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Abstract—Landmark-based morphometrics are examined to evaluate the population status of Schizopyge
niger (Heckel, 1838) from Dal Lake and Jhelum River. A total of 180 individuals are collected from the two
locations, and a truss network is constructed by interconnecting 12 landmarks to yield 30 distance variables
that are extracted from digital images of specimens using tpsDig2 and PAST software. Transformed truss
measurements are subjected to Principal Component Analysis (PCA), where the first component explains
78.43% of total variance, while the second and third components explain 4.62 and 2.91% of total variance
respectively. The high component loadings are from the characters which mostly contribute to anterior half
of body depth, middle portion of body depth, and head region. The bivariate plot of PC1 and PC2 clearly
indicates the separation of the two populations. The cross validation of this analysis reveals that the percent-
age of correctly classified fishes is 100% both in Dal Lake as well as Jhelum River.
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INTRODUCTION

The snow trouts (schizothoracines), belonging to
the family Cyprinidae, are believed to have migrated
into lakes and streams of Kashmir from Central Asian
watersheds bordered by inner and southern slopes of
Hindukush, Karakoram, and inner ends of north
western Himalayas and Suleiman Ranges (Sehgal,
1999). A total of 68 species of schizothoracines are
recorded worldwide (He and Chen, 2006). In India,
snow trouts are distributed in the cold waters of
Jammu and Kashmir (Sunder and Bhagat, 1979),
Assam and Eastern Himalayas through Bhutan and
Sikkim at an altitude of 1180–3000 m above mean sea
level (Chandra et al., 2012). Schizopyge niger (Heckel,
1838) locally called as “Ael Gad” or “Alghad” inhabit
the cold streams and rivers in the inland waters of
Kashmir besides Afghanistan and Pakistan. Originally
the fish, which was put under genus Schizothorax by
Heckel (1938), was later described under Schizopyge by
Heckel (1943) while reorganising classification of
schizothoracids. The present study considered the
basionym Schizopyge in the light of recent work on
fishes of Kashmir Valley by Kullander et al. (1999).

Morphometric variation between stocks can pro-
vide a basis for stock structure and may be applicable
for studying short-term environmentally induced vari-
ation geared towards successful fisheries management.
For fisheries science and management, the basic
requirement is to identify discrete unit stocks (Cush-
ing, 1968). Poor understanding of the fish and fishery
management can lead to dramatic changes in the bio-
logical attributes and productivity of a species (Altuk-
hov, 1981; Ricker, 1981; Smith et al., 1991).

The Truss Network Analysis entails the whole fish
body in a uniform network which could possibly help
in extracting morphometric differences within and
between species (Turan, 2000). It is more useful in
comparison to traditional morphometrics method; it
has better data collection, and effective strategy for the
descriptions of shape (Dwivedi and Dubey, 2013).
Several authors (Cheng et al., 2010; Hossain et al.,
2010; Nahar et al., 2013) emphasized on the validity of
the truss network of morphometric characters which
enforces systematic coverage of the form and also
exhaustively and redundantly archives the landmark
configuration. This work was conducted to determine
the morphological differentiation between riverine
and lacustrine populations of S. niger in Kashmir using
landmark based truss network analysis.1 The article is published in the original.
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Fig. 1. Study area showing Jhelum River and Dal Lake of Jammu and Kashmir, India. Scale bar: 65 km.
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MATERIALS AND METHODS

Study area. Jhelum River, the major water body of
Kashmir, is the tributary of Indus basin and flows in
western Himalayan region of India (Fig. 1). It origi-
nates in the Kashmir Valley, about 54 km east of
Anantnag, and is 816 km long with a catchment area of
39200 km2. The river has ten major tributaries includ-
ing Neelum, Kishan Ganga (the largest tributary 260 km
long with a catchment area of 3968 km2), Kunhar,
Poonch, and Kanshi. Taking its origin from a peren-
nial spring known as Verinag, the river meanders
north-westward from the northern slope of the Pir
Panjal Range through the valley to Wular Lake, which
controls its f low. It is the second largest fisheries
resource of the valley after Wular Lake and harbours,
a wide variety of fish fauna including both indigenous
and exotic species (Sodhi et al., 2013).

Dal Lake is known as the “Jewel of Kashmir”, and
is situated in the north-east of Srinagar at mean lati-
tude of 34°06′ N and longitude of 74°52′ N at an alti-
tude of 1584 m (Fig. 1). The lake covers an area of
about 11.4 km2 with maximum depth of 5.4 m and
functions as the central part of large interconnected
aquatic ecosystems in Kashmir Valley (Dar and Rom-
shoo, 2008).

Sample collection and digitization. A total of 180
individuals of S. niger in the length range of 188 to
338 mm (61 to 287 g) and 199 to 325 mm (106.5 to 305 g)
were collected at random from commercial catches of
the two selected sites namely Jhelum River
(34°08′88.26″ N, 74°79′05.71″ E; n = 90) and Dal lake
(34°14′60.83″ N, 74°84′39.61″ E; n = 90), respectively
from December 2016 to May 2017. The samples were
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placed individually in plastic bags and transported to
the laboratory in ice boxes. Since male and female fish
could not be differentiated morphologically, sexing of
the fish that were sampled was not carried out. The
samples were first cleaned in running water, drained,
and placed on a f lat platform. Digital images of indi-
vidual fish (on the left side of fish) were taken imme-
diately after collecting them from the landing center.
To capture the images, a digital camera (Sony Cyber-
shot 10X) was used which provided the complete
image of body shape and allowed the repeat of mea-
surements when necessary (Cadrin and Friedland,
1999). For calibrating the coordinates of digital
images, graph paper was used as a background.

Measurement of truss distances. A truss network
was constructed by interconnecting 12 landmarks to
form a total of 30 inter-landmark distances (Fig. 2).
Three softwares, namely tps Dig2 V2.1, Paleontologi-
cal Statistics (PAST) (Hammer et al., 2001), and
tpsUtil V1.38 were used for the extraction of truss dis-
tances from the digital images of specimens. All the
images were first converted from JPEG (*.jpeg) to TPS
(*.tps) format by using a utility program called tpsUtil
V1.38 and specifying the ruler. The data encrypted
TPS format image files from tps Dig V2.1 were used as
input source in the PAST, and the data on distances
between the coordinates were extracted.

Analysis of data. As most shape measurements are
in some way related to size, any heterogeneity in the
size across the samples would result in heterogeneity
in the shape, but without providing information on
differences in body proportions among populations
(Reist, 1985). There are significant correlations
between body length and truss measurements. There-
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Fig. 2. Image of S. niger showing (a) the twelve selected anatomical landmarks and (b) truss network.
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fore, transformation of absolute measurements to size-

independent shape variables was the first step of the

analysis, and it was done by modifying a formula orig-

inally given by Ihssen et al. (1981) and Hurlbut and

Clay (1998). Size-dependent variation for truss vari-

ables was removed using the formula: Dtrans = D ×
(SLmean/SL)b. Where, Dtrans is the transformed truss

measurement, D is the original truss measurement, SL
is the standard length of fish, SLmean is the overall

mean standard length (25.2 mm), b is the within group

slope of the geometric mean regression calculated

with log-transformed variables, D and SL. In the pres-

ent study principal component analysis (PCA) was

employed to discriminate the two populations. Princi-

pal Component Analysis helps in morphometric data

reduction (Mir et al., 2013), in decreasing the redun-

dancy among the variables (Samaee et al., 2006), and
JO
in extracting the independent variables for population
differentiation (Samaee et al., 2009).

RESULTS

The correlation coefficient between truss measure-
ments and standard length was highly significant
before the transformation for size correction. After
transformation of the truss measurements, the cor-
relation coefficients were considerably reduced. It
indicates that the effect of body length has been suc-
cessfully removed with the allometric transformation.
In order to determine the morphometric measure-
ments that most effectively differentiate the species,
the contributions of variables to principal components
(PC) were examined. Principal component analysis of
30 morphometric measurements extracted three Prin-
cipal components with eigenvalues >1 explaining
URNAL OF ICHTHYOLOGY  Vol. 59  No. 2  2019
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Table 1. Variable loadings of three principal components (PC 1-3) for truss morphometric characters in S. niger collected
from Dal Lake and Jhelum River

Meaningful loadings on the first three principal components are in bold.

Truss distances PC 1 (78.43%) PC 2 (4.62%) PC 3 (2.91%)

1-2 0.13660 0.059080 0.293600
1-11 0.19190 0.002505 0.281100
1-12 0.12250 0.040110 0.336300
2-3 0.17810 0.214500 –0.123200

2-10 0.17200 0.341800 –0.024940

2-11 0.14530 0.026850 –0.250300
2-12 0.12090 –0.004210 –0.403600
3-4 0.22610 0.167300 0.175000

3-11 0.15700 0.333100 –0.009670

4-5 0.25190 –0.330600 0.059110

4-7 0.16760 –0.175400 0.085400

3-9 0.21880 –0.072480 –0.047210

3-10 0.25920 0.167800 0.064980

4-8 0.12460 –0.189400 –0.032550

4-9 0.21570 0.137600 –0.048680

4-10 0.26780 –0.010700 –0.039280

4-12 0.19490 –0.048810 –0.108500

5-6 0.04319 0.028240 0.048300

5-7 0.12830 –0.016120 0.0125100

5-8 0.28620 –0.294600 0.101400

5-9 0.11310 –0.189600 0.185700

6-7 0.04017 –0.029530 0.045720

6-8 0.09804 –0.114400 0.130100

7-8 0.12610 –0.106600 –0.002320

8-9 0.23260 –0.268200 0.158600

9-10 0.20210 0.034770 –0.129200

9-12 0.20710 –0.084740 –0.554200

10-11 0.16460 0.318600 0.009752

10-12 0.19610 –0.001940 0.014710

11-12 0.00247 0.039580 0.251400
85.96% of total variation where the first principal

component (PC1) accounted for 78.43% of total vari-

ance, while the second principal component (PC2)

and third principal component (PC3) accounted for

4.62 and 2.91% of total variation respectively. In this

analysis, the characteristics with eigenvalues exceed-

ing 1 were included and others discarded.

The truss distances with meaningful loading on

PC1 were 3-4, 3-9, 3-10, 4-9, 4-10 and 9-10. All these

six distances characterize the measurements of the

middle portion of the fish body depth. Four out of the

30 variables studied in the present work showed signif-

icant loadings on PC2, the distances were 2-3, 2-10,

3-11 and 10-11, which characterise the measurements
JOURNAL OF ICHTHYOLOGY  Vol. 59  No. 2  2019
of anterior half of the fish body depth, while variables
1-2, 1-11, 1-12, 2-11, 2-12, and 11-12 contributed to
PC3 belong to the head region (Table 1). With respect
to the location, the bivariate plot of PC1 and PC2
clearly indicates the separation of the two populations
(Fig. 3). The cross validation of this analysis revealed
that 100% individuals correctly classified to Dal Lake
and Jhelum River, respectively.

DISCUSSION

The observed morphological variation among riv-
erine and lacustrine S. niger samples revealed the exis-
tence of two morphologically differentiated stocks.
The high component loadings were from the charac-
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Fig. 3. Bivariate plot of scores on the two factors (PC 1 and PC 2) extracted from 12-point truss measurements of S. niger: (m)—
Dal Lake, (n)—Jhelum River.
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ters which mostly contributed to anterior half of body
depth, middle portion of body depth, and head region.
Morphometrics of the head and body depth have been
regarded as the most important characters for discrim-
ination of fish populations, for example angler fish
Lophius vormernus (Leslie and Grant, 1990), Pacific
herring Clupea pallasi (Schweigert, 1990), and orange
roughy Hoplostethus atlanticus (Haddon and Willis,
1995). The pattern of high inter-sample morphologi-
cal variation, as observed in the present study, may
indicate reproductive isolation between local popula-
tions that would confirm the genetic basis of observed
morphometric differentiation among samples (Turan,
2004). Geographical isolation can result in the devel-
opment of different morphological features between
fish populations because of the interactive effects of
environment, selection, and genetics on individual
ontogenies to produce morphometric differences
within a species (Poulet et al., 2005). Fish are very sen-
sitive to changes in environmental conditions and
quickly adapt themselves by changing necessary mor-
phometrics (Allendorf and Phelps, 1988; Wimberger,
1992). There are notable differences in the environ-
mental factors such as temperature, food availability,
and water velocities between Jhelum River and Dal
lake (Yousuf and Shah, 1988; Qadri and Yousuf, 1988;
Pandit, 1996; Lone et al., 2013; Akhtar et al., 2015).
The variation in the middle portion and anterior half
of the body can be explained by the effect of water
velocity in the two studied aquatic ecosystems. The
differences in the water velocities between the lake and
the river is a significant factor influencing morpholog-
ical divergence in the inhabitant fishes. Dal Lake is a
lentic water body while Jhelum River is a lotic ecosys-
tem and thus, has more turbulent water conditions
(Khan and Sabah, 2013). Many fishes show distinct
morphological differences between lotic and lentic
habitats (Robinson and Wilson, 1994; Brinsmead and
Fox, 2002). Fishes with streamlined morphologies are
JO
better able to overcome hydrodynamic drag in high

flow environments (Blake, 1983). Many authors have
reported that body, head and fins in fish are highly

affected by water velocity (Pakkasmaa and Piironen,

2001; Solem et al., 2006; Nofrita et al., 2015). Parvej
et al. (2014) reported morphological differences in riv-

erine and lacustrine populations of Eutropiichthys
vacha in Bangladesh. However, significant morpho-

logical differences do not necessarily demonstrate
restrictions of gene f low among populations, though

they do suggest that fish in each group may not mix
extensively (Turan, 2004). Diet has also been shown to

cause variation in morphology not only in fish but also

in most organisms (Meyer, 1988). The difference in
the head region may reflect differential habitat use,

and variations in the head region are considered to be
the result of differences in feeding regimes (Gatz,

1979). This could probably be due to difference in food
types within the river systems. As morphology is espe-

cially dependent on environmental condition during

early life-history stages (Ryman et al., 1984;
Cheverud, 1988), morphological differentiation may

indicate that the majority of fish spend their entire
lives in different regions (Turan, 2004).

This study provides basic information about mor-

phological differentiation of S. niger populations using
morphometric parameters. The stock in Dal lake was

confirmed to be separated from that of Jhelum River

and, therefore, the populations may be considered as
two self-contained stocks. There is a need for separate

management strategies to sustain the stocks for future
use. Development of proper guidelines for implemen-

tation of appropriate mesh size in both locations may
help to sustain this resource for future use. This study

also recommends adoption of modern approaches

such as molecular genetics and biochemical methods
in future to validate and substantiate the findings from

this work.
URNAL OF ICHTHYOLOGY  Vol. 59  No. 2  2019
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