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ABSTRACT

Objective:	Understanding	intraspecific	phenotypic	plasticity	is	a	prerequisite	to	fish	stock	identifi-
cation	and	sustainable	fisheries	management.	In	this	study,	we	assessed	intraspecific	phenotypic	
plasticity	in	terms	of	meristic	and	morphometric	characters	of	wild	populations	of	elongate	glassy	
perchlet,	Chanda nama	from	two	different	rivers,	namely	Madhumati	River	–	Narail	(MRN)	and	
Tulshiganga	River	–	Jaypurhat	(TRJ),	and	an	ox-bow	lake,	Jhapa	Baor	–	Jashore	(JBJ)	in	Bangladesh.	
Materials and Methods:	In	this	study,	six	meristics,	15	conventional	morphometrics,	and	23-truss-
based	morphometrics	were	subjected	to	a	one-way	analysis	of	variance	(ANOVA),	followed	by	the	
Tukey-HSD	test.	The	mean	values	of	three	meristic	counts	and	nine	conventional	and	12	truss-
based	 morphometrics	 demonstrated	 significant	 differences	 in	 the	 ANOVA	 test.	 Furthermore,	
principal	component	analysis	(PCA)	and	discrimination	function	analysis	(DFA)	were	performed	
separately	using	conventional	and	truss-based	morphometric	data.	
Results:	 In	 PCA	 analysis,	 four	 principal	 components	were	 extracted	 and	 cumulatively	 demon-
strated	51.848%.	On	the	contrary,	two	discriminant	functions	(DF1,	63.5%;	DF2,	36.5%)	resulted	
from	 DFA	 analysis.	 In	 the	 bi-plot	 alignment	 from	 the	 discriminant	 space,	 all	 individuals	 were	
exceedingly	separated	among	the	three	inhabitants.	A	dendrogram	developed	using	conventional	
and	truss	morphometric	characters	confirmed	that	two	clusters	were	formed	among	three	pop-
ulations.	The	TRJ	population	formed	a	distinct	cluster,	and	the	JBJ	population	formed	a	different	
cluster	with	a	subcluster	of	MRN.	In	the	discriminant	function	analysis,	precise	classification	out-
comes	displayed	82%	of	individuals	into	their	unique	populations,	whereas	66.9%	of	individuals	
were	categorized	as	a	cross-validated	assemblage.	
Conclusion:	The	baseline	information	resulting	from	the	current	study	would	be	useful	for	envi-
ronmental	studies	and	further	conservation	of	glassy	perchlet	populations	in	Bangladesh.
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Introduction 

Chanda (C.) nama is an essential freshwater and brackish 
water fish species under the family Ambassidae. It is mostly 
termed as a small indigenous species (SIS) in Bangladesh 
[1]. These species are naturally distributed in numerous 
freshwater habitats (i.e., rivers, lakes, haors, baors, canals, 
wetlands, and so on) of the South Asian countries [2]. 
Throughout the rainy season, these species are copiously 
found in flood plains and the adjacent paddy fields [3]. This 

fish is highly favored to the local fishermen due to its high 
market demand and the aquarium traders [4]. They mostly 
feed on small aquatic zooplankton, aquatic nematodes, and 
often minute scales of other fishes, i.e., lepidophagy [5]. In 
morphological perspectives, their body shape is bilaterally 
compressed. The dorsal and ventral characteristics of this 
species resemble convex shape. However, the natural pop-
ulaces of this fish species are vehemently facing threats 
from several anthropogenic activities and frequently 

This	is	an	Open	Access	article	
distributed	under	the	terms	of	the	
Creative	Commons	Attribution	4.0	
Licence	(http://creativecommons.org/
licenses/by/4.0)

http://doi.org/10.5455/javar.2020.g456


http://bdvets.org/javar/	 	 586Azad et al./ J. Adv. Vet. Anim. Res., 7(4): 585–596, December 2020

hostile climate changes [6]. Moreover, indiscriminate ille-
gal fishing gear, pollution from plastics and industry efflu-
ents, and irresponsible fishing activities pose a significant 
bottleneck to their sustainability in nature. Although this 
fish species is ostensibly declining in their habitats, this 
species is considered as least concerned both globally and 
nationally [7].

Knowledge of stock identification is essential in open 
water fishery management and sustainable uses of fish 
species for human welfare [8]. Inadequate information 
regarding fishery management may prime to abrupt mod-
ifications in phenotypical characteristics [9]. Nevertheless, 
suitable regulation of fish resources depends severely 
on the evidence concerning the ecology of population 
structure, life-history traits (i.e., larval development, age, 
growth, maturation, reproduction, and physiologies) [10]. 
However, to identify the suitable stocks in fisheries sci-
ence, many outfits such as molecular techniques, tags, par-
asites infestation, and morphometric studies are used [11]. 
Besides, univariate and bivariate statistical analyses with a 
series of multivariate statistical analyses, including prin-
cipal component analysis (PCA), discrimination function 
analysis (DFA), and classification analysis, are generally 
applied to differentiate fish stocks through intraspecific 
external morphometric variables [12]. Mahfuj et al. [13] 
recorded that identifying conventional morphometric 
studies was frequently analyzed by exploring distant phe-
notypical traits obtained through imaging systems. 

Besides, landmark-based morphometric systems were 
introduced because of its accurate data assemblage and 
exact quantification for population discrimination [14]. 
In this regard, setting homologous landmarks are the best 
fit for describing common external phenotypical traits in 
a species [15]. Thus, homologous landmarks form a box-
truss network by interconnecting to each point, represent-
ing a better shape across the whole body. Each distance 
from the box networks represents dominantly for stock 
discrimination studies [16]. The obtained interlandmark 
characteristics become pertinent for revising short dura-
tion of anthropogenic activities and biotic induced dis-
tinctions as well as stock identification [17], onto genital 
shifts in their life history [18], and other trait selection of 
conservation [19]. Consequently, elementary knowledge of 
phenotypical traits with evidence on population structures 
of C. nama is highly essential for identifying suitable stock 
from diverse water bodies.

Numerous research works have been carried out so far 
on C. nama species such as biodiversity status [20], tro-
phic level status [21], feeding habits [22], and length and 
weight relationships [23], but a little research works have 
been conducted yet on the population differentiation using 
meristic, conventional, and landmark-based truss morpho-
metrics in C. nama. 

Moreover, the deltaic land of Bangladesh holds approx-
imately 700 rivers and tributaries that run from north to 
south and eventually merge to the Bay of Bengal [24]. The 
Tulshiganga River flows from the Himalayan part of India. 
It then flows to Bangladesh through Dinajpur, Joypurhat, 
and Naogan districts, and this river finally merges with the 
Jamuna River system at Naogaon district [25]. Nowadays, 
the aquatic biodiversity of Tulshiganga River is facing a bot-
tleneck due to several anthropogenic activities such as water 
pollution from industry, siltation, frequent climate changes, 
and so on [26]. Moreover, unrefined toxic waste from 
Joypurhat sugar mills creates a harsh environment for the 
aquatic ichthyofaunal diversity and deteriorates the water 
quality parameters of this river [27]. On the flip of the site, 
the Madhumati River, the principal distributary of the Padma 
River, is one of the lengthiest rivers (372-km) in Bangladesh. 
Currently, this river is vehemently facing high intrusion of 
saline water from the Bay of Bengal, resulting complete eco-
system shifted from freshwater to a brackish water system. 
The aquatic lives of this river are facing a significant threat 
due to the establishment of furnace oil-based power plant 
and dumping an inadequate amount of furnace oil as well 
as burnt mobil into the river [28]. Finally, Jhapa ox-bow 
lake, locally called Jhapa baor, is located at the Manirampur 
Upazila (sub-district) under the district of Jashore. Recently, 
two plastic-based floating bridges have been established on 
this ox-bow lake for transportation purposes and a recre-
ation center for the tourists. As a result, the aquatic envi-
ronment is getting worse day by day due to sound pollution, 
plastic pollution from the tourists, and chemical residues 
from agricultural activities [29]. Considering all these fac-
tors mentioned above, the Tulshiganga River – Joypurhat 
(TRJ), Madhumati River – Narail (MRN), and Jhapa Baor 
– Jashore (JBJ) in Bangladesh can be selected as sampling 
sites (Fig. 1). Hence, the present study has been conducted 
to examine the morphological variations among these three 
populations of C. nama using meristic counts, conventional 
morphometric, and truss-based morphometric characters. 
This is the first study of detecting the stock identification of 
C. nama from three different ecological niches through mer-
istic characters, traditional morphometric, and truss-based 
morphometric characters. 

Materials and Methods

Sample collection

A total of 153 samples of C. nama were collected from 
two diverse rivers and an ox-bow lake, namely, TRJ, MRN, 
and JBJ in Bangladesh using gill nets (mesh size: 16–17 
mm) from July to December 2018 (Table 1). The fresh 
and undamaged samples were immediately removed 
from the gill nets on the specific sites as well as kept in 
an ice-box and then instantly brought into the Laboratory 
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of Aquaculture, under the Department of Aquaculture, 
Bangladesh Agricultural University, for examining their 
external phenotypes (i.e., counting of meristic characters 
and measuring of morphometric characters). 

Meristic counts and morphometric measurements

First, each sample was removed from the ice-box and 
washed with fresh running tap water for meristic counts, 
measuring conventional morphometric and truss-based 
morphometric characters. Second, six meristic charac-
ters, namely, number of dorsal spine rays (DSR), number 
of dorsal soft fin rays (DSFR), number of caudal fin rays 
(CFR), number of anal fin rays (AFR), number of pelvic fin 
rays (PVFR), and number of pectoral-fin rays (PCFR) of 
each sample, were counted by using needles [10]. Next, 

each sample was placed on a coded white paper with a 
scale for taking the digital images by using the Cybershot 
DSC-W300 digital camera (Sony, China). The digital images 
were finally stored in the computer system, and the images 
resembled as a whole part of the body shape for measur-
ing the conventional morphometric characters as well as 
the truss-based morphometric characters. After that, 16 
conventional morphometric characters were measured, 
and 13 landmark points were fixed, and finally, the specific 
distances were measured from different points to points 
by using tpsDigV.2 1.1 software [14] (Figs. 2 and 3). Finally, 
all conventional and truss-based morphometric characters 
were recorded in a Microsoft Office Excel spreadsheet file. 
The same person collected all measurements for avoiding 
any type of error.

Data analysis

Before conducting in-depth data analysis, all conventional 
and truss-based morphometrics data were exposed to com-
mon descriptive inquiry to check their normality. In this 
case, no outliers were detected, and it was assumed that all 
data formed a normal distribution. Moreover, before run-
ning further analysis, the size effects of all conventional 
and truss-based morphometrics data were eliminated, 
described by Elliott et al. [30]. The allometric formula was 
used to remove the size effect from the dataset: 

Madj = M (Ls/Lo)b

where M: Original measurement, Madj: Size adjusted 
measurement, Lo: Total length of fish, and Ls: Overall mean 
of total length for all fish from all samples. Parameter b 
was estimated for each character from the observed data 
as the slope of the regression of logM on logLo, using all 
fish groups.

The mean values of meristic characters, transformed 
conventional morphometric characters, and trans-
formed truss-based morphometric characters were com-
pared among populaces via one-way analysis of variance 
(ANOVA) followed by post hoc (Tukey-HSD) test. The 
size-adjusted data were also exposed to PCA and DFA 
with original and cross-validated classification analysis. 
However, by using ANOVA tests followed by Tukey-HSD 
post hoc tests, the exact causes of population-wise dif-
ferences in morphological studies cannot be explained. 
Hence, multivariate analyses, i.e., PCA and discriminant Figure 1. Map showing three different Bangladeshi freshwaters 

from where Chanda nama was collected.

Table 1.	 Sources,	sample	size,	total	length,	and	date	of	collection	of	C. nama	from	the	collection	sites.

Sampling sites Sample size (n) Total length (Mean ± SD) Geographical locations Collection date

JBJ 61 5.66	± 0.72 23.1778°	N,	89.1801°	E 15-07-2018

Tulshiganga	River,	Joypurhat 31 5.81	± 0.53 25.0968°	N,	89.0227°	E 05-09-2018

Madhumati	River,	Narail 41 5.21	± 0.81 23.1163°	N,	89.5840°	E 06-12-2018
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function analyses, were performed by using conven-
tional and truss morphometric characters combined to 
detect the best population as well as the actual sorts of 
morphometric features among the three populations. 
To address this issue, a major bottleneck was faced by 
inadequate samples regarding multivariate analyses 
during fish morphological studies. To conduct such types 
of multivariate analyses (PCA and DFA), a proportion of 
sample size (N) and the number of characters (P) must 
be considered as 3–3.5 [31]. However, insufficient sam-
ple size (N) may fail to analyze adequate covariances and 
morphological variations, which may ultimately inter-
pret incorrect conclusions regarding the morphological 
studies in fishes [32]. 

Before conducting the PCA analysis, first, data were 
validated by using Bartlett’s test of sphericity and the 
Kaiser–Meyer–Olkin (KMO) test. In general, the range of 
KMO value is 0–1 statistically. In PCA analysis, it was nec-
essary to determine the number of factors for an accurate 
description of the variances and maximum contributions 
to differentiate the populations. In this context, the scree 
test is an established method, where the eigenvalues are 
considered more remarkable than a fixed unity to lessen 
the number of PCA analysis [33]. Hence, a scree test was 
performed. A Euclidean dendrogram [unweighted pair 
group method with arithmetic mean (UPGMA)] was drawn 
using transformed conventional and truss-based morpho-
metric characters. The entire statistical analyses were per-
formed using the Statistical Package for the Social Sciences 
(SPSS) version 21 (SPSS, Chicago, IL).

Results

The minimum and maximum values of each meristic count 
ranged from 4 to 8 for DSR, 11 to 18 for DSFR, 15 to 25 for 
CFR, 14 to 28 for AFR, 5 to 9 for PVFR, and 4 to 8 for PCFR 
among three populations examined with corresponding 
descriptive statistical parameters (i.e., mean and standard 
deviation) (Table 2). The results obtained from the ANOVA 
test revealed that there were highly phenotypic divergences 
in different meristic characters among the three populations. 

Figure 2. Sixteen conventional morphometric characters were 
used for analysis in Chanda nama. The descriptions of landmarks 
are as follows, 1: TL (total length) – Distance from the tip of snout 
to the longest caudal fin ray, 2: SL – distance from the tip of snout 
to the end of the vertebral column, 3: FL – distance from the tip of 
the snout to the end of the fork of the caudal fin, 4: EL – distance 
from pre-orbital length to post-orbital length, 5: HL – distance 
from tip of snout to the posterior end of the opercular mem-
brane, 6: BD – maximum depth between the dorsal and ventral 
portion, 7: UJL – straight line measurement between the snout 
tip and posterior edge of maxilla, 8: LJL – Straight line measure-
ment between the snout tip and posterior edge of mandible, 9: 
POL – straight line measurement from front of snout to the fleshy 
anterior edge of the orbit, 10: PDL – straight line measurement 
from front of snout to the origin of the first ray of the first dorsal 
fin, 11: PPCL – straight line measurement from front of snout to 
origin of the pectoral fin, 12: PPVL – straight line measurement 
from front of snout to origin of pelvic fin, 13: LDFB1 – distance 
from base of dorsal fin ray to base of last dorsal ray, 14: LDFB2 – 
distance from first fin ray to last fin ray of second dorsal fin, 15: 
LAFB – distance from base of first anal fin ray to base of last anal 
fin ray, and 16: DCP – tapered region behind the dorsal and anal 
fins where the caudal fin attaches to the body.

Figure 3. The position of landmarks for assembling the truss 
network on the fish body is illustrated as a closed circle, and 
truss-based morphometrics is indicated as interconnected 
measurements. The descriptions of landmarks are as follows: 1: 
Anterior tip of the upper snout, 2: Forehead (end of the frontal 
bone), 3: Origin of the first dorsal fin, 4: Endpoint of the first 
dorsal fin, 5: Endpoint of the second dorsal fin, 6: Dorsal origin 
of the caudal fin, 7: Ventral origin of the caudal fin, 8: Endpoint 
of the anal fin, 9: Origin of the anal fin, 10: Origin of the pelvic 
fin, 11: Origin of the pectoral fin, 12: Endpoint of the operculum 
at ventral side, and 13: Anterior tip of the lower snout.
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In meristic parameters, three characters, namely, DSR (p < 
0.001), AFR (p < 0.001), and PCFR (p < 0.001) parameters, 
demonstrated significant disparities while three remain-
ing characters, namely, DSFR (p > 0.05), CFR (p > 0.05), and 
PVFR (p > 0.05) showed no significant differences among the 
three populations. The MRN population showed significant 
differences from JBJ and TRJ populations for DSR character. 
In addition, the MRN population demonstrated a significant 
deviation from the JBJ and TRJ populations for AFR character. 
Moreover, the JBJ population exposed significant differences 
from TRJ and MRN populations for PCFR characters. 

On the flip of site, nine conventional morphometric 
characters showed significant differences (p < 0.05 and 
p < 0.001) out of 15 conventional morphometric charac-
ters (Table 3). The JBJ population demonstrated a highly 
significant difference from the MRN population, whereas 
the TRJ population demonstrated intermediate between 
the two populations for the character of eye length (EL) 
(p < 0.001). In addition, MRN population showed a sig-
nificant disparity from the JBJ and TRJ populations for 
the character of head length (HL) (p < 0.001). In addition, 
the TRJ population exposed a significant difference from 

Table 2.	 Comparison	of	the	mean	with	standard	deviation	(SD)	of	meristic	characters	of	C. nama	in	three	populations.	

Characters (meristic)
JBJ (n = 61) TRJ (n = 31) MRN (n = 41) ANOVA test

Min-Max Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD f p-value

DSR 5–8 6.68	±	0.84a 5–8 6.58	±	0.72a 4–7 5.31	±	0.61b 44.913 0.000***

DSFR 12–16 12.92	±	1.58 11–18 13.64	±	1.70 11–17 13.12	±	1.41 2.231 0.112

CFR 17–25 19.03	±	2.41 16–24 19.20	±	1.88 15–24 19.58	±	2.03 0.785 0.458

AFR 15–28 18.00	±	2.18b 14–22 17.80	±	1.93b 16–24 19.76	±	1.92a 11.283 0.000***

PVFR 5–9 5.90	±	1.01 5–7 5.74	±	0.63 5–7 5.56	±	0.63 2.077 0.129

PCFR 5–8 6.18	±	1.08	a 5–7 5.61	±	0.66b 4–7 5.48	±	0.63b 8.880 0.000***

Min	=	Minimum;	Max	=	Maximum;	SD	=	Standard	deviation;	f	=	The	ratio	of	between-group	variability	and	within-group	variability;	P	=	Significance	level;	
ANOVA	=	Analysis	of	variance	(one-way).	
Means	with	different	superscripts	letters	are	significantly	different	for	each	meristic	variable.	
* p	<	0.05,	**	p	<	0.01,	and	***p	<	0.001.	The	acronyms	of	meristic	and	population	names	were	described	in	materials	and	methods	section.

Table 3.	 Comparison	of	the	mean	with	standard	deviation	(SD)	of	conventional	morphometric	characters	of	C.nama	in	three	populations.

Morphometric characters
JBJ TRJ MRN ANOVA test

Min-Max Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD f p-value

SL 3.17–5.84 4.44	±	0.11 3.73–5.44 4.47	±	0.21 3.06–5.74 4.43	±	0.14 0.839 0.434

FL 0.25–0.78 0.51	±	0.10 0.38–0.79 0.50	±	0.08 0.34–0.88 0.53	±	0.10 0.686 0.505

EL 0.31–0.65 0.49	±	0.06	a 0.33–0.63 0.45	±	0.07	ab 0.27–0.65 0.43	±	0.06	b 9.984 0.000***

HL 1.08–2.04 1.51	±	0.13	a 1.14–1.18 1.47	±	0.13	a 0.87–1.57 1.33	±	0.12	b 24.385 0.000***

BD 1.48–2.27 1.62	±	0.24	b 1.39–2.09 1.75	±	0.11	a 1.11–2.12 1.62	±	0.22	b 3.889 0.023*

UJL 0.14–0.46 0.28	±	0.06 0.21–0.42 0.26	±	0.04 0.17–0.43 0.26	±	0.05 1.836 0.164

LJL 0.19–0.55 0.33	±	0.07 0.25–0.57 0.35	±	0.05 0.21–0.52 0.33	±	0.06 1.041 0.356

POL 0.28–0.73 0.49	±	0.08	c 0.43–0.83 0.55	±	0.08	b 0.26–0.57 0.42	±	0.07	a 22.829 0.000***

PDL 1.37–2.42 1.88	±	0.13	b 1.71–2.71 1.97	±	0.14	a 1.21–2.17 1.81	±	0.15	b 9.909 0.000***

PPCL 1.06–2.17 1.66	±	0.13	b 1.47–2.10 1.73	±	0.11	a 1.07–1.89 1.56	±	0.14	a 13.927 0.000***

PPVL 0.89–1.27 1.57	±	0.16	b 1.41–2.25 1.75	±	0.14	a 1.11–1.75 1.45	±	0.16	c 29.399 0.000***

LDFB1 0.51–1.73 0.94	±	0.22 0.65–1.44 0.93	±	0.12 0.51–1.21 0.93	±	0.11 2.109 0.125

LDFB2 0.67–1.97 1.11	±	0.16	b 1.00–1.82 1.28	±	0.14	a 0.59–1.43 1.08	±	0.17	b 14.735 0.000***

LAFB 1.13–2.34 1.55	±	0.19 1.07–2.14 1.57	±	0.16 1.16–2.17 1.64	±	0.17 2.960 0.055

DCP 0.28–0.73 0.52	±	0.06	c 0.33–0.65 0.47	±	0.06	b 0.35–0.73 0.55	±	0.06	a 14.497 0.000***

Min	=	Minimum;	Max	=	Maximum;	SD	=	Standard	deviation;	f	=	The	ratio	of	between-group	variability	and	within-group	variability;	P	=	Significance	level;	
ANOVA	=	Analysis	of	variance	(One-way).	
Means	with	different	superscripts	letters	are	significantly	different	for	each	morphometric	variable.	
*	p	<	0.05,	**	p	<	0.01,	and	***	p	<	0.001.	The	acronyms	of	morphometric	and	population	names	were	described	in	the	materials	and	methods	section.
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the JBJ and MRN populations for the characters of body 
depth (BD) (p < 0.05), predorsal length (PDL) (p < 0.001), 
and length of second dorsal fin base (LDFB2) (p < 0.001), 
respectively. Moreover, the MRN, JBJ, and TRJ populations 
showed significant differences among each other for the 
characters of preorbital length (POL) (p < 0.001), depth of 
caudal peduncle (DCP) (p < 0.001), and pre-pelvic length 
(PPVL) (p < 0.001), respectively. Furthermore, the prepec-
toral length (PPCL) (p < 0.001) character showed a signif-
icant disparity in the JBJ population compared to the TRJ 
and MRN populations. On the contrary, the following char-
acters, namely, standard length (SL) (p > 0.05), fork length 
(FL) (p > 0.05), upper jaw length (UJL) (p > 0.05), lower 
Jaw Length (LJL) (p > 0.05), length of first dorsal fin base 
(LDFB1) (p > 0.05), and length of anal fin base (LAFB) (p > 
0.05), did not confer any significant differences among the 
three populations. 

However, in truss morphometric characters, 11 char-
acters were found significantly different (p < 0.05 and p < 
0.001) out of 23 characters among the three populations 
(Table 4). The TRJ population unveiled significant differ-
ence from the MRN population, whereas the JBJ population 
formed as intermediate between the TRJ and MRN popula-
tions for the characters of 1–2 (p < 0.05), 11–12 (p < 0.05), 
2–9 (p < 0.05), 2–11 (p < 0.05), 2–12 (p <0.05), and 4–9 (p 
< 0.05). Besides, the JBJ population exhibited a significant 
difference from TRJ population, but the MRN population did 
not show significant differences from the JBJ and TRJ popu-
lations for the character of 7–8 (p < 0.05). Similarly, the JBJ 
population showed a significant difference than the MRN 
population, whereas the TRJ population showed intermedi-
ate between the populations of JBJ and MRN for the character 
of 3–8 (p < 0.05). In addition, TRJ population formed a signif-
icant differences with the JBJ and MRN populations for the 

Table 4.	 Comparison	of	the	mean	with	standard	deviation	(SD)	of	truss-based	morphometric	characters	of	C. nama	in	three	populations.

JBJ TRJ MRN ANOVA test

Min-Max Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD f p-value

1–2 0.73–1.41 1.09	±	0.15	ab 0.87–1.54 1.12	±	0.15	a 0.41–1.46 1.02	±	0.15	b 4.095 0.019*

2–3 0.57–1.36 0.93	±	0.18 0.51–1.43 0.92	±	0.17 0.52–1.17 0.92	±	0.14 0.967 0.383

5–6 0.25–1.33 0.71	±	0.19 0.35–1.03 0.63	±	0.14 0.36–1.24 0.71	±	0.16 2.210 0.114

7–8 0.37–1.32 0.67	±	0.16	a 0.38–0.91 0.58	±	0.12	b 0.40–1.06 0.64	±	0.10	ab 3.684 0.028*

9–10 0.52–1.32 0.88	±	0.14 0.50–1.26 0.90	±	0.15 0.42–1.21 0.76	±	0.12 2.879 0.060

10–11 0.44–1.18 0.69	±	0.12 0.39–0.98 0.67	±	0.13 0.36–0.97 0.68	±	0.14 0.169 0.845

11–12 0.38–1.58 0.68	±	0.16	ab 0.62–1.17 0.74	±	0.11	a 0.32–0.87 0.65	±	0.12	b 3.928 0.022*

11–13 1.07–2.30 1.58	±	0.22	b 1.33–2.20 1.71	±	0.16	a 0.82–2.22 1.57	±	0.17	b 5.189 0.007**

2–14 1.18–3.80 1.76	±	0.36 1.57–2.58 1.77	±	0.35 0.93–2.35 1.76	±	0.19 0.011 0.989

2–7 2.58–4.82 3.52	±	0.34 2.82–4.69 3.59	±	0.34 1.99–4.96 3.55	±	0.34 0.353 0.704

2–9 1.22–3.02 2.17	±	0.32	ab 1.93–3.12 2.30	±	0.21	a 1.01–2.93 2.06	±	0.24	b 6.538 0.002**

2–11 0.56–2.83 1.07	±	0.32	ab 0.90–2.02 1.18	±	0.22	a 0.38–1.89 0.99	±	0.22	b 3.872 0.023*

2––12 0.90–1.85 1.30	±	0.17	ab 1.03–1.85 1.37	±	0.15	a 0.52–1.55 1.22	±	0.17	b 6.558 0.002**

2–13 0.95–2.09 1.37	±	0.20	a 1.12–1.91 1.41	±	0.17	a 0.60–1.68 1.23	±	0.17	b 9.476 0.000***

3–8 1.60–3.33 2.36	±	0.28	a 2.12–3.04 2.47	±	0.21	ab 1.07–3.24 2.29	±	0.24	b 4.119 0.018*

3–10 1.16–2.41 1.82	±	0.26	b 1.54–2.55 1.75	±	0.20	a 0.76–2.31 1.75	±	0.33	b 7.816 0.001***

4–9 1.04–2.16 1.71	±	0.24	ab 1.09–2.36 1.82	±	0.21	a 0.77–2.18 1.64	±	0.25	b 5.016 0.008**

5–12 2.02–4.65 2.94	±	0.38 2.06–3.75 3.03	±	0.27 1.47–3.76 2.90	±	0.30 1.265 0.286

6–12 2.43–4.75 3.51	±	0.32 3.20–4.38 3.63	±	0.27 1.89–4.77 3.55	±	0.29 1.510 0.225

7–11 1.52–3.95 2.93	±	0.35 2.36–3.74 2.89	±	0.29 1.56–4.12 2.91	±	0.37 0.132 0.876

8–13 2.15–5.33 3.85	±	0.51 3.23–4.93 4.02	±	0.35 1.92–5.59 3.84	±	0.37 1.900 0.154

9–11 0.86–1.72 1.24	±	0.18 0.86–2.71 1.32	±	0.37 0.70–1.73 1.18	±	0.15 2.625 0.076

10–13 1.18–2.78 1.91	±	0.24 1.51–2.51 2.00	±	0.23 1.05–3.12 1.95	±	0.29 1.283 0.281

Min	=	Minimum;	Max	=	Maximum;	SD	=	Standard	deviation;	f	=	The	ratio	of	between-group	variability	and	within-group	variability;	P	=	Significance	level;	
ANOVA	=	Analysis	of	variance	(One-way).	
Means	with	different	superscripts	letters	are	significantly	different	for	each	truss-based	morphometric	variable.	
*p	<	0.05,	**	p	<	0.01,	and	***	p	<	0.001.	The	acronyms	of	truss-based	morphometric	characters	and	population	names	were	described	in	the	materials	and	
methods	section.
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characters of 11–13 (p < 0.05) and 3–10 (p < 0.05). Similarly, 
the MRN population showed a significant disparity from the 
JBJ and TRJ populations for the character of 2–13 (p < 0.001). 
Alternatively, the remaining 12 characters, namely, 2–3 (p > 
0.05), 5–6 (p > 0.05), 9–10 (p > 0.05), 10–11 (p > 0.05), 2–14 
(p > 0.05), 2–7 (p > 0.05), 5–12 (p > 0.05), 6–12 (p > 0.05), 
7–11 (p > 0.05), 8–13 (p > 0.05), 9–11 (p > 0.05), and 10–13 
(p > 0.05), did not confer any significant variations among 
the three populations from the ANOVA test. 

However, in the present study, we used 133 (N) fish sam-
ples from three locations and measured 38 (P) conventional 
morphometric characters and truss-based morphometric 
characters combinedly. Thus, we analyzed the ratio of 3.5 (N: 
P) for conventional and truss-based morphometric charac-
ters before conducting further analysis of PCA and DFA to 
evaluate the same characters to discriminate against the pop-
ulations. The KMO value in the current study was obtained 
at 0.817. Moreover, a significant result (p < 0.05) was also 
revealed from Bartlett’s test of sphericity. In the scree test, 38 
eigenvalues were observed. Among the 38 eigenvalues, only 
the first four factors were considered, where 51.848% cumu-
lative variances were recorded with eigenvalues greater than 
2, whereas the remaining factors were curtailed (Fig. 4).

The proportion loadings of the first four factors from 
principal components (PC1, PC2, PC3, and PC4, respec-
tively) defined 27.681%, 12.210%, 6.577%, and 5.379% of 
the variance, respectively (Table 5). To maintain the con-
structive explanation, we fixed the factor loadings those 
were equal to 0.50 and beyond. Thus, the most import-
ant loadings on PC1 were HL, PDL, PPCL, PPVL, 1–2, 2–3, 
11–12, 11–13, 2–7, 2–9, 2–11, 2–12, 2–13, 3–8, 3–10, 4–9, 
5–12, 6–12, 8–13, and 10–13 (Table 6). 

In the subsequent DFA, two discriminant functions 
(DF) were observed, where DF1 showed 63.5% variance 
and discriminant function (DF2) showed 36.5% variance 
(Table 7). The conventional and truss-based morphomet-
ric characters with significant loadings in first DF1 were 
PPVL, POL, PPCL, DCP, LDFB2, PDL, 2–13, 3–10, 2–12, 2–9, 
4–9, 1–2, 3–8, 11–13, 2–11, 11–12, 9–11, 9–10, 5–6, 8–13, 
5–12, 2–3, SL, FL, and 2–4, aggregately filling 63.5% of the 
total variance. Those mentioned above, 25 conventional 
and truss-based morphometric characters, characterized 
the entire external part of the fish body. On the other hand, 
the second DF2 clarified 36.5% of the total variance, where 
HL, EL, 7–8, UJL, LDFB1, BD, LAFB, 10–13, 6–12, LJL, 2–7, 
7–11, and 10–11 characters were significantly contributed 
to the head region and body region. 

In the bi-plot orientation from the discriminant space, all 
individuals were highly separated among the three popula-
tions (Fig. 5). Based on the discriminant function analysis, 
accurate classification results displayed 82% of individuals 
into their unique populations, whereas 66.9% of individ-
uals were classified as a cross-validated group (Table 8). 
The original and cross-validated ratios of appropriately 

Figure 4. Scree plot of PCA derived from conventional and truss morphometric characters in Chanda nama. A total of 38 eigenvalues 
were observed and corresponded to 100% of cumulative variances.

Table 5.	 Fraction-based	loadings	(i.e.,	eigenvalues,	percentage	of	
variance,	and	percentage	of	cumulative	variance)	of	principal		
components	in	C. nama.

Component Eigenvalues %	of	Variance Cumulative	%

PC	1 10.519 27.681 27.681

PC	2 4.640 12.210 39.891

PC	3 2.499 6.577 46.469

PC	4 2.044 5.379 51.848
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classified individuals were demonstrated as a maximum of 
87.8% and 75.6%, respectively, for MRN, followed by 80.6% 
and 64.5%, respectively, for TRJ and 78.7% and 62.3% 
for JBJ. A UPGMA dendrogram was developed based on 

Euclidean distances between the population centroids and 
mainly displayed two main clusters, where the TRJ popula-
tion formed a distinct cluster. The JBJ population developed 
a different cluster with a sub-cluster of MRN (Fig. 6). 

Table 6.	 Component	loadings	of	first	four	principal	components	
(PC)	of	conventional	morphometric	and	truss	morphometric		
characters	in	C. nama.

Characters PC 1 PC 2 PC 3 PC 4

SL 0.170 0.259 0.624 −0.309

FL 0.074 −0.056 −0.429 0.256

EL 0.315 −0.417 −0.003 −0.117

HL 0.540 −0.454 0.241 −0.135

BD 0.474 −0.443 −0.214 −0.390

UJL 0.104 −0.210 0.285 0.714

LJL 0.087 −0.088 0.267 0.764

POL 0.455 −0.405 0.293 0.019

PDL 0.500 −0.473 0.380 −0.157

PPCL 0.569 −0.496 0.232 −0.181

PPVL 0.505 −0.591 0.217 −0.238

LDFB1 0.296 −0.064 −0.260 0.101

LDFB2 0.150 −0.248 0.171 0.156

LAFB −0.014 0.048 −0.372 −0.284

DCP −0.175 0.196 0.100 −0.154

1–2 0.628 −0.269 0.205 0.141

2–3 0.541 0.351 −0.087 −0.186

5–6 −0.073 0.507 0.428 −0.279

7–8 −0.050 0.390 0.299 −0.076

9–10 0.306 0.113 0.255 −0.331

10–11 0.467 −0.038 0.125 0.065

11–12 0.595 −0.224 −0.239 −0.050

11–13 0.836 0.085 −0.137 0.031

2–14 0.439 0.142 −0.455 −0.017

2–7 0.540 0.711 0.065 0.043

2–9 0.769 0.183 0.042 0.057

2–11 0.663 0.050 −0.236 −0.002

2–12 0.800 −0.193 −0.094 0.117

2–13 0.636 −0.338 0.217 0.179

3–8 0.711 0.355 −0.130 0.006

3–10 0.841 −0.179 −0.189 −0.034

4–9 0.779 −0.143 −0.308 −0.052

5–12 0.733 0.369 −0.151 0.075

6–12 0.662 0.599 0.076 0.025

7–11 0.377 0.640 0.134 0.071

8–13 0.670 0.437 0.038 0.053

9–11 0.417 0.380 0.308 0.006

10–13 0.703 0.210 0.001 0.172

Character	descriptions	were	given	in	the	materials	and	methods	section.

Table 7.	 Discriminant	function	scores	of	C. nama	obtained	using	
conventional	morphometric	characters	and	truss	morphometric	
characters.

Characters DF1 (63.5%) DF2 (36.5%)

PPVL 0.508* −0.079

POL 0.450* 0.042

PPCL 0.351* 0.047

DCP −0.333* 0.026

LDFB2 0.332* −0.193

PDL 0.296* −0.037

2–13 0.276* 0.120

3–10 0.252* −0.102

2–12 0.242* 0.006

2–9 0.241* −0.016

4–9 0.209* −0.042

1–2 0.188* 0.042

3–8 0.188* −0.048

11–13 0.185* −0.144

2–11 0.185* −0.023

11–12 0.182* −0.058

9–11 0.152* −0.027

9–10 0.145* 0.091

5–6 −0.115* 0.106

8–13 0.108* −0.096

5–12 0.103* −0.034

2–13 0.084* −0.053

SL 0.083* −0.032

FL −0.077* −0.021

2–4 0.009* 0.004

HL 0.347 0.411*

EL 0.139 0.348*

7–8 −0.101 0.199*

UJL 0.022 0.166*

LDFB1 0.059 −0.163*

BD 0.147 −0.151*

LAFB −0.120 −0144*

10–13 0.043 −0.129*

6–12 0.065 −0.127*

LJL 0.073 −0.084*

2–7 0.023 −0.067*

7–11 −0.012 0.043*

10–11 −0.022 0.042*

Character	descriptions	were	given	in	the	materials	and	methods	section.
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Discussion

Aquatic organisms like fishes often exhibit consistent phe-
notypical traits throughout their life cycle by numerous 
abiotic and biotic factors. Thus, phenotypical traits such 
as morphometric and meristic characters are frequently 
demonstrated as plastic in response to climatic action, 
anthropogenic activities, genetics, and epigenetics inter-
actions within a species level. The present study focuses 
on the meristic and morphometric variations in natural SIS 
of C. nama estimated using meristic counts, conventional, 
and truss-based morphometrics.

The current study showed meristic counts of 4–8 for 
DSR, 11–18 for DSFR, 15–24 for CFR, 14–28 for AFR, 5–9 
for PVFR, and 4–8 for PCFR. Moreover, in meristic char-
acters, three parameters, namely, DSR, AFR, and PCFR, 
exhibited significant differences among six characters in 
ANOVA result followed by Tukey-HSD post hoc test. The 
present results fluctuate entirely with the findings of 
Hossain et al. [34], who recorded the meristic counts of C. 
nama species ranged from 8 for DSR, 21 to 22 for DSFR, 20 
to 22 for CFR, 17 to18 for AFR, 6 for PVFR, and 8 to 0 for 
PCFR. This significant disparity in meristic traits might 
be caused by adjoined genetic sources and ecological 
dissimilarities initiated in diversified sampling sources 
[35,36]. Nonetheless, significant deviances in DSR, AFR, 
and PCFR might also be resulted by the consequence 
of environmental stimuli (current water speed), which 
formed during the period from embryonic development 
to late maturation stages [37]. Moreover, the alteration in 
the number of rays of pectoral fins and caudal fins may be 
due to the temperature in the respective ecological niches 
and variability of the abundance of natural foods [37,38]. 
Besides, abiotic factors such as vicissitudes of tempera-
ture, fluctuations of salinity, radiation and significant 
changes of dissolved oxygen, and degree of day time tem-
peratures in water affect the meristic characters in fishes 
[39]. The meristic characters may be a practical means for 
ascertaining individuals from different populaces [40]. 

Figure 6. UPGMA dendrogram resulting from cluster analyses of conventional morphometric measurements and truss morphomet-
ric measurements for three different sources of Chanda nama.

Figure 5. Bi-plot orientation was obtained from DFA by using 
conventional and truss morphometric variables for Chanda 
nama. Populations code represents: 1: Jhapa Baor - Jashore 
(JBJ); 2: Tulshiganga River Joypurhat (TRJ); and 3: Madhumati 
River Narail (MRN) in Bangladesh. 

Table 8.	 Original	and	cross-validated	classification	of	individuals	of	
C. nama from	three	freshwaters,	namely,	Jhapa	Baor	-	Jashore	(JBJ),	
Tulshiganga	River	Joypurhat	(TRJ);	and	Madhumati	River	Narail	
(MRN)	in	Bangladesh.

Populations
Predicted group membership

Total
JBJ TRJ MRN

Originala	(%)

JBJ 78.7 9.8 11.5 100.0

TRJ 12.9 80.6 6.5 100.0

MRN 9.8 2.4 87.8 100.0

Cross-validatedb	(%)

JBJ 62.3 21.3 16.4 100.0

TRJ 25.8 64.5 9.7 100.0

MRN 17.1 7.3 75.6 100.0

a82.0%	of	original	grouped	cases	correctly	classified.
b66.9%	of	cross-validated	grouped	cases	correctly	classified.
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In conventional morphometrics, nine characters showed 
significant variations out of 15 characters among the three 
populations. The significant characters are mainly cate-
gorized as three distinct regions (head and front region: 
EL, HL, POL, PDL, PPCL, and PPVL; body portion: BD and 
LDFB2; and caudal region: DCP) that are responsible for 
population differentiation in C. nama. Such a variation is 
highly parallel for freshwater species inhabiting in the 
same and different water bodies as described in Channa 
punctatus [41], Labeo calbasu [34], and Xenentodon can-
cila [42]. The significant characters of EL, HL, and BD are 
smaller in the JBJ population of C. nama, which could be 
attributed to the increase of turbidity mainly due to the 
creation of two floating bridges and other environmental 
factors. Turbid water influences in EL and HL development 
as well as responsible for population difference [43,44]. 
Moreover, environmental factors positively affect pheno-
typic variation in the head region; for instance, EL, HL, 
and POL. These types of phenotypic divergences may be 
caused by the availability of natural feed, dissolved oxygen, 
and light intensity [45,46].

In truss-based morphometrics, 11 characters (head 
region: 1–2, 11–12, 11–13, 2–11, 2–12, and 2–13; and body 
portion: 2–9, 3–8, 3–10, 4–9, and 2–9) were found to be 
significant out of 23 characters among three populations. 
Parallel results were obtained in Sperata aor [44], Labeo 
ariza [47], and Labeo calbasu [34]. These phenotypic 
alterations among three populations may be ensured due 
to their distinct environmental locations and the current 
environmental disparity of their three habitats or may be 
initiated from different ancestors and genetic variations.

However, in fish morphometric studies, the sample size 
is a matter for multivariate analyses (i.e., principal com-
ponent analyses and discriminant function analysis) that 
always pose a question to differentiate fish population 
or stock. In earlier, researchers analyzed the ratio of the 
number of samples (N), and the number of morphometric 
characters (P) would be minimum at 3–3.5 [31]. Similarly, 
the ratio was 3.5 in the present study. Moreover, a lower 
value of N may mislead to capture the covariance or devia-
tion of morphological characters and eventually interpret 
counterfeit conclusions concerning disparities among 
fish populations [32]. In this regard, AnvariFar et al. [48] 
observed that N:P ratios were 4.32 for Siah Mahi C. graci-
lis collected from the Tajan River. Moreover, Mir et al. [49] 
calculated the N:P proportion to be 14.03 for Indian Major 
Carp, Labeo rohita collected across the Ganga basin. 

Multivariate analysis, such as PCA and discriminant 
function analysis, provides an advantageous system to 
differentiate dissimilar stocks within the same species 
[50]. Moreover, it is necessary to adjust the size-related 

parameters before conduct multivariate analysis (PCA 
and DFA) in the fish morphometric study to avoid the 
counterfeit results [48]. This consequence may be solely 
expected to phenotypical shape variations rather than 
allometric transformation among the individuals [51]. 
The KMO value of the study was 0.817. According to 
Kaiser [52], the KMO values can be ranked as different 
categories, for instance, moderate (0.5–0.7), good (0.7–
0.8), and excellent (0.8–0.9). Consequently, the acquired 
result from KMO and Bartlett’s tests recommended that 
the extracted data were proved as highly realistic from 
each sample for the factor analysis of conventional mor-
phometrics and truss-based morphometric characters. It 
is noted that the factor loadings from four diverse fac-
tors were categorized as numerous levels, for instance, 
0.30–0.39 dignified to be significant, 0.40–0.49 dignified 
to be more significant, and 0.50 or above dignified to be 
very significant. In the current study, we found the fac-
tor loadings equal to 0.50 and beyond, marked as very 
significant. 

In the present study, the classification results clearly 
supported higher phenotypical variations observed in C. 
nama among the three populations, namely Jhapa Baor 
(78.7%), Madhumati River (87.8%), and Tulshiganga 
River (80.6%), because the individuals might have 
limited chances of migration. Different results were 
observed in the population structure of Ompok pabo from 
Bergobindapur Baor (91.7%), Bhairab River (95.2%), 
and Kopotakho River (100%) by Mahfuj et al. [13]. In 
the same way, phenotypic differentiation was recorded 
in Lepidocephalichthys guntea from Chalan Beel (93.3%), 
Bhairab River (90.5%), Nabaganga River (93.9%), and 
Dhakuria floodplain (100%) [17]. The higher pheno-
typic divergences among the populations within differ-
ent regions may be due to higher genetic effects such as 
gene flow (mtDNA and cytochrome b) over generations 
to generations. However, no previous work has been 
accomplished regarding the genetic variations of C. nama 
while studies reported on basic biology, morphology [53], 
length–length, and length–weight relationship [33]. The 
phenotypic variation of a fish may also be governed by 
genetic and environmental interactions [11]. Moreover, 
the correlation among the genetic variations and differ-
ent morphological traits has been confirmed in natural 
fish populations [53], and similarly, both methods have 
been extensively used in population separation [54]. 
Nonetheless, the phenotypic disparity always replicates 
population distinction from many habitats using molec-
ular levels [55]. Anthropogenic impacts can prime the 
heightening of pre-modified genetic disparity, reflecting 
higher inter-population genetic signatures [56]. 
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Conclusion

The results of the current study through meristic counts, 
conventional morphometrics, and landmark-based truss 
morphometrics protocol revealed high levels of distinc-
tions among the aforementioned three populations of C. 
nama in Bangladesh. The consequences of this research 
would address crucial information to resource augmen-
tation, population delineation, and effective fishery man-
agement of this essential SIS. However, the application of 
other methods in population differentiation such as otolith 
shape and its micro-chemistry, life history analysis, tagging 
protocols, and molecular studies along with truss-based 
morphometrics are synergistically beneficial for address-
ing population differentiation. Therefore, more studies can 
be carried out by applying other established techniques to 
characterize individual stocks and conserve this wild SIS.
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