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Abstract

The Snakeheads are the most common fishes in freshwater wetlands of Bangladesh, but in recent years they are
subjected to decline by overfishing pressure, anthropogenic factors, and climate changes. A one-year-long biometric
investigation was undertaken which involve monthly random sampling of Channa striata and Channa punctatus from local
wetland and measured total length, body weight data, and gonad’s weight in the laboratory. Then data were treated and
analyzed by following the different multi-model tools i.e., Fulton’s condition factor, relative condition factor, allometric
condition factor, and Pearson’s correlation coefficient. The results exhibit a strong correlation between the total length and
body weight of Channa striata and Channa punctatus with an r? value of 0.826, 0.819, respectively. Pearson’s correlation
showed a trend of both positive and negative correlation coefficients between different conditions factors and morphometry
for both species. The peak value for gonad’s weight, gonadosomatic index, and Dobriyal index was reported in the monsoon
while the bottom value was in winter for both sexes of both species. The temperature, dissolved O, and turbidity were found
as fluctuating throughout the season while dissolved NHz and pH remained constant. This data will help in the betterment of
conservation, management, and fishing policy by the government, scientists, and fisheries industry.

Keywords: Growth biometrics, conditions factors, maturity indices, snakeheads, environmental parameters.

Kuzeydogu Banglades, Hakaluki Haor'dan Toplanan Yilanbas, Channa striata ve Channa punctatus'ta Biiyiime ve
Olgunluk Biyometrisinin Cok Modelli Bir Analizi

Yilanbaglar, Banglades'in tatli su sulak alanlarindaki en yaygin baliklardir, ancak son yillarda asir1 avlanma baskisi,
antropojenik faktorler ve iklim degisiklikleri nedeniyle azalmaya maruz kalmaktadirlar. Yerel sulak alanlardan Channa
striata ve Channa punctatus'un aylik rastgele 6rneklenmesini ve laboratuvarda toplam uzunluk, viicut agirligi verileri ve
gonad agirliginin Slgiilmesini igeren bir yillik bir biyometrik arastirma yapilmistir. Daha sonra veriler, Fulton'un kosul
faktorii, goreceli kosul faktori, allometrik kosul faktorii ve Pearson'in korelasyon katsayisi gibi farkli ¢oklu model araglart
takip edilerek iglenmis ve analiz edilmistir. Sonugta, Channa striata ve Channa punctatus'un toplam uzunlugu ve viicut
agirh@ arasinda sirasiyla 0.826, 0.819 r2 degeriyle gii¢lii bir korelasyon sergiledigi goriilmiistiir. Pearson korelasyonu, her
iki tiir icin farkli kosullar faktorleri ve morfometri arasinda hem pozitif hem de negatif korelasyon katsayilari egilimi
gosterdi. Gonad agirligl, gonadosomatik indeks ve Dobriyal indeksi i¢in en yiiksek deger musonda rapor edilirken, her iki
tiirtin her iki cinsiyeti icin de en diisiik deger kis mevsiminde olmustur. Coziinmiis NH3 ve pH sabit kalirken sicaklik,
¢Ozlinmiis O2 ve bulaniklik mevsim boyunca dalgali olarak bulunmustur. Bu veriler, hiikiimet, bilim adamlar1 ve balik¢ilik
endiistrisi tarafindan koruma, yonetim ve balik¢ilik politikasinin iyilestirilmesine yardimci olacaktir.

Anahtar Kelimeler: Biiyiime biyometrisi, kondisyon faktorleri, olgunluk endeksleri, yilanbaslar, ¢cevresel parametreler

INTRODUCTION

The snakeheads are a very common freshwater fish group that occurred in different small ponds
systems, natural hollows, narrow channels, rivers, wetlands waters, and flood plains of Bangladesh
(Amzad et al., 2015; Haniffa & Sridhar, 2002; Mian et al., 2020) and among them, Channa striata and
Channa punctatus have drawn the commercial interest due to their good market price, nutrition value
and air-breathing adaptability (Graham, 2011; Haniffa et al., 2004; Jannatul et al., 2015). Besides this
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they are very precious for their medicinal properties and are believed to assist in healing wounds and
compensate for stress associate with surgical pain (Jais et al., 1997; Song et al., 2013). However, their
availability tends to be low in recent years due to disease, loss of habitat, and over-exploitation from
natural sources (Farhana et al., 2016; Navy et al., 2017).

The Hakaluki Haor is one of the largest wetland water resource systems in Bangladesh (Mohiuddin
& Uddin, 2019), which receives water flow from Kusiyara River (Chowdhury et al., 2019; Hossain et
al., 2017). The Haor fisheries are considered one of the diverse freshwater resources in Bangladesh
and provide a large catch of native fishes and other aquatic resources (Islam et al., 2018). The
resources allocated within the Hoar wetland provide both nutritional, economic, and ecological
services to the nearby community (Islam et al., 2011). The Haor fisheries are now drawing attention to
policymakers and biologists due to their key role in conserving biodiversity and managing stock for
the different endangered aquatic organisms (Haque & Basak, 2017).

Biometrics data carry key information regarding the growth and population structure of fish, which
would be used in future conservation, management, and adopting policies for harvesting (Hossain et
al., 2016; Muchlisin et al., 2010). The different qualitative and quantitative body metrics provide an
actual measurement of stock assessment and recruiting success (Felizardo et al., 2015; Lucifora et al.,
1999; Richter, 2007). The total length and body weight are extensively used in the growth biometry of
fish species (Alves et al., 2018; Emre, 2020; Hajjej et al., 2011; Okgerman, 2005; Richter, 2007
Tharwat et al., 2018), and are drawn interest to ichthyologist for easy acquisition without losing the
stock and for the different available model to analyse them (Binohlan & Froese, 2009; Le Cren,
1951). Therefore, current research work had been undertaken to investigate the length weight
relationship, gonadosomatic index and Dobriyal index of C. striata and C. punctatus in the greater
Sylhet region to assess their biological condition, stock status, and population structure.

MATERIALS AND METHODS

Both C. striata and C. punctatus were collected as live from artisanal fishermen on site (Figure 1)
monthly and they had been bringing back to the wet laboratory of the Fish Biology and Genetics
department, Sylhet Agricultural University. The environmental parameters of each site were
measured by using the YSI professional multi-probe and manufactured ammonia test kit (Model HI
3824, Japan) simultaneously. However, turbidity was measured in cm using the conventional Secchi
Disk method. A total of random 288 individual fish of both species were used for the current study.
They were cleaned very well by using fresh tape water and then put on an anesthetics solution to slow
down their locomotion and anxiety. Finally, they were placed on a paper towel to remove access to
water for better weight measurement. The total length data were obtained by using a cm-scale
designed in a wooden structure for quick measurement and weight data have been estimated by using
an electric balance (China Electronic Analytical Balance, Model: FA2204, Made in China) with two
decimals readings. Finally, the weight of gonads and sexual status was assessed as well followed by
sacrificing all sampled fish. Sample from each gonad was put on glass slide and instantly stained with
aceto-carmine to detect cells under microscope.

Fulton’s condition factor (Kg) was calculated from the total length and weight data set by
following the formula Kg =100 (W/L?), cm (Htun-Han, 1978), where W is the bodyweight of fish in
g, L is the total length of fish in cm. The same data set were used to measure the allometric condition
factor (KA) following the below formula KA = W/L® (Caspers, 1969), where W is the bodyweight of

fish in g, L is the total length of fish in cm. Again, the relative condition factor (KR) was calculated

b
from the above data by adopting the below measurement, KR = W/(axL ) (Le Cren, 1951), where W is

the body weight in g and L is the total length in cm. The values for a and b were calculated by
establishing length and weight data in regression parameters. The sexual maturation status of fishes
was explored by calculating the following indices: Gonadosomatic index (GSI) = (GW/BW) x100
(Cone, 1989) and Dobriyal index (DI) = Y/GW (Dobriyal et al., 1999), where GW is the gonad’s
weight and BW is the body weight in g.
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Figure 1. The location of the study site (*) at Sylhet, Northeast Bangladesh
(Map modified from Islam et al., 2018)

All analysis, regression relationship, and descriptive statistics were conducted in IBM SPSS v26 at
5 % of the significant level (P < 0.05). The means values were justified by Duncan's analysis in
comparing the subset on ANOVA at P < 0.05.

RESULTS

The temperature, turbidity, and dissolved O, were revealed as the most fluctuating environmental
parameters in Halaluki Haor, while NH; and pH were constant over the year (Table 1). The
temperature and turbidity were accounted as highest in monsoon (27.73+0.69°C and 29.56+1.98 cm),
while the lowest in winter (20.63+1.93°C and 19.20+1.47 cm) (Table 1). The level of dissolved O,
ranged between 5.33-7.36 mg/L with a peak on monsoon (7.36+0.41 mg/L) and a bottom in winter
(5.53+£0.25 mg/L) (Table 1).

Table 1. Seasonal variation on the environmental parameters at Hakaluki Haor, Northeast Bangladesh

termperature (C) _(sechiediskmem)  PM Orgmgty  NHe (o)
Winter 20.63+1.932 19.20+1.47° 7.05+£0.21*  5.53+0.25%  0.060+0.032°
Pre-monsoon 24.45+1.62" 27.87+2.04° 7.44+0.67*  6.00+0.33*  0.073+0.022°
Rainy/monsoon 27.73+0.69" 29.56+1.98" 7.31£0.24*  7.36£0.41°  0.087+0.007
Post-monsoon 24.90+2.18° 18.98+2.42° 7.20+0.05%  5.84+0.57*  0.083+0.010°

The linear regression plots of length-weight data showed a positive correlation coefficient of 0.819
and 0.826 for C. punctatus and C. striata and respectively (Figure 2.A-B). The figure represented the
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discrete nature of the sample’s total length and body weight throughout the following season (Figure

2.A-B).
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Figure 2. Linear regression between and body weight (g) and total length (cm) of C. punctatus
and C. striata collected from Hakaluki Haor, Northeast Bangladesh
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The descriptive analysis of data showed that the body weight and total length of C. punctatus vary
between 24.50-84.20 g and 9.10-24.20 cm (p<0.05) (Table 2). Again, the total length and body weight
of C. striata ranged between 31-42 cm and with a mean of 239-571 g respectively (p<0.05) (Table 2).
The 95 % credible interval has been calculated for each species. The length and weight metrics for
both species show a significant variation between the different seasons and the highest total length
and body weight for C. punctatus have been recorded in the rainy season as18.10+3.06 cm and
67.82+10.80 g respectively (p<0.05). On the other hand, the highest value for the above metrics
observed in the pre-monsoon season was 366.83+54.59 g for body weight and as 35.67+2.28 cm for
total length (Table 2). The lowest total length value was reported in winter as 12.36+1.68 cm for C.
punctatus and as 34.22+3.15 cm for C. striata (Table 2). The lowest body weight value recorded in
winter was 43.07+10.13g for C. punctatus while 328.00+49.79¢ in post-monsoon for C. striata (Table
2).

Table 2. Descriptive statistics for the seasonal variation in total length (cm) and body weight (g) data in C.
punctatus and C. striata.

95% Credible

Species Season Mean+SD Minimum Maximum

interval

Winter 43.07+10.13% 38.03-48.10 24.50 67.50

2 Body weight () Pre-monsoon 54.09+11.70° 48.28-59.91 33.30 73.10
% Rainy/monsoon 67.82+10.80° 62.45-73.19 47.50 81.00
§ Post-monsoon 53.99+£12.11° 47.97-60.01 35.10 84.20
@ Winter 12.36+1.68% 11.53-13.20 10.20 17.00
S Total length (cm) Pre-monsoon 14.05+2.52° 12.80-15.31 11.00 18.80
© g Rainy/monsoon 18.10+3.06" 16.58-19.62 13.50 24.10
Post-monsoon 13.64+2.79° 12.25-15.03 9.10 20.00

Winter 353.22+84.93°¢ 310.99-395.45 259.00 571.00

. Pre-monsoon 366.83+54.59" 339.69-393.98 275.00 455.00

g Bodyweight(®)  pinvimonsoon  341.6146051°  31152-371.70  239.00  450.00
z Post-monsoon 328.00+49.79% 303.24-352.76 240.00 410.00
§ Winter 34.2243.15° 32.65-35.79 31.00 42.00
5 Total length (cm) Pre.—monsoon 35.67+2.28% 34.54-36.80 32.00 40.00
Rainy/monsoon 34.28+2.117 33.23-35.33 32.00 39.00

Post-monsoon 34.71+1.68% 33.87-35.54 32.00 38.00

432



HOSSAIN et al. 2021 ActAquaTr 17(3), 429-439

The value of a parameter from total length and body weight data has been accounted for as 0.022
for C. punctatus in contrast to 0.031 for C. striata. The b value was located at 2.88 for C. punctatus
and 2.3 for C. striata (Table 3).

b
Table 3. Descriptive statistics for a and b value from W=a x TL equation for C. punctatus and
C. striata collected from natural wetlands of Sylhet, Northeast Bangladesh.

a b r’
Value  95% Credible interval Value  95% Credible interval
Channa punctatus 0.022 0.09-0.02 2.88 1.71-3.08 0.819
Channa striata 0.031 0.012-0.0281 2.3 1.96-2.49 0.826

The mean value of Fulton’s condition factor, reative condition facotrs and allometrics condition
facotrs were accounted as 2.03 +£0.85, 0.13 + 0.05 and 0.028+ 0.01 respectively for C. puncatus
respectively (p<0.05), while 0.83+ 0.07, 3.28+0.25 and 0.09 £ 0.007 respectively for C. striata
(p<0.05) (Table 4).

Table 4. Descriptive statistics for different condition factors in C. punctatus and C. striata.
N Minimum Maximum Mean+SD  95% Credible interval

Channa punctatus

Fulton’s condition factor 0.578 4.66 2.03 +0.85 1.94-2.11
Relative condition factor 144 0.039 0.27 0.13+0.05 0.046-0.214
Allometric condition factor 0.008 0.061 0.028+0.01 -0.0564-0.111
Channa striata

Fulton’s condition factor 0.654 0.981 0.83+0.07 0.741-0.909
Relative condition factor 144 2.75 3.94 3.28+0.25 3.20-3.37
Allometric condition factor 0.083 0.118 0.09 +0.007 0.016-0.183

Pearson’s correlation between the biometrics and condition factors was found to be significant for
C. punctatus (p<0.01). The total length and body weight showed negative Pearson's correlation with
condition factors accounting as r value of -0.87, -0.87, -0.87, -0.68, -0.67, and -0.67 for Fulton’s
condition factor, relative condition factor, and allometric condition factor respectively (p<0.01) (Table
5). Again, in the case of C. striata the total length was positively correlated with relative condition
factor (0.48) and allometric condition factor (0.48), while body weight was found to be negatively
correlated with Fulton’s condition factor (-0.45) (p<0.01) (Table 5).
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Table 5. Pearson’s correlation between biometrics and different condition factors of C. punctatus and C. striata.

Total Body Fulton’s Relative Allometric
length weight  condition factor  condition factor  condition factor

Channa punctatus

Total length 1 0.90™ -0.87" -0.87" -0.87"
Body weight 0.90" 1 -0.68" -0.67" -0.67"
Fulton’s condition - o - o
factor -0.87 -0.68 1 1 1
Relative condition 0.87" 067" 1 1 ™
factor

Allometric 087" 067" i i 1
condition factor

Channa striata

Total length 1 0.90” -0.04 0.48™ 0.48"
Body weight 0.90" 1 -0.45" 0.09 0.09
Fulton’s condition -0.04 045" 1 0.84" 0.84"
factor

Relative condition 0.48™ 0.09 0.84" 1 ™
factor

Allometric 0.48™ 0.09 0.84° 1™ 1

condition factor
** Correlation is significant at the 0.01 level (2-tailed)

The weight of gonads has been reported as highest during the monsoon for both sexes in C. striata
and C. punctatus. The highest gonadal weight for male C. punctatus was reported as 1.02 +0.24g
while the female was 3.33 +0.44g. On the other hand, the highest gonad’s weight was 2.37 + 0.23g
in male C. striata and 17.70 £0.94¢g in female. The winter was accounted for as the lowest stage of
gonads weight for the male and female individuals of both species (P<0.05) (Figure 3).
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Figure 3. Monthly changes in gonad weights of C. punctatus and C. striata (M-Male, F-Female,
Combined sex, WIN-winter, PRM=pre-monsoon, RAIl-rainy/monsoon, and POM-post-monsoon).

Again, the value of GSI and DI were reported as maximum during the monsoon season and lowest
during the winter season for the male and female individuals of both species (p<0.05) (Figure 4, 5).
The trend of increasing GSI and DI indices afterward the winter indicated the maturation phases of
gonads for the breeding at monsoon season.
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Figure 4. Monthly changes in gonadosomatic index of C. punctatus and C. striata
(M-Male, F-Female, U-Combined sex).
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Figure 5. Monthly changes in Dobriyal index of C. punctatus and C. striata
(M-Male, F-Female, U-Combined sex).

The body weight and total length of female C. punctatus showed a positive Pearson’s correlation
with gonad’s weight (0.59 and 0.63) (p<0.05), gonadosomatic index (0.38 and 0.32) (P<0.01), and
Dobriyal index (0.37 and 0.37) (P<0.01) (Table 5). Similarly, the correlation between biometrics of
female C. striata showed a positive correlation with gonad’s weight (0.48 and 0.51) (p<0.05), in
contrast, male C. striata showed correlation with gonadosomatic index (0.34 and 0.38) (P<0.01)
(Table 6). Other correlations remained non-significant at P<0.01.

Table 6. Pearson’s Correlation of body weight and total length with the different maturity indices of C.
punctatus and C. striata

Body weight  Total length  Body weight  Total length Body weight  Total length

vs Gonad’s vs Gonad’s vs Gonado- vs Gonado- vs Dobriyal vs Dobriyal
weight weight somatic index somatic index index index
M F M F M F M F M F M F

CP 0.18 059 0.19 063" 002 038" 008 0327 003 037 0.07 037"
CS 0.15 048 011 051" 0347 001 038" 011 009 000 011 0.15

*Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01 level (2-tailed), CP= C. punctatus, CS= C.
striata, M=Male, F=Female
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DISCUSSION

The physicochemical parameters of water are key governing factors in determining optimal fish
growth (Hasan et al., 2019; Martinez Cruz et al., 2012; Shahnawaz et al., 2010). Previous research on
the same site recorded a mean value of water temperature between 21-28°C, Sechi’s disc turbidity
reading as 19-30 cm pH, dissolved O, and NH; have fluctuated as 6.99-7.48, 5.33-5.98 mg/L, and
0.009-0.016 mg/L at Hakaluki Haor, Northeast Bangladesh (Hossain & Rabby, 2020). While water
temperature of 24-27°C, p™ 5.9-7.1, dissolved O, 4.6 - 5.6 mg/L, NH; 0.9-2.18 mg/L have been
observed by Islam et al., (2014). The t water quality attributed obtained in current research fall within
the suitable range to support fish growth and support to previously available literature as well.

A strong correlation between length and weight metrics already have been well documented for
several finfish species (Ferdaushy & Alam, 2015; Jabed et al., 2020; Rahman et al., 2020; Uddin et
al., 2017). A study from Jannatul et al., (2015) reported r’=0.87 for C. striata, Mian et al., (2020)
obtinaed a r?=0.96 for C. punctatus collected from wild sources of northeast Bangladesh.
Additionally, different former studies on snakeheads also revealed a moderately robust correlation
between their major growth metrics (Amzad et al., 2015; Haniffa & Sridhar, 2002; Kapil et al., 2011;
Sohel et al., 2017).

The value of ‘a’ parameter from total length and body weight data has been accounted for as 0.022
for C. punctatus in contrast to 0.031 for C. striata (p<0.05). Parameter b (slope) determines the
allometric or isometric growth rate, which depends on the genetically determined effects, and if it
remains constant and supervises the assumption of values similar to or equal to 3.0, this means that
the entity, along with ontogenetic growth, remains unchanged in form. The ‘b’ value was calculated
2.88 for C. punctatus and 2.3 for C. striata when the expected range is between 2.5 and 3.5 (Islam et
al., 2017; Singh & Serajuddin, 2017). The condition factor is the perfect indicator of relations between
biotic and abiotic factors and physiology of fish in a particular environment (Golam Mortuza & Al-
Misned, 2013; Mozsar et al., 2015; Okgerman, 2005). The value of Fulton’s condition factor was
accounted for between 1.614-1.863 (Singh & Serajuddin, 2017), 1.094-1.235 (Datta et al., 2013) for
C. punctatus in Indian water bodies. While this value for C. striata ranged between 1.50-1.49 in
Philippines (Dumalagan et al., 2017), 1.02-1.22 in West Bengal, India (Chakraborty et al., 2017).
Current findings are also aligned to the previous research, although a few deviations are arising due to
geographical position and recent environmental features.

The climbed-up trend of ovarian masses during the premonsoon and monsoon season refers to the
procession of physiology toward preparing for the breeding cycle. The fluctuating growth of ovarian
weight throughout the different seasons for both species also revealed potentiality of several breeding
peaks throughout the year (Jabed et al., 2020; Mian et al., 2017). The peak in the rainy season refers
to the onset of breeding activities and sudden dropped following after this indicate spent or spawned
ovary. Several previous studies reported C. punctatus and C. striata as multi-peak spawner (Amzad et
al., 2015; Ghaedi et al., 2013; Haniffa & Sridhar, 2002; Jannatul et al., 2015; Mian et al., 2020).

Dabriyal (DI) indices are now being considered as a better indicator of spawning season other than
using fish weight-based indices (Tahami et al., 2018). The value Dobriyal (DI) is thought to be more
environmental specific which represents the health condition, availability of food, and physiological
supports (Abedi et al., 2011; Faghani Langroudi & Mousavi Sabet, 2018). Again, gonadosmomatic
(GSI) indices are a numerical indicator of spawning season solely based on body weight (Mian et al.,
2020; Nunes et al., 2011). Both indices were quite a at peak during the rainy season for both species,
which is strongly supported by the previous research for C. punctatus (Amzad et al., 2015; Sohel et
al., 2017) and C. punctarus (Ghaedi et al., 2013; Jannatul et al., 2015) from tropical waters.
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