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Morphometric and Meristic Characters of a Small Indigenous Freshwater Balitorid, Triplophysa
marmorata (Cypriniformes, Nemacheilidae), from Manasbal Lake, Kashmir, India. Mushtagq, S. T.,
Mushtagq, S. A., Shah, T. H., Bhat, F. A. — The current study provides the morphometric and meristic
characteristics of a small indigenous freshwater balitorid, Triplophysa marmorata (Heckel, 1838), thriving
in Manasbal Lake, Kashmir, India. The research involved the collection of 360 samples of T. marmorata
from Manasbal Lake. The analysis revealed that the morphometric measurements were dependent on
body size and there was a gradual increase in body length. Regression analysis was performed between the
independent variables TL and the dependent variables viz. SL, FL, PrAL, PrVL, PrDL, BD, HL, CFL, PFL
and PVL as well as between the dependent variables HL and the dependent variables ED, SnL, PrOL and
PoL. The results indicated a positive relation between various morphometric characters and both TL and
HL, displaying correlations that ranged from medium to high strength. On the other hand the fish showed
constant meristic characters where there was no change in meristic counts with the increase of body
length. The fin formula is derived as D 6-9; P 8-10; V 6-7; A 4-6; C 13-18. The findings demonstrated
characteristic morphometric traits exclusive to T. marmorata in Manasbal Lake establishing crucial data
for future investigations into the biological dynamics and conservation objectives pertaining to the fish.
Key words: Manasbal Lake, morphometric characters, meristic characters, Triplophysa, conservation,
biological dynamics.
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Introduction

The genus Triplophysa Rendahl, 1933 is a diversified group of fishes within the family Balitoridae, subfamily
Nemacheilinae (Chen & Yang, 2005; Fricke et al., 2020) with almost 160 species. The genus is widely distributed in
Western and Central Asian seas, interior drainages of Balochistan, Northwest to Western Mongolia, and from the
Qinghai-Tibet Plateau to the Yunnan-Guizhou Plateau in China (Zhu, 1989; Wu & Wu, 1992; Prokofiev, 2017). This
genus has been documented to exist in the upper Indus river drainages in Jammu and Kashmir as well as in the Lahul
and Spiti parts of Himachal Pradesh (Scheimer, 1993) which are home to innumerable rivers and streams (Kullander
et al, 1999). Heckel (1838) described two species of scaleless fishes of the family Balitoridae as Cobitis marmorata
and C. vittata currently considered under names Triplophysa marmorata and T. kashmirensis (Kullander et al., 1999).

Triplophysa marmorata is a small fish with an elongated, scaleless body, two rostral and one maxillary set of
barbels in its inferior mouth, and eyes high on the head. Brownish or greyish patches of varying widths are also dispersed
along the dorsal surface, marking the sides and head. Triplophysa species are characterised by a caudal peduncle that is
comparatively thin and “whiplike.” These species display a notable sexual dimorphism: males have raised skin bearing
tubercles on both sides of the head, a broad dorsal tuberculated pad, and wider pectoral-fin rays (Zhu, 1989). Triplophysa
species typically range in length from 60 to 190 mm (Bashir et al., 2015; Mushtaq et al., 2015; Sheikh and Ahmad, 2019).
T. marmorata is characterised by the presence of a shorter caudal peduncle and lateral line length.

Manasbal Lake is a freshwater lake located in Ganderbal district of the state of Jammu and Kashmir. It is
located about 30 kms towards Northwest of Srinagar. It is situated at an altitude of 1583 m and covers an area
of 2.81 km? (Lawrence, 1895; Raina, 1981). It is a warm subtropical monomictic marl lake (Hutchinson, 1957).
The surroundings are predominantly rural comprising of villages of Kondabal, Jarokabal and Gratabal.

Morphometric and meristic characteristics offer a quantitative description for fish identification and are
regarded as dynamic features that are frequently employed to quantify the differences between populations of the same
fish species (Cadrin, 2000; Doherty & McCarthy, 2004). In fact, a variety of ecological variables, such as temperature,
radiation, dissolved oxygen, water depth, and water velocity, regulate the morphological differences across fish
populations (Turan, 1999). Not only are morphometric characters and meristic counts crucial for comprehending
taxonomy, but variations in their characteristics are likely associated with the habitat of the variants in other species
(Turan et al., 2004; Randall & Pyle, 2008). Hence this study was carried out in order to establish baseline information
on the morphological parameters of Triplophysa marmorata from Manasbal Lake, Kashmir.

Material and Methods

A total of 360 fish samples were randomly collected from commercial catches in various sites of Manasbal Lake.
Using conventional techniques, the morphometric characteristics of these fish samples were recorded in the laboratory in
a fresh condition (Lagler et al,, 1962; Laevastu, 1965). Total length (TL), standard length (SL), pre pectoral length (PPL),
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Fig 1. Morphometric measurements of Triplophysa marmorata from Manasbal Lake, Kashmir, India: 1 — total
length; 2 — standard length; 3 — fork length; 4 — head length; 5 — pre pectoral length; 6 — pre pelvic length;
7 — pre anal length; 8— pre dorsal length; 9— eye diameter; 10 — pre orbital length; 11 — post orbital length;
12 — snout length; 13 — anal fin length,14 — dorsal fin length; 15 — pelvic fin length; 16 — pectoral fin length;
17 — body depth; 18 — caudal peduncle length.
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pre dorsal length (PDL), head length (HL), snout length (SNL), eye diameter (ED), post orbital length (POL), inter orbital
length (IOL), caudal fin length (CFL), pre anal length (PAL), and caudal peduncle depth (CPD) were the morphometric
traits measured. Using the least squares method, linear regressions were carried out for the contrasted features (Scenedor
& Cochran, 1967). The number of rays in the anal (AFR), caudal fin (CFR), ventral (PVR), dorsal (DFR) and pectoral
(PFR) fins were counted for meristic features. The meristic analysis was conducted using descriptive statistics.

Results

Throughout the study, a total of 18 morphometric characters and 5 meristic counts were
studied. Correlation coefficient and regression equations were calculated for all variables, except
for pre orbital length, post orbital length, snout length and eye diameter in relation to the total
length of the fish. However, pre orbital length, post orbital length, snout length and eye diameter
showed correlation with head length of the fish. Among the parameters studied in relation to
total length, standard length and fork length showed the highest correlations at 0.988 and 0.980
respectively (table 1). However meristic counts such as dorsal fin ray, anal fin ray, pelvic fin ray,
pectoral fin ray and caudal fin ray showed notable difference (table 2). The correlation analysis
highlights a consistent proportional adjustment in all morphometric characteristics with in-
creasing total length. However, all meristic counts showed significant difference among each
other. This observation suggests that meristic counts are dependent on the body size of fish.

Table 1. Morphometric characters of Triplophysa marmorata

No | Inthepercentage of total Ranee Range | Mean, | Correlation | p. oo ooin
fish Length & difference | mm | coefficient & !
1 standard length 25.24-146.98 121.74  79.86 0.988 y = 0.824x + 2.5067
2 forklength 22.26-162 139.97  88.59 0.980 y = 0.9865x -4.0216
3 preanal length 18.65-89.56 70.91 60.24 0.942 y =0.5997x +3.9392
4 predorsal length 16.89-68 51.11 41.97 0.955 y=0.4113x + 3.3725
5  pre pectoral length 4.26-34 29.74 19.32 0.904 y =0.1872x + 1.7363
6  pre pelvic length 19.26-75.33 56.07 45.37 0.796 y =0.393x + 8.4787
7  body depth 4.85-32.56 27.71 15.86 0.818 y =0.1934x - 2.2857
8  headlength 4.99-38 33.01 18.31 0.799 y=0.2173x - 2.0802
9  caudal peduncle length 1.32-25 23.68 7.36 0.734 y =0.0979x - 1.8171
10  dorsal fin length 3.25-26.35 23.1 14.10 0.888 y =0.1416x + 0.8078
11 pelvic fin length 3.9-24 20.1 11.77 0.871 y=0.123x + 0.2321
12 anal fin length 2-25.36 23.36 10.76 0.729 y = 0.1106x + 0.3879
13 caudal fin length 6.01-22.57 16.56 14.79 0.809 y =0.1048x + 4.9601
14 pectoral fin length 4-25 21 13.27 0.876 y = 0.1453x - 0.3574
15  eye diameter 1-5.86 4.86 3.51 0.670 y=0.1173x + 1.3649
Percent with respect to head length
16  snoutlength 1.89-22 20.11 8.79 0.914 y =0.6969x - 3.9603
17  pre orbital length 2.01-26.63 24.62 12.13 0.738 y =0.1589x - 2.7648
18  post orbital length 2.86-24 21.14 9.74 0.899 y=0.1182x -1.3443

Table 2. Meristic characters of Triplophysa marmorata

Meristic characters Range
Dorsal fin ray 6-9
Anal fin ray 4-6
Caudal fin ray 13-18
pectoral fin ray 8-10
pelvic fin ray 6-7

Note. Fin formula = D. 6-9, P. 8-10, V. 6-7, A. 4-6, C. 13-18.
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Fig. 2. Relationship of total length with standard length (SL), fork length (FL), pre anal length (PrAL), pre dorsal
length (PrDL), pre pelvic length (PrVL), body depth (BD), head length (HL), caudal fin length (CFL), pectoral
fin length (PFL) and pelvic fin length (PVL).
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Fig. 3. Relationship of head length with pre orbital length (PrOL), post orbital length (POL), snout length (SL)

and eye diameter (ED).

Fig. 4. Lateral, dorsal and ventral views of Triplophysa marmorata from Manasbal Lake, Kashmir, India.

Fig. 5. Dorsal and ventral views of the head of Triplophysa marmorata from Manasbal Lake, Kashmir, India.
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Discussion

Morphometric and meristic characters of the fishes are a conventional method for
identification of sex, race, species, hence possesses wide taxonomic importance (Mek-
kawy, 1987, 1994; Mahmoud, 1988, 1991, 1993; Harabawy, 1993, 2000; Khalil et al., 1983,
1984; Oliveira & Almada, 1995; Osman, 2000; Mekkawy & Mohammad, 2011; Abbas et
al., 2013; Safi et al., 2014). Morphometric studies play a key role in developmental pat-
terns of fishes, habitat conditions, health of the fish , development stages , sexual catego-
ry, size, maintenance (Jisr et al., 2020; Khatun et al., 2021). These characters have been
widely used in stock identification and are known to have a lot of significance in fisheries
science (Turan, 1999). They have proven to be the simplest and easiest method of spe-
cies identification. Determination of various parameters in fisheries is highly dependent
on morphometric and meristic characters. The growth rate of the fish is analyzed by
measuring some parts of the morphological structure of fish. Meristic characters are the
numerical counts on the fish used in order to determine the species and class of the fish
(Soliman et al., 2018).

The fish in this study has been utilised to measure various morphometric characteris-
tics, expressed as percentages of the total fish length and head length. It has been observed
that certain morphometric traits, such as standard length, fork length, pre-dorsal length,
and pectoral length as a percentage of total fish length, exhibit notably high correlation
coefficients. This suggests a strong direct proportionality among these traits. Conversely,
characters like body depth, dorsal fin length, pelvic fin length, caudal fin length, and pecto-
ral fin length as a percentage of total fish length demonstrate moderate correlation coeffi-
cients. Lastly, traits such as pre-pelvic length, head length, caudal peduncle length, and anal
fin length as a percentage of total length display the least correlation coefficients among
the measured morphometric characteristics (table 1). Linear relationships were identified
among all independent and dependent characters, as depicted in figure 2. Specifically, four
morphometric traits expressed as a percentage of head length were assessed for correla-
tion coefficients. The analysis revealed that post-orbital length and snout length exhibited
a moderate correlation coefficient, whereas eye diameter and pre-orbital length displayed
the least correlation coefficient, as detailed in table 1. Notably, a linear relationship was
observed among these parameters.

Fish are highly responsive to environmental shifts, swiftly adjusting their morpho-
logical characteristics as needed for adaptation. It is widely recognised that morpho-
logical traits exhibit significant plasticity in response to variations in environmental
factors like food availability and temperature (Allendorf & Phelps, 1988; Swain et al,,
1991; Wimberger, 1992). Fish phenotypic variations can lead to fixed traits, or traits
that change more slowly than the environment (Scheiner, 1993), which result from ad-
aptation in response to natural selection or other evolutionary forces, or they can lead
to phenotypic plasticity, or the ability to respond plastically to changing environments
(Prince et al., 2003). In the latter case, populations of fish that belong to the same spe-
cies or different species may exhibit morphological and genetic differences that reflect
the environmental conditions of the rivers they inhabit (Bower et al., 2021; Kirk et al.,
2022). In the current study, it was noted that thirteen characters exhibited genetic con-
trol, while four fell within an intermediate category, and one character was observed
to be influenced primarily by environmental factors when expressed as a percentage
of total length. Across the spectrum of head length percentages, all observed char-
acteristics were found to be under genetic control. The phenotypic plasticity of fish
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is notably robust, enabling rapid adaptation through physiological and behavioural
adjustments in response to environmental shifts. These adaptations ultimately lead to
modifications in their morphology. Generally, fish exhibit greater variability in mor-
phological traits within and among populations compared to other vertebrates. They
also display a higher susceptibility to environmentally induced changes in morphol-
ogy (Stearns, 1983; Allendorf et al., 1987; Wimberger, 1992). Among Gadusia chapra
from the Gobind Sagar population, it was determined that 13 morphological traits in
relation to total length are under genetic control (Tandon et al., 1993). In Tor putitora
(Hamilton, 1822) from Gobind Sagar reservoir in Himachal Pradesh, it was found that
13 morphological traits relative to total length, are genetically controlled. Additionally,
a study reported that among 22 morphometric characters in Tor putitora from Pong
dam reservoir in Himachal Pradesh, 12 were found to be genetically controlled while
5 showed influences from environmental factors (Johal et al., 1994). In Tor putitora
sampled from the foothill section of the Ganges, 12 morphological traits in relation to
total length were identified as genetically controlled, two fell into an intermediate cat-
egory, and only one character was determined to be environmentally influenced. Ad-
ditionally, concerning head length, three characters were categorised as intermediate
while two were found to be environmentally controlled (Bhatt et al., 1998). In another
study, among the 18 measured characters in Tor putitora from Pong Dam reservoir
in Himachal Pradesh, it was observed that 11 characters were genetically controlled, 5
exhibited intermediate characteristics, and 2 were determined to be environmentally
influenced (Johal et al., 2003).

This suggests that the surrounding area remains relatively undisturbed from an envi-
ronmental point of view. Additionally, a notably high correlation coefficient was observed
concerning total length. The characters like standard length, fork length, pre dorsal length
and pre pectoral length in relation to total fish length shows high value of correlation
coefficient. Dube & Dubey (1987) reported a strong correlation between total length and
head length, snout length, height of caudal peduncle, minimum body girth, and maxi-
mum body girth within a Tor tor (Hamilton, 1822) population from the Narmada River.
Conversely, they found a weaker correlation between total length and eye diameter as well
as the length of the caudal peduncle. Nautiyal et al. (1998) demonstrated that postdorsal
distance exhibited the most significant correlation among variables studied, whereas Johal
et al. (1994) identified standard length as the most correlated body part within the Tor
putitora population from Gobindsagar. Bhatt et al. (1998) noted the eye diameter as the
least correlated variable, which aligns with findings from the current study. Additionally,
Johal et al. (2003) demonstrated that nearly all the characters displayed a high degree of
correlation coefficient.

Variations in meristic characters have been documented in several fish species,
including Nematalosa nasus (Bloch, 1795) (Al Hassan, 1987), Pseudobagrus ichikawai
Okada & Kubota, 1957 (Watanabe, 1998), and Pterophyllum scalare (Schultze, 1823)
(Bibi Koshy et al., 2008). Variation in meristic traits in fish is mainly expected as a
consequence of the current temperature increase and of changes in other environmen-
tal parameters such as salinity and dissolved oxygen (Barlow, 1961). In the current
research, it was observed that meristic counts are correlated with body size, exhibiting
changes as body length increases. Jayaram (2010) reported on Tarigilabeo latius (Ham-
ilton, 1822) (as “Crossocheilus latius (Hamilton-Buchanan)”) found in the Gangetic
watershed of the Himalayas, as well as in other regions across India and reported later-
al line scales to be 37-39 from those areas. In the current investigation, it has been ob-
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served that meristic counts are influenced by body size, displaying alterations as body
length increases. Hubbs (1992) and Taning (1944) noted variations in the number of
rays in unpaired fins across several species, often attributed to adaptations to varying
water densities and movement. Sfakianakis et al. (2011) explored meristic variation
related to temperature, while Yousefian (2011) reported that genetic factors affecting
meristic counts. Additionally, Hazarika et al. (2011) reported that meristic characters
remained consistent despite increases in body length and weight.

In conclusion, our knowledge of this specific species from this area has grown as a re-
sult of our research, which has highlighted its special characteristics. The taxonomy of fish
and conservation initiatives pertaining to the lake’s ecology may benefit greatly from this
work. Understanding the morphometric and meristic characteristics can help with accu-
rate species identification and categorization, improving conservation efforts and provide
information for the region’s sustainable fishing sector.
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