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Abstract 
 

This study investigates the growth and reproductive biology of the Striped snakehead 
(Channa striata) inhabiting the drought-stressed Atrai River system in the northwestern 
Bangladesh. A total of 239 wild specimens were collected monthly from April 2022 to March 
2023 across three riverine stations using traditional fishing gears. Standard morphometric 
measurements were recorded, and gonads were dissected, weighed, and preserved for 
macroscopic and histological examination. Growth were assessed through length–weight 
relationships (LWR), condition factor (K), and allometric test, while reproductive traits were 
evaluated using sex ratio, gonadosomatic index (GSI), ova diameter, fecundity, modeling of 
size at first sexual maturity (L₅₀) and hematoxylin–eosin based histological analysis. The 
results revealed significant negative allometric growth (b<3.0) in both sexes and 
pronounced seasonal variation in growth and physiological condition. Fulton's condition 
factor (K) was highest in the post-monsoon period (September) and lowest during the 
breeding season (April–July). Female GSI and fecundity peaked sharply during April–June, 
with maximum GSI values in May (7.12±2.29) and the highest fecundity recorded during the 
same period (~33,833 eggs). Ova diameter also reached its peak in June (~12.9 µm), and 
histological analysis showed a dominance of mature and spawning gonads (Stages III–IV) 
only during May–July, whereas dry-season months contained only immature or early 
maturing stages. These findings confirm that C. striata in the Atrai River spawns almost 
exclusively during the early monsoon season. The study provides critical baseline 
information for conservation planning, broodstock management, and sustainable 
aquaculture development of C. striatain climate-impacted freshwater ecosystems.  

 

Introduction 
 

Striped snakehead Channa striata (Bloch, 1793), 
commonly known as the striped snakehead, is a 
carnivorous freshwater fish widely distributed across 
South and Southeast Asia (Talwar & Jhingran, 1991; 
Courtenay & Williams, 2004). Its remarkable 
adaptability to various aquatic habitats including rivers, 
lakes, wetlands, canals, and floodplains makes it both 

ecologically important and economically valuable (Bich 
et al. 2020; Phanna et al., 2015). The species’ ability to 
breathe air via a well-developed accessory respiratory 
system enables it to survive under adverse conditions 
such as hypoxia and drought (Rahman, 2005; Courtenay 
& Williams, 2004).  

Its rapid growth, high nutritional value, and 
reputed medicinal properties have driven demand in 
wild fisheries and aquaculture across Bangladesh, India, 
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Indonesia, Malaysia, Vietnam, and Thailand (Haniffa et 
al., 2004; Nen et al., 2018; Wee 1981; Li et al., 2016). 
C. striata plays a vital role in food security and rural 
livelihoods, largely due to its capacity to grow in 
suboptimal water conditions (Djokosetiyanto et al., 
2017). This resilience makes it an ideal species for 
aquaculture in resource-limited and environmentally 
stressed systems (Sarda et al., 2024; Dewantoro et al., 
2019). Its tolerance to environmental stressors 
highlights its potential for climate-adaptive aquaculture 
(Rahman and Awal, 2016; Hossain et al., 2022; Paul et 
al., 2024). Despite this importance, there remains 
limited information on the growth and reproductive 
biology of wild populations, especially those inhabiting 
ecologically stressed river systems (Rahman and Awal, 
2016).  

Freshwater ecosystems in Bangladesh are 
increasingly threatened by climate change, habitat 
degradation, pollution, and overexploitation (Dudgeon 
et al., 2006; Parvez et al., 2019; Islam and Hoq, 2019; 
Siddique et al., 2022). These pressures are particularly 
acute in northern Bangladesh, where the Atrai River and 
its tributaries have experienced significant hydrological 
disruptions in recent decades. Once a perennial river 
rich in biodiversity, the Atrai now faces frequent 
seasonal drying and disrupted flow, driven primarily by 
erratic rainfall, prolonged drought, and rising 
temperatures (Chaki et al., 2014; Pal 2016; Jahan et al., 
2018; Pal and Sarda 2020; Nowreen et al., 2020; Tasrif 
et al., 2022). Human activities such as upstream water 
diversion, unsustainable irrigation, riverbank 
encroachment, and siltation have further exacerbated 
habitat degradation, negatively impacting aquatic life 
(Dhadse and Kardbhajne, 2024; Rahman, 2021). These 
environmental changes pose significant threats to C. 
striata, a species that depends on dynamic riverine 
habitats for growth and reproduction. The species is 
currently listed as near threatened in Bangladesh, due 
to overfishing, pollution and loss of critical spawning 
habitats such as floodplains and backwaters (IUCN 
Bangladesh, 2015). 

While captive breeding and aquaculture practices 
of C. striata have been well studied in other countries 
with focus on induced breeding, larval rearing and feed 
development (Abol‐Munafi et al., 2004; Haniffa et al., 
2006; War et al., 2011; Paray et al., 2015; Kumar et al., 
2022), there is a lack of detailed knowledge on the 
natural growth and reproductive dynamics of wild 
populations in Bangladesh, especially in drought-
affected rivers (Lake 2011; Clarke et al., 2012; Habiba et 
al., 2013). Limited studies, such as Ferdausi et al. 2015 
and; Awal et al., 2025 studied in Haor region of Sylhet 
regions of Bangladesh and have highlighted the need for 
more localized ecological research. Understanding the 
growth and reproductive responses of C. striata in the 
drought-stressed Atrai River is essential to support 
conservation and sustainable fishery management. Key 
biological parameters including length–weight 
relationships, condition factor, sex ratio, gonadosomatic 

index (GSI), spawning seasonality, and fecundity provide 
critical insight into fish health, reproductive capacity, 
and environmental adaptability (Nikolsky, 1963; Froese, 
2006; Chen et al., 2022). 

Therefore, this study aims to fill a critical 
knowledge gap by examining the seasonal growth 
patterns and reproductive biology of C. striata in the 
drought-impacted Atrai River and its tributaries. 
Additionally, it evaluates the suitability of wild 
populations as broodstock for induced breeding 
programs under climate-stressed conditions. The 
findings will support science-based management 
strategies and foster sustainable aquaculture 
development in freshwater ecosystems affected by 
climate variability. 

 

Materials and Methods  
 

Site Selection and Fish Specimen Collection  
 
The study was carried out in the Atrai River system 

and its two major tributaries, the Kankra and Gabura 
Rivers, located in Dinajpur District, northwestern 
Bangladesh for one year from April 2022 to March 2023 
(Figure 1). The Atrai River bifurcates northwest of 
Chirirbandar Upazila, where its western branch forms 
the Gabura River and the eastern branch forms the 
Kankra River, before both channels reconnect 
downstream. This hydrological configuration provides a 
range of freshwater habitats that support Channa 
striata and other indigenous fish species. Three 
sampling stations were established to represent the 
main river channel and its major tributaries. Each station 
consisted of three spatially independent replicates 
based on precise GPS coordinates. Station 1 (Atrai River, 
Jhanjira) with its three replicates such as A1 
(25°43′04.5″N, 88°44′13.5″E), A2 (25°42′41.0″N, 
88°43′51.9″E), A3 (25°42′06.3″N, 88°43′40.0″E) 
represents the primary river channel characterized by 
moderate flow velocity, mixed sediment composition, 
and sustained fishing activity. It served as the reference 
habitat for mainstream riverine populations. Station 
2the Kanra River, Mohonpur: K1 (25°32′42.3″N, 
88°46′20.3″E), K2 (25°32′09.7″N, 88°46′01.1″E), and K3 
(25°31′39.2″N, 88°45′53.0″E) represents semi-lotic, 
vegetation-rich habitats with relatively low fishing 
pressure. The station 3 the Gabura River, Ramdubbi: G1 
(25°45′37.6″N, 88°42′16.3″E), G2 (25°44′57.6″N, 
88°42′10.6″E), and G3 (25°44′28.9″N, 88°41′51.7″E), 
represents tributary habitats subjected to 
comparatively higher anthropogenic and fishing 
pressures. Collectively, the three stations capture the 
environmental heterogeneity of the Atrai River system 
by encompassing variations in hydrology, habitat 
structure, and human influence. This spatial design 
ensures that the biological parameters of Channa striata 
assessed in this study reflect the broader ecological 
conditions of the region. A total of 239 wild specimens 
were collected monthly over a 12-month period, from 
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April 2022 to March 2023, from the three sampling 
stations established within the Atrai River system. Fish 
were captured using a combination of traditional fishing 
gears commonly employed by artisanal fishers in the 
region, including gill nets, cast nets, and bamboo traps. 

 
Morphometric Measurements and Gonad Collection 

 
Upon collection, live fish specimens were 

immediately placed in aerated containers filled with 
source water and transported to the Fisheries Biology 
and Genetics Laboratory at Hajee Mohammad Danesh 
Science and Technology University (HSTU) within 2–3 h, 
minimizing handling stress and mortality. Hajee 
Mohammad Danesh Science and Technology University 
(HSTU). Each specimen’s total length (TL) was measured 
to the nearest 0.1 cm using a measuring board, and body 
weight (BW) was recorded to the nearest 0.1 g using a 
digital balance. Dissections were performed by making a 
ventral incision from the base of the pectoral fins to the 
anus to carefully excise the gonads. Both fish and gonads 
were preserved in 10% formalin in labeled jars for 
further analysis. 

 

Growth Pattern: Length-Weight Relationship (LWR) 
 
The length-weight relationship (LWR) was 

established using the equation; 
 

W= aLᵇ 
 
Where, W is body weight (g), L is total length (cm), 

a is the intercept, and b is the allometric growth 
coefficient.  

The relationship was logarithmically transformed 
to linear form; 

 
log(W)= log(a) + b·log(L) 

 
This model follows the methodology of Ricker and 

Carter (1958), allowing assessment of growth patterns 
(isometric or allometric). The growth pattern was 
interpreted based on the value of b: isometric growth if 
b=3, positive allometric growth if b>3, and negative 
allometric growth if b<3.  

 

 

Figure 1. Map showing the sampling sites for striped snakehead (Channa striata) in the Atrai River and its tributaries, the Gabura 
and the Kankra Rivers located within the Dinajpur district, Bangladesh. Inset maps show the location of Dinajpur district in 
Bangladesh and the relative positions of sampling sites within the river network. 
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Condition Factor (K) 
 
To assess seasonal variations in fish health and 

body condition, Fulton’s Condition Factor (K) was 
calculated as: 

 
K= (W / L³) × 100 

 
Where W is body weight (g) and L is total length 

(cm). This index provides an estimate of the nutritional 
and reproductive status of fish, following Htun-Han 
(1978). 

 
Sex Differentiation and Gonadal Maturity Staging 

 
Sex was initially determined via external 

examination, with confirmation through internal 
dissection using the acetocarmine staining method 
(Guerrero and Shelton, 1974). Females exhibited a 
swollen abdomen and oval genital papilla, while males 
had a flattened abdomen and elongated papilla. 
Gonadal development was categorized into five 
maturity stages following Djumanto et al. (2019): I. 
Immature; II. Maturing; III. Mature; IV. Spawning; and V. 
Spent. These stages were identified through gross 
morphology, microscopic examination with 
acetocarmine, and histological analysis. 

 
Histological Analysis of Gonadal Maturity Phases of 
C. striata 

 
To validate reproductive staging, histological 

analysis was conducted monthly. Fresh gonads were 
rinsed in saline and preserved in 10% buffered formalin 
for 24–48 hours, then fixed in Bouin’s fluid for 24 hours 
as per Feldman and Wolfe (2014). Fixed samples were 
washed, dehydrated in ethanol series, embedded in 
paraffin, and sectioned at 7 µm thickness using a rotary 
microtome. Sections were stained with hematoxylin and 
eosin (H&E) and examined under an MCX100 
microscope (Micros, Austria) equipped with an 
AmScope digital camera. Gonadal stages were 
interpreted following Formicki and Kirschbaum (2019). 

 
Estimation of Size at First Sexual Maturity (Lm) 

 
Length at first sexual maturity (Lm) was estimated 

by fitting a logistic regression model to the proportion 
of mature individuals (beyond stage I) relative to total 
length (TL). The model, adapted from King (2007), was: 

 
M= 1 / (1 + exp[r(L – Lm)]) 

 
Where, M= proportion of mature individuals, L= 

total length (cm), Lm= length at first maturity (cm), r= 
slope of the curve. Analysis was performed using the 
sizeMat package in R (R Core Team, 2024) 

 
 

Gonado-somatic Index (GSI) 
 
Monthly changes in reproductive investment were 

evaluated using the gonado-somatic index (GSI):  
 

GSI= (GW / BW) × 100 
 
Where, GW= gonad weight (g), BW= total body 

weight (g). Gonads were weighed using a precision 
balance (±0.001 g), and preserved for further 
examination. 

 
Fecundity Estimation 

 
Absolute fecundity was assessed monthly using 

mature females (stages III–V), following Simpson (1959). 
Ovaries preserved in 10% formalin were weighed, and 
three 1 g subsamples (from anterior, middle, posterior) 
were taken. Ova were counted under a microscope, and 
fecundity (Fe) was calculated as: 

 
Fe= (N × GW) / gW_s 

 
Where, N= number of ova in subsample, GW= total 

gonad weight, gW_s= weight of subsample. 
 

Ova Diameter Measurement 
 
Ova diameter was measured in mature ovaries by 

isolating eggs from three regions (anterior, middle, 
posterior). A total of 300 ova per fish were measured 
using an MCX100 compound microscope with 
micrometer calibration, following Dinh et al. (2016). Ova 
size served as an indicator of reproductive readiness and 
spawning potential. 

 
Statistical Analyses 

 
Statistical analyses were performed using R 

software (R Core Team, 2024). Data wrangling, 
visualization, and tabular summaries were conducted 
using packages from the tidyverse collection (Wickham 
et al., 2019). The length-weight relationship was 
examined to interpret growth patterns, where the slope 
(b) of the regression indicated isometric growth if b= 3, 
positive allometric growth if b>3 and negative allometric 
growth if b< 3. To test whether the estimated b value 
significantly differed from the isometric value, a one-
sample t-test was performed using the hypotheses: null 
hypothesis (H₀): b= 3 (isometric growth), and alternative 
hypothesis (H₁): b ≠ 3 (allometric growth), with the t-
statistic calculated as t= (b – 3) / SE(b), where SE(b) 
represents the standard error of the slope. One-way 
analysis of variance (ANOVA) was applied to assess 
monthly variations in gonado-somatic index (GSI), 
Fulton’s condition factor (K), and fecundity with a 
significance threshold set at P<0.05. When significant 
differences were detected, Tukey’s Honest Significant 
Difference (HSD) test was conducted using the 
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MultcompView package (Graves et al., 2015) for 
pairwise comparisons. Length-at-maturity (Lm) curves 
were estimated using the sizeMat package (Torrejon-
Magallanes, 2020), enabling modeling and visualization 
of length-based maturity data to determine the total 
length at first sexual maturity. Additionally, a chi-square 
goodness-of-fit test was conducted to assess whether 
the observed sex ratio deviated from the expected 1:1 
ratio, comparing the observed frequencies of males and 
females with equal expected counts to determine 
statistical significance. 

 

Results  
 

Growth Pattern of C. striata 
The monthly distribution of total length and body 

weight of Channa striata is presented in Table 1. 
Throughout the study period (April 2022 to March 
2023), notable variations were observed in both size and 
weight across sexes. The highest average total length 
and body weight in males were recorded in September 
(45.62±5.37 cm; 752.59±254.67 g), whereas the highest 
average values for females occurred in April (43.07±2.97 
cm; 828.75±122.17 g), suggesting the influence of pre-
spawning gonadal development. Conversely, the lowest 
mean values for both sexes were recorded during the 
winter months (December to February), which may 
reflect post-spawning weight reduction or limited 
feeding activity. These monthly fluctuations provide 
insights into seasonal growth dynamics and 
reproductive investment in C. striata.  

 
Length–Weight Relationship of C. striata 

 
The length–weight relationships (LWR) of male and 

female C. striata were analyzed using log-transformed 
data to determine their growth patterns. The regression 
equations derived were ln (W)= –3.82+2.72 ln(L) for 
males with a coefficient of determination R2=0.92; and 
ln(W)= –3.39+2.61 ln(L) for females with R2=0.88. The 
narrow 95% confidence intervals around the regression 
lines further support the robustness of the fitted 
models. As shown in Figure 2, both sexes exhibited a 
strong positive correlation between total length (TL) and 

body weight (BW) (r= 0.96 for male and r=0.92 for 
female). For the male specimens (n=107), the estimated 
slope was b=2.72 with a standard error of 0.13. The 
computed t-value was −2.15, which was statistically 
significant at the 5% level (P<0.05, df= 106), indicating a 
significant deviation from isometric growth. Similarly, 
for females (n=112), the estimated slope was b=2.61 
with the standard error 0.12, yielding a t-value of −3.00, 
which was highly significant at the 1% level (P<0.01, df= 
111). These results confirm that both male and female 
Channa striata in the study population exhibit significant 
negative allometric growth. The slope (b) of the length-
weight relationship was 2.72 for males and 2.61 for 
females. One-sample t-tests indicated that both values 
were significantly less than 3 (males: t=−2.15t, P<0.05; 
females: t=−3.00, P<0.01), suggesting a negative 
allometric growth pattern in both sexes. 

 
Fulton’s Condition Factor (K) 

 
The mean Fulton's condition factor (K) of C. 

striataexhibited clear seasonal variations, reflecting 
fluctuations in the overall body condition of both male 
and female individuals (Figure 3: A and B). In male fish, 
individuals demonstrated moderate to good body 
condition throughout the year, with relatively better 
condition observed during June, October, and 
November, as indicated by significantly higher K values 
(P<0.05). These months likely represent periods of 
enhanced physiological status, possibly due to improved 
environmental conditions or recovery following 
spawning. In contrast, males showed poorer somatic 
condition during April and August, suggesting possible 
energy depletion linked to reproductive activity or 
reduced food intake. During the remaining months 
(January, February, March, June, July, and December), 
males exhibited intermediate body condition, not 
significantly different from the periods of either 
improved or reduced condition (Figure 3: A). Infemales, 
body condition varied more distinctly across seasons. 
Fish exhibited notably robust body condition during 
September, indicative of peak physiological health. The 
condition remained relatively favorable in October and 
November, though not significantly different from 

Table 1. Monthly variations in sample size, total length (cm), and body weight (g) of male and female striped snakehead (Channa 
striata) collected from the atrai river system (April 2022–March 2023) 

Month 
Sample size (N) Total length (cm) Body weight (g) 

Male Female Male (TL) Female (TL) Male (BW) Female (BW) 

April 12 8 39.69±4.97 43.07±2.97 434.85±140.98 828.75±122.17 
May 10 6 34.39±6.56 41.69±4.14 349.93±207.21 543.69±158.46 
June 8 10 34.57±0.49 39.78±1.98 357.92±33.44 476.22±49.92 
July 11 8 42.18±2.94 41.18±3.75 591.03±113.46 489.57±70.68 
August 10 10 42.58±2.95 38.39±5.9 551.59±74.93 484.11±188.78 
September 12 12 45.62±5.37 38.62±7.53 752.59±254.67 582±283.52 
October 12 8 34.85±2.87 35.05±3.43 372.55±113.3 377.21±122.63 
November 12 8 40.36±1.75 39.81±3.67 564.07±61.03 602.82±138.24 
December 8 12 35.55±2.82 35±2.34 343.22±67.06 327.35±45 
January 4 18 31.48±0.87 31.98±2.2 251.07±35.69 280.2±40.09 
February 8 12 34.69±2.91 35.37±2.23 365.54±77.27 366.67±64.35 
March 12 8 33.28±3.91 34.45±0.63 294.46±101.02 309.36±27.37 
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September (Figure 3: B). In contrast, April to July was 
characterized by reduced body condition, suggesting a 
period of energy mobilization for reproductive 
development or environmental stress. Intermediate 
body condition was noted in the months of January, 
February, March, and August. 

 
Sex Ratio and Gonadosomatic Index of C. striata 

 
The sex ratio of male to female C. striata and the 

monthly variation in gonadosomatic index (GSI) were 
analyzed across wet (March–September) and dry 
(October–February) seasons from the Atrai River and its 

tributaries. The monthly sex ratio ranged from 1:0.6 to 
1:4.5, with male-biased ratios (≥1:1) observed during 
most months. A significant deviation from the expected 
1:1 ratio was recorded in January (1:4.5; χ², P<0.05), 
indicating a strong female bias. Sex ratios approaching 
parity were observed in August, September, and 
December (Table 2). 

Female GSI exhibited distinct seasonal variation, 
peaking in May (7.12±2.29) and June (4.23±0.44), 
indicating the onset of peak reproductive activity during 
the wet season (Table 2). A gradual decline in female GSI 
was observed from July onward, reaching the lowest 
values in October (0.19±0.05), November (0.27±0.20), 

 

Figure 2. Length-weight relationships of striped snakehead (Channa striata) from the Atrai River system based on log-transformed 
data: (A) Male and (B) Female.  

 

 

Figure 3. Monthly variations in the mean Fulton's condition factor (K) of male (A) and female (B) Striped snakehead (Channa 
striata). Different letters above bars (a, ab, b) indicate statistically significant differences between months (P<0.05) based on 
Tukey’s HSD post hoc test. Error bars represent standard error of the mean (±SE). 
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and February (0.14±0.14), suggesting gonadal 
quiescence during the dry season. Male GSI values 
remained comparatively low throughout the year, with 
the highest mean recorded in May (1.06±0.71). A 
consistent decreasing trend was observed during the dry 
months, with the lowest values in November 
(0.11±0.03) and February (0.09±0.07). Higher female GSI 
values and relatively balanced sex ratios during the wet 
season reflect intensified reproductive activity, while 
reduced gonadal development and variable sex ratios 
during the dry season indicate a period of reproductive 
inactivity. 

 
Fecundity of C. straita and its Relationship with Total 
Length, Body Weight and GSI 

 
Monthly variations in gonad development and 

fecundity of female C. striata are presented in Table 3 
and illustrated the relationship of fecundity with body 
weight, total length and GSI in Figure 4. A clear seasonal 
pattern was observed, with reproductive indices 
peaking during the pre-monsoon and early monsoon 
months. The gonad weight exhibited a marked increase 
in May (35.99±4.99 g), followed by a steep decline in the 
subsequent months, reaching the lowest in July 
(8.58±2.36 g). A similar trend was observed in fecundity, 
which was highest in May (33,833.49±13,533.20 eggs) 
and lowest in July (3,891.50±1,701.25 eggs). These 
findings suggest that May represents the peak spawning 
period for the species. Gonad length was relatively 
consistent between April (10.25±0.63 cm), May 

(10.18±1.87 cm), and June (9.87±0.24 cm), before 
decreasing significantly in July (5.81±0.56 cm. Overall, 
these temporal changes in gonadal metrics suggest that 
C. striata undergoes gonadal maturation leading up to 
May and early June, after which spawning activity likely 
occurs, as indicated by the sharp decline in reproductive 
parameters in the later months. 

The monthly variation in mean fecundity and its 
relationships with total length, body weight, and 
gonadosomatic index (GSI) of female C. striata are 
depicted in Figure 4 (A–D). The temporal variation in 
mean fecundity, which peaked significantly in May 
(mean±SE: ~33,833±13,533 eggs), followed by a sharp 
decline in June (~9,681±889 eggs) and a progressive 
decrease in subsequent months is shown in Figure 4 (A). 
This trend indicates a clear seasonal spawning peak 
during the early monsoon period. Figure 4 (B) presents 
the logarithmic relationship between fecundity and 
total length. Although a positive trend was observed, 
the relationship was weak and statistically non-
significant (R²= 0.10; r=0.32), indicating that total length 
alone may not be a strong predictor of fecundity in C. 
striata. Figure 4(C) illustrates the log-transformed 
relationship between fecundity and body weight. The 
regression line suggests a positive correlation (R²= 0.18; 
r=0.42), but the explanatory power of body weight on 
fecundity variation remained low, suggesting additional 
factors influencing fecundity. Figure 4 (D)demonstrates 
the strongest relationship observed, with fecundity 
being significantly and positively correlated with the 
gonadosomatic index (R²= 0.74; r=0.86,). This strong 

Table 2. Monthly variation in gonado-somatic index (GSI), sex ratio, and Chi-square test results of striped snakehead (Channa 
striata) in the Atrai River  

Month 
Sample size Gonado-somatic index (GSI) 

Sex Ratio (Male: Female) Chi-square (χ²) of sex ratio Season 
Male Female Male Female 

April 12 8 0.5±0.25 3.52±0.73 1: 0.67 0.371 Wet 
May 10 6 1.06±0.71 7.12±2.29 1:0.6 0.317 Wet 
June 8 10 0.4±0.05 4.23±0.44 1: 1.25 0.637 Wet 
July 11 8 0.19±0.1 1.5±0.89 1:0.67 0.491 Wet 
August 10 10 0.55±0.38 1.7±1.38 1:1 1.000 Wet 
September 12 12 0.18±0.07 0.32±0.16 1:1 1.000 Wet 
October 12 8 0.22±0.06 0.19±0.05 1:0.67 0.371 Dry 
November 12 8 0.11±0.03 0.27±0.2 1:0.67 0.371 Dry 
December 8 12 0.24±0.15 0.25±0.11 1:1.5 0.371 Dry 
January 4 18 0.42±0.32 0.33±0.14 1:4.5 0.0028* Dry 
February 8 12 0.09±0.07 0.14±0.14 1:1.5 0.371 Dry 
March 12 8 0.12±0.08 0.72±0.32 1:0.67 0.371 Dry 

Values are presented as mean±standard deviation (SD). Wet season includes March to September; dry season includes October to February. 
Asterisks (*) indicate significant deviation 
 
 
 

Table 3. Monthly variation of gonad length, weight, fecundity and ova diameter of female striped snakehead (Channa straita) 

Month Gonad Weight (g) Gonad Length (cm) Ova Diameter (µm) Fecundity 

April 22.71±4.47 10.25±0.63 12.44±1.4 14252.5±3588.13 
May 35.99±4.99 10.18±1.87 12.69±0.99 33833.49±13533.2 
June 20.02±1.67 9.87±0.24 12.92±0.46 9681.98±888.72 
July 8.58±2.36 5.81±0.56 11.92±0.41 3891.5±1701.25 
August 14.1±10.17 7.96±2.19 11.38±0.42 4863.4±4286.36 
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association suggests that GSI is a robust predictor of 
fecundity in C. striata, reflecting its close link to 
reproductive maturity. 

 
Size at First Sexual Maturity (L₅₀) of C. striata 

 
The size at which 50% of C. striata individuals 

reached sexual maturity (L₅₀) was estimated separately 
for males and females using logistic regression analysis. 
The maturity curve for males (Figure 5 A) showed that 
the L₅₀ was 25.8 cm in total length, with a relatively low 
model fit (R²= 0.09), indicating considerable variability in 
the size at maturity among males. In contrast, the 
female maturity curve (Figure 5: B) showed an L₅₀ of 34.2 
cm, with a higher model fit (R²= 0.31), suggesting a more 
consistent size at maturity among females. These 
findings indicate a notable sexual dimorphism in the size 
at first maturity, with females requiring a larger body 
size to reach reproductive maturity compared to males. 

 
Monthly Variation in Mean Ova Diameter of C. striata 

 
The Figure 6 illustrates the monthly changes in the 

mean ova diameter of C. striata females from April to 
August. The mean ova diameter increased progressively 

from April (approximately 12.4 µm) to a peak in June 
(around 12.9 µm), followed by a sharp decline in July and 
August, reaching the lowest mean diameter in August 
(approximately 11.7 µm). Error bars represent standard 
deviations, indicating considerable variability in ova size 
among individual fish within each month, particularly 
during the early part of the spawning season. The 
increase in ova diameter through June suggests active 
vitellogenesis, culminating in peak gonadal maturity 
during this month. The subsequent decrease in July and 
August likely reflects post-spawning regression and 
resorption of residual oocytes. 

 
Morphological and Histological Characterization of 
Gonadal Maturation Stages in C. striata 

 
Gonadal Maturation Stages in Male C. striata 

 
The gonadal maturation process in male C. striata 

was categorized into five distinct stages based on 
macroscopic morphology and histological 
characteristics (Figure 7: A-H). During the immature 
stage (Stage I), the testes appeared small, transparent, 
and rich in underdeveloped spermatogonia (Figure 7A). 
Histologically, this stage was characterized by the 

 

Figure 4. Monthly variation of fecundity (A); Relationship between fecundity and total length (B), body weight (C) and GSI (D). 
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presence of spermatogonia as the predominant germ 
cells, located near the basement membrane of the testis 
lobules (Figure 7G). Primary spermatocytes were also 
observed surrounding the testicular wall, indicating that 
spermatogenesis was at its initial phase. In the maturing 
stage (Stage II), the testes increased in size and became 
whitish with visible capillary networks (Figure 7B). 
Histological sections showed active spermatogenesis, 
where spermatogonia underwent meiotic division to 
form spermatocytes, which appeared spherical with 
centrally located nuclei. Spermatids began to appear in 
greater numbers, and the presence of both primary and 

secondary spermatocytes suggested ongoing 
maturation of germ cells. The mature stage (Stage III) 
was marked by a significant increase in testis size and 
weight, with a slightly pinkish coloration (Figure 7C). 
Macroscopically, the testes were firm and filled with 
spermatozoa. Microscopically, a high concentration of 
spermatozoa and spermatids was evident, while the 
number of primary spermatocytes had declined. This 
indicated that the testes were at peak reproductive 
readiness, with most germ cells having advanced to later 
stages of spermatogenesis. At the spawning stage (Stage 
IV), the testes turned dark and opaque, became soft and 

 

Figure 5. Logistic regression curves showing the proportion of mature individuals of striped snakehead (Channa striata) in relation 
to total length (cm) for (A) males and (B) females. The solid blue lines represent the fitted maturity curves, while the dashed lines 
indicate the 95% confidence intervals. Grey points represent individual observations.  

 

 

Figure 6. Monthly variation in mean ova diameter (µm) of female striped snakehead (Channa striata) collected from the Atrai 
River and its tributaries during the wet season (April to August). Error bars represent standard deviations. 
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limp, and released sperm easily upon gentle pressure 
(Figure 7D). Blood vessels were more prominent, and 
the majority of spermatozoa were seen migrating 
toward the lobule lumen (Figure 7H). Spermiogenesis 
was complete, and functional male gametes were 
present in abundance, indicating full reproductive 
activity. Finally, in the spent stage (Stage V), the testes 
were shrunken, whitish, and reduced in size (Figure 7E). 
Histological sections revealed empty lumens within the 
lobules, and secondary spermatozoa were absent, 
confirming the cessation of active spermatogenesis and 
depletion of sperm reserves. Overall, the combined 
morphological and histological observations clearly 
delineate the progression of testicular development and 
functional changes during the reproductive cycle of 
male C. striata. 

 
Gonadal Maturation Stages in Female C. striata 

 
The gonadal development of female C. striata was 

classified into five distinct stages based on macroscopic 
morphology and histological characteristics, as 
illustrated in Figure 8 (A–H). At the immature stage 
(Stage I), the ovaries were slender, translucent, and 
thread-like in appearance (Figure 8A), indicating the 
onset of gonadal development. No distinct oocytes were 
visible macroscopically. Microscopic examination 
revealed the presence of primary growth oocytes 
(PGmn) with prominent nucleoli and minimal 
cytoplasmic development (Figure 8H). During the 
maturing stage (Stage II), the ovaries increased in size 

and became more opaque, with visible developing 
oocytes (Figure 8B). Histological analysis showed active 
vitellogenesis, with oil droplets forming in primary 
growth oocytes (PGod) and the appearance of early 
secondary growth oocytes (SGe) (Figure 8G), marking 
the transition toward reproductive maturity. In the 
mature stage (Stage III), the ovaries were fully 
developed, yellowish in color, and densely packed with 
large, yolk-laden oocytes (Figure 8C). Histologically, this 
stage was characterized by the dominance of late 
secondary growth oocytes (SGI) and fully grown 
secondary oocytes (SGfg), indicating that the fish were 
reproductively ready (Figure 8G). At the spawning stage 
(Stage IV), the ovaries appeared large, swollen, and 
turgid, containing hydrated oocytes ready for ovulation 
(Figure 8D). The ovarian lumen was densely filled with 
mature oocytes, and structural changes such as 
increased vascularization and thinning of follicular walls 
were evident under microscopic and histological 
examination. Following ovulation, the spent stage 
(Stage V) was marked by flaccid and bloodshot ovaries 
with a significant reduction in volume and oocyte 
content (Figure 8E). Histological sections displayed post-
ovulatory follicles and empty spaces previously 
occupied by mature oocytes, indicating gonadal 
regression and the end of the reproductive cycle 
(Figure 8 G). The progressive changes in ovarian 
morphology and histology clearly define the five 
maturation stages in female C. striata, providing a 
reliable framework for assessing reproductive status.  

 

Figure 7. Gonad maturation stages of male striped snakehead (Channa striata); (A) Immature stage showing small, transparent 
testes;(B) Maturing stage with enlarged, whitish testes and visible capillaries;(C) Mature stage showing pinkish, enlarged testes 
with abundant spermatozoa;(D) Spawning stage where testes are dark, opaque, soft, and secrete sperm under gentle pressure;(E) 
Spent stage showing shrunken, whitish testes with reduced sperm content;(F) Acetocarmine-stained testicular smear highlighting 
cellular components; (G–H) Histological observations at 40× magnification illustrating different stages of spermatogenesis, 
including spermatogonia, spermatocytes, spermatids, and spermatozoa. 
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The Monthly Distribution of Gonadal Maturity Stages 
in C. striata 

 
The monthly distribution of gonadal maturity 

stages in C. striata revealed clear temporal patterns in 
reproductive development for both sexes (Figure 9). In 
males, immature individuals (salmon pink) dominated 
from January to March, while (olive green) began 
appearing in March and peaked in April and May. The 
proportion of and spawning males (sky blue) increased 
significantly during June and July, indicating peak 
reproductive activity. Spent males (orchid purple) were 
most abundant from August to October, followed by a 
resurgence of immature gonads in November and 
December, marking the onset of a new reproductive 
cycle. A comparable pattern was observed in females. 
Immature ovaries were most prevalent from January to 
March, while the occurrence of maturing ovaries 
increased significantly during March and April. The 
highest proportions of mature and spawning females 
were recorded between May and July, identifying this as 
the peak breeding period. From August to October, the 
spent stage dominated, signifying the end of active 
spawning, followed by a resurgence of immature and 
maturing stages from November onwards.  

These observations collectively indicate that C. 
striata in the drought-stressed Atrai River is a seasonal 
spawner, with spawning activity occurring almost 
exclusively during the pre-monsoon to early monsoon 
period (April–June). No evidence of spawning was 
detected in the dry season, although low-level gonadal 
development continued throughout the year. 

Discussion 
 

Seasonal Growth Patterns and Length–Weight 
Relationships 

 
The observed monthly variations in total length 

and body weight of C. striata reflect the combined 
influence of seasonal environmental fluctuations and 
reproductive physiology. Peak body weights were 
recorded in males during September and in females 
during April, indicating sex-specific energy allocation 
strategies. In females, increased body weight in April 
aligns with gonadal development preceding spawning, 
consistent with earlier reports on snakehead 
reproductive cycles (Gustiano et al., 2020; Laboni et al., 
2024; Awal et al., 2025). Conversely, the reduced size 
and weight observed during the winter months 
(December–February) likely result from post-spawning 
energy depletion and reduced feeding activity in 
response to lower temperatures, which suppress 
metabolic rates (Toke and Aung, 2020). Hossain et al., 
2021). These seasonal growth patterns reinforce 
previous findings that tropical freshwater fishes, 
including C. striata, shift energy allocation between 
somatic and reproductive processes in response to 
environmental cues such as photoperiod, temperature, 
and food availability (Henderson et al., 1996; Post and 
Parkinson, 2001; Mc Bride et al., 2015; Djumanto et al., 
2020). 

The strength of the relationships examined in this 
study varied markedly across the biological parameters. 
The length–weight relationships showed very strong 

 

Figure 8. Gonad developmental stages of female striped snakehead (Channa striata). (A) Immature stage showing translucent, thread-
like ovaries; (B) Maturing stage with enlarged ovaries containing visible oocytes; (C) Mature stage showing fully developed, yellowish 
ovaries filled with yolky oocytes; (D) Spawning stage characterized by large, swollen ovaries with hydrated oocytes; (E) Spent stage where 
ovaries appear flaccid and bloodshot, with reduced oocyte content; (F) Acetocarmine-stained ovarian smear highlighting oocyte stages 
and yolk vesicles; (G) Histological observation under 10× magnification showing different stages of oocyte development: PGmn (primary 
growth with multiple nucleoli), PGod (primary growth with oil droplets), SGe (early secondary growth), SGI (late secondary growth), SGfg 
(fully grown secondary oocytes); (H) Histological observation under 40× magnification further detailing oocyte maturation and structural 
characteristics.  
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positive correlations in both males (r= 0.96) and females 
(r= 0.94), indicating a close association between body 
length and weight and confirming the robustness of the 
LWR models for describing growth patterns in C. striata. 

The length–weight relationship in both sexes 
exhibited negative allometric growth pattern (males: b= 
2.72; females: b= 2.61) with a very strong positive 
correlation males (R2=0.92; r= 0.96) and females 
(R2=0.88; r=0.94), indicating a close association between 
body length and weight, and confirming the robustness 
of the LWR models for describing growth patterns in C. 
striata.   This growth pattern is typical in reproductively 
active or mature fish and reflects a diversion of energy 
toward gonadal development rather than somatic 
growth (Froese, 2006; Le Cren, 1951). Environmental 
factors such as food limitation and deteriorated water 
quality during or after breeding may also contribute. 
Similar negative allometry has been reported in C. 
striata populations across South and Southeast Asia 
(Ahmadi, 2018; Asyhari, 2022; Ansyari,2022). One-
sample t-tests confirmed that these b values 
significantly deviate from isometric growth (b= 3), 
highlighting the physiological trade-offs associated with 
seasonal reproductive cycles. 

Fulton’s condition factor (K) also exhibited marked 
seasonal fluctuations, serving as an indicator of 
physiological well-being. Higher K values in the post-
monsoon and pre-winter months (June, September–
November) especially in males (October–November) 
and females (September)—coincide with increased 

feeding and post-spawning recovery. These findings are 
aligned with other freshwater systems (Chakraborty et 
al., 2017). In contrast, lower K values between April and 
July likely reflect energy reallocation toward gonadal 
development (Encina and Granado-Lorencio 1997; 
McBride et al., 2015; Volkoff and London, 2018). 
Improved post-monsoon condition is likely driven by 
nutrient influxes from flooding, underscoring the 
ecological importance of seasonal hydrological events in 
fish growth and condition (Paudel et al., 2024; 
Lianthuamluaia et al., 2024). 
 
Sex Ratio and Gonadosomatic Index (GSI) 

 
Seasonal variation in sex ratio and GSI revealed a 

distinct reproductive cycle synchronized with 
hydrological changes. A female-biased sex ratio was 
observed in January, with more balanced ratios in 
August, September, and December. These fluctuations 
may result from sex-specific migratory behavior, habitat 
preferences during spawning, or sampling biases 
influenced by reproductive activity. Female GSI peaked 
significantly in May and June during the wet season, 
coinciding with rising water levels that favor successful 
spawning and larval survival (Karnatak et al., 2018; 
Parker et al., 2018; Khan et al., 2022). This pattern 
confirms the synchronization of C. striata reproduction 
with hydrological cycles, a common trait among tropical 
floodplain species (Tondato et al., 2018; Kumar et al., 
2022). While male GSI remained generally low, a slight 

 

Figure 9. Monthly percentage occurrence of gonadal maturity stages in male (left) and female (right) striped snakehead (Channa 
striata) from the Atrai River. Each color represents a distinct maturity stage: Immature (salmon pink), Maturing (olive green), 
Mature (teal green), Spawning (sky blue), and Spent (orchid purple). 
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increase in May suggests synchronized spawning 
readiness with females, reflecting sexual dimorphism in 
gonadal development (Nagahama, 1983; Paray et al., 
2014). 

Recent studies in Bangladesh and neighboring 
regions have confirmed similar patterns of peak 
reproductive activity aligned with monsoon-driven 
environmental shifts (Ferdousi et al., 2015; Djumanto et 
al., 2020; Laboni et al., 2024). Understanding this 
reproductive timing is crucial for implementing seasonal 
fishing bans and aligning hatchery seed production with 
natural breeding cycles. 

 
Fecundity and Correlation with Morphometric and 
Reproductive Parameters 

 
Fecundity and gonadal development exhibited 

significant seasonal variation. The highest fecundity 
(33,833±13,533 eggs) and gonad weight (35.99±4.99 g) 
were recorded in May, coinciding with the peak 
spawning period. Gonad length and ova diameter also 
peaked between April and June, supporting the seasonal 
reproductive strategy of C. striata. These results are 
consistent with prior studies from Bangladesh, India, 
and Southeast Asia that report peak spawning during 
the pre-monsoon and early monsoon periods, guided by 
favorable cues such as rising temperatures and longer 
photoperiods (Ferdous et al., 2015; Al Mahmud et al., 
2016; Senguttuvan and Sivakumar, 2016; Kumar et al., 
2022). In contrast, the correlations involving fecundity 
were generally weaker. Fecundity showed only a weak 
positive relationship with total length (R2=0.10; r= 0.32) 
and body weight (R2=0.18; r= 0.42), suggesting that size 
parameters alone are poor predictors of egg production 
in this species. However, fecundity exhibited a strong 
positive correlation with GSI (R2=0.74; r= 0.86), 
indicating that gonad development is the most reliable 
indicator of fecundity variation. Similar trends have 
been documented across different populations (Ferdous 
et al., 2015; Al Mahmud et al., 2016; Laboni et al., 2024), 
though strength of correlations may vary with 
population structure and sampling method. These 
insights reinforce the use of GSI in broodstock selection 
for aquaculture hatchery operations. 

 
Size at First Sexual Maturity (L₅₀) 

 
The size at first maturity (L₅₀) showed clear sexual 

dimorphism: males matured at 25.8 cm, while females 
matured at a larger size of 34.2 cm. This pattern is 
consistent with teleost reproductive strategies, where 
larger females typically exhibit higher fecundity 
(Beverton and Holt, 1959; Beverton, 1992; Mian et al., 
2017). The logistic maturity models demonstrated weak 
correlations for males (R2=0.09; r= 0.30) and a moderate 
correlations for females (R2=0.31; r= 0.56), reflecting 
inherent variability size at maturity, which is commonly 
influenced by environmentalconditions, nutrition, and 
population specific life-history strategies (West, 1990; 

King, 2007). Reports from other regions confirm similar 
patterns of sexual dimorphism in maturity size (Ferdous 
et al., 2015; Hasan et al., 2021). From a management 
perspective, implementing sex-specific size limits, 
particularly for larger females can enhance reproductive 
success and population sustainability (Pauly, 1984; 
Kumar et al., 2022). 

 
Monthly Variation in Ova Diameter 

 
Ova diameter increased from 12.4 µm in April to a 

peak of 12.9 µm in June, indicating vitellogenic growth 
and peak ovarian maturity. The subsequent decline in 
July and August (down to 11.7 µm) reflects post-
spawning ovarian regression and oocyte resorption 
typical physiological processes following spawning 
(Karnatak et al., 2018; Kumar et al., 2021; Bagra et al., 
2024).Early-season variability in ova diameter may 
suggest asynchronous oocyte development or multiple 
spawning events, a reproductive strategy that enhances 
recruitment success in variable environments (Bobe & 
Labbé, 2010; Amzad et al., 2015; Bobe, 2015; Damle et 
al., 2023). These findings align with studies on C. striata 
from both Bangladesh and other Asian countries 
(Hossain 2013; Ferdous et al., 2015; Tresnati and 
Fachruddin, 2019; Tun and Myint, 2021). Monitoring ova 
diameter alongside GSI offers a reliable method for 
determining reproductive phase and supports more 
precise management of breeding cycles. 

 
Morphological and Histological Staging of Gonads 

 
Five distinct gonadal maturation stages were 

identified in both sexes, aligning with established 
reproductive classifications for teleosts (West, 1990; 
Brown-Peterson et al., 2011). Male gonads progressed 
from immature spermatogonia-dominated stages to 
mature phases with abundant spermatozoa, ending in 
post-spawning regression. Female gonads followed a 
developmental sequence from early-stage oocytes to 
fully hydrated, ovulation-ready eggs, with post-
ovulatory regression characterized by atretic follicles 
(Karnatak et al., 2018; Kumar et al., 2021; Bagra et al., 
2024). 

Histological analysis confirmed macroscopic 
staging accuracy and revealed that peak spawning 
occurred between May and July. These reproductive 
patterns are closely linked to environmental cues such 
as rainfall, photoperiod, and water temperature (Zohar 
and Mylonas, 2001; Cabrita et al., 2008). Histological 
validation is critical in ensuring accurate maturity 
staging for both fishery assessments and aquaculture 
operations (Brown-Peterson et al., 2011; West, 1990). 

This study clarifies the growth and reproductive 
dynamics of Channa striata in the drought-affected Atrai 
River. The species showed a distinctly seasonal 
reproductive pattern, with spawning occurring almost 
exclusively during April–June, as evidenced by peak GSI, 
fecundity, ova diameter, and mature ovarian stages. No 
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signs of active reproduction were observed during the 
dry season, indicating a strong dependence on monsoon 
conditions. The estimated sizes at first maturity (19.80 
cm TL for females and 23.16 cm TL for males) highlight 
the need to protect smaller individuals. A minimum 
capture size of 22–25 cm TL, the use of selective gears 
(gillnets ≥6.0–6.5 cm, suitable hooks, escape-gap traps), 
and a closed season from April to June are 
recommended to safeguard spawning stock. To ensure 
the long-term sustainability of Channa striata 
populations, it is imperative to identify and protect key 
spawning and nursery habitats. Establishing targeted 
fish sanctuaries will safeguard recruitment, enhance 
resilience, and support sustainable fisheries in 
increasingly vulnerable freshwater ecosystems.   
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