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Abstract

The present study examined a total of 446 samples of Ompok bimaculatus and describes the

condition factor, gonadosomatic index, lengthlength relationships, sex ratio, size at first maturity.

The regression parameter ‘b’ ranged from 3.06 to 3.76 (r2 > 0.90). During the premonsoon, the

allometric coefficient ‘b’ of the LWR was close to isometric value (b = 3.06) while that of overall was

positive allometric (b = 3.31) although it suggested positive allometric growth in monsoon (b = 3.21),

and postmonsoon (b = 3.76), periods. The values of condition factor ranged from 0.524 to 0.573. In

the study, sex ratio ranged from 1:1.03 to 1:1.3. Males ranged from 14.026.6 cm while females

varied from 11.229.0 cm in length. A significant difference in length at 50% maturity (p < 0.05) was

found between both the sexes. First maturity stages in males and females were 22.3 cm and 23.2

cm, respectively. The smallest mature female was 22.0 cm L; the largest immature female was 26.8

cm L. The smallest mature male was 20.0 cm L; the largest immature male was 24.5 cm L. The

results of the study could be useful to help in sustainable fisheries management in the Ghaghara

River.

Key words

Ghaghara river, Ompok bimaculatus, Reproductive potential

Publication Info

Paper received:

20 March 2012

Revised received:

27 November 2012

Re-revised received:

02 April 2013

Accepted:

25 April 2013

Introduction

In fish, size is generally more biologically relevant

than age, mainly because several ecological and

physiological factors are more size-dependent than age-

dependent. Length and weight data are useful standard

results of fish sampling programs (Morato et al., 2001).

Fisheries management and research often require the use of

biometric relationships in order to transform data collected

in the field into indexes (Mir et al., 2012). Establishment of a

relationship between length and weight is essential for the

calculation of production and biomass of a fish population

(Dulcic and Kraljevic, 1996; Moutopoulos and Stergiou,

2002). Length-weight relationship parameters (LWR) are

useful in fisheries science in many ways: to estimate weight

of individual fish from its length, to calculate condition

indices, to compare life history and morphology of

population belonging to different regions, and to study

ontogenic allometric changes (Teixeira de Mello et al.,

2006).The silurid catfish Ompok bimaculatus, popularly

known as butter fish, is an endangered fish species of high

commercial value and is a freshwater teleost native to South-

East Asia. In India, it is distributed in the plains and sub-

mountain regions (Sarkar et al., 2005). The fish has a wide

geographical distribution covering West Bengal, Bihar and

North-Eastern States of India as well but over the last few

decades its wild population is declining rapidly (> 50%).  It

is a delicious and highly priced catfish and is well preferred

because of its unique lipo-protein texture with soft bones,

good taste and higher nutritional value (Banik et al., 2011).

The Ompok species supported a strong fishery especially

in the North Eastern states, North Bihar and West Bengal

during the early 1970s. However, in the early 1980s sharp

decline in occurrence and abundance were observed (Banik

et al., 2011). The fish is omnivorous, feeding mainly on

insects. Lack of definite information on the biological aspects
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of the threatened fish species of the river system has

hampered the planning and implementation of species-

specific conservation and management strategies. Studies

on the reproductive biology of any fish is essential in

evaluating the commercial potentialities of its stock, life

history, cultural practice and actual management of small

indigenous fishes (Mollet et al., 2000). For instance,

information on size at maturity is crucial to fishery

management (Walker, 2004; Fontoura et al., 2009).

Reproductive biology i.e., fecundity, spawning, sex ratio

etc. are among the important aspects of the biology of fishes

which must be understood to explain the variations in the

level of populations as well as to make efforts to increase

the amount of harvest. Information about the reproductive

season enables us to set seasonal closures around the

reproductive season of the resources (Sato and Yoseda,

2008). This species has been listed as a near threatened fish

species in India (IUCN, 2011) due to its decrease in

abundance and restricted distribution. The causes behind

its decline are likely to be overfishing during the breeding

season, wide use of pesticides in agro-fields and also

gradual siltation in riverine habitat. In aquaculture it has

not received much attention due to insufficiency of gravid

stock for experimentation and also because of shortage of

information regarding its breeding potential, larval rearing

and culture technology (CAMP, 1998; Banik et al., 2011).

The present study is important as it reports about

the biological aspects like condition factor, length-weight

relationships (LWR) and length-length relationships (LLR)

and also reproductive biology like size at first maturity

stages, sex ratio and gonado somatic index (GSI) of this fish

species from river Ghaghara.

Materials and Methods

During May 2009 - September 2010, 446 samples of

O. bimaculatus were collected from various sites of the

river Ghaghara which is a major tributary of the Ganga basin

in Northern India. Fishes were sampled by gill of nets of

different sizes. All samples were transported to the

laboratory where they were counted and measured for total

length (TL), standard length (SL), fork length (FL), and body

weight (BW). Lengths were measured with a digital caliper

to the nearest 0.1 cm and body weight was determined with

a digital balance to the nearest 0.1 g. Fish samples were

identified according to Jayaram (1999). The statistical

relationship between TL and total BW of fishes was derived

using the formula of Hossain et al., (2006).

The condition factor K (Fulton, 1904) was estimated

from the dividing weight of fish with total length. Statistics

were performed using the SPSS package (version 16.0.). To

compare the variations among seasons the 95% confidence

limits were determined. Gonado Somatic Index (GSI) was

calculated by dividing gonad weight with total weight and

then multiplying with 100.

On the basis of monthly examination of gonad weight

and body weight of the fish, the spawning cycle and

breeding time of the species was ascertained. Maturity

stages were assigned based on the degree of development

of testes in males and ovaries in females. The percentage of

mature individuals relative to immature and premature

individuals was calculated for each age group and fitted to

the logistic model Y = [1 + e (aX+b)]-1, where Y is the

proportion of individuals that were mature at age X, and a

and b are empirical parameters. Age at 50% sexual maturity

was calculated using the equation: age at 50% sexual

maturity = –ba-1.12 (Kume et al., 2008). Length at 50%

maturity (L
50
) was estimated as the length at which a

randomly chosen specimen had a 50% chance of being

mature. Parameter estimations were performed using the

Non Linear Regression routine of SPSS 16.0. The sex ratio

was determined from the proportion of females to males

expressed as the percent of total sample for each month.

Results and Discussion

The present study deals to quantify the significant

biological traits of O. bimaculatus from river Ghaghara. The

estimates of regression parameter ‘b’ ranged from log 3.06

to 3.76 and showed distinct seasonal differentiations. The

value of ‘b’ during pre-monsoon period was 3.06 (nearly 3)

and showed isometric growth; in the monsoon and post-

monsoon periods the values of ‘b’ varied slightly, indicating

allometric growth. The b-value of overall length-weight

relation was 3.31, showing allometric growth. Therefore all

allometric coefficients (b) estimated in this study were within

the expected range of 2.9–3.8. All linear regressions of

length-length relationships were significant (P < 0.001), with

r2 values being nearly or >0.950 (Table 1). The isometric

growth (b = 3) and low r2 value (0.91) during the pre-monsoon

period might be due to the same body form and conditions

and quite narrow size range of O. bimaculatus individuals.

A b-value of more than three during monsoon period,

indicating a larger specimen size, showed that they were in

better condition than large samples (Froese, 2006).

Parameters of fish LWR are affected by a series of factors

including season, habitat, gonad maturity, sex, diet, stomach

fullness, health, and preservation techniques (Froese, 2006;

Dubey et al., 2012).

The condition factor (K) is an index reflecting

interactions among biotic and abiotic factors in the

physiological condition of the fishes. It shows the well-

being of the population during various life-cycle stages

(Mir et al., 2012). There were significant differences (P <

0.001) in ‘K’ values of O. bimaculatus among seasons.

Average value of Fulton’s condition factor (K) for this
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species in different seasons ranged from 0.52 to 0.57.

Fluctuations in ‘b’ values from 3.0 during the monsoon and

post-monsoon periods revealed that the length-weight

relationships of this species followed the cube law and might

be affected by the general condition of appetite and gonadal

contents. These factors are also responsible for the

variations in condition factor. The higher value of ‘K’ during

the pre-monsoon season indicates that the fishes are in

good condition. This may be due to differences in the state

of maturity and availability of fish food organisms in the

riverine ecosystem. The observations on the sex-ratio were

based on the 446 specimens in the size range of 11.2 to 29.0

cm. The two sexes of O. bimaculatus were segregated with

the aid of pectoral spine and genital papillae of male and

female. The relative abundance of males and females for

various length groups and different months were tested by

chi-square for departure from hypothetical 1:1 ratio on null

hypothesis (Vicentini and Araujo, 2003). Almost equal ratio

among the sexes was recorded throughout the year (Table

2).  In this study the sex ratio ranged from 1:1.03 to 1:1.3. On

further analysis of the data, the overall sex ratio was found

to be 1: 1.03 indicating that the two sexes are almost in equal

proportion (Table 3). The variation of sex ratio was also

observed according to the length of species. In the range of

11.2 - 13.3 no male was recorded while a good sex ratio was

noticed for the length range of 20.0 - 22.1 cm. (Fig. 1).

Table 2 : Length-length relationships between total length (TL), fork length, (FL) and standard length (SL) of Ompok bimaculatus in

different seasons from river Ghaghara

Seasons Equation n a b r2

Pre-monsoon TL = a + bSL 184 0.163 0.926 0.969

SL = a + bFL 0.760 0.095 0.963

FL = a + bTL -0.720 1.018 0.962

Monsoon TL = a + bSL 172 0.057 1.008 0.934

SL = a + bFL 0.027 0.956 0.967

FL = a + bTL 0.007 0.960 0.950

Post-monsoon TL = a + bSL 90 0.097 0.978 0.952

SL = a + bFL 0.008 0.972 0.967

FL = a + bTL -0.037 0.994 0.973

n, number of individuals; r2, coefficient of determination; a, intercept; b, slope.

Table 1 : Minimum and maximum length range, regression parameters and 95% confidence interval (CI) for Ompok bimaculatus in

different seasons from River Ghaghara

Season No. of Total length (cm) Regression parameters 95% CI of a 95% CI of b r2

specimen Min Max     log a     log b

Pre-monsoon 184 11.2 26.6     -2.344     3.065 -2.17 to -2.52 2.92 to 3.20 0.91

Monsoon 172 14.4 28.0     -2.551     3.212 -2.40 to -2.70 3.09 to 3.33 0.94

Post-monsoon 90 15.0 29.0     -3.267     3.769 -3.05 to -3.48 3.60 to 3.93 0.96

Overall 446 11.2 29.0     -2.673     3.317 -2.58 to -2.77 3.24 to 3.39 0.94

Table 3 : Monthly fluctuations of sex in Ompok bimaculatus collected from river Ghaghara

Months Males Females Total Nos. Male Female Expected Sex ratio Chi-square

percentage percentage Nos. (M:F) (x2)

January 9 11 20 45.0 55.0 10 1:1.2 0.200

February 13 9 22 59.0 41.0 11 1:0.6 0.727

March 10 11 21 47.6 52.4 10.5 1:1.1 0.048

April 33 40 73 45.2 54.8 36.5 1:1.2 0.671

May 40 48 88 45.5 54.5 44 1:1.2 0.727

June 15 17 33 45.5 54.5 16.5 1:1.1 0.15

July 11 13 23 47.8 52.2 11.5 1:1.1 0.217

August 25 29 54 46.3 53.7 27 1:1.1 0.296

September 10 8 18 55.6 44.4 9 1:0.8 0.222

October 9 12 21 42.9 57.1 10.5 1:1.3 0.429

November 30 21 51 58.8 41.2 25.5 1:0.7 1.588

December 14 8 22 63.6 36.4 11 1:0.5 1.636

Total 219 227 446 49.1 50.9 223 1:1.03 0.143
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This species spawns during June to July. A slightly

low value of K during this season indicates that the fishes

were relatively less good in condition which suggests the

quantum of energy diverted to the development of gonads

(Sarkar et al., 2005). However, the low values of K factor

during breeding season are more attributed to the restricted

and erratic feeding habits (Sarkar et al., 2008; Mir et al.,

2012). Fish can breed during the year but concentrates in

August and September (Banik et al., 2011). Maturity cycle

of the species was studied by examination of their gonads

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3 : Monthly changes in the GSI of male and female of Ompok

bimaculatus.
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Fig. 2 : Cumulative relative frequency of the length at first maturity

of male (A) and female (B) Ompok bimaculatus in different size

groups. The 50% maturity is marked by thin horizontal line.

Fig. 1 : Length-wise sex ratio (LSR) for Ompok bimaculatus collected

from Ghaghara River

in different months. During October - January the fishes

were found to be in stage I and II of maturity. Majority of

the males were matured during late March - May while

females were only in stage I and II. Fully ripe females were

observed during May to the end of July. For the study of

maturity cycle we examined a total of 446 individuals of O.

bimaculatus (219 males and 227 females).  A significant

difference in length at 50% maturity (t-test, P < 0.05) was

found between both sexes. The size at first maturity (the

length at which 50% fishes attain maturity) in males and

females were 22.3 cm and 23.2 cm, respectively (Fig. 2A, B).

The smallest mature female was 22.0 cm L; the largest

immature female was 26.8 cm L. The smallest mature male

was 20.0 cm L; the largest immature male was 24.5 cm L. L
50

varied in relation to gender, being higher for females. The

mean GSI of the fish tends to increase as the fish reaches

maturity and after spawning, it declines and the minimum

GSI was recorded during resting phase. The GSI values

varied from 0.4 to 9.1 for female and 0.1 to 2.6 for male. In

males, the GSI was usually lower than in females (Fig. 3). It

slowly increased stage by stage until it reached its maximum

value in July and August. The highest GSI value was found

in the month of July and August and which then began to

fall gradually from September to January. But in the case of

female O. bimaculatus, the weight of the gonad gradually

increased from January to August with slowly stage by

stage until reached its maximum value in August. The GSI

values of both the sexes at full maturity (IV stage) are in

corroboration with Banik et al. (2011). The higher values of

GSI for both males and females during June to August

indicate that this fish species breeds during the rainy and

flooding period.

This study has provided baseline information on

condition factor, length-weight and length-length

relationships alongwith pattern of reproductive potential

of a near threatened silurid catfish O. bimaculatus from a

least explored tributary of Ganga Basin. The results on sex

S.K. Mishra et al.
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ratio, size at first sexual maturity, GSI, and spawning season

may beneficial for species conservation strategies in river

Ghaghara.  It is also recommended that there should be ban

on the fishing in river during spawning periods for

conservation of fish population. Evidently, this study have

important implications for sustainable fishery management

and conservation programmes of this important freshwater

fish.
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