


Length-weight relationship, morphometric characters and meristic counts of an Endangered Loach, Triplophysa kashmirensis (Hora, 1922) in Kashmir Himalaya, India	Comment by Sudhan C: Italics
















 






		35	

Abstract

The present study was conducted on the morphometry, meristic characters and length-weight relationship of Triplophysa kashmiriensis (Hora (1922) was carried out from September 2018 to February 2019. A total of 180 samples were collected from Dagwan and Lidder streams. Various morphometric characters showed high degree of correlation (R2) between them and the values of correlation ranged from 0.69 to 0.99. Coefficient of variation for various morphometric characteristics was found to be 20.95 % between snout length and total length, 17.65 % between eye diameter length and total length. The fin formula of  the fish was found as D(I)8; A(I)5; P1(10-11); P2(7-8); C(17-18).The length-weight relationship was recorded separately for both males and females. The equations found were Log W = -5.485 + 3.167 Log L for males and Log W = -5.440 + 3.153 Log L for females and the combined equation was obtained as W = -5.491 + 3.174 log L. The value of ‘b’ obtained for the pooled data was found to be 3.174 which is significantly greater than 3 indicating a positive allometric growth in the fish.
Keywords: Triplophysa Kashmiriensis, Allometric growth, Morphometry, Meristic, Length-Weight relationship
1. Introduction
	Nature has bestowed the valley of Kashmir, with plenty of gifts like snow clad mountains, vast serpentine rivers etc. The valley is famous throughout the world for its waters both lentic and lotic. The lotic habitats include numerous streams like Lidder, Veshu, Dudhganga, Sindh, etc., spread throughout the valley forming tributaries of the river Jhelum that flow through the valley from south to northwest direction. All these streams harbour a number of indigenous fishes like Schizothorax spp., Glyptothorax spp., Triplophysa spp., etc as well as the exotic trouts i.e., Oncorhynchus mykiss and Salmo trutta fario. Inspite of the fact that most of these streams are an important fishery resource of the valley, not much is known about the ecology and biology of fishes of these habitats. The earliest report on the fishes of Kashmir is that of Heckel (1838), who reported sixteen species of fishes from the valley, thirteen of them belonging to family Cryprinidae. Since then a number of workers have reported on the ichthyofauna of the region (Kullander et al., 1999) but all the water bodies have not been explored yet and there is probability that the number of species may vary. Most fish species inhabiting this himalayan region are small in size. Their size, growth and distribution depends on environmental conditions such as water temperature, velocity of water current, nature of substratum, availability of food and their feeding habits (Yousuf  et al., 2003; Bhat et al., 2010). T. kashmiriensis is one of the important food fish of Kashmir though commercially not so important. The fish is mostly consumed as dried fish and is very much liked by the people of rural Kashmir. The fish has been reported to occur in almost all the tributaries of river Jhelum, main river and lakes of the Kashmir but over the years due to pollution and other factors the fish population especially in water bodies of plain areas has decreased drastically (Yousuf et al., 2006; Bhat et al., 2010; Balkhi, 2007). T. kashmiriensis normally lives among pebbles and shingles at the bottom of the clear rocky streams but some drift into lakes among the hills and this has made these fishes secondarily modified for life in deeper waters (Hora, 1937). The comparatively bigger size of the loaches of the high altitudes may be due to the plentiful aquatic insect life and other food organisms. The Triplophysa species of Kashmir occuring in river Jhelum and its tributaries are also found in spring waters like Dagwan, Veerinag and Kokernag springs. Kashmir loach (Genus Triplophysa of sub family Nemachilinae and Family Balitoridae), locally known as ‘Ara gurun’ is a small fish having elongated and scale-less body, with eyes high on head, and inferior mouth having two rostral, and one maxillary pair of barbells. The changed trophic levels in the aquatic habitats of Kashmir due to various anthropogenic pressures has impacted the native fish species significantly and many of them have either been expelled from the system or are losing ground very fast. Natural morphometric/meristic data are of great importance for improvement of aquaculture. Morphometric and the meristic methods remains the simplest and most direct methods of species identification (Yakubu and Okunsebor (2011). 	Comment by Sudhan C: Himalayan 	Comment by Sudhan C: Spell check
2. Materials and methods
	The   experiment   was   carried   out   in Fisheries Resource Management laboratory, Faculty of Fisheries, SKUAST-Kashmir (India). For six months, 30 specimens of T. kashmiriensis was collected every month from Lidder and Dagwan stream with the help of local fisherman, using traditional cast net and hand net (Plate 1). The collected samples were placed in jars containing 5% formalin and transported to FRM Laboratory at Faculty of Fisheries, Rangil. The fish samples were cleaned under running tap water, and then dried with a clean cotton cloth. After cleaning, total weight of the individuals were measured using electronic weighing balance up to the nearest 0.5 gram (Plate 7) and total length (Plate 8) was measured using digital vernier [image: ]caliper to the nearest 0.01 millimeter.	Comment by Sudhan C: Spell check	Comment by Sudhan C: Spell check
Plate 1. Specimens of Triplophysa kashmiriensis
2.2 Conventional Morphometry
	Morphometric characters were measured by using Vernier Calliper to the nearest millimeter as described by Lagler et al. (1962), Laevastu (1965), Dwivedi & Menezes (1974) and Grant & Spain (1977). All measurements were taken on the left side of the fish by the same person in order to minimize the measurement bias. The following sixteen morphometric characters were measured (Plate 2): total length (TL), standard length (SL), fork length (FL), pre-dorsal length (PDL), caudal fin length (CFL), pre-anal length (PAL), pre-pelvic  length (PPvL), pre-pectoral length (PPcL), head length (HL), body depth (BD), snout length (SnL), eye diameter (ED), length of the dorsal fin base (LDFB), depth of caudal peduncle (DCP), pre-orbital length (PrOL) and post-orbital length (POL).		Comment by Sudhan C: Spell check
[image: ]
Plate 2. Morphometric characters of Triplophysa kashmiriensis
2.3 Meristic Characters 
[image: ][image: ]The meristic counts commonly used in fish identification and taxonomic studies are counting fin ray dorsal, pectoral, ventral, anal and caudal fin rays (plate 3-6). Conventional abbreviation for the various fins in the reporting of number of fin rays are; Dorsal - D; Pectoral - P; Anal - A; Ventral - V; and Caudal - C. All true spines (simple, unbranched, unsegmented fin rays) are designated by Roman numerals whether they are stiff or flexible. Soft rays are designated by Arabic numerals.
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Plate : 5			Plate : 6
 Plate 3-6: showing Pectoral, dorsal, caudal, pelvic and anal fins of triplophysa kashmiriensis	Comment by Sudhan C: Font check
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Plate:7			Plate:8
Measurement of weight	Measurement of length
2.4 Length-Weight relationship
The length-weight relationship was estimated from the allometric formula proposed by Le-Cren (1951) separately for both sexes and significant differences, if any, in the slopes of the regression lines for males and females was ascertained.	Comment by Sudhan C: Use Formula bar
	W = aLb or			Log W= log a + b x log L	
Where, “W” is the weight of fish in g, “L” is the length of fish in mm, “a” 	is the intercept and “b” is the regression coefficient. “a” and “b” were 	estimated by following the formulae:
		a	
and, b= [nΣxy - ΣxΣy]/[nΣx2-(Σx)2]	Comment by Sudhan C: Use Formula bar
The coefficient of correlation “r” was determined to analyse the 	relationship 	between the two variables:	Comment by Sudhan C: r or r2 

Check
	r = [nΣxy - ΣxΣy]/√ [nΣx2-(Σx)2][nΣy2-(Σy)2].	Comment by Sudhan C: Use Formula bar
3. Experimental findings
	The results of the present study on the morphometry, meristic characters and length-weight relationship of Triplophysa kashmiriensis (Hora (1922) in Kashmir Himalaya, India are as under:
3.1 Morphometry
During the present investigation on morphometry, 180 specimens of T. kashmiriensis were studied. The various morphometric characters of T. kashmiriensis are shown in Table 1. The maximum total length was recorded in the month of February (132.23 mm), while minimum was also recorded in the month of February (50.15 mm). The standard length was also recorded maximum during the month of February (124.2 mm) while minimum was also recorded in the month of February (42.86 mm). Coefficient of variation of various morphometric characteristics ranged from 17.65 % (eye diameter) to 20.95 % (snout length). The relationship between various characters i.e., total length v/s standard length, total length v/s pre dorsal length, total length v/s pre pectoral length, total length v/s pre pelvic length, total length v/s pre anal length, total length v/s head length, total length v/s snout length, total length v/s fork length, total length v/s body depth, total length v/s caudal fin length, total length v/s length of dorsal fin base, total length v/s depth of caudal peduncle, total length v/s pre-orbital length, total length v/s post-orbital length and total length v/s eye diameter are presented in Table 2 and Figure 1-15. The correlation coefficient (r) value was recorded highest between Total Length and Fork Length(0.99) and least between Total Length and Eye diameter (0.69), indicating very high degree of relationship between the characters compared (Table 2).33
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Figure 1: Relationship between total length and fork length in T. kashmiriensis
[image: ]
Figure 2: Relationship between total length and standard length in T. kashmiriensis
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Figure 3: Relationship between total length and pre-anal length in T. kashmiriensis
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Figure 4: Relationship between total length and pre-dorsal length  in T. kashmiriensis
[image: ]             
Figure 5: Relationship between total length and pre-pelvic length  in T. kashmiriensis
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Figure 6: Relationship between total length and pre-pectoral  length in T. kashmiriensis
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Figure 7: Relationship between total length pre-orbital length in T. kashmiriensis
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Figure 8: Relationship between total length and eye diameter  in T. kashmiriensis
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Figure 9: Relationship between total length and caudal fin length in T. kashmiriensis
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Figure 10: Relationship between total length and length of  dorsal  fin base in T. kashmiriensis 
[image: ]
Figure 11: Relationship between total length and snout length 		       in T. kashmiriensis
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Figure 12: Relationship between total length and post-orbital 		       length in  T. kashmiriensis
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Figure 13: Relationship between total length and head length  in T. kashmiriensis
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Figure 14: Relationship between total length and depth of caudal peduncle in T. kashmiriensis
[image: ]
Figure 15: Relationship between total length and body depth  in T. kashmiriensis






Table 1: Statistical estimates of various morphometric characters of T. Kashmiriensis
	Statistical estimates
	Range (mm)
	Mean (mm)
	Median (mm)
	Standard error
	Standard deviation
	Coefficcient of variation (%)	Comment by Sudhan C: Spell check

	
	Min
	Max
	
	
	
	
	

	Total length (TL)
	50.15
	132.23
	90.91
	93.18
	1.26
	16.93
	18.65

	Standard length (SL)
	42.86
	124.2
	76.41
	78.00
	1.11
	14.90
	19.50

	Fork length (FL)
	48.8
	129.23
	88.11
	90.92
	1.21
	16.30
	18.50

	Pre orbital length (PrOL)
	3.96
	11.7
	7.56
	7.82
	0.11
	1.55
	20.49

	Post orbital length (POL)
	4.24
	11.13
	7.57
	7.64
	0.10
	1.94
	19.09

	Pre-anal length (PAL)
	22.91
	80.33
	53.23
	54.53
	0.79
	10.62
	19.95

	Length of dorsal fin base (LDFB)
	4.95
	14.97
	10.00
	10.21
	0.15
	2.03
	20.30

	Depth of caudal peduncle (DCP)
	2.27
	7.2
	4.66
	4.66
	0.06
	0.93
	19.93

	Pre- pelvic length (PPvL)
	20.39
	59..34
	39.52
	39.96
	0.58
	7.89
	19.96

	Pre-dorsal length (PDL)
	20.34
	58.51
	38.90
	39.89
	0.57
	7.67
	19.71

	Pre-pectoral length (PPcL)
	9.26
	25.2
	16.73
	17.23
	0.23
	3.12
	18.65

	Head length (HL)
	7.18
	20.73
	14.31
	14.53
	0.20
	2.71
	18.93

	Eye diameter (ED)
	1.38
	3.4
	2.47
	2.48
	0.03
	0.43
	17.65

	Caudal fin length (CFL)
	6.61
	20.56
	14.52
	15.01
	0.22
	2.97
	20.51

	Body depth (BD)
	5.25
	15.32
	10.78
	11.07
	0.15
	2.12
	19.65

	Snout length (SnL)
	2.04
	5.89
	3.87
	3.94
	0.06
	0.81
	20.95



Table 2: Relationship between various morphometric characters of T. kashmiriensis
	Morphometric character
	Intercept (a)
	Slope (b)
	Y= a + b X
	Correlation   (R2)	Comment by Sudhan C: Regression / r2 / Coefficient of determination ? Check 

	Total Length & Standard Length
	0.645
	0.859
	Y = 2.3795 +  0.8667X
	0.9723

	Total Length & Pre-dorsal Length
	1.658
	0.4462
	Y = 1.658 +  0.4462X
	0.9725

	Total Length & Pre- Pectoral Length
	0.7708
	0.1756
	Y =  0.7708 + 0.1756X
	0.91

	Total Length & Pre-anal Length
	2.4932
	0.613
	Y =  2.4932 + 0.613X
	0.9575

	Total Length & Head Length
	0.5651
	0.1513
	Y =  0.5651 + 0.1513X
	0.895

	Total Length & Body Depth
	0.1317
	0.1172
	Y =  0.1317 + 0.1172X
	0.8784

	Total Length & Pre- Pelvic Length
	1.9901
	0.4567
	Y =  1.9901 + 0.4567X
	0.9626

	Total Length & Snout Length
	0.0659
	0.0419
	Y = 0.0659 +  0.0419X
	0.7657

	Total Length & Eye Diameter
	0.5138
	0.0215
	Y = 0.5138 + 0.0215X
	0.6998

	Total Length & Caudal Fin Length
	0.0005 
	0.1597
	Y = 0.0005 + 0.1597X
	0.8261

	Total Length & pre-orbital Length
	0.5108
	0.089
	Y = 0.5108 + 0.089X
	0.8862

	Total Length & post-orbital Length
	0.7691
	0.0748
	Y = 0.7691 + 0.0748X
	0.7702

	Total Length & fork length 
	0.969
	0.9585
	Y = 0.969 + 0.9586X
	0.9934

	Total Length & Length of dorsal fin base
	0.2546
	0.1073
	Y = 0.2546 +  0.1073X
	0.8011

	Total Length & Depth of caudal peduncle
	0.0923
	0.0503
	Y = 0.0923 + 0.0503X
	0.8414





Table 3:  Meristic characters of Triplophysa kashmiriensis in different length groups.
	Meristic characters
	Length groups (mm)

	
	50-60
	61-70
	71-80
	81-90
	91-100
	101-110
	111-120
	121-130
	122-131
	123-140

	Dorsal fin
	(1)8	Comment by Sudhan C: Use the roman numerals for spine count & Arabic numerals for rays 
	(1)8
	(1)8
	(1)8
	(1)8
	(1)8
	(1)8
	(1)8
	(1)8
	(1)8

	Pectoral fin
	10
	10
	11
	11
	11
	11
	11
	11
	11
	11

	Pelvic fin
	7
	7
	7
	8
	8
	8
	8
	8
	8
	8

	Anal fin
	(1)5	Comment by Sudhan C: Use the roman numerals for spine count & Arabic numerals for rays
	(1)5
	(1)5
	(1)5
	(1)5
	(1)5
	(1)5
	(1)5
	(1)5
	(1)5

	Caudal fin
	17
	18
	18
	18
	18
	18
	18
	18
	18
	18



Note: Numbers in the parenthesis are spines while numbers outside the spine are fin rays.






	3.2 Meristic counts
	During the present study, five meristic characters have been counted viz; number of dorsal fin rays, pectoral fin rays, pelvic or ventral fin rays, caudal fin rays and anal fin rays. Meristic characters have definite number and count, sometimes, they vary and fall under some specific  range. The meristic counts in ten (10) length groups of T. Kashmiriensis from Lidder and Daghwan stream are presented in Table 3. Meristic character of Triplophysa Kashmiriensis were recorded as; Dorsal fin rays  (1)8, pectoral fin rays ranged from 10-11, pelvic fin rays ranged from 7-8, caudual fin rays ranged from 17-18 and anal fin rays was recorded as (1)5.  The number of spines in dorsal fin and anal fin was recorded as one in all length groups. The above finding showed that some aspects of T. kashmiriensis showed similarities, while some counts showed variation.	Comment by Sudhan C: 	Comment by Sudhan C: Space check	Comment by Sudhan C: Spell check
Fin formula calculated for Triplophysa kashmiriensis was found as: 
  D(I/8);A(I/5); P1(10-11); P2(7-8);C(17-18)
 
4.3 Length-Weight Relationship
	For the study of Length-Weight relationship (LWR), 180 samples of T. kashmiriensis Hora ranging in total length from 50-132 mm and body weight from 0.8-18.6 g were taken and the relationships were estimated separately for both males and females. The equations for males was found as Log W = -5.485 + 3.167 Log L and for females as Log W = -5.440 + 3.153 Log L. Combined equation was recorded as Log W = -5.491 + 3.174 log L. The coefficient of determination (r2) were found to be 0.964 for males, 0.916 for females and 0.951 for combined data.
	The scattergram of logarithmic relation of Length-Weight has been plotted separately for males (Figure 16) and females (Figure 17). The scattergram of logarithmic relation of Length-Weight data of  pooled data is plotted in Figure 18.	Comment by Sudhan C: Space check
[image: ]Pooled:  Log W = 3.174 + 5.491 Log L (R² = 0.951)	






Figure 16: Scatter diagram showing Length-Weight relationship of  Triplophysa kashmiriensis  (Male)

Figure 17: Scatter diagram showing length-weight relationship of  Triplophysa kashmiriensis  (Female)




Figure 18: Scatter diagram showing combined length-weight relationship of Triplophysa kashmiriensis
4. Discussion
Morphometry
	In this study, various morphometric characters compared showed high coefficient of correlation (r) values, which indicate that the morphometric characters investigated are highly correlated to each other. The ‘b’ values obtained showed highest degree of correlation between total length and fork length and lowest between total length and eye diameter. There was a significant positive correlation between growth of all other parameters with respect to total length. The correlation analysis shows that all morphometric characters change proportionally with the increase in total length of fish and the higher level of correlations of morphometric traits indicate that the whole body of the fish grows in a proportionate manner. The morphometric analyses of fish is an important key in the study of biology of fish (Hussain et al., 2012) and have been used extensively in identification of fish (Kullander et al., 1999; Yousuf et al., 2003). Bhat et al. (2010) studied the morphometric characteristics of Schizothorax spp. in the River Lidder of Kashmir and reported maximum growth in standard length (0.9080) and least in body depth (0.1730) with respect to the total length of the fish. They also observed a positive correlation coefficient of total length with other parameters under comparison. Shah et al. (2011) investigated the morphometry of farmed female rainbow trout in Kashmir and reported high level of interdependence between the fourteen morphometric characters studied. Sharma et al. (2014) studied the relationship of total length with other morphometric and meristic characteristics of botia birdi in the Indus basin and observed a significant positive correlation in all parameters with total length. Similar results were observed during the present study, as maximum correlation was observed between total length and standard length (r=0.972). Kumar et al. (2014) reported highest significant correlation (p<0.01) between reference length and other morphometric parameters of both sexes in Bombay duck, Harpodon nehereus. Bashir et al. (2015) reported positive and significant correlation among different morphometric traits in Triplophysa marmorata with total length and standard length displaying the strongest correlation (R2=0.98). Siraj et al. (2017) investigated morphometric characters of Cyprinus carpio from Dal Lake, Kashmir and reported that genetically controlled characters showed minimum range of variation, characters belonging to intermediate showed moderate range of variation while the characters belonging to environmentally controlled characters showed maximum range of variation. Qadri et al. (2017) reported high coefficient of correlation (r) values for various morphometric characters, with standard length showing maximum degree of correlation (R2=0.88) with total length in S. curvifrons. Edwin et al. (2018) while analysing morphometric characters of the Threadfin Bream observed high degree of correlation between the total length of the fish and the various other measurable lengths, similar results were found during the present study.	Comment by Sudhan C: Comparison of marine species is not relevant to the current species of hill stream & cold water species 
Idowu et al. (2019) while studying the morphometric characteristics of Brycinus macrolepidotus revealed that morphometric characters showed a proportional positive increase with increase in length of the fish while some showed variations without any relation to length of the fish. Wali et al. (2019) investigated eleven morphometric characters of Oncorhynchus mykiss and observed high level of interdependence (R2 = 0.502 to 0.876) among which standard length and pre-anal length were found to have highly significant relationship with total length (R2 = 0.876 and 0.807 respectively), reflecting thereby that the morphometric characters of fish were highly correlated.
Meristic 
	Meristic characters are the numbers of countable structures like fin rays (dorsal, pectoral, anal, caudal fin) and lateral line scales. Morphological measurements, meristic counts, shape and size provide data useful for taxonomic status (Ihssen et al., 1981). Meristic and morphometric analysis are important tools used to differentiate closely related species of organisms having huge similarity indices of various parameters. It is well known that morphometrics characters in fishes can show high plasticity in response to difference in the environmental conditions, such as food abundance and temperature (Agnese et al., 1997; Tawwab et al., 2005). It has been stated before that meristic counts are continuously subjected to environmental influences from fertilization up to the final count fixation or simply during the entire larval period (Taning 1952; Fowler 1970). Georgakopoulou et al. (2007) reported that temperature effect from the half-epiboly stage until metamorphosis is enough to permanently alter the meristic counts of many fins in sea bass juveniles.  In general, fish demonstrate greater variances in morphological traits both within and between populations than other vertebrates and are more susceptible to environmentally induced morphological variations. The results of the present study showed similarities in the meristic characters except for pectoral fin, pelvic fin and caudal fin. The cause of variation in the morphometric and meristic characters may range from variability to the intraspecific which is under the influence of environmental parameters (Mwanja et al., 2011). The morphometric relationships between various body parts of fish can be used to assess the well-being of individuals and to determine possible difference between separate unit stocks of the same species.
	In this study, the number of dorsal  fin rays, anal fin rays, pectoral fin rays, pelvic fin rays and caudal fin rays  were recorded as (1)8; (1)5; 10-11; 7-8 and 17-18 respectively. The number of spines measured in dorsal fin and anal fin was only one in all length groups. The variation in fin rays has been observed and fall under some specific range in all the fishes. Rehman et al. (2015) reported the variation in different meristic counts of silver carp. Variation in meristic characters were reported in many fishes such as in Nematalosa nasus (Al-Hassan, 1987), Pseudobagrus ichikawai (Watanable, 1998) and Pterophyllum sclare (Bibi et al., 2008). Many authors (Vladykov, 1934; Tanning, 1944; Barlow, 1961) have reported that meristic characters, exhibit plasticity under the influence of environmental factors. According to Hubbs (1922) and Tanning (1994) variation occurs in the number of rays in the unpaired fins in several species which is also related to an adaptation to movement of water of various density. Meristic variation related to temperature was studied by Al-Hassan (1987) and Sfakianakis et al., 2011) and genetic factors by Yousefian (2011). Hazarika et al. (2011) reported the meristic characters remained constant with increasing body length and weight. Usama et al. (2016) showed that the meristic characters were found to be valid in sex, race and species identification. Vatandoust et al. (2014) reported a significant difference between the means of 2 out of 17 meristic characters of Brown trout and they also reported that the overall assignments of individuals into their original groups were 43.6% and 44.9% in males and females respectively.
Length-weight relationship
 	In this study, the values of regression coefficient for the length weight relationship were estimated at 0.964, 0.916 and 0.951 for the males, females and pooled data respectively. Length-weight relationships of fishes are important in fisheries biology because they allow the estimation of the average weight of the fish of a given length group by establishing a mathematical relation between the two (Beyer, 1987). Like any other morphometric characters, the Length-weight relationship can be used as a character for the differentiation of taxonomic units and the relationship changes with various developmental events in life such as metamorphosis, growth and the onset of maturity (Thomas et al., 2003). The Length-weight relationship of fish have significant importance in studying the growth, gonadal development and general well-being of fish population (LeCren 1951: Pauly, 1993; Nagesh et al., 2004) and for comparing life history of fish from different localities (Petrakis and Stergion, 1995), Ideally, the value of 'b' usually fluctuates between 2 and 4 (Tesch, 1971), Hile (1936) and Martin (1949) revealed the value of ‘b’ between 2.5 and 4.0. Antony (1967) recorded the value of ‘b’ within a range of 2.0 to 5.4 and in majority of cases the value of ‘b’ has been found to deviate from 3 (Hile, 1936). Allen (1938) worked out that the cube law is applicable only for those species, which maintain their form and specific gravity throughout their life. The shape and the form of fish may change with time, so the length-weight relationship of most of the fish species may deviate from the cube law, the cube law does not hold good throughout the life period and the weight gain in a fish may not be always cube of its length gain (Rounsefell  and  Everhart 1953; Lagler, 1956). LeCren (1951) pointed out that the variation in ‘b’ value is due to environmental factors, season, food availability, sex, life stage and other physiological factors. High ‘b’ values in case of males were reported by Sunder (1984) and Yousuf et al. (2001). Hatikakota & Biswas (2004) and Rao & Sreeramullu (2006) reported higher values of ‘b’ in females, while higher values of ‘b’ in females were also observed by Sunder (1986), Kulshrestha et al. (1993).
	The length weight relationship is generally determined so that if at any other time only one of these two parameters is known, the other can be computed easily by substituting the values of co-efficient ‘a’ and ‘b’. Further, values of the exponent ‘b’ provide growth pattern of fish species. When ‘b’=3, increase in weight is isometric i.e., length increases in equal proportions with body weight. When the value of ‘b’ is other than 3, weight increase is said to be allometric (positive if b > 3 and negative if b<3). Pauly (1993) stated that Length-weight relationship provides valuable information of the habitat where the fish lives while Kulbicki et al. (2005) stressed the importance of length-weight relationship in modelling aquatic ecosystems. Yousuf et al. (1992, 2001) reported the ‘b’ value for Schizothorax niger of Manasbal, Dal and Anchar Lakes as 3.014, 2.977 and 2.974 respectively. Bhat et al. (2010) reported the values of ‘b’ for S. esocinus (3.0034), S. labiatus (3.0997) and S. plagiostomus (2.9467) in the Lidder River of Kashmir. 
	Hussain et al. (2018) reported that the allometric coefficient 'b' in males (2.8391) was close to isometric value (≈ 3.0) than in case of females (2.6) for Schizopygae niger. The L-W equations were log W = -4.5996 + 2.8391 log L for males and log W = -4.0507 + 2.6073 log L for females. Mushtaq et al. (2018) reported that the growth pattern of Triplophysa marmorata was negatively allometric with 'b' value <3 (2.96). A strong correlation (0.974) was observed between the length and weight of the fish species in the lake. Wali et al., (2019) reported the correlation coefficient (R2) for length-weight relationship as 0.608, indicating a positive relationship between the two parameters. The value of ‘b’ was found equal to 3.028 which suggest an isometric growth pattern of Oncorhynchus mykiss, indicating that the fish grows with equal proportions in all dimensions. Idowu et al. (2019) reported regression coefficients ‘r’ values as 0.85, 0.90 and 0.78 for juveniles, sub-adults and adults respectively and the exponential value of the length-weight relationship ‘b’ was recorded as 1.03, 1.82 and 2.17 respectively indicating negative allometric growth (b<3) of Brycinus macrolepidotus.
	The present study revealed that the fish species did not follow the cube law completely with the value of exponent ‘b’ recorded as 3.174, thus revealing positive  allometric growth (b>3). Similar departures from cube law have been observed by Kumar et al. (1979) while studying Length-weight relationship of Brown Trout and reported that value of ‘b’ as 3.14 while as Kumar et al. (2012) observed W= 0.000006092 L3.13429563 for males, W=0 .000005234 L3.169965 for females of Johnieops sina indicating positive allometric relationships. Vishwanath and Kosygin (1999) studied the biology of Semiplotus manipurensis and found that the length weight equation for the fish was Log W = -5.1984+3.1508. The regression co-efficient values were 3.21 for females and 3.33 for males for Length-weight relationship, which suggested positive allometric growth for both the sexes (Gharaei 2012).
Conclusion
The study conducted on the morphometry, meristic, and length-weight relationship of T. kashmiriensis in the Kashmir Himalaya has provided valuable information regarding the morphology and characteristics of this fish species. The data generated from the study serves as a foundation for the development, proper management, and conservation efforts for this fish species in the region. The study revealed a strong correlation between various morphometric characters, indicating a high degree of interdependence among these traits. The highest correlation coefficient was observed between total length and fork length, while the lowest correlation was found between total length and eye diameter. The meristic characters, specifically the number of dorsal fin rays, pectoral fin rays, pelvic fin rays, caudal fin rays, and anal fin rays, were identified and recorded for T. kashmiriensis. The presence of a single spine in the dorsal and anal fins across all length groups was also observed. Furthermore, the length-weight relationship for T. kashmiriensis showed positive allometric growth, as indicated by the value of 'b' being greater than 3 for both sexes. The combined equation derived from the study allows for the estimation of weight based on the logarithm of length, with the specific equation being W = -5.491 + 3.174 log L. It is noteworthy that the 'b' value of 3.174 obtained from the pooled data was found to be significantly greater than 3, indicating that the weight of T. kashmiriensis increases at a faster rate compared to its length. Overall, this study provides valuable insights into the morphological and meristic characteristics of T. kashmiriensis in the Kashmir Himalaya. The length-weight relationship established in this study contributes to a better understanding of the growth pattern of this fish species and can be utilized for monitoring and managing populations in the region.
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