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ABSTRACT 

The Sperata (S.) sarwari is one of the commercially important carnivore freshwater 

fish and is now among the most endangered species in Pakistan. The study was designed to 

hypothesize that the natural population of S. sarwari has become fragmented due to the 

construction of barrages and the degradation of natural spawning grounds and also the 

decrease of genetic diversity is the main cause of decline in population. Molecular markers 

were applied to assess genetic variations between fish (S. sarwari) populations in four 

different rivers. Total eight populations were collected from the upstream and the 

downstream of the River Chenab, Jhelum, Ravi and Indus of the Punjab, Pakistan. The 

selected morphological and meristic characteristics showed significant (P< 0.05) variations 

between the upstream and the downstream population and also among the four riverine 

populations except weight, which was kept constant. For genetic analysis, fifteen RAPD 

markers were selected from the genomic Library on the basis of GC contents (%) and band 

reproducibility for the amplification of genomic DNA in S. sarwari. Out of 15 primers, ten 

RAPD primers produced 50 scorable bands with size  range of 250-1050 bps. Molecular 

analysis showed significant polymorphism in the upstream and the downstream of the four 

riverne populations of S. sarwari. The highest polymorphism (62%) was observed in the 

River Indus population and lowest level (2%) was observed in the Ravi population. The 

genetic analysis revealed that the River Indus population showed the high gene diversity (h, 

0.253±0.204) and the River Ravi  showed the lowest gene diversity (h, 0.0096±0.068). The 

genetic variability with total heterozygosity (Ht, 0.3574±0.0350) revealed the significant 

higher variation (Gst, 0.5124) with very low level of migration flow (Nm, 0.4758) that 

showed no movement of a single individual between the upstream and the downstream of all 

river populations. Cluster analysis showed significant variations within and among rivers. 

Furthermore, the dendrogram showed that the S. sarwari population of the River Jhelum and 

River  Indus were closely related, while the River Ravi population was completely distinct 

from other riverine populations. Hence, these genetic analysis described the higher level of 

genetic variability and lowest genetic flow that increased the inbreeding coefficient in S. 

sarwari population. Furthermore, this study revealed that the variations in the morphological 

characteristics are concordance with the genetic analysis. In the present study, it was also 

concluded that the lowest gene flow is the indication of isolation due to physical barriers i.e. 

dams and barrage. Hence, this information can be used by Ichthyologist managers and 

natural conservationist, who are interested in the future to save it from declining of S. 

sarwari.  
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 Chapter 1 

INTRODUCTION 

Rivers are complex systems where fish species are found with their natural 

environmental territories.  Fishes show different tolerance to environmental stress. These 

adapations allow fish species to survive in the hostile circumstance of the environment 

(Cooke et al., 2013).  

Many species are now considered to be endangered due to the declining of their 

natural habitat and also reduced their numbers and sizes of populations. The crucial 

factors are main cause of decline in size and number of various fish species that include 

pollution, over-fishing, replacement of invasive or intentionally introduced species, 

aquarium domestic trade, river flow modification and habitat alterations (Reis, 2013). The 

freshwater habitats are predominantly vulnerable to change in climate, both indirectly and 

directly, and even  consideration of most positive climate alterations scenario points to 

likelihood of ex-situ management of many species for their survival (Kelly et al., 2013). 

Fish considered as a good protein source for human diet. Its flesh is an important 

source of protein in food. About 25% animal protein obtained from shell fish and fish 

meat. The 35%  fish protein is eaten fresh, chilled or frozen. Almost 32% of fish protein 

is used for oil production while 16% of  protein is present in cured or canned form 

(Stamiskiene et al., 2006). Fish meat is extensively used in vitamins, medicine, cosmetics, 

perfumes, varnishes soap, lubricants, and margarine (Vinodihini & Narayanan, 2009).  

The fish is being considered as one of very specific experimental animal models 

for indicating global warming and fish shows the vast diversity in size, shape, biology and 

different geographical habitat (Brander, 2007).  Many environmental impacts caused the 

dramatic environmental alterations and can mainly effect the fish diversity in freshwater 

communities (Haas et al., 2010).  The dams are the main cause of fragmentation of the 

large rivers that not only modify the migration patterns of fish populations, genetic 

diversity, but also alter the smooth flow of rivers into reservoirs (Nilsson et al., 2005). 

Fishes play a key role to understand the evolutionary mechanisms in wild 

population, due to their significant display of adaptive radiation, persistence across a wide 

range of environments and their inimitable position in major food resource collected from 

the natural population. It is desirable to know the origin and persistence of biodiversity at 

both the species and population levels, due to the influence of human activity such as 
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habitat alteration, overexploitation and wide-scale introductions of exotic fish species 

which cause significant losses and degradation of species and locally adapted population. 

Over expanding of global human population cause the destruction of freshwater habitats 

(Dudgeon et al., 2006; Vorosmarty et al., 2010). It is important to make conservation 

trails for vulnerable freshwater fish and to practice a significant module of worldwide fish 

management programs (Olden et al., 2007; Lintermans, 2013). 

The largest canal system present in the Pakistan, which contain 225 or more than 

wetlands. The 780,000 hectare area of Pakistan contains 9.7% wetland area which 

consists of 73% of freshwater and 26.06% of coastal wetland areas (IUCN, 1989; Altaf et 

al., 2014). 

The number of freshwater fish species recorded so far in Pakistan is 186 (Peter, 

1999). Sperata (S) sarwari is a freshwater catfish present in Indo-Pak Riverine system. It 

belongs to order Cyripniform and family Bagridae (bagird catfishes).  It is common giant 

catfish present in fresh water rivers, lakes, channels and reservoirs. It is a well known fish 

of Indo-Pak subcontinent. It is locally called as Singharee or Singhara. Singharee is a 

predatory fish.  S. sarwari normally feed on aquatic animals like crustacean, mollusks, 

frog and small fishes (Nawaz et al., 1994).  The body of S. sarwari is stout and 

compressed. The snout is broad and speculate. Mouth is sub-terminal in position. Four 

pairs of barbell maxillary, nasal inner and outer mandibular extend towards the pelvic 

fins. It has a scaleless skin. The adipose fin is fleshy, short and as long as the dorsal fin 

base. Its dorsal color is brownish gray and lower abdominal color is silver white.  S. 

Sarwari usually bred in May, June and July. The brooder of S. sarwari attains one meter 

length (Punjab Fisheries Department, Pakistan). 

It is very tasty and poplar fish and its popularity is due to its flesh, dressing and 

filleting. S. sarwari is abundant in drain system of all Provinces of the Pakistan including 

Azad Kashmir. A few years back, the Punjab Fisheries Department reported the 

occurrence of Singharee in drains system of three important rivers of Punjab (Ri Ravi, 

Sutlej and Chenab) and their associated drains. The current status of S. sarwari assumed 

“threatened” due to quick reduction in natural population of the fish stocks due to over 

fishing and pollution (Shakir, 2008; IUCN, 2017). The Punjab Fisheries Department 

(PFD) suggested the monoculture, artificial and induced breeding to conserve the S. 

sarwari (singharee) in future. 
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The morphology of the fish provides the information about the taxonomy and the 

evolution of class pieces. There are two different sorts of characters i-e morphometric and 

meristic characters. There are three groups of morphometric characters genetically, 

intermediate and environmentally controlled characters. The morphometric and meristic 

characters are a forceful tool used to measure the inter and intra specific variations 

(Turan, 2004; Naeem & Salam, 2005). 

The morphological measurements of fishes play a vital role through different 

perspectives, including ecology, evolution, conservation, behavior, water resource 

management, stock assessment and also be used to determine short-term and 

environmentally induced variations (Kalhoro et al., 2015; Basusta et al., 2014; Ozcan & 

Altun, 2015).  It is a powerful technique to observe the morphological relationships 

between the population of a species and for identifying fish stocks and describe their 

spatial distributions. The morphological markers were used and became supportive for 

such type of study (Turan, 2004; Mustac & Sinovcic, 2010; Ivankovic et al., 2011). 

The combine effect of evaluation and the environment caused the variations in the 

morphological character of a population which leads to the differences between and 

within the species. More than one phenotype of a single gene produced by the many 

environmental conditions and it was well studied in freshwater fish (Fransen, 2011; Green 

& Cote, 2014; Santos & Araujo, 2014). 

Morphological techniques were helpful in identification of population and stock 

within species. The environmental factors such as nutrition, embryonic stages and genetic 

ancestry of the population or species were the large source of morphological variations 

(Biswas & Shah, 2009; Binning & Chapman, 2010; Dwivedi & Duby, 2013; Shine, 

2015). These changes or variations were quickly ensued in several generations (Cureton 

& Broughton, 2014; Wringe et al., 2015). 

The major causes of morphological variations are genetic drift, evolution, natural 

selection and phenotypic expression. These causes promote a gene to modify according to 

the physical condition of the environment by ontogenic variations (Gianoli & Valladares, 

2012). Environment plays an important role in natural selection which enhance the 

morphological alterations than the evolution. These variations were not transfer to the 

next generation but there was a possibility that morphological variations transferred to the 

next generation through the epigenetics and the habitat inheritance (Danchin et al., 2011). 

Genetic drift was also not such important, like environment, but it revealed the population 
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size and evolutionary changes of the populations. The aquatic habitat like river, lakes and 

stream indicated the geographical and sequential variations in the environmental factors 

(biotic and a biotic) (Aguirre, 2009; Elmer et al., 2010; Collin & Fumagalli, 2011).  The 

gene flow was not only reserved in basin boundaries of habitat (river, lake and stream) 

but also in upstream and downstream of the river or stream. This flow was not a 

symmetrical flow of gene and reduced the alternation in downstream sites (Morrissey &   

de-Kerckhove, 2009; Stelkens et al., 2012). 

 The important factors like mutation, natural selection, genetic drift, migration and 

population size not only influenced  genetic variations in fish population but was critical 

for species conservation. The genetic variation can be detected by the morphological 

parameter which was frequently concealed by the environmental factors. The infrequency 

of observable morphological parameters reduced the genetic variability (Hedrick, 2005).  

The population size and effective population size are determined through the 

genetic information (Luikart et al., 2010; Waples & Do, 2010) and it also determined the 

stability or declining in population and the relative time of declining in population 

(Williamson-Natesan, 2005).  It provides the information about the patterns of individual 

migration (DeHaan et al., 2011; Vollestad et al., 2012) and gene flow among populations. 

Genetic data can also be imported to report the biology and demographic status of a 

species (Smith et al., 2011; Homola et al., 2012). 

Molecular markers can directly identify the genetic variations and population 

distribution. Genetic variability can be attained through differences in nucleotide 

sequence of DNA among individuals (Pujolar et al., 2009). The RAPD (Random 

Amplified Polymorphic DNA), SSR (Short Sequence repeat or microsatellite) and SNPs 

(Single Nucleotide Polymorphism) are sequence based markers, mostly used for the 

genetic analysis (Duran et al., 2009). Substantial progress in molecular biology changed 

the emphasis on valuation of biodiversity depend upon morphological markers by using 

DNA markers like RAPD and SSR and isozymes. 

Different DNA fragments (probes) of molecular markers have been used in 

genetic analysis of fish population. RAPD and SSR markers are most widely used probs 

in poopualtion genetics (Liu & Cordes, 2004; Muneer et al., 2011). Genetic technologies 

have been effectively useful in identification of species, conservation, studying 

phylogenetic structure, monitoring fisheries and enhancement operations (Muneer et al., 

2011). Moreover, genetic analysis have provided valuable insight in planning the 
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conservation priorities for many endangered species (Lal et al., 2006; Muneer et al., 

2011). Genetic variations provide useful information to evaluate endangered fish stocks.  

In a specified environment, genetic variability among different populations, either 

endemic or recent introduced can be determined through phylogenetic techniques by 

using SSR and RAPD markers. Various informations are accessible regarding  to 

molecular diversity of many wild fish populations found in regions (Barman  et al., 2003; 

Islam & Alam, 2004; Lal et al., 2006; Sivaraman et al., 2010).   

The status of S. sarwari is nearly "endangered” due to  decreasing stock of this 

fish in natural habitate because of  overfishing and pollution. In view of the importance of 

this fish, there is an urgent need to conserve this fish in natural water bodies of Pakistan. 

In Pakistan, limited information is available on the meristic and morphometric 

characteristics as well as on the genetic diversity of this important fish. The study 

hypothesized that declining of genetic variation in  different populations of S. sarwari 

with low level of migration flow, caused the isolation and inbreeding depression. 

Therefore, following objectives have been designed to estimate the variations in 

morphology and genetics.  

Objectives 

➢ To  determine the morphometric variability in different populations of S. sarwari  

➢ To assess allelic frequency and genetic diversity among different populations of S. 

sarwari 

➢ To compare genetic variation of the upstream and the downstream population of 

S. sarwari in four different rivers of the Punjab, Pakistan 

➢ To assess the extent of migration flow between the riverine populations of S. 

sarwari for the analysis of possible barriers 
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Chapter 2 

REVIEW OF LITERATURE 

A comprehensive review of literature was accomplished by reconnoitering all 

potential sources to obtain information relevant to topic under research. Its brief details 

are given below: 

  Rafique and Khan (2012) described special importance of fish fauna with respect 

to ecological and IUCN status, rarity and commercial importance of species. The total 86 

fish species were recognized as a fish fauna. The 34 species were endemic, 11 species 

were special IUCN, 31 were commercial species and 8 species were rare in Pakistan. 

IUCN was not declared any information about the chief constituent of the present status 

of fish fauna of Pakistan including the endemic fauna. The overexploitation, pollution and 

fragmentation of habitat were the main cause of declining of economically important fish 

population and therefore, there was a need to make some arrangement to conserve these 

fish species for their viable use. Major reasons of high endemic constituent of  fish fauna 

in  riverine systems of  country had also be highlighted. 

  Khan et al. (2011) studied unknown froeign fish species which had been 

introduced in the Pakistan’s riverine system. The warm water fish fauna included 

Ctenopharyngodon idella (grass carp), Hypophthalmichthys nobilis, (bighead carp), 

Hypophthalmichthys molitrix, (silver carp), Cyprinus carpio (common carp), Carassius 

auratus (gold fish), and three species of tilapia (O. aureus, O. mossambicus, O. niloticus). 

The cold fresh water fauna contain two trout species rainbow trout and brown trout 

(Onchorynchus mykiss and Salmo trutta fario). These fish species had a particular 

purpose in different habitats such as sport fishing increase the yield, biological control of 

weed and mosquitos. These exotic species became aggressive in freshwater habitat of 

different drain system of different provinces of Pakistan including Punjab because of inter 

specific competition between the exotic and indigenous fish species in reproduction and 

nutrition. The native species like Wallago attu, Channa marulius, Rita rita, Sperata 

sarwari, Gibelion catla, Labeo rohita and Cirrhinus mrigala, were in danger and they 

were economic importance fish species of Pakistan.  
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2.1 Morphometric Characteristics 

Lazzarotto et al. (2017) investigated the morphological variation in Hemigrammus 

coeruleus found in the Basin of Unini River (black water river) in the Brazilian Amazon. 

The difference in body shape between the populations was detected by the 

geomorphological parameters. In this investigation, samples were collected from the four 

different branches/ streams UN, UN3, UN4 and UN5. The sexual dimorphism was not 

effected on the body shape and size while phenotypic variations were determined between 

the populations. It was observed that significant differences were found in the sub basin 

populations, but some showed the overlapping. The reduction in body length found in the 

individuals of the population present in UN4 was small as compared to UN2, UN3 and 

UN5. Large number of morphological variations were observed in UN4 population due to 

different environmental conditions. These variations were present in the population as a 

result of environmental adaptations due to the habitat assortment between the sub basin 

populations. The observations of this research was indicated  evaluation of morphometric/ 

phenotypic variations at the population level on the basis of geo-morphometric analysis 

found in Amazonian fishes.  This research work was used to find out morphological 

variations in the fish body but also be used to determine the phenotypic variation patterns 

in the Amazon fish fauna. 

Chaklader et al. (2016) determined the variation in the diversity of Ompok pabda 

population on the basis of morphological and meristic studies of samples collected from 

four southern coastal rivers of Bangladesh. The total 80 individuals ranging from 9.50-

13.50 cm in total length (TL) and 4.44- 14.83 g in body weight (BW) were compared for 

morphometric and meristic analysis to observe their taxonomic relationship. The 

significant difference (p<0.05) was present  in 18 morphometric characters out of 25 and  

3 meristic characters out of which 5 differ significantly.  The 1st, 2nd and 3rd discriminant 

function (DF) of morphometric measurements were 64.4%, 19.5% and 16.1% present 

between the groups, respectively that showed the 100% variability in the population. The 

dendrogram analysis showed, the more diversity was in a river Halda population other 

than Baleswer and Payra river population which showed a high degree of overlapping. It 

was also observed that the canonical graph all populations of Halda River was highly 

intermediate with the Baleswer and Payra river population compared to Tentulia River in 

isometric condition. This study provided useful evidence for the conservation and 

sustainable management of this important fish. 
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 Kashyap et al. (2016) observed the morphological variations which were found 

between Channa punctatus, (murrel) subpopulations through the multivariate 

morphometric analysis.  The samples were collected from two different habitats which 

contain different environmental conditions. They observed linear relationship in various 

body parameters and TL (total length) of fish in both habitats. The significant (p < 0.05) 

variation was observed in 14 morphometric characters by using the one way ANOVA and 

multivariate analysis was done by principal component and discriminant function analysis. 

The variation in body shape was observed as 76 % of total variance through principal 

component analysis.  However, the significance difference was observed in morphometric 

characters by the discriminant function analysis and 96.9 % of cross validated grouped 

cases were correctly classified as discrimination in sub-populations. The major 

morphological difference and discrimination was found among the subpopulation of 

murrel in different morphological parameter/ characters, such as snout length,dorsal fin 

length, head length, inter-orbital length, pre-dorsal length, pre pectoral and pre-anal length.  

The fish population present in two different habitats showed the divergence among them, 

followed the cube law which is based on the weight -length relationship and growth rate. 

Substantial deviation in morphometric analysis showed intraspecific differences between  

two C. punctatus sub-populations. Thus, this study determined the occurrence of two 

different C. punctatus stocks. 

   Brraich and Akhter (2015) studied the morphometric and meristic characters of 

Garra gotyla gotyla (Gray) collected from Ranjit Sagar Wetland. Monthly samples were 

collected and eighteen different morphological meristic characters were studied include 

percentage of total length of fish. Out of eighteen characters three were purely inherited, 

thirteen were inherited and also controlled by environment (intermediate) and two were 

environmentally controlled. Ten characters were directly proportional to each other and 

showed the significant value of correlation coefficient, moderate correlation present in four 

characters and low value of correlation of coefficient observed in three characters.  The 

percentage values of head length showed that the five cheaters were inherited while two 

were intermediate (inherited & environment). The minimum correlation coefficient  was 

found in three characters and moderate correlation was present in four characters. It was 

observed that there was linear relationship between dependent and independent characters. 

The fin formula of this fish  was used to calculate meristic characters. Both branched and 

unbranched fin ray variations were also observed in this study. 
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Sharma et al. (2015) studied small man made Chenani hydroelectric reservoir and 

some water bodies of Jammu region viz., river Tawi, Chenab and Jhajjar stream. In this 

study, 64 specimens were collected from these study areas during the study period January 

2012 to December 2012. Thirty five important morphometric and meristic parameters 

were used to compare these characters and also determined the population structure. The 

total length (TL) of the collected specimens ranged from 9.4cm - 30.5cm and body weight 

20.3 g -190 g.  These morphometric characters proved the relative positive growth with the 

increasing length of the fish. 

Afzal et al. (2013) observed the variations within the population of Channa 

punctatus. He used the truss network system of morphological characters to detect these 

variations based on the fish body. The four different sites Narora (n = 62) and Kanpur of 

Ganga River, (n = 46), Firozabad site on the Yamuna River (n = 66) and the Lucknow site 

of the Gomti River (n = 60) were selected for the fish sampling. The results were obtained 

through principal component analysis, discriminant function analysis and univariate 

analysis of variance. The total variations were determined by using principal component 

analysis (PC). The result showed the PC I, PC II and PC III 47.75%, 8.18 and 7.48%, 

respectively of the total variations.  The 7 variable showed the significant difference within 

the population analyzing through the discriminant function analysis. The 81.85% of the 

original groups were arranged into their adapted samples. The sample were collected 

Ganga River (19.6% at the Kanpur site and 19.4% for the Narora site) showed the high 

degree of misclassification. Total 27 morphometric characters were scored in this study. 

The 23 morphometric measurements showed the significant variations between the 

populations.  The study showed that the different stocks of fish present in three different 

rivers.  

   Dars et al. (2012) studied the morphometric parameters and their kinship in 

Channa punctatus (Bloch) population and 360 fish specimens were picked up from Indus 

River during March to August 2010. Total 12 morphometric and 6 meristic characters 

were observed both in male and female.  The total length showed the linear relation with 

standard length, lateral line length, tail fin length, dorsal fin length, pectoral fin length, 

girth and head length, whereas, the significant correlation was found between the TL/HL 

and following characters  ventral fin, pelvic fin length and gape of mouth (r = 0. 99) in 

case of male Channa punctatus (Bloch). The linear correlation was present in standard 

length, lateral line length, pelvic fin length, dorsal fin length, pectoral fin length and head 

length, while width and caudal fin length (r = 0.99) showed the high correlation with the 
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total length. Non- significant difference was observed in meristic measurements in both 

sexes. It was determined that the morphometric and meristic characters like pelvic fin 

length, ventral fin length and gape of mouth and caudal fin length and width showed the 

significant difference in both male and female while the other characters showed no 

significant difference in both male and female. It was observed that the female were more 

paunchy and wider than male, while male showed slim body. The single homogeneous of 

this species was found in the Indus River.  

Esmaeili et al. (2011) described the inter and intra population differences found in 

endemic Alburnoides qanati (cyprinid fish). The samples were collected from three  

different areas of the Kor River basin located in Iran. The meristic and morphometric 

characters of  population were determined by principal component analysis (PCA), cluster 

analysis (CA) and discriminate function analysis (DFA). The random populations were 

classified into three group on the bases of DFA values of morphological (96.6%), meristic 

(94.6%) and on both morphological and meristic (100%) characters. The variations in 

shape among the individuals were observed by using 1st PCA (16%) and 2nd PCA (15.8%) 

values. The similar separation patten between the populations was observed in cluster 

analysis.  The A. qanati population showed the heterogenicity in morphological characters. 

There was need to necessary management in stock improvement program and  

conservations throughout the drought conditions in that region.  

Mostafa et al. (2010) observed the land mark morphometric variation to assess the 

population status of  threatened carp, Labeo calbasu (kalibaus). The samples were 

collected from the two isolated rivers (the Jamuna and Halda) and a hatchery. The 

significant difference was found in the body height, pre orbital length, peduncle length and 

maxillary barbell length, in two meristic characters such as PFR (pelvic fin rays) and 

lateral line scales and four (8 - 9, 3 -10, 2 - 10, and 1- 11) truss network measurements 

among the stocks. The 1st DF 75.5%, 2nd DF 24.5% were observed among the population 

variability. The high isolation was observed with in stock by plotting DFs for 

morphometric and truss network measurements. The distance between the cluster 1 

(Jamuna and hatchery) and cluster 2 (Halda and hatchery) populations was highest through 

the dendrogram formed by the morphological and truss data.  

Hossain et al. (2009) described the meristic, morphometric characters and 

threatening factors for the critically endangered species Puntius sarana (Hamilton, 1822).  

The samples were collected from lower region of Ganges River present in Northwestern of 

Bangladesh. The 87 specimens were collected from the selected areas and their total length 
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(TL) ranged from 9.30-21.70 mm and body weight (BW) ranged from 10.05-189.25 g.  

The basic information was collected through the investigation on more than 120 and 80 

fish farmers from March 2006 to December 2007.  The result of this study was indeicated  

the major factors pollution, over-exploitation, Fish diseases, environmental degradation, 

uncontrolled introduction of exotic fish and lack of proper management were the main 

cause of declining of fish populations. This research work also proposed measures for 

conservation of remnant isolated population of P. sarana in the Ganges River and adjacent 

areas. 

Shakir (2008) studied fifty freshwater fish, Sperata sarwari (singhari) with mean 

length and body weight 60.8±12 and 2445±612g, respectively were collected from Mangla 

lake, during Nov., 2005, with the aid of local fishermen. He studied  32 morphometric and 

7 meristic characters of each specimen. Meristic characters did not change by increase in 

body length and body weight.  The length of nasal and maxillary barbels was not directly 

related to the body length.  The distance between adipose and dorsal fin base directly 

related to the body length, while the adipose fin base and dorsal fin base were not directly 

proportional to the body length. The length of the supraoccipital spine was reduced from 

the length of inter neural shield. The reduction in size of supra occipital spin was only 

found in this Sperata species. This study was used to identify the different morphological 

variants within the natural populations.  

Saini et al. (2008) compared the giant river catfish (Myystus seenghala) 

population collected from the rivers Beas, Sutlej and Indus with 28 morphometric 

characters. The data was analyzed by the Discriminant analyses and a one way ANOVA. 

Allometric conversion of each dimension was used to eradicate correlations with size. The 

stepwise discriminant analysis maintained nine variables that significantly differentiated 

the Beas samples from the Sutlej samples. The fish was classified into their accurate 

sample by utilizing above variable original                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

and cross validated, 91.2% and 89.0%,  respectively. The Sutlej sample showed higher 

misclassification than that of  the Beas Samples i-e 12.5% and 6.3%, respectively. The 

homogeneity was found in the Beas sample and exhibit the variability in sample detected 

through the discriminant analysis. This analysis delivered a more distinctive depiction of 

Beas group than that of  Sutlej. The significant differences were found in means of two 

populations in 12 transformed morphometric measurements. 
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2.2 DNA Extraction 

Pereira et al. (2016) investigated that the quality of extracted DNA for genetic 

study depends on the extraction method used and the type of tissue sampled. It was 

necessary to choose tissue and a methodology that gave a best DNA quality and quantity 

for further studied of endangered species. They extracted DNA from muscle, liver and 

caudal fin by using the three DNA extraction methods phenol/chloroform, saline 

extraction, and Chelex from three fish species Epinephelus itajara (Atlantic goliath 

grouper), Lutjanus jocu (dog snapper), and Centropomus parallelus (fat snook). A 

sufficient amount of DNA was extracted from the caudal fin samples from all species 

regardless of the protocol used. It was suggested that extracting DNA from the caudal fin 

of these and other threatened species using the saline solution method, which does not 

sacrifice the specimens evaluated, presented the best cost-benefit regarding the amount of 

DNA obtained, toxicity and cost. 

Li et al. (2014) compared the four DNA extraction protocol from Cyprinus carpio 

scale. The DNA was extracted through the four different protocols. The extracted DNA 

was tested by the PCR and also by the restriction analysis. The result showed that the 

DNA, which extracted by all four methods was suitable for PCR amplification. The 

quantity and purification of DNA varied with different protocols. The DNA sample which 

was extracted (through 1 and 2 protocol) was amenable to restriction digestion by  

restriction enzymes Not I and Hind III. Various procedures have their own advantages and 

disadvantages. This study was used as reference for the selection of suitable DNA 

procedures according to aim and need for  study undertaken. 

Cawthorn et al. (2011) extracted the DNA from fish tissue through five different 

methods like urea-SDS-proteinase K; phenol chloroform; salt extraction; Sure Food PREP 

Allergen kit and Wizard_ Genomic DNA Purification kit. In this study, the DNA was 

extracted from 29 fish species present in the South Africa. They also compared these five 

methods for purity yield and extracted rapidly amplified DNA.  In this study above five 

methods produce the DNA, which was suitable for PCR amplification with slight 

variations occur between the above methods in the yield and purity of extracted DNA. The 

simplest and protective method of DNA extraction was from the tissue. The quality of 

extracting DNA was significantly higher (P< 0.05) yield than the other four techniques.    

Wasko et al. (2003) determined that the DNA-based studies played important role 

in biological conservation of threatened species and in population genetics. DNA was 
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required in the valuation of the species and population genetics. The biological source was 

required for the assessment of the species and population genetics. In this study, the DNA 

obtained through urea containing extraction buffer and phenol-chloroform and the 

methods used with mild modifications. DNA obtained through these methods was 

nondestructive and increase in its efficiency. The high yield and quality of obtained DNA 

by the present protocole as compared to the other protocole.  This DNA used in various 

molecular analyses. The DNA extracted from the tissue of different fish species from this 

method effectively used in RAPD (random amplified polymorphic DNA) analysis and in 

specific sequences of ribosomal and mitochondrial DNA amplification. The present DNA 

extraction process represents a substitute for population and genetic studies on rare or 

threatened taxa. 

2.3 RAPD markers 

Verma and Serajuddin (2017) used the RAPD  PCR analysis to detect the genetic 

variability among and between the species of threatened catfish Clupisoma garua and 

Eutropiichthys vacha.  This study also evaluated the phylogenetic relationship between 

and among the species. The fish were collected from the different rivers which had 

different environmental conditions. The C. garuas showed the less number of RAPD 

bands equated to the E. vacha. The polymorphic bands of RAPD markers showed the 

highest percentage in both inter and intra specific populations as compared to the 

monomorphic RAPD bands. The matrix distance. RAPD gel images and ladder were used 

to construct the phylogenetic tree which revealed the intra specific variations between 

different sample of E. vacha and C. garua. It was observed that the individuals of both 

species E. vacha and C. garua showed the lower degree of conservations unless they 

belonged to the same geographical areas which showed the strong relationship between 

the populations of the different rivers. 

Kabir et al. (2017) determined genetic diversity of four different populations of 

Labeo rohita i.e., Rohu India, Rohu Khulna, Rohu Barisal and Rohu Faridpur through 

RAPD DNA-PCR method. Rohu India showed more genetically diverse population as 

compared to other three populations by banding pattern. In four Rohu population, total 87 

bands were present and 37 bands showed the 48.38% polymorphism (12 band/ primer). 

The nucleotide sequence of amplified fragments ranged from 400-1250 bp.  These four 

populations showed 8 distinctive in which 6 bands were found in the Rohu India 

population. The highest genetic distance (0.7221) and lowest genetic similarity (0.4857) 
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between Rohu India and Rohu Barisal populations. The highest genetic similarity and 

lowest genetic distance were found between the Rohu Khulna and Rohu Faridpur 

populations. The UPGMA dendrogram formed the three main clusters/ groups (C1, C2 

and C3) of four isolated populations.  Four populations Rohu India, Rohu Khulna, Rohu 

Faridpur and Rohu Barisal formed C1, C2 and C3 cluster, respectively. 

Skute et al. (2016) studied the morphological and genetic variability in vendace 

(Coregonus albula) found in Holarctic waters. The genetic variation was detected through 

the RAPD and allozymes markers. Earlier studies of meristic characters also showed the 

variations. The high degree of polymorphism and heterozygosity was present in the 

population of vendace in three habitats. The allelic number per locus was small. The 

RAPD markers technique was better than the allozyme for population studies.  

Shafi et al. (2016) studied the genetic diversity of different Golden Mahseer 

populations (Tor putitora: Hamilton, 1822) in different rivers of KPK and Balochistan 

(Poonch, Jehlum, Mangla Reservoir of Azad and Jamuu Kashmir, Sawat, Indus and 

Hingol) on the basis of RAPD PCR DNA amplification analysis. The sixteen primer 

produced 197 bands which showed 43.75% unique bands and 87.73% polymorphic. The 

polymorphism and genetic diversity of the population of Mahseer was 73% River Sawat 

> 57% Mangla Reservior > 54.31%  Indus River > 44.67% Jelum River >37.60% Poonch 

River > 2.03% Hingol River.  It was observed that Genetic diversity within and between 

population (Hs, 0.13 and Dst, 0.05), Heterogeneity (Ht, 0.19), genetic differentiation 

constant (Gst, 0.022) were low and Nm 3.22 (gene flow) between populations was high. 

AMOVA indicated highest intra population variations (79%). On the basis of Nei’s 

genetic distance and similarities UPGMA dendrogram was formed. The two cluster of 

populations were formed on the above information. The cluster one was subdivided into 

two sub cluster i.e. River Poonch, Jehlum and Mangla, while River Sawat and Indus 1st 

and 2nd subcluster of cluster 1. Hingol River’s population formed 2nd cluster. 

Achrem et al. (2015) determined the genetic variability in three Salmo trutta L. 

populations collected from the three rivers, the Wieprza,  Parseta and  Rega through SSR 

and RAPD marker analysis. The highest level of genetic variability was observed 

between the populations.  The Ho (observed heterozygosity) was high than the He 

(expected heterozygosity), the population Parseta River showed the more heterozygosity 

(Ho) than the Wieprza population. The FIS coefficient of sea trout indicates a high 
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excess of heterozygotes then all observed populations. The population which was 

collected from the Rega River showed the highest genetic variations than those of the 

population collected from the Wieprza (0.366). Through the SSR and RAPD analysis it 

was observed that the selected population in this study formed the two groups. The 

populations of the Wieprza and Parseta rivers formed the 1st group of Salmo trutta L and 

the population of Rega river formed the 2nd group.  

Vasave et al. (2014) used RAPD DNA technique to study genetic variations 

between Snow and Rainbow trouts. The 5 RAPD primers produced total 68 consistently 

scorable bands size ranging from 220-2018 bp. The 17.65 % and 35.29 % percentage of 

polymorphic loci observed in Rainbow trout and Snow trout, respectively.  The genetic 

variation in Snow trout was higher than Rainbow trout due to polymorphic loci. The intra 

population genetic variations was high in Snow trout (0.1332) and in Rainbow trout 

(0.0755) genetic diversity was low. The Shannon index ranged from 0.1963 (Snow trout) 

to0.1087 (Rainbow trout). 

Neekhra et al. (2014) analyzed the molecular identification and diversity between 

most commonly occuring fish species in Central India through the Random Amplified 

Polymorphic DNA (RAPD). The samples of both sexes of Catla catla, Labeo rohita and 

Cirrhina mrigala were arbitrarily collected from various regions of the central Indian 

region. Ten decanucleotide primers (RAn primer series), six random primers RAn 1 

(GATGACCGCC), RAn 3 (GGCACGTAAC), RAn 4 (GGCATGACCT), RAn 5 

(GGGTAACGCC), RAn 9 (GTGCCAAATG) and RAn11 (GTGCCCGTTA) were used to 

check the genetic variations and band analysis. It was observed that the variation in size of 

amplified product of random primers and genotype. The 29 makers are species specific 

markers which showed the high level of polymorphism between the species. The highest 

band of RAPD marker observed in the Ran 5 and Rna 9 while the lowest bands were found 

in RAn12 and RAn6 respectively. The 16 bands were found to be common in all three 

species. The monomorphism was highest in C. mrigala and C. catla (5 bands) and lowest 

in C. mrigala and L. rohita (1 band). There was 100% sexual genetic similarity found in 

both sexes of major carps. The variation in DNA bands showed  genetic distance among 

species and the occurrence of common bands indicated the evolutionary relationship. 

Species specific bands might be useful tools for molecular identification.  

Ramanadevi and Thangaraj (2014) used RAPD DNA markers to observe the 

genetic variations in four Elops machnata populations inhabited of South India. The 

International Union for Conservation and Nature (IUCN) declared the Elops machnata as 
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least concern species. The 8 primers were amplified and gave the scrobal bands out of ten; 

in all populations 119 scroble bands were observed. The result revealed the observed and 

the effective number of alleles was found to be 2.000 ± 0.000 and 1.5307 ± 0.2503, 

respectively in the entire population.  In this study the percentage of polymorphism was 

61% and the gene flow 0.1032 was found between the four populations. The positive 

correlation was found in four populations between the genetic and geographic distances. 

The Parangipettai and Muthupettai populations showed the highest genetic similarities 

(0.6824) which showed the geographical relationship between them. In this study two 

main groups were formed on basis of UPGMA dendrogram analysis. The RAPD analysis 

had capability to differentiate E. machnata populations in South Indian coastal waters. 

Skuza et al. (2014) studied the genetic variability and population structure of 

Salmo trutta, which was effective for the protection of species and rational management of 

the resources. The populations of Salmo trutta m. fario and Salmo trutta m. trutta from the 

Rega River, and three watercourses Sitna, Słopica and Bagnica of the Drawa river 

catchment area and Chojnowka stream (extra study area) were selected to check the 

genetic variability.  Different results were found on the bases of two marker system. On 

the basis of RAPD analysis, all loci were polymorphic in all populations and constructed 

the UPGMA similarity trees. The two groups were formed by analyzed populations by 

UPGMA dendrogram similarity tree. One group belongs to Słopica River and the other 

group from the remaining water courses. The second similarity group formed two 

subgroups; one group from population of the sea trout from the Rega River and that of the 

brown trout from the Sitna River (60.7%), and the other consisted of the parr trout 

populations from the Chojnowka, Bagnica and Sitna (50.3–79.4%). The analyzed 

populations showed the 100% polymorophism. The result showed the high genetic 

variability found in the studied populations. SSR analysis showed 9 microsatellite loci 

isolated from five trout populations. The no. of alleles at these loci ranged from 1-5 with 

an average of 2.8 alleles per locus. The expected heterozygosity ranged from 0.07 to 0.66, 

with an average of 0.35. The results indicated the high genetic variation of the populations 

studied. 

Popoola et al. (2014) determined the genetic difference through the RAPD 

analysis between the three wild populations of Clarias gariepinus from Owena (River 

Owena), Agbabu (River Oluwa) and Esaodo (River Osun), and three farmed populations, 

Ilesa, Akure and Ado-Ekiti, in Southwest Nigeria.  The 40 individuals (680 ± 3.28 g) were 

collected from the live population and kept in six concrete tanks (2x1x1m). By using the 9 
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RAPD markers 435 reproducible bands were produced in 6 populations. The significant 

differences between the populations were detected through AMOVA and almost intra 

population variations were 99% of the total variations. The percentage of genetic identity 

(GI) of 74.6% to 83.5% and the genetic distance ranged from 0.180 to 0.293 found 

between the 6 populations based on RAPD- PCR analysis.  The mean number of 

segregating fragments were 71 (89.9%), 34.5 in wild populations and 59 (74.7%), 35.4 in 

cultured population. The result showed that intra population genetic diversity in both wild 

and cultured populations (Ht) was 0.3419 and 0.3010, respectively. In this study the 

genetic variability was found in both wild and cultured C. gariepinus. The result of RAPD 

analysis revealed that more similarity was found in the population of the same habitat 

(wild and cultured populations) than between the two habitats. The total values of genetic 

diversity and total number of isolating fragments showed that the large variations occurred 

in the wild population than that of the cultured population.   

Azrita et al. (2014) applied RAPD DNA- PCR analysis to observe the genetic 

variability between three geographically distant populations of Osteochilus vittatus of 

collected from the West Sumatra Province.  Four random oligodecamers viz., OPA 07, 

OPA 09, OPA11 and OPA 18 were selected for genetic analysis of  three O. vittatus 

populations. The OPA 18 showed amplification  with 22 loci and  was ranged from  400 - 

1300 bp than other markers. The genetic diversity (Ht) of Singkarak Lake population, 

Antokan River population and Koto Panjang Reservoir population were 0.1250, 0.0431 

and 0.1512, respectively. The significant differences (p <0.05) between three fish 

populations was observed through Fst comparison test. The genetic distance was 

estimated through Nei’s genetic distance (D) and its values ranging from 0.0534 - 0.0610. 

The UPGMA was constructed on the basis of genetic distance between unweight pair 

group.  Analysis of UPGMA dendrogram showed that the both  Singkarak Lake and Koto 

Panjang Reservoir populations of O. vittatus were genetically close to each other. 

Prasad (2014) studied genetic relationship and variations among different varieties 

of gold fishes by Random Amplified Polymorphic DNA amplification assay. High degree 

of polymorphism was observed among the samples, suggesting the degree of genetic 

variability.  The low migration and pair fidelity mode of reproduction may reduce the intra 

specific genetic variations. The dendrogram obtained from RAPD by using two different 

primers OPA 11 and OPD 8 clearly depicts the genetic similarity and genetic variation 

within the gold fish species. The data collected from this study will help in understanding 
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their complex traits such as shape, size, colour, morphological variations, tail and life 

span.   

Asabrga et al. (2014) described the genetic variation among the 11specimens of 

cichlids and 4 specimen of mud cat fishes collected from the Warri River through RAPD 

analysis and dendrogram formed through unweight pair group method (UPGMA) cluster 

analysis. The seven decamer RAPD markers formed the scorable bands ranging in size 

100-800 bp.  Seven primers produced total no. of bands ranged from 2-33 in cichlids and 

8-28 in catfish family. Total 228 bands were produced by primer in which 119 and 109 

bands fonud in  cichlids and catfishes  respectively, that showed 24% polymorphism. The 

87 band produced by the RAPD primers in cichlids family in which 23 band The RAPD 

primers produced 87 band in which 74% were conserved while 26% polymorphism was 

showed  in 23 bands. In catfishes 69 band produced in which 23% polymorphism was 

observed in 16 bands. Genetic variations were found within species (T. guineensis, T.  Zilli 

and C. gariepinus), among the species belong to same genera (Tilapia guineensis and T. 

zilli) and between catfishes and cichlids. The present study exhibited that the RAPD 

method was helpful and sensitive to find difference between numerous fish genera and 

species.   

Thirumaraiselvi et al. (2013) determined the variations and confirm the status of 

three Indian salmon (Polydactylus plebeius) populations found in Indian coromandel coast 

through the morphometric and RAPD Analysis. Both stocks i-e southern (Pazhayar) and 

northern (Cuddalore) showed the morphometric variations and formed the two groups of 

the populations. The one way ANOVA showed that the significant (P<0.05) differences 

between the means of morphometric characters. Ten random primers are used to produce 

1077 scorable band in the three populations. The genetic relationship between the 

populations showed by forming the dendrogram through UPGMA analysis.  There was 

great difference between the genetic diversity of three populations, P. plebeius in Vellar 

(0.0613 ± 0.0344) < Pazhayar (0.0609 ± 0.0416) < Cuddalore (0.0733 ± 0.0648) 

populations. The value of genetic distance was high between the populations than within 

populations. Moreover  molecular analysis, the genetic structure of threadfin fish 

population was more percisely find out by using more genetic markers located in Indian 

coast.  

Hossein et al. (2013) applied genetic analysis to evaluate the morphological and 

genetic variations among the upstream and downstream population effects of Iranian fish 
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Siah-Mahi (Capoeta capoeta gracilis) which was affected by the Shahid-Rajaei dam. The 

66 samples were analyzed in the present study. The significant differences were found in 

the means of 16 morphometric characters by using one way analysis of variance. The 

proportion of individuals was 97% for up-stream and100% for downstream   populations 

calculated by discriminant function analysis respectively. Principal component analysis of 

morphometric characters showed the significance differences among the upstream and 

downstream samples of Siah-Mahi population. The 89 polymorphic bands were produced 

by 6 primers with 95% polymorphism.  The In association analysis beteween the genetic 

and morphological data showed that 16 morphological characters were significantly  

correlated to the 63 genetic markers It was concluded that there were two genetically and 

morphologically divers populations of C. gracilis due to minimum downstream dispersal 

and no migration towards upstream. 

Usman et al. (2013) characterized the two cichlids populations (wild and cultured) 

of Tilapia guineensis and Sarotherodon melanotheron species through random amplified 

polymerase DNA (RAPD) technique. Ten specimens of each species were collected from 

the Badagry, Lagos Lagoon, Akinsateru fish farm and Nigerian Institute for Oceanography 

and Marine Research.The average standard length ranging between 8.4 - 17.2 (cm) and 

weight ranging between 261-133 (g). The DNA of the fish samples were isolated through 

the high salt concentration method and 5 RAPD primers (OPR 02, OPC 04, 05, 10, and 

OPI 05) were used in RAPD analysis. The similarity coefficient was determined through 

primers 78% between wild population of S. melanotheron and T. guineensis, 80% between 

culture population S. melanotheron and T. guineensis and 100% of both culture and wild 

populations. The similarity coefficient was 88%  and 82%found in T. guineensis and S. 

melanotheron between culture and wild, respectively. The more than one characters 

constructed the same cluster on the basis of similarity coefficient. The dendrogram was 

constructed on the basis of  genetic distances which associated with DNA of collected 

species for  possible variation in their genetic makeup. In this study similar DNA profile 

bands were obtained in both species from the wild and cultured environment. The fish 

population from wild and cultured environment showed the same similarity. This 

similarity causes the high possibility of hybridization among the closely related species. 

This hybridization improved the genetic character of the species.  High quality and 

quantity of DNA was obtained from pure strain through salt-out method.  

Barreo et al. (2013) determined the genetic diversity in four brood stocks and one 

juvenile stock of Prochilodus lineatus (curimba), in  Hydropower plant in Sao Paulo, Tiete 
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River Brazil through RPAD technique. The DNA was isolated from 150 fin clip of fish 

sample and amplified through the five RAPD primers.  Total 59 fragments showed the 

polymorphisms. The significant differences (p<0.05)  were found in frequencies of 52 of 

polymorphic fragments and 45 showed low frequencies while 2 were fixed fragments and 

54 were excluded.  The polymorphic fragment values and Shannon index ranged from 

71.19%-91.33% and 0.327-0.428 respectively. The genetic divergence values within 

populations were greater than 50%. The genetic variations were observed within the 

population through AMOVA analysis. High descent levels (FST) between the groups value 

showed high and moderate genetic distinctions. The low level of gene flow due to the 

approximate numbers of estimates of migrants by generation (Nm).  The genetic 

divergence varied from 0.58 to 0.83 among the group. It was observed that genetic 

varibilty within the group/stock were higher as compared to the between the group/stock. 

The variability and genetic differentiation was high within and among stocks. These 

genetic tools were used as models for other migratory species and endangered species.   

Heba et al. (2013) was used the RAPD DNA analysis to determine genetic 

variations in  different tilapia species collected from Giza, Cairo and Fayuom in Egypt. In 

this study 215 amplifications were produced by 15 random primers  and ranged from 118-

2556 bp that used to determine polymorphism within and among populations. The 

percentage of polymorphic loci was noted 60.3%, 58.6% and 51.8% in T. zilli, O. aureus 

and O. niloticus species, respectively.  The average Gst (genetic differentitation) was 0.583 

and  total Ht (genetic diversity) was 0.304. The T.zilli (0.249) showed the highest intra 

population genetic diversity as compared to O. aureus and O.niloticus 0.238, 0.219, 

respectively, while  0.357 Nm between three species. Between the three populations, 

Oreochromis niloticus and Oreochromis aureus showed the genetic similarities as 

compared to Tilapia zilli which formed the different group due to the genetic variations. 

By using Nei’s biased measure of genetic identity and genetic distance values it was 

indicated that the Tilapia zilli showed the more genetic variation as compared to 

Oreochromis niloticus and Oreochromis aureus which showed less genetic variation 

among  populations.  This study concluded that the high level genetic diversity and 

polymorphism between and within  three tested Tilapia species that required for 

populations to adapt themselves according to environmental conditions. 

Danish et al. (2012) was used hatchery and wild population samples of Clarias 

batrachus to observe genetic relationships and diversity through DNA RAPD technique. 

Five amplicons were produced from the 16 decamer primers which were used for 
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screening. In this study five selective primers were used to amplify the 1376 RAPD in 

which the bands ranged from 0.2-1.36bp. The polymorphic bands were ranging from 

56.4% to 59.6% in above populations. Within populations bands were ranging from 4.88 

to 5.3%. The results showed that the similarity was found within the population and varied 

from wild. The Jaccard’s similarity coefficient was ranging from 0-0.27. On the basis of 

0.06 similarity coefficient, the population is divided into two major groups. This indicated 

that the genotype of the same group was similar while the different groups were dissimilar. 

There was intra and inter population variation in catfish population due to significant (P < 

0.05) population difference.  

Ramos et al. (2012) demonstrated that the migration and dispersion of aquatic, 

especialy migratory fish affected by the dams constructed. The genetic variatons and 

population structure of the migratory fish Leporinus elongatus (piapara) in the Canoas 

Complex - Paranapanema River – Brazil by using RAPD and SSR molecular markers. The 

sample was collected from hydroelectric Canoas I and II during reproductive periods in 

three consecutive years in ten groups. The highest level of genetic diversity was found 

between SSR and RAPD marker. The result of SSR marker analysis indicated that there 

was a significant level of inbreeding and loss of heterozygousity.  The both markers 

showed the genetic variations between the groups within a range from low to moderate. It 

was concluded that groups of L. elongatus Canoas Complex observed as single population 

which formed the sub population due to low genetic diversity. The information about the 

genetic diversity and population structure of L. elongatus play an important role to develop 

species management and conservation programs in the Canoas Complex, and it could also 

be applied in aquaculture programs. 

Rashid et al. (2012) determined the genetic structure of the Ompok bimaculatus‘s 

population. It was an endangered catfish of Bangladesh. The genetic variations were 

observed in the one hatchery (Brahmmaputra Fish Seed Complex-BFSC) and two wild 

(Tola haor and Chalan beel) populations of O. bimaculatus through RAPD (Random 

amplified polymorphic DNA) analysis. The total 34 RAPD bands were amplified by using 

the 5 selective marker only 24 band showed the polymorphism. The Chalan beel showed 

the 64.71%, 77.57%, 0.249±0.216 and 0.365±0.303  perceptibility of polymorphisim, 

intra-population similarity indices, gene diversity and Shannon’s index, respectively. The 

perceptibility of polymorphisim 58.82%, intra population similarity indices 75.45%, 

genetic diversity 0.219±0.215 and Shannon’s  index 0.322±0.304 were found in Tola haor 

population. The hatchery BFSC showed 52.94%, 86.49%, 0.214±0.219 and 0.311±0.312 
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percentage of polymorphic loci, intra population similarity indices, genetic variations and 

Shannon’s information index, respectively. These three populations Chalan beel - BFSC 

and Tola haor - BFSC pairs showed the significant differences in coefficient of population 

differentiation (PhiPT). The gene flow (Nm) was ranging from 1.899 - 5.052 among the 

population pairs. Among the Chalan beel-BFSC populations the inter population similarity 

(Sij) was high and the genetic distance between the three populations was highest (0.157) 

in the Tola haor and the BFSC populations. This showed in results that There was  a 

substantive level of genetic variation in the endangered O. bimaculatus populations in 

Bangladesh and significant difference was found between the populations. 

Rashed et al. (2012) used random amplified polymorphic DNA technique to 

determine gene flow, genetic diversity and phylogenetic relationship between populations 

of Oreochromis niloticus. The samples were collected from the three different locations 

Giza, Quanater and Aswan-Nasser lake to check the genetic variations and changes in 

structure of populations. Nei’s genetic distance  0.1487, 0.1305 and 0.1304 were 

determined between Quanater (Q) - Giza(G), Quanater (Q) - Aswan (As) and Giza (G) –

Aswan (As) populations respectively. The gene flow between these populations were 1.84, 

1.611 and 1.536 with an average of about 1.65. The 0.26 and 0.23 band frequencies for all 

primer were observed in Giza, Aswan and Quanater populations, respectively. It was 

concluded that the population with high genetic diversity was more adapted to the 

environmental changes and the gene flow value was greater than 1 that showed migration 

among the studied population. 

Muneer et al. 2012 compared genetic diversity of endemic and endangered 

Horabagrus brachysoma (yellow catfish) by using three markers RAPD, microsatellite 

and allozymes. The study was carried out on three locations in Western Ghats river 

systems of India. The highest polymorphism was found in microsatellite markers (100% 

polymorphic loci) while in RAPD 60.5% fragments showed the polymorphism and 

allozymes showed 56%. The microsatellites showed the high values of observed 

heterozygosity and FST as compared to the RAPD and alloenzymes. RAPD and 

microsatellite markers reported a higher degree of genetic variations than those of the 

allozymes among the populations depicted by pairwise AMOVA, FST/GST, Nei’s genetic 

distance and UPGMA dendrogram. The genetic diversity was observed in H. 

brachysoma populations by using three types of markers. The data emphasize the need for 

fishery management, conservation, and rehabilitation of this species. 
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Chandra et al. (2010) observed the genetic diversity in Eutropiichthys vacha 

population in Indian rivers Ganga (Patna, India) and Kosi (Madhepura, India).  In this 

study, 5 OPA primers were used for the formation of fragment patterns in the samples. 

Polymorphisms were observed between and within the populations by using 5 random 

primers and amplification was observed at 45 different loci ranging from 250-2000 bp.  

The 51.1% and 55.6% polymorphism were observed in Ganga and Kosi populations 

respectively. The total genetic diversity and average coefficient of genetic differentiation 

was 0.2173 and 0.0958 respectively. The highest  genetic diversities were found within 

population, while lower genetic diversity was present between populations. It was 

observed that there was a lower differentiation rate between populations. The 4.7 gene 

flow was found between Ganga and Kosi populations. The genetic identity and distance  of 

two populations were measured through  Nei’s unbiased found 0.9606 and 0.0402, 

respectively. It was observed that the common cluster was found among the two wild 

populations (Patna and Kosi) by using phylogenetic analysis through RAPD (Patna and 

Kosi) although they were present in different region of the same drainage system. 

Garg et al. (2010) used  RAPD  DNA marker technique to determine the genetic 

diversity between and within three populations of  Clarias batrachus (catfish). Only five 

random primers produced a constant and reproducible pattern of RAPD products. The 72 

scorable DNA band were produced by five RAPD primers  and 68 DNA fargemnts 

showed 86.66% polymorphism. The significant differenc was observed in degree of 

polymorphism between populations. However, differences were found in DNA primers 

that  produced similarities in populations. 

Sivaraman et al. (2010) determined the genetic relatedness and formed a 

phylogenetic relationship between the cold water fish species through the RPAD analysis. 

The most common cold water species Tor putitora, Schizothorax rinchadrsonii, Raiamas 

bola and  Garra  collected from the Uttarkhand region were amplified through the 11 

random primers. The amplification of the primer ranged from 200-5000 bp in all the fish 

species. The average number of 188scored band 3.54±0.72, 5.18±0.69, 3.64±0.58 and 

4.73±0.78 were observed in Tor putitora, Schizothorax rinchadrsonii, Raiamas bola and  

Garra  species respectively.  The OPA-03 primer formed the maximum number of 

scroable band in Tor putitora (08±0.71), Schizothorax rinchadrsonii (08±0.71), Raiamas 

bola (07±0.71), and Garra (05±0.71) and minimum number of amplified fragments were 

1-3 of OPA-05. The OPY 02 (7.5%) produced the polymorphic bands in high proportion 

than that of the NUSZG 4 (5.75%) in these fish species. The genetic distance was found 
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between the T. putitora and R. bola (0.60) > T. putitora and Garra (0.52) > T. putitora and 

S. rinchadrsonii (0.43) > S. rinchadrsonii and Garra (0.36). The phylogenetic was 

constructed by using the TDRAW V1.4 software which showed monophyly between 

species T. putitora with S. rinchadrsonii and Garra with R. bola. 

El-Zaeem et al. (2009) determined the genetic similarities and diversity in two 

pehnotypes of four genera of carps in Egypt. In this study the random amplified 

polymorphic DNA (RAPD) assay used to assess genetic similarity and diversities. 

Thirteen RAPD primers were used in this study. The results indicated that the high 

similarity 76.7%, 61.7% and 60.4% of H. molitrix (silver carp) to, C. idella (grass carp) 

and C. carpio (common carp), respectively. Phylogenetic analysis showed that the H. 

molitrix (silver carp) was closely related to A. nobilis (bighead carp) while C. carpio 

(common carp) was not closely related to H. molitrix (Silver carp).  The highest genetic 

similarity (82.0%) was found between two phenotypes of scaly carp, common carp and 

mirror carp.  

Garg et al. (2009) applied  RAPD-PCR technique to evaluate  genetic variation of 

two populations of Mystus vittatus (Bloch) of Madhya Pradesh, India. Three individuals 

from 2 locations were recorded by using 10 random 10-mer primers. Five primers gave the 

RAPD polymorphism in 20 individuals which collected from two different sites, namely 

Mohinisagar reservoir (Gwalior) and Bhadwada reservoir (Bhopal). The five primers 

produced 388 scorable DNA bands. The 252 (64.98%) DNA fragments were polymorphic 

and 182 (46.90%) were monomorphic while 14 (3.61%) were unique.  The genetic 

variations between and within the populations were observed through RAPD banding 

pattern and neglected the morphological variations. 

Mohd-Azmi et al. (2006) observed the genetic relationship among the four 

populations of Channa striata distributed in Peninsular Malaysia.  The 10-mer OPA 

primer were used to observe the polymorphism among the populations. It was noted that 

the different RAPD fragment located at different locations. The slight genetic variations 

were found among the population of Channa striata detected through the   RAPD 

technique. These differences in the genetic distance between the populations were due to 

the selection pressure of pollutant on fish. 

Ramella et al. (2006) determined genetic diversity between the four fish species 

Prochilodus lineatus, Pimelodus maculatus, Steindachneridion scripta and Salminus 

brasiliensis.  The samples were collected from the upper Uruguay River basin and 
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investigated through random amplified polymorphic DNA technique. The 118 amplified 

bands were produced,  45, 33, 29 and 11 for S. brasiliensis, S. scripta, P. lineatus, and P. 

maculatus respectively.  The monomorphic amplified bands was only studied in S. 

brasiliensis except other species, inwhich seven monomorphic fargments was observed in  

population of  Saltinho. High genetic variability was aobserved among individuals of all 

species.. 

Hatanaka and Galetti (2003) described contribution of  various factors in 

destruction of natural fish habitats. Aquatic pollution, hydroelectric dams and other 

environmental alterations lead to the abolition of natural stocks. The genetic variations 

were detected in Prochilodus marggravii population, which  were collected from three 

locations in area of the Tres Marias dam (MG) located on Sao Francisco river (Brazil), 

using the random amplified polymorphic DNA technique.  The result showed that 

similarity coefficient was higher in the downstream population near to the dam than the 

other samples collected from the other sites. This indicated the different environmental 

conditions of these areas.  The frequency bands were significantly different between the 

populations of different sites. The results indicated that population had important 

implications for the conservation of the genetic variability of distinct natural P. marggravii 

stocks. 

  In the light of the above investigations, the study was planned to determine the 

morphometric variability in different populations of S. sarwari and to assess the allelic 

frequency and genetic diversity among the riverine populations of S. sarwari. The study 

of S. sarwari is very important as this species is declared as “endangered” due to the 

declining stock of this fish in natural waters due to overfishing and pollution. 
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Chapter 3 

MATERIALS AND METHODS 

3.1 Study site for Sampling 

         The study was carried out on Sperata sarwari (Singhari) inhabited in the riverine 

system of the Punjab (i.e., River Chenab, Ravi, Jhelum and Indus), Pakistan. The four 

study areas were selected due to the presence of S. sarwari owing to geographic 

distribution of the fish population (Shakir, 2008). The selected study sites included the 

upstream and the downstream of the River Chanab (Tarimu Head), Ravi (Head Balloki), 

Jhelum (Head Rasool) and Indus (Chasma barrage) of the Punjab, Pakistan (Fig. 1). These 

selected sites were located in the different Districts of the Punjab in different 

geographical and environmental conditions (Fig. 1). The environmental conditions such 

as summer and winter, temperature and annual rainfall vary from region to region. The 

highest temperature  variations are present in the District Mandi Bahaudin and high 

rainfall also occurs in this region. The lowest annual rainfall occurs in the District 

Mianwali. The geographical and environmental conditions of the study sites are given in 

the Table 1. 

3.2 Sample collection 

The samples were collected in the months of January, March, October and 

December (2014 and 2015). The total eight populations (54 specimens) of Sperata sarwari 

(Singhari) of desired weight (300 to 310g) on their availability were collected from the up 

and downstreams locations of the River Chanab (Tarimu Head), Ravi (Head Balloki), 

Jhelum (Head Rasool) and Indus (Chasma barrage) of the Punjab with the help of the 

Punjab Fisheries Department. The size was selected on the basis of fish size normally 

present in the fish catchments of the study area. Ten (10) specimens were collected from 

the upstream and the downstream of Trimu head (River Chenab), ten (10) specimens from 

the Head Baloki (River Ravi), fourteen (14) specimens from Head Rasool (River Jhelum) 

and twenty (20) from Chashma Barrage (Indus river), respectively on the availability of 

fish. The fish were anesthetized with clove oil (75µl/l) in water and then dissected at the 

spot to remove the gut. All the samples of S. sarwari were collected in polythene bags, 

placed on ice and carried to the Molecular Research Laboratory, Department of Zoology, 

Government College University, Faisalabad. The basic morphometric measurements for  
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Table 1. Geographical and environmental conditions of the study sites. 

Sr. No. River Site District Latitude Longitude Mean summer 

temperature 

(ºC) 

Mean winter 

temperature 

(ºC) 

Annual Rainfall 

Inches /mm 

1 Chenab Head Tarimu Jhang 31.15º N 72.22º E 37 12 ºC 7-10 /(180) 

2 Indus Chasma Barrage Mianwali 32.26º N 71.22ºE 20 ºC 7 ºC 0.837 /(21) 

3 Jhelum Head Rasul Mandi 

Bahaudin 

32.42º N 73.31ºE 43 ºC 12.5 ºC 9.05/(230) 

4 Ravi Head Balloki Faisalabad  31.42º N 73.52ºE 39 ºC 19 ºC 7-10 /(84) 
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Fig. 1. Map of Study Area 
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of each specimen were taken by using standard scale, vernier caliper and electrical 

weighing balance (Fig. 2). The detail specimen number is given in Table 2. 
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Fig. 2 Morphology of S. sarwari (A&B) 
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Table 2. Different populations of S. sarwari collected from the upstream and downstream 

of four rivers (River Chenab, Ravi, Jhelum and Indus). 

 

 

 

 

 

 

 

 

 

Sr. No Location Sites Sample size 

1 River Chenab Tarimue Head 

Upstream 

 

5 

Downstream 5 

2 River Ravi Head Balloki  

Upstream 

 

5 

Downstream 5 

3 River Jhelum Head Rasool 

Upstream 

 

7 

Downstream 7 

4 Indus river Chashma Barrage 

Upstream 

 

10 

Downstream 10 

Total   54 
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3.3 Chemicals Used in the Study 

The chemicals which were used in study are given in Table 3. The high quality 

analytical and molecular grade chemicals were used in the study. 

3.4 Morphometric measurements  and specimen preservation 

Morphometric parameters of each sample were recorded and tabulated according 

to (Mirza, 1990; Jayaram, 1999; Mirza & Sandhu, 2007). The color and morphometric 

parameters (21), including total length (TL), weight (W), standard length (SL), body 

depth (BD), dorsal fin length (DFL) and dorsal fin base (DFB), head length (H.L), caudal 

fin length (CFL) and caudal fin height (CFH), pectoral fin length (Pec. FL) and pectoral 

fin base (Pec.   FB), pelvic fin length (PFL) and pelvic fin base (PFB), adipose fin length 

(Ad. FL) and adipose fin base (Ad.FB), nasal barbel length (NBL), maxillary barbel 

length (MBL), inner and outer mandibular barbel length (IMan. BL & OMan. BL) were 

measured by using conventional method with some modifications (Hubbs & Lagler, 

1958) through centimeter or millimeter scale and electric digital weight balance (AFD 

300) using standard key for fish identification (Mirza, 1990; Jayaram, 1999; Mirza & 

Sandhu, 2007).  Each fish specimen was thoroughly washed with the distilled water and 

then with sterilized scissors in to 20-30g pieces of muscle tissues, placed in a labeled zip 

bag with the location and reference number of the specimen. After basic analysis of each 

specimen, labeled bag was stored at -00C for DNA extraction and further genome 

analysis.   

3.5 DNA Isolation from fish muscles 

To obtain high quality DNA from the collected samples of S. sarwari  population, 

three different types of DNA extraction methods were  adopted i.e, Salt method (Aljanabi 

& Martinez, 1997), Phenol/ Chloroform method (Sambrook & Russel, 2001) and Kit 

Method (Favorgen FATGK-001) with some modification of reagents and solution to 

enhance the DNA quantity and quality. 

3.5.1 High Salt DNA Extraction (Inorganic Method) 

The genomic DNA was obtained from each collected sample using a modified 

high salt concentration of NaCl extraction protocol (Aljanabi & Martinez, 1997). About 

small amount of tissue (̴ 0.5 cm2) was chopped, homogenized (BBY 5E-CE) and taken  



 

32 
 

Table 3 List of Chemicals used in the study. 

Sr. 

No Name of Chemical Case No. Name of Company Purpose for Use 

1 Aagrose 901236-6 Bioword 

Used in gel 

electrophoresis 

2 Bromophenol blue BH151TD BDH Dye 

3 Chloroform C7445434 Merk DNA Extraction 

4 EDTA S061101 Riedel- de-Haen DNAextraction 

5 Ethidium Bromide 193993 INC Biomedical Gel electrophoresis 

6 Ethanol 64-17-5 Sigma 
 

7 NaCl 7647-14-5 Sigma Aldrich DNA Extraction 

8 SDS 151-21-3 Bio-Basic DNA Extraction 

9 Tris base 77-86-1 Bioword DNA Extraction 

10 Tri HCl 77086-1 Bio-Basic Canada INC DNA Extraction 

11 Phenol 
   

12 DNTPs 110011 Geneon Use in PCR 

13 Primer 110011 Geneon Use in PCR 

14 MgCl2 EP0402 ThermoScientific Use in PCR 

15 Taq polymerase EP0402 ThermoScientific Use in PCR 

16 Taq Buffer EP0402 ThermoScientific Use in PCR 

17 Protenase K 21560024-1 
 

Use in PCR 

18 Master Mixture W1401-2 Wizpure Use in PCR 

19 Isopropanol 
  

DNA Extraction 

20 DNA Extraction Kit FATGK-001 Favorgen DNA Extraction 

21 Ladder Gene ruler FermentasTM Gel documentation 

22 PCR Water 
  

Use in PCR 
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into the eppendrof tube. Then added 600-µL of TENS buffer (10 mM Tris, pH 7.5, 

400mM NaCl, 100 mM EDTA and 0.6% SDS) and 35 µL of Proteinase-K (20 mg/ml)  in 

sample containing eppendrof tube. Then mixed the sample by inverting the eppendrof 

tube and incubated in waterbath at 550C for 5-24 hours. Then added the 167µL NaCl 

(6M) solution and shake vigorously for 20 minutes. Then eppondrof tube was centrifuged 

for 10 minutes at 12000- 14000 rmp. After centrifugation (Sigma, D37520) supernatant 

was transferred into a new eppondrof tube. In this new supernatant DNA was precipitated 

by the addition of 700-800 µL or equal volume of absolute cold ethanol / Isopropanol. 

Then again DNA samples in eppondrof tube were centrifuged (Sigma, D37520)  for10-20 

minutes at 12000-14000 rmp at 4 0C. Then DNA sample was washed with 100% ethanol 

(200-700 µL) and then washed with70% ethanol. Dried the DNA sample at room 

temperature and resuspended with 100-200 µL double distilled/ sterile water. The purified 

DNA obtained was kept at -20 0C for further analyses. 

3.5.2 Phenol-Chloroform Protocol  

The fish tissue (5-10 mg) was taken in 1.5 ml tube and crushed with a glass rod. 

Then 350 µL lysis buffer [(100mM NaCl (0.15g) + 10mM Tris-HCl (0.03g) 

+1mMEDTA(0.007g) + 0.25g SDS in 25 ml] and 20- µL of 20 mg/ mL of proteinase K 

was added in the above  tube. Then it was vortexed (BV 1000) for 5 minutes, the sample 

was incubated in thermo regulated water bath for 4 hours at 56 0C. After incubation 

samples were centrifuged at 10,000 rmp for 5 minutes at room temperature. Supernatant 

was transferred to a fresh tube and 400 µL of phenol was added and centrifuged (Sigma, 

D37520) at 13000 rpm for 10 minutes.  Remove the supernatant and transfer to new tube. 

Repeated the above step for one time, removed the supernatant and transferred to fresh 

tube. Then added 1/10 part of sodium acetate (40 µL) and 2/3 part of 100% chilled 

propanol (500-µL). Placed the sample in freezer for overnight. Then centrifuged (Sigma, 

D37520) the sample at10000 rpm for 8 minutes. Removed the supernatant, added 250-µL 

of chilled ethanol and centrifuged at 8000 rpm for 5 minutes. Removed the supernatant 

and remaining ethanol.  The pellet was dried for 10-15 minutes by inverting the tube on a 

blotting paper. Then dissolved the DNA in 50- µL of PCR water/sterile water (d3 H2O). 

The purified DNA obtained was kept at -20 0C for further analysis. 
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3.5.3 Genomic Kit Method 

Genomic DNA was also extracted by using a Genomic DNA isolation kit 

(Favorgen FATGK-001). The fish sample was weighed up to 25 mg and ground in liquid 

nitrogen, then transferred into new micro-centrifuge (Sigma, D37520) tube. Added 200 

µL FATG 1 buffer and mixed very well by micro pestle or pipette tip. Added 20 µL 

Proteinase K (10mg/ml) to the sample mixture and mixed through votrex.  Incubated the 

sample at 600C until the tissue was lysed completely. Vortex (BV1000) for 10-15 minutes 

during incubation to break up the tissue sample. Briefly spin the tube to remove drops 

from the inside of the lid. Added 4µL of 100 mg/ml RNase A  and incubated for 2 mint at 

room temperature. Added 200 µL FAGT 2 buffer to the sample mixture. Mixed 

thoroughly by pluse-vortexing (BV1000) and incubated at 70 0C for 10 minutes. Briefly 

spined the tube to remove drops from the lid. Added 200 µL ethanol (96-100%) to the 

sample and mixed thoroughly by pulse- voterxing (BV 1000). Briefly spined the tube to 

remove drops from the lid.  Placed FATG mini column in collection tube and transfer the 

mixture to mini column tube. Centrifuged (Sigma, D37520)  for 1 minute, then placed 

FATG mini column tube to new collection tube. Washed the mini column tube with 500 

µL with W1 buffer by Centrifuge (Sigma, D37520)  for 1minute then discard the follow 

through. Washed mini column tube with 750 µL wash buffer by centrifuged for 1 minute 

then discard the follow through. Centrifuged (Sigma, D37520) for an additional 3 mint to 

dry column.  Placed the mini column tube in Elution tube and added 50-200 µL elution 

buffer or ddH2O to the center of membrane at mini column and stand FATG mini column 

tube for three minutes.   Centrifuged (Sigma, D37520)  for 2 minutes to elute DNA. 

Stored the DNA at 4 0C or -20 0C for quantification and PCR amplification. 

3.6 DNA Quantification by Spectrophotometer 

The DNA concentration was measured by using the UV spectrophotometer 

(Hitachi, U 2800). The optical density (OD) of each sample was measured at 260-280 nm 

wavelength of UV light. DNA concentration was calculated as: 

DNA Conc. µg/ µl= Dilution factor × Absorbance at 260nm × 50 

The purity of DNA was determined by measuring the absorbance at 260 nm and 280 nm 

(A260/A280) in a spectrophotometer (Hitachi, U 2800).  
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3.7 Agarose Gel Electrophoresis 

The DNA integrity was checked on agarose gel (1.0%). The gel was prepared in 

IX TAE buffer and poured slowly in the gel tank (mini ges, sr. GMW13M10007L) to 

avoid bubble formation and placed the gel at room temperature for 20-30 min for 

solidification. Isolated DNA sample was mixed with 1 µL 6X DNA loading dye and 

loaded in wells of agarose gel. The gel was run at 80 V in 1X TAE buffer for I hour 

(Sambrook & Russell, 2001). After removing gel from the apparatus, it was kept in 

ethidium bromide for 15-20 min and samples was seen under ultraviolet rays in gel 

documentation system (syngene, 2000), photographed and quantified for resolution of 

DNA band. 

3.8 PCR Optimization for RAPD Markers 

To assess the genetic variations in S. sarwari population, the condition of PCR 

was optimized by using the Random Amplified Polymorphic DNA (RAPD) markers. 

Fifteen RAPD markers were selected from the genomic Library on the basis of GC 

contents (%) and band reproducibility for the amplification of genomic DNA in S. 

sarwari (Heba et al., 2013; NCBI;www.genelink.com; Table 3) and were named as SS 

Makers. Short sequence RAPD DNA markers consist of  ten bp  were used in this study, 

which were annealed at different locations in the genome and different length of 

amplified bands  appeared on the agarose gel. 

3.9  Random Amplified Polymorphic DNA and PCR reaction 

RAPD markers play an important role of multiple amplifications in short time 

with different conditions of PCR reactions. Different primers were applied to all 

populations of S. sarwari. These RAPD primers were performed in Thermal PCR 

(Biorad, 2001) of 25 uL reaction and optimized the conditions for PCR amplification.  

Different conditions of PCR ingredient were applied for highly reproducibility and 

specificity of the primer in fish genome given in Tables 4-5. PCRs were done as follows 

in 25 uL reaction with varying of concentration of template.  

DNA, 2.5 mM mixed dNTPs, 2.5 uL 10X Taq DNA polymerase buffer, 2.5 uL 25 

mM MgCl2, 0.5 uL each primer, 0.5 uL Taq DNA polymerase, that was gently mixed. 

PCR reaction was as follows: 95 oC for 3 min, 95oC for 30 sec, 45oC for 30 sec, 72oC for  
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Table 4. List of RAPD primers  used for the amplification of genome pattern in RAPD 

markers. 

Sr. No Primer Sequence % of GC contents 

1 5\ CTGCTGGGAC 3\ 70% 

2 5\ CATCCCCCTG 3\ 70% 

3 5\ TGGACCGGTG3\ 70% 

4 5\  TCTGGTCAGG 3\ 60% 

5 5\  GTCGCCGTCA 3\ 70% 

6 5\  GGGTAACGCC 3\ 70% 

7 5\  AGCCAGCGAA3\ 60% 

8 5\  TGCCGAGCTG 3\ 70% 

9 5\  GGTGACGCAG 3\ 70% 

10 5\  GGTCCCTGAC 3\ 70% 

11 5\  TGGACCGGTG 3\ 70% 

12 5\ GGACTGGAGT 3\ 60% 

13 5\  TGCTCTGCCC 3\ 70% 

14 5\ CAGGCCCTTC 3\ 70% 

15 5\ AGGGAACGAG 3\ 60% 
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Table 5. Composition of PCR reagents for the amplification of genomic DNA of S.  

sarwari. 

 

Sr. No. 

 

Reagents 

 

Concentrations 

1 Buffer (10X buffer + (NH4)2SO4 1X 

2 MgCl2(mM) 0.1-0.3 

3 dNTPs(mM) 0.01-0.25 

4 Primer (RAPD) 0.10-0.25 

5 Taq Polymerase (uints) 1-3 

6 DNA template length ng/µl 40-80 

Total  25 (µl) 

 

Table 6.  PCR A/B used for the amplification of genome pattern in RAPD markers. 

 

 

 

 

 

 

Sr. No. Steps in PCR Stages Temperature ºC Time  Cycle 

1 Denaturation I 95 3 min  

II 95 30 sec. 1 

2 Primer annealing  45 30 sec  

3 Primer extension III 72 1 min 35 

4 Final extension  72 10 min   

5 Hold temperature  4   
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1min, 35 cycles, followed by a 10 min final extension at the 72 oC (Table 5). The detail of 

concentration of reagents that were applied for the optimization of genetic markers is 

given in Table 4. PCR profile for amplification of DNA sample was optimized by up and 

down range of annealing temperature.  The PCR optimization conditions of denaturation 

occurred in two steps, primer annealing, primer extension, final extension and final 

amplified product of RAPD markers. The PCR optimized pattern is given in Table 5. 

3.10 Agarose Gel Electrophoresis Analysis 

Amplified RAPD DNA was further checked on 1.5 % agarose gel for the 

resolution of different band patterns. Amplified fragments of each marker were observed 

under the UV transilluminator and the photograph was taken through the gel 

documentation system (Syngene, 2000) for further genetic analyses. 

3.11 Genetic Analysis 

RAPD markers amplified different patterns of genome in S.  sarwari, examined 

under the UV transluminator and photographed using Gel documentation (Syngene, 

2000). Molecular analysis program of gel documentation system was applied for scoring 

the amplified locus size of individual genome. These loci patterns of different individuals 

of S. sarwari population were analyzed by molecular software program POPGENE 

ver16/32and Gen AlEx 6.4 for estimation of genetic diversity in S.  sarwari. 

3.12 Statistical Analysis 

The data were analysed by Minitab17 software using principal component 

analysis and SPSS Statistics 21.0 using one way ANOVA and paired T-test. Data of 

selected parameters regarding morphological and meristic characteristics of different 

populations of S.  sarwari  were expressed as mean+S.E. Cluster analysis was performed 

for the assessment of similarity pattern for the different populations of S.  sarwari for 

morphological and merestic parameters. P-value <0.05 and <0.01 were considered to be 

statistically significant. 
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Chapter 4 

RESULTS 

The present study was performed to observe the morphometric, meristic and 

genetic variations, genetic flow and inbreeding coefficient among the isolated populations 

of endangered fish species Sperata sarwari (Singhari). The samples were collected from 

the selected areas, i.e. Dams, Barrages and Headworks present at the four rivers (i.e., 

River Chenab, Ravi, Jhelum and Indus; Fig. 1). The S. sarwari is considered as an 

endangered species due to the declining of its natural habitat by the construction of Dams 

or Darrages or Headworks, overfishing and pollution. 

 

4.1 Morphological and Meristic Analysis of S. sarwari  

4.1.1 General morphology of S. sarwari 

The general morphology of S. sarwari is shown in Fig. 2; page 29. The head of 

the fish was long depressed and flat on the ventral side. Mouth was inferior, wide 

transverse in position and upper jaw was slightly larger than the lower jaw. The median 

groove was present on the head, which ranged from the anterior margin of the eye to the 

base of occipital process. The eyes were broad, ovoid lateral and horizontal present on the 

anterior of the dorsal and the middle line of the head. Four pairs of barbels were present 

in the nasal, maxillary, inner mandibular and outer mandibular position. The nasal barbel 

was developed from the front side of the posterior nostril. The maxillary barbells 

originated from the dorsolateral side of the posterior nostrils. The inner and outer 

mandibular barbels were present on anterior portion of the lower jaw. The dorsal fin was 

present in the middle of the standard length of the fish.  

There was a long smooth dorsal spine, which was smaller than the 1st ray of the 

dorsal fin. A fleshy adipose fin with long base was present on the dorsal side of the body. 

Pectoral fin originates from the margin of the operculum on the ventral side and has a 

smooth, straight and pointed spine, which was shorter than the dorsal spine in length. 

Pelvic fin was present just behind the pectoral fins almost in the middle of the body 

length on the ventral side. The anal fin was present on the posterior side near to the body 

line showed the straight margin. Caudal fin was long forked and had symmetrical pointed 

lobes.   
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4.1.2 Body color 

 The body color of S. sarwari was generally observed gray on the dorsal side and 

silver white on the belly or ventral side of the body. The black spot was present on the 

posterior side of adipose fin with the black margin. The body color of S. sarwari varied 

from region to region. The body color varied from dark to light gray color in the upstream 

and the downstream of the River Chenab population. The adipose fin showed the light 

and dark gray color, margin showed the black color band and black spot was present on 

the extreme posterior side near to the main body in the upstream population of the S. 

sarwari (Fig. 3). Whereas, the specimens collected from the downstream of Head 

Tarimue (River Chenab) showed only light gray color, the margin and the position of the 

black spot was the same as in the upstream population (Fig. 4). The specimens collected 

from the River Jhelum showed the light gray color on the dorsal side and silver white on 

the belly or ventral side, and slight variation occurs in both colors between the upstream 

and the downstream populations. The color of the adipose fin was white and light brown 

and margin of the adipose fin showed dark gray coloration rather than the black color, and 

black spot was present in the margin (Fig. 5), while the light gray color of adipose fin 

with nearly light gray margin and black spot on the posterior side of the fin was found in 

the downstream specimens of the River Jhelum (Head Rasul; Fig. 6). The color of the 

body was dark gray on the dorsal side and the tail showed the gray coloration, while 

white on the belly.  The body color of both the upstream and the downstream of the River 

Ravi population was nearly similar to each other. Both showed dark and light color on the 

dorsal side while the white color on the belly. The color of adipose fin was of gray color 

with black margin and black spot was present on the posterior side of the fin in both 

specimens collected from the upstream and the downstream of the River Ravi at Head 

Bolki (Fig. 7). The body color of specimens collected from the upstream and the 

downstream of Chashma Barrage (River Indus) was dark gray on the dorsal side and the 

tail also showed the gray coloration while white on belly (Fig 8). The color of adipose fin 

was a light and dark shade of gray color and no black margin was formed on the adipose 

fin, while black spot was present on the posterior side of the fin.  Overall, the populations 

of S. sarwari collected from the river Chenab, Jhelum, Ravi and Indus showed variations 

in the body color and adipose fin. The variation in the body color could be due to the 

variable environment. 
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Fig. 3. The specimen of S. sarwari collected from the upstream of Head Tarimue (River 

Chenab) showing light and dark color in adipose fin with black margin and black 

spot. 

 

  

 

 

 

 

 

  

 

 

 

 

Fig. 4. The specimen of S. sarwari collected from the downstream of Head Tarimue 

(River Chenab) showing dark color in adipose fin with black margin and black 

spot. 
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Fig. 5. The specimen of S. sarwari collected from the upstream of Head Rasul (River 

Jhelum) showing brown and light gray color in adipose fin with dark gray margin 

and black spot. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The specimen of S. sarwari collected from the downstream of Head Rasul (River 

Jhelum) showing black spot and light gray color in adipose fin with no definite 

light gray margin. 
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Fig. 7.  The specimen of S.  sarwari collected from the upstream and downstream of Head 

Baloki (River Ravi) showing black spot and light gray color in adipose fin with 

black margin. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig. 8. The specimen of Sperata sarwari collected from the upstream and the downstream 

of  Chashma Barrage (River Indus) showing black spot and light gray color in 

adipose fin with no definite margin. 
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4.1.3 Morphological Analysis of S. sarwari 

The morphometric and meristic parameters are usually used to measure the 

population dynamics like the appropriate identification of fish and variation among and 

between the populations. In the present study the fish samples were collected from the 

four different rivers of the Punjab (i.e., River Chenab, Jhelum, Ravi and Indus). This 

study investigated 21 morphometric parameters, e.g., body weight (W), total length (TL), 

standard length (SL), body depth (BD), dorsal fin length (DFL) and dorsal fin base 

(DFB), head length (HL), caudal fin length (CFL) and caudal fin height (CFH), pectoral 

fin length (Pec.FL) and pectoral fin base (Pec.FB), pelvic fin length (PFL) and pelvic fin 

base (PFB), adipose fin base (AFB) and adipose fin length (AFL), nasal barbel length 

(NBL), maxillary barbel length (MBL), inner and outer mandibular barbel length (IMan. 

BL & OMan. BL) and five meristic parameters like dorsal fin rays (DFR), pectoral fin 

rays (Pec. FR), pelvic fin rays (PFR), anal fin rays (AFR) and caudal fin rays (CFR) for 

morphometric and meristic analysis.  The morphological variations in selected parameters 

were observed within the population of the same river and between the populations of 

different rivers.  

The mean ± S.E of 21 morphometric parameters of eight populations collected 

from the four different rivers of the Punjab (i.e., River Chenab, Jhelum, Ravi and Indus) 

are shown in the Table 7. The fish of similar weight 305±5.0 g of all populations were 

collected from the selected upstream and downstream of the River Chenab, Jhelum, Ravi 

and Indus, respectively. Morphological parameters showed the significant (P<0.05) 

differences among the rivers except weight. The mean total length, standard length, body 

depth at dorsal fin and head length showed the similar pattern among fish populations of 

the different rivers. The mean TL, SL, BD and HL of S sarwari was in the order of 

Jhelum =Indus >Chenab >Ravi.  The significant (P<0.05) differences were found in the 

mean TL, SL, BD and HL in the River Chenab and Ravi populations. The mean of CFL 

and DFB showed similar patterns in the populations of S. sarwari collected from the 

different rivers of the Punjab. The mean CFL and DFB was found in the order of River 

Jhelum > Indus > Chenab >Ravi population. There were significant (P<0.05) differences 

in the CFL and DFB in the populations collected from the four different rivers of the 

Punjab. The mean DFL and PFL showed the same pattern of variation among the  

selected rivers and were found in the order of River Chenab=Jhelum > Indus > Ravi  
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Table 7: Mean± S.E of different morphological characters of S. sarwai collected from the 

different Rivers of the Punjab. 

Parameter 

Rivers 

Chenab Jhelum Ravi Indus 

W (g) 304.41±1.33 306.01±1.16 305.58±1.23 305.33±0.92 

TL (cm) 37.09±0.584b 42.39±0.913a 26.15±1.07c 41.14±0.264a 

SL (cm) 28.86±0.541b 32.99±0.807a 20.28±1.09c 31.95±0.255a 

BD (cm) 4.50±0.162b 6.04±0.179a 4.18±0.133c 5.90±0.084a 

HL (cm) 7.89±0.149b 9.04±0.241a 3.83±0.329c 9.09±0.119a 

CFL (cm) 8.65±0.273c 9.46±0.311a 5.83±0.152d 9.19±0.215b 

CFH (cm) 4.85±0.254c 7.02±0.215b 4.18±0.149d 7.20±0.204a 

DFL (cm) 6.99±0.171a 6.80±0.279a 3.48±0.160c 6.57±0.131b 

DFB (cm) 3.72±0.102c 4.57±0.188a 2.90±0.162d 3.88±0.054b 

Pec.FL ( cm) 4.14±0.162b 4.19±0.243b 2.45±0.125c 4.42±0.98a 

Pec.FB (cm) 0.74±0.056c 1.36±0.049a 0.99±0.069b 0.54±0.035d 

PFL (cm) 3.87±0.097a 3.92±0.209a 2.19±0.166c 3.77±0.095b 

PFB (cm) 0.99±0.055c 1.50±0.147a 0.89±0.067c 1.04±0.039b 

Ad.FL (cm) 1.43±0.056d 2.61±0.161a 2.32±0.115b 1.48±0.053c 

Ad.FB (cm) 3.36±0.120c 4.78±0.161a 3.39±0.196c 4.20±0.094b 

AFL (cm) 4.28±0.073a 3.92±0.282b 2.56±0.260c 3.92±0.150b 

AFB (cm) 2.69±0.074b 3.76±0.791a 1.86±0.279d 2.48±0.056c 

NBL (cm) 1.44±0.065d 1.73±0.079a 1.59±0.099b 1.47±0.055c 

I.Man.BL (cm) 5.48±0.330a 4.36±0.272c 2.88±0.126d 5.11±0.127b 

O.Man.BL (cm) 3.54±0.173c 5.01±0.135a 3.21±0.155d 3.89±0.126b 

MBL (cm) 18.41±0.410a 16.05±0.378b 13.59±0.334c 12.39±0.193d 
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population. The Pec.FL and Pec. FB showed the different pattern of variations among the 

populations of rivers. The Pec. FL was present in the order of River Indus > Chenab= 

Jhelum > Ravi population, while the Pec.FB was present in the order of River Jhelum 

>Ravi >Chenab >Indus. The mean of PFB and Ad.FB showed differences among the 

different river populations and were in the order of River Jhelum > Indus > Ravi=Chenab 

population. The mean AFL was found in the order of River Chenab > Jhelum =Indus > 

Ravi Population. The mean length of I.Man.BL, O.Man.BL and MBL showed the 

different patterns of variation between the populations of different rivers. The mean of 

I.Man.BL was found in the order of River Chenab >Indus >Jhelum >Ravi Population and 

mean L.O.Man.B was found in the order of River Jhelum> Indus>Chenab >Ravi 

population. The mean MBL was found in the order of River Chenab >Jhelum >Ravi 

>Indus population. 

The mean ± S.E. of 21 different parameters of S. Sarwari collected from the 

upstream and downstream of four different rivers (i.e., River Chenab, Jhelum, Ravi and 

Indus) of the Punjab are shown in Table 8 and 9. There was no significant (P>0.05) 

difference among the weight of S. sarwari in the upstream and the downstream 

populations of the different rivers, as S. sarwari of similar weight, i.e., 305±5.0g were 

collected from the different upstream and downstream of the River Chenab, Jhelum, Ravi 

and Indus, respectively for comparative study. However, the significant (P<0.05) 

differences were observed in the mean 20 other morphometric parameters of four riverine 

populations. The mean TL, SL, BD and CFL showed a similar pattern among the 

upstream and the downstream populations collected from the four rivers. The mean TL, 

SL, BD and CFL in both upstream and downstream population were found in the order of 

Jhelum> Indus>Chenab>Ravi. The mean of HL showed the different pattern of variation 

among the upstream and the downstream of the four different riverine  populations of S. 

sarwari. The mean HL in the upstream population was found in the order of 

Jhelum>Indus>Chenab>Ravi, while in downstream population, it was found in the order 

of Indus>Jhelum>Chenab>Ravi. The mean CFH was similar in both the upstream and the 

downstream population of S. sarwari. The mean CFH in both upstream and downstream 

population was found in the order of Jhelum>Indus>Chenab>Ravi. The mean DFL and 

DFB showed the significant differences (P<0.05)  among the eight different upstream and 

downstream riverine populations of S. sarwari. The DFL and DFB in the upstream 

population were found in the order of Chenab>Jhelum=Indus>Ravi and  
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Table 8: Mean± S.E of different morphological characters of S. sarwai collected from the 

Upstream of different Rivers of the Punjab. 

 Rivers 

Parameter  Chenab Jhelum  Ravi Indus 

W (g) 304.08±2.144 305.70±1.629 305.29±1.389 304.97±1.403 

TL (cm) 37.48±0.661c 42.81±1.340a 25.58±1.70d 41.29±0.406b 

SL (cm) 28.96±0.271c 33.43±1.142a 19.92±1.720d 31.91±0.362b 

BD (cm) 4.26±0.125c 6.09±0.272a 4.16±0.209d 5.91±0.117c 

HL (cm) 8.12±0.185c 9.17±0.373a 4.66±0.201d 9.05±0.182b 

CFL (cm) 8.92±0.408c 9.49±0.485a 5.66±0.108d 9.38±0.323b 

CFH (cm) 5.50±0.210c 7.04±0.323b 4.22±0.208d 7.27±0.286a 

DFL (cm) 7.14±0.189a 6.73±0.434b 3.18±0.102c 6.60±0.189b 

DFB (cm) 3.82±0.136b 4.57±0.279a 2.72±0.166c 3.91±0.082b 

Pec. FL ( cm) 4.48± 0.153a 4.20±0.364 b 2.38±0.166 c 4.46±0.161 a 

Pec.FB(cm) 0.76±0.81 c 1.33±0.068 a 1.04±0.108 b 0.55±0.050 d 

PFL (cm) 3.88±0.107 a 3.84±3.11 a 2.32±0.193 c 3.74±0.132 b 

 PFB (cm) 1.06±0.081 b 1.50±0.209 a 0.90±0.071c 1.06±0.70 b 

Ad.FL (cm) 1.36±0.081 d 2.19±0.193 b 2.38±0.166 a 1.49±0.077 c 

Ad.FB (cm) 3.52±0.124 d 4.87±0.253 a 3.92±0.124 c 4.18±0.126 b 

AFL (cm) 4.26±0.081a 3.66±0.298 c 2.14±0.18 d 3.95±0.239 b 

AFB (cm) 2.78±0.97 b 2.97±0.219 a 1.08±0.107 c 2.69±0.078 b 

NBL (cm) 1.46±0.108 c 1.67±0.136 a 1.46±0.150 c 1.50±0.082 b 

I.ManB L (cm) 5.40±0.292 a 5.09±0.335 c 2.98±0.066 d 5.22±0.177 b 

O.Man.BL (cm) 3.52±0.174 c 4.87±0.219 a 2.92±0.80 d 3.94±0.175 b 

MBL (cm) 18.40±0.645 a 15.96±0.514 b 13.74±0.499 c 12.32±0.262 d 
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Table 9: Mean± S.E of different morphological characters of S. sarwai collected from the 

downstream of different Rivers of the Punjab. 

 Rivers 

Parameter  Chenab Jhelum  Ravi  Indus 

W (g) 304.73±1.83 306.31±1.77 305.86±2.201 305.69±1.255 

TL (cm) 36.70±1.010 c 41.96±1.324 a 26.72±1.448 d 40.98±0.352 b 

SL (cm) 28.76±1.11 c 32.56±1.207 a 20.64±3.389 d 31.98±1.192 b 

BD (cm) 4.74±0.271 c 6.00±0.254 a 4.20±0.190 d 5.88±0.126 b 

HL (cm) 7.66±0. 196 c 8.90±0.327 b 3.00±0.318 d 9.12±0.163 a 

CFL (cm) 8.38±0.362 c 9.43±0.427 a 6.00±0.279 d 9.00±0.287 b 

CFH (cm) 4.20±0.190 c 7.00±0.311 b 4.14±0.236 d 7.13±0.304 a 

DFL (cm) 6.84±0.291 a 6.87±0.384 a 3.78±0.244 c 6.54±0.192 b 

DFB (cm) 3.62±0.153c 4.57±0.274a 3.08±0.273d 3.84±0.072b 

Pec.FL ( cm) 3.80±0.192 c 4.19±0.350 b 2.52±0.201 d 4.38±0.120 a 

Pec.FB (cm) 0.72±0.086 c 1.39±0.074 a 0.94±0.093 b 0.52±0.051 d 

PFL (cm) 3.86±0.175 b 4.00±0.300 a 2.06±0.121 c 3.80±0.145 b 

PFB (cm) 0.92±0.066 c 1.50±0.223 a 0.88±0.124 c 1.02±0.039 b 

Ad.FL (cm) 1.50±0.071 c 3.03±0.123 a 2.26±0.175 b 1.47±0.076 c 

Ad.FB (cm) 3.20±0.192 c 4.69±0.212 a 2.86±0.133 d 4.22±0.146 b 

AFL (cm) 4.30±0.130 a 4.19±0.481 b 2.98±0.428 d 3.88±0.195 c 

AFB (cm) 2.60±0.105 c 4.54±01.569a 2.64±0.189 c 2.67±0.083 b 

LNB (cm) 1.42±0.086c 1.79±0.088a 1.72±0.116b 1.44±0.076 c 

I.Man.BL (cm) 5.56±0.635 a 3.64±0.185 c 2.78±0.250 d 5.00±0.185 b 

O.Man.BL(cm) 3.56±0.323 c 5.14±0.159 a 3.50±0.243 c 3.85±0.190 b 

MBL (cm) 18.42±0.584 a 16.14±0.592 b 13.44±0.493 c 12.46±0.296 d 
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Jhelum>Indus=Chenab>Ravi, respectively.  The DFL and DFB in the downstream 

population were found in the order of Chenab=Jhelum>Indus>Ravi and 

Jhelum>Indus>Chenab>Ravi, respectively. The Pec.FL showed the different pattern of 

variations among the four different riverine populations of S. sarwari in both up and 

downstream populations and were found in the order of Chenab=Indus >Jhelum >Ravi, 

and Indus>Jhelum>Chenab>Ravi in up and downstream populations, respectively. 

Pec.FB showed the same pattern of variation in the upstream and downstream of the four 

different riverine populations of S. sarwari and was in the order of 

Jhelum>Ravi>Chenab>Indus. The mean pelvic fin length (PFL) and base (PFB) showed 

differences among the riverine populations of S.sarwari. The PFL and PFB in the 

upstream population were found in the order of Chenab=Jhelum > Indus > Ravi and 

Jhelum>Chenab=Indus>Ravi population, respectively. Whereas, PFL and PFB in the 

downstream population of different rivers were Jhelum>Chenab=Indus>Ravi and 

Jhelum>Indus>Chenab=Ravi, respectively. The Ad.FL showed the different pattern of 

variation among the upstream and downstream populations and was in the order of 

Ravi>Jhelum>Indus>Chenab and Jhelum>Ravi>Chenab=Indus, respectively. The Ad.FB 

was similar in both upstream and downstream population and was in order of 

Jhelum>Indus>Chenab>Ravi.  

The significant (P<0.05) differences were observed in the mean AFL and AFB 

among the four different upstream riverine populations, i.e., Chenab>Indus>Jhelum>Ravi 

and Jhelum> Chenab=Indus>Ravi, respectively. The mean AFL and AFB in the 

downstream were found in order of Chenab> Jhelum>Indus>Ravi and Jhelum>Indus> 

Ravi=Chenab, respectively. The mean I.Man.BL and MBL showed the similar pattern in 

the upstream and the downstream of the four riverine populations of S. sarwari. Both 

I.Man.BL, and MBL in the upstream and the downstream were found in the order of 

Chenab>Indus>Jhelum>Ravi and Chenab>Jhelum>Ravi>Indus, respectively.  O.Man.BL 

was different in both the upstream and the downstream population. In the upstream and 

the downstream population, it was found in the order of Chenab > Indus > Jhelum>Ravi 

and Jhelum>Indus>Chenab=Ravi, respectively. The mean NBL in the upstream and the 

downstream population was found in the order of Jhelum > Indus>Chenab=Ravi and 

Jhelum>Ravi>Chenab=Indus. 
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Table 10 shows the analysis of variance of different morphometric parameters of 

S.sarwari collected from different Rivers (i.e., Rive Chenab, Jhelum, Ravi and Indus) of 

the Punjab. There was no significant (P>0.05) difference in the weight parameter between 

and within the groups due to similar selected weight. All other morphometric parameters 

showed the highly significant (P<0.01) differences between and within the groups, except 

anal fin base (AFB) and length of nasal barb (LNB) which showed the significant 

difference (P<0.05) between and within the groups. 

Table 11 shows the analysis of variance of 21 different morphometric parameters 

of different populations of S. sarwari collected from the upstream and downstream of 

different Rivers (i.e., River Chenab, Jhelum, Ravi and Indus) of the Punjab. There was no 

significant difference in weight between and within the groups due to the similar selected 

weight. The highly significant (P<0.001) differences were observed in all other selected 

morphological parameters, except pelvic fin length (PFL) and anal fin length (AFL), 

which showed the significant differences (P<0.05) between and within the groups. The 

length of nasal barb (LNB) showed the non-significant difference (P>0.05) between and 

within the groups. 

Table 12 shows the mean ± S.E of the selected meristic parameters of eight 

populations of S.sarwai collected from the four different rivers of the Punjab (i.e., River 

Chenab, Jhelum, Ravi and Indus).  All meristic parameters showed the significant 

differences (P<0.05) among the riverine populations. The mean dorsal fin rays (DFR), 

pectoral fin rays (Pec.FR), pelvic fin rays (PFR), anal fin rays (AFR) and caudal fin rays 

(CFR) showed the significant differences (P<0.05) among the fish populations of 

different rivers. The mean DFR was in the order of Chenab>Jhelum>Indus>Ravi, while 

Pec.FR was in the order of Chenab>Indus>Jhelum> Ravi. It was observed that the mean 

PFR and AFR showed the small variations between the riverine populations of S. sarwai. 

The PFR was found in the order of Indus>Chenab=Jhelum >Ravi and AFR was found  in 

the order of Indus>Chenab>Jhelum>Ravi. The mean of CFR also showed the significant 

difference (P<0.05) among the population in order of Indus>Jhelum>Chenab>Ravi 

population. 
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Table 10: The Analysis of variance of different morphometric parameters of S. sarwari 

collected from the different Rivers of the Punjab. 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

W (g) 

Between 

Groups 
15.453 3 5.151 0.299 0.826 

Within Groups 862.422 50 17.248   

Total 877.874 53    

TL (cm) 

Between 

Groups 
1878.127 3 626.042 100.418 0.000 

Within Groups 311.717 50 6.234   

Total 2189.843 53    

StL (cm) 

Between 

Groups 
1144.529 3 381.510 69.134 0.000 

Within Groups 275.919 50 5.518   

Total 1420.448 53    

BD (cm) 

Between 

Groups 
33.572 3 11.191 44.836 0.000 

Within Groups 12.480 50 .250   

Total 46.052 53    

HL (cm) 

Between 

Groups 
211.766 3 70.589 127.473 0.000 

Within Groups 27.688 50 .554   

Total 239.453 53    

CFL (cm) 

Between 

Groups 
93.788 3 31.263 35.640 0.000 

Within Groups 43.858 50 .877   

Total 137.646 53    

CFH (cm) 

Between 

Groups 
88.386 3 29.462 45.942 0.000 

Within Groups 32.065 50 .641   

Total 120.450 53    

DFL (cm) 

Between 

Groups 
87.776 3 29.259 57.041 0.000 

Within Groups 25.647 50 .513   

Total 113.423 53    

DFB (cm) 

Between 

Groups 
16.492 3 5.497 25.399 0.000 

Within Groups 10.822 50 .216   

Total 27.314 53    

Pec.FL  

( cm) 

Between 

Groups 
28.103 3 9.368 25.806 0.000 

Within Groups 18.150 50 .363   

Total 46.253 53    

Pec.FB (cm) 

Between 

Groups 
5.880 3 1.960 60.762 0.000 

Within Groups 1.613 50 .032 
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 Total 7.493 53    

PFL (cm) 

Between 

Groups 
22.408 3 7.469 27.796 0.000 

Within Groups 13.436 50 .269   

Total 35.843 53    

PFB (cm) 

Between 

Groups 
2.847 3 .949 9.151 0.000 

Within Groups 5.186 50 .104   

Total 8.033 53    

Ad.FL (cm) 

Between Groups 14.483 3 4.828 33.441 0.000 

Within Groups 7.218 50 .144   

Total 21.701 53    

Ad.FB (cm) 

Between 

Groups 
16.997 3 5.666 22.068 0.000 

Within Groups 12.837 50 .257   

Total 29.833 53    

AFL (cm) 

Between 

Groups 
17.911 3 5.970 10.102 0.000 

Within Groups 29.549 50 .591   

Total 47.460 53    

AFB (cm) 

Between 

Groups 
22.066 3 7.355 2.997 0.039 

Within Groups 122.699 50 2.454   

Total 144.765 53    

LNB (cm) 

Between 

Groups 
.711 3 .237 3.324 0.027 

Within Groups 3.564 50 .071   

Total 4.274 53    

I.Man.BL 

(cm) 

Between 

Groups 
43.266 3 14.422 23.396 0.000 

Within Groups 30.822 50 .616   

Total 74.088 53    

O.Man.B.L 

(cm) 

Between 

Groups 
22.774 3 7.591 26.632 0.000 

Within Groups 14.252 50 .285   

Total 37.025 53    

Max.B L 

(cm) 

Between 

Groups 
282.168 3 94.056 72.050 0.000 

Within Groups 65.271 50 1.305   

Total 347.439 53    
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Table 11: The Analysis of variance of different morphometric parameters of S. sarwari 

collected from the upstream and downstream of different Rivers of the Punjab. 

 Sum of 

Squares 

Df Mean 

Square 

     F Sig. 

W (g) 

Between Groups 21.174 7 3.025 0.162 0.991 

Within Groups 856.701 46 18.624   

Total 877.874 53    

TL (cm) 

Between Groups 1885.948 7 269.421 40.782 0.000 

Within Groups 303.895 46 6.606   

Total 2189.843 53    

SL (cm) 

Between Groups 1148.608 7 164.087 27.766 0.000 

Within Groups 271.840 46 5.910   

Total 1420.448 53    

BD (cm) 

Between Groups 34.182 7 4.883 18.925 0.000 

Within Groups 11.870 46 .258   

Total 46.052 53    

HL (cm) 

Between Groups 219.466 7 31.352 72.156 0.000 

Within Groups 19.987 46 .435   

Total 239.453 53    

CFL (cm) 

Between Groups 95.539 7 13.648 14.910 0.000 

Within Groups 42.107 46 .915   

Total 137.646 53    

CFH (cm) 

Between Groups 92.731 7 13.247 21.984 0.000 

Within Groups 27.719 46 .603   

Total 120.450 53    

DFL (cm) 

Between Groups 88.991 7 12.713 23.935 0.000 

Within Groups 24.433 46 .531   

Total 113.423 53    

DFB (cm) 

Between Groups 16.941 7 2.420 10.732 0.000 

Within Groups 10.374 46 .226   

Total 27.314 53    

Pec.FL 

(cm) 

Between Groups 29.341 7 4.192 11.400 0.000 

Within Groups 16.913 46 .368   

Total 46.253 53    

Pec.FB 

(cm) 

Between Groups 5.925 7 .846 24.833 0.000 

Within Groups 1.568 46 .034   

Pec.FB 

(cm) 
Total 7.493 53 

   

PFL (cm) 

Between Groups 22.682 7 3.240 11.325 0.000 

Within Groups 13.161 46 .286   

Total 35.843 53    

PFB (cm) 

Between Groups 2.905 7 .415 3.723 0.003 

Within Groups 5.128 46 .111   

Total 8.033 53    

Ad.FL (cm) 

Between Groups 17.057 7 2.437 24.131 0.000 

Within Groups 4.645 46 .101   

Total 21.701 53    
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Ad.FB 

(cm) 

Between Groups 20.190 7 2.884 13.759 0.000 

Within Groups 9.643 46 .210   

Total 29.833 53    

A.FL 

(cm) 

Between Groups 20.681 7 2.954 5.075 0.000 

Within Groups 26.779 46 .582   

Total 47.460 53    

A.FB 

(cm) 

Between Groups 36.876 7 5.268 2.246 0.047 

Within Groups 107.889 46 2.345   

Total 144.765 53    

LNB 

(cm) 

Between Groups .947 7 .135 1.871 0.096 

Within Groups 3.327 46 .072   

Total 4.274 53    

I.Man.BL 

(cm) 

Between Groups 50.959 7 7.280 14.478 0.000 

Within Groups 23.130 46 .503   

Total 74.088 53    

O.Man.BL 

(cm) 

Between Groups 23.917 7 3.417 11.990 0.000 

Within Groups 13.108 46 .285   

Total 37.025 53    

Max.BL 

(cm) 

Between Groups 282.612 7 40.373 28.648 0.000 

Within Groups 64.826 46 1.409   

Total 347.439 53    
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Table 12. Mean± S.E of different meristic parameters of S.sarwai collected from the 

different Rivers of the Punjab. 

 Rivers 

Parameter Chenab Jhelum Ravi Indus 

DFR 8.00±0.010 a 7.00±0.003 b 5.00±0.000 d 6.50±0.000 bc 

Pec.FR 9.00±0.003 a 7.00±0.010 c 6.00±0.00 d 8.00±0.001 b 

PFR 6.00±0.002 b 6.0±0.001b 5.00±0.000 d 7.00±0.003a 

AFR 12.00±0.001 b 10.00±0.000 c 9.00±0.010 d 13.50±0.000 a 

CFR 20.00±0.001 b 21.00±0.002 a 19.00±0.002 c 21.50±0.010 a 

The means with different letters in the same row differ significantly (P<0.05) 
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Table 13 and 14 show the mean ± S.E of the meristic parameters of eight 

populations of S.sarwai collected from the upstream and the downstream of different 

rivers of the Punjab (i.e., River Chenab, Jhelum, Ravi and Indus). All the meristic 

parameters showed the significant (P<0.05) differences among the upstream and the 

downstream of riverine population, except AFR. The mean DFR, Pec.FR, PFR and CFR 

showed the different patterns among the fish population of four different upstream and 

downstream of different rivers of the Punjab. The mean count of DFR in the upstream and 

the downstream population was in the order of Chenab>Jhelum>Indus>Ravi and 

Chenab>Jhelum=Indus>Ravi, respectively. It was observed that the mean of Pec.FR in 

the upstream and the downstream was in the order of Chenab> Jhelum= Indus>Ravi and 

Chenab=Indus>Jhelum>Ravi, respectively. The count of PFR in the upstream and the 

downstream population was in the order of Chenab=Jhelum=Indus > upstream Ravi and 

Indus>Chenab=Jhelum>Ravi, respectively. The mean count of AFR in the upstream and 

the downstream population showed a similar pattern and was in the order of Indus> 

Chenab>Jhelum>Ravi. It was also observed that the mean count of CFR in the upstream 

and the downstream was in the order of Jhelum=Indus>Chenab>Ravi with a minor 

variation and Indus>Jhelum>Chenab>Ravi, respectively. 

Table 15 shows the Analysis of Variance of different meristic parameters of 

different populations of S. sarwari collected from the different Rivers (i.e., River Chenab, 

Jhelum, Ravi and Indus) of the Punjab. The highly significant (P<0.05) differences were 

observed in dorsal fin rays (DFR), pectoral fin rays (Pec. FR), pelvic fin rays (PFR), anal 

fin rays (AFR) and caudal fin rays (CFR) between and within the groups (P<0.001).  
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Table 13. Mean ± S.E of different meristic parameters of S. sarwai collected from the 

upstream of different Rivers of the Punjab. 

 Rivers 

Parameter  Chenab Jhelum    Ravi Indus 

DFR 8.00±0.010 a 7.00±0.001 b 5.00±0.001 d 6.00±0.003 c 

Pec.FR 9.00±0.002 a 7.00±0.000 b 6.00±0.020 c 7.00±0.020 b 

PFR 6.00±0.000 a 6.00±0.001 a 5.00±0.000 b 6.00±0.002 a 

AFR 12.00±0.001 b 10.00±0.000 c 9.00±0.003 d 13.00±0.010 a 

CFR 20.00±0.002 b 21.00±0.030 a 19.00±0.002 c 21.00±0.001 a 

The mean with different letters in the same row differ significantly (P<0.05) 

 

Table 14. Mean± S.E of different meristic characters of S.sarwai collected from the 

downstream of different Rivers of the Punjab. 

 Rivers 

Parameter 
 Downstream 

Chenab 

Downstream 

Jhelum 

Downstream 

Ravi 

Downstream 

Indus 

DFR 8.00±0.010 a 7.00±0.001 b 5.00±0.001 c 7.00±0.003 b 

  Pec.FR 9.00±0.002 a 7.00±0.000 b 6.00±0.020 c 9.00±0.020 a 

PFR 6.00±0.000 b 6.00±0.001 b 5.00±0.000 c 8.00±0.002 a 

AFR 12.00±0.001 b 10.00±0.030 c 9.00±0.003 d 14.00±0.010 a 

CFR 20.00±0.003 c 21.00±0.020 b 19.00±0.010 d 22.00±0.001 a 

The means with different letters in the same row differ significantly (P<0.05) 
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Table 15: The Analysis of variance of different meristic characters of S. sarwari collected 

from the different Rivers of the Punjab. 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

DFR 

Between 

Groups 
47.593 3 15.864 158.642 0.000 

Within Groups 5.000 50 .100   

Total 52.593 53    

Pec.FR 

Between 

Groups 
53.333 3 17.778 44.444 0.000 

Within Groups 20.000 50 .400   

Total 73.333 53    

PFR 

Between 

Groups 
28.148 3 9.383 23.457 0.000 

Within Groups 20.000 50 .400   

Total 48.148 53    

AFR 

Between 

Groups 
176.481 3 58.827 588.272 0.000 

Within Groups 5.000 50 .100   

Total 181.481 53    

CFR 

Between 

Groups 
47.593 3 15.864 158.642 0.000 

Within Groups 5.000 50 .100   

Total 52.593 53    
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4.1.4 Comparison of morphological parameters in the upstream and the 

downstream of different rivers 

Table 16 shows the comparison of morphological parameters with respect to the 

upstream and the downstream of the River Chenab, where no significant differences 

(P>0.05) were observed for most of the selected parameters, except pectoral fin length 

and caudal fin height, which showed significant (P<0.05) and highly significant 

(P<0.001) differences in the upstream and the downstream of the River Chenab, 

respectively.  

Table 17 showed the comparison of the morphological parameters with respect to 

the upstream and the downstream of the River Jhelum population. There was no 

significant difference (P>0.05) in most of the observed parameters, except adipose fin 

length and length of inner mandibular barb which showed highly significant differences 

(P<0.001) in the upstream and the downstream of the River Jhelum.  

Table 18 showed the comparison of the morphological parameters with respect to 

the upstream and the downstream of the River Ravi. There were no significant   

differences (P>0.05) in most of the observed parameters, except head length, adipose base 

and anal fin base which showed highly significant differences (P<0.001) in the upstream 

and downstream of the River Ravi, respectively.  

Table 19 showed the comparison of morphological parameters with respect to the 

upstream and the downstream of the River Indus population, where no significant 

differences (P>0.05) were observed.   
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Table 16. Comparison of the morphological parameters of S. sarwari with respect to the    

upstream ( US) and the downstream  (DS) of the River Chenab. 

 Level N Mean SEM t-test for Equality of Means 

       t             df Sig. (2-tailed) 

W (g) 
US 5 304.08 2.144 -0.228 8 0.825 

DS 5 304.73 1.827 -0.228 7.803 0.826 

TL (cm) 
US 5 37.48 0.661 0.646 8 0.536 

DS 5 36.70 1.010 0.646 6.891 0.539 

SL (cm) 
US 5 28.96 0.271 0.175 8 0.866 

DS 5 28.76 1.112 0.175 4.474 0.869 

BD (cm) 
US 5 4.26 0.125 -1.607 8 0.147 

DS 5 4.74 0.271 -1.607 5.623 0.162 

HL (cm) 
US 5 8.12 0.185 1.703 8 0.127 

DS 5 7.66 0.196 1.703 7.974 0.127 

CFL (cm) 
US 5 8.92 0.408 0.990 8 0.351 

DS 5 8.38 0.362 0.990 7.891 0.352 

CFH (cm) 
US 5 5.50 0.210 4.596 8 0.002 

DS 5 4.20 0.190 4.596 7.921 0.002 

DFL (cm) 
US 5 7.14 0.189 0.865 8 0.412 

DS 5 6.84 0.291 0.865 6.860 0.416 

DFB (cm) 
US 5 3.82 0.136 0.978 8 0.357 

DS 5 3.62 0.153 0.978 7.887 0.357 

Pec. FL 

( cm) 

US 5 4.48 0.153 2.767 8 0.024 

DS 5 3.80 0.192 2.767 7.614 0.026 

Pec.FB 

(cm) 

US 5 .76 0.081 0.338 8 0.744 

DS 5 .72 0.086 0.338 7.974 0.744 

PFL (cm) 
US 5 3.88 0.107 0.098 8 0.925 

DS 5 3.86 0.175 0.098 6.617 0.925 

PFB (cm) 
US 5 1.06 0.081 1.335 8 0.219 

DS 5 .92 0.066 1.335 7.692 0.220 

Ad.FL (cm) US 5 1.36 0.081 -1.300 8 0.230 
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DS 5 1.50 0.071 -1.300 7.851 0.231 

Ad.FB 

(cm) 

US 5 3.52 0.124 1.398 8 0.200 

DS 5 3.20 0.192 1.398 6.838 0.206 

AFL 

(cm) 

US 5 4.26 0.081 -.260 8 0.801 

DS 5 4.30 0.130 -.260 6.699 0.802 

AFB 

(cm) 

US 5 2.78 0.097 1.260 8 0.243 

DS 5 2.60 0.105 1.260 7.951 0.243 

LNB 

(cm) 

US 5 1.46 0.108 0.290 8 0.779 

DS 5 1.42 .086 0.290 7.627 0.779 

LI.Man.B 

(cm) 

US 5 5.40 0.292 -0.229 8 0.825 

DS 5 5.56 0.635 -0.229 5.617 0.827 

LO.Man.B 

(cm) 

US 5 3.52 0.174 -0.109 8 0.916 

DS 5 3.56 0.323 -0.109 6.144 0.917 

MBL 

(cm) 

US 5 18.40 0.645 -0.023 8 0.982 

DS 5 18.42 0.584 -0.023 7.923 0.982 
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Table 17. Comparison of the morphological parameters of S. sarwari with respect to the    

upstream (US) and the downstream (DS) of the River Jhelum. 

 Level N Mean SEM t-test for Equality of Mean 

       t            df     Sig. (2 tailed) 

W (g) 
US 7 305.70 1.629 -0.255 12 0.803 

DS 7 306.31 1.773 -0.255 11.915 0.803 

TL (cm) 
US 7 42.81 1.340 0.455 12 0.657 

DS 7 41.96 1.324 0.455 11.998 0.657 

SL (cm) 
US 7 33.43 1.142 0.524 12 0.610 

DS 7 32.56 1.207 0.524 11.963 0.610 

BD (cm) 
US 7 6.09 0.272 0.230 12 0.822 

DS 7 6.00 0.254 0.230 11.947 0.822 

HL (cm) 
US 7 9.17 0.373 0.548 12 0.594 

DS 7 8.90 0.327 0.548 11.797 0.594 

CFL (cm) 
US 7 9.49 0.485 0.088 12 0.931 

DS 7 9.43 0.427 0.088 11.812 0.931 

CFH (cm) 
US 7 7.04 0.323 0.096 12 0.925 

DS 7 7.00 0.311 0.096 11.983 0.925 

DFL (cm) 
US 7 6.73 0.434 -0.246 12 0.809 

DS 7 6.87 0.384 -0.246 11.824 0.810 

DFB (cm) 
US 7 4.57 0.279 0.000 12 1.000 

DS 7 4.57 0.274 0.000 11.996 1.000 

Pec.FL  

( cm) 

US 7 4.20 0.364 0.028 12 0.978 

DS 7 4.19 0.350 0.028 11.981 0.978 

Pec.FB 

(cm) 

US 7 1.33 0.068 -0.569 12 0.580 

DS 7 1.39 0.074 -0.569 11.922 0.580 

PFL (cm) 
US 7 3.84 0.311 -0.364 12 0.722 

DS 7 4.00 0.300 -0.364 11.985 0.722 

PFB (cm) 
US 7 1.50 0.209 0.000 12 1.000 

DS 7 1.50 0.223 0.000 11.955 1.000 

Ad.FL (cm) US 7 2.19 0.193 -3.680 12 0.003 
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DS 7 3.03 0.123 -3.680 10.171 0.004 

Ad.FB 

(cm) 

US 7 4.87 0.253 0.562 12 0.584 

DS 7 4.69 0.212 0.562 11.640 0.585 

AFL 

(cm) 

US 7 3.66 0.298 -0.934 12 0.369 

DS 7 4.19 0.481 -0.934 10.023 0.372 

AFB 

(cm) 

US 7 2.97 0.219 -0.992 12 0.341 

DS 7 4.54 1.569 -0.992 6.234 0.358 

LNB 

(cm) 

US 7 1.67 0.136 -0.705 12 0.494 

DS 7 1.79 0.088 -0.705 10.315 0.496 

L I.Man.B  

(cm) 

US 7 5.09 0.335 3.772 12 0.003 

DS 7 3.64 0.185 3.772 9.350 0.004 

L O.Man.B  

(cm) 

US 7 4.87 0.219 -1.004 12 0.335 

DS 7 5.14 0.159 -1.004 10.938 0.337 

MBL  

(cm) 

US 7 15.96 0.514 -0.237 12 0.817 

DS 7 16.14 0.592 -0.237 11.771 0.817 
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Table 18. Comparison of the morphological parameters of S. sarwari with respect to the    

upstream (US) and the downstream (DS) of the River Ravi. 

 Level N Mean SEM t-test for Equality of Mean 

t              df Sig. (2-tailed) 

W (g) 
US 5 305.29 1.389 -0.218 8 0.833 

DS 5 305.86 2.201 -0.218 6.750 0.834 

TL (cm) 
US 5 25.58 1.700 -0.511 8 0.623 

DS 5 26.72 1.448 -0.511 7.804 0.624 

SL (cm) 
US 5 19.92 1.720 -0.314 8 0.761 

DS 5 20.64 1.515 -0.314 7.875 0.762 

BD (cm) 
US 5 4.16 0.209 -0.142 8 0.891 

DS 5 4.20 0.190 -0.142 7.928 0.891 

HL (cm) 
US 5 4.66 0.201 4.411 8 0.002 

DS 5 3.00 0.318 4.411 6.768 0.003 

CFL (cm) 
US 5 5.66 0.108 -1.136 8 0.289 

DS 5 6.00 0.279 -1.136 5.164 0.306 

CFH (cm) 
US 5 4.22 0.208 0.254 8 0.806 

DS 5 4.14 0.236 0.254 7.880 0.806 

DFL (cm) 
US 5 3.18 0.102 -2.271 8 0.053 

DS 5 3.78 0.244 -2.271 5.359 0.069 

DFB (cm) 
US 5 2.72 0.166 -1.128 8 0.292 

DS 5 3.08 0.273 -1.128 6.594 0.299 

Pec.FL 

 ( cm) 

US 5 2.38 0.166 -0.538 8 0.605 

DS 5 2.52 0.201 -0.538 7.716 0.606 

Pec.FB 

(cm) 

US 5 1.04 0.108 .704 8 .502 

DS 5 .94 0.093 0.704 7.827 0.502 

PFL (cm) 
US 5 2.32 0.193 1.140 8 0.287 

DS 5 2.06 0.121 1.140 6.710 0.293 

PFB (cm) 
US 5 .90 0.071 0.140 8 0.892 

DS 5 .88 0.124 0.140 6.350 0.893 

Ad.FL (cm) US 5 2.38 0.166 0.498 8 0.632 
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DS 5 2.26 0.175 0.498 7.976 0.632 

Ad.FB 

(cm) 

US 5 3.92 0.124 5.835 8 0.000 

DS 5 2.86 0.133 5.835 7.965 0.000 

AFL (cm) 
US 5 2.14 0.181 -1.807 8 0.108 

DS 5 2.98 0.428 -1.807 5.378 0.126 

AFB (cm) 
US 5 1.08 0.107 -7.196 8 0.000 

DS 5 2.64 0.189 -7.196 6.324 0.000 

NBL (cm) 
US 5 1.46 0.150 -1.370 8 0.208 

DS 5 1.72 0.116 -1.370 7.510 0.210 

I.Man.BL 

(cm) 

US 5 2.98 0.066 0.774 8 0.461 

DS 5 2.78 0.250 0.774 4.561 0.477 

O.Man.BL 

(cm) 

US 5 2.92 0.080 -2.268 8 0.053 

DS 5 3.50 0.243 -2.268 4.858 0.074 

Max.BL 

(cm) 

US 5 13.74 0.499 0.428 8 0.680 

DS 5 13.44 0.493 0.428 7.999 0.680 
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Table 19. Comparison of the morphological parameters of S. sarwari with respect to the    

upstream (US) and the downstream (DS) of the River Indus. 

 Level N Mean Std. Error 

Mean 

t-test for Equality of Means 

 

t Df Sig. (2-tailed) 

W (g) 
US 10 304.97 1.403 -0.380 18 0.708 

DS 10 305.69 1.255 -0.380 17.779 0.708 

TL (cm) 
US 10 41.29 0.406 0.576 18 0.571 

DS 10 40.98 0.352 0.576 17.641 0.572 

SL (cm) 
US 10 31.91 0.362 -0.134 18 0.895 

DS 10 31.98 0.377 -0.134 17.971 0.895 

BD (cm) 
US 10 5.91 0.117 0.174 18 0.864 

DS 10 5.88 0.126 0.174 17.892 0.864 

HL (cm) 
US 10 9.05 0.182 -0.286 18 0.778 

DS 10 9.12 0.163 -0.286 17.787 0.778 

CFL (cm) 
US 10 9.38 0.323 0.880 18 0.391 

DS 10 9.00 0.287 0.880 17.749 0.391 

CFH (cm) 
US 10 7.27 0.286 0.335 18 0.741 

DS 10 7.13 0.304 0.335 17.930 0.741 

DFL (cm) 
US 10 6.60 0.189 0.223 18 0.826 

DS 10 6.54 0.192 0.223 17.993 0.826 

DFB (cm) 
US 10 3.91 0.082 0.641 18 0.530 

DS 10 3.84 0.072 0.641 17.677 0.530 

Pec.FL  

( cm) 

US 10 4.46 0.161 0.399 18 0.695 

DS 10 4.38 0.120 0.399 16.657 0.695 

Pec.FB 

(cm) 

US 10 0.55 0.050 0.419 18 0.680 

DS 10 0.52 0.051 0.419 17.990 0.680 

PFL (cm) 
US 10 3.74 0.132 -0.307 18 0.763 

DS 10 3.80 0.145 -0.307 17.850 0.763 

PFB (cm) 
US 10 1.06 0.070 0.498 18 0.624 

DS 10 1.02 0.039 0.498 14.041 0.626 
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Ad.FL  

(cm) 

US 10 1.49 0.077 0.185 18 0.855 

DS 10 1.47 0.076 0.185 17.999 0.855 

Ad.FB 

(cm) 

US 10 4.18 0.126 -0.207 18 0.838 

DS 10 4.22 0.146 -0.207 17.638 0.838 

AFL (cm) 
US 10 3.95 0.239 0.227 18 0.823 

DS 10 3.88 0.195 0.227 17.307 0.823 

AFB (cm) 
US 10 2.69 0.078 0.175 18 0.863 

DS 10 2.67 0.083 0.175 17.932 0.863 

LNB (cm) 
US 10 1.50 0.082 0.537 18 0.598 

DS 10 1.44 0.076 0.537 17.918 0.598 

I.Man.BL  

(cm) 

US 10 5.22 0.177 0.860 18 0.401 

DS 10 5.00 0.185 0.860 17.964 0.401 

O.Man.BL 

(cm) 

US 10 3.94 0.175 0.348 18 0.732 

DS 10 3.85 0.190 0.348 17.877 0.732  

MBL 

(cm) 

US 10 12.32 0.262 -0.355 18 0.727 

DS 10 12.46 0.296 -0.355 17.737 0.727 
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4.1.5 DENDROGRAM 

Through cluster analysis two dendrograms were constructed on the basis of 

Euclidean distance for the morphological (Fig. 9) and meristic (Fig. 10) parameters of S. 

sarwari.  

The population of River Chenab, Jhelum and Indus were found in one group while 

the population of the River Ravi was found in the 2nd group. The both morphological and 

meristic dendrograms showed the differences among the population due to environmental 

and genetic variations and it also showed that the population of  the River Ravi was 

completely isolated from three other Riverine populations. 
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Fig 9. Showing the relationship among the populations of S. sarwari at three cluster level  

based on morphological parameters, where Chenab population= 1-11, Jhelum population= 

12-21, Ravi population=22-31 and Indus population=32-41. 
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Fig 10. Showing the relationship among the populations of S. sarwari at three cluster 

level  based on meristic parameters, where Chenab population= 1-11, Jhelum population= 

12-21, Ravi population=22-31 and Indus population=32-41. 
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4.2 Genetic Analysis of S. sarwari 

4.2.1 DNA Quantification using Spectrophotometer 

In the present study, DNA isolation was done by three common methods, viz., 

inorganic (high salt concentration), organic method (phenol method) and kit method. A 

good quality of DNA was used in PCR analysis. The concentration of DNA was 

quantified and measured at 260-280nm wavelength by using the UV spectrophotometer. 

T-test was applied to assess the significant quantity of DNA for genome 

amplification. The quantity of DNA extracted using three different methods are presented 

in Table 20 and Fig. 5. The Highest quantity of DNA (734±9.20 ng/µL) was obtained by 

the organic method, followed by Kit method (342±3.20 ng/µL) and salt method 

(286±9.97 ng/µL). The high quality of DNA was obtained through Kit method 

(1.40±0.02) as compared to the salt and organic methods, 1.00±0.00 and 1.12±0.01, 

respectively. The significant difference was observed in quality of DNA between the 

organic method (734±9.20 ng/µL, P<0.05), salt method and Kit method and non-

significant difference was found between Kit (342±3.20 ng/µL) and salt (286±9.97 

ng/µL) methods (P >0.05). A significant difference was observed in quality of DNA 

between Kit (1.40±0.02, P< 0.05), salt and organic methods, while there was non-

significant difference between organic and salt methods (P>0.05). The integrity of DNA 

was checked on agarose gel (1.0%) at 80 V for 1 hour. The DNA isolated by the salt 

method showed dark streak, which represent poor quality of DNA and DNA isolated by 

phenol method showed dark shared bands and low quality but dark compact band and 

good quality DNA was obtained by the Kit method (Fig. 11 A, B and C; Fig.12).    
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 The mean with different letters in the same column differ significantly (P<0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 20.Quantification of isolated DNA with different methods from muscle tissue of S. 

sarwari collected from different rivers of the Punjab, Pakistan. 

Methods Quantity Quality 

Salt method 286±9.97b 1.00±0.00b 

Organic  method 734±9.20a 1.12±0.01b 

Kit method 342 ± 3.20b 1.40±0.02a 
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Fig. 11.  Gel electrophoresis showing DNA of S. sarwari using different protocols A; Salt 

method, Dark streak, B; Organic Method: dark with shared dark bands of low 

quality DNA, C; Kit Method: Dark and compact bands of good quality DNA. 
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Fig 12. DNA isolation of two different populations of S. sarwari through Kit method 

  



 

75 
 

4.3 PCR Optimization 

DNA polymorphism is mostly utilized to assess the genetic variability and 

diversity in aquaculture. The DNA RAPD marker technique is useful to develop new 

DNA markers in aquatic organisms.  In the present study, different SS RAPD markers 

were optimized with various concentrations of MgCl2, DNA template, Primers and 

dNTPs, while concentration of Taq polymerase and PCR buffer was kept constant, using 

the different profile in PCR (Table 21). The annealing temperature of each SS primer 

varies from each other.  The concentration of MgCl2 directly affects the band intensity or 

band saturation. Low concentration of MgCl2 produced low intensity bands and high 

concentration. MgCl2 generate high saturated DNA amplified band (Fig13 A and B). Out 

of 15 SS RAPD primers only 10 SS RAPD primers were optimized at different annealing 

temperature. Temperature also affects the intensity of bands and most clear bands were 

obtained at 45 0C (Fig. 13 A and B). Primer concentration inversely affects the saturation 

or intensity of amplified and number of bands. The high concentration of primer produced 

less saturated bands, reduced in number (Fig. 13 A) and low concentration of primer 

produce more saturated and large number of bands (Fig. 13 B). 
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Table 21.  Optimization and standardization of RAPD (SS) markers for the  amplification 

of S. sarwari genome. 

Primer MgCl2 

(µM/µL) 

DNA 

template 

(ng/µL) 

Primer 

(pmol) 

PCR 

profile 

(A, B) 

Annealing 

temperature 

DNTPs 

(µM/µL) 

Taq 

polymerase 

(unit/µL) 

SS1 2.5 70 0.15 B 40 0.25 5 

SS2 2.5 60 0.20 B 39 0.25 5 

SS3 2.0 60 0.20 B 40 0.20 5 

SS4 1.5 70 0.15 B 40 0.15 5 

SS5 1.5 60 0.20 A 39 0.15 5 

SS6 2.5 70 0.15 B 40 0.15 5 

 SS7 2.0 60 0.20 B 40 0.20 5 

SS8 1.5 60 0.15 B 40 0.20 5 

SS9 2.0 70 0.15 B 40 025 5 

SS10 2.0 50 0.15 A 39 0.25 5 

SS11 2.5 60 0.20 A 39 0.20 5 

SS12 3.0 70 0.15 B 40 0.25 5 

SS13 2.5 60 0.15 B 40 0.15 5 

SS14 2.0 50 0.20 B 42 0.15 5 

SS15 2.0 50 0.25 B 40 0.20 5 
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Fig.13. Optimization of RAPD (SS) primer for genomic DNA of S. sarwari at different 

concentration of MgCl2 and different annealing temperature A: MgCl2 (1.5µL) 

and Temperature 38 0C showed low intensity; B: MgCl2 (2.5 µL) and 

Temperature 45 0C, showed clear intensity band. 
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4.4 Genome Amplification 

RAPD are dominant markers, randomly amplified from unidentified loci of DNA 

and usually used for genetic analysis which has no pervious genetic information. The 

production of number and size of bands depend upon sequence of Primer. The clear and 

saturated bands were counted and scored for further genetic analysis in this study. 

  The total 15 RAPD (SS) primer were used to detect the genetic diversity of S. 

sarwari. Ten out of 15 primers generated reproducible bands. The result revealed that 

total 50 amplicons were generated by 10 RAPD primers (SS).  The SS6 and SS9 formed 

highest amplification (7) in which loci ranged from 250-1050 (Table 22). Fig. 19 shows 

the amplification of 6SS RAPD marker in four representative specimen of four riverine 

populations (i.e., River Chenab, Jhelum , Ravi and Indus). The highest amplification was 

found in the River Indus specimen and lowest amplification was found in the River Ravi 

specimen. Fig. 22 Showed the amplification of 9SS marker in four representative 

specimen of four populations (i.e., River Chenab, Jhelum, Ravi and Indus). The highest 

amplification was found in the River Jhelum specimen and the lowest was observed in the 

River Ravi specimen.  The lowest amplification was produced by SS5 (3) in all 

populations (i.e., River Chenab, Jhelum, and Indus), while in Ravi population there was 

no amplification (Fig. 18).  Whereas, other primers SS1, SS2, SS3, SS4, SS7, SS8, SS10 

produced 5, 4, 5, 4, 6, 5, and 4 amplicons with minimum and maximum loci ranged from 

300-1050 and highest polymorphism was observed in 300-850 loci range (Table 21; Fig. 

14-23). The total 74.6 % of polymorphism was found in 10 SS RAPD primers, highest 

polymorphism was observed in SS2 (100%) and lowest polymorphism was found in SS5 

and SS7 (67%). The total gene pool was observed 100 formed by 10 SS RAPD primers, 

and the highest gene pool was found in SS6 and SS9 (14%) band range from 250 to 1050. 

The lowest gene pool was found in SS5 (6%) band range from 300-650. The 

amplification of RAPD primers of different size of loci in all populations of S. sarwari 

collected from various upstream and downstream of different river of Punjab indicated 

the variation in allelic frequencies. 
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Table 22. Description of amplicons in genomic DNA with polymorphism, gene pool 

frequency and range size of 10 primers on different population of S. sarwari 

collected from different rivers of the Punjab, Pakistan. 

RAPD 

Markers 

No. of 

Amplicon 

No. of 

Polymorphic 

bands 

Polymorphism 

(%) 

Gene pool 

(%) 

Loci Range 

bp 

SS1 5 4 80 10 300-850 

SS2 4 4 100 8 300-850 

SS3 5 3 60 10 300-850 

SS4 4 3 75 8 300-850 

SS5 3 2 67 6 300-650 

SS6 7 5 71 14 250-1050 

SS7 6 4 67 12 300-1050 

SS8 5 4 80 10 300-800 

SS9 7 5 71 14 250-1050 

SS10 4 3 75 8 300-1050 

Total 50 37 74 100 250-1050 

(Gene Pool=number of Amplicon/Total number of Amplicon) 

(Polymorphism= Polymorphic bands/ number of Amplicon) 
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Fig 14. The amplification of 1SS (RAPD) Primer in four different riverine population, 

             1 Ladder; 2 River Chenab specimen; 3 River Jhelum; 4 River Indus and 5 River 

Ravi 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 15. The amplification of 2SS (RAPD) primer in four different riverine population   

            1 marker; 2  River Chenab specimen; 3  River Ravi; 4 River Jhelum and 5  River   

             Indus. 
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Fig 16. The amplification of 3SS (RAPD) primer in four different riverine populations  

            1 Ladder; 2 River Chenab specimen; 3 River Jhelum; 4 River Ravi and 5 River    

             Indus. 

 

 

 

 

 

 

 

 

 

 

 

Fig 17. The amplification of 4SS (RAPD) primer in four different riverine population  

             1 Ladder; 2 River Chenab specimen; 3 River Ravi; 4 River Jhelum and 5 River    

             Indus. 
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Fig 18. The amplification of 5 SS (RAPD) primer in four different riverine populations  

            1 marker; 2  River Ravi specimen; 3  River Chenab; 4 River Jhelum and 5  River 

Indus. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 19. The amplification of 6SS (RAPD) primer in 4 different riverine population  

           1 Ladder; 2 River Ravi specimen; 3 River Jhelum; 4 River Indus and 5 River Ravi. 
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Fig. 20. The amplification of 7 SS RAPD primer in 4 different riverine population  

             1 marker; 2  River Chenab specimen; 3  River Ravi; 4 River Jhelum and 5  River     

Indus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 21. The amplification of 8SS RAPD Primer in 4 different riverine population  

             1 marker; 2  River Chenab specimen; 3  River Jhelum; 4 River Indus and 5  River 

Ravi. 
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Fig. 22. The amplification of 9SS RAPD Primer in 4 different riverine population  

             1 Ladder; 2 River Chenab specimen; 3 Jhelum; 4 River Ravi and 5 River Indus 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 23. The amplification of 10SS (RAPD) primer in 4 different riverine population 1 

Ladder; 2 River  Indus specimen; 3 Jhelum; 4 River Ravi and 5 River Chenab. 
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4.5 Genetic analysis 

The genetic analysis of eight various populations of S. sarwari collected from the 

upstream and the downstream sites of different rivers (i.e., Chenab, Jhelum, Ravi and 

Indus) of the Punjab. Total 15 RAPD primers were used in the present study. Out of 15 

RAPD primers, 10 primers (SS1 to SS10) produced a scorable pattern of bands. On the 

basis of these various patterns of RAPD marker, we observed and analyzed the various 

genetic indices such as observed and effected alleles, Nei’s and Shannon genetic diversity 

among and between the populations of S. sarwari. On the basis of population ID and the 

distance between genes, dendrogram was formed which indicated variations among and 

between eight populations of S. sarwari.    

4.5.1 Genetic diversity of S. sarwari 

Table 23 shows observed alleles (na), effected alleles (ne), gene diversity (Nei’s 

diversity, h) and Shannon Index for population diversity (I). The range of na (1.20-1.86), 

ne (1.08-1.66), h (0.064-0.366) and I (0.100-0.528) was observed in the upstream 

population of the River Chenab (Table 23). The highest observed allele (na, 1.86), 

effected allele (ne, 1.66), gene diversity (h, 0.37) and Shannon diversity (I, 0.528) was 

produced by SS6 and SS9 primers and lowest observed allele (na, 1.20), effect allele (ne, 

1.08), gene diversity (h, 0.064) and Shannon diversity (I, 0.100) was produced by SS1 

primer.  

The range of na (1.20-1.86), ne (1.08-1.66), h (0.064-0.366) and I (0.100-0.528) 

was observed in the downstream of the River Chenab population (Table 24). The highest 

observed allele (na 1.86), effected allele (ne 1.66), gene diversity (h 0.366) and Shannon 

diversity (I 0.528) was produced by SS6 and SS9 RAPD primers and lowest observed 

allele (na 1.20), effective allele (ne 1.08), gene diversity (h 0.064) and Shannon diversity 

(I, 0.100) was produced by SS1 primer. Genetic analysis depicted that both populations 

(upstream and downstream) showed the same percentage of polymorphism (56% at 28 

loci; Table 31). The study indicated that no variation was observed in both the upstream 

and the downstream populations of S. sarwari of the River Chenab (Table 23 & 24), 

because the polymorphism of the both upstream and downstream was less than 60%. Both 

upstream and down populations of S. sarwari showed inbreeding and no migration. 

Therefore, no genetic variation was observed in the intra population between the 

upstream and the downstream of the river Chenab. 
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Table 23. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’ 

diversity (h) and Shannon index (I) in the upstream population of S. sarwari of 

the River Chenab. 

RAPD Markers Na Ne h I 

SS1 1.20 1.08 0.064 0.100 

SS2 1.25 1.23 0.120 0.168 

SS3 1.60 1.45 0.256 0.369 

SS4 1.25 1.12 0.080 0.125 

SS5 1.67 1.46 0.267 0.391 

SS6 1.86 1.66 0.366 0.528 

SS7 1.33 1.31 0.160 0.224 

SS8 1.60 1.55 0.288 0.404 

SS9 1.86 1.66 0.366 0.528 

SS10 1.75 1.58 0.320 0.462 

Range 1.20-1.86 1.08-1.66 0.064-0.366 0.100-0.528 
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Table 24. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon index (I) of the downstream population of S. sarwari 

of the River Chenab.   

RAPD Markers Na Ne h I 

SS1 1.20 1.08 0.064 0.100 

SS2 1.25 1.23 0.120 0.168 

SS3 1.60 1.45 0.256 0.369 

SS4 1.25 1.12 0.080 0.125 

SS5 1.67 1.46 0.267 0.391 

SS6 1.86 1.66 0.366 0.528 

SS7 1.33 1.31 0.16 0.224 

SS8 1.60 1.55 0.288 0.404 

SS9 1.86 1.66 0.366 0.528 

SS10 1.75 1.58 0.320 0.462 

Range 1.20-1.86 1.08-1.66 0.064-0.366 0.100-0.528 
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The analysis of genetic indices (na, ne, h and I) of the upstream and the 

downstream of the River Jhelum population (Table 25 & 26). The range of na (1.00-1.86), 

ne (1.00-1.63), h (0.00-0.357) and I (0.00-0.519) was observed in the upstream of S. 

sarwari population of the River Jhelum (Table 25). The highest observed allele (na 1.86), 

effected allele (ne 1.63), gene diversity (h 0.357) and Shannon diversity (I 0.519) was 

produced by SS6 and SS9 RAPD primers and the lowest observed allele (na 1), effected 

allele (ne 1), gene diversity (h 0.00) and Shannon diversity (I 0.00) was produced by SS2 

and SS5 RAPD primer.  The range of na (1.00-1.86), ne (1.00-1.69), h (0.00-0.381) and I 

(0.00-0.546) was observed in the downstream population of the River Jhelum (Table 26). 

The highest observed allele (na, 1.86), effected allele (ne, 1.69), gene diversity (h, 0.381) 

and Shannon diversity (I, 0.546) was produced by SS6 and SS9 RAPD primers and 

lowest observed allele (na, 1), effective allele (ne, 1), gene diversity (h, 0.00) and 

Shannon diversity (I, 0.00) was produced by SS2 and SS5 RAPD primers (Table 25 

&26).  The study revealed that polymorphism was 54% (27 loci) and 52% (26) between 

the upstream and the downstream populations (Table 31). The polymorphism of both the 

upstream and the downstream population was less than 60%, which indicated the low 

genetic differences within and between the upstream and the downstream populations.. 
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Table 25. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s  

diversity (h) and Shannon index (I) of the upstream population of S. sarwari of 

the River Jhelum.   

RAPD Markers Na ne h I 

SS1 1.20 1.18 0.094 0.132 

SS2 1.00 1.00 0.00 0.00 

SS3 1.80 1.46 0.275 0.397 

SS4 1.5 1.3 0.188 0.281 

SS5 1.00 1.00 0.00 0.00 

SS6 1.86 1.63 0.357 0.519 

SS7 1.33 1.20 0.125 0.187 

SS8 1.60 1.36 0.225 0.337 

SS9 1.86 1.63 0.357 0.519 

SS10 1.75 1.55 0.313 0.454 

Range 1.00-1.86 1.00-1.63 0.00-0.357 0.00-0.519 
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Table 26. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon index (I) of the downstream population of S. sarwari 

of the River Jhelum.   

RAPD Markers Na ne h I 

SS1 1.40 1.32 0.178 0.255 

SS2 1.00 1.00 0.00 0.00 

SS3 1.40 1.32 0.178 0.255 

SS4 1.50 1.40 0.222 0.318 

SS5 1.00 1.00 0.00 0.00 

SS6 1.86 1.69 0.381 0.546 

SS7 1.33 1.27 0.148 0.212 

SS8 1.60 1.48 0.267 0.382 

SS9 1.86 1.69 0.381 0.546 

SS10 1.75 1.60 0.333 0.477 

Range 1.00-1.86 1.00-1.69 0.00-0.381 0.00-0.546 
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The range of na (1.00-1.25), ne (1.00-1.25), h (0.00-0.125) and I (0.00-0.173) was 

bserved in the upstream population of the River Ravi (Table 27). The highest observed 

allele (na, 1.25), effected allele (ne, 1.25), gene diversity (h, 0.125) and Shannon diversity 

(I, 0.173) was produced by SS2 (RAPD) primers and the lowest observed allele (na, 

1.00), effect allele (ne, 1.00), gene diversity (h, 0.00) and Shannon diversity (I, 0.00) was 

produced by SS1 to SS10 (RAPD) primer.  

The range of na (1.00-1.25), ne (1.00-1.15), h (0.00-0.094) and (I 0.00-0.141) was 

observed in the downstream population of the River Ravi (Table 28). The highest 

observed allele (na, 1.25), effected allele (ne, 1.15), gene diversity (h, 0.094) and 

Shannon diversity (I, 0.141) was produced by SS2 (RAPD) primers and lowest observed 

allele (na, 1.00), effect allele (ne, 1.00), gene diversity (h, 0.00) and Shannon diversity (I, 

0.00) was produced by SS1 to SS10 (RAPD) primer. The results of genetic indices 

showed that both the upstream and downstream of the River Ravi had very low 

polymorphism 2% only at a single locus (Table 31). The results indicated that higher 

inbreeding and lower genetic variability was present within the upstream and the 

downstream populations of the River Ravi. Both upstream and downstream populations 

showed highest intra population similarities in observed and effected alleles, while lowest 

differences were found in the gene diversity and Shannon index among populations. 

Upstream showed high gene diversity (Nei’ diversity h, 0.00-0.125) and Shannon 

diversity (I, 0.00-0.173) as compared to the downstream population of the River Ravi (h, 

0.00-0.094 and I, 0.00-0.141). Due to very low genetic variability and high inbreeding,  

both the upstream and the downstream populations of the River Ravi was completely 

isolated from other populations of S. sarwari present in other rivers (i.e., River Chenab, 

Jhelum and Indus).  
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Table 27. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

(h) diversity and Shannon index (I) of the upstream population of S. sarwari of 

the River Ravi.   

RAPD Markers Na ne h I 

SS1 1.00 1.00 0.00 0.00 

SS2 1.25 1.25 0.125 0.173 

SS3 1.00 1.00 0.00 0.00 

SS4 1.00 1.00 0.00 0.00 

SS5 1.00 1.00 0.00 0.00 

SS6 1.00 1.00 0.00 0.00 

SS7 1.00 1.00 0.00 0.00 

SS8 1.00 1.00 0.00 0.00 

SS9 1.00 1.00 0.00 0.00 

SS10 1.00 1.00 0.00 0.00 

Range 1.00-1.25 1.00-1.25 0.00-0.125 0.00-0.173 
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Table 28. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

(h) diversity and Shannon index (I) of the downstream population of S. sarwari of the 

River Ravi.    

RAPD Markers Na ne h I 

SS1 1.00 1.00 0.00 0.00 

SS2 1.25 1.15 0.094 0.141 

SS3 1.00 1.00 0.00 0.00 

SS4 1.00 1.00 0.00 0.00 

SS5 1.00 1.00 0.00 0.00 

SS6 1.00 1.00 0.00 0.00 

SS7 1.00 1.00 0.00 0.00 

SS8 1.00 1.00 0.00 0.00 

SS9 1.00 1.00 0.00 0.00 

SS10 1.00 1.00 0.00 0.00 

Range 1.00-1.25 1.00-1.15 0.00-0.094 0.00-0.141 
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The range of na (1.00-1.86), ne (1.00-1.53), h (0.00-0.32) and I (0.00-0.478) was 

observed in the upstream population of the River Indus (Table 29). The highest observed 

allele (na, 1.86), effected allele (ne, 1.53), gene diversity (h, 0.320) and Shannon diversity 

(I, 0.478) was produced by SS6 and SS9 (RAPD) primers and lowest observed allele (na, 

1.00), effect allele (ne, 1.00), gene diversity (h, 0.00) and Shannon diversity (I, 0.00) was 

produced by SS2 (RAPD) primer.  The upstream population showed 56% polymorphism 

in 28 loci that was less than 60% polymorphism indicated by low genetic diversity (Table 

31). 

The range of na (1.00-1.86), ne (1.00-1.66), h (0.00-0.366) and I (0.00-0.528) was 

observed in the downstream population of the River Indus (Table 30). The highest 

observed allele (na, 1.86), effected allele (ne, 1.66), gene diversity (h, 0.366) and 

Shannon diversity (I, 0.528) was produced by SS6 and SS9 (RAPD) primers and lowest 

observed allele (na, 1.00), effect allele (ne, 1.00), gene diversity (h, 0.00) and Shannon 

diversity (I, 0.00) was produced by SS2 and SS5 (RAPD) primers. The downstream 

population of the River Indus showed 62% polymorphism in 31 loci (Table 31). The 

polymorphism of the downstream population of the River Indus was greater than 60%, so 

more genetic diversity was observed within the downstream of the River Indus population 

(Table 31).  The downstream population showed high values of the observed allele (na), 

effected allele (ne), gene diversity (h) and Shannon index (I) as compared to the upstream 

population of the River Indus. Both intra and inter population dissimilarities were 

observed in the upstream and the downstream population.  

Table 31 shows the mean values of genetic indices of 54 individuals of eight 

populations collected from various upstream and downstream sites of the different rivers 

(i.e., River Chenab, Jhelum, Ravi and Indus) of the Punjab. The mean values of na 

(1.42±0.09), ne (1.31± 0.06), h (1.74± 0.037) and I (0.255± 0.052) were found in eight 

populations of S. sarwari (Table 31). The total mean polymorphism was less than 60% 

which showed that the level of intra population genetic variation was very low and level 

of inbreeding was high within populations. Every population of the upstream and the 

downstream formed its own isolated population, which decrease the genetic flow. The 

highest polymorphism was observed in the downstream population of the Rivr Indus 

(62%) and lowest polymorphism was observed in both upstream and downstream 

populations of Ravi (2%) (Table 31). 
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Table 29. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon index (I) of the upstream population of S. sarwari of 

the River Indus.   

RAPD Markers na ne h I 

SS1 1.40 1.24 0.148 0.222 

SS2 1.00 1.00 0.00 0.00 

SS3 1.40 1.19 0.128 0.200 

SS4 1.50 1.37 0.205 0.298 

SS5 1.67 1.15 0.120 0.217 

SS6 1.86 1.53 0.320 0.478 

SS7 1.33 1.31 0.160 0.224 

SS8 1.60 1.28 0.192 0.300 

SS9 1.86 1.53 0.320 0.478 

SS10 1.75 1.47 0.280 0.418 

Range 1.00-1.86 1.00-1.53 0.00-0.32 0.00-0.478 
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Table 30. Description of genetic indices, observed alleles (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon index (I) of the  downstream population of S. 

sarwari of the River Indus. 

RAPD Markers Na Ne h I 

SS1 1.60 1.28 0.192 0.300 

SS2 1.00 1.00 0.00 0.00 

SS3 1.80 1.56 0.320 0.469 

SS4 1.50 1.35 0.200 0.293 

SS5 1.00 1.00 0.000 0.000 

SS6 1.86 1.66 0.366 0.528 

SS7 1.67 1.31 0.213 0.3336 

SS8 1.60 1.55 0.288 0.404 

SS9 1.86 1.66 0.366 0.528 

SS10 1.75 1.58 0.320 0.462 

Range 1.00-1.86 1.00-1.66 0.00-0.366 0.00-0.528 
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 Table 31. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon Index (I) of the upstream (US) and the downstream 

(DS) population of S. sarwari from four different rivers of the Punjab, 

Pakistan. 

Riverine 

Population 

No. of 

Polymorphic 

Loci 

Polymorphism 

(%) 
      na ne H I 

US Chenab 28 56 1.20-1.86 1.12-1.66 0.064-0.366 0.100-0.528 

DS Chenab 28 56 1.20-1.86 1.12-1.66 0.064-0.366 0.100-0.528 

US Jhelum 27 54 1.00-1.86 1.00-1.63 0.00-0.357 0.00-0.519 

DS Jhelum 26 52 1.00-1.86 1.00-1.69 0.00-0.381 0.00-0.546 

US Ravi 1 2 1.00-1.25 1.00-1.25 0.00-0.125 0.00-0.173 

DS Ravi 1 2 1.00-1.25 1.00-1.15 0.00-0.094 0.00-0.141 

US Indus 28 56 1.00-1.86 1.00-1.53 0.00-0.320 0.00-0.478 

DS Indus 31 62 1.00-1.86 1.00-1.66 0.00-0.366 0.00-0.528 

Range 1-31 2-62 1.00-1.86 1.00-1.69 0.00-0.381 0.00-528 
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The polymorphism was found in the order of downstream Indus>upstream Chenab> 

downstream Chenab=upstream Indus>upstream Jhelum>downstream Jhelum>upstream 

and downstream Ravi (Table 31).   

The na values were found highest in the downstream population of the River 

Indus (1.60± 0.490) and lowest were found in the upstream and downstream of the River 

Ravi (1.02± 1.41) population (Table 31). Observed alleles (na) were found in the order of 

downstream Indus>upstream and downstream Chenab=upstream Indus>upstream Jhelum 

>downstream Jhelum>upstream and downstream Ravi. Effected alleles (ne) were 

observed in order of downstream Indus=upstream and downstream Chenab>downstream 

Jhelum>upstream Jhelum>upstream Indus>upstream and downstream of the River Ravi. 

Nei’ diversity or gene diversity (h) and Shannon index was present in the order of 

downstream Indus>upstream and downstream Chenab>downstream Jhelum>upstream 

Jhelum>upstream Indus>upstream Ravi>downstream Ravi. The maximum genetic 

variation was observed in the downstream of the River Indus and lowest variation was 

observed in the up and downstream populations of the River Ravi. Overall, inbreeding 

was high in the upstream and the downstream populations of the River Ravi and lowest 

inbreeding was observed in the downstream of the River Indus population. 

Genetic Variation and Population Structure 

The genetic variability between the eight  different  populations of S. sarwari 

collected from the upstream and the downstream of the different rivers (i.e., River 

Chenab, Jhelum, Ravi and Indus) of the Punjab across 50 RAPD loci was determined by 

using POPGENE.32 (Table 22).  The genetic diversity content such as heterozygosity 

(Ht), diversity (Hs), Genetic variation (Gst) and genetic flow (Nm) between the 

populations was used in the present study to detect population structure. The 

heterozygosity (Ht) of eight populations of S. sarwari ranged from 0.101-0.476, produced 

by 10 SS (RAPD) primers, while Hs (diversity) ranged from 0.052-0.273. Gst genetic 

variation varies from 0.282-0.743 in eight populations of S. sarwari. The genetic flow 

found in eight populations of S. sarwari varied from 0.178-1.670, produced by the 10 SS 

(RAPD) primers (Table 32).  
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Table 32. Estimation of Genetic variations (Hetrozygosity among population= Ht; 

Diversity within population= Hs, Genetic variatons among populations= Gst 

and Genetic flow= Nm) among and between the eight populations of S. 

Sarwari collected from different upstream and downstream of the four rivers 

of the Punjab, Pakistan. 

RAPD  

Primer 

Sample  

size Ht Hs Gst Nm 

SS1 54 0.226 0.097 0.485 0.960 

SS2 54 0.101 0.052 0.432 0.822 

SS3 54 0.401 0.177 0.542 0.706 

SS4 54 0.469 0.127 0.7364 0.247 

SSS5 54 0.422 0.088 0.743 0.178 

SS6 54 0.478 0.269 0.434 0.771 

SS7 54 0.241 0.114 0.467 0.968 

SS8 54 0.275 0.193 0.282 1.670 

SS9 54 0.467 0.273 0.427 0.904 

SS10 54 0.439 0.236 0.488 1.069 

Range 54 0.101-0.476 0.052-0.273 0.282-0.743 0.178-1.670 
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The results indicated that the lower value of Nm decreased the genetic flow among the 

populations therefore, the genetic variation (Gst) was higher.  

Genetic Distance and Genetic Identity 

Table 33 shows the genetic distance and genetic similarity among and between the 

upstream and the downstream populations of S. sarwari. The upper side of the table 

indicated the genetic similarity (s) and below side indicated the genetic distance (d) of the 

upstream and downstream populations. The genetic distance found between the upstream 

and the downstream population of S. sarwari ranged from 0.0013 to 0.5738 and genetic 

similarities between upstream and downstream populations of S. sarwari ranged from 

0.5634 to 0.9987.  

The highest genetic distance was observed between the downstream of the River 

Ravi and the upstream of the River  Jhelum, while the lowest distance was observed 

between the downstream of the River Chenab and the upstream of the River Chenab. The 

upstream and the downstream (5, 6) populations of the River Ravi showed high genetic 

distance with respect to the upstream and the downstream populations of the River 

Chenab, Jhelum and Indus. The lowest genetic distance was observed among and between 

the upstream and the downstream populations of the River Chenab, Jhelum and Indus. 

The results revealed that the highest genetic similarities (0.9987) were found 

between the upstream and the downstream population of the River Ravi, and lowest 

genetic similarities (0.5634) were observed between the downstream population of Ravi 

and the upstream population of Jhelum.  

Table 33 shows that high genetic similarities were found between the upstream 

and the downstream population of S. sarwari collected from the same river. The study 

also revealed that within the same river in both the upstream and the downstream 

populations genetic distance was low and genetic similarity was high, while among the 

rivers in both the upstream and the downstream populations genetic similarities were low 

and genetic distances were high. 

 



 

101 
 

Table 33. Genetic distance (d) and genetic similarity (S) among eight populations of S. sarwari collected from the upstream (US) and the 

downstream (DS) of  the River Chenab (C), Jhelum (J), Ravi (R) and Indus (I) based on the construction of Phylogenetic 

relationships by using POPGENE 32.   

 

Population 

ID 
1(USC) 2 (DSC) 3 (USJ) 4 (DSJ) 5 (USR) 6 (DSR) 7 (USI) 8 (DSI) 

 

G
en

etic D
istan

ce (d
)=

 0
.0

0
1
3

-0
.5

7
3
8
 

1 (USC) **** 0.9516 0.8211 0.7744 0.6202 0.6137 0.7949 0.8432 

G
en

etic S
im

ilarity
 (S

)=
0
.5

6
3
4

-0
.9

9
8
7
 

2 (DSC) 0.0496 **** 0.794 0.7849 0.6202 0.6137 0.8463 0.8348 

3 (USJ) 0.1971 0.2307 **** 0.9575 0.5698 0.5634 0.9274 0.9670 

4 (DSJ) 0.2556 0.2422 0.0434 **** 0.5769 0.5705 0.9343 0.9303 

5 (USR) 0.4777 0.4777 0.5625 0.5501 **** 0.9987 0.5736 0.5963 

6 (DSR) 0.4883 0.4883 0.5738 0.5613 0.0013 **** 0.5673 0.5898 

7 (USI) 0.2295 0.1669 0.0754 0.068 0.5557 0.5669 **** 0.9302 

8 (DSI) 0.1705 0.1806 0.0335 0.0722 0.5169 0.528 0.0724 **** 
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Cluster analysis 

Cluster analysis was done on the basis of RAPD genetic distances through 

POPGENE 32 among and between the various upstream and downstream populations of 

S. sarwari collected from the four rivers of the Punjab.  Dendrogram was formed on the 

basis of genetic distance between different upstream and downstream populations of S. 

sarwari. All upstream and downstream populations were divided into three major groups. 

The 1st group consists of the upstream and the downstream population of the River Ravi 

(5,6)  which showed  the complete isolation of these two populations due to large genetic 

distance from the other populations, 2nd group composed of the upstream and the 

downstream population of the River Chenab (1, 2), whereas 3rd group formed by the 

upstream and the downstream population of the River Jhelum and the River Indus. The 

3rd group was subdivided into 3 subgroups, the 1st sub group was the combination of  the 

upstream and downstream population of the River Jhelum and the River Indus (3,8) and 

2nd  and 3rd subgroups were developed by the downstream of the River Jhelum (4) and 

upstream of the River Indus (7) (Fig. 17).  
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Fig. 24. UPMGA dendrogram based on genetic distances by RAPD markers among eight 

different populations of S. sarwari of the four rivers (Chenab=1,2, Jhelum=3,4, Ravi=5,6 

and Indus=7, 8) of the Punjab, Pakistan. 
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Genetic comparison between populations of four rivers  

The genetic analysis of four populations of S. sarwari collected from the different 

rivers (i.e., Chenab, Jhelum, Ravi and Indus) of the Punjab was carried out by the 

amplification of fifteen RAPD primers through the genetic diversity and cluster analysis. 

Table 34 shows the genetic indices, i.e., observed alleles, effected alleles Nei’s 

diversity and Shannon index of S. sarwari population of the River Chenab. The values of 

observed alleles (na), effected alleles (ne), gene diversity (h) and Shannon index (I) were 

in the range of 1.25-1.86, 18-1.71, 0.105-0.386 and 0.153-0.550, respectively. 

The highest observed (1.86), effected (1.71) alleles, gene diversity (0.386) and 

Shannon index (0.550) was produced by SS6 primer. The lowest observed (1.25), effected 

(1.18) allele, gene diversity (0.105) and Shannon index (0.153) was produced by two 

markers, i.e., SS2 and SS4. The observed (na) alleles were found in the order of RAPD 

markers as SS6=SS9>SS10>SS5>SS8=SS3>SS1>SS7>SS4=SS2. Effected allele (ne) 

was present in the order of SS6>SS9>SS10>SS5>SS8>SS3>SS1>SS 7>SS4=SS2.  Both 

gene diversity and Shannon index were found in a similar order like SS6>SS9>SS10> 

SS5>SS8>SS3>SS1>SS7>SS4=SS2, that was the indicative of directly proportion to each 

other.  The 10 SS primers showed 58% polymorphism in 29 loci for the River Chenab 

population. 

 

 

 

 

 

 

 

 

 



 

105 
 

Table 34. Description of genetic indices, observed alleles (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon index (I) of the population of S.  sarwari of the River Chenab.   

RAPD Markers na ne H I 

SS1 1.40 1.35 0.184 0.261 

SS2 1.25 1.18 0.105 0.153 

SS3 1.60 1.47 0.264 0.379 

SS4 1.25 1.18 0.105 0.153 

SS5 1.67 1.55 0.300 0.428 

SS6 1.86 1.71 0.386 0.550 

SS7 1.33 1.24 0.140 0.204 

SS8 1.60 1.55 0.288 0.404 

SS9 1.86 1.68 0.377 0.541 

SS10 1.75 1.59 0.330 0.474 

        Range 1.25-1.86 1.18-1.71 0.105-0.836 0.153-0.550 
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Table 35 showed the genetic indices, i.e., observed, effected alleles Nei’s diversity 

and Shannon index of S. sarwari population of the River Jhelum. The values of observed 

alleles (na), effected alleles (ne), gene diversity (h) and Shannon index (I) were in the 

range of 1.00 -2.00, 1.00-1.75, 0.00-0.385 and 0.00-0. 579, respectively. 

The highest observed (2.00), effected (1.75) allele, gene diversity (0.385) and 

Shannon index (0.571) was produced by SS9. The lowest observed alleles (1.00), effected 

alleles (1.00), gene diversity (0.00) and Shannon index (0.00) was produced by RAPD 

primers SS2 and SS5. The na, ne, h and I were found in a similar order of  SS9>SS6> 

SS3>SS10>SS8=SS1>SS4>SS7>SS5=SS2.The 10 RAPD primers showed 60% 

polymorphism in 30 loci for S. sarwari population of the River Jhelum. 

Table 36 showed genetic indices, i.e, observed alleles, effected alleles, Nei’s 

diversity and Shannon index of S. sarwari population of the River Ravi. The values of 

observed alleles (na), effected alleles (ne), gene diversity (h) and Shannon index (I) were 

in the range of 1.00-1.25, 1.00-1.23, 0.00-0.120, and 0.00-0.168, respectively. 

The highest na (1.25), ne (1.23), h (0.120) and I (0.168) was produced by SS2. 

The lowest na (1.00), ne (1.00), h (0.00) and I (0.00) was produced by other SS primers.  

The RAPD (10 SS) primers showed 2% polymorphism in S. sarwari population of the 

River Ravi. Overall,  the River Ravi population exhibited low level of genetic diversity.   
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Table 35. Description of genetic indices; observed (na), effected alleles (ne), Nei’s 

diversity (h) and Shannon index (I) of the River Jhelum population of S. sarwari.   

RAPD Markers na ne h I 

SS1 1.60 1.30 0.198 0.306 

          SS2      1.00 1.00 0.00 0.00 

SS3 1.80 1.40 0.237 0.364 

SS4 1.50 1.35 0.204 0.299 

SS5 1.00 1.00 0.000 0.000 

SS6 1.83 1.62 0.354 0.513 

SS7 1.33 1.23 0.136 0.199 

SS8 1.60 1.41 0.245 0.359 

SS9 2.00 1.75 0.385 0.571 

SS10 1.75 1.58 0.306 0.449 

Mean 1.00-2.00 1.00-1.75 0.00-0.385 0.00-0.571 
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Table 36. Description of genetic indices; observed alleles (na), effected alleles (ne), Nei’s 

(h) diversity and Shannon index (I) of S. sarwari population of the River Ravi.   

RAPD Markers na ne H I 

SS1 1.00 1.00 0.00 0.00 

SS2 1.25 1.23 0.120 0.168 

SS3 1.00 1.00 0.00 0.00 

SS4 1.00 1.00 0.00 0.00 

SS5 1.00 1.00 0.00 0.00 

SS6 1.00 1.00 0.00 0.00 

SS7 1.00 1.00 0.00 0.00 

SS8 1.00 1.00 0.00 0.00 

SS9 1.00 1.00 0.00 0.00 

SS10 1.00 1.00 0.00 0.00 

Range 1.00-1.25 1.00-1.23 0.00-0.120 0.00-0.168 
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Table 37 shows the genetic indices, i.e., observed alleles (na), effected alleles (ne), 

Nei’s diversity (h) and Shannon index (I) of S. sarwari population of the River Indus. The 

vlues of na, ne, h and I were in the range of  1.00-2.00, 1.00-1.79, 0.00-0.440 and 0.00-

0.632, respectively. The highest na (2), ne (1.79), h (0.440) and I (0.632) were produced 

by SS6. The lowest na (1.00), ne (1.00), h (0.00) and I (0.00) was produced by SS2. The 

na were found in the order of SS6>SS9>SS3>SS10=SS4>SS5=SS7>SS8=SS1>SS2. The 

ne was present in the order of SS6>SS9>SS10>SS3>SS8>SS4=SS7>SS1>SS5>SS2.  

Both h and I were found in a similar order of SS6>SS9>SS10>SS3>SS8>SS4>SS7> 

SS1>SS5>SS2. The 10 SS primer showed 68% polymorphism in 34 loci of S. sarwari 

population of the River Indus  

Table 38 showed the overall values of 54 individuals and the comparision of the 

four populations collected from the different rivers (i.e., River Chenab, Jhelum, Ravi and 

Indus) of the Punjab. The range of  na (1.00-2.00), ne (1.00-1.79), h (0.00-0.440) and I 

(0.00-0.632) was found in four riverine populations (Chenab, Jhelum, Ravi and Indus). 

The highest polymorphism was observed in the River Indus population (68%) and lowest 

polymorphism was observed in Ravi Population (2%). The polymorphism was found in 

the order of Indus > Jhelum > Chenab > Ravi. The na values was found higher in the 

downstream population of the River Indus and lowerwas found in the upstream and 

downstream of the River Ravi. Observed allele (na) was found in the order of Indus = 

Jhelum>Chenab> Ravi. Effected alleles (ne) were observed in the order of Indus> Jhelum 

>Chenab>Ravi. Nei’ diversity or gene diversity was present in order of Indus >Chenab> 

Jhelum> Ravi and Shannon index was present in order of Indus>Jhelum> Chenab>Ravi.   
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Table 37. Description of genetic indices, observed (na), effected alleles (ne), Nei’s and 

Shannon diversity (I) of the Indus population of S. sarwari.   

RAPD markers na ne H I 

SS1 1.60 1.33 0.199 0.303 

SS2 1.00 1.00 0.00 0.00 

SS3 1.80 1.46 0.264 0.399 

SS4 1.75 1.38 0.236 0.368 

SS5 1.67 1.07 0.0633 0.132 

SS6 2.00 1.79 0.440 0.632 

SS7 1.67 1.38 0.220 0.333 

SS8 1.60 1.44 0.252 0.367 

SS9 1.86 1.68 0.377 0.541 

SS10 1.75 1.59 0.330 0.474 

Range 1.00-2.00 1.00-1.79 0.00-0.440 0.00-0.632 
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Table 38. Comparison of genetic indices, in population of S. sarwari collected from the 

four different rivers of the Punjab. 

River 

Populations 

No.of 

Polymorphic 

Loci 

Polymorphism na Ne h I 

Chenab 
29 

58 1.25-1.86 1.18-1.71 0.105-0.386 
0.153-

0.550 

Jhelum 30 60 1.00-2.00 1.00-1.75 0.00-0.385 0.00-0.571 

Ravi 2 2 1.00-1.25 1.00-1.23 0.00-0.120 0.00-0.168 

Indus 38 68 1.00-2.00 1.00-1.79 0.00-0.440 0.00-0.632 

Range 2-38 2-68 1.00-2.00 1.00-1.79 0.00-0.440 0.00-0.632 
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These results showed that the River Ravi population of S. sarwari having the lowest level 

of genetic diversity and to be found more diverse than other three populations. 

Genetic Variation 

Genetic variability among the different eight populations of S.sarwari collected 

from the different rivers (i.e., River Chenab, Jhelum, Ravi and Indus) of the Punjab across 

50 rapid loci was determined by using POPGENE.32. The heterozygosity (Ht) of four 

populations of S. sarwari ranged 0.098-0.478 produced by 10 SS RAPD primers while Hs 

(diversity) ranged from 0.056-0.293. Gst genetic diversity varies from 0.289-0.0737 in 

four populations of S. sarwari. The genetic flow in the four populations of S.sarwari was 

found in the range of 0.950-2.110 by the 10 SS (RAPD) primers (Table 39). The results 

indicated that the lower value of Nm decreased the genetic flow among the populations 

and Gst was high which showed that every population was genetically different from each 

other that increased the inbreeding within the populations.   
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Table 39. Description of genetic variations (Hetrozygosity among population= Ht; 

Diversity within population= Hs, Genetic variations among populations= Gst 

and Genetic flow= Nm) among and between the four populations of S. 

sarwari collected from four rivers (River Chenab, Jhelum, Ravi and Indus) of 

the Punjab, Pakistan. 

RAPD 

Primer 

Sample 

size Ht Hs Gst Nm 

SS1 54 0.223 0.145 0.289 2.119 

SS2 54 0.098 0.056 0.386 1.000 

SS3 54 0.402 0.191 0.508 0.879 

SS4 54 0.469 0.137 0.715 0.290 

SS5 54 0.422 0.090 0.737 0.246 

SS6 54 0.478 0.284 0.403 0.950 

SS7 54 0.241 0.124 0.414 1.989 

SS8 54 0.274 0.196 0.270 1.859 

SS9 54 0.466 0.293 0.368 1.135 

SS10 54 0.314 0.247 0.455 1.311 

Range 54 0.098-0.47 0.056-0.293 0.289-0.737 0.950-2.11 
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Genetic Distance and genetic similarity 

Table 40 shows the genetic distances and genetic similirities among the 

populations of S. sarwari. The above side of the table indicated the genetic similarity and 

below side indicated the genetic distance. The genetic distance found between the River 

Indus and River Ravi populations of S. sarwari ranged from 0.0329 to 0.5509 and genetic  

similarities between the River Ravi and River Jhelum populations S. sarwari ranged from 

0.5228 to 0.9677.  

The highest genetic distance was observed between the River Ravi and River 

Jhelum population (0.5509), while the lowest distance was observed between the River 

Jhelum and River Indus (0.0329) populations. Populations of the River Ravi showed high 

genetic distance with respect to the River Chenab, Jhelum and Indus. The lowest genetic 

distance was observed among the River Chenab, Jhelum and Indus populations. 

The results revealed that the highest genetic similarity (0.9677) was found 

between the River Indus and Jhelum, and lowest genetic similarity (0.5764) was observed 

between Ravi and Jhelum.  
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Table 40. Overall genetic distance (d) and genetic similarities (S) among population of S. 

sarwari collected from four different rivers (River Chenab, Jhelum, Ravi and 

Indus) based on the construction of Phylogenetic relationships. 

 Population ID Chenab Jhelum Ravi Indus  

d
=

0
.0

3
2
9
-0

.5
5
0
9

 

Chenab **** 0.814 0.6254 0.8549 

S
=

 0
.5

7
6
4

-0
.9

6
7
7

 

Jhelum 0.2058 **** 0.5764 0.9677 

Ravi 0.4693 0.5509 **** 0.5929 

Indus 0.1567 0.0329 0.5228 **** 
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Cluster analysis 

Cluster analysis was constructed on the basis of RAPD DNA markers through 

POPGENE 32 among various populations of S. sarwari collected from the four rivers 

(i.e., River Chenab, Jhelum, Ravi and Indus) of the Punjab.  Dendrogram was formed on 

the basis of genetic distance among different riverine populations of S.sarwari. All 

riverine populations were divided into two major groups. 1st group was formed by the 

populations of the River Chenab, Jhelum and Indus  (1, 2 and 4). The 2nd group was 

formed by only Ravi Population (3; Fig 18). The second group comprised of the River 

Ravi population was most distinct due to the large genetic distance between Ravi and 

other rivers (Chenab, Jhelum and Indus) and less similarity between them. However, the 

River Ravi population revealed highest divergence which showed more variant than other 

riverine populations. 
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Fig 25. UPMGA dendrogram based on genetic distance by RAPD markers among 

different populations of S. sarwari of four rivers (Chenab=1, Jhelum= 2, Ravi=3 

and Indus= 4) of the Punjab. 
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Chapter 5 

DISCUSSION 

The present study entitled “Genetic analysis in different riverine population of 

carnivorous fish species (Sperata sarwari) in the Punjab, Pakistan” was carried out in the 

Research Laboratory of the Department of Zoology, Government College University, 

Faisalabad. The study involved the upstream and the downstream sites of the selected 

locations, i.e., Haed Tarimue (River Chenab), Rasul Barrage (River Jhelum), Head Baloki 

(River Ravi) and Chashma Barrage (River Indus) of the four different rivers of the 

Punjab, Pakistan. Total eight populations (54 specimens) of S. sarwari were collected 

from the selected locations for the morphological, meristic and genetic analysis. The 

sampling sites were known for the presence of fish population through the geographical 

distribution of S. sarwari (Singhari) (Nawaz et al., 1994). Dams, Barrages and Headworks 

convert the main habitat into fragments which not only isolate the species, but also are the 

major cause of declining population.  The S. sarwari is considered as an endangered 

species due to the declining of its natural habitat by the construction of Dams or Barrages 

or Headworks, overfishing and anthropogenic activities (Dudgeon et al., 2006; Gill et al., 

2014). The Dams, Barrages and Headworks are the main barriers which can reduce the 

migration level between the populations of two different areas, so it can cause the low 

gene flow between the populations and increases the chance of inbreeding within the 

population of the same area (Gomes & Agostinho, 1997; Craig, 2000; McAllister et al., 

2001). Fig. 1 shows the sampling sites, i.e., Head Trimue (River Chenab), Rasul Barrage 

(River Jhelum), Head Baloki (River Ravi) and Chashma Barrage (River Indus), where the 

map indicates that these rivers are interconnected at certain points (Fig. 1). The 

geographical conditions of these study areas were nearly similar, but environmental 

conditions vary from region to region, i.e., annual rainfall, winter and summer 

temperature (Table 1). This study investigated the declining of the natural population of 

S. sarwari due to fragmentation by Dams, Barrages and Headworks through 

morphological, meristic and genetic analysis. 

5.1 Morphological and meristic analysis  

Morphological characteristics within the individuals of animal population are 

influenced both by the genetic makeup and the environment. Variations in both the 

environment and the genome are the major sources of morphological variations in both 
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individuals and population (Gerry et al., 2012). The morphological and meristic analyses 

play an important role in differentiating the species, but also show high affinity for the 

environmental conditions (Tawwab, 2005). 

The current study was carried out to determine the morphological and meristic 

characteristics in eight populations sampled from the upstream and the downstream sites 

of four different rivers (River Chenab, Jhelum, Ravi and Indus) of the Punjab, Pakistan. 

In this study 21 morphological and five meristic characteristics as well as body color of 

the specimens were observed. The 21 morphometric characteristics included total length 

(TL), standard length (SL), weight (W), body depth (BD), dorsal fin length and  base 

(DFL, DFB), head length (H.L), caudal fin length and height (CFL, CFH), pectoral fin 

length and base (Pec.FL, Pec.FB), pelvic fin length and base (PFL, PFB), adipose fin base 

(Ad.FB) and adipose fin length (Ad. FL), anal fin length (AFL) and anal fin base (AFB), 

nasal barbel length (NBL), maxillary barbel length (MBL), inner mandibular barbel 

length (IMan.BL) and outer mandibular barbel length (OMan. BL). Meristic 

characteristics included dorsal fin rays (DFR), pectoral fin rays (Pec. FR), pelvic fin rays 

(PFR), anal fin rays (AFR) and caudal fin rays (CFR). The body color within the river 

population was the same, but widely varied among the river populations. Variation in 

color was strongly influenced by the environmental factors, i.e., temperature, food and 

predation of the habitat (Hossein et al., 2013). The SL, DFL, DFB, Pec. FL, Pec. FB, PFL 

and PFB were the dependent variables and directly related to the body length while TL 

and HL were independent variables (Shaiker, 2008). The majority of the morphological 

parameters showed non-significant (P>0.05) differences while few parameters showed 

significant (P<0.001) and highly significant differences among the upstream and the 

downstream populations of the same river. Morphological differences between fish 

species were due to the genetic differences, but fish display high flexibility to acquire the 

morphology according to the environment. Physical environment like nutrition, 

temperature, water current, water depth and turbidity encountered with the adaptations of 

morphological characteristics causing variations in the fish species (Wimberger, 1992; 

Turan et al., 2005; Wringe et al., 2015). Availability of food had a severe effect on the 

morphology of the fish (Turan et al., 2005; Akbarzadeh et al., 2009). The physical 

environment of the River Chenab, Jhelum and Indus River was almost similar to each 

other, therefore the, population of S. sarwari exhibited the similar characteristics, but the 

environmental conditions of the River Ravi varied from the other three rivers, so the 

population of S. sarwari had shown variations in morphological characteristics. River 
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Chenab and Jhelum are joined together at Head Tarimue, where the environmental 

conditions are the same, but geographically separated, so the morphological characters of 

these two populations were the same as compared to the River Indus. Therefore, fish 

population of Chenab and Jhelum are more similar than the River Indus.  These 

morphological variations were due to the different geographical locations, but their origin 

was the same (Hossain et al., 2010). This study investigated that some morphological 

characteristics varied among and between the eight populations of S. sarwari like 

Esmaeili et al. (2011) found in three populations of Qanat tailor fish in Kohar River basin. 

The meristic characteristics are the heritable traits and species are identified and classified 

on the basis of these meristic characteristics (Teugel et al., 1998; Ezeafulukwe et al., 

2015) and in this study, the meristic measurements, i.e., DFR (dorsal fin rays), Pec. FR 

(pectoral fin rays), PFR (pelvic fin rays), AFR (anal fin rays) and CFR (caudal fin rays) 

were also used to detect the variations among the eight populations of S. sarwari 

collected from the upstream and the downstream of four rivers (Chenab, Jhelum, Ravi 

and Indus) of the Punjab, Pakistan. The meristic characteristics showed significant 

(P<0.001) differences among the riverine populations and non-significant (P>0.05) 

differences between the upstream and the downstream population of four rivers. The 

meristic characteristics of fish were similar within and between the upstream and the 

downstream populations of S. sarwari and were not dependent upon the body length. 

These results are in agreement with the study of Sharma et al. (2015) on golden mahseer 

population in India, they also indicated that the length of golden mahseer did not affect 

the meristic characteristics of fish. The meristic counts were different in geographically 

separated fish populations and were directly linked with the genetic makeup of the 

populations, but like morphological characteristics they may be altered by the 

environment. The meristic characteristics may depend upon the environment at an early 

life stages or developmental stages (Ryman et al.,1984; Cheverud, 1988; Hossain et al., 

2010). The morphological characteristics of fish are determined by the genetics, 

environment and the interactions between the environment and genetics (Poulet et al., 

2004). The various geographical regions of river enhance the pre-existing genetic 

variations that form the inter population structure (Esguicero & Arcifa, 2010).  

The morphological and meristic clusters were obtained through the Euclidean 

distance on the basis of similarities and dissimilarities of morphological and meristic 

characteristics of S. sarwari populations. The clusters were divided into two major groups 

which indicated that the one group (Ravi population) was completely separated from the 
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2nd group (consisting of the River Chenab, Jhelum and Indus populations).  The results of 

the present  study are in agreement with the study of Mollah et al. (2012), who studied the 

morphometric and meristic variations of three stocks of Glossogobius giuris, in which the 

dendrograms showed the complete separation from the pond stock. In this study, the 

results of cluster analysis were similar to the results of cluster analysis found in cultured 

and farmed Clarias gariepinus (Burchell) (Solomaon et al., 2015).  The present study 

manifested the importance of morphometric heterogeneity among the eight different 

populations of the upstream and the downstream populations of S. sarwari in four 

different rivers of the Punjab (i.e., River Chenab, Jhelum, Ravi and Indus). These results 

are supported by the pervious study carried out on three populations of A. qanati in River 

Kor Basin (Esmaeili et al., 2011). 

The present study is the first study, which reports on the application of 

morphological variations in S. sarwari population in different regions of the Punjab, 

Pakistan. Earlier, the morphometric studies were used to differentiate the population of 

various species (Pollar et al., 2007), variations in fish species like Etroplus maculatus 

(Manimegalai et al., 2010) and also the relationships among the fish species as found in 

six species of Puntius (Choudhury et al., 2011). 

5.2. DNA Isolation and PCR optimization 

Species, preserved tissues and the extraction protocol are the main factors which 

affect the quantity as well as the quality of DNA. DNA isolation and high quantity of 

genomic DNA is directly related to the quantity of tissue, which is used for the isolation 

of DNA (Pereira et al., 2011). In this study, three methods were used for the isolation of 

genomic DNA, which showed significant differences in DNA quantity among each other. 

Both salt (inorganic) and phenol chloroform (Organic) methods are cheaper, but they are 

time consuming. Kit method of DNA extraction was less time consuming, but expensive 

and also applied on both fresh and frozen samples (Weber et al., 2010). 

The high quantity (734 ng/µL) of DNA was obtained through organic methods 

(phenol chloroform) while low quantity 286ng/µL and 342 ng/µLof genomic DNA was 

obtained through inorganic (salt) and Kit (Favorgen FATGK-001) methods, respectively. 

Good/ high quality of isolated DNA is necessary/ required for PCR and other molecular 

techniques (Chakarborty et al., 2008). The high quality DNA was obtained through Kit 

method (1.40) as compared to salt (1.00) and phenol (1.12) method. Although the Phenol-

chloroform was the best method for DNA extraction, but phenolic compounds damage 
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the genomic DNA as well as damage by the contamination, which is related to origin of  

sample (Winnepenninckx et al., 1993). Salt method showed dark streaks, which indicated 

the shared and low quality of DNA while phenol-chloroform method showed shared dark 

bands which also indicated the low quality of DNA, this may be due to the presence of 

phenolic compounds while the good quality of DNA was obtain through Kit method (Fig. 

5; Dedhia et al., 2007). 

Molecular and biological techniques gave information about the taxonomy and 

population genetics. High intensity and clear bands are necessary to study the genetic 

diversity of populations in either aquatic or terrestrial organisms. RAPD markers are 

highly sensitive markers for obtaining polymorphism of genomic DNA (Meunier 

& Grimont, 1993; Penner et al.,1993; Micheli et al., 1994; Park & Kohel, 1994). 

Quality, quantity, concentration of primer, MgCl2, Taq polymerase and annealing 

temperature are the major factors which affect the reproducibility of RAPD banding 

pattern (Fraga et al., 2004). In the present study, the effect of integrity and concentration 

of primer, MgCl2 and annealing temperature on the RAPD band intensity was studied.  A 

good quality DNA produced clear and visible intensity band as compared to the poor 

quality of DNA in fishes. In present study a good quality and quantity DNA was obtained 

through Kit method that was confirmed through the resolution of gel electrophoresis and 

spectrophotometer. Primer concentration also affects the RAPD DNA amplification. The 

high primer concentration, yield a poor intensity of RAPD marker amplicons as compared 

to the low primer concentration. MgCl2 acts as cofactor for Taq polymerase for 

amplification of DNA. Concentration of MgCl2 was directly proportional to RAPD 

markers amplification (Fraga et al., 2004). Low amount of MgCl2 produced non visible 

amplified bands or RAPD primer while high concentrations of MgCl2 produced high 

intensity and visible bands (Fig. 13 A and B). Our study showed the effect of annealing 

temperature on amplification of RAPD markers. In this study a high amplification in 

RAPD marker was observed at 40 0C and a low amplification of RAPD marker was 

observed at 390C.  In this study, the amplifications were obtained at 450C rather than 

380C. Annealing temperature was inversely related to the visibility and amplification of 

the RAPD marker. Our findings are contradictory to the study of Ramella et al., 2005, 

who reported amplification at 36 and 40 0C.  
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5.3 Genome Amplification 

Genome amplification is necessary for the genetic analysis, such as genetic 

diversity, heterozygosity, gene flow between populations and genetic diversity among and 

between the populations. The RAPD are decamer primers with short oligonucleotide 

sequence with 60-70% G+C contents and same G+C contents were contained in RAPD 

markers (Heba et al., 2013). 15 RAPD primers were used to amplify eight populations of 

S. sarwari collected from the various upstream and downstream areas of the four rivers 

(i.e., River Chenab, Jhelum, Ravi and Indus).  Ten out of 15 RAPD primers produced 

amplifications with eight populations of  S. sarwari. Eight populations of S. sarwari 

scored 50 bands with an average range from 250-1050 bp. The spacious range of the band 

size was comparable with previous studies, where 5 RAPD markers produced 45 

amplicon, ranging from 250- 2000 bp in Eutropiichthys vacha population (Chandra et al., 

2010), 16 RAPD markers  generate 197 bands ranged from 114-2000 bp in six golden 

mahseer populations (Shafi et al., 2016) and 12 RAPD primers produced 87 bands, 

amplified band ranged from 400-1250 bp in four Rohu populations (Kabir et al., 2017) 

and 68 amplicons were produced by RAPD primer ranging from 220-2018bp in rainbow 

trout and snow trout (Vasave et al., 2014).   The highest band amplification was given by 

SS6 and SS9 (7) which ranged from 250-1050 bps and lowest amplification was formed 

by SS5 (3; Fig 8). The amplification RAPD marker was varied with population and 

geographical study area. The polymorphism percentage varied from 0-100% in all studies 

and same results were observed in present research work (Heba et al. 2013). The highest 

Polymorphism percentage was given by SS2 (100%) and lowest was given by SS3 (60%). 

The highest gene pool was formed by SS6 and SS9 (14%). The most of RAPD marker 

showed the high polymorphism in populations (Shafi et al., 2016). The over polymorphic 

percentage of 10 RAPD markers was 74 % (Table 22). The result of polymorphism of 10 

RAPD primers in eight populations of S. sarwari was related to three bloch (O. 

bimaculatus) populations studied by Rashid et al. (2012). 

 

5.4 Genetic Diversity in the upstream and the downstream populations 

Genetic indices like observed alleles, effected alleles, Nei’s diversity and Shannon 

index information was separately calculated for both the upstream and the downstream 

population and was then calculated by river wise.  The genetic measures of the present 
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study (polymorphism, observed alleles, effected alleles, gene diversity and Shannon 

index) were high in the downstream population of Indus whereas, high in upstream 

population of Jhelum. These genetic measures were almost similar in both upstream and 

downstream populations of River Ravi and Chenab. These results are in line with the 

isolated upstream and downstream populations of Capoeta copeta gracilis (Hossein et al., 

2013). 

Polymorphism of all populations of S. sarwari was less than 60%, except the 

downstream of the River Indus population which showed 62% polymorphsim.  The 

polymorphism ranged from 2-62% in all populations of S. sarwari collected from the 

upstream and downstream of selected rivers, i.e., River Chenab, Jhelum, Ravi and Indus. 

The pervious results of polymorphism were also related to the present study. The average 

48.38% polymorphism was observed in four populations of Rohu collected from different 

geographical areas (Kabir et al., 2017), the previous studies also showed the similar 

pattern of polymorphism in Rohu population of 47.89% (Fayyaz et al., 2014), 45% 

(Barman et al., 2003), and 46.5% (Islam & Alam, 2004). Low polymorphism is an 

indication of low genetic variations among populations. The average polymorphism of 

eight populations of S. sarwari was less than 60%, which indicated the low genetic 

variability among eight populations and the present study is similar to the previous study 

of Kabir et al. (2017) in four populations of Rohu sampled from different geographical 

regions.  

The total range of observed alleles, effected alleles, Nei’s gene diversity and 

Shannon index was 1.02-1.60, 1.02-1.44, 0.01-0.250 and 0.001-0.367 in eight populations 

of S. sarwari collected from the upstream and the downstream of four different rivers, 

i.e., River Chenab, Jhelum, Ravi and Indus. The total mean value of Nei’s gene diversity 

and Shannon Index in present research work was less than 0.5 which indicated that there 

was less genetic variability and inbreeding coefficient was high (Shafi et al., 2016). Nei’s 

gene diversity and Shannon index were directly correlated with each other. The total 

number of observed alleles was greater than the total number of effected alleles which 

showed that no genetic variation was found among the populations. The present study is 

in agreement with the previous study on golden mahseer, where the average values of 

Nei’s gene diversity and Shannon Index was very low (Shafi et al., 2016).  The highest 

Nei’s gene diversity and Shannon index were observed in the downstream of the River 

Indus population, whereas the lowest Nei’s gene diversity and Shannon index was found 

in the downstream of the River Ravi population which indicated that the downstream of 
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the River Indus population showed more genetic variations as compared to the 

downstream of the River Ravi population. The downstream of the River Ravi population 

showed a higher inbreeding coefficient as compared to the downstream of the River Indus 

population.  

 

5.5 Genetic variation and genetic distances for population divergence 

The heterozygosity (Ht), diversity (Hs), genetic variation (Gst) and genetic flow 

(Nm) ranged from 0.101-0.478, 0.052-0.273, 0.282-0.743 and 0.178-1.670, respectively 

for eight populations of S. sarwari collected from the different upstream and the 

downstream regions of the different rivers, i.e. (River Chenab, Jhelum and Indus) of the 

Punjab (Table 32).  The present study is in line with the previous studies for genetic 

variation that was found in tilapia species (Heba et al.2013).  

Total gene loci 50 of 10 RAPD primers were observed in the present study in 

which 42 loci showed polymorphism (84%). The high value of polymorphism indicated 

the genetic variation among the populations.  The low value of heterozygosity (Ht) and 

high value of genetic diversity (Hs) indicated the large differences among and between 

the populations. The average value of genetic variability (Gst) was significantly higher 

among eight populations of S. sarwari.  Hossein et al. (2013) reported that higher Gst 

among the population is related to the lower genetic flow among the populations and 

increased the coefficient of inbreeding among the population, which results in populations 

isolation at specific region. Above findings are in good agreement with the present study. 

Genetic similarity and genetic distance was based on Nei’s genetic diversity of 

eight populations of S. sarwari collected from the upstream and the downstream regions 

of the different rivers (i.e., River Chenab, Jhelum, Ravi and Indus). The genetic distance 

and similarity was observed among and between the eight populations ranged from 

0.0496 to 0.5378 and 0.5634 to 0.9987, respectively (Table 33). The above findings are 

comparable with the pervious studies on other fish species. Hossein et al. (2013) also 

reported that the genetic distance between two upstream and downstream populations of 

Capoeta capoeta gracilis ranged from 0.1455 to 0.7382 and  observed that the two 

populations were isolated from each other. In the present study, eight populations of S. 

sarwari collected from the upstream and downstream of the different rivers of the Punjab 

also showed the segregation among and between the populations. The genetic distance 

among and between the eight populations of S. sarwari was less than 16%. The genetic 



 

126 
 

distance between the populations of golden mahseer was also less than 16% (Shafi et al., 

2016). The highest genetic similarity was observed among the upstream and the 

downstream populations of S. sarwari belong to the same river and lowest genetic 

similarity was observed between the upstream and the downstream populations belonging 

to different rivers. Higher geographical distance increased the variation among and 

between the populations of the fish. The higher the genetic variability (Gst), higher the 

genetic distance among and between the populations of S. sarwari and decreased genetic 

similarity among and between populations of S. sarwari and population became isolated 

due to higher levels of genetic differences among and between populations. The 

segregation/ isolation of populations was reflected by the genetic distances and 

complicated mechanism of genetic flow (Rana et al., 2004). The cluster analysis showed 

eight populations belonging to eight different regions of four rivers (i.e., River Chenab, 

Jhelum, Ravi and Indus) of the Punjab. Three main clusters were obtained on Nei’s 

genetic distance. The large genetic distance was found in the order of upstream and 

downstream Ravi>upstream and downstream Chenab>upstream Indus>downstream 

Jhelum>upstream Chenab and downstream Indus. The maximum genetic similarity was 

found in the upstream Jhelum and the downstream Indus and minimum similarity was 

found in both the upstream and the downstream populations of the River  Ravi with other 

populations. Slow movement of fish significantly affected the fish population of the 

upstream and the downstream region and causes the reduction in genetic exchange among 

two populations (McAllister et al., 2001). Furthermore, the dams and barrages extend to 

striking changes in aquatic environment which directly affect on the fish populations 

(Craig, 2000). The changes in the environmental conditions of the upstream and the 

downstream populations lead to the morphological and genetic variations among the fish 

populations in S. sarwari. The genetic variations found in this study were also studied and 

observed in the upstream and the downstream populations of C. c. gracilis, which were 

also the cause of barriers established by the Dams and Barrages in the rivers. These 

barriers were geographically segregated from each other because there was no chance for 

gene flow among and between the populations of C. c. gracilis (Hossein et al., 2013). Our 

study investigated the lowest level of genetic flow  (0.178-1.670) between the upstream 

and downstream of Dams and Barrages populations of S. sawari, ultimately causing the 

increase of genetic variation (population divergence) towards the highest level of 

inbreeding depression. However, the populations of S. sarwari above and below the 

Dams/Barrages showed a significant higher level of genetic difference, which is the 
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indication of isolation in populations. This study also reported that the higher inbreeding 

coefficient caused the declining of S. sarwari. 

 

5.6 Genetic status among riverine populations 

The genetic indices, i.e., polymorphism (2-68%),  na (1.00-2.00), ne (1.00-1.79), h 

(0.00-0.440) and I (0.00-0.632) were observed in the four different populations collected 

from the River Chenab, Jhelum, Ravi and Indus. The total mean polymorphism (47%) 

was less than 60%, which indicated the low genetic variations among the four riverine 

populations of S. sarwari. The present study is similar to the previous study of Kabir et 

al., 2017 in four populations of Rohu (48.38%) sampled from different geographical 

regions.  

   The highest polymorphism (68%) was observed in the River Indus population and 

the lowest polymorphism (2%) was observed in Ravi population and results were 

comparable with golden mahseer, which showed the highest polymorphism in Swat 

(73.10%) population and lowest polymorphism was found in Hingol (2.03%) population 

(Shafi et al. 2016). The polymorphism of the River Indus population was greater than 

60% and polymorphism of the River Ravi population was less than 60%. The number of 

observed alleles in all four populations were higher than the effected alleles, which 

indicated that there was low genetic variations among the four populations of S. sarwari.  

The mean values of Nei’s gene diversity and Shannon index was less than 1(0.190, 

0.276<1) which showed that high inbreeding coefficient was present within the 

population of S. sarwari.  

The values of heterozygosity (Ht), diversity (Hs), genetic variability (Gst) and 

genetic flow (Nm) were 0.098-0.478, 0.056-0.293, 0.289-0.737 and 0.950-2.11, 

respectively in four populations of S. sarwari collected from different rivers (i.e., River 

Chenab, Jhelum and Indus of the Punjab; Table 39). Total gene loci 50 of 10 RAPD 

primer were observed in the present study in which 42 loci showed polymorphism (84%). 

The high value of polymorphism indicated the genetic variation among the populations.  

The high value of heterozygosity (Ht) and low values of genetic diversity (Hs) indicated 

small differences within and between the populations. The average value of genetic 

variability (Gst) was significantly higher among 4 populations of S. sarwari. The above 

results were related to the previous research on three species of Tilapia (Nm 0.357) (Heba 

et al., 2013) and these results were also inline with Epinephelus awoara population in 
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China (Upadhya et al., 2006).   Averge vaue of Nm was less than 1 which indicate that 

there was genetic flow between the four populations of S. sarwari collected from the 

River Chenab, Jhelum, Ravi and Indus. Individuals of S. sarwari population cannot 

migrate from one population to aother population.  If migration occurred between the 

populations than inbreeding coefficient decreased and population shared the gene pool 

with each other and enhanced the genetic flow between them.  Higher the Gst among the 

population lower the genetic flow among the populations and increased the coefficient of 

inbreeding among the population. Due to higher inbreeding the population became 

isolated at specific region. 

The Gst values used to determine the effective number of migrant/ per generation 

(Nm). Gst and Nm were inversely related to each other, higher Gst values lower the Nm 

and higher the Nm lower the Gst vice versa. The average Gst values in the upstream and 

downstream populations and average value of Gst of 4 different riverine populations of S. 

sarwari was high in the present study which indicated the lowest gene flow among and 

between the population of S. sarwari. The rate of gene flow (Nm) between three 

populations of Schizothorax richardsonii from various geographical regions was low 

which showed that low migration among these populations (Sivaraman et al. 2014). The 

similar finding was also reported by Barman et al. (2003) which showed that the low 

migration rate decreased the genetic variability within 4 species of Indian major carps and 

the same results were found in molly fish species, P.latipinna and P.sphenops 

(Shanmughavalli et al., 2013). 

 

5.7 Genetic identity and genetic distance in riverine population 

Genetic similarity and genetic distance was based on Nei’s genetic base of eight 

populations of S. sarwari collected from the upstream and the downstream region of 

different rivers (i.e., River Chenab, Jhelum, Ravi and Indus). The genetic distance and 

similarity was observed between the 4 populations ranged from 0.0329 to 0.5509 and 

0.5764 to 0.9677, respectively (Table 40).  The phylogenetic relationships (cluster 

analysis) of different fish populations was also constructed on the basis of RPAD 

technique by various researchers (Barman et al. 2003; Bardakci et al. 2004; Das et al. 

2005).  

The result of cluster analysis indicated that population 1 (River Chenab), 2 

(Jhelum) and 4 (Indus) were closely related to each other while population 3 (Ravi) was 
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segregated from the other three populations. The above result revealed that larger genetic 

distance was found between the River Ravi and Jhelum and the lowest genetic distance 

was found in the River Indus and Jhelum. The highest genetic similarity was found 

between the River Jhelum and Indus populations and lowest genetic similarity was found 

between the River Ravi and Jhelum. The present results are closely related to the pervious 

study which was done on golden mahseer but the genetic flow of golden mahseer 

population was high as compared to the S. sarwari due to the migratory habit of mahseer 

in the River Indus drainage system (Shafi et al., 2016). The above results were also 

similar to four Rohu populations collected from different geographical areas (Kabir et al., 

2017) and four populations of Channa striatus collected from four different geographical 

locations (Bhat et al., 2014).  

Fish is the most sensitive organism in aquatic ecosystems. Fish more quickly 

adapted to the environmental change within its morphology. So that fish exhibited the 

vast morphological variation within, among and between the populations belong to the 

same species as compared to the other vertebrates (Hossain et al., 2010). The various 

geographical regions, ecology and habitat environment were the major causes of variation 

among the populations of S. sarwari like Indian Rohu (Kabir et al., 2017). 

The present study revealed that morphological and as well as genetical variations 

were found among and between the populations of S. sarwari collected from the upstream 

and the downstream sites from four different rivers (i.e., River Chenab, Jhelum, Ravi and 

Indus) of the Punjab. The morphological variations are usually related to the habitat and 

physical factors of the environment. The low migration of freshwater population can 

cause the genetic variability among them because the limitation was found in a natural 

habitat and less chance of mating with other freshwater fish populations (Rodriguez et al., 

2007; Kusmini et al. 2011).  The morphological variations are not a powerful tool for the 

detection of genetic structure of a population and these variations depend upon the 

geographical and ecological conditions of the habitat (Grag et al., 2009). It has been 

reported that morphology of the organism including fish was the interaction between the 

environmental factors and genetics of individual (Salini et al., 2004; Pinheiro et al., 2005; 

Anvarifar et al., 2011). 

The significant variations between various fish populations were due to the 

differences in habitat conditions of different sampling areas and ecological segregations.  

The high rate of inbreeding within populations caused the segregation of the fish 

population (Yoon & Kim, 2001; Tamang et al., 2012).  The genetic variation plays an 
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important role in the survival ship and strong reception to changes occurred in the 

environment (Nagarajan et al., 2006).  

Different molecular techniques were used to measure the genetic diversity of a 

population which was adapted by individuals of the population during the environmental 

changes (Rashed et al., 2012). The molecular technique palys an efficient role in the 

genetic conservation, population genetics, molecular evolution and genetic breeding of 

organisms (Wasko et al., 2004; Leuzzi et al., 2004; Ertas & Seker, 2005).   

The RAPD technique is used as a tool for enquiry population genetics. RPAD 

markers are the dominant markers that used to detect the allele frequency, genetic 

diversity, genetic variability and the gene flow within, among and between endangered 

fish population (Grag et al., 2010). The reduction and destruction of genetic diversity 

increased the vulnerable number of individuals in the populations of the organism (Yeo et 

al., 2002). 

The mating and migration between the populations were the major sources of 

genetic variation within, among and between the populations. The genetic isolation of the 

population was occurring due to the dumb or low migration and blockage of migration 

between the populations. The ecological (food availability, physical factors of the 

environment) and physical (Dams and Barrages) barriers increased the chance of 

inbreeding due to genetic fixation and genetic isolation of fish populations (Shafi et al., 

2016). The population of S. sarwari was completely isolated from the other three rivers 

(i.e., River Chenab, Jhelum an Indus). The study map shows the distance between the 

River Ravi and other three rivers. The emigrational barriers are large in number at Ravi 

which cease the migration of S. sarwari, while less number of emigrational barriers are 

present among the River Indus, Jhelum and Chenab. The population of S. sarwari showed 

low level of inbreeding as compared to the other three rivers (Chenab, Jhelum and Ravi). 

The cluster analysis revealed the lowest genetic distance between the upstream Jhelum 

and the downstream Indus, which indicated that the migration might be occurred between 

the River Jhelum and the River Indus population of S. sarwari through canal 

interconnection between the River Jhelum and the River Indus at Chashma Barrage. The 

downstream population of the River Indus was highly diverse due to the existence of 

natural habitat of S. sarwari. Geographically the River Ravi showed the large distance 

from the River Indus but the River Ravi was interconnected with the River Chenab 

through Qadirabad-Balloki link. The Qadirabad Head is the main barrier which block the 

migration of most of fish populations including S. sarwari. The population of S. sarwari 
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showed the long segregation from the other riverine population of S. sarwari like the 

Hingol River for golden mahseer population (Shafi et al., 2016). The segregation of the 

River Ravi population was due to the Dams and Headworks which are located at different 

regions of the River Ravi and pollution level of the Ravi was also high as compared to the 

other three rivers, which destruct the natural habitat of S. sarwari. The population of S. 

sarwari showed highest genetic fixation due to high inbreeding coefficient in the River 

Ravi. The gene flow among the upstream and the downstream population of S. sarwari 

was nearly negligible, which indicted the sign of extinction or bottle neck.   

The morphological, meristic and genetic cluster analysis showed the similarities 

with each other. Some variations were found in the morphological and genetic clusters 

due to the environmental variations, because most of the morphological characters were 

influenced by the environment. Whereas, the meristic characters showed the 100% 

similarity with the genetical analysis.  The cluster analysis revealed that the upstream and 

the downstream population of S. sarwari of  the River Chenab, Jhelum and Indus were 

closely related to each other and this analysis showed that the upstream and downstream 

Ravi population was varied and more diverge from the other 6 upstream and downstream 

populations of 3 rivers Chenab, Jhelum and Indus.   
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Summary 

The present study entitled “Genetic analysis in different riverine population of 

carnivorous fish species (Sperata sarwari) in the Punjab, Pakistan” assessed the declining 

of the natural population of S. sarwari due to fragmentation by Dams, Barrages and 

Headworks through morphological and genetic analysis. For this purpose, the study 

involved the upstream and the downstream sites of the selected locations (i.e., Haed 

Tarimue, Rasul Barrage, Head Baloki and Chashma Barrage) of the four different rivers 

(i.e., River Chenab, Jhelum, Ravi and Indus) of the Punjab, Pakistan. Total eight 

populations (54 specimens) of S. sarwari were collected from the selected locations for 

the morphological, meristic and genetic analysis. The experimental work was carried out 

in the Research Laboratory of the Department of Zoology, Government College 

University Faisalabad, Pakistan.  

The S. sarwari is one of the commercially important species of Pakistan’s 

freshwater fish fauna and commonly known as Singharee or Singhara. It is endemic fish, 

inhabiting the riverine system of the Punjab, Pakistan. It is predatory, giant catfish 

belonging to the order Cyripniform and family Bagridae. Due to its predatory habit, it 

feeds on zooplankton and small animals like crustacean, mollusks, frog and small fishes. 

The status of S. sarwari is now endangered and is declining day by day due to the 

destruction of its natural habitat, over fishing and pollution. The population of S. sarwari 

is isolated in different geographical regions of rivers. 

This study investigated 21 morphometric characteristics, e.g., body weight (W), 

total length (TL), standard length (SL), body depth (BD) , dorsal fin length (DFL) and 

dorsal fin base (DFB), head length (HL), caudal fin length (CFL) and caudal fin height 

(CFH), pectoral fin length (Pec.FL) and pectoral fin base (Pec.FB), pelvic fin length 

(PFL) and pelvic fin base (PFB), adipose fin base (AFB) and adipose fin length (AFL), 

nasal barbel length (NBL), maxillary barbell length (MBL), inner and outer mandibular 

barbel length (I.Man. BL & O.Man. BL) and five meristic characteristics such as DFR 

(dorsal fin rays), Pec. FR (pectoral fin rays), PFR (pelvic fin rays), AFR (anal fin rays) 

and CFR (caudal fin rays) for morphometric and meristic analysis. The morphological 

variations in these characteristics were observed within the population of the same river 

and among the populations of different rivers except body weight, which was selected 

same in all populations to compare the specimen of similar weight. The highly significant 
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differences (P<0.001) were observed in all morphological characteristics except AFB and 

NBL (P<0.05), where significant differences were found within and between groups of 

the eight riverine populations of S. sarwari (Table 10). The study revealed that the River 

Ravi population showed the significant difference (P<0.0.5) from the other riverine 

populations (i.e River Chenab, Jhelum and Indus) (Table 7, 8 and 9). The analysis of 

variance in both the upstream and the downstream population showed the significant 

differences (P<0.05) in most morphological parameters within and between the groups 

except weight and length of nasal barb, which showed the non-significant differences 

within and between the groups (Table 11). The five meristic characteristics showed the 

significant differences (P<0.05) among riverine and between the upstream and the 

downstream population of S. sarwri (Table 12, 13 and 14). The analysis of variance 

showed the highly significant differences  (P<0.001) in meristic parameters within and 

between the populations of S. sarwari (Table 15).  

 

 The result of paired t-test analysis revealed that all morphological parameters of 

S. sarwari of the River Indus Population (Table 19) and majority of the morphological 

parameters of S. sarwari population collected from other rivers showed non-significant 

differences (P>0.0.5) between the upstream and the downstream population of S. sarwari 

except caudal fin length (CFL), caudal fin height (CFH) and Pectoral fin length (Pec. FL) 

in the River Chenab (Table 16),  adipose fin length (AFL) and length of inner mandibular 

barb (L. I. Man. B) in River Jhelum (Table 16) and head length (HL), adipose fin base 

(Ad.FB) and anal fin base (AFB) in the River Ravi population (Table 18), where 

significant  (P<0.05) differences were observed between the upstream and downstream 

population. The meristic counts of S. sarwari were similar in both upstream and 

downstream populations of the River Chenab, Jhelum, Ravi and Indus. The study 

revealed that eight populations of S. sarwai showed the remarkable morphological 

variations among and between the rivers (i.e., River Chenab, Jhelum, Ravi and Indus) of 

the Punjab, Pakistan, whereas the meristic counts showed no variations between the 

upstream and the downstream population of S. sarwari of the same river, but showed 

variability among the riverine populations of S. sarwari.  

In the cluster analysis (morphological and meristic), two major groups were 

formed the 1st cluster consisted of the River Ravi population and the 2nd cluster consisted 

of the River Chenab, Jhelum and Indus population (Fig. 9 and 10). The study revealed 

that the River Ravi population was completely isolated from the other three riverine 
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populations (River Chenab, Jhelum and Indus) and also the River Jhelum and the River 

Indus populations were closely related to each other as compared to the River Chenab.  

The genetic analysis involved the isolation of DNA and then optimization and 

amplification of RAPD markers. DNA from muscle tissues of S. sarwari was isolated 

through two conventional methods (Salt method and organic) and via a Kit method to get 

good quality DNA. The highest quantity of DNA was obtained by the organic method and 

lowest quantity was obtained through Salt method, whereas high quality DNA was 

obtained through Kit method.  

  In this study the RAPD markers were optimized with different concentrations of 

MgCl2, DNA template, Primer and dNTPs. The concentration of Taq polymerase and 

PCR buffer was kept constant. The annealing temperature also effected the 

reproducibility of clear bands for further genetic analysis. Out of 15 primers 10 primers 

were optimized through PCR. The clear and saturated bands were obtained at different 

concentrations of MgCl2, DNA template, primer and dNTPs (Table 21, Fig. 12). The 

results of amplification of primers were used to detect genetic diversity of S. sarwari. The 

ten primers produce 50 amplified bands. The different primers gave the different 

amplification of bands ranging from 250-1050 bais pairs. The two primers SS6 and SS9 

produced the highest amplification of bands (Table 22, Fig. 19 and 22) and the lowest 

amplified bands were produced by SS5 (Fig.18) while the other 7 primers produced the 

amplified bands ranged from 300-1050 bp (fig 14, 15, 16, 17, 18, 20, 21 and 23). The 

highest polymorphism and gene pool was observed in SS2, SS8 and SS1, respectively 

(Table 22). Different amplified bands were produce in all populations of S. sarwari 

collected from upstream and downstream of different rivers of the Punjab, Pakistan, 

which showed the sign of variation in allelic frequency. 

The genetic indices like polymorphism, observed alleles, effected alleles, Nei’s 

diversity and Shannon index ranged from 2-62%, 1.02-1.60, 1.02-1.44, 0.008-0.250 and 

0.001-0.367 (Table 30) were observed in  up and downstream populations of the River 

Chenab, Jhelum, Ravi and Indus. The range of observed alleles was higher than the 

effected alleles and both Nei’s diversity and Shanon index were less than 1 which 

indicated the high inbreeding coefficient within and between populations, which isolated 

the populations of S. sarwari into different geographical regions. The overall mean 

polymorphism of all the upstream and the downstream populations of S. sarwari was less 

than 60%, which indicated the lowest variability among and between the populations of S. 
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sarwari and increased the inbreeding co-efficient. The downstream population of the 

River Indus showed a high diversity within populations. The River Ravi population was 

completely isolated from the other upstream and downstream population of other rivers, 

i.e., River Chenab, Jhelum and Indus. The high value of the Shannon index proved that 

the populations were completely isolated from each other. The Ht, Hs, Gst and Nm 

ranged from 0.101-0.478, 0.052-0.273, 0.282-0.736 and 0.178-1.670 (Table 32) in eight 

populations of S. sarwari. The overall mean of Gst and Nm was high and low, 

respectively, which indicated reduced variation and  increased inbreeding which caused 

the isolation of populations and also indicated the lowest genetic flow among and 

between eight populations. The highest genetic distance (Table 33) was found in both 

upstream and downstream of the River Ravi from other upstreams and downstreams of 

the River Chenab, Jhelum and Indus, whereas high similarity was observed in the 

downstream Indus and the upstream Jhelum. Three main clusters were formed by eight 

populations 1st cluster formed by the upstream and downstream Ravi,  2nd cluster formed 

by the upstream and the downstream population of the River Chenab, 3rd cluster was 

subdivided into two sub clusters formed of the upstream Indus, downstream Jhelum, 

upstream Jhelum and downstream Indus, respectively (Fig. 17). The genetic indices, 

polymorphism, observed (na), effected alleles (ne), Nei’s diversity and Shanon index 

ranged from 2-68%, 1.02-1.67, 1.02-1.47, 0.0096-0.258 and 0.014-0.374, respectively 

were observed in four riverine populations (i.e., River Chenab, Jhelum, Ravi and Indus). 

The Ht, Hs, Gst and Nm ranged from 0.098-0.478, 0.056-0.293, 0.270-0.737and 0.246-

2.11, respectively was found in four population of S. sarwari (Table 38). The gighest 

genetic distance was observed in the River Ravi and Jhelum, whereas highest genetic 

similarity was found in the River Jhelum and Indus (Table 40). The population of all 

rivers Chenab, Jhelum, Ravi and Indus showed high inbreeding coefficient. The high 

similarities between Jhelum and Indus and high distance (table 40) between Ravi and 

other three populations (Chenab, Jhelum and Indus). Three clusters were formed 1st 

cluster consisted of Jhelum and Indus, 2nd formed by Chenab and 3rd formed by Ravi (fig 

18). The polymorphism of Jhelum and Indus was equal or greater than 60% that showed 

variation in both populations and Ravi showed lowest polymorphism, which indicted 

isolation with no genetic variation within populations (Table 40).  

The morphological and genetic analysis gave similar pattern. Both analysis 

revealed that the River Ravi population showed the significant variations from the other 
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riverine (River Chenab, Jhelum and Indus) populations. It also showed that Ravi 

population was completely isolated morphologically and genetically as compared to other 

three rivers (Chenab, Jhelum and Indus), while the Jhelum and Indus populations were 

more diverse morphologically as well as genetically.   

The present study concluded that both morphological and genetic variations act as 

a tool to measure the population variations among and between populations. It was also 

revealed that the morphological variations were more influenced by the environmental 

and geographical condition of the habitat. The genetic analysis was used to detect the 

inbreeding and gene flow among and between the populations of S. sarwari.  It was 

observed that the isolation of population was due to the differences in the geographical 

conditions and low migration among and between the populations of fish which was the 

indication of declining of fish population from that area. The Ravi population was 

significantly isolated from the other populations of S. sarwari. Due to very low gene 

flow, the population showed high inbreeding within the population and it was reduced to 

the bottleneck effect. 
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CONCLUSIONS 

➢ The morphological parameters proved to be the useful tool for the detection of 

environmental and habitat variation. The Dams, Barrages and Headworks not only 

fragmentized the habitat, but also changed the habitat of S. sarwari, which is the 

major cause of the morphological and genetic variations among and between the 

populations of S. sarwari. 

➢ Analysis of the morphological and meristic characteristics of S. sarwari showed 

the significant differences between the upstream and the downstream and among 

the four rivers, i.e., River Chenab, Jhelum, Ravi and Indus. 

➢ The molecular technique (RAPD) is a powerful tool to detect the genetic 

variability, allelic frequency, gene diversity, genetic flow and inbreeding 

coefficient of endangered species like S. sarwari. 

➢ Genetic analysis, between and among the populations of S. srawari indicated the 

isolation of populations between the upstream and the downstream and among the 

rivers (i.e., River Chenab, Jhelum, Ravi and Indus). Segregation of a population in 

a definite region was due to the low migration of individuals. 

➢ The high genetic variability was detected in the River Indus, which represented 

the large and diverse population size of S. sarwari.  

➢ The lowest genetic variability was found in the River Ravi which indicated the 

small and non-diverse population size of S. sarwari and was the major sign of its 

declining from River Ravi.  
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RECOMMENDATIONS 

➢ Pollution and other anthropogenic activities should be monitored for the saving of 

the natural habitat of endangered fish Sperata sarwari. 

➢ Managements of natural resources should be done and also provided the gateway 

for migration between upstream and downstream populations of S. sarwari within 

the same river. 

➢ Breeding program of S. sarwari and other endangered should be improved by 

mixing of highly diverse population with less diverse populations of S. sarwari.  

➢ This information can be used as a model for other endangered fish species, for the 

estimation of decrease level of population size.  

➢ The government should make a policy to provide the gateway during the 

construction of dams and barrages for the free movement of aquatic fish species. 

➢ Through the basis of genetic analysis, the ichthyologists should take necessary 

steps for the mixing of significant diverse population with low diverse population 

to maintain the gene pool of S. sarwari population for future conservation. 
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