


Population dynamics and biology of Sperata seenghala, the Giant river-catfish from Gomti River, Central India

Abstract 	Comment by User: COMPLETE THE BASIC PROBLEM AT THE BEGINNING OF THE ABSTRACT, CONTINUE WITH THE RESEARCH OBJECTIVES AND RESEARCH METHODS. After that, continue with the results and a brief conclusion at the end of the paragraph
We investigated the population parameters, food and feeding habits, and reproductive biology of the Giant river-catfish, Sperata seenghala, inhabiting the Gomti River, Uttar Pradesh, central India. The fish exhibited negative allometric growth (b < 3), with L∞ value 120.7cm, and K value 0.13 yr⁻¹. A year-round recruitment pattern observed, natural mortality (M) value was 0.3, fishing mortality (F) 0.32, while total mortality (Z) value was 0.62 and the length of max. exploitation (E) ranged from 95 to110 cm. Maximum exploitation rate (E) was less than 0.5, indicating sustainable exploitation. However, length at first capture (Lc) was lower than length at first maturity (Lm), indicating growth overfishing. The gut contents analysis revealed carnivorous feeding habit of the fish which was also supported by low RGL value (0.5-1.0). The major food items observed through IP and IRI indices were insects, molluscs, and annelids, further confirming carnivorous feeding. Hepatosomatic index was 0.77%-1.88%. The peak feeding and spawning were found in March as indicated by GaSI and GSI values. The absolute fecundity value was 31221-59296, and relative fecundity was 13.57-16.94. The morphological development of gonads of species was in corroboration with the progression in GSI. Sex ratio was female biased in S. seenghala. Our study suggests the need for size-based harvest policies for sustainable fishery management of this important catfish species in Central Indian rivers. 
Keywords: population parameters, reproductive biology, gut contents analysis, hepatosomatic index, 
Introduction	Comment by User: It would be better to add information about the importance of this research being conducted, after describing the problems of this research.
 The primary goal of population dynamics and stock assessment prediction of fish is to estimating summary of the present condition of a particular fishery and maintaining the highest sustainable output of fish, (Larkin, 1977). Fish biology is a crucial component to determine the condition of fish stocks and manage specific fisheries (Dwivedi and Nautiyal, 2012). When managed properly, fish populations represent a renewable resource, supporting both national economies and food security (Dwivedi and Jha, 2013). Sadly, rising human-driven pressures such as pollution, habitat disruption, and overfishing are putting immense strain on freshwater ecosystems, causing a disturbing drop in fish diversity (Reid et al. 2019). This loss is more than ecological it disrupts food chains and undermines biodiversity itself (Sarkar et al. 2008). Fish populations are constantly shaped by changing environmental factors that influence their structure, numbers, and life cycles (Milner et al. 2003), and preserving their ecological role is essential to keeping aquatic ecosystems and natural fisheries intact (FAO, 2020). 	Comment by User: replace with the latest reference
[bookmark: _Hlk207473944]One of the largest freshwater catfish, the Giant river-catfish Sperata seenghala (Sykes, 1839), is found in rivers, reservoirs, lakes, floodplains, inundated swamp fields, ditches, canals, and other freshwater areas in Afghanistan, Pakistan, India, Bangladesh, Thailand, Myanmar, and Nepal (Day, 1878; Saini et al., 2008). Jayaram (1977) has reported that it is also found in Chinese waters. This species can withstand a wide range of salinities, temperatures, and water conditions (Chondar, 1991). Its adults and juveniles live on the bottom and in the margins; its larvae live in nests made among rocks and muddy riverbeds; and its fry occupy the shallow marginal area of the river and the marginal pits that connect it (Romanowski, 2013). Because of its delicious flavour and minimal number of intramuscular bones, the species has been regarded as one of the most admired edible fish (Saini et al., 2008; Seth and Kathia, 2001; Rahman et al., 2011). It is rich in protein and has a high nutritional value (Khawaja, 1996). Its meat includes 200 units of vitamin A (Bhuiyan, 1964). As an indigenous ornamental fish, it has recently gained popularity in the ornamental fish market and has been exported from India (Jayalal and Ramachandran, 2012; Gupta and Banerjee, 2014). In the present study, the population parameters of Sperata seenghala from Gomti River, Central India has been investigated to find out the growth, mortality and recruitment rates of this species. In addition, the biological characteristics such as food and feeding habits and reproductive behaviours of the fish were also studied. The study results are expected to contribute towards sustainable utilisation plans for this important commercially exploited fish in Central India.	Comment by User: 
Materials and Methods	Comment by User: Write down the number of samples for population dynamics calculations, the number of samples for eating habits, the number of samples for fecundity and for the size of the first time the gonads mature.
The study was carried out from October 2024 to May 2025 with sampling from three different sites of Gomti River (Sultanpur, Barabanki and Lucknow). Population parameters such as length-weight relationship were analysed thorough linear equation (Le Cren, 1951), Growth, Recruitment pattern, Length at first capture (L50) using FiSAT II software tool (Gayanilo, Sparre, and Pauly, 2005), Length at first maturity (Lm) by Hoggarth et al. (2006) method (Lm= L∞ × 2/3), and Estimation of mortality by Pauly’s (1980) empirical formula. The biological parameters such as food and feeding habits of S seenghala were examined by gut contents analysis applying both qualitative and quantitative methods including occurrence by Hynes (1950) and numerical, volumetric, gravimetric, and points approaches (Pillay, 1952).  Based on numerical and volumetric values obtained, the Index of Preponderance was calculated by the formula	Comment by User: complete the thematic map or at least the coordinates of each research location	Comment by User: Gayanilo et al. 2005

(Natarajan and Jhingran, 1961), IRI index by the formula IRI = (% of numerical + % of volume) × % of occurrence (Pinkas et al., 1971). The relative length of the gut (RGL) was calculated through the method of Desai (1970) and Al-Hussaini (1949). The Reproductive parameters such as sex-ratio were estimated monthly by a chi-squire test (1:1, p<.05) (Snedecor and cocharn,1967), Maturity stages were ascertained following Qasim (1973) and Qayyum and Qasim (1964a,1964b,1964c) classification and the fecundity was estimated by Froese (2006) formula, F= S × OW / 100.	Comment by User: complete the explanation of the symbols used
Results and Discussion	Comment by User: The research results are excellent, but the discussion is minimal. Let's discuss each item directly to highlight the relationship. The relationship between length and weight, size at first capture, exploitation rate, and size at first capture are interconnected fisheries biology parameters. Try to refine this based on the values ​​you obtained.

Length-Weight Relationship	Comment by User: state the number of samples used in calculating the length-weight relationship
The length-weight relationship of S. seenghala, showed a strong correlation (R2=0.9404) (Fig.1). The equation showing the relationship for S. seenghala in the present study was W=0.0024L1.9162 indicating negative allometric growth, as the exponent value was less than 3 (b = 1.9162), meaning the fish was growing more in length than weight. Rana and Kaur (2023) observed the negative allometric growth for S. seenghala from Sutlej River (b=2.555. Deka and Gohain (2015) also reported the negative allometric growth in R. rita, another closely related catfish from Brahmaputra River system of Assam. Similar results were also observed for Notopterus notopterus (R2=0.9) and Channa punctatus (R2=0.95) in Gomti River, Uttar Pradesh (Kumar et al., 2014).  

Fig. 1. Length weight relationship of Sperata seenghala	Comment by User: correct the writing of the value b in the formula with superscript
Estimation of growth parameters	Comment by User: Write the number of samples used for this analysis.
The growth parameters estimated for S. seenghala by ELEFAN-1 response surface analyses were L∞ = 120.7cm and K = 0.31/year, respectively. The VBGF growth curve generated in ELEFAN-1showed the peak breeding season between March and April (Fig. 2). Das et al. (2025) reported the K value of the catfish M. gulio as, 0.31 yr.−1 Ganga in West Bengal. Sultana et al. (2019) found the growth parameters L∞ and K as 97.60cm and 0.33/year, respectively for another large growing catfish, Arius thalassinus in Bangladesh. Rao et al. (2024) observed L∞ 19.42 cm and K value 0.55/year for the endemic catfish Rita Kuturnee in Godavari River, Andhra Pradesh, India. 	Comment by User: enter the Rn value
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Fig. 2. VBGF plot of S. Seenghala generated in ELEFAN Response Surface Analysis
Recruitment pattern
S. seenghala showed a throughout-the-year recruitment pattern with the highest recruitment in the months of April and May (17.7%) and lowest recruitment in December (1.1%) (Fig.3). Mohale (2023) reported recruitment of the large freshwater catfish W. attu peaked in the months of June and July in Bhadar Reservoir, Gujrat. Bashar et. al (2021) reported the recruitment pattern was throughout the year with two pick-events, during May and September for the catfish Eutropichthys vacha in Kaptai Lake, Bangladesh. Chirwatkar et al. (2021) found throughout the year recruitment for the catfish Arius arius in Hooghly Matlah estuary, West Bengal with two peak recruitments in a year, the first one from March to April and the second one from August to October. 
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Fig.3. Monthly recruitment pattern in S. seenghala
Probability of Capture
[bookmark: _Hlk207569270]The probability of capture curve of S. seenghala showed that fish below 100 mm had a very low capture probability. The L25, L50 and L75 values were found to be 78.2, 105 and 165.1mm, respectively (Fig. 4). Kurup et al. (2008) reported the L25, L50 and L75 of the cyprinid Puntius denisonii as 82.11mm, 86.16mm and 90.32mm, respectively, in Kanjirapuzha River, Kerala. Chirwatkar et al. (2021) observed value of L50 as 56.60 mm for A. arius in west Bengal, Das et al. (2025) found L50 value of M. gulio as 118.48 mm and 89.42 mm for M. cavasius in river Ganga. Bashar et al. (2021) reported L25, L50 and L75 values of E. vacha as 19.82 cm, 20.65 cm and 21.54 cm, respectively, in Kaptai Lake, Bangladesh. 


[image: ]
Fig.4. Probability of Capture curve of S. seenghala
Mortality rates
[bookmark: _Hlk203302232]The length-converted catch curve of S. seenghala (Fig. 5) with the, y-axis the natural logarithm of the number of fish per time interval (ln(N/dt)), and the x-axis the relative age (years-t₀) showed the descending straight-line portion (black dots) corresponded to the exploitable population, and its slope estimated total mortality (Z = 0.62), natural mortality (M = 0.30) and fishing mortality (F = 0.32). Das et al. (2025) reported total (Z), natural (M), and fishing (F) mortalities for the catfish M. cavasius as 0.68 yr−1, 0.33 yr−1, and 0.35 yr−1 respectively, from the lower stretches of the River Ganga. Sultana et al (2019) reported total mortality (Z) rate of A. thalassinus as 1.63 year-1, natural mortality (M) 0.62 yr−1, while fishing mortality (F) as 1.02 yr−1 in Bay of Bengal. Sikha et al. (2023) reported the total mortality (Z), fishing mortality (F) and natural mortality (M) rates as 2.51 yr−1, 1.27 yr−1 and 1.24 yr−1 for the murrel Channa striata from River Sutlej, Punjab.
[image: ]
Fig.5. Length-converted catch curve of S. seenghala
Length of maximum exploitation
The length-based Virtual Population Analysis (Fig.6) showed that the higher fishing mortality was in length class of 950 to 1100 mm with the peak in the length class of 1050 mm. Benjamin and Kurup (2012) showed highest fishing mortality (F) in the size group of 145-175 for Dolphin fish, Coryphaena hippurus at southwest coast of India. (Goswami and Devraj, 1992), observed the length of maximum exploitation in W. attu caught from the bheels of Assam as 136.16 cm. The largest exploited individual of S. seenghala encountered in our study was of length 110.25 cm. Pargi et al. (2023) observed highest fishing mortality for W. attu at a length between 80 and 90 cm in Bhadar Reservoir, Gujrat.
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Fig.6 Length-based Virtual Population Analysis (VPA) plot of S. seenghala
Exploitation rates 
The yield per recruit (Y′/R) plot of S. seenghala (Fig. 7) showed that the Y′/R rises with E, peaking at E = 0.42 (maximum permissible exploitation, Eₘₐₓ), while biomass per recruit (B′/R) declined steadily, dropping below the critical 0.5 level at E = 0.32 (E₀.₅). The optimal point (Eₒₚₜ) lied between these balancing yield and sustainability. Bashar et al. (2021) observed the Emax as 0.45 for the catfish E. vacha in Kaptai Lake from Bangladesh. Rahman et al. (2024) found the Emax at 0.421/year for the catfish M. gulio in the coastal waters of southwestern Bangladesh. Ramulu et al. (2022) observed that the estimated exploitation rate (E) for the cyprinid Dawkinsia filamentosa as 0.43/year in Thamirabarani River, eastern slope of Western Ghats, South India.
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Fig.7. Y’/R plot of S. seenghala in the present study

Food and Feeding Habits
Relative gut length (RGL)
The Relative Gut Length (RGL) values in S. seenghala (Fig.8) ranged from 0.1 to 1.5, with the maximum number of fish falling in the 0.5–1.0 range; indicated a dominant carnivorous feeding habit. A smaller proportion lied in the 0.1–0.5 range, further supported carnivory. The minimum representation was in the 1.0–1.5 range (mean value 0.70), suggesting very few individuals had longer guts typical of omnivores or herbivores. This confirmed S. seenghala as a predominantly carnivorous species. Arif (2012) found the gut length /total body length ratio in different size groups of S. seenghala collected from Gomti River (Uttar Pradesh) varied from 0.74 to 0.87. Gupta and Banerjee (2014) observed the RGL value of the catfish M. tengara from Baruipur wetland West Bengal, varying from 0.78 (length group 6-7 cm) to 0.97 (length group 11-12 cm).  

Fig.8: Length weight relationship of S. seenghala
Index of Preponderance (IP) of gut contents
Monthly Index of Preponderance (IP) of gut contents in S. seenghala (Fig.9) revealed a predominantly carnivorous and opportunistic feeding pattern, with a diet mainly composed of mollusc (max. 71.6% in October) and fish (max. 52.7% in March). The pattern also showed increased insect intake in winter (up to 42.1% in November), while February showed peak annelids (83.4%). Minimal presence of algae, plant matter and mud indicated incidental intake. Overall, the species exhibited flexibility in diet based on prey availability across months.

Fig.9. Month-wise variation in Index of Preponderance (IP) of gut contents in S. seenghala
Index of Relative Importance (IRI) of food items
Monthly Index of Relative Importance (IRI) of gut contents in S. seenghala (Fig.10) showed insects as highest food in January (70%) and February (59%), followed by molluscs in October (62%), annelids in March (58%), fish in December (42%), Algae (51%) in December. Plant matter, animal matter and mud remained low but consistent, reflecting a preference for animal-based food during winter.  Renjithkumar and Roshni (2021) revealed crustacean (37.97%) as the most preferred food item followed by insects (13.97%), fish body parts and scales (11.77%) in the catfish M. oculatus from Western Ghats region of South India.

Fig.10.   Month-wise variation in Index of Relative Importance (IRI) of gut contents in S. seenghala
Gastrosomatic Index (GaSI)
Monthly values for Gastrosomatic index in S. seenghala (Fig.11) ranged from a minimum of approximately 3.1% in November to a maximum of about 4.7% in month of January, indicating fluctuation in feeding intensity. The values increased steadily from October to January, suggesting enhanced feeding during winter, followed by a slight decline in February and stabilization in March. Banik and Das (2022) reported the Mean values of GaSI for S. seenghala ranged from 1.67 (June) to 4.16 (February) in which river Gomati in Tripura. Sharma et el. (2018) observed the GaSI and feeding activity being highest in January 2017 and minimum in November 2016 for the snow trout Schizothorox richordsonii in Bhagirathi River, Tehri Garhwal.

Fig. 11 Monthly variation in Gastrosomatic index (GaSI) of S. seenghala
Hepatosomatic index (HSI)
Monthly values for hepatosomatic index of S. seenghala showed noticeable variation with the lowest values in December (0.77%) and the highest in January (1.88%) (Fig. 12). HSI gradually increased from October (0.78%) to November (1.05%), dropped slightly in December, then peaked sharply in January, indicating increased liver activity or energy storage, possibly linked to reproductive preparation. The values were slightly declined in February (1.25%) and remained similar in March (1.26%). Khonggain et al. (2017) reported the HSI of male and female Trichogaster fasciata in wetlands of West Bengal ranged from 0.669 to 1.351 and 0.808 to 1.397. 

Fig. 12 Monthly Variations in Hepatosomatic index (HIS) of S. seenghala
Gonado-Somatic Index (GSI)
The Gonado-Somatic Index (GSI) of S. seenghala (Fig.13) showed a gradual increase from October (0.19%) to March (1.28%), indicating progressive gonadal development. The lowest value was observed in November (0.16%). Ragheb (2016) reported the highest value of GSI for Chrysichthys auratus were in March for both sexes (0.49% ± 0.30 and 11.17% ± 9.65 for male and female). Ashwini et al. (2012) reported highest GSI in February and in March in the common carp Cyprinus carpio, indicating the peak spawning period of the fish during these months. Sarkar et al. (2017) recorded highest GSI values in the month of March for butter catfish O. Bimaculatus from different Rivers in India. 

Fig. 13 Month-wise variation in Gonado-somatic index GSI) in S. seenghala
Relationship between GaSI and GSI 
The Monthly relationship between the Gastrosomatic Index (GaSI) and Gonadosomatic Index (GSI) (Fig.14) revealed complementary pattern. From October to January, both indices gradually increased, indicating simultaneous investment in feeding and gonadal development. GSI peaked sharply in March (1.28), while GaSI also remained high (42.12) during the same month, suggesting that intensified feeding supports reproductive maturation. This parallel rise implies that enhanced energy intake (GaSI) fuels gonadal growth (GSI) during the pre-spawning phase.

Fig. 14 Monthly relationship between GaSI and GSI in S. seenghala
Morphological development of gonads
The morphological developments of gonads (Table1) were in commensurate with the findings of GSI, confirming that the peak spawning of S. seenghala is in the month of March. Gupta ana Banerjee (2013) also reported similar gonadal development in the catfish M. tengara from West Bengal, India.
Table 1: Morphology of gonads in different developmental stages in S. seenghala
	 Maturity Stages following Qasim (1973) and Qayyum and Qasim (1964a,1964b,1964c)
	Morphological Description of gonads

	
	Ovaries
	Testes

	Immature
	Pale, translucent
	Translucent, 

	Maturing 
	Pinkish in color and eggs are visible with naked eyes 
	Pale, pinkish

	Mature
	Yellowish, with full of eggs
	Turgid with blood capillaries,

	Spent
	Flaccid
	Flaccid and whitish in colour



Sex ratio
The overall sex ratio of S. seenghala showed highly skewed towards females (84.77%), with a female-to-male ratio of 5.56:1. The chi-square value (95.27) indicated a statistically significant deviation from the expected 1:1 ratio, suggested a strong reproductive bias or environmental influence. Sarkar et al. (2017) also reported dominance of females in the exploited catches of O. Bimaculatus from which river Ganga sub-mountain regions of India Molina (2016) reported the overall male: female ratio of the catfish M. vittatus from Padma River Bangladesh as 1:1.05. 


Length at First Maturity
Estimated length at first maturity (lm) of S. seenghala was 804 mm. The lm was observed to be higher than the length of first capture (L50) indicating potential growth overfishing of this species in Gomti River.  
Fecundity
The absolute fecundity of S. seenghala was observed to be 31221-59296, while relative fecundity was 13.57-16.94, Noor et al. (2024) reported the relative fecundity as 18474-55504 eggs/per kg of long-whiskered catfish M. aor from the Kaptai Lake of Bangladesh. Lam et al. (2023) reported the fecundity of the catfish M. mysticetus of Mekong Delta, Vietnam ranged from 4470-22457eggs/female to 4104-23651 eggs/female and also, the values increased with fish size.	Comment by User: It is better to provide a review and relate it to management and its impact on future stock availability.
Conclusion	Comment by User: should be adjusted to the order of research objectives so that it becomes more interesting
The present study comprehensively assessed key biological and population parameters of Sperata seenghala in the Gomti River. The findings of this study provide critical baseline data for S. seenghala, a vulnerable species, and supports the formulation of sustainable fisheries management strategies. Furthermore, it enriches the existing literature and online databases, serving as a reference point for future ecological and conservation research in the Gomti River and adjacent aquatic ecosystems. Though the length at first maturity (Lm) showed less values compared to length at first capture (Lc) and hence chances of overexploitation prevailed, the current exploitation rate (U) is less than Maximum exploitation rate (Emax) indicating that, despite intensive fishing activity, the population of S. seenghala remains within sustainable exploitation limits, underscoring the potential for informed conservation and resource management interventions.
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