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Abstract 
The present study revealed complete information on length-weight relationships (LWRs), length-length relationships 
(LLRs), and meristic counts (covering different fin rays and ocellies) of a total number of 150 Macrognathus aral species 
collected from lotic water bodies and fish markets. The total length of the male and female species results from a range 
of 18.3cm to 32.5cm and 15.7cm to 29.0cm while body weight varies from 21.35gm to 156.6gm and 29.9gm to 138.9gm, 
respectively. The parabolic equation between total length and the total weight of M. aral is as W = 0.177000982 L2.4837 
for male species and W= 0.105737 L2.9929 for female species. A strong relationship between length and weight shows a 
93% (P<0.05) correlation in females and 82% (P<0.05) correlation in males. The values of ‘b’ showed negative allometric 
growth (b<3.0) in both sexes. The mean values of Fulton’s condition factors (K3) shown in male and female species were 
0.378 and 0.558 respectively, while on the other side the values of Modified condition factors (Kb) shown in male and 
female species were 1.875 and 0.571, respectively, which indicates good health condition of the species in their natural 
habitats. 
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Macrognathus aral is a one-striped spiny eel. It lives in 

fresh and brackish water and is ornamental and edible. This 

species lives in canals, streams, marshes, ponds, and flooded 

paddy fields [1-2]. A total number of 24 species of the genus 

Macrognathus are distributed in the Asian subcontinent 

including Thailand, Malaysia, and Southern China [3-4]. The 

species has been widely distributed in India, Bangladesh, 

Myanmar, Pakistan, Nepal, and Sri Lanka [3]. In India, M. aral 

is called 'aral,' 'bam,' 'bami,' 'gainchi,' and 'tourah. It's called 'tara 

baim' in Bangladesh and 'bami'/'gainchi' in Nepal [3], [5]. East 

and West Midnaporeans call Macrognathus aral "Pankal". This 

"table fish" is popular in rural areas [6]. In East India, especially 

East Midnapore and West Midnapore, the demand for this fish 

is growing. In East and West Midnapore, Macrognathus aral 

species are sold for between $7.51 and $11.27 when purchased 

live. In 1992, the Wildlife Heritage Trust (WHT) published a 

'WANTED' sign at Sri Lanka's ornamental fish export agencies 

and inland fishing centers. Wildlife Heritage Trust (WHT) 

awarded $180 for a single Macrognathus aral specimen [7]. 

IUCN considers Macrognathus aral "Least Concern" [8]. In 

2006, [9] reported that this species distributed in India's Eastern 

Ghat region have found a place in the WCURT- World 

Conservation Union Red List. 

Morphometric and meristic features can help classify 

and identify species [10-13]. One of the most potent tools in fish 

morphometry for describing intraspecific diversity [14]. The 

length and weight of the fish species are significant 

morphometric characters that are used for the taxonomy and the 

stock assessment of the fish [15]. [16] said measuring the length 

between weight and length is easy, and using the length-weight 

relationship, weight can be estimated. Variation in the expected 

weight or length of an individual or a group of fish is considered 

an indication of general fish health in addition to gonadal 

development [17], thus proving the facts of breeding biology. 

Biology uses the length-weight relationship for many purposes 

such as inferring weight from length measurements for yield 

assessment, calculating standing the crop biomass, estimating 

the age of fish weight, assessing fish population well-being 

indices, evaluating fish population age structure and function, 

growth, stock differentiation, ecological modeling, and acoustic 

surveys are studied [18-22]. The length-weight relationship 

character is used to obtain information on fish conditions to 

estimate whether somatic growth is either allometric or 

isometric [23-24]. The condition factor is based on the 

hypothesis that substantial fish of a given length is in better 

condition [25] and is also used as a growth index and feeding 
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intensity [26]. [27] studied six native fish species from Deepor 

Beel, Assam, M. aral was one. [28-30] studied the length-

weight relationship and relative condition factors of the species 

M. aral. [7, 2, 6] carried out their studies on the food and 

feeding of M. aral. [1], [6], [31], contributed to some attributes 

of the breeding biology of M. aral. 

However, no noteworthy study has been carried out on 

bringing M. aral species under aquaculture or restoring natural 

habitats for conservation in India. The increasing demand for 

the species has made some entrepreneurs think deeply about 

exploiting the huge potential of the species in aquaculture, 

however, the serious lack of rudimentary scientific information 

on the biology of this species has hampered this initiative. A 

reasonable mitigation measure acceptable against the extinction 

of this species is to initiate rearing programs to ensure the 

production of quality fish seeds on a large scale. For this, it is 

important to gain proper knowledge of the biology of this 

species. Thus, to evaluate the culture process of M. aral, before 

studying the reproductive biology, behavior, and breeding 

season, identification of the species is of utmost importance. 

Therefore, the present research investigates details of the 

morphometric traits, length-weight relationship, and length-

length relationship, as well as condition factors of M. aral. 

 

MATERIALS AND METHODS 
 

Study area 

This study follows the rules in the Guide for the Use and 

Care of Laboratory Animals of Vidyasagar University. M. aral 

species were stocked in rectangular cemented tanks in the 

outdoor culture unit of the Fishery Sciences Department, 

Vidyasagar University (VU), West Midnapore. The fish were 

fed twice a day- at 9 am and 5 pm (zooplanktons and insect 

larvae). The complete experiment was accomplished in the 

departmental laboratory of the Fishery sciences, where all the 

characteristics of morphometric and meristic counts of the 

species were examined. 

Sampling 

A total of 150 live M. aral (male: 88 and female: 62), 38 

individuals were randomly collected from the lotic water bodies 

of both the Kangsabati river in West Midnapore and the 

Champa canal at Baranga, Ramnagar in East Midnapore. 

Fishermen (those who earn their livelihood by fishing in the 

river Kansavati) used gill nets and cast nets and also 

handpicking to catch these fish and bring them alive for sale in 

the fish market and 112 live individuals were randomly 

collected from various whole-sell fish markets in West 

Midnapore in West Bengal, India from February 2021 to 

January 2022. These markets include Gate Bazar, Katuali 

Bazar, Raja Bazar, School Bazar, and Nayagram Bazar (Table 

1, Fig 1). 

 

 

 

Fig 1 Map showing locations of the species sampling (Source- 
Google map) Spot Point: a. Kangsabati River; b. Champa Canal; c. 
Nayagram Bazar; d. Gate Bazar; e. Kotwali Bazar; f. Raja Bazar; g. 

School Bazar 

Table 1 Place-wise species collection 

Spot 

No. 
Collection center District Geographical coordinate 

Number of samples 

Male Female 

a. Kangsabati River West Midnapore 22°24'33.1"N 87°17'46.6"E 14 09 

b. Champa Canal East Midnapore 21°43'29.4"N 87°32'19.6"E 09 06 

c. Nayagram Bazar West Midnapore 22°27'29.5"N 87°15'29.2"E 15 10 

d. Gate Bazar West Midnapore 22°25'15.7"N 87°18'26.2"E 11 08 

e. Kotwali Bazar West Midnapore 22°25'01.8"N 87°19'39.3"E 15 10 

f. Raja Bazar West Midnapore 22°25'36.3"N 87°19'39.1"E 18 15 

g. School Bazar West Midnapore 22°24'42.9"N 87°19'34.4"E 06 04 

 

Morphometric and meristic measurements 

Different measurements of morphometric characteristics 

such as total length (TL), standard length (SL), head length 

(HL), gape width (GW), pre-pectoral length (PPL), pre-dorsal 

length (PDL), pre-anal length (PAL), the base of pectoral length 

(BPL), the base of dorsal length (BDL), the base of anal length 

(BAL), pectoral fin length (PFL), dorsal fin length (DFL), anal 

fin length (AFL), caudal fin length (CFL), width (WD), body 

depth (BD), least width of caudal peduncle (LWCP), pre orbital 

length (PrOL), post orbital length (PoOL), eye diameter (ED) 

and meristic counts such as dorsal fin ray (DFR), dorsal fin 

spine (DFS), caudal fin ray (CFR), anal fin ray (AFR), pectoral 

fin ray (PFR), rostral teeth (RT), ocelli of the species M. aral 

was examined according to [28], [32]. The length of the species 

was measured with a digital vernier caliper, nearest to 0.01cm 

total length (TL), and also used a plastic ruler scale, nearest to 

0.1cm, while the weight of the fish was measured by MH-200 

(200g/0.01g) series pocket scale. The species’ total number of 

fin rays was counted with a magnifying glass. 

 

Relationship between length and weight 

The LWR of the species was calculated using the 

formulae of [4], [33]; as follows: W= aLb; Where W is the total 

body weight (BW) of the fish (g), L is the total length (TL) of 

the fish (cm), a= Intercept, b= Slope. This equation can be 

expressed as logW= loga + b logL. 

 

Condition factor (K) 

The Fulton’s condition factor [34] of that fish was 

calculated using the following formulae: K3 = 100W/L3; where 

K3 is Fulton’s condition factor, W is the weight of the species 

(g), L is the total length of species (cm). The modified condition 

factor [35] was estimated using the following equation: Kb = 

100W/Lb; where Kb is the Modified condition factor, W is the 
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weight of the species (g), L is the total length of species (cm), 

and b is regression parameters. 
 

Data analysis 

 The analysis of length-weight, length-length 

relationship, and condition factor were estimated through 

statistical logarithmic and parabolic equations, regression 

parameters through 't'-test, multiple R, and R square test using 

the MS-EXCEL: D. 

 

RESULTS AND DISCUSSION 
 

 To improve the caliber of stock documentation research, 

a morphomeristic study would be beneficial. Meristic and truss 

morphometry is a practical tool for improving fisheries 

management, even though many methods are routinely 

investigated for stock identification. Breeding, exploitation, 

habitat restoration, and conservation all depend on reliable data 

and analyses of stock structure. In the present study, a total of 

one hundred fifty species were observed for the morpho-

meristic characteristic study. For morphometric measurements 

among twenty observed characters (ranges, mean, SD values), 

all are tabulated in (Table 2). Eight meristic characters are 

tabulated in (Table 3). Morphometric analysis can help identify 

stocks [14]. In the morphological study, it has been observed 

that the species possess a  long snout, small teeth on the upper 

and lower jaws, absence of gill rakers, an eel-like body with an 

elongated shape, caudal fin with a round shape and is separated 

from the dorsal and anal fins, two to nine pairs of black ocelli 

at the base of the pale or orange-colored dorsal fin, pelvic fin 

absent, anal fin with three different sizes of spines, the second 

spine being the longest Small in size, the mouth does not extend 

past the lower posterior nostrils. It is very challenging to 

distinguish the male species of M. aral from the female by 

observing the phenetic characteristics, although both sexes 

exhibit varied body colors during the breeding season. The 

coloration of the male is ventrally pale yellow and dorsally 

brownish. Females exhibit yellow and brown colors on their 

ventral sides. [36] stated that the body colour is brown on top 

and light gray on the bottom, with two broad longitudinal 

bands: one is yellowish-grey above the lateral line, and the other 

is dark brown from the eye to the caudal peduncle. Light brown 

caudal fin with 4-5 white zigzag bars. The brown soft dorsal fin 

has a white longitudinal line and 3-7 ocelli near the base, this 

finding is similar to the description of [3]. Ocelli have an oval 

form and a black, white-coated center. The anal fin is uniformly 

brown and generally devoid of any white streak or ocelli, with 

one ocellus at this fin’s base in one specimen only. Also, the fin 

formula of the species describes as D XVII–XXI 45–43; P i15–

20; A III42–53; C 12–15. 

 

Table 2 Morphometric measurements of Macrognathus aral (Bloch and J.G. Schneider, 1801) 

Parameters 
Male  Female 

Range (cm) Mean Standard Deviation  Range (cm) Mean Standard Deviation 

TL 18.3 - 32.5 21.96 ± 2.11  15.7 - 29.0 22.40 ± 3.45 

SL 17.3 - 23.5 20.70 ± 1.95  14.7 - 27.2 20.98 ± 3.24 

HL 3.3 - 4.0 3.68 ± 0.22  2.5 - 4.5 3.50 ± 0.53 

GW 0.8 - 1.1 0.93 ± 0.13  0.7 - 1.3 0.99 ± 0.18 

PPL 3.3 - 4.3 3.83 ± 0.30  2.7 - 5.0 3.83 ± 0.60 

PDL 6.6 - 9.5 8.52 ± 0.81  5.9 - 11.0 8.52 ± 1.31 

PAL 11.2 - 15.6 13.30 ± 1.43  9.7 - 17.9 13.80 ± 2.13 

BPL 0.3 - 0.6 0.44 ± 0.06  0.3 - 0.6 0.46 ± 0.09 

BDL 9.9 - 13.6 11.93 ± 1.19  8.4 - 15.6 12.02 ± 1.85 

BAL 5.8 - 7.8 6.70 ± 0.69  4.8 - 8.9 6.85 ± 1.06 

PFL 1.0 - 1.4 1.24 ± 0.14  0.9 - 1.6 1.22 ± 0.20 

DFL 0.6 - 0.9 0.75 ± 0.08  0.5 - 1.0 0.72 ± 0.12 

AFL 0.4 - 0.7 0.58 ± 0.09  0.4 - 0.7 0.56 ± 0.09 

CFL 1.0 - 1.6 1.26 ± 0.15  1.0 - 1.8 1.32 ± 0.21 

WD 5.8 - 7.8 6.92 ± 0.61  5.2 - 8.9 6.86 ± 1.06 

BD 2.0 - 2.8 2.39 ± 0.23  1.7 - 3.5 2.47 ± 0.42 

LWCP 0.4 - 0.6 0.50 ± 0.09  0.3 - 0.6 0.46 ± 0.09 

Pre-OL 1.4 - 1.75 1.62 ± 0.11  1.1 - 2.0 1.53 ± 0.23 

Post-OL 1.5 - 2.0 1.79 ± 0.12  1.2 - 2.2 1.69 ± 0.25 

ED 0.2 - 0.3 0.28 ± 0.03  0.2 - 0.3 0.26 ± 0.05 

   

Fig 2A Length-weight relationship of female species (Log value)  Fig 2B Length-weight relationship of male species (Log value) 
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Fig 3A Total length- head length relationship of female species 
(Log value) 

 Fig 3B Total length- head length relationship of male species 
(Log value) 

   

   

Fig 4A Total body length- PDL relationship of female species 
(Log value) 

 Fig 4B Total body length- PDL relationship of male species 
(Log value) 

Table 3 Meristic counts of the species M. aral (Bloch and 

J.G. Schneider, 1801) 

Characters Numbers 

Dorsal Fin Ray (DFR) 46 – 49 

Dorsal Fin Spine (DFS) 15 – 20 

Caudal Fin Ray (CFR) 11– 12 

Anal Fin Ray (AFR) 45 – 49 

Anal Fin Spine (AFS) 3 

Pectoral Fin Ray (PFR) 12 

Rostral Teeth (RT) 14 - 26 pairs 

Ocelli 2 - 9 pairs 

Fin formula: D XV-XX 46-49; Pi 12; A III45-49; C 11-12 
 

 

Fig 5A Total body length- PAL relationship of female species 

 The current study reported that the overall length of male 

M. aral ranges from 18.3 to 32.5 cm, and the body’s total weight 

ranges from 21.3 to 156.60 gm, and in female species length 

ranges from 15.7 - 29.0 cm and body weight ranges from 29.9 

to 138.9 gm. But in a study by [28], it was mentioned that the 

total length of male and female bodies ranges from 11.3 to 22.1 

cm and 10.8-30.3 cm respectively and weight ranges from 2.05 

to 20.27 gm and 4.95-93.6 gm, respectively, concerning the 

finding of the total body length and weight show much greater 

variation. The variation in the length and weight is due to 

different geographical locations and the availability of food 

[37]. All statistical data of the length-weight relationship and 

condition factors are represented in the tabulated form in (Table 

4-5, 7), respectively (Fig 2A-B). 

 

 

Fig 5B Total Body Length- PAL relationship of male species 
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Fig 6A Total length- body depth relationship of female species 
(Log value) 

 Fig 6B Total Length- Body depth relationship of male species 
(Log value) 

   

   

Fig 7A Body depth-LWCP relationship of female species 
(Log value) 

 Fig 7B Body depth-LWCP relationship of male species 
(Log value) 

Table 4 Descriptive statistics of length and weight of regression parameters of the species 

Category 

Regression Parameters 

a b 
95% C.I. of b 

(range) 

t-test 

value of b 
Multiple R R Square 

Adjusted R 

Square 

Male 0.177 2.483 0.24-5.21 (P<0.05) 0.909 0.826 0.824 

Female 0.105 2.992 0.21-6.19 (P<0.05) 0.965 0.931 0.930 
†a: intercept, b: slope, C.I.: confidence interval, R: coefficient correlation 

Table 5 Descriptive logarithmic and parabolic equations of the species 

Category Logarithmic equations Correlation coefficient Parabolic equations Growth type 

Male Log W = -0.75202 + 2.4837 log TL 0.82 W = 0.1770L2.4837 Allometric (-) 

Female Log W = - 2.2468+ 2.9929 log TL 0.93 W= 0.1057L2.9929 Allometric (-) 
†TL: Total length, W: Weight, L: Length 

 Table 6 Comparison of previous and current studies on length-weight relationship 

Study site Researcher 
b value R Square 

Male         Female Male         Female 

Dora Wetland, Kamrup district, Assam Chakraborty & Goswami 

(2016) 
3.48            3.18 0.92            0.96 

Deepor Beel (Wetland) Guwahati, Assam Deka & Barman (2020) 2.99            3.06 0.94            0.96 

North 24 Parganas, West Bengal Dutta & Banerjee (2016) 2.5615       3.2371 0.902         0.933 

Current Study (East & West Midnapore, West Bengal) Das et al. 2.4837        2.9929 0.744          0.897 

 The relationship between total body length- head length, 

total body length- PDL, total body length- PAL, total body 

length- body depth, body depth- least width caudal peduncle, 

and statistical analysis are tabulated in (Table 8, Fig 3A-B), 

(Table 9, Fig 4A-B), (Table 10, Fig 5A-B), (Table 11, Fig 6A-

B), and (Table 12, Fig7A-B) respectively. The degree of 
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exponential variation of the length-weight relationship was 

represented by the “b” value [28]. In the male and female 

species, the value “b” was found to be 2.4837 and 2.9929 

respectively, which is lesser than 3, and the result implies 

negative allometric growth. Similar negative allometric growth 

has been reported in L. guntea (male species) [38] and also 

reported in A. mossulensis [39], C. carpio with “b” values of 

2.9002 [40], a system of open water like Gobindsagar with “b” 

value 2.42 [41], Dal Lake with “b” value 2.98 [42]. By 

perceiving the “b” value of males M. aral it was concluded that 

an increase in total body weight is not proportional to the 

increase in the total length of the body. The cause may be due 

to the loss of energy for the development of gonads rather than 

the development of somatic body weight [43]. The “b” values 

may be dependent on species sex [44], rate of feeding [33], 

developmental stages of the gonad [45-46], and state of 

maturity [47]. Monthly the “b” value should be varied in the 

different season because, during the breeding season, gonadal 

development occurs and reach extreme weight [45]. As the “b 

value” is less than 3, so it could be concluded that the species 

does not strictly follow the cube law. The coefficient of 

correlation 'r' in male and female species is the nearest to 1.0 

which is 0.82 and 0.93 respectively. This shows that male and 

female M. aral has the uppermost degree of growth 

performance and a relationship between length and weight. This 

result is similar to the finding of [29] (Table 6). The relative 

condition factor indicates an index of well-being and rate of 

growth in fish [48]. In general, the 'Kn' value > 1 indicates a 

good condition of a fish [33]. The ‘kn' value of the male species 

is greater than 1, which is 1.87 ± 0.28, indicating well health 

condition but in the case of the female species the ‘kn’ value is 

observed very less the 1 (‘kn’ value is 0.571 ± 0.07), so it is 

observed that health condition of the male was better than 

female in this environment as the cause may be due to 

developmental stages of the gonad [45-46], and the species 

maturity state [47]. In the length-weight relationship study, it 

was observed that there exists a strong relationship between 

total body length with head length, in males R2 value is 0.72, (P 

< 0.05), and in females R2 value is 0.96, (P < 0.05). Female 

species show more strong relationship between total length and 

head length. The relationship among total length and pre-dorsal 

length, the male species shows R2 value of 0.87 (P < 0.05), and 

the female species shows R2 value of 0.98 (P < 0.05). In the 

relationship between total length and pre-anal length, the male 

species shows R2 value of 0.94 (P < 0.05), and the female 

species shows R2 value of 0.99 (P < 0.05). In the relationship 

between total body length and body depth, the male species 

shows R2 value of 0.77 (P < 0.05) and the female species shows 

R2 value of 0.83 (P < 0.05). Also, it has seemed that the body 

depth and least width of the caudal peduncle show a greater 

relationship with an R2 value of 0.81(P < 0.05) in males and R2 

value of 0.80 (P < 0.05) in female species. From the above, it 

can be deduced that other characteristics have a substantial 

association with body length than length-weight. [49] similarly 

found a robust association between different body length factors 

(P = 0.01). In addition, an acceptable and workable method of 

rearing and a decorated commercial cultivation program is 

needed to sell this extremely beneficial species due to its 

nutritional worth and public readiness to consume it. This study 

will help determine discreteness and relationships among 

Macrognathus populations for the future breeding of 

Macrognathus aral. 

 
Table 7 Descriptive condition factor of the species 

Category 

Condition Factors (K) 

Condition Factor (Fulton, 1904) Modified Condition Factor (Ricker, 1975) 

Min. Max. Mean    SD Min. Max. Mean    SD 

Male 0.286 0.526 0.378 ± 0.06 1.511 2.752 1.875 ± 0.28 

Female 0.389 0.772 0.558 ± 0.07 0.398 0.787 0.571 ± 0.07 
†Min.: Minimum, Max.: Maximum, SD: Standard Deviation 

 
Table 8 Descriptive statistics of total length and the head length of regression parameters of the species 

Category t-test value of b Multiple R R Square Adjusted R Square 

Male (P<0.05) 0.849 0.721 0.718 

Female (P<0.05) 0.981 0.964 0.963 

 
Table 9 Descriptive statistics of total length and pre-dorsal length of regression parameters of the species 

Category t-test value of b Multiple R R Square Adjusted R Square 

Male (P<0.05) 0.933 0.871 0.870 

Female  (P<0.05) 0.993 0.987 0.987 

 
Table 10 Descriptive statistics of total length and pre-anal length of regression parameters of the species 

Category t-test value of b Multiple R R Square Adjusted R Square 

Male (P<0.05) 0.972 0.945 0.944 

Female (P<0.05) 0.999 0.999 0.999 

 
Table 11 Descriptive statistics of total length and body depth of regression parameters of the species 

Category t-test value of b Multiple R R Square Adjusted R Square 

Male (P<0.05) 0.880 0.775 0.773 

Female  (P<0.05) 0.912 0.833 0.830 

 
Table 12 Descriptive statistics of LWCP and BD of regression parameters of the species 

Category t-test value of b Multiple R R Square Adjusted R Square 

Male (P<0.05) 0.902 0.813 0.811 

Female (P<0.05) 0.898 0.808 0.804 
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CONCLUSION 
 

The current study focuses on some of the most concise 

diagnostic characteristics of Macrognathus aral. It is likewise 

important to develop a proper feasible rearing method & then 

start a decorated commercial culture program for adequate 

marketization of that highly beneficial species due to its 

significant nutritional value and people's acceptance. The 

conclusion that may be formed from this inference would result 

in a redescription of the current species that were only recently 

described, or it could even revalidate some of the species that 

had been forgotten or synonymized in the past. Also, the present 

study and its result will help gain proper knowledge about 

desired aspects in determining discreteness and interactions 

among the Macrognathus sp. populations for futuristic research 

towards the attempt in developing successful breeding of 

Macrognathus aral. 
 

Acknowledgment 

We would like to thank the Vidyasagar University 

administration section, for providing a well-equipped Fishery 

Laboratory in the Department of Fishery Sciences. Also, we are 

very much thankful to Dr. Basudev Mandal, for guiding us in 

our research work. 
 

Conflict of interests 

The authors declare that there is no conflict of interest. 
 

Ethical statement 

 The research has been carried out adhering to all the 

overseeing rules and regulations of the Ethical committee.

 

 

LITERATURE CITED 
1. Talwar PK, Jhingran AG. 1991. Inland Fishes of India and Adjacent Countries. Oxford and IBH Publishing Co. Pvt. Ltd. New 

Delhi, Bombay and Calcutta. (1/2): 1063. 

2. Abujam SS, Biswas SP. 2011. Studies on the reproductive biology of spiny eel, Macrognathus aral from upper Assam. Journal 

of Environmental Biology 32: 635-639. 

3. Dutta D, Banerjee S. 2014. Studies on some aspects of feeding biology of Macrognathus aral (Bloch and Schneider, 1801) – an 

important freshwater ornamental fish. Indian Journal of Scientific Research and Technology 2(4): 30-39. 

4. Gupta S. 2016. A note on feeding and reproductive biology of one-stripe spiny eel, Macrognathus aral (Bloch and Schneider, 

1801). International Journal of Research in Fisheries and Aquaculture 6(2): 32-34. 

5. Froese R. 2006. Cube law, condition factor, and weight-length relationships: history, meta-analysis, and recommendations. 

Journal of Applied Ichthyology 22(4): 241-253. 

6. Froese R, Pauly D. 2015. Fish Base. World Wide Web electronic publication. www.fishbase.org. 

7. Abujam SS, Shah RK, Singh SJ, Biswas SP. 2013. Food and feeding habit of spiny eel Macrognathus aral (Bloch and Schneider) 

from Upper Assam. Journal of Fisheries Sciences 7(4): 360-373. DOI: 10.3153/jfscom.2013040 

8. Vishwanath W. 2010. Macrognathus aral. The IUCN Red List of Threatened Species 2010: 

e.T12596A3363924. https://dx.doi.org/10.2305/IUCN.UK.20104.RLTS.T12596A3363924.en. 

9. Lakra WS, Sarkar UK. 2006. Evaluation of fish biodiversity of Eastern ghats region for conservation and sustainable utilization. 

EPTRIENVIS Newsletter 12: 2-7. http://krishi.icar.gov.in/jspui/handle/123456789/5142 

10. Bagenal TB, Tesch AT. 1978. Conditions and Growth Patterns in Freshwater Habitats. Blackwell Scientific Publications, 

Oxford. pp 75-89. 

11. Jayaram KC. 1999. The Freshwater Fishes of the Indian Region. Narendra Publishing House, Delhi. 

12. Hossen MA, Hossain MY, Pramanik MNU, Nawer F, Khatun D, Parvin MF, Rahman MM. 2016. Morphological characters of 

Botia lohachata. Jr. Coast. Life Med. 4: 689-692. DOI: 10.12980/jclm.4.2016j6-148 

13. Hossen MA, Pramanik MY, Khatun D, Pramanik MNU, Parvin MF, Jasmin J, Sharmin S, Rahaman O, Mawa Z, Rahaman MA, 

Hasan MR. 2020. Morphometric and meristic traits of three ambassid fish species (Chanda nama, Parambassis lala, and 

Parambassis ranga). Indian Journal of Geo-Marine Sciences 49(3): 398-405. 

14. Pathak BC, Mir JJ, Serajuddin M. 2014. Morphometric Variation among Barred Spiny Eel, Macrognathus pancalus (Hamilton 

1822), Populations from the Ganges and Brahmaputra River Basin, India by using Geomorphometrics. Research Journal of 

Biology 3: 15-20. 

15. Goel C, Barat A, Pande V, Ali S, Kumar R. 2011. Length-weight relationship of snow trout (Schizothorax richardsonii) based 

on linear and nonlinear models from hill stream of Uttarakhand, India. World Jr. Fish and Marine Science 3(6): 485-488. 

16. Arslan M, Yildirim A, Bektas S. 2004. Length-weight relationship of brown trout (Salmo trutta L.), inhabiting Kan stream, 

Coruh Basin, North-Eastern Turkey. Turk. Jr. Fish. Aquatic Science 4: 45-48. 

17. Mathur N, Bhatara M. 2007. Length-weight relationship and relative condition factor (Kn) of Cirrhinus mrigala (Ham.) from 

two lakes of Ajmer zone, Rajasthan. Ecology, Environment and Conservation 13(2): 225-230. 

18. Pauly D. 1993. Fishbyte. Section editorial. Naga, The ICLARM Quarterly 16(2/3): 26-27. 

19. Froese R, Pauly D. 2006. Fish Base. http://www. Fishbase.org. 

20. Ozaydin O, Uckun D, Akalin S, Leblebici S, Tosunoglu Z. 2007. Length-weight relationships of fishes captured from Izmir 

Bay, Central Aegean Sea. Jr. Appl. Ichthyol. 23: 695-696. 

21. Siddique MAM, Khan MSK, Habib A, Bhuiyan MKA, Aftabuddin S. 2016. Size frequency and length-weight relationships of 

three semi-tropical cephalopods, Indian squid Photololigo duvaucelii, needle cuttlefish Sepia aculeata, and spineless 

cuttlefish Sepiella inermis from the coastal waters of Bangladesh, Bay of Bengal. Zool. Ecology 26(3): 176-180. 

22. Eduardo LN, Frédou T, Lira AS, Silva LVS, Ferreira BP, Bertrand A, Menard F, Lucena-Fredou F. 2019. Length-weight 

relationship of thirteen demersal fishes from the tropical Brazilian continental shelf. Jr. Appl. Ichthyol. 35(2): 590-593.  

23. Gurkan S, Taskavak E. 2007. Length-weight relationships for syngnathid fishes of the Aegean Sea, Turkey. Belgian Journal of 

Zoology 137(2): 219. 

24. Ujjania NC, Kohli MPS, Sharma LL. 2012. Length-weight relationship and condition factors of Indian major carp (Catla catla, 

Labeo rohita, and Cirrhinus mrigala) in Mahi Bajaj Sagar, India. Research Journal of Biology 2(1): 30-36. 

CARAS                                             137                                                   Res. Jr. Agril. Sci. 

http://www.fishbase.org/
https://dx.doi.org/10.2305/IUCN.UK.20104.RLTS.T12596A3363924.en.


25. Bagenal JB, Tesch FW. 1978b. Methods for Assessment of Fish Production in Freshwaters. Oxford, Blackwell Scientific 

Publication. pp 361. 

26. Fagade SO. 1979. Observation of the biology of two species of Tilapia from the Lagos lagoon Nigeria. Bull. Inst. Fond. Afr. 

Nore. (ser A) 41: 627-658. 

27. Borah S, Bhattacharjya BK, Saud BJ, Yadav AK, Debnath D, Yengkokpam S, Das P, Sharma N, Sarma SNS, KK. 2017. Length–

weight relationship of six indigenous fish species from Deepor Beel, a Ramsar site in Assam, India. Jr. Appl. Ichthyol. 33: 

655-657. 

28. Chakraborty S, Goswami MM. 2016. Length-weight relationship and relative condition factor of peacock eel, Macrognathus 

aral (Bloch and Schneider, 1801) from Dora wetland of Assam. International Journal of Fisheries and Aquatic Studies 4(3): 

548-551. 

29. Dutta D, Banerjee S. 2016. Studies on length-weight relationship, condition factor, and hepatosomatic index of one stripe spiny 

eel Macrognathus aral (Bloch and Schneider, 1801) in West Bengal. International Journal of Scientific and Research 

Publications 6(8): 34-43. 

30. Deka P, Barman HP. 2020. Length-weight relationship and relative condition factor of Macrognathus aral (Bloch and 

Schneider, 1801) from Deepor Beel of Guwahati, Assam. International Journal of Fisheries and Aquatic Studies 8(4): 56-

60. 

31. Chakraborty S, Goswami MM. 2016. A comparative study on ecology and breeding biology of Macrognathus aral (Bloch & 

J.G. Schneider, 1801) in a natural and captive environment. Shodh Ganga, a reservoir of Indian theses. 

http://hdl.handle.net/10603/201225  

32. Sinha A, Swain HS, Kumari K, Bhattacharya S. 2019. Identification of some Macrognathus species in West Bengal, a candidate 

species for culture as food and ornamental value. https://www.researchgate.net/publication/337730777 

33. Le Cren ED. 1951. The length-weight relationships and seasonal cycle in gonad weight and condition in the perch (Perca 

fluviatilis). Jr. Anim. Ecol. 20: 201-219. 

34. Fulton TW. 1904. The Rate of Growth of Fishes. 22nd Annual Report, Part III. Fisheries Board of Scotland, Edinburgh. pp 141-

241. 

35. Ricker WE. 1975. Computation and interpretation of the biological statistics of fish populations. Bull. Fish. Res. Bd. Can. pp 

191: 1-382. 

36. Bloch ME, Schneider JG. 1801. M.E. Blochii, Systema Ichthyologiae iconibus cx illustratum. Post obitum auctoris opus 

inchoatum absolvit, correxit, interpolavit Jo. Gottlob Schneider, Saxo. Berolini. Sumtibus Auctoris Impressum et Bibliopolio 

Sanderiano Commissum.  i-lx + 1-584, Pls. 1-110. 

37. Mahfuj MS, Khatun A, Boidya P, Samad A. 2019. Meristic and morphometric variations of barred spiny eel Macrognathus 

pancalus populations from Bangladeshi freshwaters: an insight into landmark-based truss network system. Croatian Journal 

of Fisheries 77: 7-18. DOI: 10.2478/cjf-2019-0002. 

38. Mandal S, Mandal B. 2021. Study of length-weight relationship and the condition factors of Lepidocephalichthys guntea 

(Hamilton, 1822) from Kangsabati river of district West Midnapore, West Bengal, India. Journal of the University of 

Shanghai for Science and Technology 23(8): 602-615. DOI: 10.51201/JUSST/21/08433 

39. Serdar O, Ozcan EI, Aydın R. 2017. Length-weight and length-length relationships of Alburnus mossulensis and Acanthobrama 

marmid (Heckel, 1843) in the Karasu River (Turkey). Aquaculture Studies 17(2): 171-176. 

40. Jhingran VG. 1952. General length-weight relationship of three major carps in India. Proc. Nat. Inst. Sci. India 17: 559-560. 

41. Sharma VK. 1986. The biology and fishery of Cyprinus carpio Linn, from the Gobindsagar Reservoir, Himachal Pradesh, India. 

Thesis Abst. Matsya. 231: 12-13. http://hdl.handle.net/10603/85095 

42. Sunder S, Kumar K, Raina HS. 1984. Food and feeding habits and length-weight relationship of Cyprinus carpio var. specularis 

of Dal Lake, Kashmir. Indian Jr. Fish 31(1): 90-99. 

43. Bura GA, Goswami MM. 2013. A study on length-weight relationship and condition factor in the different age groups of Clarias 

magur (Hamilton, 1882) in Wetland aqua habitat of Assam, India. Aquaculture 14(1/2): 65-70. 

44. Hile R, Jobes FW. 1940. Age, growth, and production of the yellow perch Perca flavescens (Mitchill), of Saginaw Bay. Trans. 

Am. Fish Wash. 48: 211-217. https://doi.org/10.1577/1548-8659(1940)70 [102: AGAPOT]2.0.CO;2 

45. Weatherly AH. 1972. Growth and ecology of the fish population. Academic Press, London.46. Hile R. 1936. Age and growth 

of Leucichthys artedi in the lakes of the northern Himalayan mahseer with reference to its fishery. Indian Jr. Anim. Science 

55(1): 65-67. 

47. Frost WE. 1945. The age and growth of eels (Anguilla anguilla) from the Windermere catchment area. Part 2. Jr. Anim. Ecology 

4: 106-124. 

48. Oni SK, Olayemi JY, Adegboye JD. 1983. Comparative physiology of three ecologically distinct freshwater fishes, Alestes 

nurse Ruppell, Synodontis Schall Bloch and S. Schneider and Tilapia Zilli Gervais. Jr. Fish Biology 22: 105-109.  

49. Alam MM, Jahan SN, Hussain MA, De M, Goutham-Bharathi MP, Magalhães AB, Simon KD. 2013. Length-length 

relationship, length-weight relationship, and condition factor of freshwater fish species of Bangladesh. Aquaculture, 

Aquarium, Conservation and Legislation 6(5): 498-509. 

Res. Jr. Agril. Sci.                                138                                                               CARAS 


