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Chapter 1 

INTRODUCTION 

The population of the world is increasing at a fabulous rate. As a 

consequence of rapid population explosion, the problem of food shortage, 

particularly good quality protein is critical. Therefore without a corresponding 

increase in food production; this situation may lead to a risk of severe malnutrition 

in developing countries including Pakistan. It is unfortunate to mention that one or 

more nutrient is deficit in the food of a considerable population of the world (FAO, 

2012) and this situation is adversely affecting the health and vitality of the people. 

Aquaculture provides aquatic animals including fish that are rich source of 

vitamins, minerals, protein, and essential fatty acids (FAO, 2012) and can play an 

important role in eliminating hunger and malnutrition. 

Aquaculture and capture fisheries supplied the world with about 154 million 

tones of fish in 2011, of which about 131 million tones was utilized as food for 

people. World fish food supply has grown with an average growth rate of 3.2 

percent per year in the last five decades, leaving behind the increase of 1.7 percent 

per year in the world’s population. In the 1960s, world per capita average food fish 

supply was 9 kg (live weight equivalent), which have increased to 18.6 kg in 2010. 

Worldwide production of farmed food fish was 59.9 million tons in 2010 (FAO, 

2012). According to the latest estimates by FAO and OECD, 60% more food is 

needed in 2050 and there will be a need to produce animal protein at least three 

times by 2050. The meats (poultry/swine/beef) and dairy will double while 

aquaculture production will grow tenfold (FAO, 2012).   
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 Fish is one of the best aquatic animals that can help in compensating protein 

supply (Barlas, 1986). Fish oil, especially from marine species, is rich in omega 3 

polyunsaturated fatty acids (PUFAs) which are associated with health benefits; 

preventing cardio-vascular diseases in the adults, dementia, age-related macular 

degeneration (AMD), attention deficit hyperactive disorder and  asthma in pediatric 

population. Fish is also an important source of micronutrients. In addition, fish 

flesh can be converted into body tissues more efficiently and is the tastiest than all 

other meat varieties, such as beef and mutton. It is easily digestible; its digestibility 

is 85-95% (Rudolf, 1971).  

 Pakistan, despite of being an agricultural country and maintaining millions 

of people on its land, is facing an acute shortage of proteins. It is therefore the need 

of the time to increase the animal protein production to solve the problem of 

protein shortage. Aquatic resources are among the major alternatives for the 

production of animal protein. Pakistan has vast inland fisheries resources including 

rivers, streams, lakes and ponds, which support a wide variety of economically 

important fish and posses a great potential of fish industry (Akhtar, 2001). These 

water resources offer opportunities for sustainable fisheries/aquaculture 

development through exploitation of various varieties of fish (Niaz, 2001).  

 The fisheries sector contributed around 1% of the GDP of Pakistan during 

the year 2010-11; the total fish production was 925,755  metric tons (MT), out of 

which, 667,782 MT came from marine and 257,973 MT was contributed by inland 

waters. Aquaculture production including culture based fisheries was 51594 MT in 

year 2010-11(GOP, 2012). It has been estimated that 20% of the total fish produced 
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from inland waters is coming from aquaculture (fish farming) which is mainly used 

to meet the domestic meat requirements (GOP, 2012).  

 The culture system in Pakistan mainly gyrates around carp fishes including 

both indigenous major carps and exotic Chinese carps (Basavaraga et al., 1999). 

Indigenous major carps namely Catla catla, Labeo rohita, and Cirrhinus mrigala 

are the fish for culture. In order to improve aquaculture system Chinese carps i.e. 

Hypophthalmichthys molitrix (Silver carp), Ctenopharyngodon idella (Grass carp), 

Aristichthys nobilis (Bighead carp) and Cyprinus carpio (Common carp) were 

introduced to the culture system of Pakistan. These fishes have gained popularity in 

fish farming due to their number of traits, such as culture suitability in captive 

conditions and good growth in ponds (Mirza and Bhatti, 1999).  

 In Pakistan, total area of fish ponds is consisting of about 60,500 ha 

according to the latest estimates. The number of fish farms established till now is 

more than 12,000 (Jarwar, 2008). The fish farming is operating on extensive or 

limited level of semi intensive system using low stocking density ranging from 

800-1000 fish/acre with low inputs. This resulted low fish productivity ranging 

1000-1200 kg/acre compared to other Asian countries which are producing up to 

3000-3500 kg/acre through semi-intensive fish culture and utilization of artificial 

diet (FAO, 2012). Pakistan has about 198 freshwater fish species. Among the 

species at least 31 species are economically important. Bringing more indigenous 

species in aquaculture will boost the fish production in the country. The potential 

candidates are catfish like Sperata seenghala, Wallago attu, Rita rita, and Channa 

marulius (Rafique and Khan, 2012).  
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Different species of catfishes have been tested for their suitability in 

freshwater culture and among them only few species have promising culture 

characteristics like Channel catfish, African catfish and Pangasius (Mingkang, 

2005). The Channel catfish production in pond has been practiced for about 50 

years and is the largest component of fresh water aquaculture and most successful 

aquaculture business in the United States of America (NASS, 2001; Engle, 2003). 

In sub-Saharan Africa the major fish species cultured is African catfish. Another 

import catfish is Pangasius, Pangasius hypophthalmus. The largest producer of 

world’s Pangasius hypophthalmus is Vietnam. The production of Pangasius was 

more than 1.10 million tones in 2008 (Posma, 2009). Beside Vietnam major 

producers of Pangasius are Cambodia, Thailand, Lao People's Democratic 

Republic, Bangladesh, China and Myanmar. 

 Many commercially important catfish i.e. Seengharee (Sperata seenghala), 

Khaga (Rita rita) Malli (Wallago attu) and Clupisoma naziri are available in the 

natural water bodies of Pakistan (Murugesan, 1978). Among these catfishes 

Seengharee (S. seenghala) is of great importance. This is a common giant catfish in 

the Indian region and is of considerable fishery value. This species have wide range 

of salinity tolerance, high consumer preference due to good quality of meat and 

fewer spines (Agbayani, 2004), and fetches the higher price than carps. The flesh of 

Seengharee is firm and delicious. This fish is very common in the market and 

makes excellent food (Pethiyagoda, 2005). It has been considered as one of the 

most admired edible fish among indigenous catfish species due to good taste and 

high market demand. 

 Sperata seenghala, Seengharee is the most common catfish species in South 
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Asia (Talwar and Jhingran, 1991; Jayaram, 2002). Seengharee, (Sperata seenghala) 

is found in Indus drainage system of Pakistan and India (family: Bagridae) (Mirza 

et al., 1992). Naturally the Seengharee subsists on various types of organisms such 

as fish, frogs, snakes, insects, earthworms, tadpoles, crustaceans and debris 

(Rahman et al., 2005a). Being carnivorous in habit (Nawaz et al., 1994; Sandhu 

and Lone, 2003), it comes on dead bait and provides a good sport. This fish usually 

spawns twice a year from May to July and from September to November in natural 

conditions (Talwar and Jhingran, 1991; Rahman et al., 2005a).  

 Recently, natural stocks of S. seenghala have been drastically reduced due 

to natural and man-made catastrophes. Due to these factors there is a serious threat 

to the genetic resources of this fish and the fish has become gradually endangered 

(IUCN, 1998; Rahman et al., 2005a). In order to maintain the population this fish 

as well as to conserve its biodiversity, development of suitable techniques for the 

rearing and culture of S. seenghala is very essential. No systematic information is 

available on the culture techniques of this important fish. Aquaculture potential of 

Sperata seenghala has not yet been explored. 

By observing the importance of Seengharee, the present study was planned 

to evaluate its viability in fish culture system. It was expected that current study 

will provide some basic information regarding its transportation, acclimatization, 

feeding and culture in captivity. By the culture of Seengharee not only per unit fish 

production would increase but would also improve the farmers’ income. Hopefully 

in near future this fish may find its way in the inland fish farming system. 
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 The scope of the present study was restricted to transportation, 

acclimatization, feed formulation and performance of Seengharee in captivity. The 

purpose of study was “Culture of Seengharee, Sperata seenghala in captive 

conditions” with the specific objectives: 

 Identification of potential sites for the collection of Seengharee and its 

transportation from natural habitat 

 Systematic study and acclimatization of Seengharee under captive 

conditions 

 Diet development for Seengharee from locally available feed ingredients 

 Performance of Seengharee in earthen ponds 
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Chapter 2 

REVIEW OF LITRATURE 

 The giant river catfish (Sperata seenghala), locally known as “Seengharee” 

is found in rivers, floodplains, inundated swamp fields, ditches, canals and other 

freshwater areas. The geographical distribution of Seengharee is in Pakistan, 

Afghanistan, India, Nepal and Bangladesh (Jayaram, 1977; Jhingran, 1991; Talwar 

and Jhingran, 1991; Rahman, 1989). The largest specimen measuring 112.3 cm in 

length and 10.0 kg in weight was recorded from the Kuliarchar Fish Landing 

Centre in Kishorganj district of Bangladesh (Rahman, 1989). It is considered to be 

the best fish as far as consumers are concerned because of it taste. The Seengharee 

has huge cannibalistic habit because it is carnivorous in nature (Rahman, 1989). 

The fish spawn twice in a year; from May to July and from September to 

November in natural conditions.  Aquaculture potential of this species is very low 

because it shows poor reproductive performance in pond culture and captive 

conditions (Talwar and Jhingran, 1991; Rahman et al., 2005a). 

 Seengharee is widely distributed in the Ganges and Indus river drainages, 

and also occurs in several major rivers in peninsular India at least as far south as 

the Krishna River (Ferraris and Runge, 1999).  Records of this species from south 

of the Krishna River drainage (e.g. the Cauvery River) may represent introductions 

(Jayaram et al., 1982). The fish was once found in abundance in the Punjab, Sindh, 

Balochistan, NWFP and Azad Kashmir. The trend of decline in the population of 

Seengharee was found in Pakistan due over harvesting and pollution.   

 

7 
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 Recently, natural stocks of S. seenghala have drastically reduced due to 

natural and man-made catastrophes. These factors have created a serious problem 

to the genetic resources and thus, the fish has become gradually endangered 

(IUCN, 1998; Rahman et al., 2005a). In order to maintain this fish population as 

well as to conserve their biodiversity, development of suitable techniques for the 

rearing and culture of S. seenghala is very essential but no systematic information 

is available on the culture techniques of this important fish (Jhingran, 1991; 

Rahman et al., 2005a).  

2.1 TRANSPORTATION OF SEENGHAREE 

 No standard procedure for transportation for Seengharee is available in 

published literature. There are two general basic transport systems that have been 

adapted all over the world for live fish, the closed system and the open system. 

(Orlov et al., 1973, 1974; Lusk and Krcal, 1974; Orlov et al., 1974; Popov, 1975) 

All the requirements for survival of fish are self contained in the closed system of 

transportation, which is a sealed container. The sealed plastic bag containing 

oxygen and water is the simplest of close system. (Woynarowich and Horvath, 

1980, Hamman, 1981). The most simple of open system is a container with an air 

pump and stone. The methods of fish transport in sealed medium are described in 

detail in several studies (Ioshev, 1980; Amend et al., 1982; Garadi and Tarnai, 

1983; Pecha-Berka and Kouril, 1983).  

 The effects of loading density with time scale under different water 

medium; temperature with relation to fry size and oxygen consumption; and the 
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effect of saline water bath before transportation were evaluated by Islam and  

Hossain (2013). Mortality rate was significantly increased with time scale and 

loading density under different water medium. Higher mortality was observed at 

400 g L-1 loading density (river water 82%, pond water 70% and tube well water 

67.5%) than at 200 g L-1 and 300 g L-1 loading density after 24h. Oxygen 

consumption rate increased significantly with increasing temperature and decreased 

significantly with increasing fry body weight. Therefore, mortality rate could 

decrease (22%) if fish fry are bathed in saline water before journey and tube well 

water can be used as a medium for long distance transportation. 

 The deterioration of the quality of transport water owing to secretion of 

metabolic wastes is major limiting factor to raise the fish loading density in a live 

fish transport system. To control the quality of transport water during transport 

many techniques have been made. These comprise fish starvation before 

packaging, addition of anesthetics, lowering the temperature of transport water and 

ion exchange resin. A sufficient level of dissolved oxygen is the most critical factor 

in transportation of fish. However, an abundance of oxygen within a tank does not 

necessarily indicate that the fish are in good condition. Water temperature, 

tolerance to stress, pH, metabolic products such as ammonia and concentrations of 

carbon dioxide directly affect the ability of fish to use oxygen (Phillips and 

Brockway, 1954; Nemato, 1957; Norris et al., 1960; Amend et al., 1982; 

Takashima et al., 1983; Teo et al., 1989; Lim and Chua, 1993; Teo and Chen, 

1993; Guo et al., 1995a b). 

 Disturbance of fish by handling increases oxygen requirements three to five 
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times, for example, after the end of the transport, the normal level of oxygen 

metabolism in salmon fry require numerous hours. The oxygen content in water 

usually is not a limiting factor during fish transport in closed systems because it 

contained pressurized oxygen atmosphere. In few cases when transport is longer 

than the fish can stand or loading density of fish is high the oxygen deficiency may 

occur (Lusk and Krcál, 1974). 

  According to Berka (1986) several factors including temperature of the 

water, the duration of transportation, water quality, density and size of the fish, 

duration of the depuration period before fish transportation and physical condition 

of the fish are major factors which contribute toward the transportation success. 

The dissolved oxygen availability in the water directly affects the juvenile survival. 

However, the mortality during transportation of fish may occur due to high 

ammonia and carbon dioxide levels, since they accumulate in the water and may 

reach toxic levels (Wedemeyer, 1996).  

 To reduce stress during juvenile fish transportation, salts and anaesthetics 

are widely used (Guest and Prentice, 1982; Ross and Ross, 1999). The sodium 

chloride (salt), gypsum and bezocaine, which are relatively cheap and easy to use 

are recommended products. The gypsum and salt helps the fish to maintain their 

homeostasis by reducing the osmotic gradient between fish and the water. For 

juvenile tambaqui, an efficient and safe anaesthetic is Benzocaine (Wedemeyer, 

1997),  

 Sealed plastic bags containing small quantities of water and pure oxygen 
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are often used for transportation of fish, shellfish, and plants. From the bag, surplus 

air is removed and filled with pure oxygen. The bag placed in a Styrofoam box and 

finally into a cardboard shipping box and shipped. The shipment in bag is the best 

choice for the shipper due to quite a lot of causes. First, if fry and small size fish 

are being transported in large tanks, it may not be damaged. Second, the bag 

shipment have economic advantages over standard tank transportation where the 

great distances are involved (Jadhav, 2009). 

2.2 LENGTH WEIGHT/MORPHOMETRY 

The south Asian countries are inhabited by over 930 fish species (Talwar 

and Jhingran, 1991) of which Siluroidei (catfish) comprise about 142 species 

belonging to 13 families and 46 genera (Jayaram, 1977). The potentially culturable 

catfish species in South Asia are represented by the family Bagridae. One of the 

most common species of Bagridae found in South Asia is the giant river catfish 

Sperata seenghala. This species is found throughout Pakistan, India, Bangladesh, 

Nepal and Afghanistan (Talwar and Jhingran, 1991; Jayaram, 2002). It is easily 

identifiable by its silvery flanks, broad spatulate snout with smooth upper surface, 

brownish-gray back, and belly and a dark well-defined spot on the adipose dorsal 

fin. This species is mostly found in rivers, while, other freshwater habitats also 

inhabit this species (Talwar and Jhingran, 1991). The giant river catfish is a very 

imperative commercial species, as it contribute significantly to the total inland fish 

production in South Asia. Due to the low number of intramuscular bones and its 

tasty flesh it is the most favorite fish species in Pakistan. Among the catfishes it is 

also a popular species for capture as its price is also higher than carp (Tripathi, 
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1996). 

 In domestic markets of Pakistan, Giant river catfish are of immense 

demand; however, the pond culture of this fish has not yet been explored in 

Pakistan. In the domestic market of Pakistan the whole demand for this fish is met 

through capture from natural bodies. Therefore, to conserve the wild stock of this 

fish effective management is important (Tripathi, 1996). 

 The fundamental information about the biology of the species, including 

knowledge of population structure is necessary for the management of fish 

resources. For the development of management strategies, this type of information 

is useful for the protection of the biodiversity associated with different stocks, 

species, sub-species, and races (Turan et al., 2005). For sound management and 

successful commercial fishing of this species, comprehensive understanding on the 

population structure of the species is needed. 

 By measuring weight and length of a particular fish all over their life, the 

relationship between weight and length of a fish in a given population can be 

analyzed. Weight-length relationship is usually used for two different objectives. 

Firstly, the weight and length mathematical model is described, so as to derive one 

from the other (Wootton, 1998).  Secondly, to compute the departure from the 

predictable weight for length of the individual fish or a group of fishes, the weight 

length relationship is used; it is a sign of fatness or degree of well being (Condition 

factor) of fish. Condition factor helps to evaluate the improvements in experiments 

in a situation for an existing fish and for the purpose of new stocking. For 
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assessments of fish population on commercial scales, weight-length relationship is 

used (Steeby et al., 1991; Ali et al., 2000). 

 The cube of linear dimension (Length) is related to weight, which 

represents the growth in terms of increase in volume. The relationship between 

length (L) and weight (W) usually is the allometric form: W = aLb. This 

logarithmical transformation expression is suggested by Le Cren (1951), Log W = 

Log a + b Log L Where L stands for total length, W weight, ‘b’ is the exponent or 

growth coefficient, and ‘a’ is constant. The fishery biologists mostly used these 

relationships, if growth coefficient “b” has the value b = 3.0 then growth is 

isometrical, means that fish retains the same shape (Ali, 1999). An allometric 

growth is represented if the value “b” is significantly smaller or larger than b = 3.0 

(Bagenal and Tesch, 1978). The well being of fish is determined by an index 

known as condition factor (K) which is calculated by weight- length relationship. 

Fish with a low “K” value are lighter while fish with high value of K are heavy for 

its length, (Bagenal and Tesch, 1978; Wootton, 1998; Zafar et al., 2003).  

 For the identification of different fish stocks and for separation of species, 

populations and races, the morphometric analyses have been very useful (Turan et 

al., 2004, 2005). Further, to evaluate the interactive effect of heredity, selection and 

environment on the body shapes and sizes within species the morphometric studies 

of fish populations are important (Cadrin, 2000). Numerous studies have been 

conducted on the comparative morphometric of different fish populations 

(Nakamura, 2003; Turan et al., 2005; Ibanez- Aguirre et al., 2006). The individuals 



 14 

with the identical morphometric characteristics are often understood to comprise of 

a stock and this rule has been used generally in fishery stock differentiation studies 

(Avsar, 1994).  

2.3 ACCLIMATIZATION 

 The cannibalism is a common ecological interaction and has been reported 

for more than 1500 species (Elgar and Crespi, 1992). Cannibalism is not only 

restricted to carnivorous species, but is commonly found in herbivores and 

detrivores. Cannibalism has been classified into seven types, depending on life-

history stage, age difference between cannibal and prey, and whether or not they 

are related.  The main constraint for commercial culture of catfishes is the non-

availability of stocking material.  The survival during its rearing period is greatly 

reduced due to high cannibalism, which is noticed even in the day old larvae in 

some catfishes. Some of the factors like fish and food density, size difference, 

space for activity, delayed feeding, suitable feeds etc. are known causes which 

influence aggression among the fishes. Provision of an acceptable feed during this 

critical period is the most important factor affecting the survival of catfish fry. 

Loses due to cannibalism can be minimized by providing cover (shade) and 

adequate amounts of high quality feed. 

 Survival and cannibalism of Wallago attu larvae has been investigated 

by Sahoo et al. (2002) at different stocking densities during in-door larval rearing. 

The larvae of average weight 2.64 ± 0.21 mg and length 5.80 ± 0.36 mm were 

stocked at a density of 2,4,6,8 and 10 nos/l and reared by feeding live zooplankton, 
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for a period of 10 days. The percent survival of larvae decreased significantly with 

the increase of stocking density and the rate of survival was similar among 6nos/I-

10 nos/I groups. The loss of larvae was observed due to cannibalism during rearing. 

The lowest stocking density resulted in least cannibalism. Systematic approach and 

some anatomical features of W. attu larvae are believed to be helpful for predation 

during rearing. 

 Kasi et al. (2011) investigated the effect of different feeding rates on the 

survival and cannibalism of African catfish, Clarias gariepinus fingerlings (initial 

weight; 1.629 ± 0.016 g). Four feeding rates were evaluated (2%, 5%, 8% and 

12%), as a percentage of fish body weigh. Fish survival did not increase by 

providing more feed. Cannibalism was not reduced by providing commercial feed. 

Folkvord and Ottera (1993) opined that strict size-grading reduced cannibalism in 

Atlantic cod. It was reported that cannibalism among the larvae led to size 

hierarchy and the cannibals got spurt of growth after each predation and become 

more efficient than the smaller ones. The difference in growth between cannibals 

and non-cannibals has been reported in other fish species (Hecht and Appelbaum, 

1988; Folkvord and Ottera, 1993).  

 The effect of segregation on the performance of W. attu larvae were studied 

by Sahoo et al. (2002). The higher rate of survival was reported in segregated tanks 

in comparison to non-segregated tanks. This might be due to the absence of bigger 

cannibals in the segregated tanks decreasing the chance of predation. Fujiya (1976) 

and Parazo et al. (1991) also observed the beneficial effect of segregation in 
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different fish species. They reported that suitable management practice and 

appropriate feed could significantly reduce cannibalism among W. attu larvae. 

  Seengharee, Sperata (S) seenghala is an Indus catfish (family Bagridae) 

present in Pakistan and Indus drainage system in India. It is a carnivorous fish, 

feeds mainly on animal food (Nawaz et al., 1994). Ahmad (1943) pointed out that 

there was only one species of the singhari (Mystus aor) in the fish market of 

Lahore. However, subsequent authors have recorded two species viz., Aorichthys 

aor (Hamiliton) and Aorichthys seenghala (Sykes) from Pakistan (Ahmad, 1963; 

Qureshi, 1965). It was further pointed out by Mirza (1990) that there was only one 

species, Aorichthys aor present in Pakistan. This necessitated a thorough survey of 

the singhari in Pakistan. As a result of this survey, it was found that the population 

of singhari in Pakistan resembles to Aorichthys aor in its structure of snout and the 

number of rays in the caudal fin. It differs from the typical form in the length of 

maxillary barbels. The maxillary barbels reach at the most to anal fin and not to the 

caudal fin base as in typical form from the Ganges (Hamilton, 1822). Based on the 

shape of the snout and the number of caudal fin rays, Mirza et al. (1992) concluded 

that the Indus River specimens were similar to Aorichthys aor but differed 

sufficiently in the length of the maxillary barbels. It also differs from Aorichthys 

seenghala in the structure of snout and the number of caudal fin rays. The Indus 

population was therefore described as a new subspecies of Aorichthys aor; it was 

named as Aorichthys aor sarwari (Mirza et al., 1992).  

 As pointed out by Ferraris and Runge (1999), the Indus seenghala is more 

closely related to S. seenghala than S. aor. It can however be differentiated from S. 



 17 

seenghala in the relative length of the nasal barbels and the anterior margin of the 

snout. S. sarwari agreed with S. seenghala in most of the characters, but it differs 

from S. seenghala in the length of the nasal barbels and the shape of the snout. In S. 

sarwari the snout is round as compared to the snout of S. seenghala, which is 

truncated.  

 The seengharee was once found in abundance in the Punjab, Sindh, 

Balochistan, NWFP and Azad Kashmir. Few years back, Punjab fisheries 

department used to catch seengharee from river Ravi, river Sutlej, river Chenab and 

other related drains. Recently industrial effluents have started entering in the drain 

water that fall into these rivers. Pollution, over-fishing and depletion of natural 

breeding grounds have caused irreparable damage to its existence. The status of S. 

sarwari is more or less "endangered” due to poor knowledge of its biology, but also 

due to the declining stocks of this fish in natural waters due to over fishing and 

pollution. In Pakistan, limited information is available on the meristic and 

morphometric characteristics of this important fish. In view of the importance of 

this fish, there is an urgent need to study its biological performance in natural water 

bodies of Pakistan. The present work is planned to study the morphometric and 

meristic characters of Mangla Lake inhabiting fish specimen of S. sarwari for their 

identification in relation to the species/varieties. 

2.4 DIETS DEVELOPMENT  

 Nutrition is one of the most important factors influencing the capability of 

cultured fish to show its genetic potential for growth and reproduction. Good 
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nutrition in animal production systems is essential to economically produce a 

healthy, high quality product. Since Seengharee is carnivorous in nature and feeds 

on small fishes and other aquatic worms, it requires a sufficient supply of protein in 

its feeds (Ferraris, 2007). The major variable operational cost for catfish production 

is cost of feed, and high quality commercial diets include a considerable amount of 

high-quality, expensive protein. 

 Catfish must be fed with a feed that is 100 percent nutritionally complete. 

The most costly component of fish feed is protein, therefore, the accurate 

determination the protein requirements for each species and size of cultured fish is 

important. Research has shown that catfish feed is nutritionally complete if it 

contains 28 percent protein content.  But in case of fingerlings and juvenile catfish, 

the percentage increases to 32 percent as they are growing much faster than larger 

fish (Wurts, 2005). In the catfish feeds, the optimal level and quality of dietary 

protein depends upon a number of factors; including protein in the diet, the balance 

between energy and protein, feeding rate and the amino acid composition of the 

feed. The average protein levels in aqua feeds is normally 28-32% for catfish, 18-

20% for marine shrimp, 38-42% for hybrid striped bass and 32-38% for tilapia. 

Protein requirements are usually higher for carnivorous (flesh-eating) followed by 

omnivorous fish (plant-animal eaters) and lower for herbivorous fish (plant eating). 

The fish reared in high density (recirculation aquaculture) have higher protein 

requirements than low density (pond aquaculture) aquaculture (Houlihan et al., 

2001). 

 Ingredients like soybean meal, canola seed meal and sunflower meal can be 
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used in fish feed because of relatively high protein content and well balanced 

amino acid profile to fulfill the requirements of fish nutrition (Storebekkan et al., 

2000). Several experiments conducted with channel catfish in ponds have revealed 

that diets containing 28-32% crude protein primarily from soybean meal provided 

the growth equivalent to diets containing some animal protein such as fish meal, 

meat and bone meal (Robinson and Li, 1999; Li et al., 2000).  

 Fish farming and particularly carnivorous fish farming depends on high 

protein feeds. The fishmeal is traditional source of protein, produced from fish 

caught from wild, while source of the lipid is the fish oil from the same source. As 

the area of fish farming is continually increasing, the assessment of alternative 

protein ingredients and lipid feed ingredients is needed. The alternate sources of 

protein are of plant origin that are relatively of low cost and are abundant. 

However, generally, growth performance seem to be reduced by the replacement of 

the fishmeal with plant protein ingredients in Atlantic salmon (Olli et al., 1995; 

Refstie et al., 1998; 2000; Storebakken et al., 1998; Carter and Hauler, 2000; 

Krogdahl et al., 2003; Opstvedt et al., 2003) as well as in other fish species of 

commercial interest such as Atlantic cod and Gadus morhua (Von der Decken and 

Lied, 1993; Hussain et al., 2007). 

Supplementary feed directly increases the fish production. Two types of 

artificial feeds are in common use, which are rice polish and gluten.  Rice polish is 

a by-product of rice industry. It is finely powdered material obtained by polishing 

the rice kernel after the removal of hulls and bran. It contains 12.7% fiber, 3.6% fat 

12.4% protein and is rich in thiamin and riboflavin. It becomes rancid during 
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storage, so should be fed as fresh as possible. It is easily available at very low cost 

and it is widely used in fish culture as well as in poultry. Gluten is a by-product of 

maize. The protein content of gluten is 50-60% but in pure form it contains 60% 

proteins. It is an important source of nutrients in its own i.e. amino acids, vitamins, 

minerals and energy. It contains 28% protein, 2% fat and 10% fiber. Aziz (1983) 

studied the effect of artificial feed (95% rice bran and 5% fish meal) and fertilizers 

on the growth performance of Labeo rohita and reported a considerable increase in 

fish production. According to Sheri and Ahmad (1983), artificial feeds comprising 

of different ingredients increased fish production. 

 The response of Catla catla toward different levels of supplementary 

feeding (rice polish), indicates that maximum weight gain in fish was  observed in 

that pond in which supplementary feeding was done at the rate of 4 % of body 

weight of fish per day, followed  by 6, 2 and 0% respectively (Akram et al., 1994). 

Ghosh et al. (1984) studied the effect of artificial feed (rice bran) and mustard oil 

meal 1:1 on the production of common carp (Cyprinus carpio) and water quality in 

paddy-cum-fish culture. The feeding rates were 2, 4 and 6% of total body weight. 

The growth of an individual fish and total fish yield increased with increasing 

feeding rates till 4% body weight .They reported that feeding beyond 4% was 

wasteful and accumulation of feed caused deterioration of water quality. 

 Omer (1986) provided 12 test diets containing 18, 25, 33 and 40% crude 

protein from animal or plant sources or both for 98 days to carp fingerlings in 24 

circular, 35 litter plastic tanks. Carps were fed 6 days a week at a rate of 3% of 

body weight and daily feed allowances were increased weekly on the basis of 
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weight gain. The diet containing 33% crude protein from animal sources produced 

greatest growth and feed utilization. The mixture of animal and plant protein in the 

diets increased growth and feed utilization more than did the plant protein when 

given alone. 

Ahmad (1991) reported the best growth performance of Channa marulius 

where the pond was treated with organic and inorganic fertilizers, artificial feed 

(rice bran) and Tilapia as forage fish was available. This was followed by the 

treatment where fertilizers and Tilapia were available, and then treatment where 

fertilizer and artificial feed were added and minimum growth was observed in 

treatment where only fertilizers were used for Channa marulius. Das and Ray 

(1991) examined the carp (Cirrhinus mrigala) fingerlings (5.7g + 1.79g), kept in 50 

liter tanks at 29.0-30.5 oC and fed on pelleted diets containing 5, 15, 25, 35, 45% 

casein at 5% body weight twice daily. Maximum net weight gain was recorded 

with feed containing 35% dietary protein. 

Silva and Gunasekera (1991) studied the growth of Catla catla, Lebeo 

rohita, Cirrhinus mrigala, Ctenopharyngodon idella and Cyprinus carpio in 

relation to the dietary protein content. The dietary protein content at which 

maximal growth occurred was 45% and economically optimal dietary protein 

content was 31%. Khan and Jafri (1991) studied two sized classes, about 0.134 + 

0.004 and 5.12 + 0.46 g body weight of Catla catla fed on a series of energetic 

(307 Kcal/g) purified diets containing 25, 35, 40 and 45% protein  twice daily for 6 

weeks. They reported a weight gain for both classes and indicted a requirement for 

40% protein in small class and 35% protein in the large class. 



 22 

 Hasan and Das (1993) fed fingerling carp (394 + 0.12g body weight) on 

diets having 0, 25, 50, 75 and 100% poultry offal meal (POM) replacing fish meal. 

All diets contained about 30% protein;  no significant variation was reported in 

growth response and feed conversion ratio among diets containing 50, 75 and 

100% POM but all these diets gave better (P<0.05) performance than 0 and 25% 

POM  diet. Protein efficiency ratio values for control and POM diets ranged 

between 1.21 and 1.36. Apparent net control and POM diets ranged between 14.64 

and 23.43%, the highest value being with 50% POM diet. Increasing POM in the 

diet increased carcass, moisture and lipid contents. In a study by Belogu et al. 

(1993) channel catfish of initial body weight 13-15 gm was given diets containing 

0, 5, 10, 15 and 20% whole sunflower seed at 5% fish body weight until fish 

attained 30gm body weight, then feeding rate was reduced to 3.5% body weight. 

Final live weight of fish was significantly higher for the fish that consumed 15 and 

20% whole sunflower seed compared to those that consumed other diets. 

 Javed et al. (1993) reported the response of artificial feed (30% crude 

protein) in the major carps reared in ponds. They reported that the artificial feed 

increased the productivity in two ways i.e. (i) direct utilization of feed and (ii.) 

indirect response of left over feed in terms of planktonic productivity. The 

planktonic biomass accounted for about 42% of variations in the fish yield. 

Correlation coefficients between increase in fish yield and planktonic productivity 

in both treated and control ponds were significant. Added nitrogen in the form of 

crude protein resulted in significant increase in the wet weight, fork length and total 

length of the fish. The maximum benefit from artificial feed was derived by 

Cirrhinus mrigala followed by Labeo rohita and Catla catla. 
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     Parveen and Sheri (1994) determined the effect of supplementation of three 

protein mixtures containing 40, 45 and 50% crude protein on the growth 

performance of major carps. The result showed significant differences among 

weight of fishes raised under different protein levels of supplemental mixtures. The 

higher growth rate of Calta calta, Labeo rohita and Cirrhinus mrigala was 

obtained at 40% crude protein followed by 45 and 50% crude protein. In another 

study (Hassan and Jafri, 1994), the optimum feed requirement of cat fish, Calarius 

batrachus, fed on purified diet (40% crude protein) at 0 to 80% body weight per 

day was reported. A linear (r = 0.985) increase was reported in daily average 

growth increment up to a feeding level of 4% body   weight per day. The optimum 

feeding rate for this species in terms of specific growth rate and conversion 

efficiencies seem to be 3% of body weight per day at 30 + 2oC. 

 Batool (1999) evaluated the effect of supplementary feed containing maize 

gluten (20% crude protein) on growth performance of major carps in fertilized 

ponds. A significant difference among weight of fish raised in two ponds was 

recorded, the treated pond have 2.72 times greater net fish production as compared 

to that of control pond. Similarly, the artificial feeds containing rice polish was 

evaluated for the growth performance of major carps. The average body weight 

gains were 179.5, 74.5 and 201.4 g for Labeo rohita, Catla catla and Cirrhinus 

mrigala respectively in ponds without artificial feed. However, in treated ponds, 

the gained average body weight were 429.0, 449.8 and 345.6 g for Labeo rohita, 

Catla catla and Cirrhinus mrigala ,  respectively (Jahangir, 1999). 
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 The animal origin feedstuffs are usually considered best protein sources 

because of higher protein content and their indispensable amino acids profile that is 

superior to those of plant origin (Robinson and Li, 1998). The fishmeal has been 

replaced by other animal protein sources such as black soldier fly pupae meal (St-

Hilaire et al., 2007), maggot meal (Adewolu, 2010), poultry by-product meal 

(Turker et al., 2005), feather meal (Hasan et al., 1997) and poultry viscera meal 

(Usman et al., 2007). Complete replacement of fishmeal was not possible with 

most of the single animal protein sources (Tacon and Jackson, 1985).  

 A large variety of alternative fish feed ingredients together with 

combinations of ingredients from animal origin will find their way in future fish 

feeds (Glencross et al., 2007). The high cost of fish feed is one of the major 

problems facing catfish production, which is caused by the increasing price of 

fishmeal, the main protein source in fish diets. Reduction in the fishmeal content of 

aqua feeds by plant protein sources of excellent nutritional quality that are readily 

available and more cost effective is necessary for the sustainability of the catfish 

culture industry.  

 The catfish production cost and the profitability of catfish farming is 

significantly affected by the feeding practices. During the feeding season (May 

through October), channel catfish are normally fed to satiation once daily, in the 

southeastern U.S. (Tucker and Robinson, 1990), while during the winter season 

when low water temperatures repress voluntary feed intake, the fish were fed 

occasionally or not at all (Hawke et al., 1998). To maximize the growth rates 

during the production season, catfish are fed to apparent satiation (i.e., as much as 



 25 

they appear to be willing to eat without feed wastage; typically up to 100 kg ha−1 

day−1) (Reigh et al., 2006). With feed restriction in channel catfish, the decline in 

growth has been reported (Gaylord and Gatlin, 2000; Peterson and Small, 2004), 

however, changes in gene expression and the fundamental physiological responses 

associated with the growth depression due to feed restriction are not well known 

(Weber and Bosworth, 2005). 

 For growth and maintenance, fish require amino acids. As these are 

naturally found in proteins, the amount of protein required by fish varies with the 

amino acid composition of the protein and the species. Protein requirements of 

trout are 28% CP as reported by Phillips et al. (1957). De-Long et al. (1958) 

reported that within the temperature range of 8.3-12.8°C, salmon require 40-55% 

protein. For optimum growth of channel catfish approximately 25% protein is 

needed (Nail, 1962). For the grow-out of catfish presently, 28-32% protein feeds 

are recommended (Robinson et al., 1994).  

 When channel catfish were fed with high protein and high energy diets, the 

growth rate was increased (Gaylord and Gatlin, 2001). Channel catfish fry have 

higher protein requirements than those of fingerling or adult fish. The feed of  52 % 

and 40 % protein are necessary for catfish fry and fingerling weighing 0.02 g and 

20 g, respectively (Robinson, 1994). Further, the availability of dietary protein can 

differ considerably among different sources. Plant and animal sources of feed stuff 

have 65 % to 92 % apparent crude protein digestibility for catfish (Brown and 

Strange, 1985; Gaylord and Gatlin, 1976; Hossain et al., 1997). 
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 Davis et al. (1993) studied the commercial-type diets containing 24, 28, 32, 

36 or 40 percent protein in production ponds and reported that catfish fed the 

lowest-protein diet had more body fat than those fed higher-protein diets. The 

lower protein diets may increase the fat content of catfish. When catfish were fed to 

satiation daily in ponds with diets containing protein levels varying from 16% to 

32%, weight gain of catfish fed 24 % and 28 % protein was not significantly 

(p<0.05) different and higher than that of fish fed 16 %, 20 % or 32 % protein 

(Robinson and Li, 1997). When fish were fed to satiation, feed conversion is less 

efficient (Andrews, 1979; Li and Lovell, 1992; Munsiri and Lovell, 1993). This is 

partially due to more feed being wasted when fish are fed to satiation. Therefore, 

feeding a relatively high percentage of protein on a restricted basis may be more 

efficient than feeding a lower percentage of protein to satiation (Cole and Boyd, 

1986; Cho and Lovell, 2002). 

Ali et al. (2003) evaluated the optimum feeding level for carp’s species. 

The supplementary feed was added daily at the rate of 2%, 4%, 6% and 8% of wet 

body weight of fish in earthen ponds. By increasing the feeding levels, the total fish 

production was increased. However, statistically the difference between 6% and 

8% feeding level was non significant and there was an increase in weight gain up to 

6% of feeding rate. Food conversion ratio (FCR) had increasing trends, while with 

increase in feeding levels, feed conversion efficiency (FCE) was decreased. There 

was a highly positive correlation between feed added and weight gain in all 

treatments. Specific growth rate was maximum in Cirrhinus mrigala followed by 

Labeo rohita and Catla catla. Optimum feeding level for major carps in earthen 

ponds came out to be 6% of wet body weight per day. 
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2.5 WATER QUALITY  

 Khan and Siddiqui (1974) investigated the seasonal changes in physical, 

chemical and biological characteristics in fish pond and reported wide seasonal 

fluctuations in transparency, turbidity and phytoplankton crop. They also reported 

fluctuations in the carbonate, alkalinity along with pH values mainly due to 

photosynthesis. According to them, pond understanding remained saturated with 

dissolved oxygen throughout the period of study. According to Keesen et al. 

(1981), the concentration of dissolved oxygen fluctuated over the whole year and 

there was a positive correlation between the increase in dissolved oxygen 

concentration and growth of fish which increased in relation to oxygen supply. 

Bosserman (1983) studied the dynamics of physico-chemical parameters in 

Oekefenokee Swamp, USA and reported that temperature, electric conductivity, 

dissolved oxygen, free CO2, K
+, Na+, Mg++ and Ca ++ were affected by physical 

and biotic factors. 

 Dobriyal et al. (1983) reported positive correlation between total alkalinity 

and pH values and also between diurnal temperature variation and dissolved 

oxygen contents. Free CO2 amount decreased during the day and increased during 

night. The planktonic peak was observed during noon and minimum in the 

morning. According to Saleem (1985), the maximum values of carbonates 

(alkalinity) in water were recorded during January, in the range of 20-60 mg/L and 

from 20-120 mg/L in the control and treated ponds respectively. The bicarbonate 

alkalinity ranged from 120-420 mg/L in the treated pond and from 300-400 mg/L 

in the control pond. 
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 Khatri (1985) studied the seasonal variations in ecosystem of the Lokhotia 

Lake in Rajastan (India). He noted that conditions of ecosystem is reserved in 

monsoon due to effect of dilution by rains on chemical and biotic factors. In winter, 

the ecosystem comes back to balance state. Mahboob (1986) studied the seasonal 

changes in Planktonic life and water chemistry of a commercial fish farm in 

Faisalabad (Pakistan) and found an increase in chloride concentrations due to 

stagnation and evaporation of water. The occurrence and distribution of both 

phytoplankton and zooplankton were affected by season. Productivity of a farm 

was based on the dry weight of planktonic biomass which ranged from 32 to 126 

mg/L. They also reported high values of pH during blooming periods due to 

phytoplankton blooms (Mahboob et  al., 1993; Mahboob et al., 1988). 

High feed inputs and stocking densities cause the accumulation of large 

quantities of nutrients waste in the ponds. These nutrients may cause the production 

for algal propagation, resulting in incidence of toxic algal blooms (Tucker, 1996, 

Zimba et al., 2001) and delayed harvesting from off-flavor compounds produced 

by algae (Zimba et al., 2002). In spite of a fairly wide range of stocking densities 

(6000-10000/acre), the losses from infectious diseases continue to plague catfish 

producers. Some of infectious diseases are due to of high stress related with culture 

conditions such as higher stocking densities and resulting oxygen depletion, 

(Hargreaves and Tucker, 2003). 

In the aquaculture industry, fish diseases are one of the most important 

problems. A single factor is not responsible for fish diseases but there are the result 

of the interactions of environment, the fish (host) and the pathogen(s) (Wedemeyer, 
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1996). If the fish’s immune system is not suppressed by a stressor, fish germ 

interactions are generally harmless. However, if fish are subjected to stressful 

conditions, fish diseases frequently occur (Pickering, 1998; Plumb, 1999; 

Wedemeyer, 1996).  

 Hassan (1989) while working on the physico-chemical aspects of fish pond, 

noticed that the concentration of magnesium and sodium vary with changes in 

season. The magnesium was found to vary from 35.98 mg/L (March) to 52.77 

(November) and 39.97 (May) to 64.5 mg/L (October) in two different ponds. 

Similarly sodium varied from 276.0 (April) 492.0 (August) and 280.5 mg/L 

(March) to 435.6 mg/L (January) in control and treated ponds respectively. Javed et 

al. (1992) while working on growth of 3 fish species namely Catla catla, Labeo 

rohita and Cirrhinus mrigala in fertilized ponds, observed curvilinear relation 

between the water temperature and increase in fish weight. Okpokwasili and Obah 

(1991) indicated that ammonia, dissolved CO2, nitrates, nitrites, sulphates 

concentration and temperature were higher during day in pond water. They also 

reported that dissolved oxygen concentration was increased during rainy season but 

pH showed no seasonal effects. 

 Mahboob et al. (1993) studied the physico-chemical factors like water 

temperature, light penetration, pH, electric conductivity, dissolved oxygen, 

carbonates, bicarbonates, total alkalinity, calcium, magnesium, total hardness, 

chlorides, sodium, potassium, nitrates, phosphates, total solids and total dissolved 

solids for a period of one year to establish the standards for the contributions of 

these parameters to the dry weight of planktonic biomass of the physical factors. 
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They reported a significant interaction (56.98%) between light penetration, 

electrical conductivity and biomass .The correlation of biomass with magnesium, 

chlorides, sodium and nitrates were reported to be significant. The overall 

contribution of physico-chemical factors towards dry weight of planktonic biomass 

was 78.9%.  

 Oxygen concentration and photo period are potent influencers on feed 

consumption, metabolic rate and energy expenditure, and thus, on growth of cold 

blooded vertebrates, including fish. Therefore, the effects of these environmental 

factors on fish growth and metabolism warrant thorough investigation (Buentello et 

al., 2000). Maintaining good water quality in production ponds is absolutely 

essential. Failure to do so will minimally result in poor growth and high feed 

conversions or maximally a total loss of all fish in the pond. To achieve better 

production, the farmer must ensure good water quality, maintained 24 hours a day, 

365 days a year (Durburow, 2000). 

 Catfish requires dissolved oxygen at least 4 parts per million (ppm) for 

routine maintenance and undergoes stress at 3 ppm and will die at 1-2 ppm. The 

ranges for total alkalinity, total hardness, pH, unionized ammonia, carbon dioxide 

and dissolved oxygen are 20-400 ppm, 6-9 pH, less than 0.05 ppm and less than 20 

ppm, respectively (Morris, 1993). Evidence suggests that for a conventional pond 

management, most of water quality factors are sustained within tolerance limits of 

fish especially through aeration. There are few examples of water quality causing 

acute mortality in catfish, with the exception of dissolved oxygen depletion and 

temporary increase of nitrite (Hargareaves and Tucker, 2003).  
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 Electric paddlewheel aeration is standard technology in commercial catfish 

ponds, which are aerated at 1-2 hp/acre (1.8-3.7 kW/ha). In large commercial 

catfish ponds, paddlewheel aeration cannot affect dissolved oxygen concentration 

throughout the pond. Rather, paddlewheel aeration produces zones of sufficient 

dissolved oxygen to maintain the fish standing crop. Paddlewheel aeration is not 

designed to meet the overall pond respiratory demand, but rather provides 

sufficient supplemental oxygen to satisfy fish respiratory demand when pond 

oxygen concentration declines to some critical threshold, usually 2-3 mg/L 

(Hargareaves and Tucker, 2003). 

 Water temperature is the most important variable related to dissolve oxygen 

concentration at dawn. Water temperature affects dissolved oxygen concentration 

in two ways: (1) the solubility of dissolved oxygen is inversely related to water 

temperature and (2) respiration rates are directly related to water temperature. 

Therefore, solubility is slow and respiratory oxygen demand is high during summer 

(Hargreaves and Kucuk, 2001; Hargreaves and Tucker, 2003). 

2.6 REPRODUCTIVE PERFORMANCE 

 The reproductive potential, i.e., fecundity is an important biological 

parameter that plays a significant role in evaluating the commercial potentials of 

fish stocks (Gomez-Marquez, 2003). Successful fisheries management including 

practical aquaculture relies on having an accurate assessment of fecundity to 

understand the recovery ability of fish populations (Lagler, 1956; Nikolskii, 1969; 

Tracey et al., 2007). The fecundity and its relation to female size make it possible 
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to estimate the potential of egg output (Chondar, 1977) and the potential number of 

offspring in a season and reproductive capacity of fish stocks (Qasim and Qayyum, 

1963). 

Artificial propagation of fish is the most promising and reliable way of 

ensuring availability of good quality fish seed all year round and sustainability of 

the aquaculture industry. It involves the use of natural (hypothecation) or synthetic 

hormones to induce ovulation and spawning in farmed fishes (Viveen et al., 1985). 

As artificial propagation of catfish seems promising, one of the major constraints to 

fish breeders is the cost of procurement of these hormones. Ovaprim, for instance 

cost about, Rs. 500 per vial, Ovatide ,Rs. 200 while the cost of a donor cat fish 

brood stock is approximately Rs. 500 (Nwokoye, 2007). Other synthetic hormones 

in use include Human Chorionic Gonadotrophin (HCG), Decorticosterone Acetate 

(DOCA), and Leutenizing Hormone Releasing Hormone (Shepherd and Bromage, 

1988).  

Induced breeding performance of Clarias gariepinus was evaluated by 

Olumuji and Mustapha (2012) using five different doses of normal saline diluted 

ovaprim at 0%, 25%, 75% and 100% while undiluted ovaprim served as the control. 

The ovaprim was administered at the rate of 0.5 ml for each treatment per kg body 

weight of the fish, represented as treatments A, B, C, D and E respectively. Mean 

weight of stripped eggs collected were 18.45 g, 17.50 g and 17.25 g in treatments A, 

B and C respectively with no significant difference (P<0.05) in the values. 

Spawning did not occur in D and E, thus no egg was collected. Percentage 
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fertilization of the stripped eggs in treatments A, B and C were 88.70%, 87.50% 

and 77.38% respectively with treatment A showing significant difference (P<0.05) 

from B and C. Percentage hatchability from the stripped eggs were 56.58%, 

54.07% and 57.75% for treatments A, B and C respectively with no significant 

difference (P<0.05) among the three treatments, while percentage survival of the 

fry were observed to be 40.27%, 40.87% and 42.52% in treatment A, B and C. 

There was no significant difference (P<0.05) in the survival rate among the 

treatments. Comparative cost benefit analysis between the control (undiluted 

ovaprim) and the different doses of normal saline diluted ovaprim shows that 

normal saline diluted ovaprim at 50% is the most cost effective.  

 Adebayo et al. (2012) evaluated the reproductive performance of male 

Clarias gariepinus broodstock. Testes from C. gariepinus broodstock were 

surgically removed; 25% of the testes, 50% of the testes, 75% of the testes, and 

sperm were removed using syringe after the abdominal cavity is cut opened. They 

reported no significant difference in sperm production, percentage fertilization, 

hatchability and survival of the larvae using sperm derived from regenerated testes 

of the partially gonadectomized C. gariepinus and nongonadectomized C. 

gariepinus. It also reveals that partial gonadectomy could not alter the quality of 

sperm production of C. gariepinus. Sperm derived from regenerated testes 

performed effectively for fertilization of eggs. Based on the results of this study, 

the removal of 75% of testes during partial gonadectomy proved to be the best as 

the total number of spermatozoa was more than that of other methods and the 

sperm were able to fertilize more eggs.  
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 The effects of different levels of ascorbic acid supplementation on growth, 

reproductive performance and larval quality of Heterobranchus longifilis female 

broodstock fishes were determined by Adeebayo and Fawole (2012). Five feeds 

were prepared having the levels of ascorbic acid as 0 (control), 50, 100, 150 and 

200 mg kg-1. Fish with average weight of 700g were fed with the experimental 

feeds for a period of 8 weeks. There was a significant difference in percentage 

fertilization and hatchability in all the treatments. The fish fed with the feed having 

200 mg kg-1 ascorbic acid diet showed best percentage fertilization and 

hatchability. The performance in terms of weight of eggs and fecundity was best by 

fish supplemented with 150 mg kg-1 ascorbic acid. The progeny percentage 

survival was maximum in broodstock fed with diet supplemented with 150 mg kg-1 

ascorbic acid. They recommend that ascorbic acid requires to be supplemented at 

150-200 mg kg-1 in the diet of female Heterobranchus longifilis broodstock 

(Adeebayo and Fawole, 2012). 

 Economically important fish species have highly variable reproductive 

success. Usual spawning rates in brood fish ponds can vary from 8 to 80% and 

average may be as low as 30% (Silverstein and Small, 2004). The investigations to 

improve reproductive success proposed that the final oocyte maturation is often 

inhibited (Silverstein et al., 1999) in captive silurids, e.g. Clarias gariepinus 

(Burchell) (De-Leeuw et al., 1985), Clarias batrachus (L.) (Manickam and Joy, 

1989) and Heteropneustes fossilis (Bloch) (Tharakan and Joy, 1996). Many 

researchers have confirmed that stress inhibits the reproductive performance 

(Schreck et al., 2001), as exhibited in pike Esox lucius L. (De-Montalembert et al., 
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1978), white sucker Catostomus commersonii (Stacey et al., 1984) and rainbow 

trout Oncorhynchus mykiss (Walbaum) (Campbell et al., 1994).  

 Santiago and Gonzal (1997) investigated the effect of the different diets on 

growth and reproductive performance of catfish. To calculate the relative 

performance of the catfish fed alternative broodstock diets, the feed different in 

protein sources but similar in nutrient composition (crude protein = 42-44%; P/E 

ratio = 115-120 mg/kcal), were formulated. These feeds were fed to hatchery reared 

catfish and a significant difference (P < 0.05) was reported among treatments 

(hatching rate). 

 The information about the quantity of eggs produced by fishes is of 

immense importance in culture of fish, as based on this information, the rearing 

facilities requirements and the amount of various kinds of equipment needed is 

decided. According to Corbin (1948, 1952), if survival is to be estimated, the egg’s 

number produced by fishes should be well-known. The data regarding the fecundity 

are also valuable for separating different stocks of fish from the same population 

(Farran, 1938), in knowing the density-dependent factor affecting population size 

(Simpson, 195I). However, the research done on the number of eggs of Indian 

freshwater fishes is restricted to a few species. 

 Bhatt et al., 1977 studied the fecundity of four species of catfishes, namely, 

Mystus cavasius (Ham), Mystus seenghala (Sykes), Heteropneustes fossilis (Bloch) 

and Wallago attu (Bloch). The fecundity of Mystus cavasius and Mystus seenghala 

ranged between 3314 to 63135 and 20064 to 46443, respectively. In 
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Heteropneustes fossilis and Wallago attu, it ranged between 1375 to 46737 and 

66070 to 453148, respectively. There was linear relationship between number of 

eggs and body weight and weight of gonad in all the fish species and a curvilinear 

relation with length in three fish species excluding Sperata seenghala, where it is 

linear. By taking two variables together, the fecundity of fish species can be most 

precisely calculated as indicated by multiple regression analysis. The relative 

fecundity (Egg/body wt.) does not change significantly either with body weight or 

length in all the fishes studied. 
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Chapter 3 

MATERIALS AND METHODS 

3.1 STUDY SITE 

 The research was carried out at Aquaculture and Fisheries Program (AFP), 

National Agriculture Research center (NARC), Islamabad, Pakistan. Fish farm unit 

at AFP, NARC have nursery ponds (0.02 ha each), growing ponds (0.5 ha), 

concrete raceways, fiber glass circular tanks, fish hatchery, wet Lab with aquaria, 

tube well (10000 liters cap./hour) and three functional research laboratories (Fish 

Nutrition Lab, Water Quality Lab and Fish Disease Lab). Program also has a small 

pelleted fish feed processing unit. The fish farm area has an altitude of 518 m, is 

located in Pothohar region and lies diagonally from the northeast to southwest, at 

330-420 N latitude and 730-080 E longitude. The climate of Islamabad is humid 

subtropical, with five seasons Autmn (September, October), Spring (March, April), 

Winters (Nov to Feb), Summer (May, June) and Rainy Moon Soon (July, August). 

June is the hottest month, where average heights routinely exceed 38°C. July is 

wettest month, with heavy rainfalls. January is coolest month with different 

temperature at different locations. The temperatures in Islamabad drop below zero 

some time. The minimum weather range is 3.9°C in January and maximum 46°C in 

June (Pakistan Meteorological Department, 2013).  

3.2 SITES IDENTIFICATION, COLLECTION OF S. SEENGHALA FROM 

 NATURAL HABITAT AND ITS RANSPORTATION  
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3.2.1 Sites Selection and Collection of S. seenghala 

Sperata seenghala (Giant river catfish locally known as Seengharee) is an 

imperative commercial species, contributing significantly to the total inland fish 

production in Pakistan. The potential of giant river catfish for aquaculture has not 

yet been explored. To identify the potential sites for the availability of S. 

seenghala, survey of different water bodies in Punjab, Azad Jammu & Kashmir and 

Sindh was conducted. The information regarding availability of this fish was 

collected from local fishermen and provincial fisheries departments. On basis of 

this information the sites were selected from where fingerlings, juvenile and adults 

were easily collected and transported to AFP, NARC, Islamabad. Drag net, cast 

nets and gill nets were used to collect Seengharee.  

3.2.2 Transportation of S. seenghala 

 The spinous fins of most of catfishes are the major constraint for 

transportation which not only damage the containers but also injure other fish 

during transport. The cannibalism behavior of many fishes, especially when young, 

is another great threat during transport. According to available information, the 

techniques for transport of S. seenghala were not reported yet. Therefore, the 

methods described for transport of other fish species were modified and 

standardized before adoption.  

 After collection, fish (Sperata seenghala) were transported to Aquaculture 

and Fisheries Program, NARC using two systems of transportation depending on 

size of fish and the distance of collection site. 
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i. The open system of transport for live fish 

ii. The closed system of transport for live fish  

3.2.2.1 Transportation of large size Seengharee using hauling tanks  

 The live S. seenghala (weight 400-500 g) collected from Head Rasul and 

Mangla Dam, Province of Punjab, Pakistan were transported by using Open System 

of Transport in hauling tanks. To avoid the damage to the containers and injures 

during transport, fish were sedated by the two kind tranquilizers. 

3.2.2.1.1 Experimental design 

 The experiment was designed to evaluate the effect of two tranquilizers 

(tricaine methane sulfonate (MS-222) and quinaldine) with two loading densities 

(25 and 50 fish per tanks) on survival of S. seenghala during transportation. 

Effective concentrations of MS-222, 20 mg L-1 as reported by Dupree and Huner 

(1984) and that for quinaldine, 25 mg L-1 (Woynarowich and Horváth, 1980) were 

used. The six treatments with three replications were as follows.  

Treatment-I  Loading density 25 without tranquilizer 

Treatment-II  Loading density 50 without tranquilizer 

Treatment-III  Loading density 25 with MS222 

Treatment-IV  Loading density 50 with MS222 

Treatment-V  Loading density 25 with Quinaldine 

Treatment-VI Loading density 50 with Quinaldine 
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3.2.2.1.2 Fish loading and transportation 

The fish collected from Mangla and Head Rasul was loaded in water (22oC) 

filled hauling tanks of 270 cm diameter with capacity of 2000L water with fresh air 

supply system. The fish were transported to NARC, Islamabad (transportation time 

4 hours), percent mortality was studied after every two hours interval. Mortalities 

were recorded during transportation and after stocking the fish in tanks. The dead 

fish were immediately isolated. The fish were transferred to indoor circular 

fiberglass tanks (1000 L) under flow throw system. 

3.2.2.2 Transportation of fingerlings of S. seenghala  

3.2.2.2.1 Experimental design 

 To avoid damage to the containers and fish from the spinous fins of S. 

seenghala during transportation, fish were sedated using Tricaine methane 

sulphonate. An experiment was performed to evaluate the effective concentration 

of MS222 and optimum loading density for transportation of Giant river catfish 

fingerlings.  The experiment design was 3x2 factorial, having three sedation doses 

of MS222 (20, 30 and 40 mg L-1) and two loading densities (50 and 75 fish per 

bag). Sedation was carried out in two steps, rapid anesthetic doze (200 mgL-1 

MS222) followed by sedation doze to the fingerlings of giant river catfish collected 

from Sajawal Sindh, with the average weight of 9.0 g and length of 11.2 cm.  

T1 Loading density 50 with 20 mgL-1 MS222 

T2  Loading density 50 with 30 mgL-1 MS222 

T3  Loading density 50 with 40 mgL-1 MS222 
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T4  Loading density 75 with 20 mgL-1 MS222 

T5  Loading density 75 with 30 mgL-1 MS222 

T6 Loading density 75 with 40 mgL-1 MS222 

3.2.2.2.2 Experimental procedure for transportation 

 After collection, the fish were starved for 24 hours in circular tanks prior to 

transport so as to reduce oxygen consumption and ammonia excretion into the 

water. Fingerlings were then weighed and transferred to plastic bags filled with 5L 

water and oxygen. The plastic bags were packed in Styrofoam boxes. 

Transportation proceeded by roads for 3h from Sajawal to Karachi.  From Karachi 

the transportation boxes were air lifted to Islamabad (about 3h time). After arrival 

at AFP, NARC, the fingerlings were transferred to circular tanks with water flow 

system. Fingerlings from each bag were kept in separate circular tanks subsequent 

monitoring (Cavero et al., 2003).  

3.2.2.3 Water quality analysis 

Important parameters of water quality like pH, temperature, dissolved 

oxygen were monitored before and after transportation with help of Limnology 

field meter (Consort Model C6030, Belgium).  

3.2.2.4 Data analysis 

The data on water quality, mortality rate and survival during transportation 

using different systems were analyzed through analysis of variance (ANOVA) by 

using Ms Excel. When F value was found significant, treatment means were 
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compared using Duncan’s Multiple Range test (DMRT) by using MSTAT-C 

Statistical Software  

3.3  ACCLIMATIZATION OF  SEENGHAREE UNDER CAPTIVE 

CONDITIONS AND TAXONOMIC STUDY  

3.3.1 Treatment of Injured Fish  

 After transportation of fish to AFP, NARC, the fish which got injuries 

during collection and transportation were given the following treatment.  

 Injured fish were bath treated with KMnO4 at first step  

 In the second step, fish were treated (bath) with antibiotics, E.C.M 350 (oxy 

tetracycline 150gm; Neomycin sulphate 60gm; Furaltadone HCl 150gm in 

every 1000gm of E.C.M).  

3.3. 2 Acclimatization in Captivity  

 For the acclimatization of wild Seengharee in captivity, indoor fiberglass 

circular tanks and outdoor concrete raceways were used. The indoor circular tanks 

had 1000-liter water capacity, running water system with controlled temperature 

that was maintained at 25 °C with the help of water heaters. Aerators were used for 

continuous air supply. Outdoor concrete raceways were having 5000 liter water 

capacity with flow through water system from tube well.  

3.3.2.1 Fish stocking and feeding the fish 

https://www.msu.edu/~freed/mstatc.htm
https://www.msu.edu/~freed/mstatc.htm
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 After the recovery from injury, the treated fish along with healthy fish were 

transferred to fiberglass circular tanks and out door concrete raceways. Fifty 

fingerlings of average initial weight 9.0g were kept in each of five circular tanks, 

while 100 fingerlings having average initial weight of 8.9g were kept in each of the 

five raceways. Initial body weight and total length were recorded at the time of 

stocking. 

 The fingerlings were offered live trash fish in start, but later on it was 

replaced with the freshly minced fish meat. After one week, the meat was gradually 

replaced with artificial diet containing 40% crude protein. Artificial diet was 

offered in the form of pellets and dough along with minced meat. After complete 

shifting on artificial diet, the fish were fed twice daily till satiation (at morning and 

afternoon) seven days a week. The water in the tanks was renewed every morning. 

Each time, the bottom of the tanks was cleaned thoroughly before offering the feed. 

Fish (N=10) were collected randomly using hand nets on fortnightly basis and the 

wet body weight and the total length were recorded. After recording the data on 

growth parameters, fish were released back into their respective system. 

3.3.2.2 Cannibalism study 

 During the acclimatization and experimentation it was observed that the 

number of live fish in cemented raceways was decreasing without any mortality. 

An experiment was designed to study this phenomenon. All the experimental 

conditions adopted in Experiment-I was followed in Experiment-II. Fingerlings of 

Seengharee were segregated on the basis of difference in their body weight (15 in 

each group) 
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i) Group1: size 5-10 g 

ii) Group2: size 11-15 g 

iii) Group3: size 16-20 g 

iv) Group4: size 21-25 g 

v) Group5: mixed size fish 

 Circular tanks having water capacity of 1000 L and running water system 

with controlled temperature were selected. Artificial feed containing 40% crude 

protein (CP) was fed at 5% of the body weight of fish twice a day. Experiment was 

conducted for a period of two weeks. The observations were made daily morning to 

record the survival and disappearance of larvae due to cannibalism. All fish were 

collected from each tank using hand net, counted at 7-days intervals in order to 

quantify cannibalism. In each tank the numbers of dead fish were recorded daily 

and were not replaced. Calculation of cannibalism was done based on difference in 

numbers of fish in each count; natural mortality was not included (Qin and Fast, 

1996). At the end of the experiment, final body weight was recorded and survival, 

percent weight gain and specific growth rate (SGR) were calculated. 

3.3.2.3 Water quality 

  The temperature of the indoor tanks and outdoor raceways were recorded 

daily during the acclimatization. Water quality parameters viz., pH, electrical 

conductivity (EC), dissolved oxygen (DO) salinity, aalkalinity,   hardness 

andtTotal dissolved solids (TDS) were determined with the help of limnology field 

meter (Consort Model C6030, Belgium).  
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Figure 1: 

Diagram of 

external 

morphomet

ric 

characterist

ics of S. seenghala 

 
TL, total length; SL, standard length; CFL, caudal fin length;  ADFL, adipose fin length; DFL, dorsal fin length; 

AFL, anal fin length; VFL, ventral fin length; PFL, pectoral fin length; PSL, pectoral spine length; MXBW, 
maximum body width; HD, head depth; HL, head length. 
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3.3.3 Meristic and Morphometric Study of S. seenghala  

 S. seenghala fish transported from Sajawal, Sindh and Mangla Dam, 

Pakistan, were used for this study.  

3.3.3.1 Meristic study  

 Meristic characters were studied as described by Hubbs and Lagler (1958). 

Total 20 fishes of mixed sex were used for this study. A magnifying glass was used 

to count the ray numbers precisely. Meristic counts included pelvic fin rays, anal 

fin rays, dorsal fin rays, caudal fin rays and pectoral fin rays. In the head region, 

gill rackers were also counted. 

3.3.2.2 Morphometric study 

 Morphometric characters of Seengharee were measured for 21 (Fig. 1) 

selected parameters as reported by Turan et al. (2005) and Jayaram (2002). Total 

weight, total length, standard length, fork length, head length, dorsal fin length, 

head depth, length of anal fin, length of pectoral fin, length of pelvic fin, length of 

adipose fin, length of caudal fin, longest pectoral fin, longest dorsal fin, longest 

anal fin, longest pelvic fin, height of adipose fin, longest caudal fin, nasal barbel 

length, mandibular barbel length and maxillary barbel length were measured for 

morphometric study of S. seenghala.  

3.3.4 Length Weight Relationship of Seengharee  

To monitor the growth of S. seenghala in captivity, length and weight was 
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recorded after the transport. The total length of the Seengharee was measured from 

the caudal fin farthest tip to the most anterior part of the head with mouth. The fish 

weight was recorded with electronic balance (model: BL 150 S, Sartorious AG 

Gottingen Germany). The condition factor was calculated (Weatherly and Gill, 

1987; Wootton, 1998) as follows 

   K = W /L3x 100  

 Where:  K = Condition factor 

L = Total length of fish 

W = Body weight 

 The length-weight relationship was calculated using the regression analysis 

and was   W = a ± bL where, L is the length of the fish measured in centimeters and 

W is the weight of the fish in grams. The proportionality constant “a” and the 

method of least square regression was used to determine coefficient of regression 

“b” of the length weight relationship (Zar, 1984). 

3.4 DIET DEVELOPMENT FOR S. SEENGHALA FROM LOCALLY 

 AVAILABLE FEED INGREDIENTS 

3.4.1 Growth Performance of Seengharee Fed on Diets Having Different 

 Crude  Protein Levels 

3.4.1.1 Experimental design  

  The experiment was conducted for 60 days at Aquaculture and Fisheries 

Programme (AFP), National Agriculture Research Center (NARC), Islamabad, 
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Pakistan. Twelve glass aquaria of length 60 cm, width 35 cm and height of 30 cm 

were used. Four types of feeds having 25, 30, 35 and 40% CP were prepared from 

locally available ingredients. All aquaria were filled with about 42 liters of water 

and this level was maintained throughout the experiment. Experimental design was 

CRD with 4 Treatments having 3 replications. 

3.4.1.2 Experimental diets  

To determine the optimum level of balanced diet for S. seenghala, four 

kinds of artificial diet having crude protein level 25 %, 30 % 35 % and 40% were 

formulated from locally available feed ingredients viz., soybean meal, fish meal,  

sunflower meal, gluten, rice polish, wheat bran, oil and vitamin mineral premix 

(Ng et al., 2001; NCR, 1993). To prepare diets, the dry ingredients were 

thoroughly mixed with oil in ribbon type mixture and the moist mixtures were 

pelleted. The feed were then dried in sun light. Proximate analysis of diets was 

done to determine percent crude protein (Kjeldahl methods), fat (Continuous 

extraction), fiber (Ether extract method), moisture (Air oven at 105°C), and total 

ash content (Prosky method, AOAC, 2003).  The diets composition and the 

proximate analysis are shown in Table 1. 

3.4.1.3 Experimental procedure 

 Fifteen fry (S. seenghala) with average weight 9.0 g were placed in each 

aquarium. Body weight was measured and recorded at the time of stocking. Fish 

were offered feed at the rate of 7% of wet body weight with pelleted feed 

formulated to contain different levels of protein, twice daily. Aquaria were cleaned 
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daily before giving the feed in the morning. Fish were sampled on fortnightly basis 

to record wet body weight and the total length. After recording the required data, 

fish were released back into their respective aquarium. Daily feed ration was 

adjusted according to total biomass of fish under experiment. 

All fish were collected to record the final weight, weight gain, percent weight 

gain, food conversion ratio (feed offered/wt gain) feed efficiency [(wt. gain/feed 

offered)100] and specific growth rate {[( ln Wf – ln Wi) × 100]/days} at the end of 

the experiment. For whole body proximate analysis, four fish from each aquarium 

were randomly captured with hand net. Carcasses of fish were mixed, dried and 

crushed. The dry matter, moisture, lipid, crude protein, ash contents and crude 

fiber of fish were analyzed by standard methods (AOAC, 2003).  

Water quality parameters Viz., temperature, salinity, EC, pH, dissolved 

oxygen (DO), TDS were measured daily with the help of limnology field meter 

(Consort Model C6030, Belgium) during the experimental period. Alkalinity and 

hardness were estimated by titration method on weekly basis.  

3.4.1.4 Data analysis 

 The growth performance of fish was calculated through weight gain, feed 

consumed, FCR and Specific growth rate. All the data were analyzed through 

analysis of variance (ANOVA) by using Ms Excel. Significant difference among 

treatment means was tested through a Duncan’s Multiple Rang Test (DMRT) by 

using statistical software MSTAT C (Steel and Torrie, 1986).  
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Table 1: Percentage and proximate analysis of feed having different protein levels 

formulated from locally available feed ingredients  

Feed ingredients  F1 
(25% CP) 

F2 
(30% CP) 

F3 
(35% CP) 

F4 
(40% CP) 

Fish meal 30 30 30 30 

Soybean meal 4 10 10 10 

Sunflower meal 4 5 10 10 

Canola seed meal 4 5 10 5 

Rice polishing 25 22 10 6 

Gluten 30% 9 19 6 0 

Gluten 60% 0 0 10 25 

Wheat bran 20 5 10 10 

Vitamin –C 0.5 0.5 0.5 0.5 

Vitamin premixes 1.5 1.5 1.5 1.5 

Soybean oil 2 2 2 2 

Total 100 100 100 100 

Proximate Composition (%) 

Dry matter 89.7 90.0 89.9 90.1 

Crude fat * 16.6 15.0 15.3 14.6 

Crude protein * 25.2 30.34 34.96 40.1 

Total ash * 8.5 11.0 10.0 9.5 

Crude fiber * 8.14 7.24 6.54 5.23 

*Percentage of dry matter 
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3.4.2 Replacement of Animal Protein with Plant Protein in The Diet of 

 Seengharee  

3.4.2.1 Experimental design  

 The experiment was conducted in nine circular fiberglass tanks of 

1000L water capacity under flow through system (8L/min) Experimental 

design was CRD with 3 treatments (Three feeds with animal protein 30, 20 

and 10 % replaced with plant protein) having 3 replications.  

3.4.2.2 Feed preparation 

 To replace the animal protein in feed of seengharee, three feeds (crude 

protein 30%) were formulated having different ratios of animal and plant 

protein (Table 2). Animal protein was replaced with plant protein source (PPS) 

formulated by a blend of soybean meal and corn gluten 60% in ratio of 1:1. 

All dietary ingredients were weighed using top loading balance, mixed to 

homogeneous mass and corboxy methyl cellulose (CMC) was used as binder. 

The mixture was then pushed with 4 mm die attached to the pellating machine. 

Diets were immediately sun-dried at ambient temperature (40oC) for two days. 

After drying, the proximate composition of diets was estimated to determine 

the moisture content, fat, fiber, crude protein and ash (AOAC, 2003). The 

diets were stored at room temperature in air tight polyethylene bags prior to 

feeding.  
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Table 2: Composition and proximate analysis of different diets containing  varying 

concentration of plant and animal protein sources 

Feed ingredients 
F1 

(Animal CP 30%) 

F2 
(Animal CP 20%) 

F3 
(Animal CP 10%) 

Fish meal 30.0 20.0 10.0 

PPS (Soybean meal + Gluten 

60%) ** 10.0 20.0 30.0 

Sunflower meal 10.0 10.0 10.0 

Canola seed meal 6.0 6.0 6.0 

Rice polishing 15.0 15.0 15.0 

Gluten 30% 10.0 10.0 10.0 

Wheat bran 15.0 15.0 15.0 

Vitamin-C 0.5 0.5 0.5 

Vitamin premixes 1.5 1.5 1.5 

Soybean oil 2.0 2.0 2.0 

Proximate composition (% dry matter) 

Moisture 7.80 7.20 7.50 

Crude protein* 30.34 30.18 30.50 

Crude lipid* 15.23 15.18 15.12 

Crude fiber 7.2804 7.7273 8.05 

Ash* 9.12 9.14 9.17 

Nitrogen free extract (NFE) 24.54 24.55 24.57 

*Percentage of dry matter 

** PPS: Plant Protein Source 
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3.4.2.3 Experimental procedure 

 The experimental system consisted of nine 1000 L circular fiberglass tanks 

under flow through system (8L/min). Fifty juveniles of Seengharee having average 

body weight 9.11, 9.22 and 9.44 g were placed in each tank. At the time of 

stocking, body weight was recorded. Fish were fed twice daily at the rate of 5% 

body weight with experimental pelleted feed. Fish were sampled on fortnightly 

basis to record wet body weight and the total length. After obtaining the required 

data, fish were released back into their respective tank. Amount of feed was 

adjusted according to total biomass of fish under experiment.  

3.4.2.4 Data analysis 

 Data on growth parameters of fish fed on different feed were analysed using 

ANOVA and comparison of different means were determined by DMRT where 

applicable. Correlation and regression analysis was performed to find out 

relationship among different parameters of growth.   

 3.4.3  Effect of Variable Feeding Rates on Growth Performance of S. 

 Seenghala in Captivity 

 3.4.3.1 Experimental design  

To evaluate the feeding allowance for the optimum growth of Seengharee 

an experiment was conducted in twelve fiber glass circular tanks of capacity 1000 

L with flow through system (8 L/m). Experimental design was CRD with 4 
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feeding rates (2%, 4%, 6% and 8% of wet fish body weight daily) having 3 

replications. Duration of experiment was eight weeks. 

3.4.3.2 Experimental procedure 

 Before the start of experiment, all tanks were dried and disinfected with 

CaCO3. Tanks were filled with tube well water up to 0.9 m height. For 24 hrs the 

fish were deprived of feed before the start of feeding experiment.  The fish having 

initial mean weight of 11.7± 0.12g  were divided into 12 groups each having 50 

fish and were randomly stocked into 12 circular tanks. Artificial feed having 30% 

CP (Feed 2 of previous experiment, Table 2) was prepared by the extruder machine 

at AFP, NARC. The fish were fed four rates of feeding (2%, 4%, 6% and 8% of 

wet fish body weight) having three replication in each treatment. The fish were 

offered feed two times per day at dawn and dusk. 

 Duration of experiment was 8 weeks. From each tank all the fish were 

collected on fortnightly basis, measured individually, counted and weighed for two 

months. The amount of feed offered was calculated according to total weight of 

fish in each tank.  

3.4.3.3 Sample collection and analysis  

All fish were collected to record the final weight, weight gain, percent weight 

gain, feed efficiency, food conversion ratio, protein efficiency ratio (PER), specific 

growth rate (SGR), and net protein utilization at the end of the experiment. For 

whole body proximate analysis, four fish from each aquarium were randomly 
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captured with hand net. Carcasses of fish were mixed, dried and crushed. The dry 

matter, moisture, lipid, crude protein, ash contents and crude fiber of fish were 

analyzed by standard 2methods (AOAC, 2003).  

Parameters of water quality viz., temperature pH, dissolved oxygen (DO), 

electrical conductivity (EC), salinity and TDS were measured daily with the help 

of limnology field meter (Consort Model C6030, Belgium) during the 

experimental period. Alkalinity and hardness were estimated by titration method 

on weekly basis. 

3.4.3.4 Data analysis 

Comparison of various growth parameters of fish fed on different feed was 

carried out using one-way analysis of variance (ANOVA) and to test significant 

differences, Duncan's Multiple Range Test was used where applicable. Correlation 

and simple regression was performed to find out relationship among different 

parameters of growth.   

3.5 PERFORMANCE OF S. SEENGHALA 

 Under this objective two types of performance of S. seenghala i.e. growth 

performance in cemented raceways and earthen ponds and reproductive 

performance in earthen ponds were evaluated. 

3.5.1  Growth Performance of Seengharee in Cemented Raceways and 

 Earthen Ponds 
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3.5.1.1 Experimental design 

 An experiment was conducted for period of six months (May to October 

2009) to evaluate growth performance and production of Seengharee in out door 

cemented raceways and earthen ponds. Three outdoor cemented raceways and three 

earthen ponds were selected for the experiment. The size of Raceways was 7.0 m 

length, 1.6 m width and with a depth of 1.0 m. Dimensions of nursery pond 

selected for the experiment were 15×11m with a depth of 1.5m, area 0.017ha.  

3.5.1.2 Fish stocking and pond management 

 Before stocking, the ponds and raceways were dried and disinfected with 

CaCo3. Water capacity of cemented raceways was 5000 L with running water 15.0 

L/min and the source of water was tube well.  One hundred Seengharee Juveniles 

caught from Mangla dam in month of December, having mean initial weight of 100 

g were stocked in each pond, while fifty fish with mean initial weight of 104 g 

were stocked in each raceway. All the ponds were filled with tube well water up to 

the level of 5ft and this level was sustained all over the experimental period. Body 

weight was measured and recorded at the time of stocking. 

 Fish in both raceways and ponds were fed two times daily at the rate of 5% 

of wet fish body weight with pelleted feed formulated to contain 30% CP diet. The 

ten fish were randomly captured every month with the help of nylon drag nets. The 

wet body weight was measured and fish were released back into their respective 

ponds and race ways. Daily ration was adjusted according to total biomass of fish 

under experiment. 
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3.5.1.3 Water quality analysis 

During the study period, water temperature was monitored daily in the 

morning (8 am) and evening (4 pm) using common laboratory thermometer. 

Electrical conductivity (EC), dissolved oxygen (DO), pH, salinity and TDS were 

recorded daily by using Limnology field meter (Consort Model C6030, Belgium). 

Alkalinity and hardness were measured by titration method in the laboratory. No 

artificial aeration was provided to the ponds during the whole study. 

3.5.1.4 Data analysis 

The growth performance of the fish was calculated through weight gain, 

feed consumed, FCR and cost of fish production. All the data were tested by using 

analysis of variance (ANOVA) and Ms Excel. Means having significant differences 

were compared through a Duncan’s Multiple Rang Test (DMRT) by using 

statistical software MSTAT-C (Steel and Torrie, 1986).  

3.5.2 Reproductive Performance of Seengharee  

3.5.2.1 Brood fish development 

 The fish (size 100-1000 g) were captured (December 2008) from Mangala 

reservoir, Mirpur, AJK using drag nets, and transported by hauling tanks with fresh 

air system to Aquaculture and Fisheries Program, NARC, Islamabad. The captured 

fish were released into circular tanks with water flow through system.  Brood fish 

did not adapt to formulated feed immediately as they are extremely predatory. For 
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two days, the fish were offered fish fingerlings. Then, minced meat was offered as 

feed for a week. This fish did not accept pelleted feed, therefore feed was offered in 

the form of dough (a ball of feed) for two weeks.  Then, the fish were released in 

three 0.04 ha earthen ponds. In ponds, fish were fed with 45% CP diet at satiation. 

Male and female fish were kept separately in different ponds for a period of 1.5 

years. During study, water quality parameters were monitored regularly on 

fortnightly basis 

3.5.2.2 Gonadosomatic Index (GSI) 

 For the study of gonadosomatic index, the healthy at least three fish were 

collected from ponds on monthly basis for the period of one year. These fish were 

brought to the laboratory and weighed using electrical balance. To study the  

gonadosomatic index, the fish were dissected to remove the gonads. The weight of 

gonads of individual fish was recorded and gonadosomatic index was calculated by 

using the formula 

GSI =        
Weight of gonad   

X 100 
Weight of the fish 

 

3.5.2.3 Fecundity and relative fecundity 

 In order to analyze the reproductive performance of S. seenghala, fecundity, 

and relative fecundity were calculated as described by Qasim and Qayyum (1963). 

From mature S. seenghala, ovaries were collected during late March to early 

April). Three fish were cleaned with a dry towel, cut along the belly from the 

cloacal hole to the pelvic fins with anatomical scissors. The lateral muscles were 



 59 

opened and the ovaries were removed carefully. The fish (N=3) were weighed 

without ovaries and internal organs (Recorded the weight as Wb). Weight of the 

ovary was recorded (Wo). A small piece of ovary (Size 2cm approximately) was 

cut, weighed (Ws), and put it in a small beaker, the number of eggs were counted 

(Recorded the number as S). 

Absolute Fecundity = (S/Ws)*Wo 

Relative Fecundity = Absolute Fecundity/Wb 

3.5.2.4 Data analysis 

Data obtained were subjected to statistical analysis, following Steel and 

Torrie, (1986). Correlation and Regression analysis were performed to find out 

relationship between different parameters by using Microsoft Excel Program.  

Descriptive Statistics of data on fecundity and other parameters were calculated.  
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Chapter 4 

RESULTS AND DISCUSSION 

4.1  IDENTIFICATION OF POTENTIAL SITES, COLLECTION OF 

 SEENGHAREE AND ITS TRANSPORTATION   

 For the potential sites identification, collection and transportation of 

Seengharee, two studies were performed. 

4.1.1 Site Selection and Collection of S. seenghala  

 S. seenghala is the most abundant species found in South Asia that belongs 

to Bagridae family and contributing significantly in economy (Talwar and 

Jhingran, 1991; Jayaram, 2002). S. seenghala has also a great consumer demand in 

the Pakistan (Mirza and Omer, 1984). The potential of Seengharee for aquaculture 

has not been explored. Availably of this fish depend on capture fisheries from 

rivers, dam and reservoirs. Mirza and Omer (1984) reported presence of 

Seengharee in River Jhelum and other natural water bodies of Punjab, AJK, 

Baluchistan and Sindh, Pakistan. It is usually found in rivers, canals, ditches, 

flooded fields and other wild freshwater areas. Seengharee has also been reported 

from Indus river system by Sahini et al. (2008).  Two distant populations of 

Seengharee were reported from the Beas and Sutlej rivers. The present study 

reported the availability of S. seenghala and its collection from natural habitat 

(Table 3 and Figure 2). Sites visited were, Balloki Headworks, Qadirabad Baraj,  
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Figure 2: Map of Pakistan showing the rivers, survey sites and collection sites of 

Seengharee from natural habitat  
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Collection Points  
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Table 3: Numbers of fish (S. seenghala) captured from river, dam and ponds using 

different nets 

Water body Gill nets Drag nets Cast nets 

River running water 2 45 - 

River pouches 40 65 1 

Dam main water 82 - - 

Dam pouches - 35 2 

Ponds (fingerlings) Not used 300 5 
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Rasul Baraj, Chashma Baraj, Trimmu Headworks, Sakhar Baraj, Islam Headworks, 

Mangla Dam and Pouches of river Indus at Thatta. These water bodies are present 

on River Jhelum,  River Ravi, River Satlej  and River Indus. Seengharee was 

available at all these sites. Sites selected for collection of adult Seengharee were 

Rasul Headworks and Mangala Dam (River Jhelum). Fingerlings of Seengharee 

were only available and collected from Sajawal, Thatta, Sindh. The non availability 

of fingerlings from rest of the sites may be attributed to destruction of breeding 

grounds in natural water bodies due discharge effluents from industries (Shakir, 

2008). 

 For the collection of Seengharee, drag net was more effective in running 

water while, gill nets were effective in stagnant waters of Dams and Head works. 

Drag nets were also useful for the collection of Seengharee from pouches of river 

and ponds. Seengharee could not be collected at any place with cast net, while the 

fish caught using gill net sustained injuries.  The wild source of fish and collection 

method was identified in this study which provided base for further studies.  

4.1.2 Transportation of S. seenghala  

 The spinous fins of S. seenghala were major constraint for transportation 

which not only damaged the containers but also injured other fish during transport. 

The cannibalism behavior of this species, especially when young, was another great 

threat during transport. No technology was yet reported for transport of' this fish, 

therefore, the available methods for other species were modified and adapted for 

Seengharee. Based on size of fish and the distance of collection site, two systems of 

transportation were used to transport the fish to Aquaculture and Fisheries, NARC.  



 64 

i) The open system -hauling tanks  

ii) The closed system oxygen filled polyethylene bags 

 

4.1.2.1 Transportation of large size Seengharee using hauling tanks  

 To minimize stress and to reduce activity in fish, anaesthetics are useful 

(Iversen et al., 2003). The sedation reduces general activity, metabolic rate and hence 

oxygen demand and ultimately mitigate the stress response and increase ease of 

handling (Cooke et al., 2004). For the fish transport, deep sedation is referred the 

ideal level of sedation, including decrease in metabolic rate and loss of reactivity to 

external stimuli but with maintenance of homeostasis (McFarland, 1959). Generally 

the choice of anaesthetics depends on cost-effectiveness, ease of use, safety for the 

user, availability and nature of the study (Cho and Heath, 2000).  

 In present study, Seengharee was transported to Aquaculture and Fisheries 

Program, NARC using water filled hauling tanks with fresh air supply using 

anaesthetics, MS222 (loading density of 25 and 50) and Quinaldine (loading density 

of 25 and 50). After two hours of transportation period, the mortality of Seengharee 

was maximum at in T1 and T2 (fish without any tranquilizer at both loading densities) 

followed by T6 (with Quinaldine at higher loading density); While there were no 

mortality in T3, T4 (tranquilizer MS222 at both loading densities) and T5 (Quinaldine 

at lower loading density). After four hours transportation period there were no 

mortality in T3, (tranquilizer MS222 at lower loading densities) (Figure 3).  

Accumulated mortality after 6 h of transportation were maximum in the hauling 

tanks without any tranquilizer followed by Quinaldine, while minimum mortality 

was observed in Seengharee sedated with MS222.  
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Figure 3: Mortality (%) of Seengharee during transportation in     

hauling tanks 
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Table 4: Survival (%) of large sized Seengharee during transportation in hauling  

    tanks having different anesthesia and loading density  

  Without 

tranquiller 

MS222 Quinaldine Mean 

Loading density 1 
(25fish per Tank) 

36e 84.0a 52.0d 57.5A 

Loading density 2  
(50 fish per Tank) 

32f 80.0b 56.0c 56.0A 

Mean 34.0C 82.0A 54.0B 

 

The values with different alphabets are significantly different (p<0.05) 
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  The interaction between tranquilizers and loading densities during 

transportation of Seengharee in hauling tanks from Mangla Dam and Head Rasul 

was highly significant (Table 4). In present study anesthesia proved much effective 

for transportation of S. seenghala; it insured not only the safety of containers but 

also the safety of fish from hard spines. Use of anesthesia during transportation of 

fish was effective both for closed and open transportation system.  

 Fish transported at the lowest density (25 per tank) could withstand the 

entire procedure without any measurable change. The fish held at high densities are 

usually under stress (Procarione et al., 1999). Our study supported the work of 

Gomes et al (2003) who reported lower mortality, less stress and acceptable range 

of water quality parameters during transportation of juvenile tambaqui at lower 

densities Gomes et al. (2003). 

 With the increase in time of transport of fish in plastic bags, increased 

mortality has been reported (Gomes et al., 2003). When the time of transport 

increases, oxygen level starts depleting and a rise in temperature during 

transportation is unavoidable. Even though catfish can tolerate temperature 

extremes in their natural environment (Ali and Ahmad, 1988), the water 

temperature in the plastic bag must be allowed to equilibrate slowly with the water 

temperature of the place to be stocked to avoid shock that might kill the fry 

(Sampson, 1987). 

4.1.2.2 Transportation of Seengharee fingerlings in oxygen filled  

 polyethylene bags 

 Data on survival of fingerlings of Seengharee during transportation from 
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Sajawal Sindh to AFP, NARC, Islamabad in air filled polyethylene bags (Gomes et 

al., 2003) having different doses of anesthesia and loading density are given in Table 

5. The survival of fingerlings of Seengharee was maximum in T2 (30 mg/L MS222 

with loading density 50 fish) flowed by T5 (30 mg/L MS222 with loading density 70 

fish) and T3 (40 mg/L MS222 with loading density 50 fish), while minimum survival 

was observed in T4 (20 mg/L MS222 with loading density 75 fish) and T1 (20 mg/L 

MS222 with loading density 50 fish). 

 In present study, MS222 at 30 mg/L was found best for the transportation of 

fingerlings of Seengharee in plastic bags. The results were in agreement with Shawn 

et al. (2004) who reported 25 to 50 mgL-1 of MS222 for sedation of Ictalurus 

punctatus (Channel catfish). To sedate fish prior to transport, anaesthetics should be 

added to the water at low doses; if heavily sedated, the fish cease swimming, loose 

equilibrium, and if they all are settled to the tank bottom fish will die from 

suffocation. Some species, including tilapia required up to 100 mg/L for sedation. 

The effective dose of MS222 for trout is 40 mgL-1 and the maximum safe dose is 63 

mgL-1. As temperature raises the safety dose margin become less and for fish of 

small size its value is smaller (Ross and Ross, 1999).   

 The data on important water parameters before and after transportation are 

shown in Figure 4. There was an increase in water temperature in all treatments. The 

dissolved oxygen (DO) concentration was very low in T1 and T4 while in all other 

treatments, DO level was high; the pH value was decreased in all treatments. The 

minimum survival observed in T4 (20 mg/L MS222 with loading density 75 fish) and 

T1 (20 mg/L MS222 with loading density 50 fish) might be leakage of oxygen from 

some polyethylene bags.  
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Table 5: Survival of fingerlings of Seengharee in oxygen filled polyethylene bags   

    during transportation from Sajawal, Sindh to NARC, Islamabad. 

 

Sedation Dose 1 

(20 mgL-1) 

Sedation Dose 2 

(30 mgL-1) 

Sedation Dose 3 

(40 mgL-1) 
Mean 

Loading density 1  
(50 fish per bag) 

29.67e (T1) 90.66a (T2) 68.33c (T3) 62.88A 

Loading density 2 (75 

fish per bag) 

24.67f (T4) 80.00b (T5) 59.00d (T6)p 58.72B 

Mean 27.16C 85.33A 63.67B  

The values with different alphabets are significantly different (p<0.05) 
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Figure 4: The important water parameters during transportation in      

oxygen filled polyethylene bags from Sajawal, Sindh to 

NARC Islamabad. 
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Conclusion: From this study it was concluded that the live transportation of large 

size S. seenghala in hauling tanks with the use of anesthesia (MS222) was very 

successful when loading density was at lower side. Oxygen filled polyethene bags 

packed in styrofoam boxes were useful for the transportation of fingerlings of S. 

seenghala when fish were sedated with MS222. While sedation dose of 30 mgL-1 of 

MS222 and loading density of 50 fingerling per bag in oxygen filled polyethene 

bags gave maximum survival.  

4.2  ACCLIMATIZATION OF SEENGHAREE UNDER CAPTIVE 

 CONDITIONS AND TAXONOMIC STUDY 

4.2.1 Acclimatization of Seengharee in Circular Tanks and Raceways  

 After transportation, fish were transferred to circular tanks and raceways 

for recovery. Major mortality was recorded during first day of acclimatization. It 

was 15% within 24 hrs of stocking the fish in circular tanks and raceways. The 

mortality was recorded in only those fish which were injured due to hard sharp 

spines present on their body with fin rays or stressed with leakage of oxygen. The 

injured fish treated with KMnO4 showed no improvement, while after treatment 

with antibiotics (E.C.M 350 oxytetracycline 150gm +Neomycin sulphate 60gm + 

Furaltadone HCl 150gm in every 1000gm) twice, fish showed recovery from 

injuries after two weeks. The results of this study are in conformity with Gillmartin 

et al. (1976), who described that bath treatments with antibiotics have been used 

almost exclusively for control of superficial infections. The same author suggested 
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the Kanamycin as an effective systemic therapy in a bath treatment procedure 

against susceptible bacteria. Terramycin was selected for disease treatment because 

it is commercially available in market and extensively used in poultry industry 

along with other antibiotics. Further, government of Pakistan has already 

established free veterinary centers, from where fish farmers can get antibiotics.  

 Performance of Seengharee during acclimatization in circular tanks and 

raceways is shown in Table 6. Comparison of growth performance of Seengharee 

fingerlings during the acclimatization period in tanks and raceways showed gradual 

increases in weight gain. The initial weight of fingerlings of Seengharee kept in 

fiber glass tanks and outdoor concrete raceways was 9.0 g and 8.9 g, respectively. 

The fingerlings of Seengharee kept in outdoor concrete raceways had more final 

average weight (13.3g) as compared with fish stocked in fiber glass tanks (12.9g). 

The weight gained by the fingerlings stocked in outdoor concrete raceways (4.4g) 

was significantly higher (p<0.05) than that of fiber glass tanks (3.9g). The specific 

growth rate and percent weight gain followed the same pattern. The survival rate of 

fish during acclimatization was not better; although raceways had higher survival 

rate (42.31%) than circular tanks (31.54%). The significantly (P<0.05) better 

growth achieved in the raceways compared to the circular tanks might be due to the 

difference in water volume; rate of water circulation and daylight exposure. This 

may also be due to the difference of temperature in two treatments which was 

relatively higher in raceways compared to tanks (Jensen and Crew, 1997).  All the 

physico-chemical parameters of water recorded during the experimental period 

were under suitable range (data not shown) as reported by Wellborn (1988) and  
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Table 6:  Comparison of growth performance of Seengharee in indoor fiber glass  

     tanks and out door concrete raceways during acclimatization 

Parameters Fiber glass tanks Outdoor concrete raceways 

Initial average weight (g) 9.0a 8.9a 

Final average weight (g) 12.9b 13.3a 

Weight gain (g) 3.9b 4.4a 

Specific Growth Rate 0.32b 0.36a 

Percent weight gain 43.33b 49.44a 

Survival rate (%) 31.54b 42.31a 

The means with different letters are significantly different (p<0.05) 

Weight gain (WG): Weight final – Weight initial  

Percent weight gain (PWG): Wf – Wi) × 100/ initial weight 

Specific growth rate (SGR) :[( ln Wf – ln Wi) × 100]/days 



 74 

Morris (1993). The average temperature during acclimatization period was 24.8oC 

in tanks and 27.9oC in raceways. 

 During acclimatization in Circular tanks and Raceways, no mortality was 

observed but survival rate of Seengharee decreased with time (Figure 5). The 

observation was that numbers of small sized fish decreased with the passage of 

time without any mortality. It was supposed that this decrease in number may be 

due to cannibalism behavior of this fish (Plate 1). The cannibalistic behavior of 

Seengharee was confirmed by segregating of fish on the basis of their body size. 

The size grading decreased the cannibalism among the fry/fingerlings of 

Seengharee.  

 The difference of survival rate among the fish of different segregated 

groups was non significant but highly significant with non segregated group. The 

rate of survival was high in segregated tanks in comparison to non-segregated 

tanks (Figure 6). The survival was 80.0, 86.0, 84.0 and 86.0 % in segregated 

tanks, while in non-segregated tanks survival rate was only 14.0% at the end of 

five weeks rearing period (Table 7). This might be due to the absence of bigger 

cannibals in the segregated tanks decreasing the chance of predation. Fujiya 

(1976) and Parazo et al. (1991) also observed the beneficial effect of segregation 

in different fish species. The results showed that suitable management practice 

could significantly reduce cannibalism among S. seenghala. Sahoo et al. (2006) 

suggested that the size grading decreased the cannibalism among the larvae of 

catfish. Segregation of larvae during rearing enhanced their 



 75 

 

 

 

 

 

 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

Initial 1st Week 2nd Week 3rd Week 4th Week 5th Week

S
u

rv
iv

a
l 

%
 

Circular Tanks

Raceways

 

 Figure 5: Survival rate (%) of Seengharee during acclimatization in circular 

      tanks and raceways 

 

a 
 

b 



 76 

 

 

 

 

 

 

 

 Plate 1:  Cannibalism behavior of S. seenghala 

Big size Seengharee eating smaller fish 
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Figure 6: Effect of segregation on cumulative mean percent cannibalism of 

     S. seenghala kept in circular tanks over a time of 5 weeks 

 



 78 

 

 

 

Table 7:  Effect of segregation on cumulative mean percent survival of Seengharee 

     kept in circular tanks over a time of five weeks 

The means with different letters are significantly different (P<0.05) 

Time in 

Weeks 

Group-I 

(Wt. 5-10 g) 

Group-II 

(Wt. 11-15 g) 

Group-III 

(Wt. 16-20 g) 

Group-IV 

(Wt. 16-20 g) 

Control group 

(mixed size 

fishes) 

No.  Survival 

rate (%) 

No Survival 

rate (%) 

No Survival 

rate (%) 

No Survival 

rate (%) 

No Survival 

rate (%) 

Start 
50 100 50 100 50 100 50 100 50 100 

1st  Week 
48 96 47 94 49 98 47 94 35 70 

2nd  Week 
45 90 46 92 47 94 46 92 23 46 

3rd  Week 
43 86 44 88 45 90 45 90 14 28 

4th  Week 
40 80 42 84 43 86 45 90 9 18 

5th  Week 
40 80 43 86 42 84 43 86 7 14 

Mean  88.67a  90.67a  92.00a  92.00a  46.00b 
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 rate of survival. Folkvord and Ottera (1993) opinioned that strict size-grading 

reduced cannibalism in Atlantic cod. The cannibalism increased with variation in 

size of the stocked snakehead (C. striatus) and due to injuries with hard spine, 

mortality rate was also increased (Qin and Fast, 1996). 

 The cumulative cannibalistic pattern in S. seenghala per week revealed 

that segregation according to size resulted in lowest cannibalism (Figure 6). 

Cannibalism was noticed first either from head or tail. Size variation in fishes 

have been found to be a main reason of cannibalism in fish, that may be caused 

by either inadequate food supply or genotype differences (Hecht and Appelbaum, 

1988). For controlling cannibalism, decreasing the size difference could be 

further effective than the food availability as reported by Deangelis et al. (1979). 

4.2.2  Taxonomic Study of S. seenghala  

 Meristic counts of Seengharee are summarized in Table 9. Meristic counts 

were 8 (1-7) for rays of dorsal fin, 12 (1-11) for rays of anal, 17 for rays of caudal  

fin, 10 (1-9) for pectoral fin rays, 6 (1-5) for pelvic fin rays, 103 for lateral line 

scales, 14 for gill rackers, 2 for nasal barbels, 4 for mandibular barbels, and 2 for 

maxillary barbels. In the present study, the fin ray count for dorsal, pectoral, 

pelvic and caudal fin remained constant in all specimens having different length 

of body. It indicates that the meristic counts remained unchanged with increase in 

body length and meristic counts are independent of body size. Apart from present 

study, many workers have reported the same results of meristic counts in different 

fish species Nakamura (2005). 



 80 

 Data on selected morphometric characteristics of Seengharee (S. seenghala) 

viz., total weight, body measurements, characteristic of fins and other parameters 

are given in Table 8. These results showed that the most of values of morphometric 

characters gradually increased with increasing size. With increase in the total 

length there was an increase in standard length and lengths of pectoral, dorsal, 

pelvic, and anal fins. Pelvic fin base, pectoral fin base, dorsal fin base and anal fin 

base were increased with body length (Table-8).  While the head length has 

correlation with eye diameter, interorbital width, pre orbital length of head and post 

orbital length of head. The mean total length of S. seenghala was measured as 58.0 

cm, while the total wet body weight was recorded as 958.0 g. The standard length 

of sampled fish, Seengharee was 42.0 cm.  

 Body color of Seengharee was brownish-gray on back, silvery on flanks and 

belly. A black colored spot was found at the end potion adipose fin. The body was 

elongated and compressed, having depressed head and spatulate snout. Dorsal spine 

was serrated on posterior side and comparatively weak than pectoral fin spine. 

Caudal fin was forked, the upper lobe being longer than lower.  Lateral line was 

complete. There were four pairs of barbels, maxillary pair reached at the end of 

pelvic fin. Maxillary barbel was without medial membrane, slender and long as 

reported by Ferraris and Runge (1999). The length of the supraoccipital spine was 

less than that of the interneural shield that is only found in Sperata species (Ferraris 

and Runge, 1999). Meristic studies of S. seenghala found in Pakistan confirmed 

that it’s belonging to the class Actinopterygii (ray-finned fishes), order; 

Siluriformes   (catfish) and family; Bagridae (Bagrid catfishes). Based on meristic 

and morphometric characteristics, the fish was identified as Seengharee. 
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Table 8: Selected Morphometric Features of Seengharee, S. seenghala 

 

Sr. No. Characters Measurement 

1 Total weight(g) 958.0 

2 Total length(cm) 58.0 

3 Standard length 42.0 

4 Fork length  47.0 

5 Head length 11.5 

6 Dorsal fin length 9.4 

7 Head depth 4.5 

8 Length of anal fin 6.1 

9 Length of pectoral fin 6.2 

10 Length of pelvic fin 5.6 

11 Length of adipose fin 6.2 

12 Length of caudal fin  13.8 

13 Longest pectoral fin  7.0 

14 Longest dorsal fin  9.2 

15 Longest anal fin 6.7 

16 Longest pelvic fin  5.7 

17 Height of adipose fin 1.9 

18 Longest caudal fin 13.8 

19 Nasal barbel’s length 2.1 

20 Mandibular barbel length 6.8 

21 Maxillary barbel length 19.0 
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Table 9: Meristic counts of Seengharee from Mangla Lake  

 
Sr. No Characters Numbers 

1 Gill rakers 14 

2 Nasal barbels  2 

3 Mandibular barbels 4 

4 Maxillary barbels 2 

5 Lateral line scales 103 

6 Pectoral fin rays 10(1-9) 

7 Pelvic fin rays 6(1-5) 

8 Anal fin rays 12(1-11) 

9 Dorsal fin rays 8(1-7) 

10 Caudal fin rays 17(0-17) 

Values in the parenthesis indicate hard-soft rays 
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 Based on meristic counts, following is the fin formula for this species: 

Fin formula:  D. I/7; A.11-12; P1.I/9; V.5; C 17 

 Many authors had described the Seengharee present in Indus system as 

separate species (Mirza et al, 1992). Ferraris (2007) reported it as Aorichthys aor 

sarwari, while Hamilton (1822) described it as synonym of Aorichthys aor. Mirza 

et al, (1992); Rafique et al, (2003) and Mirza, (2003) reported Seengharee as new 

species Sperata sarwari. However Sykes (1839) Ferraris and Runge (1999) 

Jayaram (2006) and Ferraris (2007) declared it as synonym of S. seenghala. The 

current status of this is that it is synonym of S. seenghala (Sykes, 1839). (Fish base, 

Catalog of Fishes and Fishwise, 2013) 

 Further studies at gene or molecular level is necessary to decide either 

Seengharee present in Pakistan and Indus drainage system is genetic variety of the 

genus or may be the same species. 

4.2.3 Length Weight Relationship of Seengharee  

 For good management and successful commercial fishing of S. seenghala, 

the understanding on the population structure is needed. Length-Weight 

relationship parameters (a, b) are useful for the stock assessment studies 

(Moutopoulos and Stergiou, 2002); for condition of the fish (Barros et al., 2001), 

for evaluation of growth of fish species between different ecological parts (Petrakis 

and Stergiou, 1995), and estimates to provide some measurements of biomass 

(Froese, 1998). An index called condition factor (K) or “well being” of a fish is 
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calculated from the weight- length relationship. Fish with a greater K value are 

heavier, while fish with a less “K” value are not in good conditions (Zafar et al., 

2003; Wootton, 1998). 

 The total 264 specimens of S. seenghala fingerlings collected from Sajawal, 

Thatta, Sindh during the year 2009 were studied for length –weight relationship 

(Table 10). The average length of Seengharee ranged from 11.3 cm to 21.0 cm, 

while average weight ranged from 5.3 g to 35.44 g. The relationship between total 

length and weight and regression equation for Seengharee is presented in Figure 7. 

There was a positive and linear relationship between length and weight of fish. The 

intercept “a” value (-37.54) and coefficient of growth “b” (3.53) were calculated. 

There was a higher correlation coefficient value in the length-weight of S. 

seenghala. The Variations in the “b” value was observed for the S. seenghala. The 

value of growth coefficient of S. seenghala was near 3.53; this showed that fish 

was growing isometrically. Ali (1999) stated that if fish grows isometrically it 

retains its shape and growth coefficient “b” has the value 3.  

 In a similar study (Ogbe and Ataguba, 2008) an isometric growth pattern 

for Malapterurus electricus was also reported. The value greater or lesser than 3.0 

indicates the allometric growth (Ricker, 1975). The value of growth coefficient “b” 

significantly greater than 3.0 (b: 3.53) showed that the growth of fish is positive. 

Findings of this study correlate with results of Shakir et al. (2008), who reported 

the growth coefficient (b:3.57) for this species. 
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Figure 7: Length weight relationship of S. seenghala 
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Table 10: The parameters of regression of total length (TL) on body weight (W) for 

      Seengharee 

 

Fish 

n Length Growth 

Coefficient 

( b) 

95% CL 

of b 

Correlation 

(r) 

Condition 

factor (K) 

S. seenghala 264 11.3-21.0 3.53 3.37-3.69 0.94 
0.43±0.07 

(0.29-0.62) 
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 The mean condition factor (k) of S. seenghala is presented in Table 10. The 

mean condition factor for the fish was 0.43±0.07. Condition factor “K” (0.43) when 

examined against body weight and total length, it increased with increasing weight 

or length. The value of K may differ when increase in fish average weight is not 

directly proportional to the cube of its length (Wootten, 1998; Abbas, 2000). As 

“K” value increases length would increase, if the increase in weight is rapid than 

the cube of length. Condition factor would have a tendency to reduce with the fish 

growth, when the weights increase less than the cube of length (Javaid and Akram, 

1972).   

Conclusion: The S seenghala accepted artificial feed in form of dough of feed. 

During the acclimatization period, fish showed better growth in out door concrete 

raceways. The size grading decreased the cannibalism among the fry/fingerlings of 

Seengharee. On the basis of morphometric and meristic studies, the fish was 

identified as S. seenghala. The growth coefficient (b: 3.53) was significantly 

greater than 3 showing positive growth coeffient. Condition factor also increased 

with increasing length which shows that fish gained more weight than the cube of 

its length. 

4.3 DIET DEVELOPMENT FOR SEENGHAREE FROM LOCALLY 

 AVAILABLE FEED INGREDIENTS 

 The most important factors influencing the capacity of cultured fish to show 

its genetic potential for growth and reproduction is the nutrition. To produce 

economically, high quality product, good nutrition in animal production systems is 
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indispensable. Since Seengharee is carnivorous in nature and feeds on small fish 

and other aquatic worms, it requires a sufficient supply of protein in its feed 

(Ferraris, 2007). Artificial feeding plays an important role to increase fish yield in 

culture systems. The carrying capacity of culture systems is increased by artificial 

feeding and fish production may be enhanced by many folds. By use of fish feed 

the production time in the ponds can also be reduced. 

4.3.1 Growth Performance of Seengharee Fed on Diets Having Different 

 Crude  Protein Levels 

 For any aquaculture initiatives, precise knowledge on the protein 

requirement of fish is vital due to high cost ingredients that are usually required at 

greater levels for the majority of fishes (NRC 1993; Wurts, 2005). When thes 

intensive culture of a new fish species is taken into account, the first experiments to 

be conducted is studies of protein requirement. In present study, four kinds of 

artificial diet having crude protein level 40%, 35%, 30% and 25% were formulated 

from locally available feed ingredients to evaluate the balanced diet for S. 

seenghala. The data on growth pattern of fingerlings of S. seenghala fed the 

experimental feeds are given in Figure 8. The average final body weight of S. 

seenghala fed F4 (40% CP) was higher followed by those fed on F3 (35% CP) and 

F2 (30% CP) which remained similar to each other within six weeks of the trial. 

The lowest average body weight was found in the fish fed F1 (25% CP). 

 The data on average gain in weight, specific growth rate (SGR), feed 

conversion ratio (FCR), protein efficiency ratio and feed efficiency (%) of 
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Seengharee fed the diet with different protein levels are given in Table 11. The 

average weight gain of S. seenghala fed the test diet increased with the increase in 

CP level. The feed F4 (40% CP) was significantly better (p<0.05) in terms of 

weight gain than F3 (35% CP) F2 (30% CP) and F1 (25%CP) within six weeks of 

the trial. Weight gain of fish fed with diet containing 35, 30% CP and those having 

35 and 40 % CP did not vary (p>0.05) with each other. Specific growth rate (SGR) 

and food conversion ratio (FCR) values indicated that best feed was F3 (35% CP) 

followed by F4 (40%CP), F2 (30%CP) and F1 (25%CP). Feed efficiency (FE) of 

Seengharee fed 35% CP feed was considerably greater than that of fish fed diets 

containing 40, 30 and 25% CP.  

 For Seengharee fingerlings, the optimum feed protein level found out in 

present experiment is parallel with the feed requirements of protein reported for 

some other catfish species like bagrid catfish, Pseudobagrus fulvidraco (Kim and 

Lee, 2005), Mystus nemurus, Malaysian freshwater catfish (Khan et al., 1993; Ng 

et al., 2001) Clarias nieuhofii (Kiriratnikom and Kiriratnikom, 2012) and other 

catfish, especially channel catfish, Ictalurus punctatus, (Rab et al., 2007) but was 

lesser than the protein requirements of Malaysian freshwater catfish, Mystus 

nemurus (42–44%) (Khan et al., 1993; Ng et al., 2001).  

 Protein efficiency ratio (PER) of fish fed with feed of lower protein level 

(25% CP) was maximum while PER of fish fed 40% CP feed remained minimum.  

Excess dietary protein, did not enhance the growth of the fish, the reason may be 

that excess amino acids are metabolized by oxidative deamination and are used to 

generate energy (Cho et al., 1985; Shiau and Huang, 1989; Vergara et al., 1996;  
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Figure 8: Effect of different diets containing different levels of crude  
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Table 11: Growth performance of Seengharee fingerlings fed on diet containing 25, 

      30, 35 and 40 % CP 

Parameters F1 

(25% CP) 

F2 

(30% CP) 

F3 

(35% CP) 

F4 

(40% CP) 

Initial weight (g/fish) 9.35±0.02a 9.43±0.01a 8.65±0.02b 9.59±0.03a 

Final body weight (g/fish) 21.47±0.77c 27.03±0.55b 27.90±66b 30.43±0.78a 

Weight gain (g/fish) 12.13±0.78c 17.61±0.55b 19.25±0.66ab 20.84±0.79a 

FCR 3.06±0.03a 2.91±0.02b 2.71±0.01c 2.87±0.02b 

SGR 1.38±0.05c 1.76±.03b 1.95±0.04a 1.92±0.04a 

PER 1.30±0.64a 1.15±0.60b 1.06±0.61c 0.87±0.92d 

FE (%) 32.61±0.36c 34.33±0.28b 36.95±0.24a 34.76±0.22b 

Means (±SD) with different letters differ significantly (P<0.05) 

FCR: Food conversion ratio; SGR: Specific growth rate; PER: Protein efficiency ratio; FE: Feed 

efficiency 
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Kim and Lee, 2009). Excess protein levels in the feed increased the amino acid 

catabolism in the fish body, and this resulted in higher ammonia excretion and 

accumulation of nitrogen waste in the culture system (Yang et al., 2002; Webb and 

Gatlin-III, 2003). Moreover, increasing excess protein in a practical diet resulted in 

higher feed costs, which is the major variable cost in the aquaculture production 

system (Goddard, 1996). On the other hand, insufficient dietary protein levels 

resulted in poor growth performance in many fish species (Yang et al., 2002; Giri 

et al., 2003; Kim and Lee, 2005) due to insufficiency of amino acids  supplied to 

maintain the body composition (Halver and Hardy, 2002).  

 The data on water quality parameters of aquaria where feed having different 

levels of CP were fed to Seengharee are given in Table 12. Dissolved oxygen, 

water temperature, alkalinity, pH, electrical conductivity, and hardness were not 

affected by experimental feeds having 40 %, 35%, 30 % and 25% CP levels and 

remained under suitable range of catfish culture throughout the study period. 

(Buentello et al., 2000). 

 To approximate the requirements of protein of a number of fish species 

second order polynomial regression analysis have been used (De-Silva and Perera, 

1985; Tacon and Cowey, 1985; Santiago and Reyes, 1991). As specific growth rate 

was curvilinear, the second order polynomial regression analysis appeared to be 

more suitable in the present experiment. The regression analysis (Second order 

polynomial) explained the maximum growth rate at 35% dietary CP level. The best 

SGR (1.95–1.92%/day) was obtained with feed having 35% and the 40% CP level 

(Figure-9).  
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Table 12: Water quality characteristics during culture of seengharee fed different    

      CP levels 

Parameters F1 

(25% CP) 

F2 

(30% CP) 

F3 

(35% CP) 

F4 

(40% CP) 

Temperature (°C) 26.3±1.7 26.2±1.6 26.3±1.6 26.0±1.7 

Dissolved oxygen (mgL-1) 6.7±0.57 6.3±0.36 6.5±0.14 6.0±0.97 

pH  7.9±0.00 7.9±0.01 8.0±0.06 7.9±0.02 

Electrical conductivity (µs/cm) 156.0±2.53 135.0±3.13 160.0±2.7 160.0±4.9 

Alkalinity (mgL-1) 174.5±11.8 135.0±20.2 145.0±19.2 187.0±16.9 

Hardness (mgL-1) 170.0±8.75 169.0±16.2 150.0±13.2 200.0±9.5 

Values are mean ± S.D. 
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Table 13: Carcass composition of S. seenghala fingerlings fed with diets containing 

     different protein levels 

 

Parameters F1 

(25% CP) 

F2 

(30% CP) 

F3 

(35% CP) 

F4 

(40% CP) 

Dry matter (%) 20.70b 20.90b 21.60a 21.65a 

Moisture (%) 79.30a 79.10a 78.40b 78.35b 

Crude protein* 56.25d 56.90c 57.90b 58.10a 

Crude lipid* 9.10a 8.95ab 8.33b 8.10c 

Ash* 14.24b 14.21b 15.27a 15.12a 

* Percentage of dry matter 

   Means with different letters differ significantly (P<0.05) 
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Figure 9: Relationship of SGR and dietary protein levels for S.   

     seenghala fingerlings fed feeds of various protein levels  
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These results pointed that a feed containing 35% protein was optimal for 

fingerlings of Seengharee.  

 The proximate composition of carcass of Seengharee, fed diet containing 

different levels of protein are presented in Table 13. There was a positive effect 

of dietary protein levels on fish body’s crude protein. Crude protein in the 

Seengharee fed the diets containing 40% protein were higher (P<0.05) followed by 

the fish fed diets with 35, 30 and 25% protein, respectively.  Kiriratnikom and 

Kiriratnikom (2012) reported body’s crude protein of Clarias nieuhofii fed diets 

containing 40% to 44% protein were higher than the catfish fed diets with 32% to 

36% protein. The body’s lipid content decreased with increasing protein in feed; 

the lower protein diets may increase the fat content of catfish. Davis et al. (1993) 

found that the catfish fed the low protein diet had more body fat than those fed 

higher-protein diets. Body moisture contents tended to decrease with increasing 

protein in diet. The ash contents were grater in fish fed at high protein levels, 

whereas contradictory results were reported by Ali et al. (2003); who found that 

ash content in the fish fed diets containing varying levels of protein did not vary 

significantly.   

4.3.2 Replacement of Animal Protein with Plant Protein in the Diet of 

 S. seenghala 

 Animal protein is the major protein source in fish feed the indispensable 

amino acid profile of which reflects that of the ideal protein pattern for fish 

(Anderson et al., 1995). The cost of animal protein is high that is one of the major 
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constraints for catfish production. The sustainability of the catfish culture industry, 

therefore, depends on reducing the animal protein content of fish feeds by finding 

alternative protein sources that are good in nutritional quality, readily available and 

more cost effective. The search for economically viable diets (Jones et al., 1996) 

has lead to the replacement animal protein with cheaper plant sources such as 

soybean meal and gluten (Lovell, 1988; Lim et al., 2004). Fish meal had been 

successfully replaced by mixtures of different plant protein sources even in 

intensively-reared fish, thus leading to significant economy as well as addressing 

sustainability issues (Kaushik, 2004; 2008). Fish meal is high in lysine and 

methionine amino acids which is deficient in most of plant sources. In present 

study a blend of corn gluten and soybean was used as corn gluten is high in 

methionine and soybean in lysine amino acids. 

 Keeping in view these concerns, present experiment was conducted to 

formulate a diet in which dependence on animal protein could be minimized to an 

extent, without affecting the growth of catfish. To replace the animal protein in 

feed of seengharee, three feeds (crude protein 30%) in which animal protein was 

replaced with plant protein source (PPS) was formulated by blend of soybean meal 

and corn gluten 60 % in ratio of 1:1. Three feeds with animal protein 30 % (no 

plant protein), 20 % (10 % PPS) and 10 % (20 % PPS) were evaluated for culture 

of Seengharee in nine circular fiberglass tanks (3 replicates) of 1000 L water 

capacity under flow through system (8L/min)  

 The data on growth rate of fingerlings of S. seenghala fed the experimental 

diets having 30% crude protein containing different ratio of animal and plant 
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protein sources for the period of eight weeks are given in Figure 10. The average 

final body weight of S. seenghala fed the F2 (containing 20% animal and 20% plant 

protein) was significantly higher (P<0.05) followed by F1 (containing 30% animal 

and 10% plant protein). The lowest average body weight was found in the fish fed 

F3 (containing 10% animal and 30% plant protein). 

 The data on final weight gain, FCR, SGR, PFR and FE (%) of Seengharee 

fed on different diet with different ratio of animal and plant proteins are shown in 

Table 14. Weight gain and SGR of Seengharee were significantly different with 

diets containing different ratios of animal protein. The numerically F2 (containing 

20% animal and 20% plant protein) showed best growth results (weight gain and 

specific growth rate), although it varied non significantly from those of fish fed the 

F1 (containing 30% animal and 10% plant protein). Fish fed the F3 (containing 10% 

animal and 30% plant protein) had lower weight gain and SGR. The lowest FCR 

was recorded for Seengharee fed F2
 and F1, while maximum value of FCR was 

recorded with F3. AS regards to feed efficiency (%) and protein efficiency (%) of S. 

seenghala fed F2
 and F1

 was considerably higher than that of fish fed F3.  

In present study, replacement of fish meal up to 50 % levels does not effect 

the growth of fish, but at 75% it reduced the growth (Figure 11). Previous 

researchers had also reported reduced growth performance of catfish by 

replacement of the animal protein with plant protein ingredients (Rab et al., 2008; 

Krogdahl et al., 2003; Opstvedt et al., 2003, Khan et al., 2003). 
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Table 14: Growth performance of S. seenghala fed on diets containing different  

      ratio of animal and plant proteins 

 

Parameters F1 

(Animal CP 30%) 

F2 

(Animal CP 20%) 

F3 

(Animal CP 10%) 

Initial weight(g) 9.44±0.02a 9.22±0.01a 9.11±0.02a 

Final weight(g) 58.83±1.23ab 61.29±2.32a 54.43±1.21c 

Weight gain(g) 49.39±2.40ab 52.07±1.47a 45.32±0.80b 

Feed offered(g) 117.22±1.87b 124.44±2.02a 113.61±2.12c 

FCR 2.37±0.04b 2.39±0.04b 2.51±0.02a 

SGR 1.73±0.01ab 1.76±0.02a 1.65±0.01b 

Means (±SD) with different letters differ significantly (p<0.05) 

FCR: Food conversion ratio; SGR: Specific growth rate 

CP: Crude protein 
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Table 15: Water quality parameters during replacement of animal protein in feed of 

      Seengharee with plant protein in fiberglass circular tanks 

 

Parameters F1 
(Animal CP 

30%) 

F2 
(Animal CP 

20%) 

F3 
(Animal CP 10%) 

Temperature (°C) 24.2±1.6 22.3±1.6 22.0±1.7 

Dissolved oxygen (mgL-1) 6.3±0.40 6.4±0.20 6.8±0.90 

pH 7.8±0.21 8.0±0.16 7.9±0.02 

Electrical conductivity 

(µs/cm) 
140.0±4.14 160.0±3.71 150.0±3.80 

Alkalinity (mgL-1) 145.0±21.20 155.0±20.20 153.0±14.90 

Hardness (mgL-1) 159.0±12.20 160.0±11.20 170.0±9.40 

Values are mean ± S.D. 
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 Figure 11: Second-order polynomial relation of SGR and animal  

        protein levels in diet for S. seenghala fingerlings 
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 The reduction in growth is due to the fact that protein synthesis requires 

amino acids. The synthesis of protein cannot occur, if one amino acid is present in 

lesser concentrations than necessary or absent. Amino acids thus available will be 

used as fuel and metabolized due to the fact that free amino acids are never stored 

in tissues (Geiger, 1947). These amino acids are stored in the muscle (Houlihan et 

al., 1995), but these amino acids are not available for protein synthesis. 

Our results indicate that a blend of plant protein (corn gluten and soybean 

meal) can compensate fish meal in diets for Seengharee, however, the total 

replacement of fish meal showed less growth and higher FCR is not successful. 

Previously young catfish have shown some growth reduction by a complete 

replacement of animal protein with plant protein (Hendricks, 2002; Andrews and  

 

Page, 1974). In a similar study, the fish fed the all plant diet (30% CP) had a 

significantly (p<0.05) higher FCR than fish fed animal protein (30% CP) as 

reported by Li et al. (2000). 

In present study, water temperature, dissolved oxygen, pH, electrical 

conductivity, alkalinity and hardness (Table15) were more or less consistent 

among different treatments and remained under suitable range for catfish culture 

as reported by Tucker (2001). 

 4.3.3  Effect of Variable Feeding Rates on Growth Performance of S. 

seenghala in Captivity 

The optimum fish feeding rate is essential for management for fish culture. 

To decrease unnecessary expenses, several experiments had been conducted on the 
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rate of feeding of many fish species (Qin and Fast, 1996; Dong-Fang et al., 2003). 

Waste food and overfeeding deteriorate the quality of water (Ng et al., 2000) while 

insufficient supply of food has direct impact on cost of production (Mihelakakis et 

al., 2002). The present study evaluated the feeding allowance of Seengharee for the 

optimum growth in fiber glasses circular tanks of capacity 2000L with flow 

through system (8 L/m). The feeding rates; 2%, 4%, 6% and 8% of wet fish body 

weight daily were evaluated during eight weeks culture period. 

The data on growth curve of Seengharee fingerlings offered feed with 

different feeding rates are presented in Figure 12. The fish fed on T4 (feeding rate 

8%) had higher weight followed by T3 (6% feeding rate), T2 (4% feeding rate) and 

T1 (2% feeding rate) respectively. Data on mean values of total weight gain (WG), 

specific growth rate (SGR), feed conversion ratio (FCR) and percent weight gain 

(PWG) of Seengharee fingerlings fed at four feeding rates are given in Table 16. 

Higher (P<0.05) weight gain was achieved by T4 followed by the T3, T2 and T1. 

Specific growth rate and percent weight gain of Seengharee were significantly 

(P<0.05) higher in the T4 compared to T3 and T2 which did not differ with each 

other. The values for SGR and PWG remained lowest in T4.  The best FCR was 

recorded in T1 followed by T2, T3, and T4, respectively. By increase in feeding 

level, FCR increased while FE decreased which shows that when feed is given at 

satiation or over satiation, FCR increases.  

 In present study, the growth performance and specific growth rates 

increased by increasing the feeding rate. Similarly, increase in body weight with 

the increase in feeding levels have been reported previously (Omer., 1986; Hasan  
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Figure 12:  Weight increment of S. seenghala fingerlings at 2, 4, 6 and 8% 
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Table 16: Growth performance of S. seenghala fingerlings at 2, 4, 6 and 8% of wet 

      fish body weight daily 

 

 T1 
(Feeding rate 2%) 

T2 
(Feeding rate 4%) 

T3 
(Feeding rate 6%) 

T4 
(Feeding rate 8%) 

Initial weight 

(g/fish) 
11.29±0.02 10.9±0.04 11.4±0.03 11.5±.03 

Final body 

weight (g/fish) 
37.03±0.14d 56.55±0.94c 60.47±0.79b 65.13±0.59a 

Weight Gain 

(g/fish) 
25.75±0.15d 45.65±0.94c 49.07±0.78b 53.63±0.59a 

FCR 0.70±0.00d 1.04±0.03c 1.61±0.02b 2.13±0.03a 

SGR 1.98±0.01c 2.74±0.03b 2.78±0.02b 2.89±0.02a 

PWG (%) 228.08±1.29c 418.78±8.58b 430.41±6.90b 466.38±4.15a 

FE (%) 142.47±1.55a 96.50±2.45b 61.97±2.09c 47.05±1.16d 

Means (±SD) with different letters in each row differ significantly (P<0.05) 

FCR: Food conversion ratio; SGR: Specific growth rate; PWG: percent weight gain; 

FE: Food conversion efficiency 
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Figure 14: Relationship between cost and profit at different  

         feeding rates of S. seenghala 
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and Macintosh, 1991; Ali et al., 2003). Other catfish species like Channel catfish 

(Ictalurus punctatus) and bagrid catfish (Mystus nemurus) when offered feed with 

higher rates showed more growth (Borghetti and Canzi, 1993; Robinson and Li, 

1999; Ng et al., 2000; Eroldogan et al., 2004). In present study, the relationship 

between feed added and weight gained (Fig. 4.13) indicated that feeding is 

definitely the most important factor in the growth of fishes. Same results were also 

reported by Cui-YiBo et al. (1996), Seenappa and Devareak (1991) and Sen et al. 

(1980).   

 The restriction feeding methods that limit the amount of food provided, 

reducing maximum daily feeding rates have potential to lower production cost, 

however, decreasing the quantity of food used may affect pond fish production 

(Bosworth and Wolters, 2005). In present study, significant differences were 

observed in feed to weight gain ratio (FCR) at different levels of feeding. The best 

FCR was observed at 2% feeding level, indicating that increasing the feeding rate 

decreases the ability of fish to convert feed into biomass. When fish is fed at 

satiation or over satiation, digestibility of feed ingredients is decreased and FCR 

increased, while FCE decreased (Mazur et al., 1993; Ali et al., 2003).  

From economical point of view, net profit was increased with the increase 

in feeding level up to 4% but above 4% feeding level there was non significant 

change in net profit (Figure 14). These findings are in accordance with the findings 

of Ghosh (1984); Akram et al. (1994) and Janjua (1996) who reported that increase 

in feeding rates till 4% body weight increased the growth of the fish, while feeding 

beyond 4% was wasteful.  
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Conclusion: From the above experiments, performed to develop artificial 

feed for S. seenghala it was concluded that feed with crude protein level of 35% 

was optimum for growth of this fish.  Reduction of animal protein up to 20 % does 

not effect the growth of fish, but below this level it reduced the growth. The 

feeding of 4% fish wet body weight daily was optimum for growth of this fish.  

4.4  PERFORMANCE OF SEENGHAREE IN EARTHEN PONDS 

 Under this objective, growth performance of S. seenghala in cemented 

raceways and earthen ponds and reproductive performance in earthen ponds were 

evaluated. 

4.4.1  Growth Performance of S. seenghala in Cemented Raceways and 

Earthen Ponds  

The catfish are mainly cultured in earthen ponds using high density culture 

systems, such as raceways, cages, pens, tanks. To evaluate the growth performance 

and production of Seengharee in earthen ponds and out door cemented raceways an 

experiment was conducted for a period of six months (May to October 2009). One 

hundred Seengharee Juvenile having mean initial weight of 100 g were stocked in 

each pond, while fifty fish having mean initial weight of 104 g were stocked in 

each of the raceways. Fish in both raceways and ponds were fed twice daily at the 

rate of 5% body weight with pelleted feed formulated to contain 30% CP diet. 

The data on growth pattern of S. seenghala juveniles stocked in ponds and 

raceways are given in the Figure15. Total weight of fish showed a trend of 

increased growth in ponds and raceways throughout experimental period.  
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Figure 15: Growth curve of S. seenghala cultured in cemented race  
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Table 17: Growth performance of S. seenghala juvenile cultured in ponds and race 

ways 

Parameters Ponds Raceways 

Initial weight(g) 100±1.32a 104±2.12a 

Final weight(g) 845±3.12a 551±2.41b 

Weight gain(g) 745.00±2.54a 447±2.12b 

Av. feed offered(g) 1481±3.21a 951.6±2.12b 

FCR 1.97±0.03b 2.6±0.01a 

SGR 3.57±0.01a 2.51±0.02b 

Means (±SD) with different letters in each row differ significantly (p<0.05) 

FCR: Food conversion ratio; SGR: Specific growth rate 
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Relatively slow growth was observed in raceways compared to ponds. Relationship 

between water temperature and weight gain of S. seenghala in two different culture 

systems throughout the study period is shown in Figure 16. In earthen ponds better 

weight gain was recorded during the months of May to August when the 

temperature was maximum. In raceways the monthly temperature was almost 

constant but lower than that of ponds during the months of October-December 

(Table 18). Weight gain of S. seenghala in earthen ponds was higher compared to 

raceways and this variation in weight gain may be attributed to the difference in 

water volume and difference of temperature in both culture systems. The water 

temperature of raceways was lower than that of earthen ponds and catfish generally 

do not feed consistently when water temperature drops below 21ºC (Andrews and 

Stickney, 1972).  It has been reported that the fish activities including growth 

depend highly on temperature (Alliots et al., 1983). The low temperature (<22.6oC) 

resulted in decreased food intake and activity (Villaluz and Unggui, 1983). 

Hargreaves and Tucker (2003) reported markedly depressed growth in channel 

catfish when temperature decreased from optimum. Furthermore, lower 

temperature also decreases the fish appetite thus reducing the growth (Wellborn, 

1988). 

Data on growth performance of S. seenghala in earthen ponds and 

raceways are given in Table 17. There was a significant difference (p<0.05) in 

average total fish weight, weight gain, SGR, and FCR among fish stocked in 

raceways and ponds.  All growth performance parameters of Seengharee were 

recorded better in the earthen ponds as compared with cemented raceways. 
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Cost of fish Production (Per kg) was less for the fish produced from ponds 

compared to raceways (Table 19).  

In the present study, the better growth performance S. seenghala in 

ponds compared to raceways may be due to presence of natural food in ponds. 

These results are in accordance with Rab et al. (2007) who reported 

considerable growth of fishes in fertilized earthen ponds during summer, 

when there is availability of natural food (Robinson and Rushing, 1994; Li et 

al., 2004). It has been reported that almost 8-9% of the growth of food-sized catfish 

raised in earthen ponds was derived by consuming natural food organisms 

(Bosworth and Wolters, 2005). In present study, the better growth performance of 

Seengharee may be due to the availability of higher number of tadpole larvae in 

ponds due to their breeding season in monsoon as reported by Wellborn (1988).  

The data on water quality parameters recorded during the experimental 

period are given in the Table 19. The highest water temperature was recorded 

during July to September, while the lowest was recorded in the month of 

December. Water temperature, dissolved oxygen, pH, electrical conductivity, 

alkalinity and hardness were almost consistent among different treatments and 

remained under suitable range for catfish culture in ponds.  

Overall range of water temperature in ponds was 20 to 32oC, and in 

raceways it was 21.0 to 24.4oC. All the physico-chemical parameters of water 

recorded during the experimental period were under suitable range as reported 

previously (Wellborn, 1988; Morris, 1993).  
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Figure 16: Monthly weight gain of S. seenghala stocked in ponds and    

              raceways during the study period 
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Table 18: Production characteristics of S. seenghala juvenile cultured in ponds and 

      raceways 

Treatments Av. weight gain 

(g) 

FCR Cost of 

feed/kg (Rs) 

Cost of fish production 

(Rs) per kg  

Ponds 752.00 1.97 60 118.2 

Race ways 366.00 2.60 60 156.0 
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Table 19: Physico-chemical parameters of water recorded during study period     

      (March-December) in ponds and raceways 

Months 
Temp °C DO (mg/L) pH Alk (mg/L) Hard (mg/L) 

 
Ponds 

Race 

ways 

Pond

s 

Race 

ways Ponds 

Race 

ways Ponds 

Race 

ways Ponds 

Race 

ways 

March 17.0 21.9 6.8 8.4 7.5 8.0 103.0 140.0 140.0 150.0 

April 22.0 22.2 6.0 8.0 8.0 8.0 170.0 140.0 130.0 140.0 

May 28.0 22.9 6.4 7.9 8.0 7.9 165.0 150.0 140.0 155.0 

June 31.0 23.0 5.7 8.2 8.5 8.1 160.0 145.0 140.0 145.0 

July 29.0 22.9 5.0 8.0 8.4 8.0 170.0 150.0 130.0 165.0 

August 28.0 23.4 4.7 7.8 8.0 8.0 175.0 140.0 120.0 155.0 

September 26.0 22.0 5.6 8.1 7.9 8.4 165.0 150.0 140.0 140.0 

October 21.0 21.0 6.8 8.4 8.5 8.0 190.0 155.0 150.0 150.0 

November 15.0 20.2 7.0 8.4 8.0 7.5 170.0 145.0 160.0 140.0 

December 10.0 19.0 7.2 8.5 8.0 8.0 165.0 150.0 140.0 130.0 

Temp (oC) = Temperature  

Alk (mg/L) = Alkalinity  

Hard (mg/L) = Hardness  

EC ųs/cm = Electrical conductivity  

DO (mg/L) = Dissolved oxygen  
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4.4.2 Brood Stock Development and Reproductive Performance of S. 

 seenghala 

 Gonads, particularly the ovaries undergo regular seasonal changes in weight 

(Dadzie et al., 2000) therefore the study of gonadal weight in relation to body 

weight, referred as gonadosomatic index is used as a technique for studying the 

spawning season (Ahirrao, 2002). Gonadosomatic index gives the detailed idea 

regarding the reproductive status of the species and help in determining breeding 

period of fish (Shankar and Kulkarni, 2005). The number of eggs that are laid 

during a spawning season is termed as ‘fecundity’ of a fish (Bagenal, 1957). 

Successful fisheries management including practical aquaculture relies on having 

an accurate assessment of fecundity to understand the recovery ability of fish 

populations (Lagler, 1956; Nikolskii, 1969; Tracey et al., 2007). Fecundity of fish 

is species specific that varies depending upon the age, weight, length, habitat and 

ecological conditions including climatic factors of the locality. In a single 

population, the fecundity may also vary in relation to the availability of food in the 

natural system.  

 In present study, the fish that were captured (December 2008) from 

Mangala reservoir, Mirpur, AJK and kept in ponds were studied for a period of 1.5 

years. Fish ovaries collected from mature Seengharee during late March to early 

April were studied to calculate the fecundity, and relative fecundity.   

 The information on gonadosomatic index is helpful to determine the pre 

spawning, spawning and post spawning periods in any of the fish that may help in 
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management of fishes. The data on average value of GSI of Seengharee collected 

on monthly basis for one year are shown in Figure 17. Values for GSI increased 

gradually from November and in March it reached on peak. In March and April this 

peak is maintained, which declined in May to some extent and thereafter dropped 

to become least in October. The maximum GSI value in the month of March 

pointed out the spawning period of S. seenghala. It shows that the fish spawned 

once in a year mainly during March to April. In a similar study, the highest GSI 

value of Mystusgulio indicated the peak spawning season of the fish in the month 

of July (Sarkar et al., 2002). Similar findings revealed that most of the Indian 

freshwater teleosts attained maturity and breed during monsoon season (Encina and 

Lorencio, 1997). The lowest values of gonadosomatic index in winter season 

indicate depletion of gonadal products. Kumar et al., (2003) determined the 

maturity and spawning periods in Tetrodon cuticutia by gonadosomatic index and 

measurement of mean egg diameter. The gonadosomatic index of Cyprinid fish 

Cirrihinus reba reported to be directly proportional to spawning while inversely 

proportional to post spawning season (Shengde and Mane, 2006)  

 The correlation among various parameters i.e. fecundity, total length (L), 

total body weight (W) and gonad weight (G) is given in Table 21 while descriptive 

statistics of data are presented in Table 4.20.  The mean fecundity of S. seenghala 

ranged from 21500 to 31000 with an average value of 2584. The minimum 

fecundity (21500) was found in the fish having body weight 965g, a total length of 

54cm, and gonad weight 9.6g; while the maximum fecundity (31000) was observed 

in the fish with a body weight 2000g, total length of 76cm, and gonad weight of 

19.0g. 
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Figure 17: Monthly changes in Gonadosomatic Index of S.  

  seenghala kept in captivity 
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Figure 18: Relationship between fecundity and length, body  

     weight and ovary weight of S. seenghala 
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Figure 19:  Relationship between relative fecundity and body weight and  

          body length of S. seenghala 
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Table 20: Descriptive statistics of data (three replications) of S. Seenghala       

     fecundity and other parameters 

Parameters Minimum Maximum Mean Standard 

error 

Standard 

deviation 

Confidence 

level (95.0%) 

Body weight (g) 960.00 2000.00 1381.40 123.28 389.86 278.89 

Body length (cm) 52.00 76.00 60.40 2.38 7.52 5.38 

Fecundity 21500.00 31000.00 25841.90 895.34 2831.33 2025.41 

Weight of ovary (g) 9.40 19.00 13.20 1.10 3.48 2.49 

GSI 0.89 1.08 0.96 0.02 0.05 0.04 

Relative fecundity 15.41 23.86 19.74 1.08 3.41 2.44 
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Table 21: Correlation coefficient “r” between body weight, length, gonad weight,  

     GSI and relative fecundity of S. seenghala  

 

 Parameters BW (g) B L (cm) Fec. WO (g) GSI RF 

Body weight (g) 1.00      

Body length (cm) 0.95 1.00     

Fecundity 0.95 0.95 1.00    

Weight of ovary (g) 0.99 0.97 0.95 1.00   

Gonadosomatic index -0.43 -0.26 -0.36 -0.27 1.00  

Relative fecundity -0.97 -0.88 -0.87 -0.94 0.49 1.00 
BW: Body weight (g); B L: Body length (cm); Fec.: Fecundity; WO: 

Weight of ovary (g); GSI: Gonadosomatic index; RF: Relative fecundity 
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Relationship of fecundity with total weight, total length and weight of ovaries were 

linear and positive (Figure 18). Many workers have reported similar findings in 

other fishes (Hoque and Hossain, 1993; Bhuiyan et al., 2006; Roy and Hossain 

2006; Musa and Bhuiyan, 2007).  

 To evaluate egg production by all individuals regardless of their size or age, 

studies on relative fecundity, or number of eggs per gram of body weight, have 

been reported to be useful (Martinez and Houde, 1975). The mean relative 

fecundity of Seengharee, were estimated to be 19.74 (Table 20). Figure 19 showed 

the relationship between relative fecundity, body weight and body length of S. 

seenghala. In present study, the relationship of relative fecundity with its body 

weight and length was linear and negative.  In M. seenghala (Synonym of S. 

seenghala) and W. attu the relative fecundity decreases with the increase in body 

length (Bhat et al., 1977). Similar trends were also reported for Alburnus 

chalcoides (Springate, 1990; Heinimaa and Heinimaa, 2004; Shamekhi Ranjbar et 

al., 2012; Rahbar, 2013).  

Conclusion: Growth performance of Seengharee was better in earthen ponds 

compared to cemented raceways. Reproductive season for Seengharee was March 

to May, and fecundity showed linear relationship with length, body weight and 

gonad weight. 
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SUMMARY 

 Research on freshwater aquaculture in Asia has mainly been focused on 

propagating carp culture and their breeding techniques that has been standardized 

or transferred to fish farmers. The catfish production mainly depends on catches 

from wild and, due to high demand and over exploitation of natural stock; the 

catfish population is decreasing in natural environment. Despite their great demand, 

catfish culture systems are not yet established in many countries of Asia including 

Pakistan. Catfish culture has advantages over carp culture in terms of greater 

survival in oxygen depleted waters, tolerance to crowding and high stocking rates 

on artificial feeds. Among some candidate catfish species found in the natural 

waters of Pakistan, the Seengharee, S. seenghala is highly preferred one owing to 

its meat quality and fewer spines. The present study on local catfish (S. seenghala) 

was also conducted to evaluate its culture potential in captive conditions, with the 

specific objectives: Identification of potential sites, collection, transportation, 

systematic study, acclimatization, diets development and performance of 

Seengharee under captive conditions.  

  To assess the availability of S. seenghala, the survey of the different water 

bodies in provinces of Punjab, Sindh and Azad Jammu & Kashmir (AJK) was 

conducted. The identified potentials sites for the collection of this fish were Head 

Rasul in District Jhelum, Punjab; Mangla reservoir, Mirpur, AJK and Sajawal, 

District Thatta, Sindh. Collection of Seengharee was carried out with the help of 

drag nets, gillnets and cast nets. Dragnets and gillnets were successful for the 

collection of adult S. seenghala. The live fish having average weight ranged from 
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400 to 500g were collected from Head Rasul and Mangla reservoir during 

December 2008 and January 2009 and transported live to Aquaculture and 

Fisheries Program (AFP), NARC, Islamabad, in fish hauling tanks having adequate 

supply of fresh air supply. The levels of tranquilizers, tricaine methane sulfonates 

(MS-222) and quinaldine at two loading densities (25 and 50 fish per tank) during 

transportation were evaluated. For the transportation of Seengharee in hauling 

tanks use of anesthesia MS-2222 showed maximum survival rate. Fingerlings 

collected from Sajawal Sindh, with the average weight of 9.0g and length of 11.2 

cm were transported in oxygen filled polyethylene bags. To avoid damage to the 

bags and fish from the spinous fins of S. seenghala fish were sedated using 

Tricaine methane sulphonate. Three sedation doses (20, 30 and 40 mgL-1) at two 

loading densities (50 and 75 fish per bag) were evaluated.  The sedation dose of 30 

mgL-1 of MS222 and loading density of 50 fingerling per bag in air filled 

polyethylene bags had good results in term of survival of Seengharee.  

After the transportation, the fish were shifted for acclimatized in indoor 

fiberglass tanks (1000-liter water capacity) and outdoor concrete raceways (5000 

liter water capacity) at AFP, NARC, Islamabad. Fifty fingerlings of average initial 

weight 9.0g were kept in each of the circular tanks, while 100 fingerlings having 

average initial weight of 8.9g were kept in each of the five raceways. The 

fingerlings were offered live trash fish in start, but later on it was replaced with 

artificial diet containing 40% crude protein. During acclimatization, cannibalism 

behavior was observed in fry and fingerlings of Seengharee which was tried to 

control by segregation of fish on the basis of their size. The size grading decreased 

the cannibalism among the fry/fingerlings of S. seenghala.  
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During the acclimatization period, the growth performance of Seengharee in 

cemented raceways and ponds was also compared. Fish showed better growth in 

ponds compared to cemented raceways. In the present study, S. seenghala have 

value of growth coefficient “b” 3.53. This value is significantly greater than 3 

showing positive growth coeffient. Condition factor also increased with increasing 

length which that fish gained more weight than the cube of its length. 

Morphometric and meristic studies were conducted and as the result, the 

Seengharee present in Pakistan, was identified as Sperata seenghala. 

As fish feed plays a major role in determining the fish growth, different 

experiment were conducted to formulate complete diet for Seengharee. To 

determine the optimum level of protein in the diet for Seengharee, four kinds of 

artificial diet having different crude protein levels (25, 30, 35 and 40% CP) were 

formulated from locally available feed ingredients. Twelve glass aquaria of length 

60 cm, width 5 cm and height of 30 cm were used for this experiment. It was 

concluded that a feed of 35% CP is best for the optimum growth of Seengharee. 

Second important factor for diet development is determination of animal and plant 

protein ratio in feed of catfish. To replace the animal protein in feed of S. 

seenghala, three feeds (crude protein 30%) were formulated; animal protein was 

replaced with Plant Protein Source (PPS) formulated by blend of soybean meal and 

corn gluten 60% in ratio of 1:1. The experiment was performed in fiberglass 

circular tanks for 8 weeks. Replacement of animal protein by plant protein up to 20 

% does not affect (p>0.05) the growth of fish, but below this level it reduced the 

growth. The effect of feeding rates on the growth performance of Seengharee in 

cemented raceways was also studied. The fish were fed four feeding rates (2%, 4%, 
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6% and 8% of wet body weight. By increasing the feeding rate from 2% up to 8% 

of fish body weight, there was a significant effect on the growth performance and 

specific growth rates of Seengharee. From economical point of view, net profit was 

increased with the increase in feeding level up to 4% but above 4% feeding level 

there was significant decrease in net profit 

 To evaluate the growth performance and production of S. seenghala in 

cemented raceways and earthen ponds, an experiment was conducted for a period 

of six months (May to October 2009). A total of 100 Seengharee juveniles having  

mean initial weight of 100 g were stocked in each pond, while fifty fish with mean 

initial weight of 104 g were stocked in each of the raceways. Fish in both raceways 

and ponds were fed twice daily at the rate of 5% body weight with artificial feed 

having 30% CP diet. Fish showed better growth in terms of weight gain in earthen 

ponds. To study the reproductive performance of S. seenghala in captivity the adult 

fish were released in three 0.04 ha earthen ponds and were fed with 45% CP diet, at 

satiation. Male and female fish were kept separately in different ponds for a period 

1.5 years. The fish were collected on monthly basis for the period of one year and 

gonadosomatic index (GSI) was determined. Fecundity and relative fecundity of S. 

seenghala were also calculated. This species breed from March to May. Fecundity 

and relative fecundity of Seengharee had a linear relationship with length, body 

weight and gonad weight. 

From this study we may extract following conclusions 

i) Use of anesthesia at the rate of 30 mg L-1 and loading density of 50 fish 

per bag showed better results for the transportation of S. seenghala  
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ii) Fingerling and fry of S. seenghala was successfully acclimatized in  

captivity by segregation of fry and fingerling on the basis of size  

iii) Dietary requirements of Seengharee was 35% CP having 20% of animal 

protein offered at rate 4% of wet fish body weight daily 

iv) Growth performance of S. seenghala was better in earthen ponds 

compared to cemented raceways 

v) Reproductive season for S. seenghala was March to May, and fecundity 

showed linear relationship with length, body weight and gonad weight. 

 



 131 

LITERATURE CITED 

A. O. A. C. 2003. Official Methods of Analysis (17th Ed). Washington, DC, 

Association of Official Analytical Chemists. 

Abbas, G. 2000. Length-weight and condition factor relationship of Anchovy, 

(Coilia dussumieria) and Mullet (Liza carinata) from Bhanbhore 

backwaters along Sindh coast, Pakistan (Northern Arabian Sea., Pakistan). 

J. Zool., 32: 65-72. 

Adebayo, O. T., E. A. Fasakin, E. A.  Fasakin and J. A. Adewumi. 2012. 

Reproductive performance of partial gonadectomized male African catfish, 

Clarias gariepinus broodstocks. Theriogenology, 77: 1050-1055. 

Adeebayoo, T. and F. J. Fawole. 2012. Growth and reproductive performance of 

African giant catfish, Heterobranchus longifilis Valenciennes broodstock 

on ascorbic acid supplementation. Indian J. Fish., 59: 135-140. 

Adewolu, A., B. Nasfisat and M. Mulero. 2010.   Evaluation of an animal protein 

mixture as a replacement for fishmeal in practical diets for fingerlings of 

Clarias gariepinus (Burchell, 1822). The Isr J. Aquacult-Bamid., 62:  237-

244. 

 Agbayani, E. 2004. Channa argus argus, Snakehead, Available at 

http://www.fishbase.org /Summary/Species summary. 

Ahirrao, S. D. 2002. Status of gonads in relation to total length (TL) and 

 

131 



 132 

gonadosomatic index (GSI) in freshwater spinyeel (pisces) Mastacembelus 

armatus (Lacepede) from Marathwada region Maharashtra. J. Aqua. Biol., 

17: 55-57. 

Ahmad, I. 1991. Influence of pond size, artificial feed and tilapia mixed culture on 

growth performance of Channa marulius in fertilized ponds. Ph.D. Thesis, 

Dept. Zool. &  Fish. Uni. Agri. Faisalabad, 170 pp. 

Ahmad, N. 1943. Fauna of Lahore. Fishes of Lahore. Bull. Dept. Zool. Punjab. 

Univ. Lahore, 253-374.  

Ahmad, N. 1963. Freshwater fishes fauna of West Pakistan. Agric. Pak., 14: 77-82.  

Akhtar, N. 2001. Strategic Planning for inland fisheries and aquaculture sector in 

Pakistan. In Proceeding of national seminar on strategic planning for 

fisheries and aquaculture to face the challenges of new Millennium, 

Karachi, 31 pp. 

Akram, M., I. Ahmed and I. M. Janjua. 1994. Growth performance of Catla catla 

under different levels of supplementary feeding in fertilized ponds. Pak. J. 

Sci., 31: 355-357. 

Ali, A. B and M. Ahmad. 1988. Water quality in rice fields and sump ponds and its 

relationship to phytoplankton growth in rice field fish culture system. Trap. 

Ecol., 29: 63-70. 

Ali, M. R., I. Ahmed, M. Ahmed and L. Sahar. 2003. Influence of different levels 



 133 

of supplementary feeding (25% C P) on the growth performance of major 

carps. Pak. J. Bio. Sci., 6: 849-853. 

Ali, M., A. Salam and F. Iqbal. 2000. Weight-length and condition factor 

relationship of wild Channa punctata from Multan. Punjab Univ. J. Zool., 

15: 183-189. 

Ali, S. S. 1999. Freshwater Fishery Biology. Naseem Book Deport. Hyderabad, 

Sindh, Pakistan, 102 pp. 

Alliot, E., A. Pastoureaud and H. Thebault. 1983. Influence of temperature and 

salinity on growth and body composition of sea bass fingerlings, 

Dicentrarchus labrax.   Aquaculture, 31: 181-194. 

Amend, D. F., T. R. Croy, B. A. Goven, K. A. Johnson and D. H. McCarthy. 1982. 

Transportation of fish in closed system: methods to control ammonia, 

carbon dioxide, pH and bacterial growth. T. Am. Fish. Soc., 111: 603-611. 

Andrews, J. W and J. W. Page. 1974. Growth factors in fish meal component of 

catfish diets. J. Nutr., 104: 1091-1096. 

Andrews, J. W and R. R. Stickney. 1972. Interactions of feeding rates and 

environmental temperature on growth, food conversion, and body 

composition of channel catfish. T. Am. Fish. Soc., 101: 94-99. 

Andrews, J. W. 1979. Some effects of feeding rate on growth, feed conversion and 

nutrient absorption of channel catfish. Aquaculture, 16: 243-246. 



 134 

Avsar, D. 1994. A stock differentiation study of the sprat (Sprattussprattus 

phalericus Risso) of the southern coast of the Black Sea. Fish. Res., 19: 

363-378. 

Aziz, I. 1983. Effect of artificial feed and fertilizer on growth performance of 

Labeo rohita. M. Sc. thesis, Dept. Zool. & Fish.  Univ. of Agri. Faisalabad, 

Pakistan, 86 pp. 

Bagenal, T. B. 1957. Annual variation in fish fecundity. J. Mar. Biol. Assoc. UK., 

36: 377-382. 

Balogu, D. O., H. F. Philliphs, A. Gannam, O. A. Porter, and J. Handcock. 1993.  

Sunflower seed feed supplement effects on channel catfish. Arkanass Farm 

Res., 42: 10-11. 

Barlas, Y. 1985. Validation of system dynamics models with a sequential 

procedure involving multiple quantitative methods. Ph.D. Dissertation, 

Georgia Institute of Technology. Atlanta, G.A., 131 pp. 

Barros, S. E., S. G. Mosa, H. A. Regidor and S. S. Suhring. 2001. Relaciones 

longitud-peso en peces delembalse Cabra corral, Salta, Argentina. Bol. 

Concepciion, Chil., 72: 25-30. 

Basavaraga, N., T. Mahesh, O. Giressha, H. D. Malleshappa and T. G. Varghese. 

1999. Carp seed production in Karnataka (India). Aquacult. Asia, NACA, 4: 

16-20. 



 135 

Batool, S. S. 1999. Effect of supplementary feed (Maize gluten-20% crude protein) 

on the growth performance of major carps in fertilized pond. M.Sc. Thesis, 

Dept. Zool. & Fish. Univ. of Agri. Faisalabad, 80 pp. 

Begenal, T and F. W. Tesch. 1978. Age and growth in “Method for assessment of 

fish production in fresh water”. IBP Hand book No. 3, Blackwell Scientific 

Press, Oxford, 15 pp.  

Berka, R. 1986. The transport of live fish: A review. European Inland Fisheries 

Advisory Commission, Food and Agriculture Organization of the United 

Nations, Rome, Italy, 52 pp. 

Bhatt, V. S., S. G. Dalal and S. A. H. Abidi. 1977. Fecundity of the freshwater 

catfishes Mystus seenghala (sykes), Mystus cavasius (Ham), Wallagonia 

attu (Bloch) and Heteropneustes fossilis (Bloch) from the plains of northern 

India. Hydrobiologia, 54: 219-224. 

Bhuiyan, A. S., K. Islam and T. Zaman. 2006. Fecundity and ovarian 

characteristics of Puntius gonionotus (Bloch/Bleeker) (Cyprinidae: 

Cypriniformes). J. Bioscience, 14: 99-102. 

Borghetti, J. R and C. Canzi. 1993. The effect of water temperature and feeding 

rate on the growth rate of pacu (Piaractus mesopotamicus) raised in cages. 

Aquaculture, 114: 93-101. 

Bosserman, R. W. 1983. Dynamics of physical and chemical parameters in 



 136 

Okefenokee swamp (USA). J. Freshwater Ecol., 2: 129-140. 

Bosworth, B. G and Wolters, W. R. 2005. Effects of short-term feed restriction on 

production, processing and body shape traits in market-weight channel 

catfish, Ictalurus punctatus. Aquac. Res., 36: 344-351. 

Bower, C. E and T. T. Turner. 1982. Ammonia removal by clinoptilolite in the 

transport of ornamental freshwater fishers. The Prog Fish-Cult., 44: 19-23. 

Brown, P. B and R. J. Strange. 1985. Protein digestibility coefficient for yearling 

channel catfish fed high protein feedstuff. Prog. Fish. Cult., 47: 94- 97. 

Buentello, J. A., D. M. Gatlin-III and W. H. Neill. 2000. Effects of water 

temperature and dissolved oxygen on daily feed consumption, feed 

utilization and growth of channel catfish (Ictalurus punctatus). Aquaculture, 

182: 339-352. 

Campbell, P. M., T. G. Pottinger and J. P. Sumpter. 1994. Preliminary evidence 

that chronic confinement stress reduces the quality of gametes produced by 

brown and rainbow trout. Aquaculture, 120: 151-169. 

Carter, C. G and R. C. Hauler. 2000. Fish meal replacement by plant meals in 

extruded feeds for Atlantic salmon (Salmo salar L.). Aquaculture, 185: 299-

311. 

Cavero, S.,  A. Vozza  del,  A. Arco, L. Palmieri, A. Villa, E. Blanco, M. J. 

Runswick, J. E. Walker, S. Cerdan,  F. Palmieri and J. Satrustegui. 



 137 

Identification and metabolic role of the mitochondrial aspartate-glutamate 

transporter in saccharomyces cerevisiae. Mol. Microbiol., 50: 1257-1269. 

Cho, C. Y., C. B. Cowey and T. Watanabe. 1985. Finfish Nutrition in Asia: 

Methodological Approaches to Research and Development. International 

Development Research Centre, Ottawa, Canada:  10 pp. 

Cho, G. K. and D. D. Heath. 2000. Comparison of tricane metanesuphonate 

(MS222) and clove oil anaesthesia effects on the physiology of juvenile 

chinook salomon (Oncorhynchus tshawytscha). Aquac. Res., 31: 537-546. 

Cho, S. H and R. T. Lovell. 2002. Variable feed allowance with constant protein 

input for channel catfish Ictalurus punctatus cultured in ponds. 

Aquaculture, 204: 101–112. 

Chondar, S.  L. 1977. Fecundity and its role in racial studies of Gudusia chapra 

(Pisces: Clupeidae). The P. Indian As.  Anim.  Sci., 86: 245-254. 

Cole, B. A and C. E. Boyd. 1986. Feeding rate, water quality, and channel catfish 

production in ponds. Prog. Fish Cult., 48: 25-29. 

Cooke, S. J., C. D. Suski, K. G. Ostrand, B. T. Tufts and D. H. Wahl. 2004. 

Behavioral and physiological assessment of low concentrations of clove oil 

anaesthetic for handling and transporting largemouth bass (Microptherus 

salmoides). Aquaculture, 239: 509-529. 

Corbin, P. G. 1948. On the seasonal abundance of young fish. J. Mar. Biol. U.K., 



 138 

27: 718-712. 

Corbin, P. G. I952. The seasonal abundance of young fish. J. Mar. Biol. U.K., 30: 

271-273. 

Cui, Y. B., S. Chen, S. Wanq,  S. L. Chen and S. M. Wanq. 1996.  Effect of body 

size on the growth and energy budget of young grass carp 

(Ctenopharyngodon idella). Actc. Hydro. Sinica, 20: 172-177. 

Dadzie, S. F., A. Seedo and T. A. Shallal. 2000. Reproductive biology of the silver 

pomfret Pampus argentens (Euphrasen) in Kuwail water. J. Appl. Ichthyol., 

16: 247-253. 

Das, I and A. K. Ray. 1991. Growth response and feed conversion efficiency in 

Cirrhinus mrigala fingerlings at varying dietary protein levels. J. of Aqua. 

Trop., 6: 179-185. 

Davis, J. T., D. M. Gatlin, Max and R. Alleger. 1993. Channel Catfish: Dietary 

effects on body composition and storage quality. SRAC, Publication No. 

186, 24 pp. 

De- Leeuw, R., H. J. T. Goos, C. J. J. Richter and E. H. Eding. 1985. Pimozide-

LHRHa induced breeding of the African catfish, Clarias gariepinus 

(Burchell). Aquaculture, 44: 295-302. 

Deangelis, D. L., D. K. Cox and C. C. Coutant. 1979. Cannibalism and size 

dispersal in young of the year Largemouth bass: Experiment and Model. 



 139 

Ecol. Model., 8: 133-148. 

De-Long, D. C., E. H. John and T. Edwin. 1958. Protein requirements of chinook 

Salmon at two water temperatures: Nutrition of Salmonoid fishes. J. Nutr., 

65: 589-599.  

De-Montalembert, G., B. Jalabert and C. Bry. 1978. Precocious induction of 

maturation and ovulation in northern pike (Esox lucius). Annales de 

Biologie animale, Biochimie, Biophysique, 18: 969-975. 

De-Silva, S. S and M. K. Perera. 1985. Effects of dietary protein level on growth, 

food conversion, and protein use in young Tilapia nilotica at four salinities. 

Trans. Am. Fish. Soc., 114: 584-589. 

Dobriyal,  A. K., H. P. Singh and K. L. Bist. 1983. Diurnal variation in hydro-

biological parameters of two hill streams of Gashwal  Himalaya. Indian J. 

Zool., 3: 31-34. 

Dong-Fang, D., S. Koshio, S. Yokoyama, S. C. Bai, Q. Shao, Y. Cui and S. S. O. 

Hung. 2003. Effects of feeding rate on growth performance of white 

sturgeon (Acipenser transmontanus) larvae. Aquaculture, 217: 589-598. 

Dupree, H. K and J. V. Huner. 1984. Third Report to the Fish Farmers. Fish and 

Wildlife Service, Washington D.C., 31 pp. 

Durburow, R. M. 2000. Catfish Farming in Kentucky. Kentucky State University 

Aquaculture Program, Kentucky Department of Agriculture and the 



 140 

National Oceanic and Atmospheric Administration, 112pp. 

Elgar, M. A. and B. J. Crespi. 1992. Cannibalism. Ecology and evolution among 

diverse taxa. Oxford University Press, Oxford, 8: 361 pp. 

Encina, L. and C. G. Lorencio. 1997. Seasonal changes in condition, nutrition, 

gonad maturation and energy content in barbel. Zootaxa, 628pp. 

Engle, C. 2003. The evolution of farm management, production efficiencies, and 

current challenges to catfish production in the United States. Aquacult. 

Econo. Manag., 7: 67-84.  

Eroldogan, O. T., M. Kumlu and M. Aktas. 2004. Optimum feeding rates for 

European sea bass Dicentrarchus labrax L. reared in seawater and 

freshwater. Aquaculture, 231: 501-515. 

FAO. 2012. The State Of World Fisheries and Aquaculture.  http://www.fao.org 

/docrep/009/ af000e/af000e00.HTM 

Farran, G. P. 1938. On the size and number of the ova of Irish herring. J. Cons. int. 

Explor. Mar., 13: 91-100. 

Ferraris, C. J and Runge, K. E. 1999. Revision of the South Asian Bagridae catfish 

genus Sperata, with the description of a new species from Myanmar. Pro. 

Calif. Acad. Sci., 51: 397-424. 

Ferraris, J. C. J. 2007. Checklist of catfishes, recent and fossil (Osteichthyes 

http://taxonomicon.taxonomy.nl/Person.aspx?id=3044


 141 

siluriformes), and catalogue of siluriform primary types. Zootaxa, 1418: 

628pp. 

Folkvord, A and H. Ottera. 1993. Effects of initial size distribution, day length and 

feeding frequency on growth, survival, and cannibalism in juvenile Atlantic 

cod (Gadus morhua L.). Aquaculture, 114: 243-260. 

Froese, R. 1998. Length-weight relationships for 18 less-studied fish species. J. 

Appl. Ichthyol., 14: 117-118. 

Fujiya, M. 1976. Yellowtail (Seriola quinqueradiata) farming in Japan. J. Fish. 

Res. Board Can., 33: 911-915. 

Garadi, P and I. Tarnai. 1983. Transportation of brood carp and brood herbivorous 

fishes from Szazhalombatta, Hungaryto Iran. Halaszat, 29: 82-84 

Gaylord, T.  G and D. M. Gatlin. 1996. Determination of digestibility coefficients 

of various feedstuffs for red drum (Sciaenops ocellatus). Aquaculture, 139: 

303-314. 

Gaylord, T. G and D. M. Gatlin. 2000. Assessment of compensatory growth in 

channel catfish Ictalurus punctatus and associated changes in body 

condition indices. J. World Aquacult. Soc., 31: 326-336. 

Gaylord, T. G. and D. M. Gatlin. 2001. Dietary protein and energy modifications to 

maximize compensatory growth of channel catfish (Ictalurus punctatus). 

Aquaculture, 194: 337-348. 



 142 

Geiger, E. 1947 Experiments with delayed supplementation of incomplete amino 

acid mixtures. J. Nutr., 84: 97-99. 

Ghosh, S. K., B. K. Mandal and D. N. Barthapur. 1984. Effect of feeding rates on 

production of common carp and water quality in paddy cum fish culture. 

Aquaculture, 40: 97-101. 

Gilmartin, W. G., B.  J. Camp and D. H. Lewis. 1976. Bath treatment of channel 

catfish with three broad-spectrum antibiotics. J. Wildlife Dis, 12: 555-559. 

Giri, S. S., S. K. Sahoo., A. K. Sahu and P. K. Meher. 2003. Effect of dietary 

protein level on growth, survival, feed utilization and body composition of 

hybrid Clarias catfish (Clarias batrachus X Clarias gariepinus). Anim. 

Feed Sci. Tech., 104: 169-178. 

Glencross, B. D., M. Booth and G. L. Allan. 2007. A feed is only as good as its 

ingredients - A review of ingredient evaluation strategies for aquaculture 

feeds. Aquacult. Nutr., 13: 17-34. 

Goddard, S. 1996. Feed Management in Intensive Aquaculture. Chapman and Hall, 

New York, USA, 20 pp. 

Gomes, L. C.,R. Roubach, C. A. R. M.  Araujo-Lima, A. R. Chippari-Gomes, N. P.  

Lopes and E. C. Urbinati. 2003. Effect of fish density during transportation 

on stress and mortality of juvenile Tambaqui Colossoma macropomum. J. 

of World Aquacult. Soc., 34: 76-84. 



 143 

Gomez-Marquez, J. L., B. Pena-Mendoza, I. H. Salgado-Ugarte and M. Guzman-

Arroyo. 2003. Reproductive aspects of Oreochromis niloticus (Perciformes: 

Cichlidae) at Coatetelco lake Morelos, Mexico. Revista Biologia Tropical, 

51: 221-228. 

GOP. 2012. Ministry of Finance, Islamabad, Pakistan. 

Guest, W. C and J. A Prentice. 1982. Transportation techniques for blueback 

herring. Prog. Fish Cult., 44: 183-185. 

Guo, F. C., L. H. Teo and T. W Chen. 1995b. Effects of anaesthetics on the oxygen 

consumption rates of platyfish, Xiphophorus maculatus (Gunther). 

Aquacult. Res., 26: 887-894. 

Guo, F. C., L. H. Teo and T. W. Chen. 1995a. Effects of anesthetics on the water 

parameters in a simulated transport experiment of platy fish, Xiphophorus 

maculatus (Gunther). Aquacult. Res., 26: 265-271. 

Halver, J. E and R. W. Hardy. 2002. Fish Nutrition, 3rd edition. Academic Press, 

New York, U.S.A: 143 pp. 

Hamilton, F. 1822. An account of the fishes found in the river Ganges and its 

tributaries. Edinburgh, Archibald Constable and Company, 405 pp. 

Hamman, R. L. 1981. Transporting endangered fish species in plastic bags. Prog. 

Fish Cult., 43: 212-213 



 144 

Hansen, A. C., O. Karlsen, G. Rosenlund, M. Rimbach and G. I. Hemre. 2007. 

Dietary plant protein utilization in Atlantic cod, Gadus morhua L. 

Aquacult. Nutr., 13: 200-215. 

Hargreaves, J. A and C. S. Tucker. 2003. Defining Loading Limits of Static Ponds 

for catfish aquaculture. Aquacult. Eng., 28: 47-63. 

Hargreaves, J. A and S. Kucuk. 2001. Effects of diel un-ionized ammonia 

fluctuation on juvenile hybrid striped bass, channel catfish and blue tilapia. 

Aquaculture, 195: 163-181. 

Hasan, M. R and D. J. Macintosh. 1991. Effect of environmental temperature and 

feeding rate on the growth, food utilization and body composition of 

common carp (Cyprinus carpio) fry. Fish Nutrition in Practice (4th 

International Symposium on Fish Nutrition and Feeding). Biarritz, France.  

Hasan, M. R and P. M. Das. 1993. A preliminary study on the use of poultry offal 

meal as dietary protein source for the fingerling of Indian major carp Labeo 

rohita (Hamilton). Fish Nutrition in Practice, Paris, INRA : 793-801. 

Hasan, M. R., M. S. Haq, P. M. Das and G. Mowlah. 1997a. Evaluation of poultry 

feather meal as a dietary protein source for Indian major carp, Labeo rohita 

(Hamilton) fry. Aquaculture, 151: 47-54. 

Hassan, M. 1989. Effect of cow dung manure fertilization of fish on the growth 

performance of three major carps, viz. Catla catla, Labeo rohita and 



 145 

Cirhinus mrigala. M. Phil. Thesis, Dept. Zool. & Fish. Univ. of Agri., 

Faisalabad, 81 pp. 

Hassan, M. A and A. K. Jafri. 1994. Optimum feeding rate, and energy and protein 

maintenance of young Clarias  batrachus (L) , a cultivable catfish species. 

Aquacult Fish. Manag., 25: 427-438. 

Hawkes, L. A., A. C. Broderick, M. H. Godfrey and B. J. Godley. 2007. 

Investigating the potential impacts of climate change on a marine turtle 

population. Glob. Change Biol., 13: 1-10. 

Hecht, T and S. Appelbaum. 1988. Observations on intra-specific aggression and 

coeval sibling cannibalism by larval and juvenile Clarias gariepinus under 

controlled conditions. J. Zool., 214: 21-44. 

Heinimaa, S and P. Heinimaa. 2004. Effect of the female size on egg quality and 

fecundity of the wild Atlantic salmon in the sub-arctic River Teno. Boreal 

Environ. Res., 9: 55-62. 

Hendricks, J. D. 2002. Adventitious toxins: Fish Nutrition, 3rd ed. Academic Press, 

San Diego, CA, USA,  601pp. 

Hoque, M. A and M. A. Hossain. 1993. Sexual maturity and fecundity of the 

freshwater catfish Mystus vittatus (Bloch). Rajshahi Univ. J. Zool., 12: 9-

13. 

Hossain, M. A., N. Nahar and M. Kamal. 1997. Nutrient digestibility coefficients 



 146 

of some plant and animal proteins for Rohu (Labeo rohita). Aquaculture, 

151: 37-45 

Houlihan, D. F., C. G. Carter and I. D. McCarthy. 1995. Protein synthesis in fish. 

In Biochemistry and Molecular Biology in Fishes. Elsevier Science, 

Amsterdam: 191 pp. 

Houlihan, D., T. Bouiard and M. Jobling. 2001. Food Intake in Fish. Iowa State 

University Press. Blackwell Science Ltd. 418 pp. 

Hubbs, C. L and K. F. Lagler. 1958. Fishes of the Great Lakes Region, 2nd Ed. 

Univ. Mich. Press, Ann. Arbor., 213 pp.  

Hussain, M. A., R. M. Khatun and M. A. Hossain. 2007. The Fecundity and sex 

ratio of Botia dario (Hamilton) (Cypriniformes: Cobitidae), Rajshahi Univ. 

J. Zool., 26: 27-29. 

Ibanez-Aguirre, A. L., E. Cabral-Solis, M. Gallardo-Cabello, E. Espino-Barr. 2006. 

Comparative morphometrics of two populations of Mugil curema (Pisces: 

Mugilidae) on the Atlantic and Mexican Pacific coasts. Sci. Mar., 70: 139-

45. 

Ioshev, L. 1980. Live fish transport in our fish culture - problems and standards. 

Plovdiv, 14: 35-42. 

Islam, M. N and M. A. Hossain. 2013. Mortality rate of fish seeds (Labeo rohita) 

during traditional transportation system in the Northwest Bangladesh. J. Sci. 



 147 

Res., 5: 383-392. 

IUCN, Bangladesh. 1998. List of threatened animals of Bangladesh. Paper 

presented in the special workshop on Bangladesh Red Book of Threatened 

Animals, Dhaka, 13 pp. 

Iversen, M., B. Finstad., R. S. Mckinley and R. Eliassen. 2003. The efficacy of 

metomidate, clove oil, Aqui-STM and BenzoakR as anesthetics in Atlantic 

salmon (Salmo salar) smolts, and their potential stress-reducing capacity. 

Aquaculture, 221: 549-566. 

Jadhav U. 2009.  Aquaculture Technology and Environment. PHI Learning Pvt. 

Limited, New Delhi. 335 pp. 

Jahangir, G. 1999. Effect of supplementary feed (rice polish) on the growth 

performance of major carps in fertilized ponds. M.Sc.  Thesis, Dept. of 

Zool. Fish, Univ. of. Agri. Faisalabad, 69 pp. 

Janjua, I. M. 1996. Effect of supplementary feed, fertilizer on survival and growth 

rate of fingerlings of Labeo rohita. M. Phil. Thesis, Dept. Zool. and Fish, 

Univ. of Agri., Faisalabad, Pakistan, 120 pp.  

Jarwar, A. M. A. 2010. A status overview of fisheries and aquaculture development 

in Pakistan with context to other Asian countries. Aquaculture in Asia, 

NACA Magazine, 12 pp. 

Javaid, M. Y and M. Akram. 1972. The length-weight relationship and condition 



 148 

factor of seven fresh water fishes of Pakistan. Bull. Dept. Zool. Punjab 

Univ. Lahore, 6: 1-27.  

Javed, M., M. Hasan and M. B. Sial. 1992. Fish pond fertilization IV Effect of 

cow-dung on the growth of major carps. Pak. J. Agri. Sci., 29: 111-115. 

Javed, M., M. Hasan and M.B. Sial. 1993. Fish pond fertilization IV Effect of 

artificial feed on the growth of major carps. Pak. J. Agri. Sci., 30: 7-11. 

Jayaram, K. C. 1977. Role of siluroids in aquaculture. J. Inland Fish. Soc. India, 9: 

84-91.  

Jayaram, K. C. 2002. The Fresh Water Fishes of the Indian Region. Narendra 

Publishing House, Delhi, India. 45 pp. 

Jayaram, K. C., T. Venkateswarlu and M. B. Ragunathan. 1982. A survey of the 

Cauvery River system with a major account of its fish fauna. Rec. Zool. 

Sur. India, 36: 1-115.  

Jenson, J and J. Crews. 1997. Channel Catfish Production in Ponds. Alabama 

Cooperative Extension System, 195 pp. 

Jhingran, V. G. 1991. Fish and Fisheries of India, 3rd edn. Hindustan Publishing 

Corporation, Delhi. India, 727 pp. 

Jones, P. L., S. S. De-Silva and B. D. Mitchell. 1996. Effect of replacement of 

animal protein by soybean meal on carcass composition in juvenile 



 149 

Australian fresh water Crayfish. Aquacult. Int., 4: 339-359. 

Kasi, M., R. Umah, S. Muralikrishnan, R. Xavier and S. Kathiresan. 2011. Effect of 

different feed application rate on growth, survival and cannibalism of 

African catfish, Clarias gariepinus fingerlings. Emir. J. Food Agric., 23: 

330-337 

Kaushik, S. J.,  D. Covès, G. Dutto and  D. Blanc. 2004. Almost total replacement 

of fish meal by plant protein sources in the diet of a marine teleost, the 

European seabass, Dicentrarchus labrax. Aquaculture, 230: 391-404 

Kaushik. 2008. Improving farmed fish quality and safety. Wood head Publishing 

Limited, Cambridge, England,  300 pp. 

Keesen, H. W., H. J. Langhoiz and C. Wolf. 1981. Oxgen assessment in trout 

production with regard the special environmental conditions. Arch. 

Freshwater, 31: 115-122. 

Khan, A. A and A. Q. Siddiqui. 1974. Seasonal changes in limnology of a perennial 

fish pond at Aligarh. Indian J. Fish., 21: 463-478 

Khan, M. A. and A. K. Jafri. 1991. Dietary protein requirement of two size classes 

of the Indian major carp, Catla catla. J. Aquacult. Trop., 6: 79-87. 

Khan, M. N., M. Perveen, A. Rab, M. Afzal and M. R. Ali. 2003. Effect of 

replacement of fish meal by soybean and sunflower meal in the diet of 

Cyprinus carpio fingerlings. Pak. J. Bio. Sci., 6: 601-604. 



 150 

Khan, M. S., K. J. Ang, M. A. Ambak and C. R. Saad. 1993. Optimum dietary 

protein requirement of a Malaysian freshwater catfish, Mystus nemurus. 

Aquaculture, 112: 227-235. 

Khatri, T. V. 1985. Seasonal variations in the ecosystem of Lukhtia lake in 

Rajsatan (India) Indian. J. fish., 31: 122-129. 

Kim, L. E and S. M. Lee. 2005. Effects of the dietary protein and lipid levels on 

growth and body composition of bagrid catfish, Pseudobagrus fulvidraco. 

Aquaculture, 243: 323-329. 

Kim, S. S. and K. J. Lee. 2009. Dietary protein requirement of juvenile tiger puffer 

(Takifugu rubripes). Aquaculture, 287: 219-222. 

Kiriratnikom, S  and A. Kiriratnikom. 2012. Growth, feed utilization, survival and 

body composition of fingerlings of Slender walking catfish, Clarias 

nieuhofii, fed diets containing different protein levels. Songklanakarin J. 

Sci. Technol., 34: 37-43. 

Krogdahl, A., A. M. Bakke-McKellup and G. Baeverfjord. 2003. Effects of graded 

levels of standard soybean meal on intestinal structure, mucosal enzyme 

activities, and pancreatic response in Atlantic salmon (Salmo salar L.). 

Aquacult. Nutr., 9: 361-371. 

Kumar, A., I. J. Singh and R. N. Ram. 2003. Annual reproductive cycle of male 

rohu, Labio rohita (Ham) in Tarai region Uttaranchal. Indian J. Fish, 50: 



 151 

231-241. 

Lagler, K. F. 1956. Enumeration of fish eggs. In Freshwater Fishery Biology. W. 

M.C. Brown Co. Dubque, 106-110. 

Li, M and R. T. Lovell. 1992. Comparison of satiate feeding and restricted feeding 

of channel catfish with various concentration of dietary protein in 

production ponds. Aquaculture, 103: 165-175. 

Li, M. H., B. G. Bosworth and E. H. Robinson. 2000. Effect of dietary protein 

concentration on growth and processing yield of channel catfish (Ictalurus 

punctatus). J. World Aquacult. Soc., 31: 592-598. 

Li, M. H., E. H. Robinson, B. B. Manning and B. G. Bosworth. 2004. Effect of 

dietary protein concentration on production characteristics of pond-raised 

channel catfish Ictalurus punctatus fed once daily or once every other day 

to satiation. North Am. J. Aquacult., 66: 184-190. 

Lim, L.C and Chua, L. H. 1993. Transportation of ornamental fish for export to the 

Singapore experience. AQUARAMA, Conference Proceedings,  33 pp. 

Lim, S. R., S.M. Choi, X. J. Wang, K. W. Kim, I. S. Shim, T. S. Min and S. C. Bai. 

2004. Effects of de-hulled soybean meal as fish meal replacer in diets for 

fingerling and growing Korean rock fish Sebastes schlegeli. Aquaculture, 

231: 457-462. 

Lovell, R. T. 1988. Use of soybean meal in diets for aquaculture species. J. 



 152 

Aquacult. Prod., 2: 27-52. 

Lusk, S and J. Krcal, 1974. Transporting the fry of salmonids with oxygen. Polov. 

Rybar., 2: 32-34. 

Mahboob, S., A. N. Sheri and M. Javeed. 1997. Influence of fertilizers and artificial 

feed on nitrogen incorporation efficiency of fish. Pak. J. Zool., 27: 349-351. 

Mahboob, S., A. N. Sheri and T. Fouzia. 1993. Effect of Physico-Chemical factors 

on the dry weight of planktonic biomass in the brood stock pond fish seed 

hatchery. Faisalabad. Pak. J. Zool., 25: 15-18. 

Mahboob, S., A. N. Sheri, M. B. Sial and M. Javed. 1988. Seasonal changes in 

physico chemistry and plankton life of commercial fish fam. Pak. J. Agri. 

Sci., 25: 22-27. 

Manickam, P and K. P Joy. 1989. Induction of maturation and ovulation by 

pimozide- LHRH analogue treatment and resulting high quality egg 

production in the Asian catfish, Clarias batrachus (L). Aquaculture, 83: 

193-199. 

Martinez, S and E. D. Houde. 1975. Fecundity, sexual maturation, and spawning of 

scaled sardine (Harengula jaguana Poey). Bull. Mar. Sci., 25: 35-45. 

Mazur, C. F., D. Tillapaugh, J, R. Brett and G. K. Iwama. 1993. The effect of 

feeding level and rearing density on growth, feed conversion and survival in 

Chinook salmon (Oncorhynchus ishawyscha) reared in salt water. 



 153 

Aquaculture, 117: 129-140. 

McFarland, W. N. 1959. A study of the effects of anesthetics on the behavior and 

physiology of fishes. Publ. Inst. Mar. Sci., Univ. Tex., 6: 23-55. 

Mihelakakis, A., C. Tsolkas and T. Yoshimatsu. 2002. Optimization of feeding rate 

for hatchery produced juvenile gilthead sea bream Sparus aurata, J. World 

Aquacult. Soc., 33: 169-175. 

Mingkang, J. 2005. Production comparison of channel catfish Ictalurus punctatus, 

blue catfish I. furcatus, and their hybrids in earthen ponds. M.Sc. Thesis, 

Graduate Faculty of Auburn University, Alabama, USA, 87 pp.  

Mirza, M .R. 1990. Freshwater fishes in Pakistan (With checklist of scientific 

names in English) Urdu Science Board, Lahore, 34 pp. 

Mirza, M. R and M. N. Bhatti. 1999. Biodiversity of the Freshwater Fishes of 

Pakistan and Azad Kashmir.  Proc. Aquatic Biodiversity of Pakistan. MRC 

and Zool, Depart, University of Karachi, Pakistan: 177-184. 

Mirza, M. R and T. Omer. 1984. A key to the identification of the freshwater fishes 

of Baluchistan. Biologia, 30: 73-91.  

Mirza, M. R. 2003. Checklist of freshwater fishes of Pakistan. Pak. J. Zool. Suppl. 

Series No. 3: 1-30. 

Mirza, M. R., H. Nawaz and M. N. Javed. 1992. A note on the fishes of genus 



 154 

Aorichthys with the description of a new subspecies from Pakistan. Pak. J. 

Zool., 24: 211-213.  

Morris, J. E. 1993. Pond culture of channel catfish in the north central region. 

Department of Animal Ecology, Iowa State University, Ames, Iowa. North 

Central Regional Extension Publication No. 444: 6 pp. 

Moutopoulos, D. K and K. I Stergiou. 2002. Length-weight and length-length 

relationships of fish species from the Aegean Sea (Greece). J. of App. 

Ichth., 18: 200-203. 

Munsiri, P and R. T. Lovell. 1993. Comparison of satiate and restricted feeding of 

channel catfish with diets of varying protein quality in production ponds. J. 

World Aquacult. Soc., 24: 459-465. 

Murugesan, V. K. 1978. Growth potential of Murrells, Channa marulius and 

Channa striatus. J. Inland Fish. Soc. India, 10: 169-170. 

Musa, A. S. M and A. S. Bhuiyan. 2007. Fecundity of Mystus bleekri (Day 1877) 

from the river Padma near Rajshahi city, Turk. J. Fish. Aquacult. Sci., 7: 

161-162. 

Nail, M. L. 1962. The protein requirement of channel catfish, Ictalurus punctatus 

(Rafinesque). Proc. Conf. stheast. Ass. Game Commrs., 16: 307-316. 

Nakamura, T. 2003. Meristic and morphometric variations in fluvial Japanese charr 

between river systems and among tributaries of a river system. Env. Biol. 



 155 

Fish., 66: 133-41. 

National Agricultural Statistics Service (NASS). 2001. Web page. 

National Research Council (NRC). 1993. Nutritional Requirements of Fish, 

National Academy Press, Washington, D.C., U SA, 114 pp. 

Nawaz, H., M. H. Sharif and M. R. Mirza. 1994. Food of the singhari, Aorichthys 

aor sarwari (Pisces: Bagridae). Biologia, 40: 103-107.  

Nemato, C. M. 1957. Experiments with methods for air transport of live fish. The 

Prog. Fish Culturist, 19: 147-157. 

Ng, W. K., K. S. Lu, R. Hashim and A. Ali. 2000. Effects of feeding rate on 

growth, feed utilization and body composition of tropical bagrid catfish. 

Aquac. Int., 8: 19-29. 

Ng, W. K., S. C. Soon and R. Hashim. 2001. The dietary protein requirement of a 

bagrid catfish, Mystus nemurus (Cuvier and Valenciennes), determined 

using semi-purified diets of varying protein level. Aquacult. Nutr., 7: 45-51. 

Niaz, S. M. 2001. Key Note Address on the Status of Fisheries and Aquaculture in 

Pakistan. Proceedings: National Seminar on Strategic Planning For Fisheries 

and Aquaculture to Face the Challenges of New Millennium, Karachi. 7 pp. 

Nikolskii, G. V. 1969. Theory of Fish Population Dynamics as the Biological 

Background for Rational Exploitation and Management of Fishery 



 156 

Resources. Edinburgh, Oliver & Boyd, 123 pp. 

Norris, K. S., F. Brocato, F. Calandrino and W.  N. McFarland. 1960. A survey of 

fish transportation methods and equipment. California Fish and Game, 46: 

5-33.  

Nwokoye, C. O., L. A. Nwuba and J. E. Eyo. 2007. Induced propagation of African 

Catfish Heterbranchus bidorsalis (Gerffrey Saint Hillaries, 1809) using 

synthetic and homoplastic hormones. African J. Biotech., 6: 87-93. 

Ogbe, F. G and Ataguba, G. A. 2008. Studies on the feeding habits and growth 

patterns and reproductive biology of Malaptererus electricus, (Gmelin, 

1789) in Lower Benue River, Nigeria. Biol. and Environ. Sci. J. for the 

Trops., 5: 169-176. 

Okpokwasili, G. C and O. O. Obah. 1991. Relationship of water quality and 

bacteria associated with the brown patch disease of tilapia fingerlings reared 

in tropical freshwater culture ponds. J. Aquacult. Trop., 6: 157-172.  

Olli, J. J., A. Krogdahl and A. Vaben. 1995. Dehulled solvent-extracted soybean 

meal as a protein source in diets for Atlantic salmon, Salmo salar, L. 

Aquacult. Res., 26: 167-174. 

Olumuji OK, Mustapha MK (2012) Induced breeding of African Mud Catfish, 

Clarias gariepinus (Burchell 1822), using different doses of normal saline 

diluted ovaprim. J. Aquacult. Res. Dev., 3:1-3 



 157 

Omer, E. 1986. Studies on tilapia feeding: Effect of different levels of feeding on 

growth performance and feed utilization. Egyptian J. of Animal Production, 

26: 161-169. 

Opstvedt, J., A. Aksnes, B. Hope and I. H. Pike. 2003. Efficiency of feed utilization 

in Atlantic salmon (Salmo salar L.) fed diets with increasing substitution of 

fish meal with vegetable proteins. Aquaculture, 221: 365-379. 

Orlov, Y. I. 1973. Normy posadok promyslovykh ryb v transportnye emkosti 

zakrytogo tipa (Standard densities of farmed fish in closed-type transport 

tanks) Rybn. Khoz., 2: 17-9. 

Orlov, Yu. I. 1974 Transportirovka zhivoi ryby v germeticheskikh emkostyakh. 

Spravochnoe posobie (Live fish transport in hermetically sealed containers. 

Information manual) Moskva, Izd. Pishchevaya Promyshlennost. 97 pp. 

Pakistan Meteorological Department. 2013. Islamabad (During 1931-2012) 

http://www.pmd.gov.pk/cdpc/extrems/islamabad.htm.  

Parazo, M. M., E. M. Avila and D. M. Reyes. 1991. Size and weight dependent 

cannibalism in hatchery-bred sea bass (Lates calcarifer Bloch). J. Appl. 

Ichthyol., 7: 1-7. 

Parveen, S and A. N. Sheri. 1994. Influence of different levels of protein on growth 

performance and body composition of major carps. Pak. J. Agri. Sci., 31: 

345-350. 

http://www.pmd.gov.pk/cdpc/extrems/islamabad.htm


 158 

Pecha, O., R. Berka and J. Kouril. 1983. Preprava pludku v polyetylénovych vacích 

(Fry transport in polyethylene bags) Ser.Metod.VURH Vodnany, 10: 16 pp. 

Peterson, B. C and B. C. Small. 2004. Effects of fasting on circulating IGF-binding 

proteins, glucose, and cortisol in channel catfish (Ictalurus punctatus). 

Domest. Anim. Endocrin., 26: 231-240. 

Pethiyagoda, R and M. Kottelat. 2005. A review of the barb of the Puntius 

filamentosus group (Teleostei: Cyprinidae) of southern India and Sri Lanka. 

Raffles Bull. Zool. Suppl., 12: 127-144. 

Petrakis, G.,  K. I. Stergiou. 1995: Weight–length relationships for 33 fish species 

in Greek waters. Fish. Res., 21: 465-469. 

Phillips, A. M. and D. R. Brockway. 1954. Effect of starvation, water temperature, 

and sodium amytal on the metabolic rate of brook trout. The Prog. Fish 

Cult., 16: 65-68. 

Phillips, A. M., H. A. Podoliak, D. R. Brockway and R. R. Vaughn. 1957. The 

nutrition of trout. Cortland hatchery report No. 26, N.Y. Consortium 

Department Fisheries Research Bulletin, 21: 93 pp.  

Pickering, A. D. 1998. Stress responses of farmed fish. In Biology of Farmed Fish. 

CRC Press LLC, Boca Raton, FL., 222-255. 

Plumb, J. A. 1999. Health Maintenance and Principal Microbial Diseases of 

Cultured Fished. Iowa State University Press, Ames, Iowa. 328 pp. 



 159 

Popov, E. P. 1975. Transport of fish larvae and feed invertebrates in a hard 

polyethylene container with oxygen. In Biologicheskoe obosnovanie 

vosproizvodstva sigovykh i ich znacheniya v povyshenii ryboproduktivnosti 

vodoemov, 104: 180-184. 

Posma, F. S. P. S. II. 2009. Briefing document on the current status of Vietnam’s 

fishery sector. http://www.ambhanoi.um.dk/en/menu/Developmentpolicy/ 

Sector Programmes/Fisheries  

Procarione, L. S., T. P. Barry and J. A. Malison. 1999. Effects of high rearing 

densities and loading rates on the growth and stress responses of juvenile 

rainbow trout. N. Am. J. Aquacult., 61: 91-96. 

Qasim, S. Z and A. Qayyum. 1963. Fecundities of some freshwater fish. 

Proceedings of the National Institute of Sciences of India, 29: 373-382. 

Qin, J and A. W. Fast. 1996. Effects of feed application rates on growth, survival, 

and feed conversion of juvenile snakehead (Channa striatus). J. World 

Aquacult. Soc., 27: 52-56. 

Qureshi, M. R. 1965. Common freshwater fishes of Pakistan. Karachi, Govt. of 

Pakistan Press. 61 pp. 

Rab, A. 2007.  Introduction of American channel catfish ponds culture system of 

Pakistan. Ph.D Thesis, Dept. of Zool., Univ. of Arid Agri. Rawalpindi, 190 

pp. 

http://www.ambhanoi.um.dk/en/menu/Developmentpolicy/


 160 

Rab, A., M. Afzal, N. Akhtar, M. R. Ali, S. Khan, M. F. Khan, S. Mehmood and 

M. Qayyum. 2007. Introduction of channel catfish Ictalurus punctatus 

(Rafinesque) in Pakistan and performance during acclimatization and pond 

culture. Pak. J. Zool., 39: 239-244. 

Rab, A., S. Khan, M. Afzal, M. R. Ali and M. Qayyum. 2008. Replacement of 

fishmeal with soybean meal in diets for channel catfish, Ictalurus punctatus 

fry introduced in Pakistan. . Pak. J. Zool., 40: 341-346. 

Rafique, M and N. U. H. Khan. 2012. Distribution and status of significant 

freshwater fishes of Pakistan.  Rec. Zool. Surv. Pak., 21: 90-95.  

Rafique, R. M. 2003. Limnological Variations in River Jehlum at Dulai 

Muzaffarabad, A. K. J. Nat. Sci., 1:  13-18 

Rahbar, M., K. Hossein, A. Khodadoust and R. Abbaspour. 2013. Fecundity and 

gonadosomatic index of Alburnus chalcoides (Guldenstaedt, 1772) 

immigrant to Anzali Wetland, Guilan Province, Northern Iran. World J. of 

Fish and Mar. Sci., 5: 449-452. 

Rahman, A. K. A. 1989. Freshwater Fishes of Bangladesh. Zoological Society of 

Bangladesh. Department of Zoology, University of Dhaka. 364 pp.  

Rahman, M. A., K. M. Z. A. Uddin and M. Zaher. 2005a. Development of artificial 

breeding techniques for long whiskered catfish, Sperata aor and giant river 

catfish Sperata seenghala of Bangladesh. Bang. J. Fish., 9: 11-12. 



 161 

Refstie, S., O. J. Korsoen, T. Storebakken, G. Baeverfjord, I. Lein and A. J. Roem. 

2000. Differing nutritional responses to dietary soybean meal in rainbow 

trout (Oncorhynchus mykiss) and Atlantic salmon (Salmo salar). 

Aquaculture, 190: 49-63. 

Refstie, S., T. Storebakken and A. J. Roem. 1998. Feed consumption and 

conversion in Atlantic salmon (Salmo salar) fed diets with fish meal, 

extracted soybean meal or soybean meal with reduced content of 

oligosaccharides, trypsin inhibitors, lectins and soya antigens. Aquaculture, 

162: 301-312. 

Reigh, R. C., M. B. Williams and B. J. Jacob. 2006. Influence of repetitive periods 

of fasting and satiation feeding on growth and production characteristics of 

channel catfish, Ictalurus punctatus. Aquaculture, 254: 506-516. 

Ricker, W. E. 1975. Computation and Interpretation of Biological Statistics of Fish 

Populations. Bull. Fish. Res. Board Can., 191: 382 pp. 

Robinson, E. H and B. Rushing. 1994. Maximum feeding versus maintenance 

feeding. The Catfish Journal VII (11): 23-27.  

Robinson, E. H and M. H. Li. 1997. Low protein diets for channel catfish Ictalurus 

punctatus raised in earthen ponds at high density. J. World Aquacult. Soc., 

28: 224-229. 

Robinson, E. H and M. H. Li. 1998. Comparison of practical diets with and without 



 162 

animal protein at various concentration of dietary protein on performance of 

channel catfish (Ictalurus punctatus) raised in earthen ponds. J. World 

Aquacult. Soc., 29: 273-280. 

Robinson, E. H and M. H. Li. 1999.  Evaluation of practical diets with various 

levels of dietary protein and animal protein for pond-raised channel catfish 

(Ictalurus punctatus). J. World.  Aquacult. Soc., 30: 147-153. 

Robinson, E. H and M. H. Li. 1999. Effect of dietary protein concentration and 

feeding rate on weight gain, feed efficiency and body composition of pond-

raised channel catfish Ictalurus punctatus. J. World Aquacult. Soc., 30: 

311-318. 

Robinson, E. H. 1994. Effect of high protein finishing feed on performance and fat 

contents of channel catfish. J. World Aquacult. Soc., 28: 465-470. 

Robinson, E. H., C. R. Weirich and M. H. Li. 1994. Feeding Catfish. Bull. of 

Mississippi Agricultural and Forestry Experimental Station, Mississippi, 

762 pp. 

Ross, L. G and B. Ross. 1999. Anesthetic and Sedative Techniques for Aquatic 

Animals. Blackwell Science Ltd., 27 pp. 

Roy, P. K and M. A. Hossain. 2006. The fecundity and sex ratio of Mystus cavasius 

(Hamilton) (Cypriniformes: Bagriae), J. Life Earth Sci., 4: 65-66. 

Rudolf, K. 1971. Fish Inspection and Quality Control. Fishing News Book. Ltd. 



 163 

London, 103 pp. 

 Sahini, A., A. Dua and M. Vindhya. 2008. Comparative morphometrics of two 

populations of giant river catfish (Mystus seenghala) from the Indus river 

system Integ.  Zool., 3: 219-226. 

Sahoo, S. K., S. S. Giri and A. K. Sahu. 2002. Cannibalism, a cause of high 

mortality in Wallago attu (Schneider) larvae: experiment of larval densities 

in hatchery rearing. Indian. J. Fish, 49: 173-177. 

Sahoo, S. K., S. S. Giri, A. K. Sahu and S. D. Gupta. 2006. Effect of feeding and 

management on growth and survival of Wallago attu (Scheneider) larvae 

during hatchery rearing. Indian. J. Fish, 53: 327-332. 

Saleem, F. 1985. Effect of artificial feed and inorganic fertilizer on the growth of 

carp Labeo rohita. M. Sc. Thesis, Dept. of Zool and Fish, Univ. of  Agri., 

Faisalabad, 84 pp. 

Sampson, D. 1987. Fish in Plastic Bags. Aquaculture News. Inst. Aqua. Newsheet, 

Stirling Univ., U K, 7 pp. 

Sandhu, A. A and K. P. Lone. 2003. Food and feeding habits of some catfishes of 

Pakistan. Pak. J. Zool., 35: 71-74. 

Santiago C. B and A. C. Gonzal. 1997. Growth and reproductive performance of 

the Asian catfish Clarias macrocephalus (Gunther) fed artificial diets. J. 

Appl. Ichthyol., 13: 37-40.  



 164 

Santiago, C. B and O. S. Reyes. 1991. Optimum dietary protein level for growth of 

bighead carp (Aristichthys nobilis) fry in a static water system. Aquaculture, 

93: 155-165. 

Sarker, P. K., H. K. Pal, M. M. Rahman and M. M. Rahman. 2002. Observation on 

the fecundity and Gonado-somatic index of Mystus gulio in brackishwater 

of Bangladesh. J. Biol Sci., 2: 235-237. 

Schreck, C. B., W. Contreras-Sanchez and M. S. Fitzpatrick. 2001. Effects of stress 

on fish reproduction, gamete quality and progeny. Aquaculture, 197: 3-24. 

Seenappa, D and K. V Devaraj. 1991. Effect of feeding levels on food utilization 

and growth of catla fry. In Fish Nutrition Research in Asia. Proc. Fourth 

Asian Fish Nutrition workshop. Asian Fisheries Society, Manila, 

Philippines, 205 pp. 

Sen, P. R, N. G. S. Rao and A. N. Mohanty. 1980. Relationship between rate of 

feeding, growth and conversion in major Indian carp. Indian J. fish, 27: 

201-208. 

Shakir, H. A., M. R. Mirza., A. M. Khan and M. Abid. 2008. Weight length and 

condition factor relationship of Sperata sarwari (Singhari) from Mangla 

Lake, Pakistan. J. Anim. and Plan. Sci., 18: 158-160. 

Shakir. 2008.  Meristic and morphometeric study of Sperata sarwari from Mangla 

Lake, Pakistan. Punjab Univ. J. Zool., 23: 9-11.   



 165 

Shamekhi, R. K. H., R. Patimar, R. Ghorban and A. Azimi. 2012. Investigation of 

fecundity and its relationship with some growth indices of Capoeta capoeta 

Gracilis in the two streams (Dough and Zarrin-Gol) of Gorganroud River 

basin, Golestan Province, Northern Iran. World J. of Fish and Mar.Sci., 4: 

111-114. 

Shankar, D. S. I., R. S. Kulkarni. 2005. Somatic condition of the fish, Notopterus 

notopterus (Pallas) during different phases of the reproductive cycle. J 

Environ Biol., 26: 49-53. 

Shawn, D. C., M. D. Robert and H. T. James. 2004. Anesthetics in Aquaculture. 

SRAC Publication No. 3900, 54 pp. 

Shengde, A. N and U. H. Mane. 2006. Gonadosomatic index and spawning season 

of cyprinid fish Cirrhina reba (Hamilton). J. Aqua. Biol., 21: 127-123. 

Shepherd, J .1988. Intensive Fish Farming. Blackwell Science Ltd., 404 pp. 

Sheri. A. N and N. Ahmad. 1983. Preliminary studies on the reproduction and 

feeding of artificial diets for carp, Labeo rohita. Pak. J. Agri. Sci., 20: 87-

95. 

Shiau, S. Y and S. L. Huang. 1989. Optimal dietary protein level for hybrid tilapia 

(Oreochromis niloticus × O. aureus) reared in seawater. Aquaculture, 81: 

119-127. 

Silva, S. S. and R. M. Gunasekera. 1991. An evaluation of the growth of Indian and 

http://www.ncbi.nlm.nih.gov/pubmed/16114461
http://www.ncbi.nlm.nih.gov/pubmed/16114461


 166 

Chinese major carps in relation to the dietary protein content. Aquaculture, 

92: 237-241. 

Silverstein, J. T and B. C. Small, B. 2004. Reproductive physiology, In Biology 

and Culture of Channel Catfish. Elsevier Science Publishers, 234 pp. 

Silverstein, J. T., B. G. Bosworth and W. R Wolters. 1999. Evaluation of dual 

injection of LHRHA and the dopamine receptor antagonist pimozide in 

cage spawning of channel catfish Ictalurus punctatus. J. World Aquacult. 

Soc., 30: 263-268. 

Silverstein, J. T., W. R. Wolters and M. Holland. 1999. Evidence of differences in 

growth and food intake regulatin in different genetic strains of channel 

catfish. J. Fish. Biol., 54: 607-615. 

Simpson, A. C. 1951. The fecundity of the plaice. Fish. Invest. Lond., 17: 1-29. 

Springate, J. R. C. 1990. Egg quality and fecundity in rainbow trout: The 

determining factors and mechanisms of control. [DISS. ABST. INT. PT. B.  

SCI. & ENG.], 51: 265. 

Stacey, N. E., D. S. MacKenzie, T. A. Marchant, A. L. Kyle and R. E. Peter. 1984. 

Endocrine changes during natural spawning in the white sucker, 

Catostomus commersonii. 1. Gonadotropin, growth hormone, and thyroid 

hormones. Gen. and Comp. Endoc., 56: 333-348. 

Steeby, J. A., R. L. Busch and C. S. Tucker. 1991. A length weight relationship for 



 167 

channel catfish grown under commercial conditions. The Prog. Fish Cult., 

53: 57-60. 

Steel, R. G. D and J. H. Torrie. 1986. Principles and Procedures of Statistics. 2nd 

Ed. International Students Ed. McGraw Hill International Book Co. Inc., 

New York, USA, 633 pp. 

St-Hilaire, S., K. Cranfill, M. A.McGuire, E. E, Mosley, J. K. Tomberlin, L. 

Newton, W. Sealey,  C. Sheppard and S. Irving. 2007. Fish offal recycling 

by the black soldier fly produces a foodstuff high in omega-3 fatty acids. J. 

World Aquac. Soc., 38: 309-313. 

Storebakken, T., K. D. Shearer, S. Refstie, S. Lagocki and J. McCool. 1998. 

Interactions between salinity, dietary carbohydrate source and carbohydrate 

concentration on the digestibility of macronutrients and energy in rainbow 

trout (Oncorhynchus mykiss). Aquaculture, 163: 3-4. 

Storebakken, T., S. Refstie and B. Ruyter. 2000. Soy products as fat and protein 

sources in fish feeds for intensive aquaculture.In Soy in Animal Nutrition. 

Anim. Sci. Soc., Savoy, IL, USA, 127-170. 

Sykes, W. H. 1839. On the fishes of the Deccan. Proceedings of the Zoological 

Society of London, 1838: 157-165.  

Tacon, A. G. J and A. J. Jackson. 1985. Utilization of conventional and 

unconventional protein sources in practical fish feeds. In: Nutrition and 

feeding of fish. Academic Press. London. UK, 119-145 pp. 



 168 

Tacon, A. G. J. and C. B. Cowey. 1985. Protein and amino acid requirements. In: 

Fish Energetics, New Perspectives. Croom Helm, London, 155 pp. 

Takashima, F., Z. M. Wang, H. Kasai and O. Asakawa. 1983. Sustained anesthesia 

with 2-phenoxyethanol in yearling rainbow trout. Journal of Tokyo 

University of Fisheries, 69: 93-96. 

Talwar, P. K and A. G. Jhingran. 1991. Inland Fisheries of India and Adjacent 

Countries. Vol 2. Oxford and IBH Publishing, New Delhi. India, 770 pp. 

Teo, L. H and T. W Chen. 1993. A study of metabolic rates of Poecilia reticulata 

under different conditions. Aquacult. Fish. Manag., 24: 109-117. 

Teo, L. H., T. W. Chen and B. L. Lee. 1989. Packaging of the guppy, Poecilia 

reticulata, for air transport in a closed system. Aquaculture, 78: 321-332. 

Teugels, G. G. 1996. Taxonomy, phylogeny and biogeography of catfishes 

(Ostariophysi, Siluroidei): an overview. Aquat. Living Resour., 9: 9-34. 

Tharakan, B.   and K. P. Joy. 1996. Effects of mammalian gonadotropin-releasing 

hormone analogue, pimozide, and the combination on plasma gonadotropin 

levels in different seasons and induction of ovulation in female catfish. J. of 

Fish Biol., 48: 623-632. 

Tracey, S. R., J. Lyle and M. Haddon. 2007. Reproductive biology and per-recruit 

analyses of striped trumpeter (Latris lineata) from Tasmania, Australia: 

Implications for management. Fish. Res., 84: 358-368. 



 169 

Tripathi, S. D. 1996. Present status of breeding and culture of catfishes in South 

Asia. Aquat. Living Resour., 9: 219-28. 

Tucker, C. S and E. H. Robinson.  1990. Channel Catfish Farming Handbook.  Van 

Nostrand Reinhold, New York, USA, 40 pp. 

Tucker, C. S. 1996. The ecology of channel catfish culture ponds in northwest 

Mississippi. Rev. Fish. Sci., 4: 1-55.   

Tucker, C. S. 2001. Water quantity and quality requirements for channel catfish 

hatcheries. SRAC Publication No: 461. Southern Regional Aquaculture 

Center, Stoneville, Mississippi, USA. 

Turan, C., S. Yalcin, F. Turan, E. Okur and I. Akyurt. 2005. Morphometric 

comparisons of African catfish, Clarias gariepinus, populations in Turkey. 

Folia Zoologica, 54 (1-2): 165-72. 

Turker, A., M. Yigit, S. Ergun, B. Karaali and A. Erteken. 2005. Potential of 

poultry byproduct meal as a substitute for fishmeal in diets for Black Sea 

turbot Scophthalmus maeoticus: Growth and nutrient utilization in winter. 

Isr. J. Aquac. Bamidgeh, 57: 49-61. 

Usman, R., N. N. Palingi and T. Ahmad.  2007. Utilization of local feed ingredients 

in tiger grouper grow out moist diets.  Aquacult. Asia Mag., 33-36. 

Vergara, J. M., H. Fernandez-Palacios, L. Robaina, K. Jauncey, D. L. Higuera and 

M. Izquierdo. 1996. The effects of varying dietary protein level on the 



 170 

growth, feed efficiency, protein utilization and body composition of 

gilthead sea bream fry. Fish. Sci., 62: 620-623. 

Villaluz, A. C and A. Unggui. 1983. Effects of temperature on behavior, growth, 

development and survival of young milkfish, Chanos chanos (Forskal). 

Aquaculture, 35: 321-330. 

Viveen, W. J. A. R., C. J. J. Ritcher, P. G. W. J. Van Oordt, J. A. L. Janseen and E. 

A. Huisman .1985. Practical manual for the culture of the African catfish 

Clarias gariepinus. Section for Research and Development Co-operation, 

Hague, Netherlands, 121 pp. 

Von der Decken, A and E. Lied. 1993. Metabolic effects on growth and muscle of 

soybean protein feeding in cod (Gadus morhua). British J. Nutr., 69: 689-

697. 

Weatherley, A. H and H. S. Gill. 1987. The Biology of Fish Growth. Academic 

Press, London, 121 pp. 

Webb, K. A. and D. M. Gatlin-III. 2003. Effects of dietary protein level and form 

on production characteristics and ammonia excretion of red drum Sciaenops 

ocellatus. Aquaculture, 225: 17-26. 

Weber, T.  E and B.  G.  Bosworth. 2005.  Effects of 28 day exposure to cold 

temperature or feed restriction on growth, body composition, and 

expression of genes related to muscle growth and metabolism in channel 

catfish. Aquaculture, 246: 483-492. 



 171 

Wedemeyer, G. 1997. Effects of rearing conditions on the health and physiological 

quality of fish in intensive culture. In: Fish Stress and Health in 

Aquaculture, 35-71 pp. 

Wedemeyer, G. A. 1996. Physiology of Fish in Intensive Culture Systems. 

Chapman and Hall, New York, 232 pp. 

Wellborn, T. L. 1988. Channel Catfish Life History and Biology. SARC 

publication. 180, Southern Regional Aquaculture Center, Stoneville, 

Mississippi, USA, 44 pp. 

Wootton, R. J. 1998. Ecology of Teleost Fishes. 2nd Ed. Dordrecht, Kulwer, 233 pp. 

Woynarowich, E and L. Horváth. 1980. The artificial propagation of warmwater 

finfishes - a manual for extension. FAO Fish. Tech. Pap., 201: 138–147. 

Wurts, W. A. 2005. Low Input Shrimp Farming in Kentucky, Macrobrachium 

rosenbergii. Kentucky Aquatic Farming, 18: 6-7 

Yang, S. D., C. H. Liou and F. G. Liu. 2002. Effects of dietary protein level on 

growth performance, carcass composition and ammonia excretion in 

juvenile silver perch (Bidyanus bidyanus). Aquaculture, 213: 363- 372. 

Zafar, M., Y. Mussaddeq, S. Akhter and A. Sultan. 2003. Weight- length and 

condition factor relationship of Thaila, Catla catla from Rawal Dam 

Islamabad, Pak. J. Biol. Sci., 6: 1532-1534. 

Zar, J. H. 1984. Bio-statistical Analysis. Prentice Hall New Jersey, 718 pp. 



 172 

Zimba, P. V., C. C. Grimm, C. P. Dionigi and C. Weirch. 2001. Phytoplankton 

biomass, pond size and off- flavor; pigment relationships in Louisiana 

catfish aquaculture ponds. J. World Aquacult. Soc., 32: 96-104. 

Zimba, P. V., C. S. Tucker, C. C. Mischke and C. G. Grimm. 2002. Short term 

effects of diuron on catfish pond ecology. North. Amer. J. Aquac., 64: 16-

23. 

 


	Title Pages corrected
	Thesis -7 corrected final

