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Abstract

Background: Wild fish populations stock is continuously diminishing in the Indo-Ganges river basin, and the
population status of most fishes is unidentified. The identification of the population status and the conservation of
commercially important and endemic wild fish populations in this region are crucial for the management. The aim
of this paper was to identify the population status of Cirrhinus reba, a promising aquaculture but vulnerable species
in the Indo-Ganges river basin in Bangladesh.

Methods: C. reba samples were collected from four isolated populations of the Brahmaputra (n = 30), the Padma
(33), the Karatoya (31), and the Jamuna Rivers (30) in Bangladesh, and the population status was evaluated using
morphometric and landmark comparisons. Data were analyzed with the Kruskal-Wallis test, univariate analysis,
discriminant function analysis, and the formation of a dendrogram.

Results: Three meristic characters (Pectoral fin rays, caudal fin rays, scale in lateral lines), four morphometric characters
(head length, pre-orbital length, post-orbital length, maximum body depth), and truss measurement (4–7) were
significantly different among the stocks. The step-wise discriminant function analysis retained 15 variables from
morphometric and landmark measurements that significantly differentiated the populations based on the
constructed DFI and DFII. Discriminate function analysis also showed that 91.2% of the original groups were
classified into their correct samples. The cluster analysis of Euclidean distances placed the Jamuna population
in one cluster and the Brahmaputra, the Padma, and the Karatoya populations in the second one.

Conclusion : Morphological differences among the stock were probably due to different ancestral origin. This
is the first report about population status of C. reba in their natural habitat of the Indian subcontinent. Further genetic
studies and the evaluation of environmental impact on C. reba populations in Bangladesh are suggested to support
our findings.
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Background
The management and conservation strategy for different
species, subspecies, stocks, and races depends on the
information of biology and population structure of that
particular group (Turan et al. 2006). Intraspecific vari-
ability in life history attributes in terms of growth,
maturation, and development induce morphometric dif-
ferences between species (Cadrin 2000). Morphometric
variance among stocks of a species is considered an im-
portant marker for assessing the population dynamics
and evaluation of the stocks for their management and
sustainable harvest (Khan et al. 2013; Randall and Pyle
2008; Vishalakshi and Singh 2008). Intra- and interspe-
cific biometric variation, especially in geometric terms,
has long been investigated for overall patterns of racial,
geographic variations (Gunawickrama 2007; Hajjej et al.
2011). Equally, meristic characters have also been found
to be valid in stock identification for fishery purposes
(Turan 2004). In addition, landmark or truss network
systems are recent powerful tools for stock separation
based on morphometric and meristic characters (Cadrin
2000), which are low cost compared to molecular tech-
niques. In a small country like Bangladesh, where there
are probably very small environmental changes from
place to place, the resulting morphological differences in
fish may be so small that they might be impossible to
discern with gross morphometric characters.
Cirrhinus reba is a commercially important indigenous

minor carp species, distributed over the Indian subcon-
tinent (Rahman 2005; Talwar and Jhingran 1991) and lo-
cally known as reba carp, bhagna bata, raik, or tatkini. In
Bangladesh, the natural distributions of C. reba included
most of the rivers, small creeks, natural depressions, and
floodplains (Akhteruzzaman et al. 1998; Hussain and
Mazid 2001). It is highly popular to consumers due to
its oily flesh and taste qualities as well as having a rea-
sonable amount of protein, minerals, and fatty acid
(Afroz and Begum 2014; Rahman 2005). The C. reba are
omnivores column feeder in nature with a maximum
length of 40–50 cm and can attain the sexual maturity
at the age of 1+ year (Akhteruzzaman et al. 1998; Ali
1997; Rahman 2005). The spawning season of C. reba
begins in April and lasts until August and fecundity is
between 200,000 and 250,000 egg kg−1 body weight of
females (Hussain and Mazid 2001). Though induced
breeding and nursing of fry are mentioned by some au-
thors (Akhteruzzaman et al. 1998; Rahman et al. 2009;
Sarkar et al. 2004) the species is not yet subjected to
commercial production (Mohanta et al. 2008). During
the last two decades, the populations of this species
from natural water bodies have declined in the Indian
subcontinent due to overfishing (Sarkar et al. 2004) and
anthropogenic activities leading to siltation, aquatic pol-
lution, and loss of natural habitat for spawning and

growth (Ahmad et al. 2013; Sarkar et al. 2004). Currently,
C. reba is considered as a vulnerable species in Bangladesh
(IUCN 2000). Therefore, it is necessary to identify the dis-
tinct wild stocks of C. reba for the development of good
hatchery stocks through effective breeding technology,
which is an important measure for mass seed production
and sustainable aquaculture as well as conservation (Sarkar
et al. 2004). Nevertheless, there is no known information
available on the stocks of C. reba populations inhabiting
natural waters of Bangladesh due to the scarcity of scientific
works on the structural variations and no attempts have
been made to assess the stock variability of different popu-
lations. The present study was therefore carried out to
identify the stock structure of C. reba based on morpho-
metric characters and truss network measurements in four
rivers, the Padma, Jamuna, Brahmaputra, and Karatoya of
Bangladesh.

Materials and methods
Fish sampling and preservation
In total, 124 individuals of C. reba were collected from
the Brahmaputra River (n = 30), the Padma River (n =
33), the Karatoya River (n = 31), and the Jamuna River
(n = 30) (Fig. 1, Table 1) with the help of local fishermen.
The sampling sites were selected randomly to represent
the major river systems of Bangladesh. Captured fish
were wrapped into individual plastic bags and preserved
and transported in an ice box to the laboratory for mor-
phometric, meristic, and landmark measurements. Mor-
phological identification of C. reba was done based on
Talwar and Jhingran (1991).

Meristic and morphometric data and landmark distances
Eight meristic (Additional file 1: Table S1) and nine mor-
phometric (Additional file 2: Figure S1) characters were
recorded from the undamaged fish only immediately
after arriving at the laboratory. The principle fin rays
were counted manually. A magnifying glass was used to
ease the counting of the fin rays. Morphometric charac-
ters were measured to an accuracy of 0.1 mm with
digital calipers following the methods described by
Hubbs and Lagler (2004).
For measurement of landmark distances, the truss net-

work system described for fish body morphometric was
used to construct a network on the fish body. Ten land-
marks were measured (Bookstein 1997) by first placing
an individual fish on a water-resistant paper and then by
marking the points corresponding to the anatomical
landmarks on the paper using needles (Additional file 3:
Figure S2). Afterwards, the paper was removed from the
fish, and the distances between perforated places on the
graph paper were measured using digital calipers. Each
landmark point was marked with colored pointers to en-
abled accurate and consistent measurements.
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Data analysis
The Kruskal-Wallis non-parametric test (Hoaglin et al.
2009) was used to test fish from the four localities had
significantly different meristic counts. The dorsal fin rays
(DFR) and the scales below the lateral line (SBLL) were

not analyzed using the Kruskal-Wallis test due to identi-
cal values in all samples. A multivariate discriminant
analysis was used to identify the combination of mor-
phometric variables that best separates the C. reba pop-
ulations from the four rivers. Prior to the analysis, the

Fig. 1 Sample collection sites of reba carp (C. reba) in the present study

Table 1 Sampling details of C. reba collected from different sources in Bangladesh

Sample sources Location Number of individuals Total length (mean ± SD) Month of capture

Brahmaputra River Mymensingh 30 184.01 ± 16.74 February 2016

Karatoya River Rangpur 31 158.83 ± 26.44 April 2016

Padma River Faridpur 33 224.11 ± 12.36 May 2016

Jamuna River Sirajgonj 30 194.08 ± 9.23 June 2016
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size effects from the dataset were eliminated through the
allometric formula of Elliott et al. (1995).
Madj =M(Ls/Lo)b

Where M is the original measurement, Madj the size-
adjusted measurement, Lo the standard length of fish, Ls
the overall mean of standard length for all fish from all
samples in each analysis. The parameter b was estimated
for each character from the observed data as the slope
of the regression of log M on log Lo using the fish from
all groups. The total length was excluded from the final
analyses and transformed data were checked by testing
the significance of the correlation between the trans-
formed variables and the total length.
A univariate analysis of variance (ANOVA) was carried

out to test if there was any significant difference in mor-
phological parameters among individuals of different loca-
tion (P < 0.05) on the basis of size-adjusted morphological
and landmark distance data. In addition, all size-adjusted
morphometric and landmark distance data were standard-
ized and submitted to a discriminant function analysis
(DFA). A dendrogram of the populations based on the
morphometric and landmark distances data were drawn
by the squared Euclidean dissimilarity distance method.
All statistical analyses were done using SPSS Version.16
(SPSS, Chicago, IL, USA).

Results
Meristic characters
Among the counted meristic parameters, only the pec-
toral fin rays (PtFR), and the scales in lateral line (SLL)
were varied significantly (Kruskal-Wallis, P < 0.05)
among the stocks (Additional file 4: Table S2).

Morphometric and landmark distances
The allometric transformation of the morphometric (8)
and truss measurements (22) did not show a significant
correlation with the standard length. The univariate sta-
tistics (ANOVA) showed that among the eight size-
adjusted general morphometric measurements, four
measurements (head length, HL; pre-orbital length, pre-
OL; post-orbital length, post-OL; and maximum body
depth, MBD) and only one truss measurement (4–7)
were significantly (P < 0.05) different among the stocks
(Additional file 5: Table S3).
Pooled within groups correlation between discriminant

variables and DFs revealed that among the morphomet-
ric measurements, the post-OL and the HL dominantly
contributed to the first DF while, the pre-OL and the
pre-dorsal length (Pre-DL) contributed to the second DF
and the rest contributed to the third DF (Additional file
6: Table S4). Landmark measurements, 4 to 5, and 3 to 9
contributed to the first DF, whereas 5 to 7, 5 to 8, 5 to 6,
2 to 10, 1 to 10, 4 to 8, 3 to 10, 1 to 2, and 6 to 7 con-
tributed to the second DF and the remaining 11

landmark measurements contributed to the third DF
(Additional file 7: Table S5).
Discriminant function analysis produced three types of

discriminant functions (DF1, DF2, and DF3) for both
morphometric and landmark measurements. For mor-
phometric measurements, the first DF accounted for
62.7%, the second DF 34.7%, and the third DF 2.6% of
the total variability among groups respectively. In sum,
the first DF and second DF explained 97.45% of the total
variability among groups. For landmark measurements,
the first DF accounted for 78.8%, the second DF 17.9%,
and the third DF 3.3% of the total variability among the
groups respectively. In sum, the first DF and second DF
explained 96.33% of the total variability among groups.
In canonical discriminant function, the Jamuna popula-
tion sample formed a distinct group while the samples
from the Padma, Brahmaputra, and Korotuya were clus-
tered around their centroid value while overlapping to a
certain degree with each other (Fig. 2). The discriminant
function analysis also showed that the overall allotment
of individuals into their original populations was high
(91.2%). All of the fishes (100%) of Jamuna River were
correctly classified into their own group. While 95, 92.9,
and 80% of fishes were correctly classified for the Brah-
maputra, Padma, and Karatoya River samples, respect-
ively. On the other hand, the overlapping of samples
from the Karatoya (20%) and the Padma (7.1%) rivers
implied some misclassification (Table 2).
The dendrogram derived from the cluster analysis of

Euclidean distances among groups of centroids showed
that the four populations of C. reba segregated from
each other into two distinct clusters (Fig. 3). The Padma
populations formed one cluster with the Brahmaputra
and the Karatoya populations. However, the Brahma-
putra and the Karatoya populations formed another sub-
cluster. Finally, the Jamuna River population formed a
completely separate third group.

Discussion
This study demonstrates that meristic attributes of C.
reba including the number of pectoral fin rays (PtFR),
caudal fin rays (CFR), and scales in the lateral line (SLL)
varied significantly within the studied populations. This
indicates that these populations underwent some extent
morphological changes over the course of the time due
to geographical isolation or might be of from different of
ancestors’ origin. They may also be resulting from differ-
ent environmental and habitat conditions variations.
Since, fish shows higher plasticity in morphological traits
to environmental changes (Wimberger 1992; Allendorf
1988; Stearns 1983; Swain et al. 1991). The variability of
meristic counts of C. reba have also been reported in the
findings of Hamilton (1822), Rahman (2005), Talwar and
Jhingran (1991) and Galib (2008), while, Shafi and
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Quddus (2001) found no difference in meristic counts
among different populations. The later researchers may
have sampled populations that were experiencing similar
environmental conditions or had a common ancestor
and therefore were not undergo differentiation despite
being isolated geographically. Similarly, variable meristic
counts have also been observed in other fish species of
isolated stocks, such as Labeo calbasu, Mesopotamian
spiny eel, (Çakmak and Alp 2010); Heteropneustes fossi-
lis, (Rahman et al. 2014) and Rhinomugil corsula, (Lipták
et al. 2019).
In addition to meristic characters, a truss network sys-

tem is another important criterion to discern species,
subspecies, races, and strains and have been employed
by different authors (Khan et al. 2013; Mir et al. 2013;
Sajina et al. 2011; Siddik et al. 2016; Ujjania and Kohli
2011). These characters can be also modified by environ-
mental fluctuations during early life-history stages of fish
(Cheverud 1988; Reyment 1985). In the present study,

we did not find any significant difference among the
measured landmarked distance except one (4–7). Size-
adjusted morphometric and landmark data showed
phenotypic divergence among C. reba samples. The dis-
criminant function analysis and dendrogram revealed
the existence of two distinct morphologically differenti-
ated stocks. The Jamuna River population itself is a
unique stock, highly distinct from the other three stocks,
and formed the first group due its geographical location.
The Padma, the Brahmaputra, and the Karatoya River
populations formed the second group. The stock from
the Brahmaputra and Karatoya River sites had similarity
in all examined parameters in addition to overlapping
between the two populations. This confirmed their
phenotypic similarity. Both the rivers are the distributary
and tributary of the Jamuna River and point of origin
not geographically isolated (Fig. 1). Fish could migrate
from Jamuna River to these two rivers. This similarity
indicates that the C. reba populations in these two rivers
might be are of the same ancestral origin. On the other
hand, the Jamuna stock highly deviated from the Brah-
maputra and the Karatoya as well as from the Padma
River samples. The sampling sites of Jamuna and Padma
River are geographically far from the sampling sites of
Karatoya and Brahmaputra River (see Fig. 1). These
might make the Jamuna population unique from others.
In accordance to geographical distance and sampling site
position (downstream from the Jamuna sampling site)
the Padma population could be connected with the Ja-
muna population. But, the Padma population was

Fig. 2 Sample centroids and scatter plot of canonical discriminant function scores showing different stocks of C. reba based on morphometric
and truss measurements

Table 2 Percentage of individuals correctly classified into their
original populations using discriminate function analysis

Population Predicted group membership1 Total

Brahmaputra Karatoya Padma Jamuna

% Brahmaputra 95.0 0.0 5.0 0.0 100.0

Karatoya 0.0 80.0 20.0 0.0 100.0

Padma 0.0 7.1 92.9 0.0 100.0

Jamuna 0.0 0.0 0.0 100.0 100.0
191.2% of original grouped cases correctly classified
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morphologically close to Karatoya and Brahmaputra
population. Sometimes, it is quite difficult to explain the
causes of morphological differences between populations
(Cadrin 2000), but it is assumed that these differences
might be related to genetical factors or be associated
with phenotypic plasticity in response to different envir-
onmental factors in each area (Murta 2000). Environ-
mental factors may be one of the reasons that explain
the morphological differences observed in this study. In-
deed, previous studies reported a difference in water
quality parameters in these four rivers especially water
temperature and the concentrations of dissolved oxygen
(Haque et al. 2019; Islam et al. 2015; Islam et al. 2014;
Uddin et al. 2014).
Other important morphological differences among

these populations were noted in the area of the fish
head, the maximum body depth, the pre-orbital length,
and the post-orbital length. The relative head length was
significantly higher in Jamuna samples, while the max-
imum body depth was lower in the Brahmaputra stocks
than from the remaining stocks. On the other hand, the
values of the eye diameter were significantly higher in
Karatoya River sample and lower in Jamuna River popu-
lation. Higher availability of food is one the reasons pro-
posed to explain the development of large head, large
eye diameter and long pectoral fins in fish (Rao 2001)
. This explains that Jamuna River was richer in food
source for its fish stock than the others. Similarly,
low availability of food was suggested as the reason
for the presence of smaller mouth size, body depth,
and short pectoral fin of the Channa punctatus in Ya-
muna River in India (Khan et al. 2013). The lower
eye diameter of Jamuna River fish also suggests higher
turbidity of its waters according to Moore (1950).
This author noticed that reduced eye diameter was
characteristic of fishes living in turbid waters. During
our sample collections, we also observed higher tur-
bidity in the Jamuna and the Padma Rivers (personal
observation). Several authors also described that feed-
ing regimes and water quality parameters are respon-
sible for the morphological variations in the head
region of fishes (Keivany et al. 2016; Sun et al. 2009).

Conclusion
C. reba has distinct two stocks in the four selected riv-
ers. The Jamuna samples were unique compared to the
Padma, the Brahmaputra, and the Karatoya River sam-
ples. The fish stocks in the Brahmaputra and the Kara-
toya Rivers were similar. The present study provides
baseline biological information that is expected to be
helpful in facilitating the development of management
strategies in relation to the fishery and conservation of
C. reba populations in selected rivers. However, further
research is necessary to explore the genetic and molecu-
lar basis of stock discrimination as well environmental
and climatic effect on the C. reba stock structures in the
Indo-Ganger basin.

Additional files

Additional file 1: Table S1. List of eight meristic characters used for the
analysis of C. reba stock variations. (DOCX 15 kb)

Additional file 2: Figure S1. Indication of the general morphometric
characters of the fish body. Morphometric characters refer to total length
(TL), fork length (FL), standard length (SL), head length (HL), eye length
(EL), pre-orbital length (Pre-OL), post-orbital length (post-OL), pre-dorsal
length (pre-DL), and maximum body depth (MBD). (JPG 198 kb)

Additional file 3: Figure S2. Location of the 10 landmarks for constructing
the truss network on fish body illustrated as small circle and morphometric
distance measures between the circles as lines. Landmarks refer to (1) anterior
tip of snout at upper jaw, (2) most posterior aspect of neurocranium
(beginning of scaled nape), (3) origin of dorsal fin, (4) insertion of
dorsal fin, (5) anterior attachment of dorsal membrane from caudal
fin, (6) anterior attachment of ventral membrane from caudal fin, (7)
insertion of anal fin, (8) origin of anal fin, (9) insertion of pelvic fin,
and (10) insertion of pectoral fin. (JPG 146 kb)

Additional file 4: Table S2. Meristic counts (median) of C. reba
collected from four populations (minimum and maximum counts are in
parenthesis) and significance value of Kruskal-Wallis test. (DOCX 15 kb)

Additional file 5: Table S3. Univariate statistics (ANOVA) testing
differences among samples from eight morphometric measurements and
22 truss measurements. Definition of all measurements are available in
Fig S1 and S2 captions. (DOCX 17 kb)

Additional file 6: Table S4. Pooled within-groups correlations between
discriminating variables and standardized canonical discriminant func-
tions based on morphometric measurement (variables ordered by abso-
lute size of correlation within function, *denotes the largest absolute
correlation between each variable and any discriminant functions).
(DOCX 15 kb)

Fig. 3 Dendrogram based on size-adjusted morphometric and landmark distances of the Brahmaputra River, the Karatoya River, the Padma River,
and the Jamuna River populations
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Additional file 7: Table S5. Pooled within-groups correlations between
discriminating variables and standardized canonical discriminant func-
tions based on truss measurement (variables ordered by absolute size of
correlation within function, *denotes the largest absolute correlation be-
tween each variable and any discriminant functions). (DOCX 16 kb)
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