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ABSTRACT

The morphometric measurements are presented for commercially important Cyprinids species (mahseer, snow trout,
silver carp and grass carp) from Muzaffarabad, Azad Kashmir during 2015-2016. The minimum and maximum range,
mean, standard deviation, percentage of various parameters in total length and head length were estimated. The
correlation was carried out for 16 important characters in relation to total length and head length. The coefficients of
correlation (r) for various characters ranged from 0.13 to 0.99 for mahseer, 0.79-0.99 for snow trout, 0.76-1.00 for grass
carp and 0.76 to 0.99 for silver carp. This indicates that snow trout, grass carp and silver carp exhibited a high degree of
interdependence of the various characters, while mahseer have a lower degree of interdependence. This study may be
used as baseline because limited or no information regarding to morphometric measurements of these species is
available.
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INTRODUCTION

The family Cyprinidae of order Cypriniformes is one of the most diverse family of freshwater fishes in the
world consisting of at least 220 genera and 2,420 species (Sharma et al., 2014). They are cosmopolitan in nature, but
they are not found in South America, Australia and Antarctica (Mayden et al., 2009). These fishes are present in
large quantity and are good source of proteins and therefore they are economically important. The family Cyprinidae
was divided into 10 subfamilies on the basis of osteological characters and in two tribes Leuciscini and Barbini
(Chen et al., 1984). Later on, Cyprinid was classified into Labeoninae, Barbinae and Cyprininae and in many tribes
and subtribes by Rainboth (1991). Morphometric characters are important for identifying all fish species and their
habitat as well as ecological criteria in any stream, lake or sea. It is common to use morphometric measurements for
identification and taxonomy of fishes (Saroniya et al., 2013). The studies of morphological and meristic characters
of a fish give substantial information with regard to exact identification key of the species (Dhanya et al., 2004) and
such identification is prerequisite for cytogenetic and molecular investigations. Interspecies variation among fishes
and other aquatic animals based on morphometric analyses are common (Luthy et al., 2005; Conde-Padin et al.,
2007).

Many fresh water fish species are currently threatened by direct and indirect influence of human activities, such
as habitat destruction and fragmentation (Mir et al., 2013b). Construction of dams across rivers in particular, affects
fish movements, which may restrict the gene flow and lead to differentiation of populations (Meldgaard et al. 2003).
The anthropogenic disturbances are likely to alter the genetic diversity within populations and genetic differentiation
between populations (Yamamoto et al., 2004). Study on fish populations is important from various viewpoints
including evolution, ecology, behavior, conservation, water resource management and stock assessment (Anvarifa et
al., 2011). Suitable and successful management of aquatic organisms stock will be gained by study of genetic stocks
of endemic species and identification of populations. Data on morphometric measurements are able to identify
differences between fish populations and used to describe the shape of each fish (Pollar et al., 2007). In addition,
environmental explanation of morphometric differences would contribute to our understanding of life models
followed by different local populations, thus helping to develop a sound conservation strategy (Liasko et al., 2012).

The morphometric relationships between various body parts of fish can be used to assess the wellbeing of
individuals and to determine possible difference between separate unit stocks of the same species (King, 2007). Fish
are very sensitive to environmental changes and quickly adapt themselves by changing necessary morphometrics
(Hossain et al., 2010). Information of morphometric measurements of fishes and the study of statistical relationship
among them are essential for taxonomic work (Narejo, 2010). The morphometric characterization has been carried
out to identify them correctly and to determine the relationship between various characters as well as to estimate
various statistical values on the basis of morphometric data. Since these information are vital for the proper
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management of the fisheries and for optimum utilization of the resources. Considering the above mentioned facts,
the present study was proposed to use a set of morphometric characters of four fish species and consider possible
implications for their taxonomy and conservation.

A total of 40 specimens of four species of different size and weights were studied for morphometric
characteristics. 16 morphometric characters were studied in present study. Examination of morphometric characters
were useful for the identification and phylogenetic analysis of Cyprinidae (Yousuf et al., 2003). Present study focus
on morphometric count of these selected species because no previous work was done on these aspects from Azad
Jammu and Kashmir, Pakistan. The relationship of total length and head length with other external body parts is
studied.

MATERIALS AND METHODS

Collection of fish sample

Current study estimates the morphometric characteristics of commercially important cyprinids species from
Muzaffarabad Azad Jammu and Kashmir, Pakistan during 2015 to 2016. A total of 40 fish samples were collected
from local fisherman of Muzaffarabad. The labeled samples were packed in polyethylene bags and brought back to
the Laboratory of Fisheries, University of Azad Jammu and Kashmir for further analysis. Voucher specimens were
kept in 70% ethanol and stored in Zoological Museum Hall of the University of Azad Jammu And Kashmir,
Pakistan. The collected voucher specimens were recognized according to Mirza (1991) and Jayaram (2010).

Morphometric features

The morphometric feature which studied were total length, fork length, standard length, head length, total
weight, pectoral fin length, pelvic fin length, anal fin length, caudal fin length, dorsal fin length, pre dorsal length,
pre pectoral length, pre anal length, pre pelvic length, body depth, and eye distance while the meristic feature were;
dorsal fin rays, pectoral fin rays, pelvic fin rays, anal fin rays and caudal fin rays. Measurement were made by using
board and caliper, length measurement was taken using measuring board in which the anterior extremity of the fish
was put against a stop at the beginning of the measuring scale. It was measure in centimeter.

The total length was the greatest length of the fish from its anterior end to the tail-fin. It was measure to the
nearest 0.1cm from the tip of the snout (closed) to the extended tip of the caudal fin. The standard length was
measured from the tip of the snout to the peduncle of the fish. The head length was measured from the tip of the
snout to the operculum. Body weight of the individual fish was measured by weighing balance in grams (g).

RESULTS AND DISCUSSION

Mabhseer (Tor putitora)

The minimum and maximum total fish length of Mahseer was 18.9 cm and 22.5 cm with mean * standard
deviation = 21 + 1.30. The mean percentage of fork length, standard length, body depth and head length, 88.09,
80.47, 3.58 and 20 respectively, in total length mean percentage. The total length percentage quotient shows that
fork length, standard length, body depth and head length is 1.13, 1.24, 27.93 and 5 time in total length, respectively.
The mean percentage of pectoral fin length, pelvic fin length, anal fin length, caudal fin length and dorsal fin length
is 13.71, 10.57, 11.42, 19 and 14.76, respectively, in total length mean percentage. The total length percentage
quotient shows that of pectoral fin length, pelvic fin length, anal fin length, caudal fin length and dorsal fin length is
7.29,9.46, 8.75 and 6.77 time in total length, respectively.

Similarly, the mean percentage of pre dorsal, pre pectoral, pre anal and pre pelvic length is 41, 19.38, 65.04 and
42.04 respectively, in total length mean percentage. The total length percentage quotient shows that pre dorsal, pre
pectoral, pre anal and pre pelvic length is 2.41, 5.15, 1.53 and 1.29 respectively, in total length mean percentage.

In Mahseer, the coefficient correlation of fork length (0.926), standard length (0.993), pre pectoral length
(0.925), pre anal length (0.948), Anal fin length (0.910) and pre dorsal length (0.906) show the high Co-efficient
Correlation in relation to total length. The characters like Pectoral fin length (0.887), values of body depth (0.892)
pre-pelvic length (0.837), snout length (0.838), head length (0.823) and Caudal fin length (0.806) show moderate
correlation coefficient while, head depth (0.607), Pelvic fin length (0.552) eye distance (0.356) and Dorsal fin length
(0.139) in the percentage of total fish length show least correlation coefficient.

Similarly, the characters like fork length (0.947), body depth (0.962), snout length (0.987), length of pectoral fin
(0.975), anal fin length (0.932), Caudal fin length (0.961), pre dorsal length (0.930), pre pelvic length (0.981), pre
pectoral length (0.961) and pre anal length (0.965) show the high, Pelvic fin length (0.838) and standard length
(0.780) show the moderate and Dorsal fin length (0.225) and eye distance (0.395) show the least coefficient
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correlation in relation to head length (Fig. 1 a & b). The Himalayan mahseer exhibited slow growth coefficient in the
population. Analysis of the decadal trends revealed that asymptotic length decreased continuously with the passage
of time (Nautiyal et al., 2008).
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Fig 1. Relationship of various morphometric measurements compared with Total length (a) and head length (b) of
mahseer.

Snow trout (Schizothorax plagiostomus)

In snow trout, the minimum and maximum length was 13 cm and 27.9 cm with mean * standard deviation
=19.53 £ 6.20. The mean percentage of fork length, standard length, body depth and head length is 89.9, 80.18,
18.48 and 15.87 respectively, in total length mean percentage. The total length percentage quotient shows that fork
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length, standard length, body depth and head length is 1.11, 1.24, 5.41 and 6.30 time in total length, respectively.
The mean percentage of pectoral fin length, pelvic fin length, anal fin length, caudal fin length and dorsal fin length
is 14.64, 13.05, 13.31, 21.04 and 16.38 respectively in total length mean percentage. The total length percentage
quotient shows that of pectoral fin length, anal fin length, caudal fin length and dorsal fin length is 6.83, 7.66, 7.51
and 6.10 time in total length, respectively.
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Fig 2. Relationship of various morphometric measurements compared with Total length (a) and head length (b) in
snow trout.
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The mean percentage of pre dorsal, pre pectoral, pre anal and pre pelvic length is 38.91, 19.45, 58.01 and 40.45,
respectively in total length mean percentage. The total length percentage quotient shows that pre dorsal, pre pectoral,
pre anal and pre pelvic length is 2.57, 5.14, 1.72 and 2.47 respectively in total length mean percentage.

In snow trout, the coefficient of correlation (r) of fork length (0.984), standard length (0.977), pre-anal length
(0.909), snout length (0.908), pre-dorsal length (0.944), pre-pelvic length (0.948), values of body depth (0.984), eye
distance (0.987), Pectoral fin length (0.987), Dorsal fin length (0.968), Caudal fin length (0.986), eye distance
(0.987) showed high while, head length (0.888), Pelvic fin length (0.887), pre pectoral length (0.884), anal fin length
(0.794) indicate moderate coefficient correlation in relation to total length.

Similarly, the variables like fork length (0.928), standard length (0.938), body depth (0.918), snout length
(0.987), length of pectoral fin (0.930), Dorsal fin length (0.968), Pelvic fin length (0.952), anal fin length (0.961),
Caudal fin length (0.986), pre dorsal length (0.939), pre pelvic length (0.985), pre pectoral length (0.994), pre-anal
length (0.996) show high while, Dorsal fin length (0.796) show moderate coefficient correlation in relation to head
length (Fig. 2 a & b). Mir et al. (2013a) observed that that in S. plagiostomus the morphometric variations were
present may be due to different current pattern in different water bodies.
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Fig 3. Relationship of various morphometric measurements compared with Total length (a) and Head length (b) in
Grass carp.
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Grass carp (Cetenopharynoodon idella)

The minimum and maximum length of grass carp was 20.5 cm and 31.8 cm and its mean + standard deviation =
24.6+5.10. The mean percentage of fork length, standard length, body depth and head length is 83.33, 78.33, 25.20,
and 19.51 respectively in total length mean percentage. The total length percentage quotient shows that fork length,
standard length, body depth and head length is 1.2, 1.27, 3.96 and 5.09 time in total length, respectively. The mean
percentage of pectoral fin length, anal fin length, caudal fin length and dorsal fin length is, 17.96, 16.05, 24.39 and
13.29 respectively in total length mean percentage. The total length percentage quotient shows that of pectoral fin
length, anal fin length, caudal fin length and dorsal fin length is 5.56, 6.23, 4.10, and 7.52 time in total length
respectively. The mean percentage of pre dorsal, pre pectoral, pre anal and pre pelvic length is 55.06, 24.59, 64.3
and 46.74 respectively in total length mean percentage. The total length percentage quotient shows that pre dorsal,
pre pectoral, pre anal and pre pelvic length is, 1.81, 4.06, 1.55, and 2.13 respectively in total length mean
percentage. In grass carp, the coefficient correlation of all the characters like fork length (0.999), standard length
(0.999), pre pectoral length (0.998), pre anal length (0.999), pre dorsal length (0.999), pre pelvic length (0.999),
Pectoral fin length (0.999), Dorsal fin length (0.998) Pelvic fin length (0.988), anal fin length (0.996), values of
body depth (0.999), eye distance (0.996), Caudal fin length (0.988) snout length (0.982) show the high coefficient
correlation except the head length (0.886) which show the moderate correlation in relation to total length.

Similarly, the characters like fork length (0.994), standard length (0.997), body depth (0.996), snout length
(0.965), length of pectoral fin (0.993), anal fin length (0.987), Caudal fin length (0.988), pre pelvic length (0.995),
pre pectoral length (0.991), pre anal length (0.993), eye distance, (1.00) and Dorsal fin length (0.994) show high
coefficient correlation except the Pelvic fin length (0.838) and pre dorsal length (0.830) (Fig. 3 a & b). These two
characters show the moderate coefficient correlation in relation to head length. From correlation coefficient value ‘t’
it is clear that the biological relationship among different morphometric characters of grass carp is highly significant
indicating that these morphometric characters increase in direct proportion. While, Mir (2015) reported that the
Cetenopharynoodon (grass carp) of India does not follow an isometric growth pattern and the relationship between
different morphometric characteristics deviate from cubes law.

Silver carp (Hypophthalmichthys molitrix)

The minimum and maximum length of silver carp was 18.3 cm and 20.3 cm with mean + standard deviation =
19.17 + 0.88. The mean percentage of fork length, standard length, body depth, and head length is 89.72, 81.63,
23.26, and 17.31 respectively in total length mean percentage. The total length percentage quotient shows that fork
length, standard length, body depth and head length is 1.11, 1.22, 4.29 and 5.77 time in total length respectively. The
mean percentage of pectoral fin length, pelvic fin length, anal fin length, caudal fin length and dorsal fin length is
17.41, 12.78, 15.73, 22.95 and 18.02 respectively in total length mean percentage. The total length percentage
quotient shows that of pectoral fin length, pelvic fin length, anal fin length, caudal fin length and dorsal fin length is
5.74,7.82, 6.35, 4.35, and 5.54 time in total length respectively. The mean percentage of pre dorsal, pre pectoral, pre
anal and pre pelvic length is 44.86, 23.47, 56.59, and 38.60 respectively in total length mean percentage. The total
length percentage quotient shows that pre dorsal, pre pectoral, pre anal and pre pelvic length is 2.22, 4.26, 1.76, and
2.59, respectively in total length mean percentage. All the morphometric characters, their minimum, maximum,
Mean and standard deviations are shown in Table 1.

In silver carp, fork length (0.973), standard length (0.996), pre-pectoral length (0.969), pre anal length (0.969),
snout length (0.956), pre dorsal length (0.992), pre pelvic length (0.992), Dorsal fin length (0.969), Pelvic fin length
(0.984), anal fin length (0.956), eye distance (0.956) and Caudal fin length (0.956) show the high coefficient of
correlation while, head length (0.886), Pectoral fin length (0.841), body depth (0.892) and snout length (0.838) show
the moderate coefficient correlation in relation to total length.

Similarly, the characters like fork length (0.849), standard length (0.823), snout length (0.852), length of
pectoral fin (0.814), Pelvic fin length (0.838), anal fin length (0.852), Caudal fin length (0.852), pre dorsal length
(0.809), pre pelvic length (0.833), pre pectoral length (0.811), pre anal length (0.811), Dorsal fin length (0.760) and
eye distance (0.852) show the moderate coefficient while, only body depth (0.962) show the high coefficient
correlation in relation to head length (Fig. 4 a & b). The variations in various morphometric parameters of silver
carp were statistically significant and thus can be regarded as different species (Yousuf et al., 2001; Bhat et al.,
2010). It was observed that in percentage of total length and head length, most of the characters were genetically
controlled. A detailed follow-up study is required to reveal whether these morphometric variations are purely
environmental or result of genotype by environmental interaction. For example, Bagherian and Rahmani (2009)
reported that high water velocity leads to slender body shape in a Caspian cyprinid, Alburnus chalcoides. A study by
Mir et al. (2013b) demonstrated morphological variation in the caudal area in a cyprinid, Indian major carp, Labeo
rohita from six drainages of Ganges basin differing in current velocity. Khan et al. (2013) have also found variation
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in the caudal area of a channid fish, Channa punctata, from the Ganges basin in India. Different factors such as food
availability, salinity, or temperature may affect the morphometry of fish and culminate into the parting of fish
populations (Palma and Andrade, 2002).
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Fishes can quickly adapt themselves by changing necessary morphometrics because they show great sensitivity
to environmental fluctuations. It is distinguished that in response to differences in environmental conditions, the
morphological characters can show high flexibility, these environmental conditions includes temperature and food
abundance. In general, fish make obvious variations in morphological traits both between and within populations
than any other vertebrates in the world and they were more vulnerable to environmentally induced morphological
variations. They have adopted very high phenotypic plasticity (Rehman et al., 2015).

The study of morphometric characters are important for identification of specimens and for experimental
studies. It can be concluded that the fish specimens so collected were homogenous. In percentage of head length all
characters were genetically controlled. The presently reported study provides basic information about the
differentiation of Cyprinidae using morphometric parameters and suggests that morphometric variations should be
considered in its biodiversity pattern and should also be used as a preliminary step towards fisheries management
and commercial exploitation of this species and any stock enhancement program. Also, in order to have better
conservational policy and restocking programs, further studies are recommended on determining other possible
populations structure will be elucidated using environmental, biochemical aspects and molecular genetics methods.
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