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Abstract 

This study aim to investigate the morphological and genetic characterization of strains of 

Clariid fish species in some river bodies in Kano Stateusing microsatellite markers.One 

hundred and seventy seven Clariid fish samples (Clariasgariepinus and 

Heterobranchuslongifilis)were collected from six rivers (Thomas, Ghari, Tiga dam, 

Duddurun Gaya, Karaye and Bagwai) in Kano state. Body weight, twenty-two 

morphometric characteristics and four meristic counts were measured on each fish sample 

to determine the influence of river location, strain of fish and sex.Body weight was 

measured in grams using sensory scale, the morphometric measurements were measured 

in centimetres using flexible tapewhile meristic counts were counted visually.The 

morphometric characteristics taken on the body were; Body weight (BW), Total length 

(TL), Standard length (SL), Pre-dorsal distance (PDD), Pre-anal distance (PAD), Pre-

ventral distance (PVD), Pre-pectoral distance (PPD),Caudal peduncle depth (CPD), Body 

depth at anus (BDA); measurements taken on the fin were; Dorsal fin length (DFL), Anal 

fin length (AFL), Pectoral fin length (PFL), Pectoral spine length (PSL); measurements 

taken on the head region were;Dorso-caudal length (DDCF), Dorso-occipital length 

(DODF), Head length (HL), Head width (HW), Snout length (SNL), Inter-orbital distance 

(ID), Eye diameter (ED), Length of occipital fontanelle (OFL), Width of occipital 

fontanelle (OFW) and Snout-occipital length (DSO). The meristic counts were; Dorsal fin 

ray count (DFRC), Pectoral fin ray count (PFRC), Anal fin ray count (AFRC) and Caudal 

fin ray count (CFRC).The total length (TL) and body weight (BW) of each fish sample 

was used to compute Length-Weight relationships using the formula: W = log a + b log L 

and K = 100W/L
3
 was used to compute Condition Factor. Blood sample was taken from 

each fishsampleby severing the caudal peduncle and drained into FTA cards for DNA 

extraction, Polymerase Chain Reaction and electrophoresis to determine genetic 

variationbetween the Clariid fish populations. Data gotten from the morphometric 

measurements were analysed appropriately using GLM procedures of SAS 9.4 to show the 

influence of river location, strain, and sex, Duncan multiple range test was used for mean 

separation, Principal component analysis of SPSS was used for possible data reduction, 

and Genealex 6.4 software package was used to analyse the resolve bands from DNA 

extraction to determine their base pair and genetic variation. Body weight, morphometric 

measurements and meristic countswere significantly affected (P<0.01,0.05) by location 
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and strain while sex  had effect (P<0.01, 0.05) only on total length, standard length, dorsal 

fin length, dorso-caudal length, caudal peduncle depth, anal fin length, head length, inter-

orbital distance, eye diameter and length of occipital fontanelle. The equation for the 

length-weight relationship for the three strains were: C. gariepinus = -329.86+17.56TL 

andH. longifilis= -241.49+14.28TL.The condition factors showed varying degree of 

wellbeing of fish samples in their habitat (K = 0.37 to 0.89). Tiga dam had the best 

condition factor (0.81-0.89) followed by fishes caught in River Ghari (0.74-0.88). Pearson 

correlation analysis for all the variables measured showed that relationship between Body 

Weight and all the morphometric measurements were positive and significant. The ‗r‘ 

values ranged from low (0.23) to high (0.80) for BW/PDD and BW/DDCF. The other 

measurements had positive and significant relationships with values ranging from 0.30 for 

ED/SL to 0.92 for TL/SL. Principal component analysis indicated that most of the 

variables could be used for discrimination with regard to the species with a total variance 

of 82.52% shared as 47.66%, 19.16%, 8.67% and 7.03% for PC1, PC2, PC3 and PC4, 

respectively. Among the populations sampled, the genetic similarity ranged from 0.018 to 

0.079 whilethe genetic distance ranged from 0.112 to 0.998. The Fst values ranged from 

0.000 to 0.663, Fit ranged from -0.041 to 0.115, Fis ranged from -0.350 to -0.262. The 

result indicated a large number of gene flow (exchange) among the populations with a 

range of 0.455 to 0.866. The populations were not genetically pure but heterogeneous with 

varying degrees of genetic similarity and distance. Since there was no inbreeding as 

shown in the study, none of the population exhibited genetic uniqueness. The populations 

had a high genetic differentiation between populations but moderate differentiation within 

populations. The populations were outbred populations; an indication that relatives 

avoided mating in the population. There was an established magnitude of genetic 

divergence (91.86%) among the populations as shown by the result of the percentage 

polymorphism which depends on the number of alleles detected per locus and their 

frequencies. The study indicated that river location and species of fish had a significant 

influence on Clariid fish morphometric measurements and meristic counts. The study also 

gave an indication that the growth pattern of Clariid species in Kano State Rivers was 

positive allometric growth pattern (b>3) and the Clariid fishes are in good condition of 

wellbeing as indicated in the condition factor. 
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CHAPTER ONE 

1.0     INTRODUCTION 

1.1 Animal Variation 

Variability is the fundamental and basic characteristics of life. Every level of organization 

of life displays variation in some parameters, in space or time, within and between cells, 

tissues, organisms, populations and communities. The existence of variations in natural 

populations of organisms is a necessary condition for evolution. While variability is both a 

product and foundation of the evolutionary process, biologists are still confronted with the 

basic problems of explaining the nature, extent and causes of this web of complexity 

(Reynaldo and Cesar, 2014). Genetic variation is one key factor in the survival of species. 

Natural populations are perhaps the best gene banks which are critical resources for 

genetic variation for current and future application in improvement of farmed species of 

fish (Dunham, 2004). Morphological differentiation is one of the several approaches 

which have proved useful in studying variability. Morphological data alone, however, is 

insufficient to explain variability. Molecular biology, biochemical analysis and other 

methods coupled with morphology are powerful means in understanding variability and 

evolutionary relationships among and within populations of organisms (Reynaldo and 

Cesar, 2014). 

Among populations, genetic diversity can also be gained when populations that are not 

normally in contact with another hybridize that is when isolated population experienced 

migration, gene flow and genetic drift. This can occur when physical barriers are removed 

such as when fishes are introduced to an area or escape, or when migration patterns 

changes due to environmental condition. Populations of many species of organisms may 
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respond differently, both morphologically and genetically, to a changed environment. 

Individuals tend to express different phenotypes (morphological, physiological or 

behavioural) when surviving in varied environments (Freeman and Herron, 1998). To this 

end, genetic studies of fish populations play an important role in the sustenance of genetic 

diversity (Seeb et al., 2007). Genetic markers can provide valuable information about 

geographic structuring, gene flow and demographic history of populations that can be 

highly relevant for conservation and management purposes (Maes and Volckaert, 2007). 

Of all the animals and plants in the aquatic environment, fish is the most important source 

of human food (Yilmaz et al., 2000). Fish plays an important role in the development of a 

nation. Apart from being a cheap source of highly nutritive protein, it also contains other 

essential nutrients required by the body (Sikoki and Otobotekere, 1999).  Fishes are highly 

important in the development of Nigeria both economically and health-wise as source of 

protein with low cholesterol level in the diets of many populace.Fish and fish products are 

economically significant as they provide jobs and investment opportunities and, for many 

countries, a means of improving the balance of international trade (Yilmaz et al., 2000). 

Fish is a high quality food and apart from its protein contents, it is also rich in vitamins 

and contains variable quantities of fat and minerals for human health (Adeniyiet al., 

2010). Fish oil contains vitamins A, D, E and K which have been successfully used in 

controlling coronary heart diseases, arthritis, atherosclerosis, asthma, auto-immune 

deficiency diseases and cancer (Bhuiyan et al., 1993). Fish is often recommended for 

cardio-vascular disease patients because of its unique fat, which is composed mainly of 

Omega- 3 polyunsaturated fatty acid. In addition to its nutritious flesh, vitamins A and D 

present in fish oil are important especially for infants and children (Fasakin, 2006). Fish 

also supplies to the body, a range of inorganic minerals such as Phosphorus, Fluorine, 
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Potassium, Iron, Zinc, Magnesium, and Copper and in marine species Iodine as well as 

vitamins A and B complex (Adeniyi et al., 2010). The proximate composition, nutritive 

values and mineral composition of fishes in Nigeria have been documented (Olatunde, 

1980; Abdullahi and Abolude, 2006; Dankishiya and Kabir, 2006; Abdulkarim and 

Abdullahi, 2009). Most of the fish used for human consumption is obtained through 

exploitation of wild populations.  

Water quality tolerance of catfish is diverse due to environmental changes. The warmer 

the water, the less the dissolved oxygen likewise, the greater the altitude, the less the 

dissolves oxygen, causing severe cases and death aquatic organisms including catfish. 

According to F.A.O., (2003), water quality requirement for catfish are as follows; 

temperature – 26 to 32
o
C, dissolved oxygen – 3 to 10 mg/l or > 3ppm, pH – 6 to 8, 

Alkalinity – 50 to 250 mg/l, Ammonia – 0 to 0.03% and Nitrite – 0 to 0.6mg/l. It also 

reported that for advanced fry, the requirement are as follows; dissolved oxygen – 3-

5ppm, temperature – 30
o
C, ammonia – 0.1 to 1.0ppm, nitrite – 0.5ppm, nitrate – 100ppm, 

pH – 6 to 9, carbon dioxide – 6 to 15ppm and salinity – 10 to 16ppt. 

1.2 Statement of Research Problem 

Reduction in the genetic resources of natural fish populations is an important management 

problem. Not only has the genetic diversity of many fish populations been altered, but 

many populations and species have been extirpated by pollution, overfishing, destruction 

of habitat, blockage of migration routes and other human developments (Ferguson, 1995). 

Loss of genetic diversity and locally adapted populations (and species) can compromise 

stability and recovery potential of marine ecosystems as well as impair their ability to 

adapt to changing environmental condition.There is generally limited information on 
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genetic variation amongand within Clarias and Heterobranchus species and this greatly 

hampers an efficient and sustainable exploitation of these resources (Worm et al., 2009). 

1.3Justification of the Study 

The quantification of specific characteristics of an organism or group of organisms is a 

demonstration of the degree of speciation induced by both biotic and abiotic conditions, 

thereby contributing to the definition of different stock of species (Bailey, 1997). The 

African catfish Clarias gariepinus and Heterobranchus longifilis are economically 

important species, but little is known about the genetic background of the natural 

populations of these species. Also, genetic study is needed for proper identification of the 

two species and determination of the genetic connection between them. Although, 

morphometric parameters have been used in the past to identify these too species but more 

specific tool is needed for a more concise differentiation. 

Genetic improvement of aquaculture species offers a substantial opportunity for increasing 

production efficiency, health, product quality and ultimate profitability. It entails a lot of 

parameters including the description of their population and differences. When different 

populations arise, with little or no connection between them, they become genetically 

different from one another. Loss of such populations thus results in loss of genetic 

diversity within the species. The existence of multiple spawning units is an indicator that 

populations may be reproductively isolated, particularly if the species shows spawning site 

fidelity or homing ability. The organization of these populations in time and space, along 

with the ratio of within and among population variation are important to maintain in order 

to avoid negative genetic effects (Altukhov and Salmnekova, 1994). Scientifically, sound 

management of fish resources relies on the information on the biology of the species 

which include information on population structure. 
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There is little information on the genetic characteristics of clariid species of fish in natural 

waters in Northern Nigeria, especially Kano State. The study is expected to made known 

some useful inferences about the magnitude of stock delimitation may be possible with the 

notion that genetics-cum-environment influences phenotypic expression.  

Microsatellite DNA marker has been the most widely used for genetic studies, due to its 

easy use by simple Polymerase Chain Reaction, followed by a denaturing gel 

electrophoresis for allele size determination, and to the high degree of information 

provided by its large number of alleles per locus(Vignal et al.,2002). 

1.4 Objectives of the Study 

The aim of the study is to characterize morphologically and genetically the clariid species 

in Kano State using microsatellite markers. The specific objectives are as follows: 

i) To determine morphometric characters and meristic counts of Clariid species in 

Kano state 

ii) To determine the influence of location, strain and sex on the morphometric and 

meristic attributes of Clariid species. 

iii) To determine length-weight relationships and condition factor (ponderal index) in 

Clariid species in Kano State 

iv) To evaluate genetic variation within and among Clariid species populations in 

Kano state 

v) To determine relationships between morphometric measurements from the studied 

fish populations. 

1.5 Research Hypotheses (Null and Alternative) 
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i Ho:  Location, strain and sex does not have any influence on the morphometric 

and meristic count in Clariid species. 

Ha: Location, strain and sex does have any influence on the morphometric and  

meristic count in Clariid species. 

ii. Ho: The length-weight relationship and condition factor of Clariid species do 

not differ. 

 Ha: The length-weight relationship and condition factor between Clariid 

species differ. 

iii. Ho:  There is no genetic variation within and among Clariid populations. 

 Ha: There is genetic variation within and among Clariid populations. 

iv. Ho: There is no relationship between morphometric measurements in the 

studied clariid 

                         populations. 

Ha: There is relationship between morphometric measurements in the studied 

clariid populations. 
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CHAPTER TWO 

2.0     LITERATURE REVIEW 

2.1 The African Catfish (Clarias gariepinus) 

Catfish (Clarias gariepinus and Heterobranchus longifilis) are commercially important 

warm water fishes which are distributed all over the world. The family of air-breathing or 

labyrinth catfishes (Clariidae) has over one hundred representative species native to most 

of Africa and Southeast Asia (Burgess, 1989). This specie has drawn attention because of 

its biological attributes that includes faster growth rate, resistance to diseases and 

possibility of being highly prolific. Its natural distribution extends all over Africa and Asia 

Minors; it is cultured intensively and extensively in Africa, Europe and Asia (Huisman 

and Richter, 1987). 

Catfishes, especially members of the family Clariidae, are very important in Africa and are 

very abundant in commercial catches in Nigeria especially in the dry season (Okaeme, 

2005). Members of this family that are very common include Heterobranchus species 

(Heterobranchus bidorsalis and Heterobranchus longifilis) and Clarias species (Clarias 

gariepinus and Clarias anguillaris) and their cultured hybrids (Heteroclarias). These 

species are very important because they not only keep well in both fresh and dried 

conditions, but are highly valued and enjoyed a greater level of popularity among 

consumers (Holden and Reed, 1978). The economic importance of Heterobranchus and 

Clarias catfishes and their hybrids is enhanced by their hardiness and adaptability to 

adverse environmental conditions, tolerance of high density culture, resistance to diseases, 

fast growth rate, high consumer ranking and their ability to accept or thrive on cheap feed 

(Olatunde, 1989).   The growth of aquaculture animal protein has been increasing at a rate 
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of over 10% annually compared to 0.7% and 5.2% in beef and poultry respectively 

(Dunham, 2004). Even as aquaculture closes the gap or surpasses the value of commercial 

fisheries, the genetic management and conservation of natural fish stocks and gene pools is 

of great importance (Dunham, 2004).  There is an increase in research interest in the 

maintenance and preservation of genetic diversity of fish as an essential ecological 

resource and life support system (Ekelemu and Zelibe, 2006). African catfish is an 

economically important species, apart from being a model organism in research 

(Volckaert et al., 1994).  The desire of fish farmers is to produce table sized fish within 

the shortest possible time. Long term success in meeting this goal and having an all-year 

round supply of fish, depends on the ability of the farmer to control the entire life cycle of 

the fish (Ezenwaji, 1989; Ekelemu and Ekokotu, 1999).This desire is met by two popular 

catfishes of the genera Clarias and Heterobranchus. Clarias gariepinus occupies a unique 

and prominent position in the commercial fisheries in Nigeria because it is tasty, hardy 

and can tolerate poor water quality conditions (Idodo-Umeh, 2003). It is also capable of 

reproducing in captivity and growing to a size of 7.0 kg (Holden and Reed, 1978; Idodo-

Umeh, 2003).It has an efficient feed conversion especially in the males (Nweke and 

Ugwumba, 2005) and so attracts high market price. In a similar vein, Heterobranchus spp 

are also important and can grow to a size of about 14.0 kg but not as hardy as the Clarias 

spp (Idodo-Umeh, 2003). Aquaculturists have been able to harness the qualities of these 

two species by cross breeding them to produce a hybrid (Heteroclarias or Clariobranchus) 

which is hardy and grows to a large size (Miller, 2003; Keremah and Green, 2005) and 

they often display unequal growth patternwhen used to stock ponds.The hybrids of 

Clariasand Heterobranchus exhibit fast growing quality of Heterobranchusreaching up to 

1.0 kg under eight months in ponds.On the other hand, observations using pure Clarias 

and Heterobranchus species to stock ponds shows that they grow uniformly (Ekelemu and 



9 

 

Ogba, 2005). These observations on the growth patterns of Heteroclarias, Clarias and 

Heterobranchus species notwithstanding, farmers are divergent in their opinion as to 

which set of fish to use in stocking their ponds 

Studies on Heterobranchus and Clarias spp. have shown them to be quality animal protein 

sources (Afolabi, 1984). Essential amino acids in Heterobranchus and Clarias spp. have 

been reported to include lysine, leucine, isoleucine, arginine, histidine, methionine, 

threonine, phenylalanine, valine and tryptophan (Effiong and Tafa, 2005). Other essential 

amino acids like alanine, asparagine, glycine and glutamic acid were similarly reported in 

Heteroclarias hybrids (Effiong and Tafa, 2005). The presence of all these essential amino 

acids necessary for healthy human life in these catfishes underscores their nutritive value 

and hence the importance of their consumption. (Esobhawan, 2010). 

The African catfish is indigenous to the Northern parts of the continent which has been 

trans- located into many rivers outside its natural range. Its common names include 

African catfish, African magur, sharptoothed catfish, barbell and skerptand barber 

(Sheasby, 2009). It is a dominant freshwater fish. Its body colouration varies from olive 

green to brown and black with the flanks often uniform grey to olive-yellow with dark 

slate or greenish brown black. Underparts are pale olive to white and are mottled 

irregularly with dark brownish green or uniform silvery olive (Sheasby, 2009) 

The catfish genus can be defined as displaying an eel shape, having an elongated 

cylindrical body with dorsal and anal fins being extremely long (nearly reaching or 

reaching the caudal fin) with both fins containing only soft fin rays. The outer pectoral ray 

is in the form of a spine and the pelvic fin normally has six soft rays. The head is flattened, 

highly ossified, the skull bones (above and on the sides) forming a casque and the body is 

covered with a smooth, scaleless skin. The skin is generally darkly pigmented on the 
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dorsal and lateral parts of the body. The colour is uniformly marbled and changes from 

greyish olive to blackish according to the substrate. On exposure to light the skin colour 

generally becomes lighter (F.A.O., 2003). They have four pairs of unbranched barbels, 

one nasal, one maxillar (longest and most mobile) on the vomer and two mandibulars 

(inner and outer) on the jaw. Tooth plates are present on the jaws as well as on the vomer. 

The major function of the barbels is for prey detection (F.A.O., 2003). 

Catfish is a heavy boned, flat headed fish with premaxilla and lower jaw pointed teeth 

arranged in several rows. It has a high number of gill rakers varying from 24 to 110, the 

number increasing with the size of the fish (Sheasby, 2009). The body is elongated with 

long, low dorsal and anal fins and a smoothly rounded tail fin. The skin is leathery and has 

no scales. It has a small but powerful pectoral fin set immediately in front of the anal fin 

which has a serrated spine. The eyes are small and set far forward in a flat and bony head. 

At the back of the head there is a subsidiary breathing organ above the gills which enables 

this animal to breathe air directly (Sheasby, 2009) 

Having a bi-loded swim bladder which is connected to the oesophagus via a narrow 

pneumatic duct all making the catfish buoyant. The swim bladder is reduced to 

compensate for this buoyancy. Air is retained in the suprabranchial chamber when a 

vertical stationary position is required but the air is expelled when the fish need to plunge 

down suddenly to avoid predation (De Moor and Bruton, 1988).  Clarias spp. inhabits 

calm water from lakes, streams, rivers, swamps to floodplains, many of which are subject 

to seasonal drying. The most common habitats frequented are floodplain swamps and 

pools in which the catfish can survive during the dry season due to the presence of their 

accessory air breathing organs (F.A.O., 2003).Although numerous studies on the food 

composition of Clarias gariepinus have been carried out, a consistent pattern has not 
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emerged and they are generally classified as omnivores or predators. They have been 

found to feed on terrestrial insects, molluscs and fruits (F.A.O., 2003). 

With increasing demand for aquaculture food, application of molecular genetics to production 

traits is desirable through multiple trait selection programmes with the aid of marker 

assisted selection (MAS). This will greatly contribute to production efficiency; thus, 

enhancing production and increasing sustainability. Genetically improved fish removes 

the impediments to sustainability like slow growth rate, inefficient feed conversion, and 

heavy mortality from disease and associated use of chemicals, loss of fish from low 

oxygen levels, inefficient harvest, poor reproduction and processing loss. African 

catfish,Clarias gariepinus and Heterobranchus longifilis,are important species, but little is 

known about the genetic background of their natural populations. Also, genetic study is 

needed for proper identification of the two species for more concise differentiation and 

determination of the genetic connection between them. Also, specific highly polymorphic 

markers are required to assess the inbreeding level associated with the aquaculture of this 

species (Van Der Bank et al., 1992).   

Being a freshwater fish it is often found in rivers, dams, weirs, lakes, swamps, muddy 

waters, floodplains and other water bodies. They can be found at depths between 4 and 

80m. It is able to bury itself in the river bed when there is a decrease in water or drought is 

occurring. They have been known to stay in muddy ground of ponds gulping air directly 

using their accessory breathing organ instead of their gills. Although they are unlikely to 

survive in ground that has dried completely, they have been known to ‗walk‘ over land 

when there are damp conditions or to look for food and can survive extreme conditions 

and harsh environments. They can survive low oxygen concentrations in water of 
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temperature extremes from 8 - 35°C with salinity levels between 0 and 10% as well as a 

wide tolerance of pH range (De Moor and Bruton, 1988).  

Clarias gariepinus is a non-guarding, substrate spawner, which awaits optimal conditions 

before spawning commences. The average number of eggs produced is 45000 eggs for a 

2kg fish (Sheasby, 2009).Breeding of this species occurs in very shallow, weedy waters 

normally after heavy rains and usually once the fish have migrated upstream. Breeding 

normally takes place after heavy rains, often within 2 to 3 days of the new moon of last 

quarter. Courtship, spawning and egg deposition take place at night with the peak 

spawning times between 8pm and 2.30am. Tiny fertilized eggs hatch out within 24 to 36 

hours of being attached to plants and debris in the water. The larvae swim after 50 hours 

and begin to feed by 80 hours. The fry live in inshore vegetated zones. Clarias gariepinus 

shows a seasonal gonadal maturation which is usually associated with the rainy season. 

The maturation processes of Clarias gariepinus are influenced by annual changes in water 

temperature and photoperiodicity and the final triggering of spawning is caused by a rise 

in water level due to rainfall (De Graaf et al., 1995). There is no parental care for ensuring 

the survival of the catfish offspring except by the careful choice of a suitable site. 

Development of eggs and larvae is rapid and the larvae are usually capable of swimming 

within 48-72 hours after fertilization at 23-28
o
C (De Graaf et al., 1995). 

Clarias is a voracious predator and eats almost anything including insects, crabs, plankton, 

snails, fish, young birds, amphibians, reptiles, rotting flesh, plants and fruits. It is normally 

an individual bottom feeder, but are known to be extremely adaptable to conditions and 

feed in groups at the water surface. They hunt socially, swimming in formations on the 

water surface or in a claw like formation to the shore (Sheasby, 2009). 
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The mouth is wide, subterminal, traverse and capable of opening extremely wide for 

engulfing prey items or sucking in large amounts of water which is flushed through the 

gills for filter feeding. Once the prey is in the mouth, the jaws snap closed and the broad 

bands of sharp teeth on both the upper and lower jaws prevent the prey from wriggling 

free. The prey is swallowed whole. The oesophagus is short, muscular and dilatable. It 

opens into a distended stomach typical of creatures capable of carnivory. The four types of 

feeding as described by De Moor and Bruton(1988) are: 

a) Individual foraging (general solitary searching for food through the water column) 

b) Individual shovelling (moving detritus and debris on the river floor and eating 

hidden organisms) 

c) Surface feeding (moving water through the mouth and gills to capture organisms 

on the surface) 

d) Formation feeding (includes social hunting, pack formation and feeding frenzies) 

Catfish are opportunistic feeders and will take any fish species which is abundant. They 

respond quickly to newly available food sources and will change their feeding patterns to 

match organisms freely available. The youngs feed mostly on small invertebrates in 

shallow inshore areas.Factors which restrict the food niche of these fish are interspecific 

competition; predation pressure, constant low supply levels of food and harsh physic-

chemical conditions. Interspecific competition and predation pressure are buffered by the 

large body size of the catfish, the shape and protection of the head, pectoral spines and 

piscivorous habits. The versatility of their physical adaptations enable them to survive 

almost all conditions (De Moor and Bruton, 1988).Clarias species is a nutritious food 

source in Africa and there is contention between various sources on its viability as an 



14 

 

aquaculture species. It can be housed in higher densities than most fish species and is a 

hardy, quick growing and tasty fish.  

2.2Heterobranchus longifilis 

Genus Hetrobranchus longifilis are mainly recognized and differentiated from Clarias by 

the presence of an arrayed dorsal fin. Four species of this genus are known, they are 

Heterobranchus longifilis (Valenciennes, 1840), Heterobranchus bidorsalis (Geoffroy, 

1808), Heterobranchus boulengen (Pallegrin, 1912) and Heterobranchus isopterus 

(Bleeker, 1863) which is the smallest member of the genus (Reed et al., 1967), but only 

two species are available in Nigeria, Heterobranchus longifilis and Hetrobranchus 

bidorsalis. 

This is a very wide-ranging species with an almost pan-African distribution. 

Central Africa:Heterobranchus longifilis are known throughout the Congo River basin. 

In Lower Guinea, it occurs in the Cross Sanaga in Cameroon, and the Ogowe in Gabon 

(Azeroual et al., 2010). 

Eastern Africa:Heterobranchus longifilisare present in Lake Tanganyika, Malagarasi 

River, Lake Rukwa drainage, Rufiji and Wami, Lower Shire River, Lake Rukwa system, 

Lake Edward, Murchision Nile, and Lake Turkana (Azeroual et al., 2010). 

Northern Africa:They are present but rare in Lower Egyptian Nile (Cairo) and 

sometimes found in Upper Egyptian Nile (Luxor and Aswan), as well as Lake Nasser 

(Lake Nubia) (Azeroual et al., 2010). 
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Northeast Africa:They are found in Ghazal and Jebel systems, White Nile, Nile and Lake 

Nasser in Sudan. They are also found in Baro and Omo Rivers in Ethiopia (Azeroual et 

al., 2010). 

Southern Africa:They are known from middle and lower Zambezi and North into Central 

Africa.  There are also new records of their existence in the Rovuna River (Azeroual et al., 

2010). 

Western Africa:They are known from Gambia, upper Senagal, Niger, Benue, Lake Chad, 

Volta and coastal basins from Guinea to Nigeria, including the delta of Niger and the 

Cross River (Azeroual et al., 2010). 

Heterobranchus longifilis are demersal, potamodromous specie. They are uncommon and 

inhabits large rivers (Eccles, 1992) and found in quite waters with deep pools and 

stretches, not necessarily associated with vegetation, in large waterways and main river 

channels (Teugels et al., 1990). They are omnivorous scavengers, most active at night, 

feeding on any available food, including invertebrates and insects when small, and fish 

and other vertebrates when large. They scavenges off large carcasses and offals from 

riverside villages (Skelton, 1993). THey undergoes a spawning migration from the normal 

dry season habitat into the tributary rivers and floodplains during the rainy season 

(Teugels et al., 1990). Eggs and juveniles are found among plant roots in shallow water. It 

lives for 12 or more years and can be caught with trammel or sinking gill-nets. 

Aquaculture production of the African catfishes,Clarias gariepinus and Heterobranchus 

longifilis,has been practiced for a long time in Africa. Increased productivity of fry and 

fingerlings with attributes of faster growth rates and better environmental tolerance is sine 

qua non to ensuring fish food security in Africa. Genetic techniques are therefore needed 
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to ensure that a faster growth rate leading to a shorter production cycle as well as a greater 

tolerance for poor water condition is achieved. The USDA (1988) pointed out that the lack 

of reliable estimates of genetic parameters such as genetic and phenotypic variances, 

covariance, and genetic and phenotypic correlations for commercially important traits and 

the lack of designed selection programs to test their validity as the major constraints to 

rapid development of stocks for commercial production of aquaculture species.  

2.3 Fish Farming in Nigeria 

Food is a basic necessity of life, third only to air and water. The global experience of 

energy crisis as a result of ever increasing human population has shifted survival pressure 

from land to water. The global food equation recognizes two major components, namely: 

food crop component and animal protein component (Balogun, 1998). Animal protein 

sources include fish, poultry and livestock. Fish consumption in Nigeria is higher due to 

its availability and comparatively cheaper pricesthan livestock production. The biomass of 

fish that can be produced per surface area is much greater than that for terrestrial animals 

indicating that fish production or aquaculture could be the key for providing global food 

security (Dunham, 2004). 

Fish farming is the growing and cultivation of different species of fish including other 

aquatic animals for various purposes such as feeding, decoration, ornamental and for 

advanced research. This branch of agriculture has become very important being that they 

are good sources of protein, vitamins, oils, etc (Solomon and Ezigbo, 2010). The demand 

for protein normally rises as the population increases hence, the need to invest on animal 

and fish species that can reproduce and grow rapidly. 

Fish farming, also called aquaculture, plays a major role in agriculture in Africa and 

especially Nigeria. This could be practiced in either their natural environment or by 
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artificial methods most especially to boost productivity. Artificial fish farming can be 

carried out with the use of ponds, tanks and aquariums, making available facilities which 

will enhance fish growth. Researches and studies are enhanced or encouraged with 

artificial fish farming with the aim of improving growth yield, prevention of diseases, 

improved quantities and other areas of study (Solomon and Ezigbo, 2010). In the review 

by Ita (1998), it was stated that early fish farmers in Nigeria raised their fish in burrow 

pits, abandoned minefields and in earthen ponds in extensive production system. The 

introduction of concrete tanks allows for manageable pond size and modification of the 

environment through a water flow-through system and supplementary feeding thus 

allowing for higher fish yield. The story of aquaculture in Nigeria is essentially the story 

of catfish culture and the hope of fish supply in Nigeria hangs on its development and 

culture.According to Olatunde (1989), Nigerian fish constitute almost 40% of animal 

protein intake and the trend has increased into the 21
st
 century.  

With the effort of FAO, modern aquaculture and aquaculture technology has been 

invented into the system, most especially with catfish and others which are facilitated with 

the acquisition of induced breeding technology (FAO, 2003). This effort seeks to improve 

fish yield and productivity. Its benefits range from rural development income generation, 

farm sustainability as well as reduction in vulnerability. This effort also makes use of land 

which are considered unsuitable for agriculture such as swamps or saline areas. Ayinla 

(1991) stated that over 9570MT of all the fish consumed in Nigeria are from the wild. Eyo 

et al. (2003) reported that since aquatic resources are finite although renewable, every 

effort should be made towards increased fish production through improved resource 

management and conservation and also intensive aquaculture practices.  

Nigeria has high potentials in aquaculture which are hardly tapped. Ayinla (1991) stated 

that aquaculture has provided food of high animal protein, generated income and 
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employment thereby promoting the socio-economic development of Nigerians. Fish 

production when combined with improved inland fisheries management will eliminate fish 

importation and earn substantial foreign exchange.  

To solve the problem of high demand for fish and fish products, Nigerians must turn to 

their underutilized inland waters for improved fish production and aquaculture. Fish 

farming in the country is already a very lucrative business and it is mainly boosted by the 

continuous rise in the demand for the African catfish. This trend thus makes catfish culture 

the most popular form of the fish farming in Nigeria with Clarias gariepinus, 

Heterobranchus spp and Heteroclarias spp being the most desirable culture and they have 

remained an important species for research in agriculture (Adekoya et al., 2006). Catfish 

family,Clariidae is very popular in Nigeria due to its culture characteristics which has 

endeared it to many fish farmers. Ninety percent of the catfish supply in Sub-Sahara 

Africa in 2000 occurred in Nigeria (F.A.O., 2004). 

Clarias gariepinus and Heterobranchus spp are species of high aquaculture importance in 

Nigeria. They are widely cultured owing to their high market price, fast growth rate and 

ability to withstand adverse pond conditions especially low oxygen content. 

Heterobranchus grows faster and attain bigger size than Clarias which matures earlier, 

more adaptable and has higher fecundity (Bartley et al., 2000). They reported that 

interspecific hybrid fishes transfer desirable traits between species, combine desirable 

traits of two species into a single group of fishes. The hybrids of Heterobranchus and 

Clarias exhibit the fast growing quality of Heterobranchus reaching up to 1kg under eight 

month in pond and resistant to diseases (Bartley et al., 2000). 

Hybridization is one of the genetic improvements in aquaculture industry which has been 

recognized as a tool for stock improvement and management purposes. Several studies 

have demonstrated that Clarias gariepinus X Heterobranchus bidorsalis hybrid exhibits 
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superior growth, improved survival and general hardiness than true breed of either Clarias 

gariepinus or Heterobranchus bidorsalis (Nwadukwe, 1995b). The technology has been 

widely accepted as it gives 58% internal rate of return (IRR) on investment (Adeogun et 

al., 1999). 

 

2.4 Morphological and Meristic Characteristics 

One of the most ignored areas in aquatic genetics and biotechnological research is the 

effect of the environment and experimental procedures on genetic expression, the 

phenotype and phenotypic variation (Dunham, 2004). Determination of population 

structure of exploited species is an essential component in successful management of 

fisheries. Specifically, this information can be used for applications ranging from the 

determination of appropriate conservation units to estimation of stock composition in 

mixed stock fisheries. Fish stocks are identified on the basis of differences in stock 

characteristics. The quantification of specific characteristics of an individual or group of 

individuals can demonstrate the degree of speciation induced by both biotic and abiotic 

conditions, and contribute to the definition of different stock species (Bailey, 1997). 

Characters used to identify fish stocks can be purely genetics, purely environmental or 

those that may reflect both genetic and environmental variation (Swain et al., 1991). 

Morphometrics and meristics are the two types of morphological characters that have been 

most frequently used to delineate stocks of a variety of exploited fish species (Silva, 1985; 

Turan, 2004). 

The morphology of fishes historically has been the primary source of information for 

taxonomical and evolutionary studies. Despite the value and availability of genetic, 

physiological, behavioural and ecological data for such studies, systematic ichthyologists 
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continue to depend heavily on morphology for taxonomic characters (Moyle and Cech, 

1981). Species have characteristic shapes, sizes, pigmentation patterns, disposition of fins 

and other internal features that aid in recognition, identification and classification. In 

addition, there are important characters that can be examined by dissection or other means 

of internal examination (Bond, 1979). Morphological terms and conventional 

measurements include body sections, features of the head, fins, lateral line, scales and 

other dermal structures, pigmentation and colour patterns. Meristic characteristics include 

the vertebrae column, fin rays, scales, gill rakers and other rudiments (Strauss and Fuiman, 

1985). Morphometric and meristic studies have provided useful results for identifying 

marine fish stocks and describing their spatial distributions (Ihssen et al., 1981).  

Morphomerics is the empirical fusion of geometry with biology (Bookstein, 1997). 

Patterns of morphometric variation in fishes indicate differences in growth and maturation 

rates because body form is a product of ontogeny. Phenotypic plasticity of fish allows 

them to respond adaptively to environmental changes by modification in their physiology 

and behaviour which leads to changes in their morphology, reproduction or survival that 

mitigate the effects of environmental variation (Meyer, 1987). 

Morphological variation is a central theme in animal production because it provides 

inference into evolution, ontogeny, ethology, life history, and ecology. Shape variation is 

expected in freshwater fishes due to adaptation and occurs with development (Cadrin and 

Silva, 2005), variation in body size (Kimmel et al., 2008), sexual maturity (Pyron, 1996), 

species interactions (Shine, 1989), ecology (Carlson and Wainwright, 2010), dispersal 

(Walker and Bell, 2000) and environmental variation (Haas et al., 2010). 

Morphology is primarily constrained by phylogeny, allometry and physiology (Norton et 

al., 1995). Phylogeny is expected to be most indicative of interspecific morphological 
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variation. Environmental factors such as prey availability, habitat variation, and geography 

and assemblage composition likely contribute to intraspecific morphologic variation. 

Environmental influences on intraspecific morphology act through phenotypic plasticity 

(West-Eberhard, 1989). However, phenotypic plasticity is not necessarily independent of 

phylogeny, allometry and physiology. Ontogeny associated with maturation and body size 

increase (allometry) is a primary source of morphological variation (Hood and Heins, 

2000).  

Ontogenetic variation in morphology is frequently attributed to variation in feeding and 

habitat adaptations. For example, Haaset al (2010) attributed morphological allometry of 

feeding functions to changes in diet with increased body size. Similarly, Hugueny and 

Pouilly (1999) identified persistent and convergent morphological patterns across taxa 

with similar life history strategies for diet, anatomy, and physiology in a phylogenetic 

study of a West African freshwater fish assemblage. One caveat is that the ontogenic 

trends in shape for some proportion of taxa may only represent a covariate of size and not 

be adaptive (Cadrin and Silva, 2005). Physiological differences between males and 

females are an additional major source of morphological variation. Sexual dimorphism is 

expected in fishes as a result of selection for female fecundity, male–male competition and 

sperm competition (Parker, 1992).  

Sexual dimorphism in shape differs with sex-specific ontogeny and differences in timing 

of sexual maturity and investments of energy into egg and sperm production. For example, 

Pyron et al (2007) identified sex-specific shape responses to stream discharge variation, 

suggesting a trade -off between sexual selection and natural selection in a North American 

cyprinid. However, identification that sexual selection is a cause of observed 
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morphological variation requires additional evidence of an association with intrasexual 

competition and/or mate preferences.  

Phenotypic plasticity that is revealed by environmental variation is an additional 

component of morphological variation (West-Eberhard, 1989). Given the relationships of 

form and function (Wainwright and Richard, 1995), the ability of a single genotype to 

produce multiple phenotypes likely contributes to the persistence, distribution, and 

ecology of organisms. For example, Langerhans et al (2003) identified morphological 

shifts within populations of several Neotropical fishes that occurred in habitats with 

different flow variation. Similarly, Haas et al. (2010) identified morphological divergence 

associated with habitat change from lotic to lentic conditions that coincided with deeper 

and more robust body shapes in a species of Cyprinidae 

Analyses of enumerable body features (meristics) have been widely used for studying 

stock structure of fishes. The most commonly enumerated features have been external, 

including number of fins spines and fin rays, gill rakers and scales. There is a long history 

of stock identification of fishes through meristic analysis; most fish species that occur as 

multiple stocks and that have been subject of fishery management, also have received at 

least some meristic analysis (Waldman, 2005). Ecophenotypic variation of meristic 

expression has been clearly demonstrated in many species of fishes. There are instances in 

which ecophenotypic variation of meristic traits were effective towards stock 

identification than are genetic approaches (Waldman, 2005). The morphometric and 

meristic characteristics are often analysed together for the purpose of population structure 

analysis. 

Fish morphology refers to the variety of anatomical design among species. Body 

architecture can be discussed in terms of the characteristics depth, predation style and 
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other swimming specialization required for the survival success of a given species. For 

example, the type, size and arrangement of a fish fins are inextricably related to their 

ecological niche. All fins (except the adipose fin) are supported internally by fin ray 

(Farag et al., 2014). Catfishes are bottom rovers and have a shape similar to the rover-

predator but have a flattened head, humped back and enlarged pectoral fins. These fishes 

possess barbels or whiskers with taste buds to locate prey in muddy water. The mouth 

shapes vary to exploit different food sources found on the bottom (Farag et al., 2014). 

Describing the general body shape of fishes, Bookstein et al (1997), posited that most of 

them possess a fusiform body form in which head, trunk and tail merge smoothly into one 

another.  

Body formation: Fish have a variety of different body plans. The fusiform body has a 

streamlined plan to aid fast movement. According to Frooze et al (2014), they may also 

possess filiform (eel-shaped) or vermiform (worm-shaped). They are often either 

compressed (laterally thin) or depressed (dorso-ventrally flat). The lateral line is a sense 

organ used to detect movement and vibration in the surrounding water. The lateral line 

system is designed to follow the vortices produced by fleeing prey. In most species, it 

consists of line receptors running along each side of the fish (Frooze et al., 2014). 

However, the shapes of fishes are diverse. Even closely related species may differ 

markedly in relative body length, depth and width and in the relative size, shape, and 

placement of fins and other external structures. For this reason, body proportions are often 

used to describe taxa and discriminate closely related species. Interspecific shape 

comparisons are best done after an analysis of withinspeciesvariation has been completed. 

Variation within species has two basic components; geographic variation among 

populations due to genetic divergence of phenotypic response to environmental factors 

and within population variation (Barlow, 1961). This second component can be partitioned 
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into body-size variation, sexual dimorphism and functional effects correlated with age, 

seasonality, nutrition, etc. Body size is an important source of shape variation because 

most fishes have continuous, indeterminate growth and change shape allometrically as a 

function of size (Bookstein et al., 1997). Allometricgrowth results in systematically 

changing proportions among morphological structures during ontogeny and it can 

sometimes result in substantial differences in body form between juveniles and adults 

(Strauss, 1984). Morphometric traits are majorly used for discrimination among sexes or 

species, categorization of uncertain specimens like putative hybrids, description of 

patterns of morphological variation among populations or species; and classification and 

assessment of phylogenetic relationships (Winans, 1985; Tailor et al., 1986). 

Morphometric variation between stocks can provide a basis for stock structure, and may 

be applicable for studying short-term, environmentally induced variation geared towards 

successful fisheries management (Pinheiro et al., 2005). It is widely used to identify 

differences between fish populations (Torres et al., 2010).Grouping species according to 

traits, such as size, morphology, or behaviour, is a means of simplifying specie-rich 

communities, and sometimes provides better predictive capabilities than analyses 

performed at higher levels of taxonomic resolution (Layman et al., 2005).  

 

2.5 Fish Body Shape and Skin Pigmentation 

Over the past few decades, body shape and skin pigmentation have become valuable 

appearance traits in commercial fish. Due to increasing market sophistication, fish size, 

meat quality, and other traditional traits are not the only attributes that influence consumer 

choice at point of sale, especially when fish are sold whole (Nelson and Christian, 2014) 

but according to Nelson and Christian (2014), shape and skin color in fish are complex 

traits, involving numerous genetic and environmental factors. Thus, progress in this field 
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will depend in part on dissecting the underlying genetics of these traits for future 

implementation of modern selection strategies, such as marker-assisted selection based on 

molecular data. 

The domesticated phenotype phenomenon arises because the body shape of an organism 

results from the integration of morphological, behavioral, and physiological traits (Reid 

and Peichel, 2010), where different genetic and environmental pressures can lead to 

functional trade-offs (Walker, 2010). This creates functional constraints, where those 

changes with the greatest positive and fewest negative effects on fitness will be selected 

(Reid and Peichel, 2010). For example, in natural populations, there is a relationship 

between body shape and swimming performance, but body shape is also influenced by 

foraging behavior, the risk of predation, and stream velocity (Walker, 1997). The trade-off 

for body shape also operates in captive populations. For instance, cultured populations of 

rainbow trout selected for rapid growth result in more rotund fish, given the existence of a 

positive genetic correlation of body mass with body shape and condition factor (Kause et 

al., 2003) that is, mass gain in fish achieved by increasing body width and height rather 

than by increasing body length.It has been shown that other factors, such as water velocity 

(Pakkasmaa and Piironen, 2001), rearing environment (Swain et al., 1991), fish density, 

and diet (Jenkins et al., 1999) may also modify body shape in fish. This phenomenon 

occurs given that many morphological growth-related traits show phenotypic and genetic 

correlations in fish (Martyniuk et al., 2003), 

2.6Length-Weight Relationship and Condition Factor in Aquatic Organisms 

Fish found in tropical and sub-tropical water system experience frequent growth 

fluctuation due to factors such as food composition changes, environmental changes, rate 
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of spawning, etc. Length-weight and length-length relationships can be used to assess the 

influence of these factors (Adeyemi, 2011). In order to estimate the biomass, it is 

necessary to know the length-weight relationships of the species under study. Relative 

weight is considered as management goal by fishery manager for monitoring status of 

fishes and for comparative growth studies. Relative weight is a suitable index for 

comparing condition across populations and species (Froese, 2006). Knowledge of 

quantitative aspects such as length-weight relationship and condition factor (K) or 

Ponderal index is an important tool for the study of aquatic organisms. The knowledge can 

be used to predict weight from length measurements made in yield assessment (Pauly, 

1993). Fish can attain either isometric growth, negative allometric growth or positive 

allometric growth. Isometric growth is associated with no change in body shape as an 

organism grows. Negative allometric growth implies the fish becomes more slender as it 

increases in weight while positive allometric growth implies the fish becomes relatively 

stouter or deeper-bodied as it increases in length (Riedel et al., 2007). The condition factor 

(K) serves as an indicator of physiological state of the fish in relation to its welfare. It also 

provides information when comparing two populations living under different feeding 

densities and climatic conditions (Weatherly and Gills, 1987). Thus, condition factor is 

important in understanding the life cycle of fish species and it contributes to adequate 

management of these species, thereby maintaining equilibrium in the ecosystem.  

Length and weight are two basic components in the study of the biology of fish species at 

individual and population levels (Ekelemu and Zelibe, 2006). Length – weight relationship 

(LWR) is an important factor in the biological and ecological study of fish. It is of prime 

importance in fish yield equations and stock assessments, estimation of biomass and in the 

prediction of the weight of fish from a given length in yield assessment. It is further 

employed in the studies of gonadal development, condition factor (the general well-being 
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or relative fitness of the individual) as well as providing information on growth patterns 

(Ekelemu and Zelibe, 2006). Effective management of any fishery requires considerable 

knowledge regarding population parameters such as length-weight, age and growth, 

mortality and recruitment of the exploited stock. Thus length-weight relationship (LWR) 

and population dynamics are studied with the major objective being the rational 

management and conservation of the resources. Fish, like other animals, have a 

requirement for essential nutrients in order to grow properly. In the wild, such essential 

foods are available for the fish to forage. In doing this, they are able to meet their body 

needs by feeding extensively on these foods. To successfully meet these needs, there are 

some variable factors such as the type of environment, season of the year, location which 

determines the abundance of the food and the distance to which the fish migrates when 

foraging. Such natural environments are comprised of lakes, streams, rivers, seas, oceans 

and other water bodies. Fishes in these water bodies, subsist essentially by feeding on a 

variety of foods such as the small microscopic organisms known as plankton, aquatic 

plants and animals including insects, snails, worms and decaying organic matter. In this 

process, some fish species even feed on others. When fish are removed from their natural 

environment, to an artificial environment, enough food must be supplied to enable them 

grow.  

Weight-length relationships (WLR) are used for estimating the weight corresponding to a 

given length and condition factors are used for comparing the condition, fatness or 

wellbeing of fish based on the assumption that heavier fish of a given length are in better 

condition and growth  quality (Tesch, 1968). The concept helps scientist in converting 

growth-in-length equation to growth in weight in stock assessment models (Bobori et al., 

2010). Length-weight equation has been used in yield per recruit model analyses and age 
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structured analyses (Lee and Liu, 1996). LWR allows life history and morphological 

comparison between different fish species or between fish population from different 

habitats or regions (Santos et al., 2002). Condition factor on the other hand gives 

information on how a population lives in certain feeding, density, climate and other 

conditions; when determining the period of gonadal maturation; and when following up 

the degree of feeding activity of a species to verify whether it is making good use of its 

feeding source (Lazima et al., 2002). 

Length-weight relationship gives the condition and growth pattern of fish. It provides 

important information concerning the structure and function of fish populations (Hirpo, 

2013), and allows for interchangeable calculations during hatchery and production 

operation. Fish is said to be growing isometrically if the length increases with equal 

proportion to the body weight for constant specific gravity (Taylor et al., 2010) while 

allometric growth is assumed when the increase in any of the parameters is unproportional 

to the other. It is therefore possible to estimate the weight or length of fish from either of 

each parameter that is available from a formula that takes into account the growth pattern 

(whether isometric or allometric). Condition factor refers to the wellbeing of the fish in 

question and by extension its health status and fishing pressure (Blackwell et al., 2000). It 

is therefore an index reflecting interactions between biotic and abiotic factors to the 

physiological condition of fish. It is estimated by comparing individual fish weight of a 

given length to a standard weight. It is assumed that heavier fish reflects a heavier 

physiological status. Condition factor reflects the fluctuations by interaction among 

feeding condition, parasitic infection, physiological factors and recent physical and 

biological circumstances (Shahlina and Biswas, 2014). When a condition factor value is 

higher, it means that the fish has attained a better condition. The condition factor can be 
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affected by a number of factors such as stress, sex, season, availability of feeds, and other 

water quality parameters (Khallaf et al., 2003). 

The length-weight relationship is a very important tool in proper exploitation and 

management of fish population (Anene, 2005) and is very essential for stabilizing the 

taxonomic characters of the specie (Pervin and Mortuza, 2008). Data from L-W equations 

are used for sampling programme, estimation of growth rate, length and age structure and 

other components of fish population dynamics (Kolher et al., 1995), that could be used to 

compare life history and morphological        aspects of populations inhabiting different 

regions (Stergiou and Moutopoulos, 2001). 

The length-weight relationship and condition factor of five fish species from Nkoro River 

in the Niger delta region of Nigeria was studied by Abowei et al. (2009). The respective 

exponential equations for the length weight relationship are: Ethmalosa fimbrata (Wt = 

0.0162 (TL)3.199); Ilishia africana (Wt = 0.5998(TL)2.719) Sardinella maderensis (Wt = 

0.0478(TL)3.580) and Cynoglossus senegalensis (Wt = 0.0326(TL)3.508). All species 

studied exhibited isometric growth (b.3) except Sardinellamaderensis and C. 

senegalensisthat exhibited positive allometric growth with b.3.6 and 3.5 respectively. The 

condition factor ranged from 0.917(I. africana) to 0.985 (C. senegalensis). There was 

difference in the condition factors for the combined fish species and the monthly factor for 

each fish species studied: E. fimbrata (0.85±0.015), I. africana (0.96±0.061), S. 

maderensis (0.87±0.072) and E. senegalensis (0.62±0.011), whileC. senegalensis was 

1.10±0.042 

The length-weight, length-length relationship and condition factor of Synodontis 

robbianus in the lower Niger River (Idah), Nigeria was carried out Adeyemi, (2011). 

Results showed allometric growth for the sampled fish with regression coefficient (b-
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value) of 2.9926, 2.7620 and 2.8355 for males, females and combined sex respectively. 

The regression coefficients (b-value) for the length-length relationship were 0.9418, 

0.9602 and 0.9510 for males, females and combined sex while the condition factor of all 

the sampled population varied from 1.57-3.83 indicating that the sampled site is a good 

environment for growth, reproduction and survival of the fish species. 

The length-weight relationships (LWR) and condition factors of 21 fish species from 15 

families of ecological and economic importance, found in Ologe Lagoon, Lagos, Nigeria 

were studied by Kumolu-Johnson and Ndimele (2010). The slope (b) values obtained for 

the 21 fish species ranged from 2.012 to 2.991, and differed significantly (p<0.005) from 

3, which indicates that most of the fish species have negative allometric growth. Liza 

falcipinnis was the only species with isometric growth (b = 2.99). The condition factors 

(K) of the fish species ranged from 0.12 in Polydactylus quadrifilis to 16.29 in Eutropius 

niloticus and about 86% of these condition factors fall outside the range recommended as 

suitable for matured fresh water species in the tropics. This indicates that Ologe Lagoon 

may be unfavourable to fishes in the lagoon. 

 

2.7 Identification of Clariid Catfishes as Important Tools in Breeding and Genetics 

The family Clariidae is divided into two species, namely: - Clarias and Heterobranchus. 

Clariid catfishes occur both in South-east Asia and in Africa. The highest generic diversity 

is found on the African continent where some 14 genera have been reported (Legendre et 

al., 1992) against two in South East Asia. In both continents,Clariidae are of great 

economic importance as food fish. Aluko and Shaba (1999) stated that African catfish, 

Clarias and Heterobranchus, are widely cultured in Africa and Europe and of late, African 

catfish is being cultured in Asia. Teugels (1982) while systematically revising the genus 
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Clarias in Africa treated four species as Clarias anguillaris,Clarias gariepinus, Clarias 

lazera and Clarias mossambicus. However, since the author could not find significant 

differences between Clarias mossambicus, Clarias gariepinus and Clarias lazera. The 

author concluded that all three are synonymous and that Clarias gariepinus should be 

used in the future. Another African Clariid of the genusHeterobranchus has four species, 

these are Heterobranchus longifilis (Valenciennes, 1840). Heterobranchus bidorsalis 

(Geoffroy. 1809), Heterobranchus boulengen (Pallegrin, 1912) and Heterobranchus 

isopterus (Bleeker, 1863) which is the smallest member of the genus (Reed et al., 1967). 

The fish species Clarias and Heterobranchusare very common and widely distributed 

throughout Africa. They go by different names in various localities and in Nigeria are 

collectively referred to as the mudfishes. The hybrid mudfish is the crossbreed between 

the Heterobranchus and Clarias species (Maduet al., 1999). They also reported that two 

species of Clarias, Clarias anguillaris and Clarias gariepinus, are most popular for fish 

farming in Nigeria. Similarly, only two species of Heterobranchus (Heterobranchus 

bidorsalis and Heterobranchus longifilis) are commonly available in Nigeria (Maduet al., 

1999). 

 

2.7.1 Parameters necessary for fish identification 

Fish identification and classification sometimes allow managers to determine if samples of 

fish are from different populations and to determine the relative contribution of stocks to a 

mixed stock fishery (Sea Grant Research, 1987). Among the wide array of fish species, 

proper identification of each is a problem without reference to certain parameters. In 

identifying fish, the parameters are drawn around the external and internal features. 

Occasionally, the breeding pattern according to Ogueri(2001) is used but that requires 

close examination of the fish in its habitat. According to him, equally used in 
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identification of fish is information from genetic studies and haematological studies (of 

the blood of the specimens, through electrophoresis). He observed that the most common 

features used in identifying fish are the number of dorsal and anal fin spines and rays, 

position of mouth, number and location of teeth, type and number of scales in the lateral 

line, shape of caudal fin, number of gill rakers and colour.  

Use of fins:  Reed et al (1967) explained that when identifying a fish, the fins are the first 

thing which should be examined. The number of fins, their types, sizes, situation on the 

body and positions in relation to each other are most important. Some species of fish (e g. 

Heterobranchus) have two dorsal fins, the second of which is often an adipose fin, 

composed only of soft, fleshy tissue and usually without rays of any kind. The size and 

shape of this fin is often used as a clue to the identity of the fish. 

Use of Teeth: The character and position of teeth are sometimes important in the 

classification of fish. Teeth may be pointed and with a varying number of cusps, in which 

case they are termed unicuspid, bicuspid, etc, or they are said to be granulated (e.g. 

Heterobranchus and Clarias spp.) when they are numerous and flat, forming a surface like 

rough sand paper. Some fish, like Tetraodon and Protoptertis, have fusiform teeth 

coalesced into massive ridges or beak-like structures; those are generally used for cracking 

shells and seeds (Reed et al., 1967). They also explained that, the terms used to describe 

the positions of teeth are Pre-maxillary, when the teeth are situated in the front margin of 

the upper jaw; Maxillary, when on the sides of the upper jaw on a separate bone; 

Mandibular, when on the margin of the lower jaw; Voinerine, when on the front part of 

the roof of the buccal cavity; Palatine, when further back of the palate and Pharyngeal, 

when they are situated in the throat 

2.8 Genetic Diversity or Variability 
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Populations of many species of organisms respond both morphologically and genetically 

to a changed environment. Geographically structured variation in phenotypic traits can 

result from genetic and environmental factors. Divergence may be primarily caused by 

environmental effects, which are mediated by phenotypic plasticity, the differential 

expression of traits under different environmental conditions.  Genetic differentiation of 

quantitative traits among populations has been shown in many species, yet the genetic 

changes that can accompany divergence have received less attention. These can include 

changes in phenotypic plasticity, i.e. the ability of an organism to respond to 

environmental variation, and in genetic architecture, i.e. the genetic factors underlying 

trait variation (Musick, 1998). Within species, genetic diversity is partitioned among and 

within populations. Long before species declines into extinction, it will suffer a reduction 

in the level of genetic diversity within and among its populations. Often, range contraction 

and fragmentation of former distribution occur (Musick et al., 2000). Fragmentation 

causes the formation of small isolated populations which are more vulnerable to genetic 

degradation. While documented extinctions of marine species are rare, the extinction of 

population (extirpation) is more common (Musick, 1998; Musick et al., 2000). 

Genetic variation is important for the long-term survival of species; it ensures the fitness 

of species or populations by giving the species or populations the ability to adapt to 

changing environment; and lack of genetic variation or too much of homozygosity are 

detrimental to survival and fitness as a result of inbreeding depression  (Dunham, 

2004),when a population of an organism contains a large gene pool—that is, if the genetic 

blueprints of individuals in the population vary significantly—the group has a greater 

chance of surviving and flourishing than a population with limited genetic variability. 

Homozygosity has been correlated with bilateral asymmetry (fluctuating asymmetry) 
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which is the unbalanced meristic counts of the right and left halves of the body in fishes 

(Dunham, 2004).  

Genetic improvement of aquaculture species offers a substantial opportunity for increased 

production efficiency, health, product quality and profitability (Davis and Hetzel, 2000). 

Genetic improvement techniques for delivering genetic gains include definition of 

breeding objectives, estimation of genetic parameters that describe populations and their 

differences, and evaluation of additive and non-additive genetic merit of individuals or 

families (Davis and Hetzel, 2000). 

There is a number of different molecular tagging methods which have been designed to 

study fish populations. The use of biochemical methods such as isozymes and protein 

electrophoretic techniques for species identification have been widely applied in fish 

(Burgess, 1989; Manohar et al., 2005; Na-Nacron et al., 2004; Saad et al., 2002; Wei and 

Musa, 2008; Yilmaz et al., 2007). Also, the use of molecular methods such as RAPD 

techniques (Almeida and Sodre, 2002; Quibai et al., 2006), AFLP techniques (Mickett et 

al., 2003; Simmones et al., 2006) and microsatellite DNA (Perales et al., 2007; 

Wachirachaikam and Na-Nakron, 2007) have been widely applied in fish characterization. 

The greatest advantages for RAPD techniques are that they can potentially sample a large 

number of loci and that no prior DNA sequence information is needed to perform the 

assay (Christopher et al., 2004). 

2.9 Fish Genetics 

2.9.1 Emergence of fish genetics 

According to Dunham (2004), fish genetics programmes first emerged in the 1900s after 

the basic principles of genetics and quantitative genetics had been established. However, 
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there was not a substantial effort in fish genetics research and the application of genetic 

enhancement programmes until the 1960s because of the infancy and small scale of 

aquaculture, a lack of knowledge of fish genetics and a lack of appreciation of genetic 

principles by natural resource managers regarding genetic enhancement, population 

genetics and conservation genetics. Slightly earlier, Ellis Prather conducted selection of 

largemouth bass, Micropterus salmoides, for improved feed conversion efficiency in the 

1940s and Donaldson selected rainbow trout for increased growth in the 1950s, but neither 

utilized genetic controls, making any genetic progress unverifiable (Dunham, 2004). 

However, since the 1960s, fish genetics research and application of genetically improved 

fish and genetics principles have been gaining momentum with each passing decade. In 

1959, H. Swarup was one of the first to induce triploidy in fish – the three-spined 

stickleback, Gasterosteus aculeatus. Giora Wohlfarth and Rom Moav also initiated a 

considerable amount of research on traditional selective breeding of common carp in the 

1960s in Israel (Dunham, 2004). This led to the development of traditional catfish 

selective breeding efforts of Rex Dunham and R. Oneal Smitherman in the 1970s and 

1980s in the USA after initial collaboration between the Israelis and Smitherman. Also in 

the 1970s, Trgve Gjedrem, Harold Kincaid and, later, William Hershberger initiated long-

term selection programmes for various salmonids (Dunham, 2004). This early work on 

selective breeding was the predecessor to later research on molecular genetics of 

aquaculture species. Also in the 1970s, Rafael Guerrero III and William Shelton 

developed sex-reversal technology for tilapia, which would later lead to the development 

and worldwide application of genetically male tilapia (Dunham, 2004). 

In 1970, Werner Arber, Hamilton O. Smith and Daniel Nathans isolated restriction 

endonucleases which was the key discovery allowing the development of gene cloning 
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(1978), genetic engineering (1978) and various restriction- fragment technologies (Glick 

and Pasternak, 1998). The discovery of reverse transcriptase by Howard Temin and David 

Baltimore was, of course, also key for the development of modern recombinant DNA 

technology. Then in 1973, Stanley Cohen and Herbert Boyer devised recombinant DNA 

technology (Cohen et al., 1973). This type of research was further enhanced in 1975 with 

the development of procedures to rapidly obtain DNA sequences (Sanger et al., 1977) and 

to visualize specific DNAfragments (Southern, 1975). The 1980s saw more quantum leaps 

in molecular genetic biotechnology. Around 1980, Palmiter, Brinster and Wagner 

produced the first transgenic animals, mice, and Palmiter and Brinster demonstrated that 

the transgenesis could lead to greatly accelerated growth in the mice. They also 

demonstrated the dramatic phenotypic alterations that could be realized through gene 

transfer. This provided the motivation and impetus for the development of technology for 

the generation of the first transgenic fish. In a year-and-a-half span from 1985 to 1987, 

Zhou first transferred genes into goldfish in China, followed by Ozato in Japan with 

medaka, Daniel Chourrout in France with rainbow trout and Rex Dunham in the USA with 

channel catfish. In 1985, Jeffreys developed DNA finger- printing technology (Jeffreys et 

al., 1985), revolutionizing not only population genetic analysis and gene-mapping 

technology, but also forensic and criminal science. The current state of modern molecular 

genetics and genomics research would not have been possible without the revolutionary 

invention of the polymerase chain reaction (PCR) by Kary Mullis in 1985 (Dunham, 

2004). The new biotechnologies, such as sex reversal and breeding and polyploidy, began 

to have a major impact on aquaculture production in the late 1980s and early 1990s by not 

only improving growth rates but allowing major improvement of flesh quality in species 

that exhibit sexual dimorphic and sexual maturation effects. Chourrout (1982) induced the 

first viable tetraploid fish, rainbow trout, Standish Allen developed triploid technology for 
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shellfish during the late 1980s and Gary Thorgaard developed clonal lines of rainbow trout 

via androgenesis. The pioneering research on sex reversal and breeding technology by 

Shelton and Guerrero led to worldwide production of monosex Nile tilapia in the 1980s 

and 1990s, and Graham Mair took this technology one step further in the 1990s, leading to 

the development of YY populations of Nile tilapia and the production of genetically male 

tilapia (GMT) populations in many countries. Traditional breeding is being utilized in 

concert with these new biotechnologies. The 1990s brought continued rapid progress in 

molecular genetics and biotechnology. DNA marker and gene-mapping technology has 

exploded in the last decade. Microsatellites were developed in 1989, radiation 

hybridization in 1990, random amplified polymorphic DNA (RAPD) and expressed 

sequence tag (EST) technologies in 1991, the amplified fragment length polymorphism 

(AFLP) technique in 1995 and single nucleotide polymorphism (SNP) procedures in 1998. 

Another major advance was the first nuclear cloning of a mammal, sheep, in 1997 

(Dunham, 2004). 

Since the early 1980s, research in aquaculture and fisheries genetic biotechnology has 

steadily grown, and now research in this area is extremely active. Currently, efforts are 

well established in the areas of traditional selective breeding, biotechnology and molecular 

genetics of aquatic organisms. Cultured fish are being improved for a multitude of traits, 

including growth rate, feed conversion efficiency, disease resistance, tolerance of low 

water quality, cold tolerance, body shape, dress-out percentage, carcass quality, fish 

quality, fertility and reproduction, and harvestability (Dunham, 2004). 

2.9.2Application of biotechnology in fish population genetics 

Traditionally, morphological characterization of fish has been useful in determining fish 

species, sex and larva stages, but it does not offer a definite or reliable method for specie 
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identification. Therefore, genetic or DNA-based techniques are being used for such 

purposes (Wong, 2011). The use of molecular genetic techniques in fisheries research has 

increased dramatically over the past years, largely due to the increased availability of 

techniques and an increased awareness of the value of genetic data (Park and Moran, 

1994). At present, the boundaries of fisheries related molecular genetics research 

encompass topics from the identification of markers for stock discrimination (Park et al., 

1993) to the genetics of pathogenic organisms of commercially important species (Meyers 

et al., 1992) and to the expression of growth factors during maturation (Duguay et al., 

1992). Population genetics is the study of genetic variation within populations, and 

involves the examination and modelling of changes in the frequencies of genes and alleles 

in populations over space and time. Population genetics is the study of genetic variation 

among species, individuals and populations; fundamentally, it shows that distribution of 

genetic variability is affected by evolutionary forces of mutation, migration, selection and 

random genetic drift (Hansen, 2003).  As relative allele frequencies change, relative 

genotype frequencies may also change. Each genotype in the population usually has a 

different fitness for that particular environment. In other words, some genotypes will be 

favored, and individuals with those genotypes will continue to reproduce. Other genotypes 

will not be favored: individuals with those genotypes will be less likely to reproduce. 

Unfavorable genotypes take many forms, such as increased risk of predation, decreased 

access to mates, or decreased access to resources that maintain health. Overall, the forces 

that cause relative allele frequencies to change at the population level can also influence 

the selection forces that shape them over successive generations (Hansen, 2003).   

Specific highly polymorphic markers are required to assess the inbreeding level associated 

with these aquacultured species (Bentzen et al., 1991; Van Der Bank et al., 1992). The 
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study of parentage in population genetics and quantitative genetics utilize microsatellite 

markers due to its relatively high polymorphism (Tautz, 1989). Queller et al. (1993) 

developed specific microsatellite primers for Clarias gariepinusin order to perform 

paternity tests and to characterize wild and domesticated populations. They reported the 

isolation and characterization of seven (GT)n markers and their potential use in other 

catfish species. The microsatellite primers were isolated through the production and 

screening of a library of short fragments of genomic DNA of Clarias gariepinus. 

Microsatellite or Simple Sequence Repeats (SSRs) represent an abundant source of 

genetic markers which are highly abundant and dispersed evenly throughout eukaryotic 

genomes. They have become the markers of choice for a wide range of applications in 

population genetics, conservation and evolutionary biology. Microsatellites represent ideal 

molecular markers because they have multiple alleles which are highly polymorphic 

among individuals. Polymorphism is achieved by having variable numbers of tandem 

repeat motifs resulting in size variation which can then be visualized by PCR with pairs of 

locus-specific flanking primers, followed by electrophoresis of the amplification product. 

Microsatellite motifs occur once every 10kb in fishes. They are inherited in a co-dominant 

fashion, and are fast and easy to assay. They are co-dominant in nature with high level of 

polymorphism and can reproduce very well. This gives microsatellite an edge over others 

for estimating population structure and genetic diversity (Mojekwu and Anumudu, 2013).  

2.9.3 Application of molecular markers 

In genetics, a molecular markeris a fragment of DNA that is associated with a certain 

location within the genome. Molecular markers are used in molecular biology and 

biotechnology to identify a particular sequence of DNA in a pool of unknown DNA. There 
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are many types of genetic markers, each with particular limitations and strengths. Within 

genetic markers there are three different categories: "First Generation Markers", "Second 

Generation Markers", and "New Generation Markers (Maheswaran, 2014).These types of 

markers may also identify dominance and co-dominance within the genome (Maheswaran, 

2014).Identifying dominance and co-dominance with a marker may help identify 

heterozygotes from homozygotes within the organism. Co-dominant markers are more 

beneficial because they identify more than one allele thus enabling someone to follow a 

particular trait through mapping techniques. These markers allow for the amplification of 

particular sequence within the genome for comparison and analysis. Molecular markers 

are effective because they identify an abundance of genetic linkage between identifiable 

locations within a chromosome and are able to be repeated for verification. They can 

identify small changes within the mapping population enabling distinction between a 

mapping species, allowing for segregation of traits and identity. They identify particular 

locations on a chromosome, allowing for physical maps to be created. Lastly they can 

identify how many alleles an organism has for a particular trait (bi allelic or poly allelic) 

(Maheswaran, 2014). 

i) Isozymes and enzymes: Isozymes are multiple molecular forms of individual enzymes. 

These multiple forms can be alleles of one another at a single locus – allozymes – or can 

be products of different loci where there are multiple copies of genes making the same 

enzyme or enzyme sub- units. Temporal differences in isozyme expression exist, which 
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can be utilized in the study of developmental genetics – spatial or tissue-specific 

expression as well as allelic variation. Isozyme and enzyme analyses are technically easy, 

but are limited in both the numbers of loci available and polymorphism. For example, 

isozyme variation is low in Nile tilapia (Agnese et al., 1997a). However, one major 

advantage is that genetic variation is being measured, which is directly related to protein 

products that actually affect performance. For example, Hallerman et al (1986) 

demonstrated that isozyme variation is associated with growth rate in channel catfish. 

Isozyme variation has also been linked with disease resistance, temperature tolerance, 

developmental speed and salinity tolerance in fish (Dunham, 1996). Another major 

advantage is that isozymes are inherited in a codominant fashion. This makes 

heterozygotes and homozygotes readily distinguishable, thus strengthening applications 

for gene mapping, population-genetic studies and determining parentage. 

ii) Restriction fragment length polymorphism: RFLP was once widely used and is still 

very useful, and has been used to construct genetic maps of many species (Yang and 

Womack, 1997). Restriction endonuclease enzymes are used in this method to directly cut 

the DNA at restriction sites. Base substitution at the restriction sites, insertions, deletions 

or DNA fragment rearrangements at or between the restriction sites cause the 

polymorphism. The resulting products are then separated on agarose gel, transferred to a 

membrane and hybridized with labelled probes to produce DNA fingerprints. The 

advantages of RFLP include codominant inheritance and easy interpretation and scoring. 

This technique is now less frequently used because it is time- consuming and requires 

tedious Southern blotting. Additionally, probe development is required for RFLP analysis, 

polymorphism is generally low and sequence information is needed if using polymerase 
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chain reaction. This technique is too slow and tedious to generate large numbers of 

markers. 

iii) Mitochondrial DNA:The analysis of mtDNA variation is an alternative for studying 

population genetics in fish (Agnese et al., 1997b). For species such as striped bass where 

isozyme variation was minimal, significant mtDNA variation was observed (Wirgin et al., 

1989). The mutation rate of mtDNA is about an order of magnitude higher than that of the 

nuclear genome, and the control region is particularly hypervariable, thus allowing studies 

on recent evolution. Since the mitochondrion is the major site of cellular respiratory 

metabolism and a possible source of maternal effect, genetic improvement programmes 

should be concerned with mtDNA as well as nuclear DNA. MtDNA analysis often reveal 

genetic differences among populations of fish that are homogeneous for isozyme 

variability. Three types of polymorphisms can be detected for mtDNA in fish: length 

polymorphisms, restriction-site polymorphisms caused by base-pair additions, deletions or 

both, and heteroplasmy. MtDNA heteroplasmy is the existence of more than one form 

(genotype or haplotype) of mtDNAin an individual. 

iv) Random amplified polymorphic DNA:RAPD markers are polymorphic DNA 

sequences separated by gel electrophoresis after PCR, using one or a pair of short (8–12 

base pairs (bp)) random oligonucleotide primers (Liu et al.,1999b). Polymorphisms are a 

result of base changes in the primer-binding sites or of sequence-length changes caused by 

insertions, deletions or rearrangements. RAPD is very powerful in detecting large numbers 

of polymorphisms because oligonucleotide primers scan the whole genome for perfect and 

subperfect binding sites in a PCR reaction. When two binding sites are close enough (3000 

bp or less), a RAPD band is produced on the gel. Each RAPD primer usually amplifies 
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several bands, some of which are polymorphic in even closely related populations, which 

can be either tremendously advantageous or disadvantageous. 

v) Amplified fragment length polymorphism:AFLP combines the strengths of RFLP 

and RAPDLiu and Dunham, (1998). Genomic DNA is digested with two restriction 

enzymes EcoRI and MseI, suitable adaptors are ligated to the fragments and the ligated 

DNAfragments are selectively amplified with different primer combinations (Liuet al., 

1998); then the products are resolved by gel electrophoresis. AFLPs are highly 

polymorphic and the technique is simple and fast. The molecular bases of AFLP are base 

substitutions at the restriction sites, insertion or deletion between the two restriction sites, 

base substitution at the pre-selection and selection bases and chromosomal 

rearrangements. The advantages of AFLP include its PCR-based approach, requiring a 

small amount of DNA; no requirement for any known sequence information or probes; 

and the specific amplification of a subpopulation of the restriction fragments because the 

long PCR primers in the procedure allow high annealing temperature and high 

repeatability. Perhaps the greatest advantage of AFLP analysis is that it is capable of 

producing large numbers of polymorphic bands in a single analysis at a relatively low cost 

per marker (Liu and Dunham, 1998). The generation of hundreds or up to thousands of 

bands with limited numbers of primer combinations makes AFLP a very efficient and 

economical system for genetic analysis. There can be more than 100 loci per primer 

combination and over 4000 primer combinations to evaluate, and more than one restriction 

enzyme can be used, making it possible to generate tremendous numbers of markers. 

AFLPbands are widespread and evenly distributed, giving near genome-wide coverage. 

AFLP is highly reliable because it combines the advantage of RFLP and RAPD and is 

devoid of the disadvantages of the slow speed and low levels of polymorphism of RFLP 
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and the low reproducibility of RAPD. The AFLP procedure allows the genetic analysis of 

closely related populations. The disadvantages of AFLP are that they are dominantly 

inherited and that more technically demanding and specialized and expensive equipment, 

such as DNAsequencers, is required. 

vi) Expressed sequence tags:ESTs are short, single-pass complementary DNA (cDNA) 

sequences reverse-transcribed from mRNAs and generated from randomly selected 

cDNA-library clones (Liu et al., 1999a). The single-pass sequencing is at both the 

upstream and the downstream segments of cDNAs. The basis of EST analysis is that 

specific mRNAs and transcript quantities vary in different tissues, in different 

developmental stages or when the organism faces different environmental conditions. 

Characterization of ESTs is a relatively easy and rapid way for identification of new genes 

in various organisms (Tilghman, 1996). Because of the relative ease of EST analysis, the 

EST database is the fastest-growing division of GenBank (Karsi, 2001) and than 415,000 

human ESTs have been characterized (Wolfsberg and Landsman, 1997). Extensive EST 

analysis is not only an efficient way to identify genes, but is also powerful for the analysis 

of their expression (Karsi, 2001). ESTs indicate when, where and how strongly genes are 

expressed, and each EST represents a gene, so they can be used in functional genomics 

analysis. ESTs are particularly useful for the development of cDNA microarrays, which 

allows the study of differentially expressed genes in a systematic way. EST analysis is 

useful for comparative genomics by determining orthologous counterparts of genes 

through evolution. Profiling of expression provides a rapid means of examining gene 

expression or differential gene expression in specific tissue types, in biological pathways, 

under specific physiological conditions, during specific developmental stages or in 

response to various environmental challenges. ESTs are also efficient molecular markers 
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for genomic mapping (Schuleret al., 1996), and microsatellites can be found within ESTs, 

making ESTs even more useful for gene-mapping research. However, only 4.6% of ESTs 

characterized from the skin of channel catfish contained microsatellites (Karsi et al., 

2002). Disadvantages of EST analysis are that a large amount of preparatory work is 

required, the cDNA library may not contain transcripts of low abundance and 

normalization of the cDNAlibrary may be necessary. 

vii) Single nucleotide polymorphisms:SNP is caused by base variation among 

individuals at any site of the genome (Kocabas, 2001). This single base variation can be 

determined by DNA sequencing, primer extension typing, the designing of allele-specific 

oligo and gene-chip technology. The advantages of SNP are that SNP sites are abundant 

throughout the entire genome (3 x 10
7
 different sites have SNP in humans), they are 

highly polymorphic and the SNP analysis is the only system that identifies every single 

difference or polymorphism among individuals. SNP analysis has several disadvantages, 

including the need for sequence information, the necessity of probes and hybridization, 

high expense and difficult genotyping.The channel catfish myostatin gene not only 

contained microsatellites, but also had many SNPs (Kocabas et al., 2002). Many of these 

SNPs were neutral and did not change amino acid sequences, but five SNPs caused 

changes in amino acid sequences. 

viii) Microsatellites:Microsatellites are simple-sequence, tandem repeats of 1–6 bp. The 

molecular basis of microsatellites is the difference in number of repeats (Tan et al., 1999). 

Microsatellite markers are ideal molecular markers because they are highly polymorphic, 

evenly distributed in genomes and codominantly inherited. They are highly useful among 

various types of DNA markers because their high rate of polymorphism and codominant 

inheritance allow precise genetic analyses, increase mapping accuracy, maximize the 
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genetic information generated and allow lineages of individuals or families (individual 

spawns) to be accurately traced (Waldbieser and Wolters, 1999). High levels of 

polymorphism also indicate that microsatellite markers may be highly useful for 

population genetic analysis and strain identification. Microsatellite loci are short in size, 

facilitating genotyping via PCR. Their disadvantage is that microsatellite analysis requires 

great effort, time and expense in library construction, screening, sequencing and PCR 

primer analysis, and they may have non-specific bands (Liu and Dunham, 1998). 

Characterization of large numbers of microsatellites for the construction of genetic maps 

with high resolution is a tedious and strenuous task. The majority of microsatellite loci can 

be amplified in both channel catfish and blue catfish, suggesting evolutionary conservation 

between these two catfish species (Liu et al., 1999c), and microsatellite markers can be 

used as codominant markers in the interspecific hybrid system for genetic linkage analysis. 

Liu et al. (1999b) confirmed that microsatellite markers are inherited as codominant 

markers in catfish and are reported to be highly polymorphic in both channel catfish and 

blue catfish. Various classes of microsatellites exist and can be found at varying 

frequencies. In Eastern Oysters, dinucleotide motifs within microsatellites were dominated 

by AG, tri- nucleotide microsatellites had all possible motifs in equal frequencies and 

tetranucleotides were more prevalent than trinucleotides and were strongly associated with 

specific repetitive sequences, which was not the case for other classes of microsatellites 

(Gaffney, 2002). 

Microsatellite markers have been developed for studies in various organisms, ranging 

from plants to animals. The use of microsatellites has become a standard method to 

estimate natural genetic diversity in livestock (Erhardt and Weimann, 2007). It was found 

that highly polymorphic microsatellites are more powerful for parentage control than the 
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conventional use of biochemical markers like blood groups or biochemical marker 

systems (Glowatzki-Mullis et al., 1995). Due to the high genetic information content, 

microsatellites are one of the most useful molecular markers to estimate population 

genetic parameters, and also for their co-dominant allelic patterns, critical for the 

investigation of gene flow patterns and parentage composition (Morgante and Olivieri, 

1993).  

Microsatellite loci characteristically exhibit high levels of length mutation, resulting in 

extensive allelic variation and levels of heterozygousity in fish ranging from 24% to 90% 

(O'Connell and Wright, 1997). Such levels of variation make them especially suitable for 

stock identification in species previously exhibiting low levels of detectable variation 

using allozymes or mtDNA (Bentzen et al., 1991); for example, Ruzzante et al (1998) 

found significant heterogeneity at small geographical scales among Atlantic cod 

populations using microsatellites, in contrast to previous surveys using allozymes (Mork 

et al., 1985) or mtDNA (Carr and Marshall, 1991). Similarly, O'Connell et al., (1998) 

used microsatellite markers to demonstrate significant genetic heterogeneity among 

Pacific herring populations from the Gulf of Alaska and the Bering Sea previously thought 

to be genetically homogeneous (Grant and Utter, 1984).  

Microsatellite markers have been extensively characterized in various fish species to show 

variation. For example, variations at three microsatellite loci were examined in four 

populations of Chrysichthys nigrodigitatus using microsatellite markers and the result 

showed high number of alleles in all the three loci (29 to 30) with average number of 

allele per population varying from 6.67 to 22.0. The observed heterozygousity was also 

high. These results showed that microsatellite is the tool of desire for population 
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monitoring, preservation of genetic diversity and breeding in aquaculture (Kotoulas et al., 

1997).  

Clarias gariepinus primers have been used to amplify microsatellite loci in other species 

including Clarias anguillaris, Heterobranchus longifilis and Clarias alluaudii. The 

possibility has also been demonstrated in Cyprinids (Zhen et al., 1995). Agnèse et al 

(1997b) used seven primer sets for Clarias gariepinus described by Galbusera et al (1996) 

Cga 01, 02, 03,05,06,09 and 10 including a newly developed marker Cga 07 (Gene bank 

submission number: U30868) to characterize sympatric populations of Clarias gariepinus 

and Clarias anguillaris from Senegal. The microsatellites confirmed the presence of two 

species and allowed a precise characterization of both, but the two species were closely 

related genetically and no diagnostic locus was found in the study.  

Preliminary works have shown that microsatellites are for estimating heterozygousity of 

stocks, and will be very useful for tracking parentage in selection experiments (Kocher, 

1997). Expected heterozygousity from characterization of eleven polymorphic 

tetranucleotide microsatellites in 37 Banggai Cardinal fish, Pterapogon Kauderni from a 

natural population using the phenol–chloroform procedure (Sambrook et al., 1989) gave 

values ranging from 0.107 to 0.928, while polymorphism at the characterized loci ranged 

from 2 to 10 alleles. The result obtained from this study enabled high resolution genetic 

studies of the species (Hoffman et al., 2004). Magoulas et al.(1997) reported the use of 

microsatellites to identify the parents of offspring from mass mating in cultured species of 

gilthead sea bream and Japanese oyster. This method was used for the estimation of 

heritability and evaluation of genetic quality of parents through the predominance of their 

offspring.  
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Microsatellites have been used as ideal tools to show variation within and between 

populations. Variation at three microsatellite loci was examined in four natural 

populations of the West African catfish Chrysichthys nigrodigitatus: Senegal, Selingue 

Dam, Niger, Ivory Coast, Volta Lake and one farmed population, Société ivoirienne 

d'aquaculture lagunaire (Sial) in Ebrie Lagoon, created with 700 founders and farmed for 

five generations. The number of alleles was high in al1 three loci (29 to 30) and the 

average number of alleles per population varied from 6.67 to 22.0. Heterozygousity was 

also high, but the higher mean heterozygousity was observed to be exhibited by the locus 

with the smaller number of alleles, showing high polymorphism. (Kotoulas et al., 1997). 

Microsatellites have also been used as a tool to investigate genetic diversity. Chiang et al 

(2008) characterized microsatellite loci in Varicorhinus alticorpus (Cyprinidae), an 

endangered fresh water fish in Taiwan and tested nine newly developed polymorphic 

microsatellites on 20 species of Varicorhinus alticorpus. The number of alleles ranged 

from 4 to 13. Expected (He) and observed (Ho) heterozygousities ranged from 0.692 to 

0.892 (averaged at 0.821) and from 0.000 to 0.350 (averaged at 0.088), respectively. This 

suite of highly polymorphic microsatellites provided the chance to undertake a 

conservation program for this species in Taiwan.  

Islam et al (2010) used microsatellites to detect genetic bottleneck in three wild 

populations (Kella beel, Hakaluki haor, and Shobornokhali beel) and one hatchery 

population of the freshwater walking catfish, Clarias batrachus, in Bangladesh. Analysis 

of seven microsatellite loci revealed genetic variability between the two populations. The 

observed heterozygousity was significantly higher than the expected in the Hakaluki haor 

and Shobornokhali beel populations, indicating a recent genetic bottleneck. The results 

reflected some degree of genetic variability in Clarias batrachus populations and a recent 
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bottleneck in some wild populations of Clarias batrachus indicating potentialities for 

improving this species through a selective breeding program. It was also used to detect 

loss of genetic diversity as a result of genetic bottleneck in Hippocampus capensis, the 

Knysna seahorse (Galbusera et al., 2007).  

Genetic linkage maps have been constructed with microsatellites in intercrossed species of 

Astatotilapiaburtoni from Tanzania and Zambia regions of Lake Tanganyika by Sanetra et 

al. (2008). About 97% of the 10 microsatellites genotyped could be linked and the map 

revealed 25 linkage groups which can be used to facilitate efficient genome scans and 

comparisons of Cichlid genomes thus providing useful future tool for studying the genetic 

basis of adaptive traits that play a major role in the rapid diversification of cichlid fishes. 

Kocher (1997) also characterized 62 microsatellites in Tilapia species for the construction 

of genetic linkage maps. About 93% of the markers tested showed detectable linkage to 

another marker. 

Microsatellites have also been observed to be an important tool for wild and aquaculture 

population studies. They were isolated and characterized by Sanches and Galetti (2006) 

for analysis of genetic variability in wild and cultured populations of Brycon hilarii, a 

migratory fish species inhabiting the Paraguay River basin of Brazil.  Genetic variability 

in both domestic and wild populations of African catfish has also been assessed using 

microsatellite DNA as markers. Analysis of African catfish using seven microsatellites in 

natural populations from eleven localities within the native range indicated a generally 

high genetic variability (mean expected heterozygousity He=78%), particularly when 

comparing populations from difference catchments. Variability in African catfish is 

generally higher than in other riverine catfish species such as Eutropius niloticus, Schilbe 

mystus, Chrysichthys nigrodigitatus and Clarias anguillaris. There are however some 
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significant departures from this finding, particularly in South Africa where the population 

from the van der Kloof Dam (Orange River) has a much lower degree of variability. 

Domesticated populations have generally been found to have a low genetic variability in 

comparison with wild populations. (Galbusera et al.,1996; Teugels et al., 1992; Volckaert 

and Agnèse, 1996).  

Sabina De Innocentiis et al (2002) used microsatellites for determination of seed origin 

and to infer geographical origin of individual breeders from an Italian commercial 

hatchery. An aquaculture broodstock of gilthead sea bream (Sparus aurata) from an 

Italian commercial hatchery was genetically characterized by means of microsatellite 

markers. At the same time, with the same technique, six natural populations from the 

Tyrrhenian, Adriatic and Atlantic coasts were assayed, in order to investigate the genetic 

relationships between domestic and wild stocks. Individual profiles at four loci were used 

to infer the most likely geographical origin of each single commercial breeder.  The 

genetic variation of Clarias gariepinus collected from four hatchery stocks (Supanburi, 

Angthong, Nakornpathom and Nakornsawan) in Thailand were also assessed using six 

microsatellite loci. Relatively moderate high levels of polymorphism were observed across 

all populations with an average of 4.63-12.33 alleles per locus, 5.19-9.88 allelic richness 

per locus and average heterozygousity at all loci from 0.50-0.69. Genotype frequencies of 

all populations except Nakornsawan hatchery stock deviated from Hardy-Weinberg 

equilibrium. An FST value of 0.1453 indicated high genetic diversity among populations. 

The most prominent genetic variation was observed in the Angthong population, followed 

by Nakornsawan, Nakornpathom and Supanburi. A phylogenetic dendogram clearly 

divided the populations into two groups: Angthong-Supanburi and Nakornpathom-

Nakornsawan. (Wachirachaikam and Na-Nacron, 2007) 
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2.9.4Marker-assisted selection (MAS) in fish 

Marker assisted selection or marker aided selection(MAS) is an indirect selection process 

where a trait of interest is selected based on a marker (morphological, biochemical or 

DNA/RNA variation) linked to a trait of interest (e.g. productivity, disease resistance, 

abiotic stress tolerance, and quality), rather than on the trait itself (Ribaut et al, 2001). For 

example, using MAS to select individuals with disease resistance involves identifying a 

marker allele that is linked with disease resistance rather than the level of disease 

resistance. The assumption is that the marker associates at high frequency with the gene or 

quantitative trait locus (QTL) of interest, due to genetic linkage (close proximity, on the 

chromosome, of the marker locus and the disease resistance-determining locus). MAS can 

be useful to select for traits that are difficult or expensive to measure, exhibit low 

heritability and/or are expressed late in development. At certain points in the breeding 

process the specimens are examined to ensure that they express the desired trait. The 

majority of MAS work in the present era uses DNA-based markers. However, the first 

markers that allowed indirect selection of a trait of interest were morphological markers. 

Markers may be: Morphological - These markers are often detectable by eye, by simple 

visual inspection. Biochemical- A protein that can be extracted and observed; for example, 

isozyme and storage proteins. Cytological- The chromosomal banding produced by 

different stains; for example, G banding. 

Only a few examples of actual MAS exist for fish. Using mtDNA marker for selection, the 

growth rate of rainbow trout was increased by 26% but this method was strain- specific 

because the relative performance of fish with the specific haplotype was consistent across 

males within strains but not across strains (Ferguson and Danzmann, 1999). In contrast, 

six generations of traditional selection increased body weight by 30% in rainbow trout 
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(Kincaid, 1983). MAS has also been used to improve feed-conversion efficiency by 11% 

for aquaculture species, while traditional selection was able to improve feed-conversion 

efficiency by only 4.3% (Davis and Hetzel, 2000). In rainbow trout, 25% of progeny 

exhibited a high degree of upper-temperature tolerance after MAS for heat tolerance 

(Danzmann et al., 1999). It therefore appears that MAS has the potential to accelerate 

genetic improvement of aquaculture species. 

 

2.10DNA Extraction, Polymerase Chain Reaction and Elctrophoresis 

In recent years, molecular biology-based methods have become widely used in laboratory 

studies primarily because of the great versatility of the PCR-based methods (Neumaier et 

al., 1998). The high sensitivity of amplification techniques and the complexity of the 

correlated molecular methods have produced an obvious demand for assay standardization 

and quality assurance, thereby emphasizing the importance of proficiency testing in 

molecular genetics (Neumaier et al., 1998). The techniques for evaluating DNA extraction 

and amplification/scoring and the analysis of product after PCR was developed. These 

involve three levels; DNA extraction (quality and quantity), PCR performance (specificity 

and efficiency) and interpretation of result after electrophoresis (Orlando et al., 2000). 

Reliability, feasibility and reproducibility of molecular genetics studies are often limited 

by the preliminary step of DNA isolation. Obtaining great amounts of high quality DNA 

from small quantities of tissue is often a laborious task. 

DNA extraction methods should ideally be straightforward, quick, efficient, and 

reproducible while minimizing the potential for cross-contamination. It should also be 

suitable for extracting multiple samples and generate minimal risk for the operator. Safety, 
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time and costs are also main considerations. DNA quality is a critical issue for most 

amplification-based analysis, since the DNA amplification is influenced by the presence 

of co-purifying inhibitors from matrix or extraction reagents, which can reduce subsequent 

PCR efficiency. DNA damage may also occur during the extraction procedure due to 

oxidation and enzymatic hydrolysis problems, associated with extraction buffers 

formulation (Smith et al., 2005) and excessive mechanical shearing (Marmiroli et al., 

2003). 

The great majority of methods for DNA extraction were generated for human (especially 

blood samples) and for other mammalian or plant species (Yue and Orban, 2001). The 

traditional methods for DNA extraction are time-consuming (Blin and Stafford, 1976) and 

required the use of health hazard reagents and possible contaminants of the extracted 

genomic DNA. Phenol-chloroform extraction (Köchl et al., 2005), salting out procedure 

(Miller et al., 1988), silica-guanidinium thiocyanate method (Carter and Milton, 1993), 

CTAB procedure (Tel-Zur et al., 1999) and Chelex-based extraction (Walsh et al., 1991) 

are the most used protocols. Nowadays, commercial DNA extraction kits are available, 

employing a variety of solvents and/or specialized columns containing DNA-binding 

substances, procedures are shorter and easier to handle and does not require using toxic 

products, such as phenol (Pepinski et al., 2002). 

Polymerase chain reaction (PCR) is a technique used in molecular biology to amplify a 

single copy or a few copies of a segment of DNA across several orders of magnitude, 

generating thousands to millions of copies of a particular DNA sequence. It is an easy, 

cheap, and reliable way to repeatedly replicate a focused segment of DNA, a concept 

which is applicable to numerous fields in modern biology and related sciences(Bartlett and 

Stirling, 2003).Typically, PCR consists of a series of 20–40 repeated temperature changes, 

https://en.wikipedia.org/wiki/Molecular_biology
https://en.wikipedia.org/wiki/Amplification_%28molecular_biology%29
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called cycles, with each cycle commonly consisting of two or three discrete temperature 

steps. The cycling is often preceded by a single temperature step at a very high 

temperature (>90 °C (194 °F)), and followed by one hold at the end for final product 

extension or brief storage. The temperatures used and the length of time they are applied 

in each cycle depend on a variety of parameters, including the enzyme used for DNA 

synthesis, the concentration of bivalent ions and dNTPs in the reaction, and the melting 

temperature(Tm) of the primers (Bartlett and Stirling, 2003). The individual steps common 

to most PCR methods are as follows: 

Initialization: This step is only required for DNA polymerases that require heat activation 

by hotstars PCR. It consists of heating the reaction chamber to a temperature of 94–96 °C 

(201–205 °F), or 98 °C (208 °F) if extremely thermostable polymerases are used, which is 

then held for 1–10 minutes. Denaturation: This step is the first regular cycling event and 

consists of heating the reaction chamber to 94–98 °C (201–208 °F) for 20–30 seconds. 

This causes DNA melting, or denaturation, of the double-stranded DNA template by 

breaking the hydrogen bonds between complementary bases, yielding two single-stranded 

DNA molecules. Annealing: In this step, the reaction temperature is lowered to 50–65 °C 

(122–149 °F) for 20–40 seconds, allowing annealing of the primers to each of the single-

stranded DNA templates. Two different primers are typically included in the reaction 

mixture: one for each of the two single-stranded complements containing the target region. 

The primers are single-stranded sequences themselves, but are much shorter than the 

length of the target region, complementing only very short sequences at the 3' end of each 

strand (Bartlett and Stirling, 2003). 

In practice, PCR can fail for various reasons, in part due to its sensitivity to contamination 

causing amplification of spurious DNA products. Because of this, a number of techniques 
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and procedures have been developed for optimizing PCR conditions. Contamination with 

extraneous DNA is addressed with lab protocols and procedures that separate pre-PCR 

mixtures from potential DNA contaminants. This usually involves spatial separation of 

PCR-setup areas from areas for analysis or purification of PCR products, use of disposable 

plasticware, and thoroughly cleaning the work surface between reaction setups. Primer-

design techniques are important in improving PCR product yield and in avoiding the 

formation of spurious products, and the usage of alternate buffer components or 

polymerase enzymes can help with amplification of long or otherwise problematic regions 

of DNA. Addition of reagents, such as formamide, in buffer systems may increase the 

specificity and yield of PCR. Computer simulations of theoretical PCR results (electronic 

PCR) may be performed to assist in primer design(Bartlett and Stirling, 2003). 

Electrophoresis is a process which enables the sorting of molecules based on size. Using 

an electric field, molecules (such as DNA) can be made to move through a gel made of 

agar or polyacrylamide. The electric field consists of a negative charge at one end which 

pushes the molecules through the gel, and a positive charge at the other end that pulls the 

molecules through the gel. The molecules being sorted are dispensed into a well in the gel 

material. The gel is placed in an electrophoresis chamber, which is then connected to a 

power source. When the electric current is applied, the larger molecules move more 

slowly through the gel while the smaller molecules move faster. The different sized 

molecules form distinct bands on the gel (Sambrook and Russel, 2001). 

Gel in this instance refers to the matrix used to contain, then separate the target molecules. 

In most cases, the gel is a crosslinked polymer whose composition and porosity is chosen 

based on the specific weight and composition of the target to be analyzed. When 

separating proteins or small nucleic acid (DNA, RNA or oligonucleotides) the gel is 

https://en.wikipedia.org/wiki/Polyacrylamide
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usually composed of different concentrations of acrylamide and a cross-linker, producing 

different sized mesh networks of polyacrylamide. When separating larger nucleic acids 

(greater than a few hundred bases), the preferred matrix is purified agarose. In both cases, 

the gel forms a solid, yet porous matrix. Acrylamide, in contrast to polyacrylamide, is a 

neurotoxins and must be handled using appropriate safety precautions to avoid poisoning. 

Agarose is composed of long unbranched chains of uncharged carbohydrate without cross 

links resulting in a gel with large pores allowing for the separation of macromolecules and 

macromolecular complexes (Sambrook and Russel, 2001). 

If several samples have been loaded into adjacent wells in the gel, they will run parallel in 

individual lanes. Depending on the number of different molecules, each lane shows 

separation of the components from the original mixture as one or more distinct bands, one 

band per component. Incomplete separation of the components can lead to overlapping 

bands, or to indistinguishable smears representing multiple unresolved components 

(Sambrook and Russel, 2001).
 

Bands in different lanes that end up at the same distance from the top contain molecules 

that passed through the gel with the same speed, which usually means they are 

approximately the same size. There are molecular weight size markers available that 

contain a mixture of molecules of known sizes. If such a marker was run on one lane in 

the gel parallel to the unknown samples, the bands observed can be compared to those of 

the unknown in order to determine their size. The distance a band travels is approximately 

inversely proportional to the logarithm of the size of the molecule (Sambrook and Russel, 

2001).
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2.11 Studies on Population Genetics in Aquaculture 

The pattern of morphometric differentiation among six populations of Clarias gariepinus 

sited in the Asi, Seyhan, Ceyhan, Göksu, Aksu, and Sakarya river systems in Turkey was 

examined by Cemal et al (2005). Univariate analysis of variance revealed significant 

differences between means of the six samples for 18 out of 20 standardized morphometric 

measurements. The first canonical function accounted for 39 % and the second for 29 % 

of between–group variability. In principal component analysis, the first component 

accounted for 20 % and the second for 12 % of the shape variations among the samples. 

Plotting the first and second principal components showed that the observed differences 

were mainly from measurements taken from the head of fish, indicating this region to be 

important in the description of population characteristics. Visual examination of the 

samples along the canonical functions revealed a clear between-sample differentiation. All 

the samples except the Seyhan and Aksu samples were clearly distinct from each other. 

Sakarya and Göksu samples were mostly isolated from each other and from all other 

samples. The overall random assignment of individuals into their original groups was high 

(78%). The proportion of correctly classified individuals into their original group was 

highest in the Sakarya sample (93%) and high in the Göksu (88 %) and the Ceyhan (86 %) 

samples, indicating that these samples were highly divergent from each other. 

Intra-specific morphological variation in the indigenous catfish,Arius jella (Ariidae), was 

studied in five estuarine localities in Sri Lanka (Koggala lagoon, Walawe estuary, 

Garanduwa lagoon, Nilwala estuary and Chilaw lagoon) using morphometric analysis by 

Suneetha (2007). Five morphometric characteristics describing the shape of the fish were 

significantly different among some of the locations. Significantly shorter pre-orbital length 

(8.3% SL vs 9.2-10.7% SL in the other populations) in specimens from Walawe estuary is 
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a populationspecific character. Significant differences in other characteristics were found 

indicating heterogeneity in morphology. The first two canonical variates (CV) explained 

82.7% of the total variation in the data, yet the plot of the CV failed to display significant 

separation of the sample populations. Derived classification functions could correctly 

classify an average of less than 50% individuals into their a priori groups.The results 

indicate a small degree of spatial separation in morphology in A. jella among the studied 

estuarine localities. 

Patterns of morphometric and genetic variation using RAPD-PCR techniques were studied 

on three species of Garra, viz. G. mullya, G. kalakadensis and G. gotyla stenorhynchus, 

collected from various river basins of South-India by Arulrajet al. (2011). The results of 

morphological analysis revealed that G. mullya and G. kalakadensis hold many similar 

characters compared to the other congener, G. gotyla stenorhynchus. However, the G. 

gotyla stenorhynchus fish species exhibited distinct variation in the morphological 

characters such as snout length, pre-nasal length, inter-nasal width, gap width, lower jaw 

to isthmus, head depth at pupil, dorsal fin length and disc width from the other two species 

of Garra. However, certain morphometric characters overlapped hence the RAPD finger 

printing was used to assess the levels of genetic variation in Garra spp. using RAPD-PCR 

technique. A total of 72 reliable fragments were detected using 10 Operon primers, 

ranging from 2600 molecular weight to 3100. The shared RAPD fragments found in both 

G. mullya and G. kalakadensis with fixed frequencies were observed with all the 

investigated primers, implying their genetically closer relationship. However, the 

similarity index observed for G. gotyla stenorhynchus was less with the other two species 

specifying a genetically distant link.  
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Two Clariid species, Clarias gariepinus and Heterobranchus bidorsalis were compared at 

four loci using Clarias gariepinus microsatellite markers (Cga01, Cga02, Cga03, and 

Cga05) by Agbebi et al (2013). The heterozygosities observed were found to be 0.450 ± 

0.050 and 0.442 ± 0.127, while 100% polymorphism was observed in both species. 

Overall, 95% of the samples amplified upon polymerase chain reaction (PCR) 

amplification and 44.3% of the total alleles observed for all the loci were heterozygotes. 

Conformity to Hardy-Weinberg equilibrium using the Chi-Square test showed that 

81.25% of locus-population relationship conformed to Hardy-Weinberg equilibrium. The 

neighbor-joining phylogenetic dendrogram obtained gave a bootstrap value of 72, 

indicating that the genetic distance between the two species is distinct. 

Morphology frequently varies with phylogeny, body size, sex, and phenotypic plasticity. 

However, the relative influence of these variables is unknown for most taxa. 

Morphological variation of Freshwater Drum,Aplodinotus grunniens, in the Wabash 

River, USA was described using geometric morphometrics by Jacquemin and Pyron 

(2013). A MANCOVA model of shape indicated that morphological variation was 

primarily influenced by allometry (body size), sex and river location. Among all 

individuals, at least 50% of the variability in morphology was a product of body size while 

sex and river location (collection locale) accounted for 10% and 5% of the overall 

variability in shape, respectively. However, when mature and immature individuals were 

analyzed separately, mature individuals demonstrated no morphological signal concurrent 

with river location, while at least 45% of the variability in immature shape was attributed 

to river locale. The contributions of allometry, sex and river gradient on Freshwater Drum 

morphology suggest that morphological variation is largely a result of a combination of 

developmental, sexual, and environmental influences. 



61 

 

A study to evaluate the genetic similarities and differences among 11 specimens of 

cichlids and four specimens of Mud catfishes obtained from Warri River was carried out 

through DNA fingerprinting analysis using random amplified polymorphic DNA (RAPD) 

by Asagbra et al (2014). PCR amplification with seven decamer primers and dendrograms 

through UPGMA cluster analysis. The total number of bands generated by the seven 

RAPD primers ranged between 2 to 33 for the Cichlids and 8 to 28 for the Catfish family 

with band sizes 100 to 800 bp. The primers produced 28 228 bands in total for the 

Cichlids and 109 for the catfishes, with 24% polymorphism.899 Considerable genetic 

variation was observed within species, between species of the same genera and among 

Cichlids and Catfishes. 

Two species of fishes, Acanthocobitis botia and Barilius bendelisis, belonging to the 

families Cobitidae and Cyprinidae, respectively, were studied using karyotype and the 

cytochrome b gene by Ashoktaruet al (2012). Both species were collected from Kosi 

River, near Almora, Uttarakhand, India. The somatic karyotypes of A. botia (2n=50; 12m 

+ 14sm + 10st + 14T; NF = 80) and B. bendelisis (2n=50; 16m + 14sm + 10st + 10T; NF 

= 80) were described. A fragment of approximately 307 bp that corresponds to the 

cytochrome b region of mtDNA was also amplified by polymerase chain reaction (PCR). 

The mtDNA sequencing indicated high per cent sequence divergences between the two 

species. Overall average percentage of nucleotide composition in A. botia was A(0.303), 

T(0.329), G(0.136) and C(0.232) and in B. bendelisis A(0.216), T(0.293), G(0.207) and 

C(0.284). Phylogenetic analysis based on the neighbor-joining (NJ) method using p-

distance revealed that A. botia and B. bendelisis belonged to two different clades; this was 

also supported by species-specific karyotypes in the two species. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Location 

The study was conducted in six selected water bodies in Kano State. These are Rivers 

Thomas and Ghari to the North, River Duddurun Gaya to the east,River Kano (Tiga dam) 

to the South, Rivers Karaye and Bagwai to the western part of the state. The first three 

locations were selected due to their independent flow and their disconnected tributaries. 

The remaining three locations have the same origin as the Kano River and two flow 

towards the western part of the State while Tiga dam flows toward the Southern part 

(Figure 3.1). 

Kano State is located in the semi-arid area of North-western Nigeria. It has a population of 

9,383,682 comprising of 4,844,128 males and 4,539,534 females (NPC, 2006). Kano State 

is the commercial nerve centre of Northern Nigeria. It is located between latitude 10
o
33

‘
 

and 12
o
27

‘
North of the equator and longitude 7

o
34

‘
 and 9

o
29

‘
 East of the Greenwich 

meridian and as such it is part of Sudano-Sahelian vegetation zone of Nigeria. Kano has a 

hot semi-arid steppe climate which exhibits a tropical wet-dry season with a mono-modal 

rainfall distribution. The city sees on average about 980 mm (38.6 in) of precipitation per 

year, the bulk of which falls from June through September. Kano is typically very hot 

throughout the year, though from December through February, the city is noticeably 

cooler. Nighttime temperatures are cool during the months of December, January and 

February, with average low temperatures of 11 to 15 °C (52 to 59 °F).Ambient 

temperature varies sharply depending on the season, ranging from19.6
o
C in December-

January to 40
o
C in March to April (KNARDA, 2001). The mean monthly sunshine hours 
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measured with Campbell Stoke recorder varies from 220.1 to 266.6 W/m
2
 (KNSG, 2004). 

The average annual relative humidity is 31.1% and average monthly relative humidity 

ranges from 11% in Marchto 68% in August (Weatherspark, 2013). Kano State occupies a 

total land area of about 42,582.8 km
2
out of which 754,200 ha are being used for 

agricultural production while forest and grazing land occupy 75,000 ha. The state is 

located at an elevation of 481m above sea level. The metropolitan area covers an 

estimated 499 km
2
. Major occupation of the populace include cropping, fishing and 

livestock husbandry, and merchandizing. Kano rivers are the River Kano, Chalawa, Iggi 

and Gaya in the south while River Gari, Thomas and Jakara are situated in the north. 

These rivers are dammed to store water in surface reservoirs for multipurpose use 

including irrigation, domestic supply, fisheries and recreation (Ahmad, 1998). 
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Figure 3.1: The map of Kano state showing the sampling locations (Rivers) 
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3.2 Study I: Morphometric Characters, Meristic Count, Length-Weight Relationship 

and Condition Factor in Clarias gariepinus and Heterobranchus longifilis in Kano 

State. 

The fish samples were identified using an exposition for identification by Moses and 

Olufeagba, (2009), and confirmed using local names provided by the fishermen. Live fish 

samples of Clarias gariepinus (143) andHeterobranchus longifilis (29) from the six 

locations described above were purchased from commercial catches of the fishermen. 

Clarias gariepinus were collected from all locations except Tiga dam. Likewise, 

Heterobranchus longifilis were collected in all locations except Rivers Duddurun Gaya 

and Thomas. The samples were adults and were transported in large bowls to the 

Laboratory of the Department of Animal Science, Bayero University Kano, where 

measurements and counts were taken immediately. Sex was determined by identifying the 

presence of papillae in male and absent in female. Each fish sample, after draining off 

using filter paper, was subsequently given a serial identity number.  

Table 3.1: Distribution of fish sample collected based on location 

Location    Cg    Hl    

River Thomas   4    -    

River Ghari   26   4    

River DudusinGaya   50   -     

River Karaye   25   8    

River Bagwai   38   4    

River Tiga   -    13   

Cg = Clarias gariepinus 

Hl = Heterobranchus longifilis 
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Twenty-two (22) morphometric characters (using flexible tape), body weight and four (4) 

meristic counts were taken on each specimen. The morphometric measurements were 

shown in figure 3.2 below and they were as follows: 

3.2.1 Morphometric measurements (BW was in gramm while others were in 

centimeters) 

1. Body weight (BW):- This was taken in grams using a sensory weighing electronic 

balance (GT4100 model). 

2. Total length (TL):- The distance between the snout and the end of the caudal fin. 

3. Standard length (SL):- The distance between the snout and the origin of caudal fin. 

4. Predorsal distance (PDD):- The distance between the snout and the origin of dorsal 

fin. 

5. Preanal distance (PAD):- The distance between the snout and origin of anal fin. 

6. Preventral distance (PVD):- The distance between the snout and origin of pectoral 

spine. 

7. Prepectoral distance (PPD):- The distance between the snout and the origin of 

pectoral fin. 

8. Dorsal fin length (DFL):- The distance of the dorsal fin from origin to the end. 

9. Anal fin length (AFL):- The distance of the anal fin from origin to the end. 

10. Pectoral fin length (PFL):- The length of the pectoral fin from origin to the end. 

11. Pectoral spine length (PSL):- The length of the pectoral spine from origin to the 

end. 

12. Dorso-caudal length (DDCF):- The distance between the dorsal and the caudal fin. 

13. Dorso-occipital length (DODF):- The distance between the occipital process and 

dorsal fin. 
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14. Caudal peduncle depth (CPD):- The thickness of the body from the end of the 

dorsal fin to the end of the anal fin. 

15. Body depth at anus (BDA):-Thickness of the body from the spine to the anus. 

16. Head length (HL):- Longitudinal distance from the snout to the base of the head. 

17. Head width (HW):- Lateral distance across the head. 

18. Snout length (SNL):- The distance between frontal position of the eye to the tip of 

the mouth. 

19. Inter-orbital distance (ID):- The distance between the eyes across the head. 

20. Eye diameter (ED):- The diameter of the spherical eye. 

21. Length of occipital fontanelle (OFL):- The longitudinal length of the knob at the 

base of the head. 

22. Width of occipital fontanelle (OFW):- The lateral length of the knob at the base of 

the head. 

23. Snout-occipital length (DSO):- Distance between snout and origin of occipital 

frontanelle. 

The entire measurements were divided into three segments; 

1. Measurements taken on the body comprising total length, standard length, pre-

dorsal distance, pre-anal distance, pre-pectoral distance, pre-ventral distance, 

caudal peduncle depth and body depth at anus. 

2. Measurements taken on the fins which include dorsal fin length, anal fin length, 

pectoral fin length and pectoral spine length.    

3. Measurements taken on the head region are head length, head width, Dorso-caudal 

length, Dorso-Occipital length, Snout Length, Inter-orbital Distance, Eye Distance, 
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Length of Occipital Fontanelle, Width of Occipital Fontalle and Snout Occipital 

length 

3.2.2 Meristic counts (All counts were done visually) 

1. DFRC :- Dorsal fin ray count    

2. PFRC :- Pectoral fin ray count    

3. AFRC :- Anal fin ray count    

4. CFRC :- Caudal fin ray count    

The following statistical model was used for the analysis of morphometric characters and 

meristic counts: 

Yijk = µ+ Ci + Xj + Sk + eijk 

Yijk= morphometric charcteristics or meristic counts 

µ = Population mean 

Ci= Fixed effect of i
th

 strain (i1,2 = 1. Clarias gariepinus and2. Heterobranchus 

  longifilis) 

Xj= Fixed effect of j
th

 sex (j = 1, male and 2, female) 

Sk= Fixed effect of k
th

 location (k = 1, 2, 3, 4, 5,6) 

eijk = Error term (random error) 

 

3.2.3 Length-weight relationship and condition factor (Ponderal index):- The 

determined total length of fish samples were used alongside the determined weight to 

estimate length-weight relationship of the samples according to Ricker (1978). 

The formula W = a x L
b
 or log W = log a + b log L was used,  
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where: 

W = weight of fish samples, 

L = total length of fish samples, 

a = intercept 

b = regression coefficient. 

The condition factor (K) was computed according to Pauly (1983) using the formula: 

 K = 100W/L
3
 

whereW = weight of fish samples 

L = total length of fish samples. 
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Figure 3.2: Image of a clariid species indicating the morphometric measurements. (Source: 

Cemal et al.2005) 
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3.3 Study II:Genetic Variation within and among Clarias gariepinus and 

Heterobranchus longifilis Populations in Kano State. 

3.3.1 Sample collection and DNA extraction: The study was carried out using specimens 

in Study I above. Thirty-five blood samples (25 – Clarias gariepinus and 10 – 

Heterobranchus longifilis) were transferred to FTA
®
 Classic Cards (Whatman Bioscience, 

Maidestone, UK) and left to air dry and subsequently used for DNA extraction. The 

caudal peduncle of each fish sample was severed to drain out blood into the FTA cards. 

The samples were taken to a commercial laboratory (DNA Lab) in Angwa Seriki, Kaduna 

Metropolis, Kaduna State. 

Genomic DNA was extracted individually following the procedure of Agbebi et al. (2013) 

as follows: 

1. Five 1.2mm disc of FTA
®
 Classic Cards were punched into 1.5ml Eppendorf 

tubes. 

2. 1000µl of 100mM Tris-base and 0.1% SDS buffer was added. Tubes were 

vortexed gently for 30minutes. 

3. The supernatant was decanted, thereafter, 500µl of 5M guanidine thiocyanate was 

added and vortexed for 10minutes. 

4. The supernatant was decanted again; thereafter, 500µl nuclease-free water was 

added and vortexed for 10 minutes and then the supernatant was decanted. 

5. The same volume of nuclease-free water was added and left to stand for 10 

minutes. 

6. The supernatant was again decanted and finally, 50µlnuclease-free water was 

added to the discs. 



72 

 

7. The tubes were heated at 90
o
C for 10minutes in a thermocycler to complete 

extraction. 

8. The DNA concentration was further diluted with nuclease free water in 1:20 ratio 

to remove impurities and prevent smearing. 

9. DNA concentration was determined by measuring the intensity of absorbance of 

the solution at the 600 nm with a spectrophotometer and comparing to a standard 

curve of known DNA concentrations. 

10. Measuring the intensity of absorbance of the DNA solution at wavelengths 260 nm 

and 280 nmwas used as a measure of DNA purity. DNA absorbedUV light at 260 

and 280 nanometres, and aromatic proteins absorbed UV light at 280 nm; a pure 

sample of DNA hada ratio of 1.8 at 260/280 and was relatively free from protein 

contamination. DNA was quantified by cutting the DNA with a restriction enzyme, 

running it on an agarose gel, staining with ethidium bromide and comparing the 

intensity of the DNA with a DNA marker. 

11. DNA samples were stored at -20
o
C in Tris EDTA buffer pH7.8/8.0. 

3.3.2 Polymerase chain reaction 

i) DNA Amplification and scoring: TemplateDNA was amplified using polymerase 

chain reaction (PCR). PCR was carried out in 10µl reaction volumes containing 20 to 

40ng(50-120 ng/µl)genomic DNA, 2µl5x Taq mastermix of Taq DNA polymerase, dATP, 

dCTP, dGTP, dTTP, (NH4)2SO4, MgCl2, Tween-20, Nonidet P-40, red dye, gel loading 

buffer, stabilizers, 0.3µl each of the forward and reverse primer sets and 5.9µl of PCR 

grade water. 

Seven microsatellite markers isolated by Galbusera et al(1996) were used as primers. 

They were obtained from Jena Bioscience, Lobstedter, Germany. The primers are Cga01, 

https://en.wikipedia.org/wiki/Spectrophotometer
https://en.wikipedia.org/wiki/Standard_curve
https://en.wikipedia.org/wiki/Standard_curve
https://en.wikipedia.org/wiki/Standard_curve
https://en.wikipedia.org/wiki/Quantification_of_nucleic_acids
https://en.wikipedia.org/wiki/Quantification_of_nucleic_acids
https://en.wikipedia.org/wiki/Quantification_of_nucleic_acids
https://en.wikipedia.org/wiki/UV
https://en.wikipedia.org/wiki/Restriction_enzyme
https://en.wikipedia.org/wiki/Gel_electrophoresis
https://en.wikipedia.org/wiki/Ethidium_bromide
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Cga02, Cga03, Cga05, Cga06, Cga09 and Cga10. The list of primers showing their 

relevant information is presented in Table 3.2. Amplifications were carried out in a Real-

time thermocycler as follows: 1 cycle at 94
o
C (5min) for pre-denaturation, 35 cycles at 

94
o
C (30sec) for denaturation, 35 cycles at 55

o
C (30sec) for annealing, 35 cycles at 72

o
C 

(30sec) for extension and 1 cycle at 72
o
C (5min) for final extension to complete 

amplification. PCR condition for each marker was optimized: 1cycle for 2minutes at 95
0
C, 

25 cycles for 15seconds at 95
0
C, 15seconds at 55

0
C, 45seconds at 68

0
C, 1 cycle for 

5minutes at 68
0
C and finally, 1 cycle 2days at 4-10

0
C. 

ii) Electrophoresis: Electrophoresis was conducted on 2% Agarose gel containing a 

negative control to detect potential PCR contamination, and each gel contained a positive 

control using a sample that had been genotyped in order to standardize allele scoring 

among gels. Scoring was done by comparison to 8 bp (75, 154, 220, 298, 344, 396, 504 & 

1632) standard DNA ladderto identify the approximate size of a molecule run on a gel 

during electrophoresis, with the aid of gel analyser (Jena Bioscience, Lobstedter, 

Germany). 

https://en.wikipedia.org/wiki/Approximation
https://en.wikipedia.org/wiki/Biological_molecule
https://en.wikipedia.org/wiki/Gel_electrophoresis
https://en.wikipedia.org/wiki/Gel_electrophoresis


Table 3.2: List of primers showing their relevant information 

Locus     Repeat                           Primer Sequence 5‘-3‘              Genebank Accession             MgCl2(mM)          Annealing       Range of        Expected  Allele 

                Array                                                                                            Number                                                 Temperature     Base Pair            Number 

Cga01 (GT)15  GGCTAAAAGAACCCTGTCTG  U30862   1  59 92-104   5 

   TACAGCGTCGATAAGCCAGG            

Cga02 (GT)10N2(GT)8 GCTAGTGTGAACGCAAGGC  U30863   1  58 102-110   5 

   ACCTCTGAGATAAAACACAGC 

Cga03 (GT)21  CACTTCTTACATTTGTGCCC  U30864   1  56 142-168   13 

   ACCTGTATTGATTTCTTGCC 

Cga05 (GT)11N2(GT)2 TCCACATTAAGGACAACCACCG U30866   1.5  60 204-212   5 

   TTTGCAGTTCACGATTGCCG 

Cga06 (GT)5N2(GT)9 CAGCTCGTGTTTAATTTGGC  U30867   1.5  60 134-1422  5 

   TTGTACGAGAACCGTGCCAGG  

Cga09 (GT)3N3(GT)11 CGTCCACTTCCCCTAGAGCG  U30871   1  65 180-196   7 

 N(GT)6N2(GT)4 CCAGCTGCATTACCATACATGG 

Cga10 (GT)2N2(GT)15 GCTGTAGCAAAAATGCAGATGC U30870   1  60 102-138   14 

   TCTCCAGAGATCTAGGCTGTCC 

Source: Galbuseraet al., (1996) 



3.4 Data Analysis 

Study I: The data from the morphometric measurements and meristic counts were 

computed in excel and analysed using GLM procedures of SAS 9.4, (2000), and 

Duncan Multiple Range Test was used to separate the means. Simple linear Regression 

(Y = a+bx) was used to determine the relationship between length and weight. Pearson 

correlation was used to determine the relationships among variables (SAS, 2000).It has 

a value between +1 and −1, where 1 is total positive linear correlation, 0 is no linear 

correlation, and −1 is total negative linear correlation. Principal Component Analysis 

using the morphometric measurements for data reduction (SPSS, 2007). Dendrogram 

was constructed using morphometric measurements to determine the genetic distance 

among populations. 

Study II: Allele frequencies for each locus within each sampled population were 

computed. This was calculated locus by locus with the expression: 

 

 Where Nxx is the number of homozygotes for allele X (XX), and Nxy is the number of 

heterozygotes containing the allele X (Y was any other allele to be tested). N = the 

number of samples. These were tested for deviation of observed genotype frequencies 

from those under Hardy-Weinberg equilibrium using the Markov chain exact tests 

provided in the Genepop software (Raymond and Rousset, 1995). Estimate of 

microsatellite diversity within populations such as total alleles TNA, mean number of 

alleles MNA, allelic richness Ar, observed and expected  (Ho and He) heterozygote as 

well as nuclear pairwise Ft, values corrected for multiple testing was calculated using 

MS analyser 4.05 (Dieriener and Schloetterer, 2003).Genetix (Belkher et al.,2004) 
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wasused to infer genetic inbreeding coefficient Fis.To quantify the extent of molecular 

variation, locus-by-locus analysis of molecular variance (AMOVA) was performed 

using Genealex 6.4. In the current study, Fst was used to determine the potential 

differences between the two statistics. F-statistics were obtained using AMOVA 

approach and population pairwise based on microsatellite loci as implemented in 

Genealex 6.4. Genetic Distance were calculated by choosing the option Distance from 

the GenAlEx menu and then selected Genetic from the submenu. It was ensured that 

locus and sample parameters were correct in the Genetic Distance Options dialog box. 

Then the appropriate Distance Calculation was selected and output options required. 

Title and Worksheet Prefix was enteredand then click Ok. Genetic distance was output 

to sheet. 
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CHAPTER FOUR 

4.0     RESULTS 

4.1 Morphological and Meristic Characterization of Clariid Species in Kano State 

Table 4.1 shows the summary statistics for the morphometric characteristics measured 

in Clarias gariepinus and Heterobranchus longifilis. In Clarias gariepinus, the average 

body weight was 190.54g and coefficient of variability was 72.73% while it was 

67.39% in Heterobrancus longifilis with average body weight of 318.73g. The body 

weight of the two strains showed a significantly wide variation indicating a lot of 

differences within the strains when body weight is considered. 

On the measurements taken on the body, Heterobranchus longifilis recorded higher 

values compared to Clarias gariepinus, these are total length, standard length, pre-

dorsal distance, pre-anal distance, pre-pectoral distance, pre-ventral distamce caudal 

peduncle depth and body depth at anus. The coefficient of variation of Claria 

gariepinus ranged from 21.34% for pre-anal distance to 59.73 for pre-ventral distance. 

The coefficient of variation of Heterobranchus longifilis ranged from 13.71% for total 

length to 51.00% for pre-ventral distance.  These showed that the variability observed in 

them were moderate to high and could be regarded as variable. 

Dorsal fin length and anal fin length were higher in Clarias gariepinus compared to 

Heterobranchus longifilis due to the presence of adipose tissue on the dorsal part of 

Heterobranchus longifilis while Heterobranchus longifilis gave a higher measurements 

in pectoral fin length and pectoral spine length than Clarias gariepinus. The coefficient 

of variation for fin measurements in Clarias gariepinus were 21.61% for dorsal fin 

length to 51.48% for pectoral fin length while in Heterobranchus longifilis, the 
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coefficient of variation ranged from 21.80% for dorsal fin length to 47.01% for anal fin 

length. The variability observed in them were high and they are optimally wide apart. 

Concerning the head region measurements, Clarias gariepinus had higher measurement 

in head length and inter-orbital distance while Heterobranchus longifilis had higher 

measurement in head width, dors-caudal length, dorso-occipital length, snout length, 

eye distance, length of occipital fontenale, width of occipital fontenale and snout 

occipital length. The coefficient of variationfor Clarias gariepinus ranged from 20.59% 

for head length to 32.45% for eye distance while coefficient of variation for 

Heterobranchus longifilisranged from 13.21% for snout occipital length to 62.08% for 

dorso-caudal length. These showed moderate to high variability and they are widely 

separated in terms of phenotypic plasticity.   

Table 4.2 shows the summary statistics for the meristic counts taken on the samples. 

The ray counts are the number of webbed rays on the fins that aid locomotion. Clarias 

gariepinus recorded a higher count in dorsal fin ray count, anal fin ray count and 

pectoral fin ray count while Heterobranchus longifilis only gave a higher count in 

caudal fin ray count. The coefficient of variation forClarias gariepinus on meristic 

count were 5.33% for caudal fin ray count, 6.87 for pectoral fin ray count, 22.17 for 

anal fin ray count and 24.50 for dorsal fin ray count.For Heterobranchus longifilis, the 

coefficient of variation were 5.26 for caudal fin ray count, 7.05 pectoral fin ray count, 

47.06 for anal fin ray count and 58.31 for dorsal fin ray count. Pectoral and caudal fins 

ray count showed a very low percentage of variation while dorsal and anal fins ray 

count were moderate to high variability. 
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Table 4.1: Summary Statistics for the Morphometric Characteristics of the fish Populations in the 

study area 

  Clarias gariepinus        Heterobranchus longifilis     

Characteristics (cm)        Mean±SE                    CV%  Mean±SE       CV% 

Body measurement 

Body Weight (g)        190.54±11.59               72.73318.73±42.12  67.39 

Total Length    29.63±0.55  22.1139.23±1.06                     13.71 

Standard Length              26.23±0.50                   22.6329.05±1.04                     18.24 

Pre-Dorsal Distance         8.64±0.16                    21.6011.46±0.41                    18.30 

Pre-Anal Distance                13.96±0.25                 21.3420.52±0.68                    16.99 

Pre-Pectoral Distance                10.28±0.21                   24.8211.74±0.71                   30.79 

Pre-Ventral Distance                 6.55±0.33                     59.739.79±0.99                      51.00 

Caudal Peduncle Depth              2.10±0.05                      25.822.29±0.11                    24.98 

Body Depth at Anus          5.18±0.10                      22.846.60±0.29                    22.53 

Fin measurement 

Dorsal Fin Length         15.69±0.28                    21.615.33±0.23                   21.80 

Anal Fin Length         12.88±0.39                    35.993.67±0.35                     47.01 

Pectoral Fin Length          2.48±0.11                      51.484.44±0.21                      24.43 

Pectoral Spine Length        2.98±0.07                      28.294.79±0.21                      22.80 

Head region 

Head Length            7.34±0.13                     20.597.10±0.25                  17.99 

Head Width           5.60±0.10                     21.646.17±0.18                   15.14 

Dorso-caudal length  1.64±0.04                     28.818.44±1.03                   62.08 

Dorso-Occipital length  6.14±0.14                      26.309.37±0.35                  18.21 

Snout Length          1.73±0.04                    28.082.59±0.13                   24.52 

Inter-orbital Distance         3.30±0.06                     21.382.46±0.09                    19.06 

Eye Distance            0.34±0.01                     32.450.65±0.03                    22.16 

Occipital Fontanelle Length 1.96±0.04                     25.55  4.58±0.19                21.51 

OccipitalFontanelleWidth   0.45±0.01                    30.270.67±0.04                     28.67 

Snout Occipital length         1.77±0.04                    24.352.11±0.06                      13.21 

CV = Coefficient of variation, SE = Standard error. 
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Table 4.2: Summary Statistics for the Meristic Characteristics of the Populations                 

Investigated 

                       Clarias gariepinus        Heterobranchus longifilis 

Character  Mean±SE               CV%  Mean±SE                         

CV%  

Dorsal Fin Ray Count   7.83±0.05             24.503.29±0.02                           58.31 

Pectoral Fin Ray Count 2.33±0.01             6.87                    2.27±0.02                           

7.05 

Anal Fin Ray Count       6.92±0.04            22.173.26±0.04 47.06 

Caudal Fin Ray Count   4.28±0.02             5.334.34±0.03      5.26 

CV = Coefficient of variability 

SE = Standard error. 

Tables 4.3a, 4.3b and 4.3c show the effect of location, strain and sex on the 

morphometric measurements taken on the fish samples respectively. All the parameters 

showed a significant difference (P<0.01) of location and also in strain except standard 

length, pre-dorsal distance and head length that showed significant difference at only 

5% while sex only had significant difference (P<0.01) on total length, standard length, 

dorsal fin length, dorso-caudal length, caudal peduncle depth, anal fin length, head 

length, inter-orbital distance, eye diameter and length of occipital fontalle. On body 

weight, Clariid strains of River Thomas recorded the highest body weight of 460.33g 

while those of River Duddurun Gaya had the lowest body weight of 114.01g. Clariis 

strains of River Thomas also gave higher (P<0.01) measurements in all the 

morphometric measurements except in pre-ventral distance, dorso-cauda distance, snout 

length, eye diameter and snout-occipital length. On the effect of strain, Heterobranchus 

longifiliswas higher (P<0.01) in body weight and some of the morphometric 

measurements except in pre-pectoral distance, dorso-caudal length, caudal peduncle 

depth, anal fin length, dorsal fin length, head width, head length, snout length, inter-

orbital distance, eye distance and snout-occipital length. Clarias gariepinus was only 
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higher in dorsal fin length and anal fin length.  On the effect of sex, there were 

significant difference between males and females whereby males had a higher 

measurement in total length, standard length, dorsal fin length, anal fin length, caudal 

peduncle depth, head length, inter-orbital distance, body weight, pre-dorsal distance, 

pre-anal distance, pre-ventral distance, pre-pectoral distance and body depth at anus. 

The females on the other hand, had a higher measurement in pectoral fin length, snout 

length, eye diameter, dorso-caudal length, snout-occipita length and length of occipital 

fontanelle. With respect to sex, there were no significant effect on WT, PDD, PAD, 

PVD, PPD, PFL, PSL, DODF, BDA, HW, SNL, OFL and DSO. 



Table 4.3a: Morphometric Characteristics of strains of Clariid Species in relation to location, strains and sex 

Factor  N      WT TL          SL          PDD      PAD         PVD        PPD            DFL 

   (g)      (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm) 

Location  177    ** **          **           **          **            **             **              ** 

River Thomas       4     460.33
a
±111.4442.75

a
±2.87   38.00

a
±2.68   13.34

a
±0.94   19.13

a
±3.07      8.00

b
±0.58       17.00

a
±1.4625.75

a
±1.83 

RiverGhari          27    260.70
bc

±22.4831.03
c
±0.9927.92

bc
±0.86 8.87

c
±0.31     14.30

b
±0.51      5.21

d
±0.25       11.69

b
±0.4016.36

b
±0.52 

River.D/Gaya        50    114.01
d
±8.0925.74

d
±0.8122.64

d
±0.777.53

d
±0.16     12.32

b
±0.25      4.58

d
±0.11       10.29

c
±0.2114.51

bc
±0.46 

RiverKaraye        33    323.47
b
±35.8737.46

b
±1.29 31.30

b
±1.0611.15

b
±0.43   18.58

a
±0.78      15.04

a
±0.47     6.59

d
±0.2412.16

c
±0.75 

RiverTiga            21    259.12
bc

±43.1133.28
c
±0.9424.73

cd
±0.5410.09

b
±0.2218.08

a
±0.47     6.36

c
±0.11      12.86

b
±0.264.12

d
±0.21 

RiverBagwai         42   160.16
cd

±8.75       30.03
c
±0.76    26.22

cd
±0.54   8.71

c
±0.2114.37

b
±0.46    5.01

d
±0.13      11.63

b
±0.2815.47

b
±0.61 

Strain  177  **           **           *            **           **            **             *               ** 

C. gariepinus    143    190.54
b
±11.59 29.63

b
±0.5526.23

b
±0.508.64

b
±0.1613.96

b
±0.25    6.55

b
±0.33       10.28

b
±0.21    15.69

a
±0.28 

H. longifilis29318.73
a
±42.1239.23

a
±1.0629.05

a
±1.0411.46

a
±0.4120.52

a
±0.689.79

a
±0.98     11.74

a
±0.71     5.33

b
±0.23 

Sex  177         NS            *          **           NS           NSNSNS** 

           Male      83      233.93±18.0632.40
a
±0.7828.36

a
±0.699.28±0.2215.12±0.39      7.05±0.44      10.94±0.34    15.99

a
±0.49 

           Female   94      191.57±15.1329.82
b
±0.7224.86

b
±0.518.98±0.2315.11±0.43     6.99±0.44       10.28±0.25    11.49

b
±0.52 

a,b,c,d means within the same column and factors with different superscripts differ significantl**=P<0.01;*=P<0.05  

WT= weight,  PAD = pre-anal distance,   DFL = dorsal fin length,  

SL=standard length, PPD = pre-pectoral distance, TL= Total length 

PDD=pre-dorsal distance,NS- Not significant  PVD = pre-ventral distance 
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Table 4.3b: Morphometric Characteristics of strains of Clariid Species in relation to location, strains and sex 

Factor  N PFL PSL DDCF DODF CPD  AFL  BDA 

   (cm)         (cm)         (cm)           (cm)                 (cm)         (cm)         (cm) 

Location 177  **  **              **               **                    **             **             ** 

River Thomas      4         4.03
a
0±0.274.53

a
±0.30 2.78

a
±0.2910.10

a
±1.36             3.00

a
±0.7119.13

a
±1.237.18

a
±0.69 

RiverGhari27        2.55
b
±0.143.18

b
±0.171.79

cd
±0.075.76

c
±0.39               2.07

cd
±0.1012.63

b
±0.705.33

bc
±0.24 

River D/Gaya      50        2.21
b
±0.272.43

c
±0.061.32

d
±0.055.96

c
±0.111.82

d
±0.05 9.73

b
±0.20 4.53

c
±0.11 

RiverKaraye       33        3.75
a
±0.24      4.43

a
±0.212.35

bc
±0.188.17

b
±0.37              2.67

ab
±0.0916.71

a
±1.37 6.79

a
±0.26 

RiverTiga           21        3.58
a
±0.093.98

a
±0.08 3.12

a
±0.348.18

b
±0.28               2.39

bc
±0.162.52

c
±0.14 5.88

b
±0.20 

River Bagwai       42        2.49
b
±0.14             3.05

b
±0.141.79

cd
±0.075.85

c
±0.25               2.07

cd
±0.0610.88

b
±0.455.16

bc
±0.14 

Strain   177  **            **             **                **                    NS**             ** 

C. gariepinus   143     2.48
b
±0.112.48

b
±0.071.64

b
±0.046.14

b
±0.14              2.10±0.05              12.88

a
±0.395.18

b
±0.10 

H. longifilis   294.44
a
±0.214.79

a
±0.218.44

b
±1.039.37

a
±0.34             2.29±0.113.67

b
±0.356.60

a
±0.29 

Sex  177         NS           NS **                 NS                   *              **            NS 

           Male      83        2.68±0.10 3.30±0.11 2.02
b
±0.19      6.47±0.21             2.27

a
±0.0713.48

a
±0.595.56±0.15 

           Female   94       2.94±0.183.30±0.124.11
a
±0.49 6.85±0.21             2.09

b
±0.068.92

b
±0.32 5.34±0.14 

a,b,c,d means within the same column and factors with different superscripts differ significantly. **=P<0.01;*=P<0.05  

AFL=anal fin length   PFL=pectoral fin length, PSL=pectoral spine length, DDCF=dorso-caudal length, 

DODF=dorso-occipital length, CPD=caudal peduncle depth  BDA=body depth at anus.  NS – Not significant 
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Table 4.3c: Morphometric Characteristics of strains of Clariid Species in relation to location, strains and sex 

Factor  N HL HW       SNL          ID          ED         OFL        OFW           DSO 

   (cm)      (cm)        (cm)         (cm)      (cm)       (cm)          (cm)            (cm) 

Location  177 **  **          **           **          **            **             **              ** 

River Thomas       4   10.48
a
±0.88 8.00

a
±0.612.25

b
±0.204.55

a
±0.40   0.53

b
±0.08   2.63

bc
±0.24   0.65

a
±0.12    1.70

c
±0.15 

RiverGhari          27 7.88b
c
±0.215.84

c
±0.21       1.72

c
±0.08         3.30

bc
±0.09   0.42

b
±0.02   1.99

cd
±0.14   0.50

bc
±0.02   1.80

c
±0.05 

River D/Gaya      50   6.24
d
±0.12        4.86

d
±0.121.51

c
±0.05         2.93

c
±0.07    0.26

c
±0.01   1.78

d
±0.05     0.39

c
±0.02    1.57

c
±0.06 

RiverKaraye       33     8.40
b
±0.286.42

bc
±0.222.53

b
±0.123.60

b
±0.16   0.40

bc
±0.03   3.21

ab
±0.25   0.52

b
±0.05   2.18

b
±0.09 

RiverTiga           21      7.21
c
±0.34         6.81

b
±0.38      3.04

a
±0.262.32

d
±0.08   0.86

a
±0.09     3.51

a
±0.28   0.51

bc
±0.03  2.65

a
±0.20 

RiverBagwai       42   7.41
c
±0.155.76

c
±0.151.68

c
±0.063.21

bc
±0.10   0.44

b
±0.02   1.99

cd
±0.09   0.50

bc
±0.02   1.80

c
±0.05 

Strain   177       NSNSNS **          **            **            **              ** 

C. gariepinus143   7.34±0.13      5.60±0.10      5.60±0.043.30
a
±0.06    0.34

b
±0.01    1.96

b
±0.04   0.45

b
±0.01   1.77

b
±0.04 

H. longifilis297.10±0.25       6.17±0.186.17±0.132.46
b
±0.09    0.65

a
±0.03    4.58

a
±0.19    0.67

a
±0.04   2.11

a
±0.05 

Sex  177         **             NS         NS **            *              *             NS            NS 

           Male       83       7.80
a
±0.175.95±0.15       1.92±0.063.41

a
±0.08     0.39

b
±0.02    2.15

b
±0.08   0.46±0.02   1.90±0.05 

           Female   94       7.00
b
±0.145.70±0.14      2.02±0.102.91

b
±0.07     0.47

a
±0.03     2.53

a
±0.14    0.49±0.02    1.91±0.07 

a,b,c,d means within the same column and factors with different superscripts differ significantly .**=P<0.01;*=P<0.05  

HL=head length,   HW=head width,  SNL=snout length,  ID=inter-orbital distance, 

OFL=length of occipital fontanelle,  ED= eye diameter  ID=inter-orbital distance  NS=not significant 

OFW=width of occipital fontanelle, DSO=snout-occipital length. 



Tables 4.4a, 4.4b and 4.4c show the interaction effect between river location and sex on 

the morphometric measurements. River Thomas had a significant effect (P<0.01) on sex 

with higher measurements in males than females in body weight, total length, standard 

length, pre-dorsal distance, pre-anal distance, pre-ventral distance, pre-pectoral distance, 

dorsal fin length, caudal peduncle depth, anal fin length, body depth at anus, head 

length, head width, snout length and inter-orbital distance. Females had a higher 

measurements in dorso-occiptal length. In River Ghari, location effect (P<0.01) was 

more on males then females in body weight, total length, standard length, pectoral spine 

length, anal fin length and body depth at anus.The same effect (P<0.01) was recorded in 

River Duddurun Gaya as the effect were more on meales than females in body weight, 

total length, standard length, pre-anal distance, pre-pectoral distance, dorsal fin length, 

dorso-occipital length, caudal peduncle depth and anal fin length. In River Karaye, the 

effect of location (P<0.01) was seen on males in dorsal fin length and anal fin length 

while the effect was more on felames than males in pre-dorsal distance, pre-anal 

distance, pectoral fin length, pectoral spine length, dorso-caudal length and dorso-

occipital length. In Tiga dam, effect of location (P<0.01) was significant on females 

than males in body weight, standard length, pre-dorsal distance, pre-pectoral distance 

and dorso-occipital length. In River Bagwai, effect of location was significant (P<0.01) 

in males than females on body weight, total length, standard length, dorsal fin length, 

dorso-occipital length and anal fin length. 



Table 4.4a: Morphometric Characteristics of strains of Clariid Species in relation to interaction between location and sex 

Factor          WT TL          SL          PDD      PAD         PVD        PPD            DFL 

   (g)      (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm) 

Location               sex 

River Thomas       F274 80
b
±47.9038.00

b
±2.00   33.50

b
±1.50   11.754

b
±0.25   14.75

b
±4.25      7.00

b
±0.00       14.50

b
±0.50 22.75

b
±1.25 

River Thomas       M    635.85
a
±58.15    47.50

a
±0.50    42.50

a
±0.50   15.00

a
±0.00     23.50

a
±0.50      9.00

a
±0.00       19.50

a
±0.00        28.75

a
±0.75 

River Ghari           F  193.00
b
±11.9528.12

b
±0.6825.44

b
±0.62 8.43±0.31  13.69±0.62        4.64±0.14       11.00±0.37   16.04±0.72 

River Ghari           M    294.56
a
±30.74     32.39

a
±1.33    29.16

a
±1.15   9.09±0.43       14.61±0.70       5.49±0.35       12.04±0.55          16.50±0.70 

River.D/Gaya        F  96.70
b
±6.0423.84

b
±0.4921.00

b
±0.427.19±0.15  11.86

b
±0.25      4.41±0.11        9.86

b
±0.2013.42

b
±0.29 

River D/Gaya        M     147.62
a
±18.48     29.43

a
±1.93   25.80

a
±1.94   8.19±0.33      13.21

a
±0.50      4.92±0.22        11.13

a
±0.41        16.62

a
±1.06 

River Karaye         F321.71±39.3538.62±1.7231.38±1.2611.82
a
±0.59   19.94

a
±1.15      15.60±0.58 6.56±0.31    9.91

b
±1.02 

River Karaye         M    325.24±62.49      36.23±1.92     31.22±1.7710.42
b
±0.61   17.12

b
±0.94       14.44±0.75      6.62±0.38            14.54

a
±0.76 

Tiga Dam               F 284.10
a
±72.8535.74±0.6925.81

a
±0.4310.17

a
±0.2018.13±0.63  6.40±0.11  13.23

a
±0.21  4.73±0.20 

Tiga Dam              M     143.00
b
±32.99     35.00±0.88   24.00

b
±0.66    9.00

b
±0.19     17.50±0.22      6.00±0.15        12.00

b
±0.47          4.00±-.11 

River Bagwai         F   146.24
b
±13.8428.41

b
±0.96   24.58

b
±0.75   8.15±0.3213.86±0.65  4.96±0.32  11.17±0.41    14.25

b
±1.15 

River Bagwai         M   167.13
a
±11.0930.84

a
±1.02   27.04

a
±0.68   9.04±0.26      14.62±0.62       5.04±0.11        11.86±0.36            16.08

a
±0.70 

a,b, means within the same column and factors with different superscripts differ significantly. P<0.01 

WT= weight,  PAD = pre-anal distance,   DFL = dorsal fin length, PVD = pre-ventral distance F=Female 

SL=standard length, PPD = pre-pectoral distance,           TL= Total length              PDD=pre-dorsal distance,     M=Male 
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Table 4.4b: Morphometric Characteristics of strains of Clariid Species in relation to interaction between location and sex 

Factor          PFL PSL DDCF DODF CPD  AFL  BDA    (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm) 

Location               sex          

River Thomas       F 3.65
b
±0.05          4.10±0.40         2.65±0.65        9.05

a
±0.05            2.00

b
±0.00             17.00

b
±0.00               6.10

b
±0.10 

River Thomas       M4.40
a
±0.40        4.95±0.05            2.90±0.208.15

b
±1.85            4.00

a
±1.00             21.25

a
±0.25               8.25

a
±0.75 

River Ghari           F  2.22±0.09      2.77
b
±0.15            1.73±0.10                 5.74±0.38              2.02±0.02              11.57

b
±0.42               4.89

b
±0.20 

River Ghari           M2.71±0.20          3.39
a
±0.23             1.81±0.10                 5.77±0.56              2.10±0.14              13.16

a
±1.01               5.56

a
±0.33 

River.D/Gaya        F   2.27±0.40          2.34±0.06 1.26±0.04                5.79
b
±0.12             1.74

b
±0.04             9.29

b
±0.20                 4.34±0.12 

River D/Gaya        M       2.10±0.08          2.62±0.111.42±0.10                6.28
a
±0.23             2.01

a
±0.09             10.57

a
±0.38               4.91±-.22 

River Karaye         F    4.19
a
±0.38         4.75

a
±0.31              2.81

a
±0.27               9.10

a
±0.53             2.59±0.11               12.44

b
±1.99              7.16±0.35 

River Karaye         M        3.28
b
±0.22         4.09

b
±0.261.86

b
±0.14               7.19

b
±0.37             2.76±0.14               20.98

a
±1.16               6.41±0.36 

Tiga Dam               F      3.56±0.09         3.95±0.113.55±0.28                8.78
a
±0.33            1.98±0.06                 2.89±0.13                 5.60±0.11 

Tiga Dam              M         3.10±0.21        3.50±0.163.00±0.19                 7.50
b
±0.28            1.60±0.03                 2.90±0.18                  5.00±0.14 

River Bagwai         F         2.52±0.31         3.08±0.331.81±0.09                  5.20
b
±0.41            1.97±0.079.88

b
±0.79                 5.05±0.21 

River Bagwai         M       2.48±0.14          3.04±0.141.77±0.09                  6.18
a
±0.20            2.12±0.08                11.38

a
±0.52                5.21±0.18 

a,b, means within the same column and factors with different superscripts differ significantly. P<0.01 

PFL=pectoral fin length,  DODF=Dorso-occipital length,     BDA=Body depth at anus, F=Female    M=Male   

PSL=pectoral spine length,    CPD=Caudal peduncle deepth, DDCF=Dorso-caudal length, AFL=Anal fin length 
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Table 4.4c: Morphometric Characteristics of strains of Clariid Species in relation to interaction between location and sex 

Factor          HL              HW                 SNL                 ID               ED             OFL             OFW                 DSO 

  (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm)                    (cm) 

Location               sex          

River Thomas       F 9.10
b
±0.90          7.00

b
±0.501.95

b
±0.05       4.00

b
±0.00           0.45±0.03      2.75±0.25       0.80±0.20         1.90±0.10 

River Thomas       M        11.85
a
±0.15        9.00

a
±0.00       2.55

a
±0.25        5.10

a
±0.06           0.60±0.00     2.50±0.50        0.50±0.001.50±0.20 

River Ghari           F  7.37±0.34           5.93±0.31         1.57±0.09         3.37±0.18            0.36±0.02     1.87±0.09        0.47±0.041.68±0.09 

River Ghari           M       8.13±0.25            5.79±0.28         1.79±0.09         3.27±0.11            0.44±0.02     2.06±0.07        0.51±0.031.86±0.05 

River.D/Gaya        F6.03±0.11           4.71±0.11         1.42±0.06         2.82±0.06            0.26±0.01     1.72±0.05         0.36±0.111.49±0.06 

River D/Gaya        M       6.64±0.25            5.16±0.28         1.71±0.06         3.14±0.15            0.28±0.02     1.91±0.09         0.45±0.041.74±0.12 

River Karaye         F8.17±0.30           6.35±0.24         2.62±0.19         3.36±0.18             0.50±0.05    3.76±0.41         0.68±0.062.18±0.12 

River Karaye         M        8.64±0.49           6.50±0.38         2.44±0.14         3.86±0.26             0.29±0.02    2.63±0.18         0.36±0.042.19±0.12 

Tiga Dam               F 6.18±0.14           5.75±0.15         2.28±0.11         2.17±0.07             0.61±0.03     4.38±0.26        0.58±0.031.99±0.06 

Tiga Dam              M         6.00±0.17           5.00±0.18         2.00±0.17         2.30±0.09             0.60±0.02     4 .00±0.22        0.50±0.042.00±0.05 

River Bagwai         F         7.11±0.27            5.41±0.19        1.66±0.08          2.93±0.17             0.46±0.04    1.99±0.19         0.49±0.031.75±0.08 

River Bagwai         M       7.56±0.18             5.94±0.11        1.69±0.09          3.35±0.11             0.43±0.03    1.99±0.11         0.50±0.021.82±0.07 

a,b, means within the same column and factors with different superscripts differ significantlyP<0.01 

HL=Head length,  SNL=Snout length,     ED=Eye diameter,       OFW=width of occipital fontenele    F=Male 

HW=Head width, ID=interorbital distance, OFL=length of occipital fontenele,      DSO=Snout-occipital length                 M=Male



Tables 4.5a, 4.5b and 4.5c show the interaction effect between river location and strain 

on morphometric measurements. River Ghari had more significant effect (P<0.01) on 

Heterobranchus longifilis than Clarias gariepinus in body weight, total length, standard 

length, pre-dorsal distance, pre-anal distance, pre-pectoral distance, pre-ventral distance, 

pectoral fin length, pectoral spine length, dorso-occipiatal length, caudal peduncle 

depth, body depth at anus, head length, head width, length of occipital fontenale and 

width of occipital fontenale while the significance was more on Clarias gariepinus in 

dorsal fin length and anal fin length.In River Karaye, a significant effect (P<0.01) was 

equally more on Heterobranchus longifilis than Clarias gariepinus in body weight, total 

length, standard length, pre-dorsal distance, pre-anal distance, pre-ventral distance, 

pectoral fin length, pectoral spine length, dorso-caudal length, dorso-occipital length, 

body depth at anus, eye distance, length of occipital fontenale and width of occipital 

fontenale while the significance was more on Clarias gariepinus in dorsal fin length, 

anal fin length and inter-orbital distance.In River Bagwai, a significant effect (P<0.01) 

was observed on Heterobranchus longifilis than Clarias gariepinus in body weight, 

total length, standard length, pre-dorsal distance, pre-anal distance, pre-pectoral 

distance, pre-ventral distance, pectoral fin length, pectoral spine length, dorso-occipiatal 

length, caudal peduncle depth, body depth at anus, head width, snout length, eye 

distance, length of occipital fontenale and snout occipital length while the significance 

was more on Clarias gariepinus in dorsal fin length, anal fin length and inter-orbital 

distance. 



Table 4.5a: Morphometric Characteristics of strains of Clariid Species in relation to interaction between location and strain 

Factor          WT TL          SL          PDD      PAD        PVD        PPD            DFL 

   (g)      (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm) 

Location               strain          

RiverGhari       Cg    243.06
b
±14.82   30.46

b
±0.84  27.45

b
±0.75     8.64

b
±0.21      14.00

b
±0.43          5.07

b
±0.21         11.41

b
±0.29         16.64

a
±0.44 

River Ghari           Hl        719.40
a
±52.17     46.00

a
±0.80    40.00

a
±1.41     15.00

a
±0.98    22.00

a
±1.52          9.00

a
±0.28         19.00

a
±0.55          8.70

b
±0.36 

River Karaye         Cg   298.79
b
±43.94  35.36

b
±1.40  30.54

b
±1.31    10.35

b
±0.44   16.86

b
±0.69           14.43

b
±0.55       6.48±0.30            14.12

a
±0.57 

River Karaye         Hl        400.60
a
±49.48     44.00

a
±1.41     33.69

a
±1.37    13.61

a
±0.60    23.94

a
±0.89          16.94

a
±0.62        6.94±0.28            6.01

b
±0.28 

River Bagwai         Cg       155.69
b
±9.29       29.03

b
±0.57   26.03

b
±0.51     8.52

b
±0.19      13.64

b
±0.30           4.83

b
±0.09         11.27

b
±0.23         16.55

a
±0.36 

River Bagwai         Hl        202.65
a
±14.24     39.50

a
±3.62   28.00

a
±3.24     10.75

a
±0.75    21.25

a
±1.65            6.75

a
±0.48         15.00

a
±0.91          5.25

b
±0.48 

a,b, means within the same column and factors with different superscripts differ significantly. P<0.01 

WT= weight,  PAD = pre-anal distance,   DFL = dorsal fin length,          PVD = pre-ventral distance             Cg=Clariasgariepinus 

SL=standard length, PPD = pre-pectoral distance,           TL= Total length                      PDD=pre-dorsal distance,       Hl=Heterobranchuslongifilis 
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Table 4.5b: Morphometric Characteristics of strains of Clariid Species in relation to interaction between location and strain 

Factor          PFL PSL DDCF DODF CPD  AFL  BDA    (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm) 

Location               strain           

RiverGhari       Cg    2.45
b
±0.11          3.07

b
±0.13            1.77±0.07                5.52

b
±0.32               1.99

b
±0.06             12.69

a
±0.72             5.15

b
±0.16 

River Ghari           Hl        5.00
a
±0.16          6.00

a
±0.19            2.20±0.17                11.90

a
±0.92             4.20

a
±0.11              5.00

b
±0.33              10.00

a
±0.35 

River Karaye         Cg    3.14
b
±0.17          3.97

b
±0.19            1.86

b
±0.11               7.35

b
±0.30              2.68±0.10                20.21

a
±0.87            6.46

b
±0.28 

River Karaye         Hl        5.64
a
±0.21          5.86

a
±0.19            3.88

a
±0.13                10.75

a
±0.53            2.63±0.14                4.21

b
±0.27              7.84

a
±0.29 

River Bagwai         Cg       2.25
b
±0.06          2.83

b
±0.08            1.70±0.05                  5.60

b
±0.23             2.05±0.06                11.62

a
±0.26             5.00

b
±0.11 

River Bagwai         Hl        4.85
a
±0.43          5.20

a
±0.64            2.65±0.24                   8.25

a
±0.85             2.25±0.14                3.40

b
±0.43               6.68

a
±0.71 

a,b, means within the same column and factors with different superscripts differ significantly. P<0.01 

PFL=pectoral fin length,  DODF=Dorso-occipital length,     BDA=Body depth at anus,             Cg=Clariasgariepinus 

PSL=pectoral spine length,              CPD=Caudal peduncle deepth,           DDCF=Dorso-caudal length, AFL=Anal fin length          

Hl=Heterobranchuslongifilis 
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Table 4.5c: Morphometric Characteristics of strains of Clariid Species in relation to interaction between location and strain 

Factor          HL              HW                 SNL                 ID               ED             OFL             OFW                 DSO 

  (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm)                    (cm) 

Location               strain          

RiverGhari       Cg     7.84
b
±0.22         5.72

b
±0.18        1.70±0.08       3.30±0.09           0.42±0.02            1.88

b
±0.08         0.49

b
±0.02         1.80±0.05 

River Ghari           Hl         9.00
a
±0.59         9.00

a
±0.43        2.20±0.21       3.50±0.16           0.30±0.01            5.00

a
±0.36         0.70

a
±0.05          1.90±0.06 

River Karaye         Cg     8.39±0.36          6.43±0.27         2.32±0.11        3.83
a
±0.18         0.31

b
±0.02           2.50

b
±0.13         0.41

b
±0.03          2.18±0.11 

River Karaye         Hl         8.41±0.33          6.40±0.32         3.19±0.24        2.89
b
±0.11         0.69

a
±0.03           5.44

a
±0.22         0.89

a
±0.06          2.19±0.08 

River Bagwai         Cg        7.45±0.16          5.68
b
±0.16        1.59

b
±0.04       3.31

a
±0.09         0.40

b
±0.01           1.83

b
±0.05         0.49±0.02           1.74

b
±0.04 

River Bagwai         Hl         7.05±0.55          6.53
a
±0.28         2.55

a
±0.26      2.25

b
±0.18          0.83

a
±0.03           3.50

a
±0.29         0.58±0.03           2.37

a
±0.21 

a,b, means within the same column and factors with different superscripts differ significantly. P<0.01 

HL=Head length,  SNL=Snout length,        ED=Eye diameter,                                OFW=width of occipital fontenele        Cg=Clariasgariepinus 

HW=Head width,              ID=interorbital distance,           OFL=length of occipital fontenele,      DSO=Snout-occipital length 

Hl=Heterobranchuslongifilis 



Tables 4.6a, 4.6b and 4.6c show the interaction effect between sex and strain on 

morphometric measurements.There was a significant effect of strain (P<0.01) on male 

Clarias gariepinus than female Clarias gariepinus on body weight, total length, 

standard length, pre-dorsal distance, pre-anal distance, pre-ventral distance, anal fin 

length and head length. In Heterobranchus longifilis, a significant effect (P<0.01) was 

observed in males than females in total length, standard length, pre-anal distance, pre-

ventral distance, pre-pectoral distance, anal fin length, body depth at anus, head length 

and head width while significat effect (P<0.01) was seen in females on pre-ventral 

distance and dorso-caudal distance. 

Table 4.7 shows the effect of location, strain and sex on the meristic counts taken on the 

fish samples. Location had significant effect (P<0.01) on dorsal fin ray count, pectoral 

fin ray count and anal fin ray count while having no significant effect on caudal fin ray 

count (P> 0.05). Strain and sex on the other hand had significant effect (P<0.01) on 

dorsal fin ray count and anal fin ray count but not on pectoral fin ray count and caudal 

fin ray count (P>0.05).  River Thomas had higher counts compared to the remaining 

rivers followed by River DudusinGaya and River Ghari, due to the predominance of 

Clarias gariepinus in those water bodies. Clarias gariepinus gave higher counts, due to 

the presence of dorsal adipose tissue on the Heterobranchus longifilis and Synodontis 

clarias that halved the dorsal parts of the latter fish strains mentioned. On the effect of 

sex, dorsal fin ray count and anal fin ray count were more (P<0.05) in the males than the 

females; but pectoral fin ray count and caudal fin ray count were similar for the sexes. 

The interaction effect between river location and sex, between location and strain, and 

between sex and strain were not significant hence they were dropped from further 

analysis. 



Table 4.6a: Morphometric Characteristics of strains of Clariid Species in relation to interaction between sex and strain 

Factor          WT TL          SL          PDD      PAD        PVD        PPD            DFL 

   (g)      (cm)        (cm)         (cm)      (cm)         (cm)         (cm)          (cm) 

Strain            sex           

Cg                  F               145.10
b
±11.07       26.94

b
±0.63     23.88

b
±0.56    8.06

b
±0.20      13.05

b
±0.30         5.92

b
±0.45        9.83±0.26             14.50±0.33 

Cg                  M              228.41
a
±18.12       31.88

a
±0.77     28.18

a
±0.71    9.15

a
±0.22      14.72

a
±0.36         7.07

a
±0.47        10.65±0.32            16.67±0.41 

Hl                   F               316.90±45.22        38.54
b
±1.11     28.38

b
±1.05    11.36±0.44     20.28

b
±0.76         10.34

a
±1.11      10.97

b
±0.68           5.22±0.21 

Hl                   M              328.80±131.73      43.00
a
±2.68     32.75

a
±3.30     12.00±1.22    21.88

a
±1.59          6.75

b
±0.75        16.00

a
±1.47           5.93±1.01 

a,b, means within the same column and factors with different superscripts differ significantly 

WT= weight,  PAD = pre-anal distance,   DFL = dorsal fin length,          PVD = pre-ventral distance             Cg=Clariasgariepinus 

SL=standard length, PPD = pre-pectoral distance,           TL= Total length                      PDD=pre-dorsal distance,       Hl=Heterobranchuslongifilis 

F=Female  M=Male 
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Table 4.6b: Morphometric Characteristics of strains of Clariid Species in relation to interaction between sex and strain 

Factor          PFL PSL DDCF DODF CPD  AFL  BDA    (cm)        (cm)         (cm)      (cm)         (cm)         (cm)                        (cm) 

Strain            sex             

Cg                  F               2.36±0.21               2.71±0.09             1.54±0.06               5.95±0.17               1.94±0.05             11.47
b
±0.46              4.89±0.14 

Cg                  M              2.57±0.09               3.21±0.10             1.72±0.05               6.30±0.20               2.23±0.07             14.04
a
±0.57              5.42±0.13 

Hl                   F               4.45±0.24               4.79±0.24             9.00
a
±1.10              9.33±0.37               2.22±0.09             3.39

b
±0.19                5.41

b
±0.28 

Hl                   M              4.38±0.44               4.83±0.51             5.30
b
±2.57             9.60±0.92                2.70±0.54             5.15

a
±1.95                7.63

a
±1.07 

a,b, means within the same column and factors with different superscripts differ significantly 

PFL=pectoral fin length,  DODF=Dorso-occipital length,     BDA=Body depth at anus,             Cg=Clariasgariepinus 

PSL=pectoral spine length,              CPD=Caudal peduncle deepth,           DDCF=Dorso-caudal length, AFL=Anal fin length          

Hl=Heterobranchuslongifilis 

F=Female  M=Male 
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Table 4.6c: Morphometric Characteristics of strains of Clariid Species in relation to interaction between sex and strain 

Factor                                 HL  HW                 SNL                 ID               ED             OFL                      OFW                 DSO    (cm)        

(cm)         (cm)      (cm)         (cm)         (cm)                 (cm)                    (cm) 

Strain            sex             

Cg                  F              6.81
b
±0.16           5.28±0.13         1.58±0.05        3.11±0.07          0.31±0.01             1.85±0.05           0.43±0.02            1.66±0.05 

Cg                  M             7.79
a
±0.18           5.86±0.15         1.85±0.06        3.45±0.09          0.37±0.01             2.05±0.06           0.46±0.02            1.86±0.05 

Hl                   F              6.89
b
±0.27           6.01

b
±0.15         2.60±0.14        2.41±0.09          0.66±0.03             4.68±0.21           0.69±0.04            2.08±0.05 

Hl                   M             7.25
a
±0.73           7.00

a
±0.82         2.55±0.26        2.72±0.27          0.65±0.13             4.00±0.41           0.60±0.04            2.28±0.25 

a,b, means within the same column and factors with different superscripts differ significantly 

HL=Head length,  SNL=Snout length,        ED=Eye diameter,                                OFW=width of occipital fontenele        Cg=Clariasgariepinus 

HW=Head width,              ID=interorbital distance,           OFL=length of occipital fontenele,      DSO=Snout-occipital length 

Hl=Heterobranchuslongifilis 

F=Female  M=Male 

 

 



Table 4.7: Meristic Counts of Strains of Clariid Species in relation to location, strains 

and sex  

Factor  N           DFRC            PFRC     AFRC  CFRC  

Location  177             **                      **                     *                              NS 

River Thomas       4              8.15
a
±0.11       2.64

a
±0.19          6.83

ab
±0.35           4.41±0.12 

River Ghari         27             7.01
c
±0.15        2.26

c
±0.02          6.46

c
±0.14            4.29±0.04 

River D/Gaya     50            7.97
ab

±0.07       2.39
b
±0.03           7.03

a
±0.06            4.24±0.03 

River Karaye      33              6.56
d
±0.33        2.31

bc
±0.02          5.99

d
±0.28            4.30±0.06 

River Tiga           21             3.11
e
±0.06        2.31

bc
±0.02          3.17

e
±0.04            4.31±0.02 

River Bagwai       42            7.74
ab

±0.24       2.26
c
±0.01           6.69

bc
±0.20           4.32±0.03 

       Strain   177                 **                            NS                   **                                NS 

C. gariepinus    143               7.83
a
±0.05      2.33±0.01           6.92

a
±0.04              4.28±0.02 

H. longifilis       26                 3.29
b
±0.02     2.27±0.02            3.26

b
±0.04              4.34±0.03 

       Sex  177                  **                           NS                    **                               NS 

           Male       83                7.54
a
±0.25       2.30±0.02              6.75

a
±0.06              4.30±0.12 

           Female   94                 6.40
b
±0.33       2.34±0.03             5.72

b
±0.04               4.28±0.03 

a,b,c,d means within the same column and factors with different superscripts differ significantly 

.**=P<0.01;*=P<0.05.  

DFRC=dorsal fin ray count, PFRC=pectoral fin ray count,AFRC=anal fin ray count,CFRC=caudal fin 

ray count.                          NS – Not siginificant 

 

4.1.1 Condition factor of Clariid species in Kano state 

Table 4.8 shows the Condition factor (Ponderal index) for the twostrains of Clariid specie 

studied. The condition factor which showed the degree of wellbeing of the fish in their habitat 

is expressed by ‗coefficient of condition‘. The condition factor of the Clariid species vary in 

all the rivers sampled. The population of Clarias gariepinus in Rivers Thomas, Ghari and 

Duddurun Gaya had a better condition of wellbeing with ‗K‘ values of 0.64, 0.74 and 0.67 

respectively than those in Rivers Karaye (0.46) and Bagwai (0.37). The population 
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ofHeterobarnchus longifilis were all in good condition of wellbeing in all the rivers sampled 

with ‗K‘ values of 0.61 in River Karaye, 0.88 in River Ghari and 0.81 in Tiga dam.  

4.1.2 Length-weight relationship in Clariid species in Kano state 

Table 4.9 shows the length-weight relationship of the two strains of Clariid species found in 

Kano State. The equations indicate the pattern of growth, either isometric or allometric. 

Isometric growth is associated with no change in body shape as an organism grows. Negative 

allometric growth implies the fish becomes more slender as it increases in weight while 

positive allometric growth implies the fish becomes relatively stouter or deeper-bodied as it 

increases in length (Riedel et al., 2007). From the equation, the present result showed that b 

(regression coefficient) were 17.56 for Clarias gariepinus and 14.28 for Heterobranchus 

longifilis, indicating positive allometric pattern of growth for Clariid species.  When the 

regression coefficient is 3, the growth pattern is isometric. Negative allometric growth pattern 

is when the regression coefficient is less than 3.The R
2
 for Clarias gariepinus (0.69) indicates 

that the prediction equation explains mostof the variability of the response data around its 

mean and the relationship is significant while 0.13 of Heterobranchus longifilis shows that 

the prediction equation explains few of the variability of the response data around its mean. 

Table 4.8: Condition Factor of Clariid Species in the Six Location Sampled 

Location    Cg    Hl    

River Thomas   0.64(4)    -    

River Ghari   0.74(26)   0.88(4)    

River DudusinGaya   0.67(50)   -   

  

River Karaye   0.46(25)   0.61(8)    

River Bagwai   0.37(38)   0.62(4)    
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River Tiga   -    0.81(13)   

Cg = Clarias gariepinus 

Hl = Heterobranchus longifilis 

Sc = Synodontis clarias 
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Table 4.9: Regression equation for the length-weight relationship in the strains sampled 

Strains   Prediction equation   ±SE        R
2
         

LS 

C. gariepinus              -329.86+17.56TL   30.11         0.69        

** 

H. longifilis  -241.49+14.28TL   30.14         0.13                

NS 

LS=level of significance  

R
2
= coefficient of determination 

±SE=standard error 
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4.1.3 Pearson correlation coefficient among morphometric masurements 

Table 4.10a, 4.10b and 4.10c show the Pearson correlation analysis for all the variables 

measured. The relationship between Body Weight and all the morphometric measurements 

were positive and significant except PDD, DDCF, ID and ED. These ‗r‘ values were; BW/TL 

(0.75), BW/SL (0.73), BW/PDD (0.80), BW/PAD (0.74), BW/PVD (0.58), BW/DFL (0.65), 

BW/AFL (0.51), BW/PFL (0.47), BW/PSL (0.66), BW/DODF (0.68), BW/CPD (0.65), 

BW/BDA (0.76), BW/HL (0.69), BW/HW (0.67), BW/SNL (0.55), BW/ID (0.50), BW/OFL 

(0.56), BW/OFW (0.38) and BW/DSO (0.42).The morphometric measurements with negative 

and significant correlations were PPD/PVD (r= -0.45), DDCF/AFL (r= -0.67), DDCF/PFL 

(r= -0.54), SNL/DFL (r= -0.41), ID/DDCF (r= -0.36), ED/DFL (r= -0.50), ED/AFL (r= -

0.45), OFL/DFL (r= -0.48) and DSO/DFL (r= -0.34). The remaining measurements had 

positive and significant relationships with ‗r‘ values ranging from 0.30 for ED/TL, PAD/ID, 

ID/OFL and PDD/DDCF to 0.92 for TL/SL. 
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Table 4.10a: Pearson correlation analysis of the measured morphometric traits 

WT TL SL PDD PAD PVD PPD DFL AFL PFL PSL

 DDCF 

WT - 

TL 0.75** - 

SL 0.73** 0.92** - 

PDD 0.80** 0.86** 0.77** - 

PAD 0.74** 0.83** 0.67** 0.91** - 

PVD 0.58** 0.66** 0.59** 0.71** 0.68** - 

PPD 0.21 0.20 0.17 0.23 0.23 -0.45** - 

DFL 0.65** -0.04 0.24 -0.06 -0.24 -0.14 0.14 - 

AFL 0.51** 0.26 0.48** 0.20 0.04 0.44** -0.24 0.68** - 

PFL 0.47** 0.56** 0.45** 0.62** 0.64** 0.49** 0.09 -0.26 -0.04 - 

PSL 0.66** 0.78** 0.63** 0.81** 0.89** 0.70** 0.09 -0.28 0.09 0.66** - 

DDCF 0.20 0.25 -0.00 0.30** 0.42** 0.04 0.32** -0.67** -0.54**0.29 0.35** - 

WT-Body weight 

TL-Total length 

SL-Standard length 

PDD-Pre-dorsal distance 

PAD-Pre-anal distance 

PVD-Pre-ventral distance 

PPD-Pre-pectoral distance 

DFL-Dorsalfin length 

AFL-Anal fin length 

PFL-Pectoral fin length 

PSL-Pectoral spine length 

DDCF-Dorso-caudal length 
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Table 4.10b:  Pearson correlation analysis of the measured morphometric traits 

 DODF CPD BDA HL HW SNL ID ED OFL OFW DSO 

DODF - 

CPD 0.62** - 

BDA 0.75** 0.75** - 

HL 0.45** 0.71** 0.75** - 

HW 0.63** 0.84** 0.77** 0.80** - 

SNL 0.58** 0.66** 0.67** 0.58** 0.73** - 

ID 0.23 0.54** 0.49** 0.72** 0.53** 0.13 - 

ED 0.31** 0.35** 0.36** 0.31** 0.47** 0.69** -0.22 - 

OFL 0.74** 0.37** 0.60** 0.24 0.36** 0.50** -0.05 0.23 - 

OFW 0.47** 0.23 0.46** 0.32** 0.31** 0.30** 0.12 0.29 0.58** - 

DSO 0.42** 0.58** 0.57** 0.56** 0.70** 0.81 0.18 0.66** 0.28 0.17 - 

DODF-Dorso-occipital length 

CPD-Caudal peduncle depth 

BDA-Body depth at anus 

HL-Head length 

HW-Head width 

SNL-Snout length 

ID-inter-orbital distance 

ED-Eye diameter 

OFL length of occipital fontenale 

OFW-width of occipital fontenale 

DSO-Snout-occipital length 
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Table 4.10c: Pearson correlation analysis of the measured morphometric traits 

WT TL SL PDD PAD PVD PPD DFL AFL PFL PSL DDCF 

DODF 0.68** 0.73** 0.59** 0.82** 0.83** 0.58** 0.21 -0.21 0.02 0.57** 0.72** 0.40** 

CPD 0.65** 0.60** 0.60** 0.74** 0.68** 0.57** 0.18 0.02 0.31** 0.44** 0.63** 0.22 

BDA 0.76** 0.80** 0.74** 0.88** 0.86** 0.70** 0.16 -0.06 0.25 0.59** 0.80** 0.24 

HL 0.69** 0.65** 0.71** 0.77** 0.67** 0.53** 0.24 0.32** 0.48** 0.37** 0.57** 0.05      

HW 0.67** 0.64** 0.61** 0.77** 0.73** 0.47** 0.48** 0.01 0.22 0.45** 0.62** 0.35** 

SNL 0.55** 0.53** 0.39** 0.67** 0.73** 0.52** 0.10 -0.41** -0.11 0.50** 0.68** 0.57** 

ID 0.50** 0.41** 0.60** 0.48** 0.30** 0.41** 0.07 0.66** 0.77** 0.11 0.21 -0.36** 

ED 0.23 0.30** 0.11 0.39** 0.47** 0.10 0.29 -0.50** -0.45** 0.36** 0.48** 0.64** 

OFL 0.56** 0.65** 0.42** 0.70** 0.77** 0.56** 0.09 -0.48** -0.23 0.57** 0.73** 0.52** 

OFW 0.38** 0.47** 0.39** 0.56** 0.56** 0.29 0.19 -0.09 -0.18 0.35** 0.48** 0.19 

DSO 0.42** 0.42** 0.36** 0.55** 0.60** 0.40** 0.15 -0.34** -0.03 0.38** 0.54** 0.50** 

WT-Body weight     DODF-Dorso-occipital length 

CPD-Caudal peduncle depth    TL-Total length 

BDA-Body depth at anus    SL-Standard length 

HL-Head length      PDD-Pre-dorsal distance 

HW-Head width     PAD-Pre-anal distance 

SNL-Snout length     PVD-Pre-ventral distance 

ID-inter-orbital distance     PPD-Pre-pectoral distance 

ED-Eye diameter     AFL-Anal fin length   

  

DFL-Dorsalfin length     PFL-Pectoral fin length 

OFL length of occipital fontenale   PSL-Pectoral spine length 

OFW-width of occipital fontenale   DDCF-Dorso-caudal length 

DSO-Snout-occipital length 
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4.1.4 Pearson correlation coefficient among morphometric masurements for Clarias 

gariepinus 

Table 4.11a, 4.11b and 4.11c show the Pearson correlation analysis for all the variables 

measured for Clarias gariepinus. The relationship between Body Weight and all the 

morphometric measurements were positive and significant except PDD, ED, OFL and OFW. 

These ‗r‘ values were; BW/TL (0.83), BW/SL (0.81), BW/PDD (0.86), BW/PAD (0.86), 

BW/PVD (0.58), BW/DFL (0.55), BW/AFL (0.79), BW/PFL (0.42), BW/PSL (0.74), 

BW/DODF (0.66), BW/DDCF (0.47), BW/CPD (0.73), BW/BDA (0.82), BW/HL (0.84), 

BW/HW (0.80), BW/SNL (0.69), BW/ID (0.79), BW/OFL (0.64), BW/ED (0.34) and 

BW/DSO (0.61). The remaining morphometric measurements had positive and significant 

relationships with ‗r‘ values ranging from 0.30 for ED/PAD to 0.98 for SL/TL. 

4.1.5 Pearson correlation coefficient among morphometric masurements for 

Heterobranchus longifilis 

Table 4.12a, 4.12b and 4.12c show the Pearson correlation analysis for all the variables 

measured for Heterobranchus longifilis. The relationship between Body Weight and all the 

morphometric measurements were positive and significant except PVD, PFL, DDCF, ED and 

DSO. These ‗r‘ values were; BW/TL (0.36), BW/SL (0.48), BW/PDD (0.55), BW/PAD 

(0.43), BW/PPD (0.34), BW/DFL (0.51), BW/AFL (0.45), BW/PSL (0.34), BW/DODF 

(0.68), BW/CPD (0.51), BW/BDA (0.53), BW/HL (0.45), BW/HW (0.55), BW/SNL (0.58), 

BW/ID (0.52), BW/OFL (0.57) and BW/DSO (0.44). The remaining morphometric 

measurements had positive and significant relationships with ‗r‘ values ranging from 0.32 for 

PDD/HW to 0.95 for SL/TL and SL/PDD. 
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Table 4.11a: Pearson correlation analysis of the measured morphometric traits for 

Clarias gariepinus 

WT TL SL PDD PAD PVD PPD DFL AFL PFL PSL

 DDCF 

WT - 

TL 0.83** - 

SL 0.81** 0.98** - 

PDD 0.86** 0.83** 0.79** - 

PAD 0.86** 0.80** 0.76** 0.91** - 

PVD 0.58** 0.62** 0.55** 0.68** 0.69** - 

PPD 0.23 0.20 0.24 0.28 0.24  0.03 - 

DFL 0.55** 0.52** 0.54**  0.62**  0.57**  0.88** 0.45** - 

AFL 0.79** 0.79** 0.74** 0.80** 0.81** 0.32**  0.70** 0.31* - 

PFL 0.42** 0.40** 0.41** 0.45** 0.42** 0.21  -0.14  0.23 0.44** - 

PSL 0.74** 0.76** 0.73** 0.77** 0.76** 0.70**   0.07 0.41**  0.87** 0.43** - 

DDCF 0.47** 0.53** 0.51** 0.59** 0.52** 0.04   0.25 0.44**   0.53** 0.20 0.53** - 

WT-Body weight 

TL-Total length 

SL-Standard length 

PDD-Pre-dorsal distance 

PAD-Pre-anal distance 

PVD-Pre-ventral distance 

PPD-Pre-pectoral distance 

DFL-Dorsalfin length 

AFL-Anal fin length 

PFL-Pectoral fin length 

PSL-Pectoral spine length 

DDCF-Dorso-caudal length 
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Table 4.11b:  Pearson correlation analysis of the measured morphometric traits for 

Clarias gariepinus 

 DODF CPD BDA HL HW SNL ID ED OFL OFW DSO 

DODF - 

CPD 0.68** - 

BDA 0.69** 0.75** - 

HL 0.56** 0.68** 0.82** - 

HW 0.72** 0.81** 0.81** 0.84** - 

SNL 0.55** 0.67** 0.71** 0.72** 0.68** - 

ID 0.65** 0.78** 0.82** 0.83** 0.87** 0.69* - 

ED 0.08 0.8 0.34** 0.48** 0.28 0.23  0.25 - 

OFL 0.59** 0.66** 0.67** 0.64** 0.65** 0.62**  0.68** 0.02 - 

OFW 0.16 0.15 0.29 0.40** 0.37** 0.14 0.36** 0.40** 0.24 - 

DSO 0.48** 0.52** 0.63** 0.64** 0.60** 0.70** 0.61** 0.30* 0.48** 0.23 - 

DODF-Dorso-occipital length 

CPD-Caudal peduncle depth 

BDA-Body depth at anus 

HL-Head length 

HW-Head width 

SNL-Snout length 

ID-inter-orbital distance 

ED-Eye diameter 

OFL length of occipital fontenale 

OFW-width of occipital fontenale 

DSO-Snout-occipital length 
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Table 4.11c: Pearson correlation analysis of the measured morphometric traits for 

Clarias gariepinus 

WT TL SL PDD PAD PVD PPD DFL AFL PFL PSL DDCF 

DODF 0.66** 0.63** 0.60** 0.75** 0.75** 0.21 0.53** 0.48** 0.65** 0.37** 0.60** 0.42** 

CPD 0.73** 0.68** 0.65** 0.79** 0.78** 0.13 0.66** 0.50** 0.76** 0.38** 0.70** 0.51** 

BDA 0.82** 0.78** 0.76** 0.85** 0.86** 0.14 0.70** 0.52** 0.81** 0.44** 0.79** 0.51** 

HL 0.84** 0.79** 0.77** 0.91** 0.89** 0.35* 0.57** 0.67** 0.75** 0.39** 0.75** 0.61** 

HW 0.80** 0.77** 0.75** 0.88** 0.87** 0.35* 0.57** 0.61** 0.73** 0.40** 0.70** 0.58** 

SNL 0.69** 0.67** 0.63** 0.74** 0.75** -0.03 0.73** 0.37* 0.81** 0.36** 0.74** 0.42** 

ID 0.79** 0.73** 0.72** 0.87** 0.81** 0.28 0.60** 0.58** 0.73** 0.40** 0.68**  0.50** 

ED 0.34** 0.36** 0.40** 0.35** 0.30** 0.40** -0.01 0.48** 0.19 0.10 0.35** 0.36** 

OFL 0.64** 0.61** 0.55** 0.71** 0.74** 0.05 0.66** 0.32** 0.72** 0.34** 0.66** 0.46** 

OFW 0.24 0.26 0.29 0.37** 0.32** 0.40** -0.01 0.45** 0.10 0.05 0.17 0.36** 

DSO 0.61** 0.64** 0.61** 0.67** 0.66** -0.01 0.61** 0.25 0.65** 0.30** 0.61** 0.36** 

WT-Body weight     DODF-Dorso-occipital length 

CPD-Caudal peduncle depth    TL-Total length 

BDA-Body depth at anus    SL-Standard length 

HL-Head length      PDD-Pre-dorsal distance 

HW-Head width     PAD-Pre-anal distance 

SNL-Snout length     PVD-Pre-ventral distance 

ID-inter-orbital distance     PPD-Pre-pectoral distance 

ED-Eye diameter     AFL-Anal fin length   

  

DFL-Dorsalfin length     PFL-Pectoral fin length 

OFL length of occipital fontenale   PSL-Pectoral spine length 

OFW-width of occipital fontenale   DDCF-Dorso-caudal length 

DSO-Snout-occipital length 
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Table 4.12a: Pearson correlation analysis of the measured morphometric traits for 

Heterobranchus longifilis 

WT TL SL PDD PAD PVD PPD DFL AFL PFL PSL

 DDCF 

WT - 

TL 0.36* - 

SL 0.48* 0.95** - 

PDD 0.55* 0.89** 0.95** - 

PAD 0.43* 0.82** 0.82** 0.80** - 

PVD -0.08 -0.26 -0.23 -0.37* -0.39* - 

PPD 0.34* 0.67* 0.69* 0.80** 0.72**  -0.83* - 

DFL 0.51* 0.70** 0.81**  0.79**  0.62*  -0.07 0.51* - 

AFL 0.45* 0.53* 0.66* 0.63* 0.37*  0.13  0.32 0.82** - 

PFL 0.29 0.70** 0.71** 0.76** 0.77** -0.52*  0.82**  0.71** 0.49* - 

PSL 0.34* 0.59* 0.64* 0.69** 0.79** -0.43*  0.72**   0.77**  0.58* 0.95** - 

DDCF -0.22 -0.62* -0.60 -0.61* -0.65* 0.32   -0.63* -0.54*  -0.50* -0.81** -0.78** - 

WT-Body weight 

TL-Total length 

SL-Standard length 

PDD-Pre-dorsal distance 

PAD-Pre-anal distance 

PVD-Pre-ventral distance 

PPD-Pre-pectoral distance 

DFL-Dorsalfin length 

AFL-Anal fin length 

PFL-Pectoral fin length 

PSL-Pectoral spine length 

DDCF-Dorso-caudal length 
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Table 4.12b:  Pearson correlation analysis of the measured morphometric traits for 

Heterobranchus longifilis 

 DODF CPD BDA HL HW SNL ID ED OFL OFW DSO 

DODF - 

CPD 0.73** - 

BDA 0.80** 0.83** - 

HL 0.79** 0.77** 0.93** - 

HW 0.68** 0.85** 0.81** 0.72** - 

SNL 0.76** 0.49* 0.69** 0.72** 0.48* - 

ID 0.79** 0.79** 0.90** 0.90** 0.74** 0.62* - 

ED -0.14 -0.08 0.06 0.10 0.01 0.31  -0.05 - 

OFL 0.72** 0.47* 0.50* 0.55* 0.40* 0.58*  0.53* -0.20 - 

OFW 0.70** 0.63* 0.62* 0.68** 0.39* 0.77** 0.67* 0.23 0.59* - 

DSO 0.17 0.17 0.44* 0.42* 0.33* 0.39* 0.41* 0.50* 0.05 0.18 - 

DODF-Dorso-occipital length 

CPD-Caudal peduncle depth 

BDA-Body depth at anus 

HL-Head length 

HW-Head width 

SNL-Snout length 

ID-inter-orbital distance 

ED-Eye diameter 

OFL length of occipital fontenale 

OFW-width of occipital fontenale 

DSO-Snout-occipital length 
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Table 4.12c: Pearson correlation analysis of the measured morphometric traits for 

Heterobranchus longifilis 

WT TL SL PDD PAD PVD PPD DFL AFL PFL PSL DDCF 

DODF 0.68** 0.74** 0.82** 0.85** 0.71** -0.30 0.63* 0.63* 0.51* 0.55* 0.46* -0.34* 

CPD 0.51* 0.70** 0.83** 0.81** 0.61* -0.05 0.50* 0.84** 0.81** 0.62* 0.66* -0.56* 

BDA 0.53* 0.90** 0.94** 0.91** 0.82** -0.19 0.67* 0.78** 0.72** 0.75** 0.69** -0.69** 

HL 0.45* 0.94** 0.95** 0.94** 0.83** -0.36* 0.78** 0.75** 0.60* 0.81** 0.72** -0.69** 

HW 0.55* 0.74** 0.79** 0.74** 0.59* 0.21 0.32* 0.82** 0.75** 0.56* 0.56* -0.49* 

SNL 0.58* 0.67* 0.68** 0.68** 0.80** -0.47* 0.68** 0.44* 0.17 0.66* 0.57* -0.47* 

ID 0.52* 0.87** 0.92** 0.92** 0.82** -0.20 0.71** 0.79** 0.70** 0.68* 0.64* -0.56* 

ED -0.23 0.19 0.05 0.07 0.31 -0.13 0.17 -0.02 -0.33 0.34* 0.30 -0.32 

OFL 0.57* 0.46* 0.52* 0.61* 0.50* -0.49* 0.65* 0.38* 0.24 0.46* 0.37* -0.14 

OFW 0.44* 0.58* 0.63* 0.70** 0.73** -0.62* 0.78** 0.57* 0.30 0.71** 0.68** -0.47* 

DSO 0.00 0.48* 0.37* 0.35* 0.56* 0.01 0.24 0.09 0.01 0.38* 0.28 -0.40* 

WT-Body weight     DODF-Dorso-occipital length 

CPD-Caudal peduncle depth    TL-Total length 

BDA-Body depth at anus    SL-Standard length 

HL-Head length      PDD-Pre-dorsal distance 

HW-Head width     PAD-Pre-anal distance 

SNL-Snout length     PVD-Pre-ventral distance 

ID-inter-orbital distance     PPD-Pre-pectoral distance 

ED-Eye diameter     AFL-Anal fin length   

  

DFL-Dorsalfin length     PFL-Pectoral fin length 

OFL length of occipital fontenale   PSL-Pectoral spine length 

OFW-width of occipital fontenale   DDCF-Dorso-caudal length 

DSO-Snout-occipital length 
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4.1.6 Principal component analysis for the variables 

Table 4.13a shows the principal component analysis for pooled data where four components 

were extracted. The morphometric measurements had a total variance of 82.52% shared as 

47.66%, 19.16%, 8.67% and 7.03% for PC1, PC2, PC3 and PC4, respectively. The factor 

loading accounted for by PC1 were thirteen of the morphometric characteristics (in bold) and 

PC2 accounted for only three (in bold). The communality values, which represent the 

proportion of the variance in the original variables that is accounted for by the factor solution 

are very high ranging from 0.52 to 0.96. 

Table 4.13b shows the Eigenvalues and share of total variance along with factor loadings and 

communalities of morphometric traits for River Bagwai.Four components were also 

extracted. The morphometric measurements had a total variance of 89.46% shared as 62.46%, 

12.15%, 8.91% and 5.94% for PC1, PC2, PC3 and PC4, respectively. The factor loading 

accounted for by PC1 were sixteen of the morphometric characteristics (in bold), PC2 

accounted for only one (in bold) and PC4 for one of the traits (in bold). The communality 

values, which represent the proportion of the variance in the original variables that is 

accounted for by the factor solution are very high ranging from 0.77 to 0.95. 

Table 4.13c shows the principal component analysis for River Dudusingaya data where four 

components were extracted. The morphometric measurements had a total variance of 74.73% 

shared as 56.31%, 8.07%, 5.69% and 4.66% for PC1, PC2, PC3 and PC4, respectively. The 

factor loading accounted for by PC1 were thirteen of the morphometric characteristics (in 

bold) and PC3 for two traits (in bold). The communality values, which represent the 

proportion of the variance in the original variables that is accounted for by the factor solution 

are very high ranging from 0.53 to 0.99. 
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Table 4.13a:Variation associated with rotated factors along with factor loadings and          

communality for the morphometric measurements of two Clariid species. 

Variables  PC1  PC2  PC3  PC4  Communality 

Total Length  0.87  0.16  -0.15  0.21            0.84 

Standard Length  0.76  0.43  -0.07  0.20            0.81 

Pre-Dorsal Distance 0.85  0.39  -0.48  0.63                  0.87 

Pre-Anal Distance 0.94  -0.09  -0.09  0.11                  0.91 

Pre-Pectoral Distance0.22  -0.15  0.67  0.63                  0.92 

Pre-Ventral Distance 0.71   0.25  -0.52  -0.35                 0.96 

Caudal Peduncle Depth      0.81  0.21  0.20  -0.19                 0.76 

Body Depth at Anus 0.92  0.15  -0.04   0.02                  0.87 

Dorsal Fin Length -0.17  0.86  0.24   0.26                  0.91 

Anal Fin Length 0.15  0.91  -0.07  -0.21                  0.90 

Pectoral Fin Length 0.67  -0.15  -0.21    0.06                 0.52 

Pectoral Spine Length        0.88  -0.10  -0.21  -0.01                  0.82 

Head Length 0.77  0.43  0.30  0.06                   0.87 

Head Width 0.85  0.12  0.40  0.08                   0.89 

Dorso-caudal length  0.42  -0.74   0.19  -0.03                  0.76 

Dorso-Occipital length  0.82  -0.09  -0.19  0.20                   0.75 

Snout Length 0.81  -0.29  0.17  -0.34                  0.88 

Inter-orbital Distance        0.42  0.82  0.17  -0.02                  0.87 

Eye Distance 0.52  -0.59  0.37  -0.15                  0.77 

Length Occipital Fontalle  0.70  -0.36  -0.43   0.27                  0.88 

Width Occipital Fontalle    0.52  -0.14  -0.21   0.51                  0.59 

Snout Occipital length 0.69  -0.22  0.37  -0.43                  0.84 

Eigenvalue  10.01   4.02  1.82  1.48 

% Variance  47.66  19.16  8.67  7.03 

PC1- Principal Component 1, PC2- Principal Component 2,  

PC3- Principal Component 3, PC4- Principal Component 4 

Table 4.13b: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of River Bagwai. 

Variables  PC1  PC2  PC3  PC4  Communality 

Total Length  0.90  0.05  0.15  0.23            0.89 
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Standard Length  0.94  0.17  0.20  0.15            0.94 

Pre-Dorsal Distance 0.96  0.60  -0.70  0.81      0.93 

Pre-Anal Distance 0.89  -0.22  0.14  0.18                   0.87 

Pre-Pectoral Distance-0.39  0.74  0.45  0.21                   0.95 

Pre-Ventral Distance 0.83  -0.44  -0.25  -0.14                  0.95 

Caudal Peduncle Depth      0.85  0.39  -0.04  -0.11                  0.88 

Body Depth at Anus 0.94  0.18  0.10  0.10                   0.94 

Dorsal Fin Length 0.83  0.36  0.02  -0.28                  0.89 

Anal Fin Length 0.65  0.64  -0.01  -0.32                  0.93 

Pectoral Fin Length 0.86  -0.26  0.14  -0.32                  0.93 

Pectoral Spine Length        0.81  -0.15  0.15  -0.48                  0.93 

Head Length 0.96  0.02  0.03  0.08                   0.93 

Head Width 0.77  0.49  0.19  0.10                  0.89 

Dorso-caudal length  -0.72  0.14  -0.39  0.38                  0.83 

Dorso-Occipital length  0.83  0.11  -0.35  0.30                  0.92 

Snout Length 0.80  -0.38  -0.08  0.28                  0.86 

Inter-orbital Distance        0.93  0.17  -0.04  0.13                  0.90 

Eye Distance 0.16  -0.62  0.66  -0.01                 0.84 

Length Occipital Fontalle  0.60  -0.11  -0.59  0.23                  0.77 

Width Occipital Fontalle    0.81  -0.36  -0.26  -0.08                 0.86 

Snout Occipital length 0.39  -0.23  0.66  0.45                  0.84 

Eigenvalue  13.74  2.76  1.96  1.31 

% Variance  62.46  12.15  8.91  5.94 

PC1- Principal Component 1, PC2- Principal Component 2,  

PC3- Principal Component 3, PC4- Principal Component 4 
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Table 4.13c: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of River Duddurun 

Gaya. 
Variables  PC1  PC2  PC3  PC4  Communality 

Total Length  0.64  0.62  0.15  0.28            0.89 

Standard Length  0.58  0.68  0.18  0.28            0.91 

Pre-Dorsal Distance 0.93  -0.02  0.08  -0.05      0.99 

Pre-Anal Distance 0.95  -0.06  0.50  -0.02                  0.91 

Pre-Pectoral Distance0.91  -0.13  0.08  0.03                  0.85 

Pre-Ventral Distance 0.86  -0.19  0.06  0.05                  0.78 

Caudal Peduncle Depth      0.78  -0.28  0.07  -0.01                 0.69 

Body Depth at Anus 0.81  0.08  0.15  0.01                   0.69 

Dorsal Fin Length 0.56  0.14  0.13  -0.56                  0.66 

Anal Fin Length 0.92  0.03  -0.03  -0.06                  0.85 

Pectoral Fin Length 0.12  -0.11  0.74  0.18                   0.60 

Pectoral Spine Length        0.80   0.06  0.04  -0.12                  0.66 

Head Length 0.92  -0.03  0.06  -0.15                  0.88 

Head Width 0.81  -0.26  0.08  0.20                   0.77 

Dorso-caudal length  0.73  -0.19  -0.24  0.06                   0.63 

Dorso-Occipital length  0.88  -0.01   0.13  -0.10                  0.80 

Snout Length 0.66  0.04  -0.37  -0.31                  0.67 

Inter-orbital Distance        0.91  -0.23   0.04  0.01                   0.87 

Eye Distance 0.32  0.68  -0.28  -0.16                 0.67 

Length Occipital Fontalle  0.62  -0.30  -0.24  0.27                  0.60 

Width Occipital Fontalle    0.47  -0.07  -0.46  0.47                 0.65 

Snout Occipital length 0.67    0.21  -0.17  0.09                  0.53 

Eigenvalue  12.39  1.78  1.25  1.03 

% Variance  56.31  8.07  5.69  4.66 
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Table 4.13d shows the Eigen values and share of total variance along with factor loadings and 

communalities of morphometric traits for River Ghari. Four components were also extracted. 

The morphometric measurements had a total variance of 82.94% shared as 55.18%, 13.50%, 

8.33% and 5.93% for PC1, PC2, PC3 and PC4, respectively. The factor loading accounted for 

by PC1 were thirteen of the morphometric characteristics (in bold), PC2 accounted for only 

one (in bold) and PC3 for one traits (in bold). The communality values, which represent the 

proportion of the variance in the original variables that is accounted for by the factor solution 

are very high ranging from 0.73 to 0.98. 

Table 4.13e shows the principal component analysis for River Karaye data where four 

components were extracted. The morphometric measurements had a total variance of 82.52% 

shared as 47.66%, 19.16%, 8.67% and 7.03% for PC1, PC2, PC3 and PC4, respectively. The 

factor loading accounted for by PC1 were thirteen of the morphometric characteristics (in 

bold) and PC2 accounted for only rhree (in bold). The communality values, which represent 

the proportion of the variance in the original variables that is accounted for by the factor 

solution are very high ranging from 0.52 to 0.96. 

Table 4.13f shows the Eigenvalues and share of total variance along with factor loadings and 

communalities of morphometric traits for River Tiga.Three components were also extracted. 

The morphometric measurements had a total variance of 84.06% shared as 39.89%, 38.75% 

and 5.42% for PC1, PC2 and PC3, respectively. The factor loading accounted for by PC1 

were ten of the morphometric characteristics (in bold) and PC2 accounted for six (in bold). 

The communality values, which represent the proportion of the variance in the original 

variables that is accounted for by the factor solution are very high ranging from 0.63 to 0.97. 

Table 4.13d: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of River Ghari. 
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Variables  PC1  PC2  PC3  PC4  Communality 

Total Length  0.71  -0.39  0.39  0.18            0.83 

Standard Length  0.72  -0.38  0.38  0.10            0.83 

Pre-Dorsal Distance 0.94   0.05  -0.22  0.19      0.98 

Pre-Anal Distance 0.91   0.16  -0.24  -0.01                 0.90 

Pre-Pectoral Distance0.95  -0.02  -0.19  -0.02                 0.93 

Pre-Ventral Distance 0.88  -0.05  0.22  0.06                  0.82 

Caudal Peduncle Depth      0.89  -0.22  -0.29  -0.04                 0.92 

Body Depth at Anus 0.93  -0.03  -0.22  0.12                  0.92 

Dorsal Fin Length 0.02  0.90  0.08  -0.15                 0.84 

Anal Fin Length 0.51  0.09  0.71  -0.32                 0.87 

Pectoral Fin Length 0.86  -0.33  0.31   0.05                 0.94 

Pectoral Spine Length        0.85  -0.29  0.18  -0.05                 0.85 

Head Length 0.68  0.61  -0.02  0.06                  0.84 

Head Width 0.88  0.01  -0.27  -0.26                 0.91 

Dorso-caudal length  0.58  0.28  0.40   0.41                 0.74 

Dorso-Occipital length  0.84  -0.08  -0.15   0.06                 0.73 

Snout Length 0.69  0.21  0.10  -0.46                 0.74 

Inter-orbital Distance        0.56  0.37   -0.11  -0.46                 0.67 

Eye Distance -0.11  0.64  0.32   0.41                 0.69 

Length Occipital Fontalle  0.89  -0.23  -0.30   0.12                 0.94 

Width Occipital Fontalle    0.48  0.54  -0.27  0.44                  0.80 

Snout Occipital length 0.55   0.45  0.17  -0.20                 0.57 

Eigenvalue  12.14   2.97  1.83  1.30 

% Variance  55.18  13.50  8.33  5.93 

PC1- Principal Component 1, PC2- Principal Component 2,  

PC3- Principal Component 3, PC4- Principal Component 4 
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Table 4.13e: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of River Karaye. 

Variables  PC1  PC2  PC3  PC4  Communality 

Total Length  0.87  0.16  -0.15  0.21            0.84 

Standard Length  0.76  0.43  -0.07  0.20            0.81 

Pre-Dorsal Distance 0.92   0.08  -0.29  0.17      0.88 

Pre-Anal Distance 0.94   -0.09  -0.09   0.11                 0.92 

Pre-Pectoral Distance0.22  -0.15  0.66  0.63                 0.92 

Pre-Ventral Distance 0.71  0.25  -0.52  -0.35                  0.96 

Caudal Peduncle Depth      0.81  0.21   0.20  -0.19                 0.76 

Body Depth at Anus 0.92  0.15  -0.04   0.02                  0.87 

Dorsal Fin Length -0.17  0.86   0.24   0.26                 0.91 

Anal Fin Length 0.15  0.91  -0.07  -0.21                 0.90 

Pectoral Fin Length 0.67  -0.15  -0.21   0.06                 0.52 

Pectoral Spine Length        0.88  -0.10  -0.21  -0.01                 0.82 

Head Length 0.77  0.43  0.30  -0.06                  0.89 

Head Width 0.85  0.12  0.40  -0.08                 0.88 

Dorso-caudal length  0.42  -0.74  0.19   -0.03                 0.76 

Dorso-Occipital length  0.82  -0.09  -0.19   0.20                 0.75 

Snout Length 0.81  -0-29  0.17  -0.34                 0.88 

Inter-orbital Distance        0.42  0.82   0.17  -0.02                 0.87 

Eye Distance 0.52   -0.59  0.36   -0.15                 0.77 

Length Occipital Fontalle  0.70  -0.36  -0.43    0.27                 0.88 

Width Occipital Fontalle    0.52   -0.14  -0.21   0.51                  0.59 

Snout Occipital length 0.69   -0.22  0.36  -0.43                 0.84 

Eigenvalue  10.01   4.02  1.82  1.48 

% Variance  47.66  19.16  8.67  7.03 

PC1- Principal Component 1, PC2- Principal Component 2,  

PC3- Principal Component 3, PC4- Principal Component 4 
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Table 4.13f: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of River Tiga. 

Variables   PC1  PC2  PC3  Communality 

Total Length                0.22  0.92  -0.22   0.96 

  

Standard Length   0.51  0.82  -0.20   0.97         

Pre-Dorsal Distance  0.82  0.42  -0.02   0.86            

Pre-Anal Distance  0.63   0.32  0.40   0.66 

Pre-Pectoral Distance  0.64  0.66   -0.16   0.87 

Pre-Ventral Distance  0.71  0.46  -0.36   0.84 

Caudal Peduncle Depth       0.84  -0.46   0.12   0.93 

Body Depth at Anus  0.87  -0.08  -0.09   0.76 

Dorsal Fin Length  0.10  0.93   -0.04   0.87 

Anal Fin Length  0.04  0.85  -0.33   0.84 

Pectoral Fin Length  0.85  0.27  -0.01   0.79 

Pectoral Spine Length         0.77  0.20   0.04   0.63 

Head Length  0.81  -0.56  -0.02   0.97 

Head Width  0.83  -0.51  0.08   0.96 

Dorso-caudal length   0.61  0.67  0.13   0.84 

Dorso-Occipital length   0.16  0.70  0.51   0.77 

Snout Length  0.75  -0.59  0.14   0.93 

Inter-orbital Distance          0.90  -0.13   0.06   0.83 

Eye Distance  0.32   -0.75  -0.04   0.67 

Length Occipital Fontalle   -0.31  0.82  0.19   0.81 

Width Occipital Fontalle     -0.11  0.69  0.56   0.80 

Snout Occipital length  0.64   -0.74  0.01   0.96 

Eigenvalue   8.78   8.53  1.19   

% Variance   39.89  38.75  5.42   

PC1- Principal Component 1, PC2- Principal Component 2, PC3- Principal Component 3 
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Table 4.13g shows the principal component analysis for River Thomas data where three 

components were extracted. The morphometric measurements had a total variance of 100% 

shared as 74.52%, 14.83% and 10.65% for PC1, PC2 and PC3, respectively. The factor 

loading accounted for by PC1 were sixteen of the morphometric characteristics (in bold), PC2 

accounted for only two (in bold) and PC3 for one traits (in bold). The communality values, 

which represent the proportion of the variance in the original variables that is accounted for 

by the factor solution are very high (1.00). 

Table 4.13h shows the Eigenvalues and share of total variance along with factor loadings and 

communalities of morphometric traits for Clarias gariepinus. Three components were also 

extracted. The morphometric measurements had a total variance of 74.83% shared as 57.30%, 

12.43% and 5.10% for PC1, PC2 and PC3, respectively. The factor loading accounted for by 

PC1 were fifteen of the morphometric characteristics (in bold) and PC2 accounted for one (in 

bold). The communality values, which represent the proportion of the variance in the original 

variables that is accounted for by the factor solution are very high ranging from 0.46 to 0.93. 

Table 4.13i shows the principal component analysis for Heterobranchus longifilis where four 

components were extracted. The morphometric measurements had a total variance of 89.46% 

shared as 62.46%, 12.15%, 8.91% and 5.94% for PC1, PC2, PC3 and PC4, respectively. The 

factor loading accounted for by PC1 were sixteen of the morphometric characteristics (in 

bold) and PC2 accounted for only one (in bold). The communality values, which represent 

the proportion of the variance in the original variables that is accounted for by the factor 

solution are very high ranging from 0.77 to 0.95. 

 

Table 4.13g: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of River Thomas. 
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Variables   PC1  PC2  PC3  Communality 

Total Length  0.99  0.08  -0.14   1.00   

Standard Length   0.99  0.02  -0.17   1.00         

Pre-Dorsal Distance  0.98   -0.12  -0.15   1.00 

Pre-Anal Distance  0.95   0.30  0.10   1.00 

Pre-Pectoral Distance  0.99  -0.01  -0.14   1.00 

Body Depth at Anus  0.91  -0.31   0.26   1.00 

Dorsal Fin Length  0.99  -0.02   0.08   1.00 

Anal Fin Length  0.96  -0.25  -0.11   1.00 

Pectoral Fin Length  0.84  -0.33  0.43   1.00 

Pectoral Spine Length         0.95  0.29   0.10   1.00 

Head Length  0.97  0.21  -0.09   1.00 

Head Width  0.99  0.10  0.06   1.00 

Dorso-caudal length   0.47  0.89  0.01   1.00 

Dorso-Occipital length   0.95  0.32  0.05   1.00 

Snout Length  0.80   0.10  -0.59   1.00 

Inter-orbital Distance          0.82  -0.40  0.42   1.00 

Eye Distance  0.77  0.61  0.18   1.00 

Length Occipital Fontalle   -0.10    0.12  0.99   1.00 

Width Occipital Fontalle     -0.51  0.77  0.37   1.00 

Snout Occipital length  -0.73  0.63  -0.27   1.00 

Eigenvalue   14.90   2.97  2.13   

% Variance   74.52  14.83  10.65   

PC1- Principal Component 1, PC2- Principal Component 2, PC3- Principal Component 3 

 

 

 

Table 4.13h: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of Clarias gariepinus. 

Variables   PC1  PC2  PC3  Communality 
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Total Length  0.89  0.02  0.10   0.80   

Standard Length   0.86  0.09  0.12   0.76         

Pre-Anal Distance  0.94   -0.01  0.09   0.89 

Pre-Pectoral Distance  0.22  0.87  -0.29   0.89 

Pre-Ventral Distance   0.73  -0.62  0.11   0.93 

Caudal Peduncle Depth  0.84  -0.11  -0.21   0.76 

Body Depth at Anus  0.91  -0.04   0.01   0.83 

Dorsal Fin Length  0.60  0.65   -0.18   0.81 

Anal Fin Length  0.89  -0.36   0.08   0.92 

Pectoral Fin Length  0.48  -0.11   -0.21   0.69 

Pectoral Spine Length         0.86  -0.15   0.14   0.78 

Head Length  0.91  0.19  0.10   0.88 

Head Width  0.91  0.13  -0.17   0.86 

Dorso-caudal length   0.63  0.22  0.11   0.46 

Dorso-Occipital length   0.75  -0.04  -0.40   0.72 

Snout Length  0.82   -0.24    0.13   0.74 

Inter-orbital Distance          0.89     0.07   -0.14   0.81 

Eye Distance  0.37  0.57  0.60   0.80 

Length Occipital Fontalle   0.76    -0.20  -0.22   0.66 

Width Occipital Fontalle     0.34  0.57  0.19   0.47 

Snout Occipital length  0.72   -0.16  0.34   0.65 

Eigenvalue   12.03   2.61  1.07   

% Variance   57.30  12.43  5.10   

PC1- Principal Component 1, PC2- Principal Component 2, PC3- Principal Component 3 

 

 

Table 4.13i: Variation associated with rotated factors along with factor loadings and 

communality for the morphometric measurements of Heterobranchus 

longifilis. 

Variables  PC1  PC2  PC3  PC4  Communality 

Total Length  0.90  0.05  0.15  0.23            0.89 
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Standard Length  0.94  0.17  0.02  0.15            0.94 

Pre-Dorsal Distance 0.96   0.06  -0.07  0.08      0.93 

Pre-Anal Distance 0.88   -0.22   0.14  0.18                  0.87 

Pre-Pectoral Distance-0.39  0.74   0.45  0.21                   0.95 

Pre-Ventral Distance 0.83  -0.44  -0.25  -0.14                  0.95 

Caudal Peduncle Depth      0.85  0.39   -0.04  -0.11                  0.88 

Body Depth at Anus 0.94  0.18   0.10   0.10                  0.94 

Dorsal Fin Length 0.83  0.36   0.02   -0.28                 0.89 

Anal Fin Length 0.65  0.64  -0.04  -0.32                  0.93 

Pectoral Fin Length 0.86  -0.25  0.14   -0.32                 0.93 

Pectoral Spine Length        0.81  -0.15  0.14  -0.48                  0.93 

Head Length 0.96  0.02  0.03  0.08                   0.93 

Head Width 0.77  0.49  0.19  0.10                  0.89 

Dorso-caudal length  -0.72  0.14  -0.39   0.38                 0.83 

Dorso-Occipital length  0.83  0.11  -0.35   0.30                 0.92 

Snout Length 0.80  -0.38  -0.08  0.28                  0.86 

Inter-orbital Distance        0.93  0.17   -0.04  0.13                  0.90 

Eye Distance 0.16   -0.62  0.66   -0.01                0.84 

Length Occipital Fontalle  0.60  -0.11  -0.59    0.23                0.77 

Width Occipital Fontalle    0.81   -0.36  -0.26   -0.08                0.86 

Snout Occipital length 0.39   -0.23  0.66  0.45                  0.84 

Eigenvalue  13.74   2.67  1.96  1.31 

% Variance  62.46  12.15  8.91  5.94 

PC1- Principal Component 1, PC2- Principal Component 2, 
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Genetic Characterization of Clariid (Clarias gariepinus and Heterobranchus longifilis) 

species in Kano state 

Thirty-five blood samples (25 from Clarias gariepinus and 10 from Heterobranchus 

longifilis) were subjected to DNA extraction, polymerase chain reaction (PCR) and 

electrophoresis. Resolve bands by location from the laboratory analysis are presented in 

plates 4.1-4.7. 
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Plate 4.1: Gel images for Clarias gariepinus from River Bagwai showing the bands of the 

used microsatellite marker 
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Plate 4.2: Gel images for Clarias gariepinus from River Dudusingaya showing the bands of 

the used microsatellite marker 
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Plate 4.3: Gel images for Clarias gariepinus from River Ghari showing the bands of the used 

microsatellite marker 
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Plate 4.4: Gel images for Clarias gariepinus from River Karaye showing the bands of the 

used microsatellite marker 
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Plate 4.5: Gel images for Clarias gariepinus from River Thomas showing the bands of the 

used microsatellite marker 
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Plate 4.6: Gel images for Heterrobranchus longifilis from River Bagwai showing the bands 

of the used microsatellite marker 
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Plate 4.7: Gel images for Heterrobranchus longifilis from River Ghari showing the bands of 

the used microsatellite marker 
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The similarity values of the population of Clariid specie studied is presented in Table 4.14. 

The table showed that Clarias gariepinus from River Duddurun Gaya was related to that of 

River Ghari with a similarity value of 0.040, River Thomas with 0.018 and River Bagwai 

with 0.060. The Clarias gariepinus from River Ghari was related to that of River Karaye with 

a value of 0.040 and River Bagwai with 0.044. Clarias gariepinus from river Ghari was also 

related to Heterobranchus longifilis of River Bagwai with a similarity value of 0.026. 

Heterobranchus longifilisfrom river Bagwai had a relationship with Clarias gariepinus of 

River Thomas and River Karaye with values 0.070 and 0.066, respectively. The Clarias 

gariepinus of River Thomas was related to that of River Karaye with 0.018 and 

Hetrobranchus longifilis of River Ghari with 0.079. Others with values 0.000 are not related 

meaning that there are no tributaries connecting them. 

The unbiased genetic similarity values give the relatedness when all sources of error are 

removed from analysis. Table 4.15 gives the similarity values and confirmed the values in 

Table 4.14 except that the values differed in strength. 
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Table 4.14: Nei’s Genetic Similarity values among the investigated populations 

CgD          CgG CgB             CgT            CgK              HlG             HlB  

CgD  -  

CgG  0.040         - 

CgB  0.060         0.044         - 

CgT  0.018         0.000         0.020          - 

CgK  0.000         0.040         0.000          0.018            - 

HlG  0.000         0.000         0.000          0.079            0.000            - 

HlB  0.000         0.026         0.000          0.070            0.066          0.000            - 

Cg=Clarias gariepinus  

Hl=Heterobranchus longifilis.  

D-River Dudusingaya,  

G-River Ghari,  

B-River Bagwai,  

T-River Thomas 

K- River Karaye 
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Table 4.15: Nei’s Unbiased Similarity values among the investigated populations 

CgD          CgG CgB             CgT            CgK              HlG             HlB

  

CgD  -  

CgG  0.080         - 

CgB  0.125         0.107         - 

CgT  0.032         0.000         0.043          - 

CgK  0.000         0.091         0.000          0.037            - 

HlG  0.000         0.000         0.000          0.065            0.000            - 

HlB  0.000         0.057         0.000          0.137            0.143          0.000            - 

Cg=Clarias gariepinus  

Hl=Heterobranchus longifilis.  

D-River Dudusingaya,  

G-River Ghari,  

B-River Bagwai,  

T-River Thomas 

K- River Karaye 
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The genetic distance of the populations studied is presented in table 4.16. Nei‘s genetic 

distances among all populations ranged from 0.112 (CgG vs CgB) to 0.998 (CgT vs CgK). 

The Table shows that Clarias gariepinus of River Dudusingaya were genetically closer to 

Clarias gariepinus of River Ghari with value 0.223 while they were much more genetically 

distanced from those of River Thomas with 0.907 and River Bagwai with 0.816. Clarias 

gariepinus of River Ghari had genetic closeness to those of River Karaye (0.214), River 

Bagwai (0.112) and Heterobranchus longifilis of River Bagwai (0.667). Heterobranchus 

longifilis of River Bagwai shared distant genetic attributes with Clarias gariepinus of Rivers 

Thomas (0.659) and Karaye (0.725). Clarias gariepinus of River Thomasis genetically 

distanced to those of Rivers Karaye (0.998) and Bagwai (0.897), but closer to Heterobrancus 

longifilis of River Ghari (0.544).  

The unbiased genetic distance values give the genetic relatedness when all sources of error 

are removed from analysis. Table 4.17 gives the unbiased genetic distance values and 

confirmed the values in Table 4.16 except that the values differed in strength. 

The pairwise genetic differentiation values (Fst) shown in Table 4.18 were calculated for the 

seven populations showed genetic differentiation between each of the populations. 

Populations from different genetic clusters appeared to be more differentiated from each 

other, corresponding well to the classification of the genetic cluster. The values obtained 

showed that there was free interbreeding among the population in different magnitude. The 

values ranged from 0.000 for complete panmixis, to 0.663 indicating that some of the 

populations still share some amount of genetic diversity and the populations were highly 

differentiated.  
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Table 4.16: Nei’s Genetic Distance among populations of two clariid strains 

CgD          CgG CgB             CgT            CgK              HlG             HlB

  

CgD  - 

CgG  0.223        - 

CgB  0.816        0.112         - 

CgT  0.907         *                0.897           - 

CgK  *               0.214          *                  0.998           - 

HlG  *                *                *                  0.544            *               - 

HlB  *               0.667         *                 0.659            0.725          *                - 

* = undefined  

Cg=Clarias gariepinus  

Hl=Heterobranchus longifilis.  

D-River Dudusingaya,  

G-River Ghari,  

B-River Bagwai,  

T-River Thomas 

K- River Karaye 
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Table 4.17: Nei’s Unbiased Genetic Distance among populations of two clariid strains 

CgD          CgG CgB             CgT            CgK              HlG             HlB

  

CgD  - 

CgG  0.523        - 

CgB  0.790        0.235  - 

CgT  0.429         *               0.140           - 

CgK  *               0.401           * 0.307           - 

HlG  *               *                 *                 0.736            *                  - 

HlB  *             0.857   *                  0.971            0.943          *                   - 

* = undefined  

Cg=Clarias gariepinus  

Hl=Heterobranchus longifilis.  

D-River Dudusingaya,  

G-River Ghari,  

B-River Bagwai,  

T-River Thomas 

K- River Karaye 
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Table 4.18: Population pairwise genetic differentiation values based on microsatellite 

loci 

                     (Fst) (gene differentiation) 

CgD          CgG CgB             CgT            CgK              HlG             HlB

  

CgD  - 

CgG  0.003       - 

CgB  0.000         0.003         - 

CgT  0.006         0.009         0.003          - 

CgK  0.012         0.015         0.003          0.018           - 

HlG  0.647         0.655         0.588          0.663           0.440           - 

HlB  0.000         0.003         0.000          0.006           0.000            0.279             - 

Cg=Clarias gariepinus  

Hl=Heterobranchus longifilis.  

D-River Dudusingaya,  

G-River Ghari,  

B-River Bagwai,  

T-River Thomas 

K- River Karaye 
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Tables 4.19a, 4.19b and 4.19c show the sample size, number of alleles, number of effective 

alleles, Shanon information index, observed heterozygosity, expected heterozygosity and 

fixation index for each of the populations studied locus by locus measuring the amount of 

genetic diversity among the populations studied. Their grand means and standard errors over 

loci are shown in Table 4.20. The highest genetic diversity occurred in Cga03 (Ne = 8.000, 

Ho = 1.000 and He = 0.875) for CgG (Table 4.19a) and Cga09 (Ne = 8.000, Ho = 1.000 and 

He = 0.875) for CgK (Table 4.19b). The lowest genetic diversity was observed in Cga06, 

Cga09 and Cga10 (Ne = 2.000, Ho = 1.000 and He = 0.5000) for HlG (Table 4.19b). In Table 

4.20, total number of sample size was 3.245 with a range of 2 to 4 across loci (Tables 4.19a, b 

and c). Mean number of alleles were 4.388 and detected across all populations for the seven 

microsatellites examined. Number of alleles per locus overall populations ranged between 3 

and 8 with grand mean of 4.388 for all alleles in the entire population. The number of 

effective alleles were totalled 4.047 while the total information index was 1.351. Total 

observed heterozygosity was 0.918 indicating that the markers were sufficiently polymorphic 

to determine genetic diversity in the fish populations studied. Expected and unbiased 

heterozygosity were 0.687 and 0.821 respectively. Mean Ho was higher than He indicating 

efficiency of heterozygotes at these loci. The mean fixation index for the population was -

0.364 indicating that the population had more heterozygotes than expected in contrast to 

positive values that indicate fewer heterozygotes. 
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Table 4.19a:Sample Size, No of Alleles, No of Effective Alleles, Information Index, 

Observed Heterozygosity, Expected and unbiased expected Heterozygosity, and 

Fixation Index for CgD, CgG and HlB 

Locus            N         Na       Ne          IHOHe            uHe               F  

CgD 
Cga01 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga02 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga03 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga05 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga06 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga09 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga10 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Mean 4.000 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

SE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

CgG 

Cga01 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga02 4 4.000 4.000 1.386 1.000 0.750 0.857 -0.333 

Cga03 4 8.000 8.000 2.079 1.000 0.875 1.000 -0.143 

Cga05 4 5.000 4.000 1.494 1.000 0.750 0.857 -0.333 

Cga06 4 7.000 6.400 1.906 1.000 0.844 0.964 -0.185 

Cga09 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Cga10 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Mean 4.000 5.714 5.295 1.674 1.000 0.799 0.913 -0.256 

SE 0.000 0.565 0.568 0.100 0.000 0.019 0.022 0.030 

HlB  

Cga01 3 4.000 4.000 3.600 1.000 0.722 0.867 -0.385 

Cga02 3 3.000 4.000 2.571 1.000 0.611 0.733 -0.639 

Cga03 3 4.000 8.000 3.600 1.000 0.722 0.867 -0.385 

Cga05 3 5.000 4.000 4.500 1.000 0.778 0.933 -0.286 

Cga06 3 5.000 6.400 4.500 1.000 0.778 0.933 -0.286 

Cga09 3 5.000 5.333 4.500 1.000 0.778 0.933 -0.286 

Cga10 3 4.000 5.333 3.600 1.000 0.722 0.867 -0.385 

Mean 3.000 4.286 3.839 1.383 1.000 0.730 0.876 -0.378 

SE 0.000 0.286 0.271 0.076 0.000 0.022 0.027 0.047 

N-Sample Size, Na-No of Alleles, Ne-No of Effective Alleles, I- Information Index, Ho-

Observed Heterozygosity, He-Expected, uHe-unbiased expected Heterozygosity, F-Fixation 

Index  
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Table 4.19b:Sample Size, No of Alleles, No of Effective Alleles, Information Index, 

Observed Heterozygosity, Expected and Unbiased Expected Heterozygosity, and 

Fixation Index for CgT, CgK and HlG 

Locus            N         Na       Ne          IHOHe            uHe               F  

CgT 
Cga01 4 5.000 4.671 1.560 1.000 0.781 0.893 -0.280 

Cga02 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Cga03 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Cga05 4 4.000 3.556 1.321 1.000 0.719 0.821 -0.391 

Cga06 4 5.000 4.000 1.494 1.000 0.750 0.857 -0.333 

Cga09 4 3.000 2.667 1.040 1.000 0.625 0.714 -0.600 

Cga10 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Mean 4.000 5.000 4.399 1.516 1.000 0.759 0.867 -0.378 

SE 0.000 0.436 0.394 0.099 0.000 0.026 0.030 0.047 

CgK  

Cga01 3 5.000 4.500 1.561 1.000 0.778 0.933 -0.286 

Cga02 3 4.000 3.600 1.330 1.000 0.722 0.867 -0.385 

Cga03 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Cga05 2 2.000 2.000 0.693 1.000 0.500 0.667 -1.000 

Cga06 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Cga09 4 8.000 8.000 2.079 1.000 0.875 1.000 -0.143 

Cga10 4 5.000 4.571 1.560 1.000 0.781 0.893 -0.280 

Mean 3.429 5.143 4.399 1.516 1.000 0.759 0.867 -0.378 

SE 0.297 0.705 0.394 0.099 0.000 0.026 0.030 0.047 

HlG 

Cga01 0 0 0 0 0 0 0 0 

Cga02 0 0 0 0 0 0 0 0 

Cga03 0 0 0 0 0 0 0 0 

Cga05 0 0 0 0 0 0 0 0 

Cga06 1 2.000 2.000 0.693 1.000 0.500 1.000 -1.000 

Cga09 1 2.000 2.000 0.693 1.000 0.500 1.000 -1.000 

Cga10 1 2.000 2.000 0.693 1.000 0.500 1.000 -1.000 

Mean 0.429 0.857 0.857 0.297 0.429 0.214 0.429 -1.000 

SE 0.297 0.404 0.404 0.140 0.202 0.101 0.202 0.000 

N-Sample Size, Na-No of Alleles, Ne-No of Effective Alleles, I- Information Index, Ho-

Observed Heterozygosity, He-Expected, uHe-unbiased expected Heterozygosity, F-Fixation 

Index  
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Table 4.19c:Sample Size, No of Alleles, No of Effective Alleles, Information Index, 

Observed Heterozygosity, Expected and Unbiased Expected Heterozygosity, and 

Fixation Index for CgB 
 

Locus            N         Na       Ne          IHOHe            uHe               F  

CgB 
Cga01 3 4.000 3.600 1.330 1.000 0.722 0.867 -0.385 

Cga02 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Cga03 4 5.000 4.571 1.560     1.000 0.781 0.893 -0.280 

Cga05 4 7.000 6.400 1.906 1.000 0.844 0.964 -0.185 

Cga06 4 5.000 4.571 1.560 1.000 0.781 0.893 -0.280 

Cga09 4 7.000 6.400 1.906 1.000 0.844 0.964 -0.185 

Cga10 4 6.000 5.333 1.733 1.000 0.813 0.929 -0.231 

Mean 3.857 5.714 5.173 1.675 1.000 0.800 0.920 -0.254 

SE 0.143 0.421 0.386 0.079 0.000 0.016 0.014 0.026 

N-Sample Size, Na-No of Alleles, Ne-No of Effective Alleles, I- Information Index, Ho-

Observed Heterozygosity, He-Expected, uHe-unbiased expected Heterozygosity, F-Fixation 

Index  
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Table 4.20:Grand mean for Sample Size, No. Alleles, No. Effective Alleles, Information 

Index, Observed Heterozygosity, Expected and Unbiased Expected Heterozygosity, and 

Fixation Index 

 N         Na            Ne          IHOHe            uHe               F  

Mean  3.245      4.388       4.047      1.351        0.918       0.687       0.821           -0.364 

SE                    0.181      0.276       0.254      0.074        0.040       0.032       0.037          0.032  

N-Sample Size, Na-No of Alleles, Ne-No of Effective Alleles, I- Information Index, Ho-

Observed Heterozygosity, He-Expected, uHe-unbiased expected Heterozygosity, F-Fixation 

Index  
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Table 4.21 shows the levels of intra and inter-population variation of Fis, Fst and Fit. These 

are inbreeding coefficients: within population (Fis), between population (Fst) and overall 

population (Fit) for the seven microsatellite loci investigated. Inbreeding within population 

(Fis) was negative ranging from -0.262 to -0.382. The inbreeding between populations (Fst) 

ranged from 0.224 to 0.342. Inbreeding in the overall population (Fit) ranged from negative 

to positive (-0.041 to 0.115). The estimate of gene flow ranged from 0.482 to 0.866 indicating 

effective gene flow in the population. The degree of genetic differentiation within population 

was very low, that of between populations was very high while overall showed a moderate 

degree of genetic differentiation. The percentage polymorphism was 100% except for the 

sixth locus (Cga09) where it was 48.86% indicating that Cga09 had a lower genetic 

polymorphic loci in the populations investigation. 

Table 4.22 shows the Analysis of molecular variance (AMOVA) of hierarchical gene 

diversity. The result indicated that 83% of the genetic variation was explained by within-

individual, whereas 7% of the variation was explained by among-individual and 10% of the 

variation was explained by among population with estimated variability ranging from 0.247 

to 2.839. The analysis of molecular variation indicated that majority of the variation were 

partitioned within individual in the populations. 

Figure 3 shows the hierarchical clustering dendrogram obtained by different distances among 

river bodies using fish morphometric measurements. Genetic distance of the fish population 

in the river bodies were grouped into two clusters. The horizonal dimension gives the amount 

of genetic changeand distance in populations. The horizonal lines are branches and represent 

evolutionary lineages changing over time. The longer the branch in the horizonal dimension, 

the larger the amount of genetic change and disrance. From the dendrogram, it indicates that 

population of Clariid in River Thomas is substancially and quite different from the remaining 
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populations with value 1.80 thereby forming a separate cluster (Cluster 1). Clariid 

populations in River Ghari and Tiga dam are the most similar populations as indicated in 

dendrogram with value 0.01, they are similar to each other than the population of Clariid in 

River Karaye with value 0.49. In addition, Clariid populations in Rivers Duddurun Gaya and 

Bagwai are more similar (0.29) to each other than populations in River Ghari and Tiga dam 

(0.49) are to Clariid population in River Karaye. According to the dendrogram, the Clariid 

populations share some amount of genetic diversity. 
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Table 4.21: Inbreeding coefficients and Estimate of gene flow (Nm) over all populations 

for each locus 

Locus   Fis  Fit  Fst  Nm  %polymorphic loci 

Cga01  -0.332  0.111  0.332  0.502   100% 

Cga02  -0.346  0.114  0.342  0.482   100% 

Cga03  -0.262  0.115  0.299  0.585   100% 

Cga05  -0.382  0.108  0.355  0.455   100% 

Cga06  -0.342  -0.041  0.224  0.866   100% 

Cga09  -0.350  -0.045  0.226  0.857   42.86% 

Cga10  -0.348  -0.043  0.226  0.855   100% 

Mean  -0.338   0.045  0.286  0.657   91.86% 

SE  0.014  0.031  0.022  0.073   8.16   

Fis, Fit and Fst – Inbreeding coefficients 

Nm – Estimate of gene flow 
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Table 4.22: Analysis of molecular variation (AMOVA) of hierarchical gene diversity 

Source    df  SS  MS  Est. Var % 

Among Population  6  36.21  6.04  0.34  10 

Among Individual  21  70.00  3.33  0.25  7 

Within Individual  28  79.50  2.84  2.84  83 

Total    55  185.72    3.42  100 

df – degree of freedom,  

SS – sum of square,  

MS – mean square,  

Est Var – estimated variance 
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Figure 3: Hierarchical clustering dendrogram of Clariid populationsin genetic similarity and 

distance using morphometric measurements 

RTH – River Thomas 

RGR – River Ghari 

RTG – Tiga dam 

RKY – River Karaye 

RDG – River Duddurun Gaya 

RBD – River Bagwai 
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CHAPTER FIVE 

5.0 DISCUSSION 

5.1  Effect of Location, Sex and Strain on Morphological and Meristic Counts in Clariid 

Species 

Fish has been said to demonstrate greater variances in morphological traits both within and 

between populations of species than any other vertebrates (Wimberger, 1992). Morphometric 

and meristic studies provide useful results for identifying fish stocks.Morphometric and 

meristic characters have been used in this study as a step to analyze the potential 

differentiation of Clariid populations. Location and strain contributed strongly to 

morphological and meristic variations in Clariid species than variation from sex in the present 

study. 

Clariid population in River Thomas was distinctive in attributes measured and most divergent 

from others due to higher morphometric measurements recorded, indicating that the River is 

much more habitable for the Clariid species for good growth and development. This was 

closely followed by River Karaye. Morphometric characteristics can show high plasticity in 

response to differences in environmental condition, such as food abundance and temperature. 

The study has shown that morphometric parameters can be highly variable among and within 

conspecific populations, either correlating with geographical and habitat variation or having a 

genetic component, based on differences among groups in a common environment.  

The mean values of the morphometric characteristics and meristic counts were within the 

range of value described by Eyo (2003) for Clariid strains with mean Total length of 

24.02cm, Standard length of 20.61cm, Pre-dorsal distance of 7.21cm, Pre-pectoral of 4.64cm, 

Pre-anal distance of 11.68cm and other body measurements fall within the values in this 

study. However, the values were lower than the values described by Fagbuaro et al. (2015) 

with mean body weight and total length of 530.67±18.74g and 42.53±0.55cm and 
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507.02±26.26g and 42.40±0.58cm for controlled and uncontrolled fish populations 

respectively. This might due to the nature of the water bodies and difference in environment. 

The lack of ability to show significance for variation in mature male and female morphology 

from the Rivers investigated may be as a result of sex specific convergence on a common 

shape or increased movement and mixing of mature individuals(Jacquemin and Pyron, 

2013).The result of this study concored with the report of Turanet al. (2005) who reported 

negligible sex variation in C. gariepinus from six wild populations in Turkey. Concerning 

strains, Heterobranchus longifilis revealed better morphometric measurements compared to 

Clarias gariepinus.The most important morphological difference between Clarais guriepinus 

and Heterobranchus longifilis is the presence in the latter species of a large adipose fin 

originating immediately behind the rayed dorsal fin and reaching the caudal fin base.This 

heterogeneity of morphometric measurments and meristic counts may be due to their strain 

variation. 

Significant spatial heterogeneity in morphology of Clariid species among the river bodies was 

evident in this study. Spatial divergence brought a lot of significance in the strains studied as 

revealed by the influence of river location and strain in this study. These are in agreement 

with Elliot et al (1995), Uiblein (1995), Hurlbut and Clay (1998) and Cemal et al (2005) with 

the observation that different strains of fish species exhibit divergent morphological 

characteristics in various habitats in response to the condition factors prevailing in the water 

bodies.  

Among the vertebrates, phenotypic variability is considered to be greatest in fish, which have 

relatively higher within-population coefficients of variation of phenotypes (Carvalho, 1993). 

This variability is likely to have arisen from the great phenotypic plasticity of fishes in 

response to changes in environmental factors (Wimberger 1991, 1992). It is well known that 
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the environment of the water bodies undergo great fluctuations in physico-chemical 

conditions as they are under the heavy influence of tidal fluctuations and fresh water influx 

mainly from rainfall. Under such variability in the environment, maintenance of distinctive 

phenotypes might be impractical (Suneetha, 2007). 

Result obtained from this study showed evidence of large phenotypic differences between 

populations which indicates that any restriction on gene flow that may occur on these 

population units is sufficient to maintain them in complete isolation. The results also indicate 

that significant heterogeneity in morphology existed among all the studied populations 

ofClariid species. Morphological variation have occurred due to factors such as partial 

isolation of the populations and local adaptations. The populations of Clariid species as 

revealed by the present study are completely spatially isolated at present. This might be of 

evolutionary significance with respect to short-term or long-term divergence. These results on 

the influence of river location, sex and strain are in agreement with the study conducted by 

Hood and Heins (2000) and Wund et al (2012), where ontogenic shape patterns in other fish 

taxa were found to be associated with differences in sex, body size and environmental 

variation. Ecomorphology posits that a morphological trend with body size results from 

functional adaptations with variation in physiology, habitat, or dietary niche that covary with 

body size (Norton et al., 1995).Since the identification of populations and their connectivity 

between each other is a major point for management, breeding and conservation of species, 

the use of the morphometric characteristics for these purposes under the present subtropical 

conditions appears promising. 
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5.2 Length-Weight Relationship and Condition Factor (Ponderal Index) for the Clariid 

Population Sampled and their Location 

The study of Length-Weight relationship in Clariid populations is of paramount 

impotortance, as it assist in understanding the general well being and growth pattern in a fish 

population, which varies depending on the condition of life in aquatic environment. The 

regression coefficient obtained from this study indicated positive allometric growth pattern 

depicting that the clariid strains studied had stouter bodies as they increase in length. This 

was in agreement with the reports of Abowei et al (2009), Abowei and Hart, (2009), Olurin 

and Aderibigbe, (2006), Dankishiya (2013) and Suleiman et al (2015) who worked with 

Clarias gariepinus from cultured environment. Also, Ibrahim et al (2012) observed 

allometric pattern of growth in Kontagora Reservoir while Ude et al (2011) made similar 

findings in fish species of Ebonyi River.In fish, the condition factor (K) reflects, through its 

variation, information on the physiological atate of the fish in relation to its welfare. It gives 

information when comparing populations living in certain feeding intensity, density, climate 

and other conditions. The condition factor for all the Clariid populations in their water bodies 

ranged from 0.37 to 0.88 indicating the good condition and proper wellbeing of the fishes in 

their habitat.When condition factor value is higher it means that the fish has attained a better 

condition.The result obtained from this study agrees with the report of Ajayi (1982) with 

values 0.37-0.81 in Lake Oguta. Differences in Condition factor can be due to different 

reasons which includes; stress, sex, season, availability of feeds, andother water quality 

parameters (Khallaf et al., 2003). 
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5.3 Relationships among the Morphometric Measurements 

The positive Pearson correlations for all morphometric measurements shows that Clariid 

species are able to survive as a living entity with indispensable body parts. The Pearson 

correlation analysis showed that body weight had a positive and significant relationship with 

all the morphometric characteristics indicating that selection for body weight might yield a 

correspondent positive result in other morphometric characteristics. The relationship between 

the variables measured showed a direct proportional relationship while some had negative 

relationship. This could be used in selection criteria for any breeding goal in fish breeding in 

which emphasis would be laid on those with positive and significant relationship against the 

variables with negative relationship. These findings were in agreement with reports of Umoh 

et al (2015) on studies carried out on hybrid of Clarias gariepinus and Heterobranchus 

longifilis in some selected farms in Southern Nigeria and Teugels et al., (1990) on Clariid 

strains. The high positive correlations (r) exhibited by Clariid species in this study indicated 

that as length of the fish increased, its body weight also increased. This could be attributed to 

the availability of quality and quantity of food and plankton yield resulting from the water 

body within the ecological niches of the fish. Peepple and Ofor (2011) had made similar 

observation. 

5.4Principal Component Analysis for Location and Strains using the Morphometric 

Characteristics 

Result of the studies using principal component analysis revealed that most of the 

morphometric characteristics were discriminating attributes in the clariid specie studied as 

revealed in PC1 which loaded the highest percentages of variance as regard to location and 

strain. Factor pattern coefficients of the rotated factors showed the relative contribution of 

each trait to a particular component (PC1 and PC2). This is an indication that the differences 
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between the fish populations resulted from mainly all the morphometric characteristics 

depicting total diversity in the populations. These showed that morphometric characters 

enabled a clear separation among fish genotypes. These results conformed to the reports of 

Cemal et al (2005) on Clarias gariepinus in Turkey, Suneetha (2007) on catfish (Arius jella) 

in Sri Lanka and Umoh et al (2015) in Southern Nigeria. 

 

5.5 Genetic Variability and Similarity of the Strains of Clariid Species Studied 

i) Genetic similarity and relatedness 

The result of the Nei‘s genetic similarity showed the population of Clarias gariepinus of river 

Duddurun Gaya were not related at all the populations of Clarias gariepinus of river Karaye 

and Heterobranchus longifilis of rivers Ghari and Bagwai, indicating that there was no gene 

exchange between them (0.000). The populations with values ranging from 0.018 to 0.079 

had some level of genetic similarity among them similar to the findings of Agbebi et al 

(2013) with Heterobranchus bidorsalis and Clarias gariepinus strains. The close relationship 

between Clariid species had been emphasized by Teugels et al (1990) in a revisionary study 

using osteological features. Agnese et al (1997b) reported genetic variation at 25 protein and 

eight microsatellite loci, and two mitochondrial (mtDNA) segments in two sympatric Clariid 

strains from Senegal River. Results from this experiment were in congruent with those of 

Rognon et al (1998) in a morphometric and the allozyme study of nine populations of Clarias 

gariepinus and seven populations of Clarias anguillaris to quantify their intra and 

interspecific variation using Clarias albopunctatus and Heterobranchus longifilis as 

outgroups. 

ii) Genetic distance 
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Genetic distance is a measure of the genetic divergence between species or between 

populations within a species as indicated by Nei‘s genetic distance values, Fst values, mean 

fixation index and hierarchical clustering dendrogram. The results of this study showed that 

some of the populations were genetically close while some were farther apart indicating that 

those that were close might have shared some tributaries and connection in terms of the 

movement or flow of the water bodies. Those that were farther apart might have some level 

of distinctiveness in terms of their habitat or there was little or no connection between the 

water bodies. The results were in agreement with the reports on aquatic organisms by Agnese 

(1989) who reported genetic distances varying from 0.271 to 0.916 in the genus Chrysichthys 

and Abban and Skibinski (1988) reported a distance range of 0.88 to 1.14 between Eutropius 

niloticus and Schilbe mystus. Agnèse (1991) alsoreported value for populations of 

Chrysichthys auratusto be 0.003 to 0.112 while Agbebi et al (2013) reported 0.84 to 0.89 in 

Clarias gariepinus and heterobranchus bidorsalis.  

iii) Population diffrenctiation 

The result obtained showed that the degree of genetic differentiation within population were 

very low, those of between populations were very high while overall population showed a 

moderate degree of genetic differentiation. This was an indicating that the populations are not 

experiencing panmixis (free interbreeding) but they still share some amount of genetic 

diversity and the populations were somehow differentiated. The mean inbreeding coefficient 

between (Fst = 0.286) observed in this study was lower than the values reported for Clarias 

batrachus (Fst = 0.545) and Clarias nieuhofii (Fst = 0.484) in Thailand by Na Nacron et 

al(2004). It was also lower than the Nei‘s among heterozygosity observed in Clarias 

gariepinus (Fst = 0.44) (Rognon et al., 1998) and slightly greater than the one reported for 

Clarias anguillaris in Africa, (Fst = 0.15) by Rognon et al(1998). Values of inbreeding 



156 

 

coefficient within (Fis) in most natural populations are close to zero.  The Fis value provides 

the non-random union of gametes in population, which is the mating among individuals in the 

population which is related more than average relationship. The higher the inbreeding 

coefficient (Fis) value, the more the degree of inbreeding. The negative values of inbreeding 

coefficient (Fis) point towards outbreeding and excess of heterozygotes in a population. For 

populations mating at random, genes are equally related-within or between individuals and in 

this case, value of inbreeding coefficient is zero (Fis = 0). Therefore, estimates of Fis that 

differ significantly indicate departures from random mating. Any avoidance of mating of 

relatives will cause Fis to exceed 0 and to be negative. More commonly, Fis is positive, 

which could be interpreted as evidence of inbreeding (Weir, 1996). In this study, Fis values 

were negative (-0.262 to -0.382, mean = -0.338) indicating a deviation from inbreeding and 

show an outbred populations meaning that they are less related. These results were in 

harmony with the reports of Cristianne and Alexandre (2009) who reported values of -0.25 to 

-0.59 and those of O‘Reilly et al (2004) who obtained values in range of -0.17 to -0.46. 

iv)  Allelic variation 

The seven loci assayed were polymorphic for all the populations, with each having at least 

four allele per population. The range of alleles observed per locus, three to eight was in 

perfect agreement with the three to eight range observed by Volckaert and Agnese (1996) in 

the analysis of five microsatellite loci in ten samples of Clarias gariepinus. However, 

Galbusera et al (1996) observed a range of five to 14 alleles in the characterization of seven 

microsatellite loci in Clarias gariepinus. The genetically heterogenous samples were 

observed to maintain the different allele frequencies for a microsatellite locus. This could be 

because those samples were under the differentselection pressures, hence they were forced to 

maintain the different allele frequencies or because of intensive exchange of migrants in the 
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populations. Allele frequencies in heterogeneous populations may be established as a result 

of random drift due to the long term isolation or because the populations are subjected to 

different selection pressures (Volckaert and Agnese, 1996). The result of this study were in 

agreement with those of Agbebi et al (2013) who used four microsatellite to characterize 

cultured Clariid fish strains in Abeokuta, Ogun State, Nigeria. 

v) Genetic diversity and variability 

The genotypic data obtained showed a good level of informativeness having a percentage 

polymorphism value of 100% for all loci exceptthe sixth locus, which was below the 

threshold for which genetic markers begin to be informative. The percentage of 

polymorphism value depends on the number of alleles detected per locus and their 

frequencies. The heterozygosity percentage observed for all the alleles (91.86%) fall within 

the observed levels of heterozygosity in fish, which range from 24 to 95% (O'Connell and 

Wright, 1997). The observed average heterozygosity (Ho = 0.918 ± 0.040) was higher than 

the values inClarias gariepinus populations collected across Africa (0.06 to 0.15) by Teugels 

et al(1992 and Agnèse et al(1997b). The expected heterozygosity observed in this study (He 

= 0.687 ± 0.032) was also higher than the values observed from a previous study by Rognon 

et al (1998) (He = 0.05 to 0.15).However, the Ho and He values were within the range given 

by Shubina et al(2005); (Ho = 0.48 to 1.00, He = 0.70 to 0.95). 

                                                               CHAPTER SIX 

6.0  SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Summary 

These studies were carried out to examine the effect of location of water bodies, strains of the 

fish sampled and sex on morphometric characteristics and meristic counts in two strains of 
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Clariid species, to determine length-weight relationship and condition factors of Clariid 

species, to evaluate any existing genetic variation within and among Clariid species 

populations in Kano State and to dwtermine the relationships among morphometric 

characteristics measured. In achieving the objectives laid down for the studies, one hundred 

and seventy seven samples were gotten from six different water bodies in Kano state. On 

each fish sample, morphometric characteristics and meristic count were taken and recorded. 

Blood samples were taken from the fishes by severing the caudal peduncle on Watson FTA 

cards that were left to dry and later used for molecular and genetic characterization of the 

Clariid strains of fish. The result of the first study showed a significant effect of location and 

strain on the morphometric characteristic and meristic counts studied. The results equally 

showed that most of the morphometric characteristics could be used for the classification of 

the strains in their genus. The length and weight relationships were also examined with the 

result indicating a positive allometric pattern of growth. The condition factor (Ponderal 

indices) were calculated to determine the wellbeing of the fish sampled in their respective 

habitat. The result indicates a good wellbeing of these fishes. 

The blood samples were subjected to molecular laboratory analysis. DNA were extracted, gel 

were run, PCR was performed for selected samples using seven microsatellite markers 

(Cga01, Cga02, Cga03, Cga05, Cga06, Cga09 and Cga10) to determine the existing genetic 

variation within and among the populations. The results of the genetic studies showed that the 

populations were heterogeneous with high heterozygosity percentage. It also showed some of 

the populations had some level of genetic variability while others were similar. The 

populations had a high genetic differentiation between populations but moderate 

differentiation within populations. The result indicated that populations were outbred 

meaning that relatives avoided mating in the population due to the negative values of 
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inbreeding coefficient within (Fis). There was an established magnitude of genetic divergence 

(91.86%) among the populations as shown by the result from the studies. 

6.2 Conclusion 

The following conclusions were drawn for this study: 

i) Morphometric characteristics in fish alongside meristic count were determined and 

were found to be influenced by environmental factors and the genotype of the fish 

studied. Location of the water bodies and strains of the Clariid species had significant 

influence on morphometric characteristics and meristic counts in the Clariid species 

studied.  The study of the influence of environmenton morphology continues to be 

developed as morphology is being found as an increasing useful predictor of 

population dynamics and response to environmental changes. Sex effect on 

morphometric characteristics and meristic counts were negligible in the studied 

populations contrary to sexual dimorphism in livestock animals. The 

secondhypothesis that location, strain and sex have influence on morphometric 

charcateristics and meristic counts in Clariid species is therefore accepted. 

ii) Results of the length-weight relationships of the sampled Clariid species indicate 

positive allometric pattern of growth (Cube law of growth). The condition of living as 

revealed by Condition factor (Ponderal index) for the specie in their respective water 

bodies indicated that the physicochemical and biotic variables in the water bodies 

were within acceptable limits for fish production in freshwater ecosystem. The third 

hypothesis that length-weight relationship and condition factors of Clariid species 

differs is accepted. 



160 

 

iii) The study revealed a relatively high genetic diversity which is required for 

populations to be more adaptive with the environmental changes. The studied 

populations were not genetically pure but heterogeneous with varying degrees of 

genetic similarity (0.018-0.079) and distance (0.112-0.998). Since there was no 

inbreeding (-0.338) as shown in all the populations, none of the poplations exhibited 

genetic uniqueness, therefore, the populations were not isolated. Populations showing 

a great deal of variation will be able to adapt to changing circumstances whereas 

populations with less genetic variability will be less adaptable to sudden 

environmental changes. Therefore, the fouthhypothesis on within and among genetic 

variation of Clariid populations is accepted. 

iv) Morphometric measurements could be used in breeding programme as a measure of 

direct selection for Clariid fish with better body weight traits (190.54±11.59 for 

Clarias gariepinus and 318.73±42.12 for Heterobranchus longifilis) and body 

configuration, therefore, the fifthhypothesis on existing relationships among 

morphometric measurements in Clariid species is accepted. 

6.3 Recommendations 

The following can be recommended from the findings of this study: 

i) The findings of this research suggested that the morphological characteristics and 

meristic counts of Clariid species were determined by genetic, environment and the 

interaction between them, therefore it is recommended that the environment of the 

water bodies should be well managed interms of physico-chemical properties and 

water quality to enhance proper development of the Clariid fishes and better their 

morphological configuration. 
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ii) It is also recommended that morphometric characteristics and meristic counts should 

be used to generate reliable information for stock discrimination due to their 

morphological differences. 

iii) Due to the positive and significant relationship between body weight and other 

morphometric measurements (r values ranges from 30 to 98), it is recommended that 

selection index method should be employed for better Clariid fish configuration. 

iv) The Clariid strains were not available in all water bodies visited thus there is the need 

to stock all water bodies with Clariid strains since these are the major fish of 

economic importance to the artisan fishermen in the communities surrounding the 

area. 

v) The wellbeing of Clarias gariepinus in River Karaye (0.46) and River Bagwai 

(0.37)are lower compared to other water bodies which could be as a result of their 

physico-chemical properties and water quality, hence, there is the need to look into 

the causes and proffer solution in subsequent research. 

vi) Measures to conserve uniqueness and distinctness of Clariid fish populations should 

be sought through genetic improvement. Appropriate breeding policies and strategies 

should be developed and adopted to improve Clariid fish populations in Kano state. 

vii) The genetic characterization revealed a well-managed and conserved population due 

to their genetic similarity (0.018-0.079), distance (0.112-0.998) and differentiation 

0.003-0.663), thus there should be continuity in policy and decision making to retain 

and maintain the genetic resources available for breeding purposes in Kano state 

water bodies. This could be achieved through restocking programmes. 

viii) Based on genetic distance and similarity, and high level of heterozygosity, it is 

better to employ all the loci as basis for selection through marker assisted selection 

(MAS) and cross breeding so as to ensure the highest genetic gain. 
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ix) More studies should be carried out on electrophoretic serum protein investigation 

using the Clariid fish species with hematological and biochemical profiles. 

x) Research should also be carried out to show the genetic diversity between wild and 

cultured Clariid species. 

CONTRIBUTIONS TO KNOWLEDGE 

1) The study made known that the environment of the river location and the strain of 

Clariid fish have a significant impact on Clariid species‘s growth and development 

which were positive allometric growth pattern with a good condition of wellbeing as 

indicated in their condition factor. 

2) The study discovered that populations of Clariid species in Kano state were outbred 

populations, were heterogenous and with varying degree of genetic similarity and 

distance. 
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