral side muscles were completely opened. The weight of fish was recorded 

without internal organs and ovaries (denoted weight as Wb). Ovary was also 

weighed denoted as “Wo”. An approximately 2.0 cm piece of ovary was weighed 

and its weight was recorded as Ws, then it was placed in small beaker and the 

number of eggs counted as “S”. Following formula was used for calculation of 

relative and absolute fecundity: 

Absolute Fecundity = (S/Ws) X Wo 

 Relative Fecundity = Absolute Fecundity/ Wb 

5.3.4 Artificial Breeding  

One mature male and two female fish were selected for the breeding 

purpose. After weighing, females were administered with the dose of artificially 

synthesized hormone ovaprim at the rate of 0.5 ml/kg for induced ovulation. No 

dose was given to the males. Females were released into circular tanks after 

injection.  

Water temperature was maintained at 28-30 
0
C with continuous water 

exchange. Ovulation occurred after 8-10 hours after injection. Eggs were stripped 

completely by gently applying pressure on abdomen of female. After stripping, 

weight of egg mass and female fish was recorded again. Male fish were 

anaesthized and sacrificed for removal of testes. Testes were preserved in 0.9% 

saline solution. Stripped eggs were mixed with milt (2ml milt with 2ml of saline 

solution for 1g eggs) and saline solution. Milt was obtained by lacerating testes 

with scissor. 
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  Sperm activation was initiated by adding equal volume of fresh water as per 

saline solution added. Fertilization occurs with in 2-3 minutes and eggs started 

appearing brown and become sticky. Eggs were mixed with milt by using clean 

bird feather. Eggs were incubated on nylon bags substrate which was prepared by 

cutting feed storage bags into equal halves. Pieces of nylon bags were spread in 

circular tanks by fixing ends by placing bricks at corners. Regular water supply 

was maintained with 281
0
C temperature. Tanks were covered with wooden board 

to avoid direct sunshine. Hatching occurs after 24-26 hours. Hatching rate was 

determined as described below. 

5.3.5 Fertilization and Hatching Rate 

For the study of fertilization and hatching rates, mature female fishes were 

divided into three groups based upon their sizes. The number of eggs released by 

female was find out by deducting the weight of female before spawning from 

weight of female after spawning and then by multiplying with 700 as 1g of African 

catfish contains 700 eggs approximately. Fertilization rate was determined when 

eggs reached 4-8 cell stage of development. For determination of fertilization rate, 

eggs were collected from circular tank in which eggs were incubated by spreading 

them on a nylon mesh used as hatching substrate under regulated water flow 

until hatching occurs. The total number of eggs were counted in 1 g sample. 

Fertilized and unfertilized eggs were counted separately under stereo 

microscope. The percentage fertilization was estimated as: 

Fertilization (%) = No. of fertilized eggs X 100 
Total no of eggs incubated 

 Eggs were shifted back to their original batch for incubation. Several 

hours after the incubation of these fertilized eggs, hatching began. The 

hatched larvae were counted carefully in the batch while un-hatched eggs were 

discarded; the percentage hatchability was estimated thus:                            

Hatchability (%) = No. of hatchlings X 100 
Total no. of fertilized eggs 

5.3.6 Data Analysis 

  The data obtained was entered into MS Excel sheet, and further calculations 
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were made by using MS Excel 2010. Data were presented in the form of suitable 

graphics using MS Excel. The significance among different parameters was 

checked by ANOVA (analysis of variance) and Duncan's Multiple Range Test by 

using SPSS software. Relationship among different parameters was determined by 

correlation and simple regression using MS Excel.  

5.4 RESULTS AND DISCUSSION 

5.4.1 Selection of Brood Fish and Gonadosomatic Index (GSI) 

 Identification of fish is an important tool for fish breeding. A clear 

sexual dimorphism was observed in African catfish. Male catfish were smaller 

and narrower than female catfish with a clear genital papilla. The head of male 

catfish was narrower and stouter than the head female catfish. Females were on 

the average larger than males. Females were identified more clearly with 

rounded pinkish vent. The head of female fish was wide and broad. Similar 

features for identification of male and female African catfish and other clariid 

catfishes were described Haylor (1992) and Madu et al. (1999). Growth rates, 

for example, can vary by sex, as females grow faster and attain larger sizes than 

males (Henderson et al., 2003).  

 Gonadosomatic index is a tool to determine the sexual maturity of fish 

in relation to testes and ovary development. It is also beneficial to find out the 

pre spawning, actual spawning and post spawning stages of the fish species.  

Monthly gonadosomatic index of male and female African catfish during this 

study are shown in Figure 5.2. The value of GSI was lower in male as compare 

to female fish. Kime (1995) reported that as ovaries are larger than testis so 

GSI values are greater for females compared to males. Males also have less 

well-defined stages of gonadal maturation.  

 For both sexes variation in Gonadosomatic index (GSI) values were 

seen among different months. Gonadosomatic index (GSI) values for both  
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Figure 5.1: Monthly gonadosomatic index (mean+SE) of African catfish from 

September 2016 to August 2017. 
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sexes of African catfish start lowering from October till January. The smaller 

values of gonadosomatic index in winter season is related to diminution of 

gonadal stuffs. The same conclusion is also drawn from researches for various 

populations of catfishes in Africa (Willoughby & Tweddle, 1978; Dadzie & Okach, 

1989) as well as Ethiopia (Elias Dadebo, 2000; Daba Tugie & Meseret Taye, 

2004).  Gonadosomatic index (GSI) of African catfish start increasing; from 

February and the peak values of GSI were found from April to August. The results 

of the gonadosomatic index (GSI) of African catfish in present study were in 

agreement with the findings of Emam & Abughrien (2014) who demonstrated peak 

values of GSI of Clarias lazera during spring and summer (spawning season) and 

showed the lowermost value during winter (resting season). The degeneration of 

testicular and ovarian tissues occurs during winter declaring it as inactive season 

for gonadal activities of the catfish.  Restoration of both testis and ovaries to fully 

matured structure started again during springtime and continued during summer 

where the testis showed enlarged seminiferous lobules with all the spermatogenic 

cells and spermatozoa. Thus, both spring and summer were reflected as spawning 

season of the catfish. 

5.4.2 Reproductive Performance of Male African Catfish 

 The breeding potential of male broodstock of fish can easily be assessed by 

determining the milt qualitative parameters. The selected parameters of African 

catfish milt quality are presented in Table 4.5. During this study, it was observed 

that milt volume of male African catfish directly related to its body weight.  There 

was a highly significant difference of milt volume obtained from male fish of 

different sizes. The highest milt volume was gained by fish of group IV followed 

by the Group III, II and Group I, respectively. A positive correlation between body 

size (length and weight) and volume of milt were found in rainbow trout and 

Atlantic salmon (Gjerde, 1984). A substantial effect of the brood stock age was 

seen on the sperm quality (Vuthiphandchai & Zohar, 1999). A better sperm quality 

was observed for three year old striped bass than the 1-or 2-year-old fish reared in 

captive conditions. Similar findings were also reported by Okoye et al. (2018) 

testicular weight and semen volume was significantly lower of less fish mean 

weight than those of higher fish body weight.   
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Table 5.1:  Mean (±S.D) of selected parameters of African catfish milt quality.  

 

Parameters  Group 1 Group II Group III Group IV 

Body weight 770.25±2.23d 832.56±3.10c 912.80±1.56b 1250.10±4.38a 

Volume of milt(ml) 0.8±0.12d 1.0±0.04c 1.30±0.22b 2.20±0.06a 

Progressive 

Motility (%) 

60.0±1.0c 70.0±1.20b 75.0±1.02a 75.0±0.56a 

Concentration of 

sperm (10
6 

mL
-1

) 

48.7±0.08d 73.8±0.04c 87.3±0.04b 94.4±0.02a 

Sperm motility 

duration (seconds) 

300.0±0.32d 360.0±0.66c 420.0±0.44b 480.0±0.29a 

   Means with different letters differ significantly (P<0.05). 
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The milt quality parameters of African catfish i.e., sperm concentration 

(106 mL-1) progressive motility (%) and sperm motility duration (seconds) also 

differ significantly among the four fish groups.  It was seen that by increasing 

weight of male African catfish the milt volume sperm motility, motility duration 

and sperm concentration also increase. Rurangwa et al. (2004) stated that milt 

quality mostly depends on qualitative parameters of milt i.e., milt volume, 

composition of seminal fluid, sperm density and sperm motility. Hajirezaee et al. 

(2010) had reported that the milt quality parameters (i.e., sperm production, 

spermatozoa motility and seminal fluid composition) are influenced by several 

factors including brooders biological features (length weight and age, rearing 

conditions nourishment and animal welfare).  

The motility duration in the present study ranged from 300 to 480 seconds. 

The values of motility duration in present study are higher than reported by 

Odedeyi et al. (2014b) who reported 62secs, 70secs, 72secs, 70secs and 70secs in 

fish groups based upon their weight. All parameters of male reproductive 

performance differed significantly from one group of fish to another in present 

study (P<0.05). The results could be variable as even among the individuals of the 

same species, semen quality also varies considerably (Piironen, 1985). In present 

study, sperm motility decreases with the passage of time at room temperature. Galo 

et al. (2014) also reported a negative pattern of sperm motility duration with the 

storage time of milt in Amazon catfish. According to Sahinoz et al. (2007) 

Hippoglossus hippoglossus, and studying Mastacembelus mastacembelus species 

shows variation in semen quality at each phase within the reproductive season. 

5.4.3 Reproductive Performance of Female African Catfish 

 The number of eggs possessed by a gravid female fish is defined as 

fecundity, a key feature of fish culture related with the average propagative 

characteristics of fish. The relationship of fecundity with total weight was linear 

and positive, while reverse relationship was observed between absolute fecundity 

and total weight (Figure 5.2). In most of the catfish species, the total number and 

weight of eggs spawned are positively correlated with weight of female (Broussard 

& Stickney, 1981;   Nguenga et al.,   2000).   Ondhoro & Mwanja (2014)   reported  
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Figure 5.2: Relationship between absolute and relative fecundity and body weight 

of African catfish reared in earthen ponds. 
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mean number of eggs produced per kilogram brood stock fed with Kajjansi 35%, 

Ugachick 35% and Tende Innovative Farm feeds as 45,375±13,399, 

51,477±16,266 and 57,075± 18,922, respectively.  According to Ozdilek et al. 

(2001) the fecundity of African catfish in the River Asi was related more linearly 

than exponentially to fish weight, age and gonad weight. As per linear expressions, 

49,000 eggs were produced by a 40 cm long female while about 36,310 eggs by a 

37.46 cm female (the medium length of the spawning population) , and about 

316,891 eggs by the largest female which was more than the probable value from 

the linear equation. Similarly, about 4,483 eggs were produced by the small sized 

female (910.4g) where as, on the average greater no of eggs were produced by 

females of larger size weighing around 4020.6g. 

Fecundity in African catfish from Lakes Kariba, Mcllwaine and Kyle 

improved exponentially in relation to total length, while in a linear correlation was 

reported between total length and fecundity. Same Spawning behaviour was 

observed in Oreochromis niloticus and Clarias lazera (Clay, 1979). The 

intraspecific variations were observed in the fecundity of African catfish living in 

the River Asi, as seen in those of other Clarias populations.  

5.4.3 Fertilization and Hatching Rate 

 African catfish females with average weight ranged from 680 to 1800g 

were bred artificially by using synthetic hormone ovaprim at the rate of 0.5ml/kg. 

At temperature range of 28-30 
o
C, latency time period was observed as 7-9 hours. 

Previously, Adebayo (2006) has reported 8-12 hours of latency period at 

temperature of 22.5-31.0 
0
C. The latency period and humidity/temperature are 

factors of prime importance in success of artificial propagation of Clarias 

gariepinus through induced breeding under controlled environmental conditions 

(Agbebei, 2013). The data on percentage of fertilization, ovulation rate and 

hatchability rate are presented in Table 5.2. The highest percentage of fertilization 

and hatchability rate was found to be 88.744.23 and 80.763.42 which were 

recorded in females having body weight between 800-900g. The lowest percentage 

of fertilization and hatchability rate was 65.233.26 and 45.112.76 recorded in 

females having body weight of 1200-1800g. Our results are in agreement with the  
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Table 5.2: Fertilization rate and hatching rate in Ovaprim induced African catfish 

with varying body weights.  

 

Parameters Group I Group II Group III 

Body weight (g)  680-720 800-900 1200-1800 

No of eggs 

released 

71,40048,023.2c 74,82252,102.2b 140,70081,270.2a 

Fertilization rate 

(%)  

83.252.78b 88.744.23a 65.233.26c 

Hatching rate (%) 78.522.67b 80.763.42a 45.112.73c 

Means with different letters differ significantly (P<0.05). 
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studies of Degraff & Berlinsky, (1995) who stated that variation in size of brood 

stock can lead to the difference in fertilization and hatching rates. Changadeya et 

al. (2003) revealed that small fish had increased hatchability compared to large 

ones. Our results are in disagreement as they are negatively correlated with the 

weight of females. Ataguba et al. (2013) positively correlated the fertilization and 

hatchability with the weight of female.  

The percentage of fertilized eggs or hatched larvae varies in African catfish 

and other fin fish and dependent on many factors. These factors include the fish 

origin, stimulation type with reference to environmental conditions and hormone 

used, proper time of gonadal harvest and conditions for storage, management of 

feeding for the spawning specimens and several other factors (Nowosad et al., 

2014, 2016; 2017; Kristan et al., 2018). For example, less than 60% developing 

embryos were reported in African catfish in studies conducted by Brzuska et al. 

(2004). In a study conducted by Muller et al. (2019), average survival rate of 61% 

(range 43.7%-72.4%) and in a study of Samarin et al. (2018), 81%-88% of survival 

rate was reported. Apparently, body weight of female African catfish did not affect 

the survival rate of hatchlings. It was also estimated about 70% hatchling survived 

after yolk absorbing stage of first three days after that period survival rate became 

stabilized. However, Degraff and Berlinsky, (1995) reported only 41.5% survival 

rate at this stage. Opiyo et al. (2017) reported 68.13, 36.12 and 23.28% survival 

rate in three different strains of African catfish. The survival rate of African catfish 

larvae reported by Hawary et al. (2016) ranged from 55.85% to 89.91%, using LH–

RHa plus and GnRHa for induced breeding.  

Conclusion: From this study it was concluded that African catfish can easily be 

bred through induce breeding (the most important factor for the introduction of 

new species) in the local environment.  The breeding season of African catfish start 

in May and ends up in September. A female fish of about 1 kg gave good results in 

the terms of fertilization rate (%) hatching rate (%) and a handsome number of 

hatchlings was obtained by the artificial breeding.   
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CHAPTER 6 

GENERAL DISCUSSION 

Fishery sector plays a significant role in the national economy and food 

security of the country. Despite its vast marine, brackish and fresh water resources, 

the aquaculture is on a limited scale in inland waters. Pakistan is rich in fish fauna 

only two cold water and seven warm water fish species are cultured on a 

commercial scale. The aquaculture system of Pakistan is mainly extensive and, in 

some areas, semi-intensive culture is also practiced at low stocking density by 

culture of low value fish species that ultimately give low per unit fish production 

that is estimated to be 2.5 ton per hectare.  To increase the production in country 

there is need to introduce more exotic species in aquaculture with farming 

characters suitable to our culture system. The potential candidates are catfishes as 

various species of catfishes are found suitable for freshwater and saline water 

culture with favorable culture characteristics like African catfish, Channel catfish, 

Pangasius and Sea bass (Mingkang, 2005). The aquaculture potential of African 

catfish has not yet explored in Pakistan.  

African catfish is considered as an imperative species in aquaculture that is 

being culture in several regions of the world.  The top most producer of African 

catfish is Nigeria (FAO, 2016b); however, several Asian countries including 

Thailand, China, Malaysia and Indonesia produce significant quantities of African 

catfish.  As there is need to boost the aquaculture production it was therefore 

intentioned to introduce the African catfish in pond culture system of Pakistan. 

However, effects of biological invasions of exotic species on the whole ecosystems 

are presented in details by various examples of introduced species (Gurevitch & 

Padilla, 2004).  Depending upon the concerning variables of consideration the 

effects of invasion of any species are diverse but not essentially negative (Gallardo, 

2016; Jeschke, 2014). So detailed study was desired regarding to introduction of 

African catfish to check its pros and corns related to already existing culture system 

of Pakistan.  

The introduction of any exotic fish species in the culture system of a 

country requires the successful transportation of live fish with great care and 
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attention. In the present study, about 4000 African catfish fry with an average 

weight of 0.20 g were transported by air from Bangkok, Thailand to Islamabad 

Pakistan. Another greatest challenge after the live transportation of exotic fish 

species for the introduction purpose is the recovery of fish after arrival at 

destination. In the present study, the fish was initially released in raceways and 

circular tanks to recover from stress. African catfish was successfully transported 

and acclimatized in raceways and earthen ponds. Its shows its suitability in both 

type of culture systems. FAO (2018) also reported suitability of African catfish in 

variety of culture systems. According to Phonekhampheng (2008) various type of 

production systems for culture of African catfish are used that differ with the 

topographical situations and the investing capability of the farmer. Ravangan 

(1978) also reported the suitability of African catfish in extensive, semi-intensive 

and intensive culture system in earthen ponds. Fish showed a considerable 

growth during acclimatization of fish in local environment. 

Mortality of fish was also negligible; however, survival rate of fish was 

very less. Less survival rate was due to the phenomenon of cannibalism during 

its acclimatization. Physical grading was proved to be helpful to reduce 

cannibalism and improving its survival. The main problem faced with catfish 

production in ponds is its poor and unpredictable survival rate. Royle (2001) 

reported that one of the main difficulties by small scale hatchery operators is 

cannibalism among African catfish, Vundu catfish, Tilapia fry and fingerlings. 

Little consideration was given to the cannibalism among cultured Clarias 

gariepinus, despite the growing interest in this species and the reasons 

responsible for cannibalism have not much been explored in details (Ahmed, 

2006). Baras & Almeida (2001) also agreed with the results that by grading of fry 

catfish survival is improved but in contrast he reported grading after every 3 days 

consequently give better survival rate inspite of 5 and 7 days as observed in present 

study. Biu et al. (2015) also suggested that grading is helpful in improving survival 

on daily basis in similar species. Results reported by other researchers (Hecht & 

Appelbaum, 1988; Pantastico et al., 1984; Hecht & Pienaar, 1993; Baras, 1999; 

Dadebo, 2009; Yalcin et al., 2002) also support this study with some variations of 

days of sorting. The features of growth are used to access the general health of a 
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population of fish. So, adaptation to environmental condition can be discovered by 

probable variabilities in the countable and measurable characteristics of species and 

thus helpful in describing their individuality and distinctiveness in the locality of 

the population.  

After the acclimatization, feed development is very important for 

culture of fish. As fish needs satisfactory food amount in the right amounts and 

with appropriate nutritional substances desired for growth, reproduction, 

movement, energy and other activities (Steven & Luious, 2009). Fish feeds 

account for 40-60% of the total recurring cost for production (Jamu & Ayinla, 

2003). Fish feeding practices had been improved in aquaculture to escalate 

production and increase profit (Eyo, 2001). Feeds of catfish should be well-

adjusted to certify satisfactory levels of amino acids, nonspecific nitrogen and non-

protein energy are supplied in the accurate quantities as consuming protein for 

energy is costly. So, for catfish species in feed development, optimization of the 

crude protein level for maximum growth of fish is of prime importance due to 

different feeding habit. To determine the optimum level of protein in the feed of 

African catfish, from the locally available feed ingredients, four types of artificial 

diets with crude protein level (40, 35, 30 and 25% CP) were formulated and tested 

for growth performance.  This study reveals that the better growth of African 

catfish in circular tanks, the optimum crude protein level was 35% CP.  Results 

of this study are in conformity with those of ADCP (1983) who reported that the 

greatest growth rates and feed conversions values are attained with diets containing 

35-42% crude protein in catfish (ADCP, 1983). However, our results are in 

disagreement with results of Tahir et al. (2008) who reported lower CP level of 

30% with12% lipid for comparatively smaller size fish as used in this experiment. 

Present study is also supported by study of Kremah & Baregha (2014) who 

reported 35% CP requirement for African catfish diet.  

The African catfish, is omnivores in feeding habit, and it require essential 

amino acids (Nematipour et al., 1992a, Jantrarotai et al., 1994; Chow & Halver, 

1980). The animal feed ingridients has all essential amino acids to satisfy the 

optimum growth in catfish. The feed with the animal protein has high cost that is 

the main limitations for catfish production. It is necessary to replace high cost 
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animal protein ingredients with low-cost plant protein ingredients, for the 

sustainable catfish culture industry. Fish meal is the most expensive protein source 

in feed of fish. As soybean meal contains 40-45% protein and 55-60% protein is 

present in corn gluten-60%. The cheapest source of these amino acids is a blend 

these feed ingrietds in feed substances. The nutritionist and feed formulators can 

use it as source of essential fatty acids or and as source of energy to avoid use of 

high cost of protein for feed formulation (Jauncy & Ross, 1982). To substitute the 

protein of animal origin in feed of African catfish four diets were formulated; 

costly animal protein source was replaced by blend of corn gluten 60% and 

soybean meal.  

Reduction of fish meal up to 20% in the feed of African catfish did not 

affect growth and was optimum for the production of this fish. Ali  (2015) reported 

that the growth of giant river catfish (Sperata seenghala) was not affected by the 

replacement of fish meal up to 50 % levels, reduction in the growth rate seen at 

75% replacement. A reduced growth performance of different catfishes was 

reported by the replacement of the source of animal protein with plant-based 

protein ingredients (Khan et al., 2003; Opstvedt et al., 2003; Krogdahl et al., 2003; 

Rab et al., 2008). The results of present study are in disagreement with the result of 

Eyo (1999) as per his suggestions growth performance was significantly different 

for juvenile African catfish feed with different levels of plant protein.  However, it 

is reported by Hart & Brown (2005) with experiment of trout and salmon, at 

incorporation of soybean meal at 15-25% level in diet have diminishing effect on 

the growth responses. Hernandez et al. (2007) also found that final weights are 

decreased in sharp snout sea bream when the soybean meal contents in diet are 

increased beginning from substituition rate of 40%. Eyo (1999) also obtained 

deprived rate of growth for C. anguillaris when fed with diets of soybean origin. 

Fafioye et al. (2005) reported better results by using heat treated soybean as 

compared to raw soybean in terms of higher percentage increase in body weight of 

fish.  Fish feeding management is the most important factors in aquaculture. Over 

feeding of catfish causes deterioration of water quality which decrease growth of 

fish and escalates fish production cost. The feeding less than the required amount 

to attain optimum growth of fish is also damaging. Therefore, determination of 
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optimum feeding rate and feeding frequency for growth of African catfish is 

important from both biological and economical stances. The optimal feeding 

approaches increase growth performance, food conversion ratios, survival and also 

helpful to minimalizing food wastage, decrease size variation, and subsequently, 

upsurge production efficacy (Goddard, 1996). To optimize the feeding level for the 

culture of African catfish in earthen ponds, a study “the effects of feeding levels on 

production characteristics of pond-raised African catfish” was performed.  The fish 

was fed four feeding rates of 8%, 6%, 4% and 2% of wet body weight with a diet 

of 35 % CP level for four months.  It was concluded the feeding level of 4% fish 

body weight was optimum for production of African catfish; although by 

increasing feeding rate above this level weight gain increases but it increases the 

production cost and decreases the net profit at the same time. Same results were 

obtained by Ali (2015), who reported that by increase in feeding level up to 4% 

return on investment was increased but a non significant change in net profit was 

seen by feeding above 4% of body weight. Janjua (1996), Akram et al. (1994) and 

Ghosh (1984) also reported by the growth of the fish increased by the increase in 

feeding level till 4% weight of fish daily while feeding beyond 4% was wasteful.  

Regarding the optimum feeding frequencies, the maximum growth of 

African catfish can be achieved by feeding three time per day in the form of 

sinking pellets. Same results were also reported by Hossain et al. (1999) for 

African catfish. The research on other fish species like Carassius auratus, (Noeske 

& Spieler, 1984); Ictalurus punctatus (Noeske et al., 1985); Heteriopneustes 

fossilis (Sundararaj et al., 1982); Heterobranchus longifilis (Kerdchuen & 

Legendre, 1991; Baras, et al., 1998; Boujard et al., 1995) Oncorhynchus mykiss 

(Reddy et al., 1994) also showed similar results. 

Stocking density for fish farming in practical is considered to be as an 

important factor for determination of the economic viability of the production 

system. The effect of various stocking densities of African catfish was studied on 

the growth, food conversion ratio, fish production and financial benefits in local 

environment. This study reveals that increasing the stocking density growth 

performance and survival rate decreases. The highest performance indicator was 

recorded in stocking density of 20,000 fish/acre and this continuously reduced with 
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decrease in stocking density.  The net profit is more at high stocking density 

(20,000 fish/acre) followed by medium density and low stocking density. These 

results are found in line by the study of Papst et al. (1992). The association between 

stocking density, growth and survival of distinctive fish species may not forever be 

either uniform, positive, negative or linear (Kikuchi et al., 2006). In contrast, 

African catfish (Almazan-Rueda, 2004) and European sea bass (Papoutsoglou et 

al., 1998) express a low feed intake and growth rate at low stocking densities but 

grow well and undergo less physical damage at high densities.  

African catfish breed during a period extending from February to 

September but breeding is intensive in April and in June-July, which is in 

agreement with results of Dadebo et al. (2011) who studied reproductive 

performance of similar species in Chamo lake, Ethopia. The indicators of male 

reproductive performance (The milt volume, sperm motility, motility duration and 

sperm concentration) had direct relationship with body weight of male African 

catfish.  Relationship of fecundity (F) direct relationship with total weight of 

female catfish. The highest percentage of fertilization and hatchability rate was 

recorded in females having body weight between 800-900g.  The percentage of 

fertilization and hatchability rate decrases with incease body weight of female 

beyond 1kg. Findings in present study are supported by research of Ataguba et al. 

(2013) and Changadeya et al. (2003). 

From the above study it was concluded that the high value African catfish 

can be successfully cultivated in pond culture system of Pakistan at high stocking 

density to get maximum per unit fish production and net profit. The major problem 

for its cultivation is cannibalism induced mortality that can be controlled by sorting 

on the basis of size after short regular intervals of time.  The aquaculture in 

Pakistan showed positive trends towards culturing of this potentially useful fish. 

There is further need of investigation on induced breeding and seed production, 

Cannibalism behavior needs for rearing of fry and fingerlings and feed 

development for different stages of African catfish with various low-cost feed 

stuffs still exist to make this technology of African catfish culture more elaborative 

and useful. This study is proved fruitful for improving the cultural base of fish 

farming as well as shifting of extensive fish farming toward the intensive culture. 
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Moreover, this study is also being helpful in improvement of socio-economic 

conditions of fish farmers as this fish has potentially valuable characters to increase 

its market demand. 
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SUMMARY 

The aquaculture system in Pakistan is mainly extensive and fish species are 

being cultured at low stocking density with low per unit fish production (2.5 tons 

per hectare). Therefore, there is need to introduce commercially important species 

with a high growth potential. The African catfish may serve as potential candidates 

as it can be stocked at higher densities, can attain maximum weight of 16-40 tons 

per hectare per year. In addition, they have high customer preference due to fewer 

bones, good meat, adaptive to wide range of environmental situations and disease 

resistance. It was therefore, hypothesized that African catfish may be cultivated in 

pond culture system of Pakistan. To test this hypothesis study was conducted under 

following major objectives: 

 Acquisition of African catfish germ plasm, its acclimatization and 

performance evaluation in local environmental conditions. 

 Development of feed for African catfish from locally available ingredients. 

 To study the effect of stocking density on growth of African catfish in 

earthen ponds. 

 Evaluation of breeding performance of African catfish under local 

environmental conditions of Pakistan. 

To achieve these objectives African catfish was imported from 

Thailand. Four thousand fingerlings of African catfish were shifted by air to 

Islamabad, Pakistan. The fish was kept in polyethylene bags filled with oxygen 

and water these bags were packed in Styrofoam boxes, which were transported 

from Thailand to Islamabad by air. Fish were initially kept in outdoor concrete 

raceways under flow throw system. 

For the acclimatization of fish in local environment imported fish were 

kept in open-air concrete raceways (water capacity 5000 liter) with flow 

through water system from tube well and earthen ponds. Fish showed a 

considerable growth during acclimatization of fish in local environment. 

Mortality of fish was also negligible; however, survival rate of fish was very 

less. Less survival rate was due to the phenomenon of cannibalism during its 
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acclimatization. To minimize the process of cannibalism an experiment was 

conducted, in which physical grading of fish was done on the basis of its size. 

Physical grading was proved to be helpful in reducing cannibalism and 

improving its survival. Identification, morphometric and meristic study of the 

introduced African catfish was completed by using identification keys. 

Morphometric and meristic studies of this fish confirmed its species. The 

length weight relationship and condition factor of this species confirmed its 

rapid growth and its adaptability to local environmental conditions.  

After the acclimatization, feed development is very important for 

culture of fish. First step for feed development is to optimize the crude protein 

level for maximum growth of fish. For determination of the optimum level of 

protein in the diet for African catfish, from the locally available feed ingredients, 

four types of artificial diet with crude protein level (40, 35, 30 and 25% CP) were 

formulated, and tested for growth performance. It was determined the feed with 

35% CP level is optimum for the growth of African catfish raised in circular 

tanks.  

The feed with the animal protein has high cost that is the main limitations 

for catfish production. For the sustainability of the catfish culture, it is necessary to 

replace high cost animal protein ingredients with low cost plan protein ingredients. 

To substitute the protein of animal origin in feed of African catfish four diets were 

formulated; fish meal was replaced by combination of corn gluten 60% and 

soybean meal.  Feeding experiment was conducted in circular tanks 2000L 

water capacity for a period of twelve weeks. Reduction of fish meal up to 20% in 

the feed of African catfish did not affect growth and was optimum for the 

production of this fish. 

To optimize the feeding level for the culture of African catfish in earthen 

ponds, a study was performed.  The fish was be fed four feeding rates of 8%, 6%, 

4% and 2% of wet body weight at feed of 35 % CP level for four months.  It was 

concluded from this experiment that although by increasing feeding rate, weight 

gain in African catfish increases but it increases the feed cost at the same time. So, 

the feeding level of 4% fish body weight was optimum for the production of 
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African catfish. To evaluate the optimum growth of African catfish on variable 

feeding frequencies, experiment was conducted in three raceways of with the 

stocking density of 200 fish of same size per raceway for the period of four 

months. Fish was fed once, twice and thrice a day in three raceways. 

Experiment was conducted in three replicates using twelve raceways. It was 

concluded from this experiment that the fish feed in the form of sinking pellets can 

fed thrice/day effectively for optimum growth result in the growth of African 

catfish. 

 Stocking density and survival are chief markers that regulate the economic 

feasibility of a production system. The effect of different stocking densities of 

African catfish was studied on the growth, food conversion ratio, fish production 

and financial benefits in local environment for a period of four months in nine 

earthen ponds, each measuring 0.09 acre. African catfish fingerlings were stocked 

at a stocking density of 10,000, 15,000 and 20,000 fish/acre. This study reveals that 

increasing the stocking density growth performance and survival rate decreases. 

The highest performance indicator was recorded in stocking density of 20,000 

fish/acre and this continuously reduced with decrease in stocking density.  The net 

profit is more at high stocking density followed by medium density and low 

stocking density. The fish growers can get high financial benefits and net yield by 

stocking African catfish at 20,000 fish/acre. The brood stock was selected from 

mature fish and was kept in separate ponds of 0.09 acre area. In ponds, fish was fed 

on protein rich diet up to the level of satiation. Reproductive performance of 

African catfish was determined by gonadosomatic index. Male reproductive 

performance and female reproductive performance was studied.  

Data obtained was analyzed by ANOVA by using statistical software SPSS. 

Significant means were tested by DMRT. To find out relationship among various 

characteristics, regression and correlation analysis was also performed.  It was 

concluded from this study that in African catfish breeding occurs during a period 

ranging from February to September and breeding become intensive in April and in 

June-July. The milt volume, sperm motility, motility duration and sperm 

concentration had direct relationship with weight of male African catfish.  

Relationship of fecundity (F) direct relationship with total weight of female catfish. 
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The highest percentage of fertilization and hatchability rate was recorded in 

females having body weight between 800-900g. Survival rate of hatchlings was 

observed to be 80-90% during first week of hatching. From the above study, it was 

concluded that the high value African catfish can be successfully cultivated in pond 

culture system of Pakistan at high stocking density to get maximum per unit fish 

production and net profit. The major problem for its cultivation is cannibalism 

induced mortality that can be controlled by sorting on the basis of size after short 

regular intervals of time(5-7 days). The aquaculture in Pakistan showed positive 

trends towards culturing of this potentially useful fish. There is further need of 

investigation on induced breeding and seed production, Cannibalism behavior 

needs for rearing of fry and fingerlings and feed development for different stages of 

African catfish with various low cost feed stuffs still exists to make this technology 

of African catfish culture more elaborative and useful. Following conclusions are 

extracted from this study:  

 African catfish was successfully transported and acclimatized in local 

environmental conditions. During this process, phenomenon of cannibalism 

was observed. 

 For minimization of cannibalism physical grading was proved to be helpful 

in improving its survival. 

 Morphometric and meristic studies of this confirmed its species. The length 

weight relationship and condition factor of this species confirmed its rapid 

growth and its adaptability to local environmental conditions. 

 The feed with 35% CP level is optimum for the growth of African catfish 

raised in circular tanks 

 The dietary protein requirement of African catfish ranged between 35-40% 

CP. For the commercial production of African catfish 35% crude protein 

level in the feed was optimum. 

 At least 20% fish meal is required in diet of African catfish as further 

reduction negatively affects the growth of African catfish. 

 The feeding level of 4% wet body weight of fish was optimal for production 

of African catfish. 
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 Based upon cost benefit analysis, the feeding level of 4% wet fish body 

weight was optimum for economical production of African catfish.  

 The fish feed in the form of sinking pellets can fed thrice/day effectively for 

optimum growth result in African catfish at high stocking densities. 

 This study reveals that increasing the stocking density growth performance 

and survival rate decreases. 

 The culture of African catfish in earthen ponds at stocking densities of 

15,000 to 20,000 fish per acre gives highest production and profitability 

compared to stocking of 10,000 fish per acre.  

 African catfish was easily be bred through induce breeding (the most 

important factor for the introduction of new species) in the local 

environment.   

 The breeding season of African catfish start from May and ends up in 

September.  

 The highest percentage of fertilization and hatchability rate was recorded in 

females having body weight between 800-900g. 
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INTRODUCTION 

 

The aquaculture system of Pakistan is mainly extensive and 

in some areas semi-intensive culture is also practiced at low 

stocking density of low-value fish species that ultimately 

give low per unit fish production, estimated to be 2.5 ton per 

ha. The culture system of Pakistan is mainly governed by 

indigenous and exotic carp species (Basavaraga et al., 1999). 

To bring the expansion and improvement in the aquaculture 

system of Pakistan introduction of Chinese carps (including 

Silver carp, Grass carp, Bighead carp and Common carp) 

was done initially. Although carps have a wide range of 

acceptability among the consumers, a large segment of the 

populace does not prefer these fish due to a large number of 

intramuscular bones in them (Mirza and Bhatti, 1999). It is 

need of time to move towards intensive aquaculture at high 

stocking densities by introducing high-value fish species 

with high growth potential in aquaculture and export 

potential (Faheem et al., 2019; Mahmoud et al., 2019). The 

potential candidates are catfishes like African catfish, 

Channel catfish, Pangasius and Sea bass. The catfishes are 

gaining popularity in the culture system because of their 

high growth, consumer preference due to good quality flesh 

with very few spines and high export potential (Mingkang, 

2005). One of the high-value fish species American channel 

catfish was successfully introduced in Pakistan in 2005 (Rab 

et al., 2007). 

African catfish (Clarias gariepinus) has recently attracted 

the attention of fish culturists all over the world due to its 

economic advantages. African catfish has the endurance to 

extensive range of surroundings with high temperature and 

less oxygen with air-breathing ability that makes it more 

malleable and resilient to stress (Olaleye, 2005). It is disease 

resistant, highly fecund and ease of their larval production in 

captivity declared it commercially very important 

(Kestemont et al., 2007). The fish species have a better 

survival rate (Van der Waal, 1998). Even at high stocking 

densities, it is found more profitable in culture (Toko et al., 

2007). African catfish have been successfully acclimatized 

in the culture system of various countries and globally well 

known for its culture. Several methods of culture available 

for C. gariepinus farming include still culture in the pond; 

flowing pond culture, re-circulated pond culture and channel 

production (Fourie, 2006). Indoor hatcheries were used to 

rear C. gariepinus juveniles before transferring them to 

grow-out ponds which have trifling water circulation. A crop 
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To increase the production capacity of the existing inland aquaculture system of Pakistan, there is a dire need for the 

introduction of high-value fish species with growth potential at intensified stocking densities and having export potential. 

The African catfish having above mentioned promising culture characteristics was tried to interpolate the local habitat of 

Pakistan. For this purpose four thousand African catfish at the fry stage were airlifted from Thailand to Islamabad, Pakistan. 

To recover the fish from transportation stress, the fish was initially kept under intensive care in circular tanks and raceways 

for seven days. After recovery from the stress period the fish was shifted to earthen ponds and raceways for an 

acclimatization period of three months. During the acclimatization period fish showed better growth in earthen ponds as 

compared to raceways. Negligible mortality was recorded during the process of acclimatization in raceways and earthen 

ponds, but low survival rate was observed in raceways (30.4%) and earthen ponds (63.4 %). This lower survival rate in spite 

of very low natural mortality confirmed the phenomenon of cannibalism in this fish. To minimize the process of cannibalism, 

sized base sorting was done after 5 days and 7 days. A significantly higher survival rate was observed in sorted groups as 

compared to the non-sorted group. So it was concluded from this study that African catfish were successfully transported and 

acclimatized in local environmental conditions of Pakistan. However the phenomenon of cannibalism existed in this catfish 

species that was minimized through physical grading of fish based on its size. 

Keywords: African catfish, acclimatization, earthen pond, mortality rate, cannibalism. 
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of 40,000 to 100,000 kg/hectare can be reared by only 25% 

daily water exchange in ponds (Rouhani, 2010).However, 

the high rate of cannibalism in African catfish reduces the 

survival of African catfish during its rearing period, which is 

recognized in many species of catfishes. Due to the above 

mentioned cultural characteristics it was planned to 

introduce this fish in the culture system of Pakistan. The first 

step for the introduction of new species in an environment is 

its acclimatization in the local environment. So this study 

was planned to check various aspects of adaptability and 

growth performance of African catfish in culture system of 

Pakistan. 

 

MATERIALS AND METHODS 

 

Transportation of African Catfish from Thailand and Its 

Acclimatization in Local Conditions:  

Transportation, Un-packaging and Recovery: To start the 

aquaculture of the African catfish in Pakistan, the fish seed 

was imported from Thailand with the help of commercial 

importer. About 400 and 500 fish fry/bag were packed in a 

polythene bags filled with water and oxygen in ratio of 

1:3.The polythene bags were packed in Styrofoam boxes, 

and two ploythene bags were kept in each Styrofoam box. 

The Styrofoam boxes were air lifted from Bangkok Thailand 

to Islamabad Pakistan. The duration of transportation was 

approximately 16 hours from Thailand to NARC, Islamabad 

Pakistan. 

After transportation fish were unpacked at Aquaculture and 

Fisheries Program. Mortalities were recorded and water 

quality parameters including temperature, pH, dissolved 

oxygen (DO), carbon dioxide and ammonia was determined 

for both loading densities. Fish was initially stocked in 

raceways and circular tanks by slowly equalizing the water 

temperature of bag, circular tanks and raceways. Fish were 

kept in raceways for 7 days by feeding ad libitum at 

intensive aeration in a regular water flow throw system. 

Feed nutritional composition was determined as described in 

recent studies (Zhang et al., 2015; Wang et al., 2016; Niu et 

al., 2017; Xia et al., 2018a; Xia et al., 2018b; Xia et al., 

2018c; Demir et al., 2019; Raza et al., 2019). Fish was 

offered with minced meat during this recovery period. Fish 

started to accept feeding after 3 days of transportation in 

powdered form at 35% CP level. Behavior was noted as 

described in recent studies (Muhammad et al., 2016; 

Muhammad et al., 2019) During this period mortality was 

recorded after every three hours of initial stocking on the 

first day, and then mortality was recorded on daily basis.  

Acclimatization: For the acclimatization of fish in local 

environment, imported fish were kept in outside raceways 

with1500 gallons water flow through capacity and earthen 

ponds of size 0.04 ha in the extensive culture system. Fish 

were stocked at the rate of 100 fish per raceway and 1000 

fish in each pond. No aeration was done during this period. 

The acclimatization process was continued for 90days. The 

feeding was done three times in a day ad-libitum. Fish was 

fed with locally prepared feed. For the measurement of 

length and weight, the fish (n=15) were captured randomly 

after 15 days by using hand nets and after taking required 

data fish were released back to their respective systems. 

During the process of acclimatization in raceways and 

ponds, the mortality of fish was recorded on daily a basis. 

After the acclimatization process total fish were collected for 

recording survival and total weight. 

The growth performance was recorded in both earthen ponds 

and raceways by Daily weight gain, Specific growth rate 

(SGR) and Condition factor (C.F). For SGR and C.F, the 

following formulae were used. 

Weight gain = Final weight-Initial weight 

Survival rate (%) =  

No. of fish stocked – No. of fish survived x100 

SGR (%) = [(In Wf- In WI) x 100]/days 

Condition factor (C.F) = W100/L3 

 [Where W: fish weight (g), L: fish length (cm)] 

Cannibalism Study: After acclimatization the fish, the 

survived fish appeared less than expected number of fish 

without any apparent mortality. This low fish survival was 

observed due to phenomenon of cannibalism. To minimize 

cannibalism, further investigation was done on physical 

grading method based upon their size for improving growth 

performance and survival of African catfish in raceways 

system. The experimental design was CRD having three 

treatments and three replicates. The duration of the study 

was three weeks. For this purpose, fish was divided into 

three groups.  

i.Treatment 1 (T1): Sorting interval 5 days  

ii.Treatment 2 (T2): Sorting interval 7 days 

iii.Treatment 3 (TO): without any sorting (Control group) 

The 200 fish of almost same size were stocked in each 

raceway. Fish was graded by hand picking method. Fish 

were separated based upon their sizes. Fish was fed at ad 

libitum during the whole experimental period. Their survival 

and growth rate were recorded accordingly.  

Water quality parameters i.e. temperature, dissolved oxygen 

(DO) and pH were recorded on daily basis with 

Limnological meter while alkalinity and hardness was 

measured by titration methods on weekly basis. Data was 

presented in the form of suitable graphics using MS excel. 

The significance among different parameters was checked 

by ANOVA (analysis of variance) and Duncan's Multiple 

Range Test (DMRT). The relationship among different 

parameters, were determined by correlation and simple 

regression 

 

RESULTS AND DISCUSSION 

 

Transportation of African Catfish from Thailand and its 

Acclimatization in Local Conditions 



Acclimatization and cannibalism study of African Catfish 
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Transportation and Recovery after Unpacking: The 

introduction of any exotic fish species in the culture system 

of a country requires the successful transportation of live 

fish with great care and attention. In the present study about 

4000 African catfish fry with an average weight of 0.200 g 

were transported by air from Bangkok, Thailand to 

Islamabad Pakistan. The total transit time from Bangkok to 

Islamabad was 16 hours. The fish bags were unpacked 

immediately after being transported at AFP, NARC 

Islamabad. All fish were healthy and no injured fish were 

seen. Mortalities and important water quality parameters 

were determined immediately after unpacking of bags for 

both packing densities (Table-1).  

 

Table 1. Post transport mortality and water quality 

parameters of African catfish packed in 

polythene bags using two different loading 

densities.  

Parameters 400fish/bag 500fish/bag 

Mortality (%) 0.50.01b 1.40.01a 

Ave Temperature (OC) 23.50.50b 24.20.48a 

pH 7.00.01a 6.40.03b 

DO(mg/l) 5.900.02a 5.300.04b 

Ammonia-N (mg/L) 4.10.05b 5.30.07a 

Carbon dioxide (mg/L) 11.20.02b 13.10.03a 
Different letters indicate significant differences between groups 

(p<0.05) 

 

A negligible (≤1%) fish mortality was observed at both 

packing densities. These mortalities were within the 

permissible limits during the transportation of live fish. The 

average water temperature after the unpacking of fish bags 

was 23.5 and 24.1 0C in packing density of 400 and 500 

fish/bag, respectively which is considered suitable for the 

survival of African catfish (Khattab et al., 2000; Otubusin, 

2001). The concentration of dissolved oxygen in water was 

5.90 and 5.30 mg/l at both packing densities. Enough 

amount of dissolved oxygen in water indicated that oxygen 

is not the limiting factor at the packing of 4:1 ratio (Tubulin, 

2001). Average values of free CO2 and pH ranged from 

11.2-13.1mg/L and 6.4-7.0 for density 1(400 fish/bag) and 

density 2(500 fish/bag) respectively. Accumulation of 

carbon dioxide originated from fish and bacterial respiration 

lowered the pH of water (Swann, 2012). The amount of free 

ammonia in water is most important factor. The 

concentration of free ammonia during the transportation of 

Clarias gariepinus was 4.10 and 5.30 in both packing 

densities. Free carbon dioxide and free ammonia were 

directly related to packing densities, while dissolved oxygen 

and pH are inversely related to the packing densities. 

According to Alikunhi (1954) the water quality of container 

in which fish fry are kept is adversely affected by 

overcrowding in the container. Survival of African catfish 

even at high values of ammonia could be attributed to its 

hardy nature as extremely high tolerance of ammonia up to 

6.5mg/L in Clarias gariepinus was described (Olleremann, 

1995).  

Another greatest challenge after the live transportation of 

exotic fish species for the introduction purpose is the 

recovery of fish after arrival at destination. In the present 

study the fish was initially released in raceways and circular 

tanks to recover from stress. Post- release mortality was 

initially higher, and then it becomes stabilized gradually as 

shown in Fig. 1. More death rates could be due to the higher 

ratio of stress in the newly introduced environment. Even 

within a short duration of Transport, carrying fish are often 

bared to numerous stressors. Poor quality of water (Weirich 

and Tomasso, 1991; Carmichael et al., 1992), tank 

confinement (Davis and Parker, 1986), more packing 

densities (Piper et al., 1982), physical handling (Maule et 

al., 1988; Cech et al., 1996) and conditioning fish to a new 

environment (Carmichael et al., 1984; Brick and Cech, 

2002) are main stressors related with transporting. 

 
Figure 1. Post release mortality in African catfish during 

recovery phase after transportation at 

Aquaculture and Fisheries, NARC. 

 

Acclimatization: After keeping the fish in an intensive 

environment for recovery from transportation stresses it was 

distributed in two different culture systems for 

acclimatization. During the first day, 1%, mortality occurred 

in raceways and 4% mortality was observed in earthen ponds 

within the first eighth hours after stocking the fish. The 

higher death rate was recorded in the fishes as a result of 

handling in raceways and stress of the newly introduced 

environment of earthen ponds. When working with catfish 

fry in small earthen ponds, Bindu (2006) reported to had 

major mortalities that arose during the nurturing stage when 
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catfish fry was stocked in earthen ponds. Present mortality 

recorded in this study is due to handling stress. 

Fortnightly growth trend during acclimatization for 90 days 

of African catfish fed with feed (35% Crude Protein) at ad-

libtum in raceways and earthen ponds is given in Fig 2. The 

fortnightly growth trend showed gradual increase in weight 

gain in raceways and earthen ponds. Total weight in earthen 

ponds is significantly higher than cemented raceways. The 

better growth in earthen ponds are in agreement as reported 

by the other authors (Akinwole et al., 2016; Marimuthu, et 

al., 2010; Nahar et al., 2000). The better growth in earthen 

ponds may be due to the higher water temperature (27-30°C) 

as compared to the temperature of raceways. The natural 

food in ponds may contribute to the significantly better 

growth rate in earthen ponds as compared to the race ways. 

Present results were similar to that reported earlier by Rab et 

al. (2007) who described substantial growth in summer 

within earthen ponds with sufficient supply of natural prey 

items. The natural feeding resulted in increased growth rate 

in earthen ponds with nearly 8-9% (Bosworth and Wolters, 

2005). Our results are in contrast to the finding of some 

other authors reporting more gain in weight under raceways 

(Marimuthu, et al., 2010; Nahar et al., 2000). The quality of 

water can easily be managed and controlled in outdoor and 

indoor tanks, as compared to earthen ponds (Keremah and 

Esquire, 2014). Some other studies have also reported the 

farming of C. gariepinus in rigorous and extensive type 

culture systems in both raceways and earthen ponds 

(Keremah and Esquire, 2014).  

 

 

 

 
Figure 2. Line graph showing growth of African catfish 

during acclimatization (June- August 2015) fed 

on imported floating feed in raceways and 

earthen ponds. 

 

The performance of African catfish in raceways and earthen 

ponds during acclimatization period of 90 days is given in 

Table 2. Significantly higher weight gains and specific 

growth rate was observed in earthen ponds as compared to 

raceways. African catfish were successfully acclimatized in 

the present study in both type of culture systems without 

aeration. Fish survived even in very low water exchange in 

raceway culture. As compared to other species, catfish have 

the ability to grow at even severe culture conditions without 

requirement of pond ventilation or higher water exchange 

(Huisman and Richter, 1987). The exclusive potential of 

survival also lies in its air breathing ability, omnivorous type 

feeding habit and its forbearance to adversative water quality 

conditions (Nguyen and Pongthanapanich, 2016).  

 

Table 2. Growth performance of African catfish in 

raceways and earthen ponds during 

acclimatization period of 90 days. 

Parameters Raceways Earthen ponds 

Mortality (during first 8 

hours) 

1.00 % 4.00 % 

Initial weight (g) 1.9±0.45a 2.0±0.61a  

Final weight (g) 181.2±2.61b 208.3±2.88a 

Weight gain(g) 179.3±1.25b 206.3±1.08a 

Specific growth rate 4.9±0.07b 5.2±0.03a 

Survival fish after 90days  30.4±0.04b 63.4±0.07a 
Value are mean ± S.D.; Difference was significant (P<0.05). 

 

However, the decreased in the number of fish was recorded 

in both cemented raceways and earthen ponds during the 

acclimatization process although apparent natural mortality 

was very low. This was due to cannibalism that is reported 

in African catfish and many other fish species. The 

cannibalism was reported as one of the major problems 

hindering survival in C. gariepinus, Tilapia, H. longifilis fry 

and fingerlings (Royle, 2001). The present outcomes were 

supported by different earlier studies (Baras, 1999; Yalcin et 

al, 2002; Dadebo, 2009). According to Naumowicz et al. 

(2017), more than 30 fish families have been reported to 

exhibit cannibalism phenomenon. Cannibalism is highly 

detrimental and disadvantageous for most of these fish 

species which are valuable contributors of aquaculture. 

Some wild populations of African catfish were also reported 

to have cannibalism (Corbet, 1961; Bruton, 1979). The 

cannibalistic cohort of species has also been reported in 

larval and juvenile sibling (Aboul-Ela et al., 1973). This 

decrease was more obvious in raceways as compared to 

earthen ponds (P<0.05). Ponds provide significantly higher 

survival rate to African catfish as they have more space to 

reduce interaction between individual fish and they also 

provide place to smaller fish to avoid attacks by larger fish. 

The rate and extent of cannibalism in African catfish larvae 

and juveniles is affected by numerous environmental factors 

(availability of food& prey, feeding frequency, size 
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variation, stocking density, refuge, light and feed 

distribution (Reddy et al., 1995). 

It was observed that cannibalism was high during the initial 

period of acclimatization then gradually moves to decline. 

Natural mortality also found reduced with the passage of 

time, ultimately it diminishes and survival rate improves as 

shown in Fig. 3 and 4. A higher rate of cannibalism was 

observed in early weeks or months during the uneven growth 

of organisms (David et al., 2010). Cannibalism is thus eased 

by heterogeneity of the size in fish. The smallest fish are 

consumed by the larger ones same as happens in control 

group in present study Bara et al. (1999) and Haylor, (1989). 

Two types of cannibalism including 'tail-first' and 'head-first' 

are defined by Hecht and Appelbaum (1988) in culture of C. 

gariepinus who reported the start of cannibalism from 8 mm 

to about 80 mm. Hafidh and Ali (2004) also reported that 

cannibalism is mainly causing the mortality in African 

catfish and it became more prominent in species that are not 

fed properly (2-4%). According to Mukayi et al., (2013) 

chemical substances that were produced from the bruised 

skin surface of African catfish elicited cannibalistic behavior 

in other fish present near the injured fish are also 

accountable for cannibalistic behavior. They commend 

larval rearing of African catfish in dark or dim conditions to 

increase survival rates in catfish.  

 
Figure 3. Difference in African catfish survival in earthen 

ponds during acclimatization. 

 
Figure 4. Difference in African catfish survival in 

raceways during acclimatization. 

The average temperature recorded during the experimental 

period in outdoor concrete raceways and earthen ponds was 

27.00± 0.7oC and 30.9± 1.00oC, respectively. The range of 

different limnological features recorded in raceways and 

earthen ponds are given in Table 3. Different studies have 

shown the maximum rate of growth of C. gariepinus at the 

temperature of 28-30°C and 24-29°C (Mollah, 1984; Henken 

et al., 1986). The ranges of dissolved oxygen values 

recorded in the present study were 5.4-7.8 mg/1. The range 

of DO reported earlier was 6.7-8.3 ppm, considered suitable 

for fish production (Lakshmanan et al., 1967). The pH 

ranges recorded in the present study were similar to that 

described earlier (Dewan et al., 1991). Proper grading 

according to size is also used to decrease size discrepancy of 

many other cultivated species of fish (Popper et al., 1992; 

Kamstra, 1993).  

 

Table 3. Water quality parameters recorded in raceways 

and earthen ponds. 

Parameters Earthen ponds Raceways 

Temperature °C 30.9±1.00 27.0±0.7 

DO(mg/l) 5.4±0.40 8.7±1.3 

pH 7.2±0.30 145.2±0.4 

Alkalinity(mg/l) 168.3±7.63 157.0±3.4 

Hardness(mg/l) 130.0±10.0 136.2±5.8 

 

Control of Cannibalism in African Catfish through 

Physical Grading: Physical grading is an important tool to 

control the phenomenon of cannibalism. The Table 4 

showed that there was a significant difference in the survival 

rate of African catfish at different treatments. The fish which 

was sorted after five days interval (T1) has maximum 

survival rate (87.7%) followed by the fish sorted after seven 

days interval (T2) having survival rate of 85.2% and control 
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group (11.6 %) respectively. The results of this study are in 

line with the findings of Mollah et al. (1999) who reported 

that grading is useful for improving survival in African 

catfish. The maximum cannibalism was observed in control 

group (unsorted group) followed by T2 (7 days sorting 

interval) and T1 (5 days sorting interval). The highest rate of 

cannibalism in the control group was due to the size 

difference of fish (Baras and Jobling, 2002). The 

cannibalism can be significantly lowered by sorting of 

individuals (Szczepkowski et al.,2011). Natural mortality 

was non- significantly different among in all the three 

treatments. African catfish are hardy and are able to thrive in 

harsh environmental conditions; they are less prone to 

natural mortalities (Bruton, 1979; Uys, 1989). The average 

weight gain was maximum in control group (non-sorted 

group) followed by T2 (7 days sorting) and T1(5 days 

sorting) while the total weight of harvest was maximum in 

the fish which was sorted after 5 days interval followed by 

T2(sorted after 7 days) and control (unsorted). An improved 

rate of growth was also observed by some researchers after 

the removal of dominant individuals from systems (Jobling 

and Reinsnes, 1986). 
It was concluded that the exotic African catfish was 

successfully acclimatized in local environment of Islamabad. 

Low survival rate due to cannibalism at early stage was a 

major problem for its culture. The issue of low survival due 

to cannibalism at initial stages can be improved by sorting 

the fish at 5 days interval.  
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