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Abstract

Background Wild fish stocks continuously decline in Bangladeshi rivers and oxbow lakes. Small indigenous fish
species management solely depends on their population status and conservation. This study aimed to determine the
population status of Hyporhamphus limbatus, in Southwestern Bangladesh using conventional and truss morphologi-
cal characteristics.

Results A total of 174 fish samples were procured from monsoon season i.e.,, May to August 2018 the Bhairab River,
BR; Kopotakkho River, KR; and Baluhar Baor, BB in Bangladesh. Five meristics, six conventional and twelve truss-based
morphometric characters, were considered for stock identification. The Kruskal-Wallis test helped to analyze the
meristic characters, while ANOVA, principal component analysis (PCA), discriminant function analysis (DFA), correct
classification analysis using DFA, and a UPGMA dendrogram formation were used to investigate the conventional and
truss measurements. By the Kruskal-Wallis test, no meristic characters showed significant differences across different
populations. Eleven of the 18 morphometric measurements showed significant differences among three populations
through the univariate ANOVA. PCA specified the population structure variations and explained 67.438% of the total
variance. The first and second discrimination functions accounted for 78.3% and 21.7%, representing 100% of the
group variability. Similarly, 85.6% of the grouped cases and 77.6% of cross-validated grouped cases were initially effec-
tively represented by their correct number of individuals. A dendrogram based on morphometric (conventional and
truss) displayed three stocks grouped into two clusters, with BR forming a distinct cluster, while KR and BB creating a
shared cluster.

Conclusion In conclusion, such morphological differences are most likely due to their distinctive ancestral origins.
This study presents novel reports on the stock assessment of H. limbatus in their natural ecosystem. Furthermore,
molecular research and an evaluation of the environmental impact on H. limbatus populations in Bangladesh are
strongly recommended.
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Background

Stock identification is an interdisciplinary research area
of fisheries, including genetic makings, biometrics, and
life history assessments (Begg & Waldman, 1999; Begg
et al.,, 1999; Cadrin et al., 2014). Stocks are the random
fish groups mature enough to self-reproduce with their
members of shared life histories (Hilborn & Walters,
2013; Begg et al, 1999; Waldman, 2005). The primary
outcomes of management actions, such as determin-
ing the stock intricacy of a fish species, are a necessary
component of the fisheries management framework
(Begg et al.,, 1999; Croft et al., 2003; Guan et al.,, 2013).
Moreover, a necessary condition for developing effective
biodiversity management and conservation is knowledge
about the stock structure analysis of a species or popula-
tion (Turan et al., 2005). Stocks generally differ by vari-
ous evolutionary factors (i.e., relocation, selection, and
genetic drift) and environmental influences that are rela-
tively independent of the connectivity potential and the
degree of heterogeneity.

Fish typically display their phenotypic plasticity in
two ways during the early stages of development: iso-
metric size variation due to growth and allometric form
variation induced by developmental change (Cadrin,
2000). Because of their physiological and environmen-
tal requirements, freshwater fish show significant body
shape variation, leading to genetic variety and phenotypic
plasticity (Ekl6v and Svanbéck, 2006). The approaches
frequently utilized in stock recognition include meris-
tic and morphometrics (Asadujjaman et al., 2022; Azad
et al., 2020; Mahfuj et al., 2021a, 2022), conventional tags
(Hall, 2014; Hess et al., 2014), parasites as ordinary tags
(MacKenzie & Abaunza, 2014; Mosquera et al., 2003),
the chemical composition of otolith (Bickford & Hanni-
gan, 2005; Bouchoucha et al., 2018; Tanner et al., 2016),
molecular marker (Ferguson et al, 1995; Hashimoto
et al,, 2013; Okumus & Ciftci, 2003), and digital tags
(Bain, 2005; Metcalfe & Arnold, 1997; Sippel et al., 2015).

However, the study of morphometric and meristic
traits is one of the most widely used and cost-effective
strategies among all recognized methods regarding stock
identification (Ethin et al., 2019; Mahfuyj et al., 2021b,
2022; Mir et al., 2013). The truss-networks created by two
or more connected lengths across the body, which finally
produced a chronological sequence of related polygons,
have been increasingly used to emphasize the intrin-
sic limitations of standard morphometric techniques
(Strauss & Bookstein, 1982).

River fish biodiversity and stocks are rapidly deplet-
ing (Atique & An, 2018, 2022; Atique et al., 2019, 2020).
Therefore, fisheries stock assessment could indirectly
measure the status of ecological health and biologi-
cal factors threatening the river fish biodiversity (Kim
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et al, 2019, 2021a, 2021b). The Hyporhamphus limba-
tus (H. limbatus) belongs to the Beloniformes order and
Hemiramphidae family. This species was native to India,
Bangladesh, and Mayanmar (Collette & Su, 1986). It lives
on freshwater tidal ecosystems and brackish estuaries
(Rainboth, 1996). It consumes insects, tiny zooplank-
ton like copepods, rotifers, daphnia, and Moina (Lim
et al,, 1999). H. limbatus has an elongated, cylindrical,
and compressed external morphology with a lower beak,
much longer than the upper jaw, and a villiform struc-
ture of teeth in many rows on both jaws. It is primarily
oviparous, with two annual breeding seasons (Talwar &
Jhingran, 1991). Although H. limbatus is listed as Least
Concern (LC) species in Bangladesh by Nabi (2015),
knowledge of stock identification is scarce in Bangla-
desh. With minimal progress made recently targeting
the length—weight relationship and growth parameters
investigations (Hasan et al., 2020), population biology
(Kumara & Amarasinghe, 2008) data on stock structure
analysis using conventional and truss-based morphomet-
rics is not available that needs to be discussed. Therefore,
this study aimed to document the meristic and mor-
phometric (conventional and truss) variation and stock
structure of H. Limbatus from two rivers in Southwest-
ern Bangladesh: the Bhairab River and the Kopotakho
River in an oxbow lake (Baluhor Baor).

Methods

Sample collection

Hundred and seventy four wild H. limbatus were ran-
domly collected from two rivers, viz. Bhairab and Kapo-
takkho and an oxbow lake, Baluhar Baor, from May to
August 2018. Fish samples were collected using gill nets
(mesh size 8 mm) with the aid of local fishers. After sam-
pling, the sampled fishes were preserved in an icebox and
instantaneously transported to the laboratory for further
examination. The sampling location, sample size, length,
and collection date are indicated in Fig. 1 and Table 1.

Counting of meristic characteristics

Five meristic characters were counted, viz. number of
dorsal fin rays (DFR), number of caudal fin rays (CFR),
number of anal fin rays (AFR), number of pelvic fin rays
(PelFR), and number of pectoral-fin rays (PecFR) by using
needles and glass lens. The same person solely counted
this part to avoid any biases.

Digitization of samples

Samples were washed in water flow, drained, and posi-
tioned on a smooth, rigid platform with a blank sheet as
a background used to calibrate the digital picture coor-
dinates. For identification purposes, each individual was
provided with a unique code. The digital images were
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Fig. 1 Study area map showing the H. limbatus sampling sites in Bangladesh



Mahfuj et al. The Journal of Basic and Applied Zoology (2023) 84:10

Page 4 of 13

Table 1 Sampling details of H. limbatus collected from three study spots in Southwestern Bangladesh

Study area Sampling site Sample size (n) TL (Mean +-SD) Collection dates
Bhairab River (BhR) Jashore 38 11.27+£0.74 20/05/2018
Kopotakkho River (KR) Jashore 40 10.27£0.80 15/06/18

Baluhar Baor (BB) Jhenaidah 96 863+1.21 17/08/2018

2

SL

Fig. 2 Seven morphometric characters used for the analysis of H. limbatus

Table 2 Description of conventional morphometric features of H. limbatus

Character Description

Total length (TL)

Standard length (SL)

Upper jaw length (UJL)
Pre-orbital length (PrOL)
Post-orbital length (PsOL)
Maximum body depth (MBD)
Eye length (EL)

The range between the tip of the upper jaw and the longest rays of the caudal fin

The length between the edge of the upper jaw and the end of the vertebral column

The length between both the tip of the snout as well as the posterior edge of the maxilla
A straight line from the snout tip to the eye

Distance from the edge of the snout to the pectoral fin

Maximum depth as measured from the first dorsal fin ray’s to the lower portion of the base
The largest crystal-like diameter of the orbit (eye)

2

Fig. 3 Location of 7 landmarks (close circle) creating the truss-networks on the fish body

recorded, which supplied a complete physical appearance
and enabled results to be observed if required (Cadrin &
Friedland, 1999).

Laboratory procedure
Seven conventional morphometric features were meas-
ured with tpsDigV.2.1. (Fig. 2, Table 2). Similarly, the

truss framework used for this investigation of H. lim-
batus was focused on the seven landmarks. The truss
system was built by linking the features to form 12
observations (Fig. 3). The truss lengths were extracted
from captured snaps using the tpsDig2v2.1 soft-
ware package (Rohlf, 2006). A box truss of 12 lines
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connecting these landmarks was generated to represent
the fish’s basic shape (Strauss & Bookstein, 1982).

Statistical analysis

The size-dependent variations were corrected using
an allometric method proposed by Elliott et al. (1995),
M,y=M (L,/L,)", where M is the initial dimension, M,
is the size adapted dimension, L, is the fish’s total length,
L, is the general mean of the total length for all fish from
all specimens in each observation. Furthermore, b is
the slope of the regression of log M on log L, using all
fish from each group, while b is predicted for each fea-
ture from the measured data as its slope of the regres-
sion of log M on log L, using all fish from each group.
To conclude whether there was a significant difference
between the three locations, an ANOVA was performed
on 12 morphometric characters. PCA and DFA were
used to distinguish the three populations in this study.
PCA aids in reducing morphometric data and the dupli-
cation of variables (Samaee et al., 2009). The proportion
of appropriately classified fish was calculated using the
DFA. Cross-validation utilizing correct classification was
performed to assess the predictable error rates of the
arrangement functions. The SPSS (ver. 22.0) was used to
perform all the statistical evaluations on the conventional
and truss morphometric data.

Results
Meristic features
Meristic counts were compared (Table 3) among three
populations (BR, KR and BB), and no significant changes
were detected through the Kruskal-Wallis test (P> 0.05).
None of the validated truss readings exhibited a strong
relationship after the log-transformation of TL, signify-
ing that the allometric transformation effectively endured
the impacts of body length. The data for both sexes were
shared for all following analyses because the morpho-
metric characters of both sexes were not significantly
diverse (P> 0.05). In ANOVA, the means of three (SL, EL,
and PsOL) of six conventional morphometric characters
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Table 4 Univariate statistics of conventional morphometric and
truss measurements of H. limbatus from three study locations in
Southwestern Bangladesh

Measurements? Wilks’' Lambda F P-values
SL 0.628 50.575 0.000
UJL 0979 1.829 0.164
EL 0.751 28411 0.000
PrOL 0.984 1419 0.245
PsOL 0.949 4583 0.012
BD 0.983 1447 0.238
1-2 0.970 2.655 0.073
2-3 0.986 1.189 0.307
3-4 0911 8.358 0.000
4-5 0.977 1972 0.142
5-6 0.736 30.714 0.000
6-7 0.812 19.822 0.000
7-2 0.970 2.689 0.071
7-3 0.937 5792 0.004
3-6 0.816 19.271 0.000
4-6 0.687 38.965 0.000
3-5 0.963 3.308 0.039
2-6 0.791 22572 0.000

2 Character description is given in Table 2

and eight (3—4, 5-6, 6-7, 7-3, 3-6, 4—6, 3-5, and 2-6)
of twelve truss distances were recorded as significantly
(P<0.05) diverse among three study locations (Table 4).
The remaining conventional and truss distances were
seen as non-significant (P> 0.05).

Principal component analysis (PCA)

A common issue with multivariate analyses in fish mor-
phometric studies is insufficient data. Researchers with
hypothetical assessments through PCA and DFA have
suggested a ratio of at least 3—3.5 between the number
of organisms observed (N) and the variables included
(P) in the analysis (Kocovsky et al.,, 2009). Inadequate
N values calculate to acquire covariance leading

Table 3 Meristic counts of H. imbatus collected from three different stocks in Bangladesh

Meristic features Name of stocks Mode (Minimum-Maximum) H-value P-value (significance)
BR KR BB

DFR 14 (9-18) 11(8-14) 14 (9-17) 1.527 0466 (NS)

CFR 19 (14-22) 14 (12-16) 14 (11-17) 0.667 0.717 (NS)

AFR 13 (9-19) 12 (7-15) 12 (9-15) 1.567 0457 (NS)

PelFR 9(5-9) 5(5-9) 6 (5-7) 0.283 0.868 (NS)

PecFR 9 (6-10) 9(7-11) 9(7-11) 4.709 0.095 (NS)

H-value Kruskal Wallis Test, NS Non-significant, BR: Bhairab River, KR Kopotakkho River, BB Baluhar Baor
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to erroneous conclusions about group differences
(McGarigal et al., 2000). In the present case, all 19 fea-
tures were placed in this analysis, and the N: P ratio for
all 18 truss observations was 9.15. The contribution of
variables to principal components (PC) was tested to
define which morphometric dimension differentiated
best populations. In this regard, Bartlett’s Test Spheric-
ity (BTS) and the Kaiser—-Meyer—Olkin (KMO) meas-
ure were used to see if the data were suitable for PCA.
The (BTS) test hypothesizes that the correlation value
tends to zero, and the KMO value is significantly high
(Nimalathasan, 2009). The KMO statistics range from 0
to 1. According to Kaiser (1974), values larger than 0.5
are acceptable, between 0.50 and 0.69 are medium, 0.7
and 0.79 are good, and between 0.8 and 0.99 are excel-
lent (Field, 2000). In this analysis, the KMO value for
the cumulative matrix was 0.77, and the BTS was signif-
icant (P<0.05). Therefore, these outcomes (KMO and
BTS) maintained that the tested data was suitable for
further factorial analysis.

Six factors with eigenvalues > 1 were identified through
PCA on 18 morphometric measurements, accounting for
69.885% of the cumulative variance (Fig. 4). The first fac-
tor (PC1) accounted for 25.388% of the variance, while
the second (PC2), third (PC3), fourth (PC4), fifth (PC5),
and sixth (PC6) accounted for 16.144%, 9.143%, 6.983%,
6.473%, and 5.805%, of variances, respectively (Table 5).
The higher loadings were observed in PC1 for EL, PrOL,
1-2, 5-6, 6-7, 3-6, 4—6, 2—6, while in PC2, they were
observed for UJL, PrOL, 1-2, 3—-4, 6-7, 3-6, 3—5 and
2—-6 (Table 5). The characters with eigenvalues crossing
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one were included in this analysis, while the others were
curtailed. The biplot of the morphometric characters
unveiled three spaces with an extraordinary intermin-
gling among the three populations in PC1 versus PC2
(Fig. 5).

Discriminate function analysis

Using conventional and truss morphometric dimensions
of all populations, standardized canonical discriminant
functions reported significant correlations of 0.818 in
DF1 and 0.599 in DF2 (Table 6). Two functions (DFs)
were created in discriminant function analysis. In the
group variability among the populations, the first discri-
minant function (DF 1) accounted for 78.3% of the total
variation, while the second discriminant function (DF 2)
accounted for 21.7% (Table 7). The conventional and truss
lengths involving the first factor (DF 1) were SL, 2-6,
3-6, 67, 7-3, and 7-2. These six distances described the
measurement that encompassed the fish’s entire body.
The second discriminant factor (DF2), on the other hand,
accounted for 21.7% of the total variation, where the vari-
ables were 4—6, 5-6, EL, 3—-4, 3-5, 1-2, PsOL, 4-5, PrOL,
MBD, 2-3 and UJL, comprehensively covering the entire
fish body. The biplot of DF1 and DF2 explained 100.0%
of the total variance among the samples. It revealed the
complete isolation of the Bhairab River from the Kopo-
takho River and Baluhor Baor, and the complete inter-
mingling of Kopotakho River and Baluhor Baor (Fig. 6).

5—

e

Eigenvalue

o

T T T T T T
1 2 3 4 S 6 7 8

T
9

T T T
10 1 12

Component Number
Fig. 4 Scree plot for PCA using conventional and truss morphometric measurements in H. Limbatus
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Table 5 Factor extraction in PCA after Varimax normalized rotation on conventional and truss measurements in H. Limbatus
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Characters PC1 PC2 PC3 PC4 PC5 PC6

SL —0.110 —0.047 0.182 0.114 0.138 0.895
UL 0.334 —0492 0444 0316 —0.064 —0.126
EL 0.485 0.007 —0.080 0.102 0410 —0.085
PrOL 0432 —0.685 0.338 0.068 0.098 0.018
PsOL —0.108 —0.105 —0.503 0.152 —0.064 —-0.112
BD —0.033 0.125 —0a71 0.602 0418 —0.272
1-2 0433 —0.674 0.338 0.011 0.091 —0.165
2-3 0.006 —0.381 —0.663 0.011 —0.035 0.079
3-4 —0372 0.660 0.281 —0.045 —0.0M —0.218
4-5 —0.174 0.193 0.165 0.621 0.066 0.118
5-6 —0912 0.006 0.066 0.077 0.097 —0.046
6-7 0.775 0441 —0.046 0.081 —0.251 0.073
7-2 0.113 0.132 —0.230 —0.193 0.766 0.102
7-3 —0.253 —0.256 —0.366 0.498 —0.320 0.116
3-6 0.727 0.541 0.033 0.199 —0.054 —0.007
4-6 —0.939 —0.021 0.061 0.004 0.004 —0.058
3-5 —0367 0.528 0.368 0.133 0.032 0.028
2-6 0.771 0.494 —0.139 0.017 —0.077 0.055
Eigenvalues 4.561 2.906 1.646 1.257 1.165 1.045
% of variance 25338 16.144 9.143 6.983 6.473 5.805
Cumulative % 25338 41481 50.624 57.606 64.080 69.885

Cluster analysis

A UPGMA dendrogram was drawn using traditional and
truss-network-based data for BhR, KR, and BB stocks.
The individuals of BhR were clearly distinguished from
the KR and BB and formed an out-group in the UPGMA
dendrogram. On the contrary, the samples from KR
and BB aggregately formed a new sub-cluster with BhR
(Fig. 7).

In Table 7, the appropriate percentages of individuals
from the three locations are classified based on the origi-
nal and cross-validation. DFA exhibited 87.33% correct
classification of individuals into their original popula-
tions, whereas 77.83% showed the cross-validation test
results. In the actual classification result, maximum con-
tributions were performed by BR (94.7%) followed by KR
(85.0%) and BB (82.3%). Based on the cross-validated
data from the classification results, there was clear inter-
mixing, with BR dominating 78.9% of individuals, KR
77.5%, and BB 77.1%, respectively.

Discussion

Although H. limbatus is classified as a Least Concern
(LC) species in Bangladesh by Nabi (2015), there is a
lack of understanding regarding stock identification in
Bangladeshi waters. Analyzing fish stock structure is a
valuable technique for controlling naturally occurring
populations. Due to the isolation of a population within

the environments of a native area, morphological vari-
ance is extensive both within and between groups. The
current study evaluated the H. limbatus stock identifica-
tion in two rivers, the Bhairab and Kopotakkho rivers and
an oxbow lake called Baluhor in southwest Bangladesh.
According to Robinson and Wilson (1996), stock differ-
entiation may result from genetic differences between
stocks, which are connected to unique aquatic environ-
ments such as fluctuations of temperature, salinity, tur-
bidity, current patterns, and alkalinity as well (Mir et al.,
2013; Miyan et al., 2016; Hanif et al., 2019). Nevertheless,
identical environmental factors and habitat factors may
be the basis of stock similarities.

The number of DFR, CFR, AFR, PelFR and PecFR in
H. limbatus did not differ significantly among the fish
populations of the three study locations. This indicated
that these populations share similar geographical regions
and similar ancestors. Though their habitats are entirely
separated, and distantly located from each other in the
current situation, earlier, their habitats might have origi-
nated from the same place. The results of the univariate
ANOVA revealed that 7 out of 18 converted morpho-
metric dimensions were significantly diverse in H. lim-
batus populations. This indicated that the fish have a lot
of phenotypic variation. The results of PCA and DFA
demonstrated that the BhR partially separated from KR
and BB. At the same time, KR and BB showed a greater
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PC 2 (16.144%)

PC1(25.338%)

Fig.5 PCA plot of H. limbatus on the conventional and truss morphometric features

extent of mixed populations in the biplot result. PCA and
DFA are convenient methods to differentiate populations
of the same species (Karakousis et al., 1991). In the cur-
rent study, DFA correctly classified 87.33% (original) and
77.83% (cross-validated) of individuals into their groups,
signifying greater intermixing among the populations.
Gain et al. (2017) used DFA to find significant morpho-
metric heterogeneity among people of Indian major carp
(Cirrhinus mrigala) from a hatchery, an oxbow lake, and
a river in southwestern Bangladesh. Mahfuj et al. (2017)
also reported similar results for Indian minor carp (Labeo
bata) collected from six Bangladeshi rivers. However, the
rivers BhR and KR showed partial overlapping in this
study, possibly due to the far distances. In contrast, the
BB and KR populations showed maximum overlap due to
the close distances.

The fish can exhibit more remarkable morphological
plasticity in response to environmental modifications

(Wimberger, 1992). A higher level of isolation can lead
to a significant phenotypic disparity among fish inhab-
itants within a species, which can be used to separate
and manage diverse populations (Turan, 2004). Diver-
gence may arise due to various processes. For instance,
home to different spawning regions (Hourston, 1982) or
hydrographical elements that prevent or minimize relo-
cation between areas can cause reproductive isolation
among fish stocks (Iles & Sinclair, 1982). The failure of
management programs to distinguish stock complexity
has resulted in spawning activities, resulting in a loss of
genetic variation and other ecological problems (Begg
etal., 1999).

DFA and UPGMA dendrogram analyses revealed that
two independent fish stocks supported the fisheries at
these locations. Generally, morphometric variations
(conventional and truss) among populations directly
serve as the basis for stock discrimination analysis and
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Table 6 Morphometric measurements (conventional and truss)
contributions to discriminant functions of H. imbatus collected
from three different habitats in Southwestern Bangladesh

Characters DF 1 DF 2

SL 0.496* —0412
2-6 —0.343* —0215
3-6 —0.322*% —0.169
6-7 —0321*% —0.204
7-3 0.181* 0.053
7-2 —0.125% 0.000
4-6 0357 0.595*
5-6 0333 0.491*
EL —0329 —0451*
3-4 0111 0.361*
3-5 0.036 0.254*
1-2 —0.047 —0.218*
PsOL 0.122 —0.205*
4-5 —0.016 0.200*
PrOL —0.027 —0.164*
MBD —0.046 —0.150%
2-3 0.048 —0.129*
uJL —0.091 —0.091%
Eigenvalues 2.020 0.561
% of variance 78.3% 21.7%
Cumulative % 78.3% 100.0%
Canonical correlation 0.818 0.599
*Absolute correlation

Table 7 Exact numbers and contributions of individuals

classified in each population through original and cross-
validation bases

Stocks Anticipated group Total (%)
involvement
BR(%) KR(%) BB (%)
Original® BR 36(947) 1(26) 1(.6) 38(100.0)
KR 0 34 (85.0) 6(15.0) 40 (100.0)
BB 1(1.0) 16 (16.7)  79(82.3) 96 (100.0)
Cross-validated®  BR 30(78.9) 4(105) 4105 38(100.0)
KR 0 31(77.5) 9(22.5) 40(100.0)
BB 3(3.0) 19(19.8) 74 (77.1) 96 (100.0)

87.33% of unique grouped cases appropriately categorized
b 77.83% of cross-validated grouped cases accurately categorized

to elucidate ‘phenotypic stocks. The development of con-
sensus on biologically meaningful understandings is a
significant bottleneck in morphometric studies (Cadrin,
2000). Conventional and truss variables on first and sec-
ond factors characterized eye length (Fig. 2) and body
lengths (6-7, 3—6, 2—6, 3—4, and 3-5) (Fig. 3). Fish stocks
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with healthy individuals have previously been linked to
less turbulent water bodies, allowing them to achieve
higher velocities with short-term propulsion (Blake,
2004). The water quality parameters of the rivers (BhR
and KR) and BB are always in standard condition for
their growth. Therefore, we did not investigate the water
quality parameters in detail. However, previous reports
by Khan et al. (2019) suggested the water quality param-
eters in the BhR and KR and the adjacent oxbow lakes in
Southwestern Bangladesh remain stable throughout the
year. Similarly, the DFA results were significantly related
to SL, and truss characters such as 2-6, 3—-6, 6-7, 7-3,
and 7-2, indicating the swimming adaptations primarily
influenced the mid portions of the fish body. A parallel
report was previously published on Xenentodon cancila
(Mahfyj et al., 2019) stocks in Southwestern Bangladesh.
Furthermore, differences in PC1 and DF 1 may be
linked to the species feeding behavior, as required for
locomotion, foraging, and evasion from a predator (Swain
et al,, 2005). Webb (1984) demonstrated that body depth
adaptations are necessary for best nourishment for peri-
odic and transient swimmers. However, the body shape
of fish populations in tropical rivers like the BhR and
KR and oxbow lakes like BB could respond well to small
indigenous fish species like H. limbatus optimum food
availability and productivity. Furthermore, due to the soft
labile skin tissues of H. limbatus, the conventional and
truss lengths in the belly or stomach regions were cat-
egorized in PC1 (Table 5) and DF1 (Table 6), which are
entirely dependent on satiation (Chaudhuri et al., 2014).
Phytoplankton, zooplankton (copepod and cladoceran),
polychaetes, oligochaetes, and aquatic insects are the
primary food sources of H. limbatus. They are abundant
in tropical freshwater rivers and oxbow lakes (Chaud-
huri et al., 2014). However, H. limbatus is a soft-bodied
fish containing 80-90% moisture (Bogard et al., 2015);
hence landmark positions may not precisely enumerate
the proper arrangements of morphometric discrepancies
(Cadrin & Friedland, 1999). The chosen morphometric
dimensions should reflect important life-history traits in
fish species (Cadrin, 2000). On the other hand, the lar-
val and developmental stages of H. limbatus are poorly
understood. Inferences based on different methods, such
as fatty acid profiles, molecular analysis, and otolith com-
positions, may deliver more information about the stock
structure of this fish species. Recently microsatellite
markers have been developed for Buffon’s garfish (Zenar-
chopterus buffonis) in the South China Sea and can be
employed to examine their genetic differentiation along
with phenotypic traits in H. limbatus. The morphometric
features in the contemporary study can draw recommen-
dations for better management and conservation. Hence,
there was no shred of evidence of migration routes in
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Fig. 6 Discriminate function analysis based biplot from conventional and truss measurements H. limbatus collected from three different habitats in

Southwestern Bangladesh

this study. For future stock descriptions, large-scale sam-
pling across spatiotemporal scales during the peak breed-
ing period should be deliberated. The temporal changes

80
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40
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20
Baluhar B KopotakkhoR  Bhairab R

Fig. 7 Dendrogram based on conventional and truss lengths of
three stocks of H. limbatus

in morphometric characters caused by stock mixing,
feeding, or spawning migration across seasons will be
explained by such investigations.

Conclusion

It has been effectively used to study stock separation
within a species for different species in freshwater and
marine habitats. The truss procedure used in this work
showed an apparent aggregation of H. limbatus stocks in
three water bodies from southwestern Bangladesh, indi-
cating the need for individual management approaches
to preserve the stocks for usage in the future. The results
have been corroborated through PCA and DFA analyses.
The outcomes of this study will serve as baseline infor-
mation for stock management of H. limbatus in South-
western Bangladesh to develop suitable conservation
policies and sustainable management practices. Cer-
tainly, morphometric data cannot provide all the answers
independently. However, aside from genetic factors, mor-
phometric differences between H. limbatus stocks are
influenced by exterior elements, including nourishment,
habitat, and other ecological dynamics. The current
study’s findings can be further supported by molecu-
lar and biochemical techniques, which would provide
more support for the stock structure identified by using
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the truss analysis in this study. Consequently, detailed
research is essential to recognize the importance of these
extraneous factors in the morphometric difference in H.
limbatus. Furthermore, a rigorous analysis incorporating
molecular genetics could candidly validate the current
findings.
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