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Abstract 

The Length-weight relationship (LWR) of three cobitid loaches: Lepidocephalichthys berdmorei (Blyth, 1860), Pangio 

pangia (Hamilton, 1822), and Lepidocephalichthys irrorata (Hora, 1921) were studied quarterly between March 2021 

and May 2022. Fish were collected from selected sampling sites in Manipur using traditional fishing methods. Length 

and weight measured were calculated by the allometric growth formula (Ricker, 1973) for the three loaches and the 

condition factor (Fulton,1904) was also calculated.  The value of b was found to be 3.12 in L. berdmorei, 2.58 in P. 

pangia, and 2.98 in L. irrorata. The regression coefficient (r2) was observed to be 0.97,0.96 and 0.92 respectively. The 

condition factor (K) value ranges from 0.528 to 0.734 in L. berdmorei, 0.335 to 0.474 in P. pangia, and 0.408 to 0.595 in 

L. irrorata. It can be concluded from the study that L. berdmorei shows positive allometric growth while L. irrorata and 

P. pangia show negative allometric growth. This biological parameter in these species has never been explored before 

from Manipur. 
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Abbreviations 

LWR - length-weight relationship 

r2 - regression coefficient 

K- condition factor 

L. berdmorei- Lepidocephalichthys berdmorei 

L. irrorata- Lepidocephalichthys irrorata 

P. pangia- Pangio pangia 

 

INTRODUCTION  

As a biological parameter, the Length-weight relationship (LWR) helps assess population characteristics. Biomass can be 

determined when the length-weight data is available (Hanif et al., 2020). Growth, survival, maturity, reproduction, and 

general well-being can be understood from this relationship (Le Cren,1951). There are 33 species under Genus Pangio 

and 18 under Genus Lepidocephalichthys, under the family Cobitidae. The hillstream loach, Lepidocephalichthys 

berdmorei (Blyth, 1860) is found in Manipur and is widely distributed in India, Myanmar, and Thailand. 

Lepidocephalichthys irrorata is endemic to lakes and streams of Manipur Valley and the Chindwin basin. Characteristics 

of these species are that males can be easily distinguished from females by the presence of lamina circularis, formed by 

the fusion of the seventh and eighth pectoral fin rays, which is absent in females (Havird and Page, 2010) and is not 

distinguishable in juveniles. Pangio pangia is widely distributed in India, Bangladesh, Nepal, Myanmar, and Indonesia, 

and the body is eel-like. Due to their ornamental value, these cobitid loaches can also be utilized in the aquarium trade. 

Fishes exhibit growth in length and weight during their lifetime. However, the habitat condition of the fish has a direct 

influence on such developments. Many factors, such as the physicochemical parameters of water and soil, affect the fish's 

food source, size, and population (Kachari, 2017). According to Fulton (1904), fishes increase in weight more than the 

increase in length, and the weight for a given length differs in different species. The ratio varies at different places and 

seasons within a species, with a sudden weight loss after spawning. Le Cren (1951) concluded that a single regression 

cannot adequately describe the length-weight relationship as it is different for different life stages, sexes, stages of gonad 

development, and different seasons. The condition factor reflects the overall condition and well-being of fish. Assessing 

the condition factors of different fish species is essential for maintaining the ecosystem balance, and comparing the fishes 

that inhabit similar environments also helps to monitor the feeding habits. (Imam et al., 2021, Alam et al.,2014 and 

Anyanwu et al., 2007). 

There is no recorded information on the length-weight relationship for these species from Manipur in FishBase and other 

scientific literature. Thus, this present study estimates the length-weight relationship and condition factor of 

Lepidocephalichthys berdmorei, Pangio pangia, and Lepidocephalichthys irrorata in Manipur, India.  
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MATERIALS AND METHODS 

Sampling was done quarterly. The fish were caught using a traditional cast net, the Longthrai (local net), with the help of 

local fishermen from the sampling sites between March 2021 to May 2022. Freshly caught fish specimens were measured 

and identified using standard manuals (Vishwanath et al., 2014). The total length (TL), standard length (SL), and body 

depth were recorded using digital calipers, and body weight (BW) was taken to an accuracy of 0.001 g using the digital 

weighing machine. The gut content of the fish was not emptied before weighing. 

The length-weight relationship was calculated using the allometric growth formula of Ricker (1973), W= aLb, and 

logarithmically transferred into a linear relationship, i.e., log W= log a + b log L, (Le Cren, 1951) where W= weight of 

the specimen (in gm), L= Total length of the sample (in cm), a= intercept and b= slope of the regression line. The 

coefficient of determination (r2) and the 95 % confidence limits of parameters (a and b) were determined. Parameter b 

indicates isometric growth in body proportions if b= 3; a is the parameter describing body shape and condition (Froese 

2006, 2013). The value of b remains unaffected if the parameters are presented in units other than centimeters and grams. 

Nevertheless, the intercept, a, must be converted if the length was given in mm and weight in gm as a´= a10b.  

The degree of well-being of fish in their habitat, also known as the condition factor, was calculated using the following 

equation: K =   
1 00𝑊

𝐿3     where K = condition factor; W=fish weight (g); and L =fish length (cm), (Fulton, 1904 and 

Froese,2006). 

All statistical analyses were performed on MS Excel 2019.  

 

RESULTS 

The length-weight frequency was calculated on the randomly selected samples of L. berdmorei. P. pangia and L. irrorata. 

The regression plot is established by taking log10 values of total length as the independent variable(X-axis) while the 

weight is the dependent variable (Y-axis). The regression equation of LWR of the three fish species is represented 

logarithmically as follows: - y = 3.12x- 2.33 (L. berdmorei); y = 2.58x -2.06 (P. pangia) and y = 2.98x-2.31(L. irrorata).  

The estimated parameters for length-weight relationships, i.e., sample size(n), total body length (TL) and body weight(W), 

the maximum and minimum range of weight and length, regression parameters a and b with their 95% confidence limits, 

the coefficients of determination (r2) along with all the descriptive statistics are given in Table 1. 

 

Table 1: Descriptive statistics and estimated length-weight relationship parameters for the three species of cobitid 

loaches in Manipur, India. 

Species 
Collection 

sites 
n 

Total length 

(cm) 

Weight 

(g) 

Regression 

Parameters 

95% CL 

r2 a b 

Min Max Min Max a b lower upper lower upper 

L. berdmorei 

Loushi Pat, 

Manipur 

(24.505321, 

94.009439) 

58 5.5 9.8 0.99 5.45 0.004 3.12 0.003 0.005 2.99 3.25 0.97 

P. pangia 

Nambol 

Kongkham, 

Manipur 

(24.693307, 

93.826997) 

72 4.9 7.8 0.72 1.59 0.1303 2.58 0.118 0.143 2.44 2.67 0.96 

L. irrorata 

Nambol 

Naorem, 

Manipur 

(24.696384, 

93.833857) 

109 3 4.3 0.13 0.38 0.0997 2.98 0.09 0.11 2.81 3.15 0.92 

          

n = number of specimens; Min = Minimum; Max = Maximum; a = intercept; b = slope; CL = Confidence Limits; r 2= 

co-efficient correlation or determination 

The b value in length-weight relationship (LWR) for L. berdmorei, P. pangia, and L. irrorata is 3.12, 2.56, and   2.98, 

respectively. The correlation coefficient (r2) was observed to be 0.97,0.96   and 0.92, respectively. The log–log plots of 

length and weight values were performed to inspect outliers visually (Froese, 2006).  

The condition factor (K) value ranges from 0.528 to 0.734 in L. berdmorei, 0.335 to 0.474 in P. pangia, and 0.408 to 

0.595 in L. irrorata. 

 

DISCUSSION 

The genera Lepidocephalichthys and Pangio within the family Cobitidae are known for their diverse group of loach 

species. The present finding of the relation between length and weight shows that the correlation coefficient of total length 

and body weight between the three cobitid species shows a highly significant value. The available information on the 

biological aspects, including the LWRs of these loaches is inadequate and insufficient from this region. The value of b in 

L. berdmorei shows positive allometric growth (b>3) and negative allometric growth in L. irrorata and P. pangia (b<3). 

This indicates that the fishes of L. berdmorei show their weight increases more than their length increase as opposed to 
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the others, L. irrorata and P. pangia, where an increase in length does not parallel with the increase in weight. Among 

the sexes, males generally have low values, which may be due to decreased body weight as energy is expended during 

the breeding season (Das et al., 2015). However, in females, their body weight might be increased due to the enormous 

development of gonads during the breeding season. The values of b in this study of L. berdmorei, P. pangia, and L. 

irrorata are within the expected range (2.5-3.5), as reported by Carlander, 1969. The values differ from L. goalparensis, 

a loach from the same family Cobitidae, which have b values of 2.774,2.993, and 2.883, respectively, for males, females, 

and combined sexes, where overall species show negative allometric growth (Das and Bordoloi, 2013). L. guntea has b 

values ranging between 2.66-2.91 in males and 2.76-3.76 in females, showing negative and positive allometric growth, 

respectively, with overall combined b values ranging from 2.81-3.22 (Gohain and Deka, 2017; Kumar, R. et al., 2017 and 

Biswas et al., 2018). The value of b of L. berdmorei from the Jatinga River Barak drainage was reported to be 2.92 

unsexed (Choudhury et al., 2018). The b values of males, females, and combined were negatively and positively 

allometric in L. guntea (2.74,3.45, and 2.81) as reported by Mandal and Mandal, 2021 from Kangshabati River, India. 

Basumatary et al., 2017 reported the value of b as 2.71 for P. pangia. Better nutritional conditions favor smaller-sized 

individuals during sampling (Froese, 2006). The b value in LWR for L. berdmorei. P pangia and L irrorata are well in 

between the value 2.5-3.5 (Froese, 2006) and were observed to be within the range. Also, the length and weight regression 

coefficients were highly significant in all the species. However, no single regression will adequately describe the length-

weight relationship of fish (Le Cren, 1951). 

Seasonal shifts, notably in temperature and food availability, emerged as influential factors impacting the body condition 

of the various fishes. Also, diet plays an important role in the weight fluctuations of different fish species. Geographical 

and ecological variables might affect the LWR of fishes (Zhang et al.,2017; Xia et al.,2016; Zhu et al.,2015). The 

variations in the condition factors of the fishes reveal the differences in their growth status. The condition factor could 

also differ among different types of fish in various habitats. The present study also has the possibility to split up into 

groups of various maturity levels, age groups, and sexes for further research. The length-weight relationship of L. 

berdmorei, P. pangia, and L. irrorata is within the range. It reveals a good correlation between length and weight in all 

three fish species. Hence, it can be concluded that the species were in healthy conditions in their natural habitats.  

Since the data obtained were based on freshly caught fishes, the limitations of the length-weight relationship estimate in 

other studies carried out from the data derived from the formaldehyde-preserved specimens by other authors are hugely 

omitted. The shrinkage and weight loss of preserved samples due to dehydration over some time (Anzueto-Calvo et al., 

2017) are avoided in this work as the samples are measured fresh. This has been the major limitation of previous studies. 

These fishes also have great cultural significance in the region. In recent years, the fish population has dwindled in the 

wild, and their price in the market is very high. The life traits, behavior, breeding, maturity, and spawning season of these 

fish need to be studied extensively to conserve them. This information could support fishery biologists in the sustainable 

and judicious management and conservation of these species. 
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