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ABSTRACT

Morpho-craniometric analysis of a fish plays a very important role to determine
intraspecific variations. The intraspecific variations of Ctenopharyngodon idella were
investigated in the current study through morphological and craniometric analysis. These
variations are due to the sensitivity of fish in altering aquatic habitat. A total of twenty samples
of C. idella were collected from two different sampling sites (ten from each) named as head
Balloki (River Ravi) and head Trimmu (River Chenab). The results of the present study
demonstrated the clear-cut variations among the morpho and craniometric variables of different
C. idella populations. Moreover, the populations at both sites showed negative allometric growth
but it was more prominent at site head Balloki.

Keywords: Morphometric analysis, Craniometry, Phenotypic plasticity, Morphological
variations, intraspecific variations

1. INTRODUCTION

Morphometric analysis is a basic tool to understand fish health in a particular environment in
addition to identification and taxonomy. Significant information about the fish identification key
is provided by the morphological characters of an individual (Dhanya et al., 2004). Morphology
is specie specific and the variations in morphological characteristics are due to particular habitat
(Cavalcanti etal., 1999). Fish are very sensitive to their environment and bring the necessary
morphological variations in its body due to phenotypic plasticity to adapt the altered aquatic
environment (Hossain et al., 2010). The health of a fish species in an environment can be
accessed by the length-weight relationship (Gulland, 1983; Richardasin, 2000).

C. idella is herbivorous and is native to the Russian Far East and China where it is found in
Pearl, Min, Yangtze, and Yellow River (NACA, 1989). It has been introduced in many countries
including the USA, Asia, Western Europe, and Hungary (Shireman and Smith, 1983) mostly for
aquatic weed control (Van Dyke et al., 1984; Wiley et al., 1987, Klussman et al., 1988).
Freshwater habitats enriched with submerged aquatic vegetation (like ponds, lakes, and rivers)
are its preferred habitat (Bain et al., 1990; Page and Burr, 1991) where it feeds on algae,
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vertebrates, invertebrates, and aquatic macrophytes (generalist feeder) (Colle et al., 1978; Van
Dyke et al., 1984; Leslie et al., 1987).

Fish are the vertebrates with highly complex skeletons. (Ferry-Graham and Lauder, 2001).
The adult teleostean cranium consists of 60 interconnected bones (Aerts, 1991; Akmal et al.,
2020). The study of skeleton morphology is very important to analyze the phylogenetic
relationship among various fish species. (Mafakheri et al., 2014; Eagderi and Adriaens, 2014).
Craniometry is very important for fish classification, and for determining the genetic relationship
between different fish species (Diogo and Bills, 2006). Many important phenomena like
speciation and diversification can be studied by analyzing the variations in skeletal morphology.
Population divergence and speciation may significantly be influenced by resource polymorphism
(Smith and Skulason, 1996). The aim of this study is to observe the intraspecific variations in the
populations of C. idella by using morpho and craniometric data. A baseline data will be provided
to land managers, taxonomists, and aqua culturists by this study that will help them to analyze
the morphometric variations and growth patterns of grass carp in different areas of Punjab,
Pakistan. These findings may be used by conservation biologists to conserve economically
significant species of fish.

2. MATERIALS AND METHODS
2.1. Sampling collection and processing:

A total of 20 samples of C. idella were collected from head Balloki (HB) (31.2260° N,
73.8698° E) and head Trimmu (HT) (31.1448° N, 72.1465°E) (10 from each site) located on
river Ravi and river Chenab of Punjab, Pakistan respectively with the help of local fisherman in
December 2021 (Figure 1).

C. idella was selected for morphometric and craniometric analysis. By using morphometric
data, we also found a length-weight relationship of grass carp. The samples of C. idella from
head Balloki and head Trimmu were preserved in 10% formalin and transferred to the Ecology
and Evolutionary biology laboratory, Institute of Zoology, University of the Punjab, Quaid-e-
Azam Campus, Lahore. C. idella was identified by using an identification key. Following
accurate identification, the fish was photographed and using tps-dig, landmarks were applied to
these images. The morphometric variables of C. idella were measured after the landmarks had
been applied.

For craniometric analysis heads of all the specimens of C. idella were separated and boiled
in hot water for only seven minutes. After boiling the heads were kept in cool water for 12
minutes. For the extraction of skulls, extra muscles and tissues were removed. The extracted
skulls were kept in 10% formalin solution for seven days. After seven days the skulls were
washed with water and placed in a 70% solution of ethyl alcohol for seven days. After one week
the skulls were brought out from ethyl alcohol solutions and dried at room temperature. After
drying the craniometric analysis was done.

2.2. Morphometric and craniometric analysis:

Fourteen morphometric characteristics were selected for morphometric analysis of different
C. idella populations including fork length (FL), head length (HL), body depth (BD), total length
(TL), standard length (SL), eye diameter (ED), pre-pectoral length (PrPecL), pre-dorsal length
(PrDL), pre-pelvic length (PrPL), pre-anal length (PrAL), anal fin base length (AfBL), pelvic fin
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base length (PfBL), dorsal fin base length (DfBL), and caudal depth (CD) (Table 1, Figure 2).
All the morphometric characteristics were measured by the measuring scale in centimeters. The
weight of each fish was measured in kilograms.

Seven craniometric characteristics were selected for craniometric analysis including eye
socket length (EHL), eye socket depth (EHW), skull width (SW), skull height (SH), skull length
(SH), pre-orbital (PrOL), and interorbital length (IOL) (Table 2, Figure 3a, 3b, 3c). These
craniometric characteristics were measured by using a vernier caliper.

3. RESULTS

The morphological and craniometric characteristics of C. idella were measured by using tps-
dig software and vernier caliper respectively. The r-value (correlation coefficient) ranges from
—1 to +1. The r- values from 0 to 1 characterize a positive correlation; from —1 to 0 represent a
negative correlation while “0” represents no correlation amongst independent and dependent
variables.

The samples collected from HT showed a good correlation between TL and eight
morphometric characters including FL (0.923), SL (0.919), PrDL (0.820), PrPecL (0.812), BD
(0.820), PrPL (0.851), CD (0.951) and PrAL (0.815)) while only six morphometric characters
(FL (0.984), SL (0.949), HL (0.760), PrPL (0.836), BD (0.836), and AfBL (0.827)) showed a
good correlation with TL from the samples collected from HB. Only 4 morphometric characters
(from HT samples) including HL (0.667), DfBL (0.598), PfBL (0.537), and AfBL (0.717)
represented a moderate correlation with total length while 5 morphometric characters (DfBL
(0.740), ED (0.731), PrDL (0.734), PrAL (0.611) and PrPecL (0.684) represented a moderate
correlation with total length from HB samples. ED (0.342) of C. idella from HT site and CD
(0.295) from the HB site revealed a weak correlation with TL. The samples harvested from HB
represented no correlation between total length and PfBL (0.016) but a moderate correlation was
analyzed between total length and PfBL (0.537) of grass carp from HT samples. CD (0.951)
represented a good correlation with TL at HT while it showed a weak correlation (0.295) with
TL at HB (Table 4).

The allometric growth is represented by the value of b. Positive allometric growth is
represented by a b-value larger than 3, whereas negative allometric growth is shown by a b-value
less than 3. All the morphometric characteristics from HB and HT for both fish populations
represented negative allometric growth (b<3). Negative allometric growth was analyzed in grass
carp from both sampling sites when the relationship between total length and weight was
examined (Table 4).

The results of the craniometric analysis revealed a significant correlation between SL and
SW of C. idella from head Balloki and head Trimmu while EHL, 10L, EHW, and SH revealed a
nonsignificant correlation (Table 6).
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4. DISCUSSION

In fisheries biology, morphological traits are frequently utilized to assess connections and
discreteness among the diverse taxonomic category. Numerous morphometric investigations with
extensive documentation support stock discreteness (Corti et al.,, 1988, Villaluz and
Maccrimmam, 1988; Shepherd, 1991; Avsar, 1994; Haddon and Willis, 1995; Bembo et al.,
1996 and Turan, 1997). Phenotypic plasticity allows the fishes to adaptively respond to
environmental variations by modifying their behavior and physiology which leads to variations
in their reproduction and morphology that lessens the effects of environmental changes (Stearns,
1983 and Meyer, 1987). However, phenotypic variations induced by environmental changes may
be advantageous in identifying stocks, particularly when there is not enough time for significant
genetic differences to develop among populations. Fish are highly plastic in terms of their
phenotypes. They quickly adjust to environmental changes by changing their physiology and
behavior. Their morphology is ultimately altered by these modifications (Stearns, 1983).

The results of the present study represented the morphometric and craniometric variations
among two different populations of grass carp from head Trimmu and head Balloki. Intraspecific
variations in morphological characters were also analyzed by Hossain et al. (2010), Zamani-
Faradonbe et al. (2020), Bagherial and Rahmani (2007), Mir et al. (2013), Razzaq et al. (2015),
and Rahman et al. (2014) on various fish species like Labeo calbasu, Garra rufa, Chalcalburnus
chalcoides, Labeo rohita, Mugil incilis, and Heteropnuestes fossilis, respectively. The findings of
the present study are supported by Swain (1991) and Allendorf and Phelps (1988) who also
found that fish morphological characteristics are affected by altering environmental parameters
like habitat, water current, food availability, and temperature range while the craniometric
characteristics are affected by gene, water quality and nature of food Cooper et al, (2009).

Morphological characteristics are very helpful in analyzing the allometric growth that was
analyzed in both of the grass carp populations collected from head Balloki and head Trimmu.
The negative allometric growth was more prominent at the head Balloki site as compared to head
Trimmu.

The results of the present study are in line with, Imam et al. (2021) who verified the negative
allometric growth (b<3) in four fish species including Clarias gariepinus, Hemichromis
bimaculatus, Oreochromis niloticus, and Tilapia zilli. Similarly, the negative allometric growth
(1.18 to 2.71) in the species of Schizothorax (S. niger, S. progastus, S. esocinus, and S.
plagiostomus) was confirmed by Akhtar et al. (2021) at the sites of river Neelum and Jhelum of
Azad Jammu and Kashmir, Pakistan.

CONCLUSION

Craniometric and morphometric characteristics are very essential for the classification
and identification of fish species. Fish exhibits the ability of plasticity (phenotypic) and bring
some necessary variations in their morphology to adapt to a changing environment. Aquatic
habitat is the major factor behind these variations. The results of the present studies revealed the
variations in morpho and craniometric characteristics of two populations of grass carp from head
Balloki and head Trimmu. These variations are very helpful in analyzing the phenomenon of
speciation.

http://xisdxjxsu.asia VOLUME 19 ISSUE 04 APRIL 2023 48-62



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Acknowledgment

All the authors are highly acknowledged to the Institute of Zoology, University of the
Punjab, Lahore to provide us the best lab facilities to conduct this research work.

REFERENCES:

Aerts, P. (1991). Hyoid morphology and movements relative to abducting forces during feeding
in Astatotilapia elegans (Teleostei: Cichlidae). Journal of Morphology, 208(3), 323-345.

Akhtar, T., Ghazanfar, A., & Shafi, N. (2021). Length-Weight Relationships, Condition Factor
and Morphometric Characteristics of Schizothoracinae from Neelum and Jhelum Rivers
of Azad Jammu and Kashmir, Pakistan. Pakistan Journal of Zoology, 53(1), 351.

Akmal, Y., DHAMAYANTI, Y., & PAUJIAH, E. (2020). Osteocranium of Tor tambroides
(Cypriniformes: Cyprinidae) from Tangse River, Aceh, Indonesia. Biodiversitas Journal
of Biological Diversity, 21(2).

Allendorf, F. W., & Phelps, S. R. (1980). Loss of genetic variation in a hatchery stock of
cutthroat trout. Transactions of the American Fisheries Society, 109(5), 537-543.

Avsar, D. (1994). A stock differentiation study of the sprat (Sprattus sprattus phalericus Risso)
off the southern coast of the Black Sea. Fisheries Research, 19(3-4), 363-378.

Bagherian, A., & Rahmani, H. (2007). Morphological differentiation between two populations of
the Shemaya, Chalcalburnus chalcoides: a geometrical morphometric approach. Zoology
in the Middle East, 40(1), 53-62.

Bain, M. B., Webb, D. H., Tangedal, M. D., & Mangum, L. N. (1990). Movements and habitat
use by grass carp in a large mainstream reservoir. Transactions of the American Fisheries
Society, 119(3), 553-561.

Bears, H., C. Drever, M., & Martin, K. (2008). Comparative morphology of dark-eyed juncos
Junco hyemalis breeding at two elevations: a common aviary experiment. Journal of
Avian Biology, 39(2), 152-162.

Bembo, D. G., Carvalho, G. R., Cingolani, N., Arneri, E., Giannetti, G., & Pitcher, T. J. (1996).
Allozymic and morphometric evidence for two stocks of the European anchovy Engraulis
encrasicolus in Adriatic waters. Marine Biology, 126, 529-538.

Cavalcanti, M. J., Monteiro, L. R., & Lopes, P. R. (1999). Landmark-based morphometric
analysis in selected species of serranid fishes (Perciformes: Teleostei). ZOOLOGICAL
STUDIES-TAIPEI-, 38(3), 287-294.

Colle, D. E., Shireman, J. V., & Rottmann, R. W. (1978). Food selection by grass carp
fingerlings in a vegetated pond. Transactions of the American Fisheries Society, 107(1),
149-152.

Cooper, W. J., & Westneat, M. W. (2009). Form and function of damselfish skulls: rapid and
repeated evolution into a limited number of trophic niches. BMC evolutionary
biology, 9(1), 1-17.

http://xisdxjxsu.asia VOLUME 19 ISSUE 04 APRIL 2023 48-62



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Corti, M., Thorpe, R. S., Sola, L., Sbordoni, V., & Cataudella, S. (1988). Multivariate
morphometrics in aquaculture: a case study of six stocks of the common carp (Cyprinus
carpio) from Italy. Canadian Journal of Fisheries and Aquatic Sciences, 45(9), 1548-
1554,

Dhanya, V. M. R., Jaiswar, A. K., Palaniswamy, R., & Chakraborty, S. K. (2004). Morphometry
and length-weight relationship of Coilia dussumieri, Valenciennes, 1848 from Mumbai
waters.

Diogo, R., & Bills, R. (2006). Osteology and myology of the cephalic region and pectoral girdle
of the South African catfish Austroglanis gilli, with comments on the autapomorphies
and phylogenetic relationships of the Austroglanididae (Teleostei: Siluriformes). Animal
Biology, 56(1), 39-62.

Eagderi, S., & Adriaens, D. (2014). Cephalic morphology of Ariosoma gilberti (Bathymyrinae:
Congridae). Iranian Journal of Ichthyology, 1(1), 39-50.

Ferry-Graham, L. A., & Lauder, G. V. (2001). Aquatic prey capture in ray-finned fishes: a
century of progress and new directions. Journal of Morphology, 248(2), 99-119.

Gulland, J. A. (1983). Fish stock assessment: a manual of basic methods. Wiley.

Haddon, M., & Willis, T. J. (1995). Morphometric and meristic comparison of orange roughy
(Hoplostethus atlanticus: Trachichthyidae) from the Puysegur Bank and Lord Howe Rise,
New Zealand, and its implications for stock structure. Marine Biology, 123, 19-27.

Hossain, M. A., Nahiduzzaman, M. D., Saha, D., Khanam, M. U. H., & Alam, M. S. (2010).
Landmark-based morphometric and meristic variations of the endangered carp, kalibaus
Labeo calbasu, from stocks of two isolated rivers, the Jamuna and Halda, and a
hatchery. Zoological studies, 49(4), 556-563.

Imam, T. S., Bala, U., Balarabe, M. L., & Oyeyi, T. . (2021). Length-weight relationship and
condition factor of four fish species from Wasai Reservoir in Kano, Nigeria. African
Journal of General Agriculture, 6(3).

Klussmann, W. G., Nobel, R. L., Martyn, R. D., Clark, W. J., Betsill, R. K., Bettoli, P. W, ... &
Campbell, J. M. (1988). Control of aquatic macrophytes by grass carp in Lake Conroe,
Texas, and the effects on the reservoir ecosystem. Miscellaneous publication MP-Texas
Agricultural Experiment Station (USA).

Leslie Jr, A. J., Dyke, J. M. V., Hestand Ill, R. S., & Thompson, B. Z. (1987). Management of
aquatic plants in multi-use lakes with grass carp (Ctenopharyngodon idella). Lake and
reservoir management, 3(1), 266-276.

MAFAKHERI, P., EAGDERI, S., FARAHMAND, H., & MOUSAVI-SABET, H. (2014).
Osteological structure of Kiabi loach, Oxynoemacheilus kiabii (Actinopterygii:
Nemacheilidae). Iranian Journal of Ichthyology, 1(3), 197-205.

Meyer, A. (1987). Phenotypic plasticity and heterochrony in Cichlasoma managuense (Pisces,
Cichlidae) and their implications for speciation in cichlid fishes. Evolution, 41(6), 1357-
1369.

http://xisdxjxsu.asia VOLUME 19 ISSUE 04 APRIL 2023 48-62



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Mir, J. 1., Sarkar, U. K., Dwivedi, A. K., Gusain, O. P., & Jena, J. K. (2013). Stock structure
analysis of L abeo rohita (H amilton, 1822) across the G anga basin (I ndia) using a truss
network system. Journal of Applied Ichthyology, 29(5), 1097-1103.

NACA (1989). Integrated Fish Farming in China. NACA Technical Manual 7.

Page, L. M., & Burr, B. M. (1991). A field guide to freshwater fishes: North America north of
Mexico. Houghton Mifflin Harcourt.

Pigliucci, M. (2005). Evolution of phenotypic plasticity: where are we going now?. Trends in
ecology & evolution, 20(9), 481-486.

Rahman, M. M., Sharker, M. R., Sumi, K. R., Alam, M. A., & Hossen, M. S. (2014). Landmark-
based morphometric and meristic variations of stinging catfish, Heteropneustes fossilis
(Bloch) among three isolated stocks, the Old Brahmaputra river and the Tanguar haor and
a hatchery. International Journal of Fisheries and Aquatic Studies, 1(3), 163-170.

Razzaq, W., Igbal, F., Masood, Z., & Khawar, M. (2015, January). Study of some Morphometric
and Meristic Characters of a Parassi mullet, Mugil incilis (Mugilidae: Mugiliformes)
from the Indus River at Sukkur District of province Sindh, Pakistan. In Biological
Forum (Vol. 7, No. 1, p. 767). Research Trend.

Richardson, A. J., Lamberts, C., Isaacs, G., Moloney, C. L., & Gibbons, M. J. (2000). Length-
weight relationships for some important forage crustaceans from South Africa.

Shepherd, G. (1991). Meristic and morphometric variation in black sea bass north of Cape
Hatteras, North Carolina. North American Journal of Fisheries Management, 11(2), 139-
148.

Shireman, J. V., & Smith, C. R. (1983). Synopsis of biological data on the grass carp,
Ctenopharyngodon idella (Cuvier and Valenciennes, 1844) (No. 135). Food &
Agriculture Org..

Smith, T. B., & Skdlason, S. (1996). Evolutionary significance of resource polymorphisms in
fishes, amphibians, and birds. Annual review of ecology and systematics, 27(1), 111-133.

Stearns, S. C. (1983). A natural experiment in life-history evolution: field data on the
introduction of mosquitofish (Gambusia affinis) to Hawaii. Evolution, 601-617.

Swain, D. P., Riddell, B. E., & Murray, C. B. (1991). Morphological differences between
hatchery and wild populations of coho salmon (Oncorhynchus kisutch): environmental
versus genetic origin. Canadian Journal of Fisheries and Aquatic Sciences, 48(9), 1783-
1791.

Turan, C. (1997). Population structure of Atlantic herring, Clupea harengus L., in the Northeast
Atlantic using phenotypic and molecular approaches (Doctoral dissertation, University of
Hull).

Van Dyke, J. M., Leslie Jr, A. J., & Nall, J. E. (1984). The effects of the grass carp on the aquatic
macrophytes of four Florida lakes. Journal of Agquatic Plant Management, 22, 87-95.

http://xisdxjxsu.asia VOLUME 19 ISSUE 04 APRIL 2023 48-62



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Villaluz, A. C., & MacCrimmon, H. R. (1988). Meristic variations in milkfish Chanos chanos
from Philippine waters. Marine Biology, 97, 145-150.

Wiley, M. J., Tazik, P. P., & Sobaski, S. T. (1987). Controlling aquatic vegetation with triploid
grass carp. lllinois Natural History Survey Circular; no. 57.

Zamani-Faradonbe, M., Keivany, Y., Abbasi-Jeshvaghani, M., & Asadi-Namavar, M. (2020).
Morphometric and Meristic Variation in Twelve Different Populations of Garra rufa
(Heckel, 1843) from Iran. Jordan Journal of Natural History, 7, 108-124.

AUTHORS

First author: Arshia Naseer (M. Phil Zoology), Institute of Zoology, University of the Punjab,
Lahore.

Second author: Muhammad Imran (PhD Zoology), Institute of Zoology, University of the
Punjab, Lahore.

Third author: Abdul Majid Khan (PhD Zoology), Institute of Zoology, University of the
Punjab, Lahore.

Forth author: Muhammad Ammar (MS Zoology), Institute of Zoology, University of the
Punjab, Lahore.

Correspondence Author: Muhammad Imran

http://xisdxjxsu.asia VOLUME 19 ISSUE 04 APRIL 2023 48-62



Journal of Xi’an Shiyou University, Natural Science Edition ISSN: 1673-064X

Table 1: Landmarks indication on the sample (C. idella)

Landmarks | Description Landmarks | Description

1-9 Total length (TL) 1-8 Standard length (SL)

1-10 Fork length (FL) 1-6 Pre-dorsal length (PrDL)

1-4 Head length (HL) 6-7 Dorsal fin base length (DfBL)
2-3 Eye diameter (ED) 1-5 Pre-pectoral length (PrPecL)
1-15 Pre-pelvic length (PrPL) | 15-14 Pelvic fin base length (PfBL)
1-13 Pre-anal length (PAL) 13-12 Anal fin base length (AfBL)
8-11 Caudal depth (CD)

Table 2: Craniometric landmarks indication on C. Idella

Landmarks Description

1-8 Skull length (SL)

6-7 Skull width (SW)

2-5 Eye socket length (EHL)
3-4 Inter-orbital length (IOL)
1-2 Pre-orbital length (PrOL)
9-10 Eye socket depth (EHW)
11-12 Skull height (SH)
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Table 3: Morphometric characteristics of C. idella from HB (River Ravi) and HT (River
Chenab)

Head Balloki (HB) Head Trimmu (HT)
N=10 N=10
Morphometric
variables Range (cm) Range (cm)
Mean + SD Mean + SD
Min Max Min Max

TL 34.95 | 50.82 44.47+5.90 45.90 ol 48.21+1.94
SL 28.80 |44 37.451+4.96 37.20 42.50 40.23+1.52
FL 31.22 | 47.99 40.6745.79 43 48 45.07+1.71
PrDL 13.25 | 23 18.23+2.85 19.90 22 20.89+0.72
DfBL 2.650 |8 4.797+2.17 3.40 5 4.17+0.56
HL 5.50 11.32 8.23+1.75 8.20 10.80 9.12+0.88
BD 6.20 13 10.08+2.52 10 12.60 11.63+0.78
ED 1.20 1.50 1.40+0.12 1.30 1.50 1.43+0.08
PrPecL 5.70 11.35 8.24+1.78 8.60 10.60 9.76+0.65
PrPL 14.02 | 23.01 18.53+2.66 20.20 23 21.15+0.82
PfBL 14 5.88 2.91+1.51 1.50 3.50 2.63+0.64
PrAL 24.10 | 32 28.73+2.37 30 33 31.35%+1.0
AfBL 3 3.59 3.30+0.24 3.30 4.80 3.76+0.43
CD 450 |6.80 5.67+0.65 4.80 7.50 6.02+0.98
W (kg) 063 |1.17 0.98+0.24 1.30 1.60 1.45+0.16

Table 4: Regression analysis of morphometric characteristics of C. idella from HB and HT
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Morphometric | C. idella (Head Balloki) C. idella (Head Trimmu)

variables Y=a+ bX R p-value Y=a+ bX R p-value

SL 1.997+0.797X | 0.949 | 0.000 5.43+0.722 X 0.919 | 0.000

FL —2.257+0.965X | 0.984 | 0.000 5.69+0.817 X 0.923 | 0.000

PrDL 2.482+0.354X | 0.734 | 0.016 6.17+0.305 X 0.820 | 0.004

DfBL —7.274+0.271X | 0.740 | 0.014 —4.214+0.174 X | 0.598 | 0.068

HL —1.795+0.225X | 0.760 | 0.011 —5.470+0.303X | 0.667 | 0.035

BD —5.795+0.357X | 0.836 | 0.003 | —4.199+0.328X | 0.820 | 0.004

ED 0.820+0.013X | 0.731 | 0.016 | 2.129+(—0.014) X | 0.342 | 0.333

PrPecL —0.948+0.207X | 0.684 | 0.029 —3.442+0.274 X | 0.812 | 0.004

PrPL 1.779+0.377X | 0.836 | 0.003 3.70+0.362X 0.851 | 0.002

PfBL 3.092+(-0.04) X | 0.016 | 0.966 | -5.973+0.178X | 0.537 | 0.110

PrAL 17.835+0.245X | 0.611 | 0.061 11.078+0.420X | 0.815 | 0.004

AfBL 1.806+0.034X | 0.827 | 0.003 —3.856+0.158X | 0.717 | 0.020

CD 4.221+0.033X | 0.295 | 0.407 —17.22+0.482X | 0.951 | 0.000

W —0.731+0.038X | 0.934 | 0.000 —0.962+0.05X 0.624 0.05

Table 5: Craniometric measurements of C. idella from HB (River Ravi) and HT (River
Chenab)

C. idella (Head Balloki) C. idella (Head Trimmu)
N=10 N=10
Craniometric
characteristics Range (mm) Range (mm)
Mean + SD Mean + SD
Min Max Min Max
SL 79.30 | 84.50 80.88+1.81 76.30 84.50 81.09+2.92
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SW 50.02 | 55.70 52.87+1.94 50.02 55.60 53.09+2.10
EHL 25.90 | 28.60 27.07+0.95 25.80 26.55 26.19+0.26
I0L 32.55 | 33.78 32.93+0.42 32.55 34.20 33.27+0.61
ProL 18.55 | 20.27 19.37+0.63 19.10 20.25 19.63+0.41
EHW 18.30 | 20.65 19.39+0.74 17.20 19.45 18.95+0.80
SH 27.65 | 28.90 28.45+0.47 28.30 29.60 28.66+0.46

Table 6: Correlation between the craniometric characteristics of C. idella from HT and HB

Application SL SW EHL I0L EHW | SH

SL Pearson Correlation | 0.678* | 0.796** | 0.046 0.745* | 0.338 | 0.574

Sig. (2-tailed) 0.031 | 0.006 0.899 |0.013 |0.339 | 0.083

SW Pearson Correlation | 0.464 | 0.638* | 0.026 0.413 |0.031 | 0.289

Sig. (2-tailed) 0.177 | 0.047 0942 |0.235 |0.933 |0.418

EHL | Pearson Correlation | 0.684* | 0.598 —0.120 | 0.407 |0.171 | 0.445

Sig. (2-tailed) 0.029 | 0068 |0.742 |0.244 |0637 |0.198

IOL | Pearson Correlation | —0.048 | —0.226 | —0.198 | —0.430 | —0.292 | —0.238

Sig. (2-tailed) 0.895 |0531 |0584 |0.215 |0.412 |0.507

EHW | Pearson Correlation | 0.394 | 0.473 0.133 0.473 |0.473 |0.571

Sig. (2-tailed) 0.260 | 0.168 0.756 | 0.168 |0.168 | 0.085

SH Pearson Correlation | —0.399 | —0.477 | —0.197 | —0.416 | —0.491 | —0.474

Sig. (2-tailed) 0.253 | 0.163 0.585 |0.232 |0.150 | 0.166

““Correlation is significant at the 0.01 level (2-tailed)
“ Correlation is significant at the 0.05 level (2-tailed)
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Figure 1: Pictographic presentation of sampling sites
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Figure 2: Specimen (C. idella) demonstrating morphometric landmarks
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Figure 3(a): Dorsal View of C. Idella’s skull showing Landmarks

Figure 3(b Figure 3(a): Ventral View of C. Idella’s skull showing Landmarks
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Figure 3(c): Lateral View of C. Idella’s skull showing Landmarks
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