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Morphometric variation study was carried out using truss analysis in freshwater murrel,Channa punctatus (Bloch, 1793), to explore
different phenotypic stocks ofC. punctatus. Significant variation in themorphometric analysis was observed using the truss network
and multivariate analysis of the three subpopulations of freshwater murrel, C. punctatus, from the two different regions of India.
Principal component analysis accounted for a total variation of 91.95% by the first three principal components. PC 1 represented the
variation due to size and PC 2 and PC 3 represented variations due to shape.The 95% confidence ellipses depicted the clear isolation
between the samples in scatter graph of PC 1 on PC 2. The combined groups plot (DF 1 on DF 2) based on discriminant function
analysis (DFA) also validated the existence of three different subpopulations. In group classification usingDFA, 100 percent of all the
samples were correctly classified into their original subpopulation. These results support the existence of multiracial composition
of C. punctatus across the different geographical isolated sites and, thus, these findings indicate the presence of three different
phenotypic stocks of C. punctatus.

1. Introduction

Stock identification is considered to be an important aspect
in the field of fishery management because the stocks with
variable life history attributes such as growth and reproduc-
tive potentials are considered to be important to increase
yield and also for stock improvement programme of fish.
Variation in the growth, development, and maturation in
different members of the same species results in variety of
body shapes [1]. Patterns of morphometric variation in fishes
indicate differences in growth and maturation rates because
the body forms are products of ontogeny. The multiple stock
compositions of the fish were reported by many workers [2–
4].

The truss network system was used by many notable
workers to segregate the stocks [5–7]. The truss analysis is
important because it covers the entire shape of the fish in
a form of a uniform network, and thus the probability of
extracting the morphometric differences among the different
fish populations is increased. Working on Indian fishes like

Catla catla, Rastrelliger kanagurta, and Megalaspis cordyla, a
limited number of workers used the truss morphometry to
discriminate the stocks [8–10]. A survey of literature showed
that no such work on morphometric variations using truss
was carried out on C. punctatus so far, except for the work
carried out by Khan et al. [11]. Therefore, the present study
was carried out to find out the morphometric variations
employing truss network system using modern geometric
morphometric methods to segregate the phenotypic stocks
of C. punctatus collected from different isolated geographical
sites.

2. Materials and Methods

Thetotal of 90 fish sampleswere collected from three different
regions, that is, Gomti River at Lucknow (𝑛 = 30, 26∘ 52
N 80∘ 55 E) and ponds situated at Kolkata (𝑛 = 30, 22∘
34 N 88∘ 22 E) and Malihabad (𝑛 = 30, 26∘ 55 N 80∘ 43
E). These regions of the country are geographically isolated
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Figure 1: Location of 11 morphometric landmarks for constructing
the truss network system on Channa punctatus.

from each other. Images of specimens of C. punctatus were
taken using digital camera (Nikon 16.0 megapixels). A total
of eleven morphometric landmarks (Figure 1) were digitized
in software TpsDig version 1.40 [12]. For covering the entire
shape of fish, two-dimensional procrustes fitting was done
with software Paleontological Statistics [13] after TpsDig and
23 truss measurements were taken for morphometric study
as depicted in Figure 1. Prior to data analysis, the size effect
was removed from the data as the collected samples of fish
were not of the same age and size. Significant correlations
were observed between the size (standard length) and the
morphometric truss measurements. So, 𝑀 transformation
and then log transformation of all measurements was carried
out to remove the size effect and normalization of the data,
respectively.The size effect resulting was eliminated from the
data using following formula [14]:

𝑀adj = 𝑀 ∗ (𝐿 𝑠𝐿𝑜)
𝑏

, (1)

where𝑀 is original measurement,𝑀adj is size-adjusted mea-
surement, 𝐿𝑜 is standard length, 𝐿 𝑠 is the mean of standard
length, and parameter 𝑏 was estimated for each character
from observed data as the slope of regression of log𝑀 on
log 𝐿𝑜 using all fish in all populations. The 𝑀 transformed
data was again checked for correlations of morphometric
measurements with standard length for efficiency check of
size removal. Standard length and total length were excluded
from the final analysis. Both univariate and multivariate
analysis of variance were carried out to test the significance
of morphological variations.

After data transformation, all the truss measurements
were subjected to one-way ANOVA analysis to find out the
significant (𝑝 < .05) morphometric truss measurements
between the subpopulations of C. punctatus. Significant (𝑝 <
.05) morphometric measurements were further subjected
to principal component analysis (PCA) and discriminant
function analysis (DFA) to interpret the size and shape
variation and for group classification, respectively. All the
calculations were done with help of PAST and SPSS 12.0
software.

3. Results and Discussion

None of the 23 truss measurements gave significant cor-
relation with the standard length after 𝑀 transformation

Table 1: Highly significant (𝑝 < .001) 23 truss measurements
between the three subpopulations of C. punctatus in one-way
ANOVA analysis.

S. number Morphometric measurements 𝑝 value
1 1-2 .000
2 1–10 .000
3 1–11 .000
4 2-3 .000
5 2–9 .000
6 2–10 .000
7 2–11 .000
8 3-4 .000
9 3–8 .000
10 3–9 .000
11 3–10 .000
12 4-5 .000
13 4–7 .000
14 4–8 .000
15 4–9 .000
16 5–7 .000
17 5–8 .000
18 5-6 .000
19 7-8 .000
20 6-7 .000
21 8-9 .000
22 9-10 .000
23 10-11 .000

indicating that allometric formula was effective in removing
size effect from the data. All the 23 truss measurements
were found to be highly significant (𝑝 < .001) in one-way
ANOVA (Table 1) and were further tested in multivariate
analysis using PCA and DFA.

The principal component analysis resulted in extraction
of 23 principal components. The first three components
extracted accounted for a total variance of 83.25%, 5.33%, and
3.37% by PC 1, PC 2, and PC 3, respectively. Three separate
95% confidence ellipses were obtained in PC 1 scatter graph
on PC 2 (Figure 2). The most significant loadings on PC 1
were nearly same in magnitude and found to be positively
correlated to all the measurements (Table 2). The PC 2 and
PC 3 were positively and negatively correlated to all the
measurements. The high components loadings of PC 2 were
truss measurements 4-5, 10-11, 2–10, 1–10, and 1–11, and those
correlated with PC 3 were 4-5, 10-11, 9-10, 3–10, 2–10, and 1–10
(Figures 3 and 4). These measurements were mainly respon-
sible for the variation between the three subpopulations.
In discriminant function analysis (DFA), 100% of original
grouped cases were correctly classified into their respective
subpopulation and two discriminant functions were formed
(DF 1 and DF 2). The two functions accounted for 100%
variability between the groups in which DF 1 and DF 2
explained 99.6% and 0.4% of the between-group variation
for morphometric measurements. The combined group plot
of DF 1 on DF 2 indicated the existence of three different
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Table 2: First three principal components extracted from principal
component analysis.

S. number Morphometric
measurements PC 1 PC 2 PC 3

1 1-2 0.8985 −0.1621 0.1589
2 1–10 0.9459 0.2164 −0.1928
3 1–11 0.9282 −0.185 0.01224
4 2-3 0.904 0.1695 0.009657
5 2–9 0.9589 0.1141 0.08892
6 2–10 0.9227 0.3027 −0.1994
7 2–11 0.9732 −0.07009 0.1261
8 3-4 0.9515 0.1206 0.1712
9 3–8 0.9661 0.06335 0.1127
10 3–9 0.9344 0.0342 0.1242
11 3–10 0.9196 −0.09022 0.215
12 4-5 0.7589 −0.5035 −0.3887
13 4–7 0.9687 −0.1191 −0.09665
14 4–8 0.9677 −0.04644 0.03707
15 4–9 0.954 0.07266 0.1255
16 5–7 0.9918 0.0384 0.01424
17 5–8 0.9837 −0.02992 0.03465
18 5-6 0.9507 0.1036 0.02748
19 7-8 0.8632 −0.1474 −0.02855
20 6-7 0.8704 0.1604 0.08889
21 8-9 0.9461 0.01748 0.05125
22 9-10 0.8742 −0.1059 0.3188
23 10-11 0.7943 0.4871 −0.3151

Total variance (%) 83.25 5.33 3.37
Cumulative variance

(%) 83.25 88.58 91.95

phenotypic stocks of C. punctatus as three isolated group
centroids were obtained in DFA (Figure 5). Examination
of the pooled within-group correlations of discriminating
functions and morphometric measurements revealed that
measurements 5–7, 3–8, 5–8, 2–9, 4–9, 4–8, 8-9, 3–9, 3–10, 1–
10, and 9-10 were mainly responsible for differences among
the subpopulations (Table 3).

The present truss study revealed the high degree of
significant morphometric heterogeneity among the subpop-
ulations of C. punctatus. The univariate (one-way ANOVA)
and multivariate analysis via PCA and DFA suggested three
phenotypic distinct stocks ofC. punctatus.Thesemorphome-
tric differences can be attributed to the fact that these three
subpopulations of C. punctatus are geographically isolated
from each other.

Principal component analysis laid emphasis on the effect
of size on the linear dimensions of themeasurements apart for
explaining the shape variation in the three subpopulations.
PC 1 (83.25% variance) was positively correlated to all the
morphometric traits represented by the general size but PC
2 and PC 3 explained about 5.33% and 3.37% variance,
respectively, due to shape as they were strongly positively and
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Figure 2: Scatter plot of PC 1 on PC 2 showing 95% confidence
ellipses of three subpopulations of C. punctatus. Red, violet, and
blue colours indicate Gomti River, pond of Malihabad, and pond of
Kolkata subpopulation, respectively.

Table 3: Pooled within-groups correlations between discriminating
morphometric measurements and standardized canonical discrim-
inant functions. Variables ordered by absolute size of correlation
within function.

S. number Morphometric measurements Function 1 Function 2
1 5–7 .173∗ .022
2 3–8 .152∗ −.085
3 5–8 .136∗ .061
4 2–9 .117∗ −.094
5 4–9 .114∗ −.098
6 4–8 .094∗ −.013
7 8-9 .092∗ −.022
8 3–9 .083∗ .007
9 3–10 .072∗ .061
10 1–10 .071∗ .021
11 9-10 .058∗ .052
12 1-2 .072 .362∗

13 6-7 .064 −.301∗
14 2–11 .135 .277∗

15 4-5 .033 .235∗

16 3-4 .134 −.160∗
17 1–11 .067 .159∗

18 2-3 .065 −.148∗
19 5-6 .093 −.144∗
20 4–7 .086 .113∗

21 7-8 .047 .113∗

22 2–10 .064 −.087∗
23 10-11 .036 −.066∗
∗Largest absolute correlation between each variable and any discriminant
function.
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Figure 3: PCA loadings of PC 2 and its correlation with various morphometric parameters.
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Figure 4: PCA loadings of PC 3 and its correlation with various morphometric parameters.

negatively correlated to morphometric traits.The coefficients
of same sign in PCs and coefficients with negative and
positive signs of any section of PCs are indicative of “size
variation” and “shape variation,” respectively [15–18].

The consistent differences in the morphometric mea-
surements between the three subpopulations of C. punctatus
suggested the restricted intermingling among the subpop-
ulations of Lucknow, Malihabad, and Kolkata which was
also supported by the nonoverlapping and isolated group
centroids in DFA. Saila and Flowers [19] used DFA to study
the geographic variation by analyzing the morphometrics of
American lobster. The existence of different strains of Indian

major carp Catla catla was reported by NBFGR [20] and
emphasized that it was due to complete geographical isolation
without any intermixing. The morphometric variations in
the different subpopulations of C. punctatus in the present
study may be due to geographical isolation and different
environmental conditions. However, it is generally assumed
that these differences may be genetically related or might be
associated with phenotypic plasticity in response to different
environmental factors of various habitats [21]. Moreover,
the variations recorded among three subpopulations of C.
punctatus could be a result of phenotypic plasticity expressed
in response to the environmental conditions. The present
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Figure 5: Group centroids of the three subpopulations of C.
punctatus in DFA combined groups plot.

results are similar to those of Pathak et al. [22] who reported
morphometric variation inMacrognathus pancalus from two
different river basins of India. Khan et al. [11] also discrim-
inated the subpopulations of C. punctatus collected from
three different rivers (Ganga, Yamuna, and Gomti) of India
where the differences were in the head, abdomen, and caudal
peduncle regions. The major contributions to DFA and PCA
were the measurements belonging to these regions including
the high allometric shape contributions from diagonal body
measurements.

4. Conclusion

These current findings in the truss analysis indicated signifi-
cant morphometric variations and thus the presence of three
different phenotypic stocks of C. punctatus.
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