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Fish in captive conditions can change their morphology differently from
their origin in the wild. Thus, morphological characteristics are commonly
used for population identification. In this study, morphometric differences
among six cultured and wild populations of striped snakehead (Channa
striata) in the Mekong Delta were evaluated. Cultured fish were collected
from three hatcheries in Hau Giang, An Giang, and Dong Thap provinces,
where snakehead farming is commonly practiced. Wild fish were sampled
nearby three conservation areas in Long An, Ca Mau, and Hau Giang
provinces. Twenty-two morphometric measurements were converted into
ratios to standard length or head length (indices) or adjusted for body size
effects by using Elliot et al.’s (1995) approach. Univariate analyses
showed that morphometric characteristics of snakehead were significantly
different among six populations (P<0.01). In fact, wild snakehead fish ex-
hibited higher morphological diversity within and among populations com-
pared with the cultured ones. Principal component analyses based on two
treated data types consistently indicated that head size and caudal pedun-
cle height were important traits to distinguish wild and cultured popula-
tions, regardless of sampling localities. Wild snakehead had longer but
smaller head and narrower caudal peduncle than the cultured ones. The
morphometric indices-based approach resulted in higher proportions of
correct individual assignment (90.7%) than that based on body size-ad-
justed measurements (79.6%), partly due to body size effects.

Cited as: Yen, D.T., Duyen, V.N., Hien, T.T.T., Pomeroy, R. and Hillary, E., 2019. Variation in morphometric
characteristics between cultured and wild striped snakehead (Channa striata) populations in the
Mekong Delta. Can Tho University Journal of Science. 11(1): 70-77.

1 INTRODUCTION

Morphological analysis,

together
advanced methods, is considered a simple and

sources (Cadrin, 2000; Dwivedi and Dubey, 2013;
Anumudu and Mojekwu, 2015). Due to combination
effects of genetics, evironment factors, and
development  stages, fish  morphological

with other

common tool for fish stock identification, especially
for differentiating between hatchery and wild fish
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characteristics, mainly morphometric traits can vary
among populations (Wimberger, 1992; Cadrin,
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2000). Population differentiation is important for
both aquaculture and fisheries. In aquaculture,
selected broodstock individuals should be known
origin because of strain variation in different traits
involving production (Dunham et al., 2014). In
fisheries = managements, correct individual
assignments are useful to manage hatchery escapees
(Segvi¢-Bubi¢ et al., 2014). Morphological analysis
has been applied to classify wild and cultured
populations in many marine fish species, e.g. sea
bream (Grigorakis et al., 2002); Atlantic cod
(Wringe ef al., 2015) but information for freshwater
fish is still limited.

Striped snakehead species has been cultured for
more than two decades in freshwater areas in the
Mekong Delta (Sinh et al., 2014). Since
domestication, the species has experienced a large
change in food types and feeding behavior of a
carnivore from the wild to culture conditions. In
culture ponds, snakehead were fed dead trash fish
and/or commercial pellets. The species also exposes
to living space change, from open habitat in the wild
to limited space in ponds, which in turn affects their
locomotion. Such changes can result in
morphological ~ variation,  especially = head
characteristics (Turan et al., 2005; Ward-Campbell
and Beamish, 2005; Janhunen et al., 2009).
Morphological responses can be different among
species, among populations or even among
individuals within a population (Cadrin, 2000),
resulting in morphological plasticity. A previous
study on snakehead morphology and genetics found
that two snakehead morphotypes observed in
aquaculture, including “triangle-head” snakehead
and “square-head” snakehead, differed in the shape
of their head but they had identical sequences of
Cytochrome C oxidase submit I, a mitochondrial
gene, compared to wild striped snakehead Channa
striata (Nguyen and Duong, 2016). However,
sampling each morphotype with similar body sizes
in one location in that study might limit in
estimating levels of inter-population variation of
striped snakehead.

The objectives of the present study were to quantify
levels of variation in morphometric characteristics
between wild and cultured striped snakehead
populations in the Mekong Delta, and identify
important traits contributing to population
differentiation. The results could be applied in
practice of individuals assignments for this species.

2 MATERIALS AND METHODS
2.1 Fish sampling

Striped snakehead were sampled from three cultured
and three wild populations. Cultured populations
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were selected from hatcheries in three provinces
where snakehead farming is commonly practiced,
including Hau Giang, An Giang, and Dong Thap
provinces. According to hatchery managers, the fish
in these farms have been domesticated for 4 — 6
generations and locally they are called “ca loc dau
nhim” (triangle-head snakehead). A previous study
showed that triangle-head snakehead is one of
phenotypes found in aquaculture conditions of
striped snakehead Channa striata (Nguyen and
Duong, 2016). Meanwhile, wild fish were sampled
from conservation areas to minimize possibilities of
misidentification between wild and escaped
cultured fish. Three distant areas were selected for
sampling, including Lang Sen Wetland Reserve
(Long An), U Minh Ha melaleuca forest (Ca Mau),
and Lung Ngoc Hoang Wetland (Hau Giang).

A total of 279 samples from 6 populations (34 — 66
samples/population) were collected (Table 1).
Samples were kept alive or in ice and then
transported immediately to the laboratory for
morphological analyses.

2.2 Morphometric measurements

Morphometric parameters were measured based on
the guidance of Rainboth (1996) and Tran et al.
(2013). Each individual fish was weighed and taken
measurements (using calipers, accuracy 0.1 mm) of
body lengths, fin lengths, distance from the mouth
to fins (or distance before fins), caudal fin length
and height, and head morphometrics. In addition to
common measurements of many fish species, head
width of snakehead was measured at two positions
to evaluate the shape of the head including small
head width (SHW) measured right after the mouth,
and large head width (LHW) measured at the largest
position of the head (Nguyen and Duong, 2016).

2.3 Data analysis

Raw data were treated in two ways (ratios and
adjusted measurements) before further statistical
tests. First, measurements were calculated ratios to
either standard length or head length (hereby called
morphometric  indices). Twelve parameters
indicating body shape (Table 2) and fin lengths
(Table 3) were converted to the percentage of
standard length. Eight head measurements were
calculated ratios to head length (Table 4).

Given that most of morphometric indices linearly
correlate with body length, and there was statistical
variation in fish sizes among populations (Table 1).
Data were adjusted based on the approach given by
Elliott et al. (1995) as follows:

Madj = M() (LS/Lo)b
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Where M, is an adjusted measurement; My is the
original measured character; Ly mean standard
length of all individuals used in the study (regardless
their origin population); Ly is the standard length of
each individual; b is the slope of the regression
logMy on logLy using all individuals. Value b was
estimated for each character.

Adjusted measurements were tested if they were
correlated with the standard length. No such
correlations were detected, indicating that the
effects of body sizes on morphometric characters
were removed.

Morphometric indices and adjusted measurements
were subsequently used to test for statistical
differences between wild and cultured groups and
among populations (or locations) using univariate
analyses and DUNCAN multiple range tests. In
addition, principal component analysis (PCA) was
applied to identify important characters that
contribute to differences among populations and
estimate variation
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explained by main principal component (PC)
(Cadrin, 2000). Two types of data (morphometric
indices and adjusted measurements) were then
submitted to discriminant analysis (DA) in order to
visualize the population differentiation and evaluate
the cross-validated correction of individual
assignment to their origin populations. Statistical
analyses were performed using SPSS 22.0.

3 RESULTS
3.1 Fish sizes

Fish sizes were significantly different among
populations (P<0.01). Their weight and total length
ranged from 70 to 392 g and 18.4 — 34.6 cm,
respectively (Table 1). Differences in fish sizes
could affect the morphometric indices. Therefore,
morphometric comparisons among populations
were evaluated using both ratios and adjusted data.

Table 1: Sample sizes of wild (W) and cultured (C) snakehead populations used in the study

Populations N Weight (g) Length (cm)
Min-Max Mean = SD Min-Max Mean + SD
W. Long An (LA) 34 67.6-392.9 154.9 £+ 66.8° 18.7-37.0 252+3.7°
W. Ca Mau (CM) 34 80.3-295.5 146.1 £ 60.2° 22.1-34.6 26.7 +3.24
W. Hau Giang (HG) 46 69.3 —132.1 91.2+13.8° 18.7-25.2 21.6£1.5°
C. Hau Giang (HG) 50 233.0-372.6 299.5 +33.8¢ 27.6-33.6 31.1£1.5¢
C. An Giang (AG) 66 99.3-311.0 175.9 £45.2¢ 22.0-31.3 26.1 £2.2¢4
C. Dong Thap (DT) 49 70.4—119.8 87.1+11.0° 18.4 —23.5 20.6+1.12

Values in the same column with the same letter(s) are not significantly different (P>0.05)

3.2 Morphometric variation among

populations
Univariate analyses showed that all (22)
morphometric indices (Table 2, 3 and 4)

significantly differed among populations (P<0.01).
However, when fish populations were pooled into
wild and cultured groups, no differences were found
in 9 indices, such as body depth (BD), distances
before fins, eye diameter (ED), and mouth
characters. The discrepancy between two ways of
comparison was due to high variations in these traits
within each group. The head shape varied between
two groups. Wild fish had longer (HL/LS:
31.7£2.8%) but smaller (SHW/HL: 29.343.2% and
LHW/HL: 55.4+4.5%) head compared to cultured
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fish (HL/LS: 30.5+1.5%, SHW/HL: 30.4+2.7% and
LHW/HL: 58.843.0). In addition, wild fish had
narrower caudal peduncle height (HCP/Ls:
8.6£1.4%) than that of cultured fish (9.0£1.1%).
The lengths of four fins also statistically differed
between two groups (P<0.05), but the magnitude of
differences was small (Table 3).

Results based on adjusted measurements showed
similar trends to those of morphometric indices
(data not shown). Body depth and distance before
fins were highly significantly different among six
populations (P<0.01), but these indices became
insignificant when comparing two groups of wild
and cultured fish (P>0.05).
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Table 2: Morphometric indices (% = SD) of body parameters compared to standard length of wild (W)

and cultured (C) snakehead populations

Populations BD/Ls HL/Ls dfD/Ls dfP/Ls dfV/Ls dfA/Ls LCP/Ls HCP/Ls
Wild 15.3+1.74 31.742.88 36.243.14 33.5£2.9% 354+2.84 56.1+£3.94 8.6£1.44 8.6+1.44
Cultured 15.1+1.24 30.5£1.5% 36.0£1.94 32.9+1.7% 35.0£1.5% 56.1+2.14  8.5+1.14  9.0+1.1B
Comparing separate six populations

W.LA 16.1+£1.8° 33.841.5¢ 38.1+1.4° 35.3£12° 36.8+1.3° 56.9+1.1° 8.9+1.5¢ 8.9+0.7%
W.CM 13.942.9* 30.745.5* 34.1+£5.7* 31.745.6* 33.7£5.8* 54.7+8.6* 7.2+1.4* 8.2+1.4*
W. HG 15.1£1.2° 32.7+£1.1° 36.4+1.7° 33.9£1.4% 356+1.5° 56.0+1.8> 9.1£1.3°  8.2+0.5°
C.HG 16.0£0.9° 29.7£1.0° 34.6+1.2% 32.3£1.18 34.240.9° 552+1.5%° 7.8+0.7° 8.9+0.5%
C.AG 14.3+1.1* 29.9+1.0* 35.8+1.2% 32.241.1* 34.5+1.1* 55.5+1.4% 8.1+0.6° 9.24+0.5°
C.DT 15.3+0.9" 32.0+1.4° 37.7£1.9° 34.5£1.7° 36.5+1.3% 57.842.4° 9.6+0.9° 8.7+0.8°

Note: BD; body depth; Ls — standard length, df distance from the mount tip to fins of dorsal (dfD), pelvic (dfP), ventral
(dfV), and anal (dfA); LCP - Length of caudal peduncle; HCP - Height of caudal peduncle. Values in the same column
with the same (capitalized or lowercase) letter(s) are not significantly different (P>0.05).

Table 3: Ratios (%) of fin lengths to standard length of wild (W) and cultured (C) snakehead popula-

tions

Populations DFL/Ls PFL/Ls VFL/Ls AFL/Ls
Wwild 61.44+4.74 17.9+1.68 13.0+1.18 38.0+2.94
Cultured 61.7+2.08 17.441.04 12.6+0.84 38.4+1.78
Comparing separate six populations

W.LA 60.5+1.8%° 18.8+1.2¢ 13.4+0.7¢ 38.1+£2.1°
W.CM 62.849.1°¢ 18.443.0% 12.74£2.1° 38.6+£5.7°
W.HG 59.1+1.8* 17.9+1.23 12.9+0.8° 36.7+1.9°
C.HG 62.8+1.8° 17.5+1.02 12.3+0.52 38.6+1.8°
C. AG 60.8+1.4% 17.3+0.82 12.3+0.6* 38.3+£1.4°
C.DT 61.6+2.4% 17.3+1.22 13.5+0.6° 38.3£1.9°

Note: DFL - Dorsal fin length; PFL — pectoral fin length; VFL — Ventral fin length; AFL — Anal fin length. Values in
the same column with the same (capitalized or lowercase) letter(s) are not significantly different (P>0.05)

Table 4: Morphometric indices (% + SD) of head characters compared to head length of wild (W) and

cultured (C) snakehead populations

Populations HD/HL SHW/HL LHW/HL SHW/LHW ED/HL IW/HL  MW/HL
Wild 45.443.04  29.3+£324 5544454 53.0+5.1B 13.6+£1.34 24.7+£1.8%  36.5+3.64
Cultured 46.9+2.58  30.4+£2.7® 58.8+3.0% 51.844.94 13.841.3% 259+1.3% 36.4+2.5%
Comparing separate six populations

W.LA 44.042.70  28.3+1.9%  54,0+2.7° 52.6+4.5%  133+1.1° 23.9+1.2°  39.6+4.5¢
W.CM 43.842.28  27.743.2%  54.742.7° 50.8+£6.2%°  14.0£1.2%¢ 24.4+14% 362433
W.HG 44.0+£2.1*  27.1+1.8*  50.1+£2.9° 54.1£3.2°  13.8+1.1° 23.0+0.8* 31.6+3.3*
C.HG 48.5+2.3¢  32.1+£3.8° 60.1+£2.9¢ 53.5+£7.1°  12.6+1.1°  26.7£1.5° 37.4+£3.1°
C.AG 46.6+2.2°  29.2+1.4° 59242 3¢ 4944258 14.2+£1.0¢¢  26.0+£1.29 36.442.0%
C.DT 45.6+2.5° 30.3+£1.8¢ 56.8+3.2¢ 53.442.7° 14.4+0.9¢ 25.1£1.2° 35.542.2°

Note: HL — Head length; HD — Head depth; SHW - Small head width; LHW - Large head width; ED — eye diameter; IW
- Inter-orbital width; MW — Mouth width. Ratios of upper jaw and lower jaw to head length (similar between wild and
cultured populations 41% and 42%, respectively) and were not included in this table. Values in the same column with
the same (capitalized or lowercase) letter(s) are not significantly different (P>0.05).

3.3 PCA and DA for population differentiation

PCA based on morphometric indices (Fig. 1A)
showed that wild Ca Mau and cultured Dong Thap
populations were relatively separated from the oth-
ers. Meanwhile, wild Long An and wild Hau Giang
were compounded, similar to two cultured popula-
tions of Hau Giang and An Giang. The first principal
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component (PCl) explained 33.9% variation,
mainly variation among individuals of six popula-
tions. Main morphometric indices importantly con-
tributing to PC1 included distance before fins (i.e.
dfD, dfV, dfP, and dfA), head length, body depth,
fin lengths, caudal peduncle length and height. The
PC2 explained other 15.3% of variation, mainly be-
tween two groups of cultured and wild fish. They
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were differentiated by head morphometric indices in
Table 4, especially head width (SHW, LHW) and
head depth.

When effects of body sizes were taken into account,
PCA based on adjusted measurements (Fig. 1B)
showed a slightly different pattern compared to
morphometric indices. Three cultured populations
became more compounded together, while three
wild populations were more divergent within and
among populations. All adjusted body and head
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characters contributed to PC1, resulting in the in-
crease of variation explained up to 62.5%. PC2 ex-
plained other 12.7% of variation with the contribu-
tion of mouth characters, lengths of dorsal fin and
anal fins.

Although morphometric indices and adjusted data
provide some different outputs, both data revealed a
similar separation between wild and cultured fish
groups.

Population
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Fig. 1: Canonical discriminant analysis based on morphometric indices (A) and adjusted measure-
ments (B)

Results of correct individual classification based on
morphometric indices (Table 5) of cultured fish
(93.9 — 94.0%) overall were higher than that of wild
fish (70.6 — 94.1%). Individual classification using
adjusted measurements (Table 6) showed opposite
results where lower corrections were observed in
cultured fish (68 — 83.6%) than in wild fish (79.4 —
85.3%). The overall correct individual assignment

(across six populations) into their original groups
was 90.7% for morphometric indices and 79.6% for
adjusted measurements. Misclassifications occurred
mainly within each group (either wild or cultured).
Based on morphometric indices, incorrect assign-
ments of wild fish into cultured fish varied from 2.9
to 5.9%, and vice versa 4.1% (only observed in cul-
tured Dong Thap population).

Table 5: The percentage of individual classification into six snakehead populations based on morpho-

metric indices

Populations 1 2 3 4 5 6 Total (N)
1. W.Long An 70.6 0.0 23.5 0 2.9 2.9 100 (34)
2. W.CaMau 0 94.1 0 0 5.9 0 100 (34)
3. W. Hau Giang 6.5 0.0 91.3 0 0.0 2.2 100 (46)
4. C.Hau Giang 0 0 0 94.0 6.0 0 100 (50)
5. C. An Giang 0 0 0 6.1 93.9 0 100 (66)
6. C.Dong Thap 0 0 4.1 0 2.0 93.9 100 (49)
Table 6: The percentage of individual classification into six snakehead populations based on adjusted
measurements

Populations 1 2 3 4 5 6 Total (N)
1.W. Long An 79.4 0.0 17.6 2.9 0.0 0.0 100.0
2. W.CaMau 0.0 85.3 5.9 0.0 5.9 2.9 100.0
3. W. Hau Giang 6.5 43 84.8 0.0 43 0.0 100.0
4. C. Hau Giang 0.0 0.0 2.0 68.0 14.0 16.0 100.0
5. C. An Giang 0.0 0.0 1.5 4.5 83.6 10.4 100.0
6. C.Dong Thap 0.0 0.0 2.1 10.4 10.4 77.1 100.0
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4 DISCUSSION

Important results of the study reveal high levels of
inter-population variation in morphometric charac-
teristics of snakehead (i.e. all morphometric traits
were highly significantly different among popula-
tions), resulting in high possibilities of correct indi-
vidual assignments into their original populations.
Low (maximum 8.9%) of mis-classifications be-
tween wild and cultured fish implies that morpho-
metric traits can be used for population-origin iden-
tification of snakehead. A previous study on the
same species also reported high variations among
wild populations in four geographic distance areas
in Malaysia (Song et al., 2013). In other species,
morphology-based distinguishing between wild and
cultured fish had higher rates of mis-classification
compared to the present work. For example, mis-
classification was 20% in kissing gourami
Helostoma temminkii (Nguyen Phuong Thao and
Duong Thuy Yen, 2017) or 18.2% in sea bream Spa-
rus aurata (Segvi¢-Bubi¢ et al., 2014)). However,
in bighead catfish Clairas macrocephalus in the
Mekong Delta, Duong et al. (2017) reported that
only 1.0% and 2.5% wild and cultured individuals,
respectively, were misclassified. Accuracy levels of
PCA-based individual assignments vary among
studies (or species) could be due to different magni-
tudes of morphometric divergence among (com-
pared to within) investigated groups.

Both types of data (morphometric indices and ad-
justed measurements) indicate that traits differenti-
ating among snakehead populations include (listed
in a descent order of importance) distance before
fins, head size (length, width and depth), BD and the
height of caudal peduncle (HCP). Among which,
BD and distance before fins were highly signifi-
cantly different among six populations, but these in-
dices became insignificant when three populations
within each group were pooled into wild and cul-
tured groups. These statistical results can be ex-
plained by high variation in these traits within each
group, indicating these traits were influenced by lo-
cality, mainly due to environment. Characters that
are consistent between two ways of comparisons in
contributing to population differences are important
traits for stock identification (Cadrin, 2000). These
traits of snakehead are head morphometrics (i.e.
head length, width and depth) and HCP. Head mor-
phometrics and HCP are also important traits to dis-
tinguish wild and cultured populations in other fish
species, such as bighead catfish (Duong et al.,
2017), African catfish Clarias gariepinus (Turan et
al., 2005), climbing perch Anabas testudineus
(Duong Thuy Yen and Truong Ngoc Trinh, 2013),
Lake Trout Salvelinus namaycush (Muir et al.,
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2014), Arctic charr Salvelinus alpinus (Janhunen et
al., 2009), etc. However, different species vary dif-
ferently in their head between two living environ-
ments. For snakehead, when standard lengths are
equal, wild fish have longer but smaller head and
narrower caudal peduncle compared to cultured in-
dividuals. Shine (1989) proposed that variation in
head morphology among individuals was affected
by flexible adaptation to environmental conditions,
especially diets and competition. Larger head could
be advantageous for fish in more competitive condi-
tions (Shine, 1989). Snakehead species is aggressive
feeding; therefore, cultured snakehead individuals
expose to higher levels of competition for food, re-
sulting in larger head size compared to wild snake-
head. Similar observation was also reported for
climbing perch (Duong Thuy Yen and Truong Ngoc
Trinh, 2013). Meanwhile, wild snakehead with
longer and smaller head and smaller HCP can bene-
fit for faster movements.

The study also found that wild snakehead showed
higher morphological diversity within and among
populations compared to cultured ones. This finding
can be interpreted from the compounded grouping
of three cultured snakehead populations (C. Hau
Giang, C. An Giang, and C. Dong Thap) and the
scatter distribution of three wild populations (W.
Long An, W. Ca Mau, and W. Hau Giang) shown in
the discriminant analysis diagram in Fig. 1B. Envi-
ronment plays an important role in morphological
variation in fish (Langerhans ef al., 2003; Anumudu
and Mojekwu, 2015; Wringe et al., 2015). Environ-
mental fluctuation and open habitat in the wild can
lead to more plasticity in morphology of wild snake-
head fish compared to culture fish living in more sta-
ble and limited living space in captive conditions.
Among wild populations, the diverse environments
of wetland reserve in Long An and melaleuca forest
in Ca Mau can also explain a large difference in
morphometrics between two wild (Long An and Ca
Mau) populations (as shown by the separation apart
of two populations in the DA diagram, Fig. 1B). In
addition, more flexible of wild fish’s behavior (in
response to environment conditions) also results in
high morphological plasticity (Wimberger, 1992).
The morphological plasticity, in turn, allows wild
fish to evolve and better adapt to extraordinary en-
vironment (Lande, 2009).

The present study on snakehead provides an addi-
tional empirical example of fish size-control when
investigating inter-population variation in morphol-
ogy. Morphometric indices are commonly used;
however, body size effects on morphometric indices
may not be completely removed (Elliott ef al., 1995;
Cadrin, 2000; Anumudu and Mojekwu, 2015). In
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agreement with previous studies, most morphomet-
ric indices of snakehead were still linearly corre-
lated with standard length (data not shown). In ad-
dition, population differentiation of three cultured
populations based on morphometric indices was
more separated (Fig. 1A) and with higher proportion
of correct individual assignment (Table 5) than
those based on adjusted measurements (Fig. 1B and
Table 6), due to partly effects of body sizes. There-
fore, a body size-control approach has been recom-
mended to be applied for studying intraspecific mor-
phological diversity of fish species (Cadrin, 2000;
Valentin et al., 2008; Anumudu and Mojekwu,
2015).

5 CONCLUSIONS

Morphometric characteristics of snakehead are
highly variable among populations. Wild snakehead
fish have higher morphological diversity within and
among populations compared to cultured ones.

Important morphometric characteristics that con-
tributed to differentiating among snakehead popula-
tions include distance before fins, head size (length,
width and depth), BD and the HCP. In which, head
size and HCP are more important traits to distin-
guish wild and cultured populations, regardless
sampling localities.
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