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Abstract :  Garra gotyla gotyla is one of the most important food fish as well as a potentially important ornamental fish 

found in the high torrential water of river Noa-Dihing, Arunachal Pradesh. As a measure of conservation certain aspects 

of the length- weight relationship and condition factor have been undertaken. On plotting the entire length- weight into a 

single data the relationship was found to be W = 0.0138L 
2.834

 (r = 0.98). ‘b’ value was found to be maximum in adult 

female (3.31) and minimum in fry (2.08). ‘K’ value showed higher range in case of fries followed by juveniles and 

adults.  The findings of present investigation on the length-weight relationship of G. gotyla gotyla indicated the 

applicability of the cube law to this species. However, the value of the exponent ‘b’ was significantly higher in the 

females compared to that in males.  The high values of condition factor (K) in different length groups of G. gotyla gotyla 

indicated a general well being and adaptability of the fish in their habitat in Arunachal Pradesh. 
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1.  INTRODUCTION 

The length weight relationship has various practical applications in fishery biology. These  are conducted 

mainly to facilitate the conversion of one measure to another  and also for calculating  condition factor to 

know the well being of  fish and  are used mainly to measure variation from the  expected weight or length of 

individual or  relevant groups of individuals (Le Cren, 1951). The relationship was also found useful in 

differentiating small taxonomic units, as variation may occur within population of different localities (Le 

Cren, 1951; Chondar, 1972).     

              Arunachal Himalaya is one of the hotspot biodiversity of North-East India. It is characterized by vast 

forests and fast and turbulent rivers and streams harbouring a wide varieties of fauna. Garra gotyla gotyla 

(Gray) is one such common fish found in the high torrential waters of river Noa- Dihing. However work done 

on this fish and its allied species is very scanty. The review obtained so far on Garra gotyla gotyla and its 

allied species based mostly on taxonomy and  zoogeographical distribution of the species. Length-weight 

relationship is another very important factor to determine the general well being of a fish. Condition factor or 

ponderal index (K) alongwith length-weight relationships are used to determine the well being of a fish. K-

factor indicates the relative plumpness or fatness of a fish in numerical terms (Biswas, 1982). 

 

2. Materials and methods 

2.1   Length – Weight Factor 

             The length-weight relationship had been calculated by the allometric growth equation following 
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Huxley (1924 ): 

                                                        W = a L
b
,                                                                      (1) 

 Where a and b are constant, W = weight and L = length. 

  The above equation is then expressed logarithmically by the following formula suggested by Le 

Cren (1951):  

 Log W = Log a + b Log L. The `a` and `b` values were determined empirically. In the present 

investigation the observed average weight was plotted against observed average length to examine the nature 

of parabola. 

 On converting the values to logarithms, the exponential relationship has been expressed as linear 

equation as described above. The regression of log length and log weight has been calculated by least square 

method and seasonal variation of `b` values has been calculated. Correlation co-efficient `r` was calculated 

using the following formula (Biswas, 1993).  

                                                                ∑ XY –   n x y                    

                                              r =                                 (2) 

                                                        √ (∑X
2
 – n. x

 2
) (∑Y

2
-n. 

-
y

2
) 

where  X  and  Y  stands for length and  weight, 
-
x and  y  are mean of X and  Y.  

 2.2 Condition factor (K)-  

 The condition factor or K-factor or ponderal index is a derivative of growth and is extensively used 

to compare the condition or well being of a fish species. In the present study condition factor was determined 

seasonally and for different life stages following the formula-  

 

  K =    (Bolger and Connelly, 1989)                                                            (3) 

                          

  where w = gutted body weight (gm)  

    l =   standard length (mm) 

   b = regression co-efficient derived from length–weight relationship.  

 

3. Results and Discussion 

3.1 Length-weight relationship :The entire length-weight relationship of G. gotyla gotyla was pooled 

into a single data and was presented as follows: 

 W = 0.0138L 
2.834

 (r = 0.98) 

1.  Length-weight relationship in different life stages: The length-weight relationship of different life 

stages had been calculated as follows. 

(A) Fry– The length-weight relationship of fry irrespective of sexes  depicted as : 

 Log W = – 0.4437 + 2.08 Log L (r =0.98). 

  When observed length was plotted against observed weight a parabolic graph was obtained  

(Figure1).  

 

W 

lb 
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Figure 1. Parabolic graph between length- weight in fry 

 

(b) Juvenile – The length – weight relationship of juveniles irrespective of sex  calculated as follows:  

Log W = – 1.199 + 3.04 log L  (r = 0.98).       

      On plotting observed length against observed weight a parabolic graph was obtained (Figure2)  

 

Figure 2. Parabolic graph between length- weight in juvenile 

(c ) Adult: 

           The length-weight relationship in adult male and female of G. gotyla gotyla has been calculated as 

follows: 

             Male: log W = -1.61+ 2.74 log L (r =0.97) 

             Female: log W = -2.20 + 3.31 log L (r = 0.91) 

On plotting log W against log L in both the cases, a graph was obtained (Figure 3). 
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Figure 3. Parabolic graph between length- weight in adult male 

 

    2. Seasonal variation in the length-weight of G. gotyla gotyla:  Length-weight relationship for the 

four seasons viz.- pre-monsoon, Monsoon, post-monsoon and winter had also been calculated and depicted as 

follows: 

Pre-monsoon                  : Log W= -1.47 + 2.46 Log L ( r=0.997) 

Monsoon                       : Log W = -0.38 + 2.33 Log L (r= 0.997) 

Post monsoon                : Log W = - 1.31 + 3.35 Log L (r= 0.998) 

Winter                            : Log W = - 0.40 + 2.40 Log L (r= 0.997) 

. From the above equations it may be seen that the regression co-efficient (b) was  

maximum (3.35) in post monsoon and minimum (2.33) in monsoon.  

              Length weight relationship in different life stages of the species had been worked out. It was clear 

from the observation that the ‘b’ value was found to be maximum in adult female (3.31) and minimum in fry 

(2.08).  The value of ‘b’ may change with locality, sex, maturity and with metamorphosis (Frost, 1945; Le 

Cren, 1951). Hile (1936) and Martin (1949), observed that the value varied between 2.5 and 4.0. According 

to Allen (1938), ‘3’ is the ideal value of ‘b’ for fish. In the present study also the value of ‘b’ was found to be 

varied between 2.08 (fry) and 3.34 (adult female) indicating better growth in the adult. This may be due to 

change in weight maturity during maturity phase as observed by Frost (1945) and Le Cren (1951). Biswas et 

al., (1984) found that the higher ‘b’ value in the females of L. dero was due to their better growth than that of 

the males. In the present study too the adult females have higher ‘b’ value indicating its better growth than its 

male counterpart. However, Beverton and Holt (1957) suggested that the departure of ‘b’ value from 3.0 is 

rater rare. Biswas (1982) suggested that variations if any, in the exponent values of juveniles and adults may 

be due  to their varied feeding habits. Further, fish normally do not retain the shape of the body throughout its 

life span and the relationship may depart from the ideal ‘b’ value (3). The causes for this variation are said to 

be due to seasonal fluctuations in environmental parameters, physiological conditions of the fish at the time 

of collection, sex, gonadal development and nutritive conditions of the environment of the fishes (Kaur, 

1981; Dasgupta, 1982 ). It was also reported (Vasnetsov, 1953) that various developmental stages of fishes 

showed different length-weight relationship.  
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 On plotting the observed lengths against observed weights in various life stages, parabolic graph was 

found and showed no significant differences between the sexes (Fig 1A, 1B, 1C, 1D, 1E & 1F). These 

observations were in close conformity with Pillay (1958); Krishnamoorti (1971); Victor (1977) and Lal 

(1980). 

 The findings of present investigation on the length-weight relationship of G. gotyla gotyla indicated 

the applicability of the cube law to this species. However, the value of the exponent ‘b’ was significantly 

higher in the females compared to that in males. This indicated variation in the rate of increments in length 

and weight between the two sexes.  

There is an increase in plumpness with increase in length, particularly in females, as observed by Carlander 

(1970). It was observed that there was significant difference between the values of ‘b’ between the two sexes 

of G. gotyla gotyla contradicted the applicability of a common formula on both the sexes, as observed by 

Sekharan (1968). Rounsefell and Everhart (1953) viewed that the cube law dose not necessarily always hold 

good since the outline of the fish is subjected to change in various life stages.  

           From the length-weight relationships in different seasons it was found that the highest ‘b’ value was 

recorded in post monsoon seasons (3.35) and lowest was recorded in monsoon (2.33). The variation in ‘b’ 

value in different seasons may be due to varied stages of maturity. Environmental condition such as water 

quality may be responsible for the deviation of ‘b’ from cube law (Kulshreshtha et al., 1993). In the present 

study the regression co-efficient ‘b’ showed variation even in the same population. Similar results were also 

observed by Pathak (1975) and Biswas (1982). 

 3.2 Condition Factor :- Individual variation from general length-weight relationship have been studied under 

the general name condition (Le Cren, 1951). 

    1.  Seasonal variation in mean condition factor (K): Seasonal variation in mean condition factor of G. 

gotyla gotyla showed highest value in pre-monsoon for both adult male and female and minimum in monsoon 

for both the sexes (Table-1). The mean relative condition factor (Kn) had been calculated for fry, juvenile, 

adult male and female for various seasons and it was found that  Kn value was maximum in fry (1.74 ± 0.26) 

and minimum for adult male (1.24 ± 0.08). 

Table- 1:  Seasonal Variation of Mean Condition Factor in Various Groups of G.gotyla gotyla 

Season Fry Juvenile Adult 

Male Female 

Pre-Monsoon 1.55 1.35 1.30 1.44 

Monsoon 2.02 1.66 1.15 1.05 

Post-Monsoon 1.91 1. 51 1.29 1.27 

Winter 1.46 1.35 1.22 1.29 

Mean 1.74±0.26 1.47±0.13 1.24(± 0.08) 1.26(± 0.09) 

 

2.  Monthly variation in condition factor (K): 

           The study on monthly trend of relative condition factor it was clear that the ‘K’ value showed almost 

an uniform trend reaching its peak in male (1.32) and also in female (1.49) in May. The ‘K’ value was 

recorded to be The ‘K’ value was recorded to be minimum in July in male (1.14) and female (0.95) (Table 2). 
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Table-2: Monthly Condition factor (K) 

Month Male Female 

January 1.26 1.35 

February 1.21 1.38 

March 1.31 1.41 

April 1.29 1.43 

May 1.32 1.49 

June 1.15 1.10 

July 1.14 0.95 

August 1.20 1.12 

September 1.28 1.26 

October 1.30 1.29 

November 1.25 1.23 

December 1.19 1.20 

          Seasonal fluctuations found in the ‘K’ values may be attributed to factors like food availability, gonadal 

maturity and biotic components of the ecosystem (Le Cren, 1951; Bashirullah, 1975; Kaur, 1981; Biswas, 

1982). In the present study, the values of ‘K’ showed significant fluctuation for both male and female which 

may be due to difference in the weight of food contents in the stomach. This result supports the results of 

Kader and Rahman (1978) on Tilapia mossambica. According to Hart (1946) seasonal variation in the 

ponderal index occur with increase in age. He also observed the lowest level of condition during breeding 

season, on account of the increase metabolic strain of spawning. Ohol and Bapat (1992) while studying the 

‘K’ value in Wallago attu found that the abrupt fall in condition factor may be attributed to the increased 

metabolic strain due to spawning activity.  

 Bhatnagar (1963), while studying the condition factor in Puntius kolus stated that the monthly 

variation in ‘K’ values indicated the spawning season of the fish. A decline in the values denoted the 

beginning of spawning as the downward trend may be due to increased metabolic strain (Menon, 1950). This 

supported the results of present study where the  condition factor  was decreasing gradually from May 

onwards and became lowest in July which  marked its breeding period. Woodland and Jones (1975), 

however, observed that in Thymallus thymallus. The condition factor for maturing fish increased through the 

winter to a maximum just before spawning and fell sharply after spawning. Choudhury et al., (1982) while 

working on four Indian major carps of river Brahmaputra found that in Catla catla the value was high during 

August and low during January. The value of k> I pointed towards good health of the fish and a value of 1 

indicates reverse (Le Cren, 1951). In the present study, average value of K for male was estimated to be 1.21 

and the same for female to be 1.36 which indicated its good health. 

 In the present study the ‘K’ value showed higher range in case of fries followed by juveniles and 

adults (Table 1). The change of ‘K’ value with increasing standard length depends on the size at first maturity 

which was also stated by Jhingran (1972) and Bashirullah (1975). Many workers like Pillay (1954) and 

Hatikakaty (2002) also observed higher ‘K’ value in smaller size group. 

              In the present study it was also observed significant differences in the ‘k’ values of male and female 

which may be due to difference in the weight of food contents in the stomach, different stage of maturity or 
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spawning on the part of female.  This result supported the observation of Kader and Rahman (1978) on 

Tilapia mossambica and Das et al., (1997). Weatherley (1972) stated even among the members of one 

population sampled on a single date, there may be considerable variation in the ‘K’ values with length . It 

was also supported by results obtained in the present study. It was also reported that variations in condition of 

fishes are attributed to different factor including reproductive cycles and availability of food (Thompson, 

1943; Hickling 1945). The changing in condition may also be related to the physico-chemical factors of the 

environment, age and physiological state of fish (Brown, 1957). Further, the high values of condition factor 

(K) in different length groups of G. gotyla gtyla indicated a general well being and adaptability of the fish in 

their habitat in Arunachal Pradesh. 
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