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Abstract 
A study of seasonal variations in the gonado-somatic index was conducted for selected fish species of 

river Sutlej in and around Ludhiana. Two different sites i.e. site I (before confluence of Buddah Nallah) 

and site II (after confluence of Buddah Nallah) were selected for the study. Maximum mean GSI 

(Female) values (%) were observed during monsoon period whereas minimum mean GSI values were 

observed during post-monsoon period for Labeo rohita, Wallago attu, Aorichthys seenghala and 

Notopterus chitala at S-1 and S-2, respectively, except for C. marulius, in which the maximum mean 

value of GSI was observed during pre-monsoon (June) whereas minimum mean value was observed 

during monsoon period (July-August) at S-1 and S-2, respectively, because of its only one spawning 

period (June-July). GSI is the calculation of gonadal mass as a proportion of the total body mass and 

recognized as specific indicators of maturity and periodicity of fish spawning. The present work was 

undertaken in order to determine the spawning season of selected commercially important fish species of 

River Sutlej based on Gonado-somatic index and the outcome is helpful for selective breeding 

programme, conservation and sustainable fishery management of commercially important fishes in 

natural water bodies. 
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Introduction 
River Sutlej is one of the important riverine resources of Punjab and is the longest river system 

flowing through Northern India and Pakistan. It is the easternmost tributary of the Indus River. 

Its source is at Lake Rakasthal in Tibet near Mount Kailas, and it flows generally west and 

southwest entering India through the Shipki La pass in Himachal Pradesh. The Sutlej enters 

the plains of Punjab at Ropar, flows via industrial city of Ludhiana and joins with the Beas in 

Hari-Ke-Patan and continues southwest into Pakistan to unite with the Chenab River. 

Ludhiana is the most prosperous and largest city of Punjab. The city stands on the old bank of 

river Sutlej, which is situated on the northern side of Ludhiana city, approximately 15 

kilometers away from the City Center. River Sutlej while flowing through Ludhiana receives 

the direct discharge of a polluted tributary Buddha Nallah, which is posing a great threat to the 

endemic flora and fauna of this river. 42 fish species have been reported from upstream region 

and 35 have been recorded from downstream region during January 1995 to June, 1996 except 

during June-September, 1995 (due to flooded conditions) and at present the degree of pollution 

is so high that no fish species is found in this tributary [6]. With the rapid industrialization of 

Ludhiana city and dumping of industrial wastes in Buddha Nallah, this tributary is devoid of 

fish species at present. This tributary has now become an open sewer and is posing a great 

threat to the floral and faunal biodiversity.  

Gonado-somatic index (GSI) is one of the important parameters of the fish biology, which 

gives a detailed idea regarding the fish reproduction, reproductive status of the fish species and 

help in ascertaining breeding period of fish [18]. Production of eggs and milt is greatly 

influenced by the environmental changes among different species and within the same species 

also. Fish populations are more vulnerable as they are the direct recipient of virtually every 

form of human as well as animal wastes. The IUCN (International Union for Conservation of 

Nature) Red list (1996) records 734 fish species as threatened and 92 species as extinct 

worldwide. Water pollution is the biggest contributor to this decline. The breeding success of a 

fish depends on the quality of the gametes it produces. Moreover, a fish under stress will be 

subject to physiological and hormonal changes, unable to divert energy for gonadal maturity 

on time, thus delaying the breeding season.  
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The determination of breeding season is an essential part of 

biological investigation of fishes [16]. The use of gonado-

somatic index and volume of gonad as indicators of gonadal 

state has been used by several researchers to determine the 

breeding season of different fish species [17].  

The breeding success is affecting the fishery resources and is 

causing a decline in the endemic fish species. It is therefore 

very important to study gonadal development indexes like 

GSI, which can give first-hand information about the breeding 

season. Keeping this in view, the present study was devised 

with an aim to determine the spawning season of 

commercially important fishes of Sutlej and to assess the 

effect of pollution if any on the same. 

 

Material and methods 

Sampling Sites 

The samples (Fish) were collected from two different sites of 

River Sutlej. Site-1 was before the confluence of Buddha 

Nallah and Site-2 was after the confluence of Buddha Nallah 

in River Sutlej, thus covering both polluted and unpolluted 

areas of the River. 

 

Study period 

The study was conducted for 180 days (from June 2015 – 

December 2015) covering three seasons viz. pre-monsoon 

(June-July), monsoon (August-September) and post-monsoon 

(October –December) and samples were collected in triplicate 

on two monthly intervals.  

 

Fish species selected for the present study 

Commercially important food fishes of river Sutlej i.e. Labeo 

rohita, Wallago attu, Aorichthys seenghala, Notopterus 

chitala, Channa marulius were selected for the present study. 

 

Sample collection and GSI estimation 

The fish samples were collected in plastic zippers and brought 

under iced conditions in insulated corrugated boxes to the 

College of Fisheries, Guru Angad Dev Veterniary and Animal 

Sciences University, Ludhiana, India. The samples were 

examined in the laboratory immediately after collection. Total 

lengths (in cm) of fishes were measured by using fish 

measuring band whereas total weights (in g) were recorded 

for each fish specimen with the help of electronic balance. 

The sex of each specimen was identified by visual 

examination and confirmed after dissection and examination 

of the gonads following standard protocol. The gonads were 

dissected and weighed by digital electronic weight balance 

nearest to 0.01mg. The GSI was calculated by formula [15]. 

 

Gonado-somatic index (GSI) 

It is defined as the calculation of the gonad mass as a 

proportion of the total body mass. It is represented as:  

 

 
 

Statistical analysis 

One way ANOVA and Duncan Multiple range test was 

applied to find out the significant differences in the seasonal 

variations in Gonado-somatic index (GSI) of selected fishes. 

Statistical analysis was performed on MS-Excel and SPSS-16 

software package (p<0.05). 

 

Results  

GSI (Female) of L. rohita, W. attu, A. seenghala, N. chitala 

and C. marulius were estimated seasonally and values are 

expressed as percentage (Table 1). In the present study, GSI 

values were highest during monsoon period (July-August) for 

all the fish species except for C. marulius because of its only 

one spawning period (June-July). Different studies have 

suggested seasonal variation in the value of GSI, ascribed to 

the corresponding changes in the reproductive activities 

(gonadal development) of the species.

 
Table 1: Seasonal variations in Gonado-somatic Index (%) of selected fishes (Female) at Site-1 and Site-2 during the study period (June, 2015 – 

December, 2015). 
 

Fish species 
Site-1 Site-2 

Pre-monsoon Monsoon Post-monsoon Pre-monsoon Monsoon Post-monsoon 

Labeo rohita 21.56b,2±1.13 34.33a,1±2.40 1.36c,3±0.17 19.73b,2±2.16 31.93a,1±0.76 1.70c,3±0.11 

Wallago attu 20.76b,2±1.05 35.33a,1±1.45 2.00c,3±0.20 20.53b,2±0.88 34.10a,1±0.20 2.30c,3±0.45 

Aorichthys seeghala 20.00b,2±1.91 33.73a,1±1.03 2.63c,3±0.38 21.03b,2±0.95 31.03a,1±0.18 1.70c,3±0.26 

Channa marulius 35.26a,1±0.56 11.03b,2±0.85 15.33b,2±1.45 35.76a,1±0.52 7.76c,3±0.24 12.66b,2±1.20 

Notopterus chitala 19.56b,2±0.73 31.30a,1±0.61 1.43c,3±0.12 17.46b,2±0.67 28.60a,1±0.36 1.66c,3±0.12 

*Values (mean ± standard error) in a row with different alphabetical superscripts (a, b, c …) differ significantly within seasons 

at Site-1 and Site-2 and with different numerical superscripts (1, 2, 3 …) differ significantly between sites (P<0.05). 

*Statistical analysis was carried out individually for each fish species within and between the sites. 

 

Labeo rohita 

It is commonly known as Damra or Rohu in Punjab. It is 

column feeder and prefers to feed on plant matter including 

decaying vegetation. Spawning occurs in flooded rivers in the 

monsoon period. During the present study, maximum mean 

GSI (%) values for L. rohita (34.33 and 31.93) was observed 

during monsoon whereas minimum mean GSI (%) values 

(1.36 and 1.70) was observed during post-monsoon period at 

S-1 and S-2, respectively (Table 1 & Fig. 1). 
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Fig 1: Seasonal variations in Gonado-somatic Index (%) of L. rohita (Female) at Site-1 and Site-2 during the study period (June, 2015 – 

December, 2015). 
 

Wallago attu 
It is carnivorous and predatory fish and feeds upon water 

fleas, crustaceans, insects, fish fry and fingerlings. It breeds 

during July and August in rivers. During the present study, 

maximum mean GSI (%) values for W. attu (35.33 and 34.10) 

was observed during monsoon whereas minimum mean GSI 

(%) values (2.00 and 2.30) was observed during post-

monsoon period at S-1 and S-2, respectively (Table 1 & Fig. 

2). 

 

 
 

Fig 2: Seasonal variations in Gonado-somatic Index (%) of W. attu (Female) at Site-1 and Site-2 during the study period (June, 2015 – 

December, 2015). 
 

Aorichthys seenghala 
It is commercially important food fish. It is carnivorous and 

predatory fish and feeds on insects, crustaceans, gastropods, 

small fishes and prawns. It breeds in rivers on commencement 

of monsoon. During the present study, maximum mean GSI 

(%) values for A. Seenghala (33.73 and 31.03) was observed 

during monsoon whereas minimum mean GSI (%) values 

(2.63 and 1.70) was observed during post-monsoon period at 

S-1 and S-2, respectively (Table 1 & Fig. 3). 

 

 
 

Fig 3: Seasonal variations in Gonado-somatic Index (%) of A. seenghala (Female) at Site-1 and Site-2 during the study period (June, 2015 - 

December, 2015). 
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Notopterus chitala 
It is a predatory fish and feeds upon small fishes. It breeds in 

confined waters with the onset of rainy season. During the 

present study, maximum mean GSI (%) values for N. chitala 

(31.30 and 28.60) was observed during monsoon whereas 

minimum mean GSI (%) values (1.43 and 1.66) was observed 

during post-monsoon period at S-1 and S-2, respectively 

(Table 1 & Fig. 4). 

 

 
 

Fig 4: Seasonal variations in Gonado-somatic Index (%) of C. marulius (Female) at Site-1 and Site-2 during the study period (June, 2015 – 

December, 2015). 
 

Channa marulius 

It is highly predaceous, even cannibalistic. It breeds from 

April – June. During the present study, maximum mean GSI 

(%) values for C. marulius (35.26 and 35.76) was observed 

during pre-monsoon (June) whereas minimum mean GSI (%) 

values (11.03 and 7.76) was observed during monsoon period 

(July and August) at S-1 and S-2, respectively (Table 1 & Fig. 

5). 

 

 
 

Fig 5: Seasonal variations in Gonado-somatic Index (%) of N. chitala (Female) at Site-1 and Site-2 during the study period (June, 2015 – 

December, 2015). 
 

Discussion 

GSI gives an idea about the fish reproduction and is one of the 

most important parameter which can be used to determine the 

degree of ripeness of the ovary. GSI is an indicative tool for 

determining the reproductive cycle of an organisms and helps 

in formulating suitable breeding policies for endangered fish 

species or any effected water body. 

During different seasons, the significant differences were 

found in the mean GSI values for all the fish species observed 

as (Monsoon>Pre-monsoon>Post-monsoon) within the sites, 

except for C. marulius in which the mean GSI values does not 

differed significantly during monsoon and post monsoon 

seasons (Pre-monsoon>Post-monsoon=Monsoon) at S-1 

while as significant differences were observed during all the 

seasons at S-2 (Pre-monsoon>Post-monsoon>Monsoon).  

Further, no significant differences were recorded in the mean 

GSI values between the sites for all the fish species observed 

except for C. marulius in which the GSI values were 

significantly different during monsoon period. Relatively 

higher values of GSI were recorded at S-1 as compared to S-

2. Lower values recorded at S-2 were presumed because of 

high pollution load, due to which fish was unable to properly 

channelize energy towards gonadal development and the 

reproductive activity was affected. Similarly, some 

researchers have confirmed maximum GSI in other species of 

channa such as C. punctatus, during early rainy and rainy 

season i.e. May to August [8, 9, 20]. 

During the present study, it was found that GSI values were 

higher during the monsoon period for all the fish species 

confirming them as monsoon breeders except for C. marulius 

in which higher values of GSI were recorded during pre-

monsoon indicating that its spawning takes place during the 

dry season. Mean GSI values decreased during post-monsoon 

period for all the selected fish species except for C. marulius 

in which mean GSI values decreased during the monsoon 

period, indicating its spent phase after the completion of 

spawning. So, the higher values of GSI are used as indicative 

of spawning season in conformity with the other findings [1]. 
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Lower values of GSI during the present study indicate that 

fish is not ready to spawn in conformity with the other 

findings who also reported that the GSI range between 0 – 2 

values means that fishes are not preparing to spawn [18]. Value 

of GSI is affected by the weight through temporary changes in 

the visceral mass caused by feeding and different workers 

have tried to address this problem and have been subtracting 

gonad weight from the body weight [21] or using eviscerated 

body weight. 

The present findings are in close agreement with the findings 

of other scientists. Similar observations were recorded in 

Barbus luetus [12], Notopterus chitala [3,19] and Rasbora 

towarensis [11]. GSI was higher in the rainy season than in the 

dry season, confirming that breeding and spawning takes 

place during the rainy season and that the reproductive cycle 

is annual[5, 2, 14]. The highest GSI value in the month of July 

and August which then began to fall gradually from 

September to January [10] and similar observations were 

recorded during the present study. Minimum GSI mean values 

in Cirrhinus mrigala (both in males and females) were 

observed in winter while maximum was estimated during the 

monsoon period from Kalambe reservoir near Kolhapur 

(Maharashtra) and observed that fecundity increases with 

increase in length, body weight and gonad weight of the 

fish[4]. The minimum GSI values in Salmostoma untrahi 

(Day) (both male and female) were observed in winter while, 

maximum of it was recorded in the monsoon season from 

Bhadra reservoir near Narasimharaja pura of Chikmagalore 

district (Karnataka) [7]. 

 

Conclusion 

Although, there were no significant differences in the GSI 

values between two sites but GSI values was relatively lower 

at S-2 which may be because of high organic pollution, less 

gonadal weight as the fish might have been under 

physiological stress which lead to late maturity of gonads. 

This might be also due to the fact that during stress the fish 

might be using its own body reserves for metabolic needs and 

less channelization of energy towards gonadal development. 

Further studies are needed on histological level to rule effect 

if any of Buddah Nallah pollution on the gonadal maturity of 

fish species harbouring river Sutlej. The obersvations of the 

present study also helpful for selective breeding programme, 

conservation and sustainable fishery management of 

commercially important fishes in its natural water bodies.  
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