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Abstract

The current study focused on the detailed data on stock assessments, including population
structure, growth parameters, mortality, recruitment pattern, exploitation rate (E), maximum
sustainable yield (MSY) and relative yield per-recruit of the commercially important small
indigenous fish, mola (Amblypharyngodon mola). In total, 410 specimens of A. mola were
collected through regular monthly intervals during January to December 2023, using the gill
net from the Chitra River, located in the plain region of Narail district, Bangladesh. Total
length (TT) and body weight (BW) of the collected A. mola specimens were measured using
the digital slide callipers and electronic balance. The asymptotic length (L) was estimated to
be 8.9 cm, and growth coefficient (K) was 0.67 year—'. The isometric value, b, was 3.1383,
which indicated the positive allometric growth. The growth performance index (¢)') was esti-
mated to be 4.02. The age at zero length (t) was 0.15 years and life-span (t...) was found to be
4.22 years. The estimated total mortality (Z), natural mortality (M) and fishing mortality (F)
were obtained to be 0.86, 1.03 and -0.19 year—', respectively. However, the negative fishing
mortality indicated minimal fishing pressure on the stock of A. mola. The recruitment was
observed throughout the year with two peak events during the months of July and October.
Length at first capture (L.) was 7.05 cm TL. The exploitation rate (F) was -0.19, where
the E... (exploitation rate producing maximum yield) was 0.42, suggesting under exploitation.
The MSY of the A. mola stock was estimated at 1.01 mt. The results obtained from this study
would be very useful to execute specific management for A. mola in the Chitra River. This
study 1s the first investigation on population dynamics and stock status of the economically
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important A. molafish in the Chitra River, the plain region of Narail, Bangladesh, the findings
of which would be helpful towards the fisheries management and biodiversity conservation of
this important fish species substantially.

Keywords: Amblypharyngodon mola, Population structure, Stock status, Growth parameters,
Exploitation rate, MSY, Fisheries management, Biodiversity conservation.

1. Introduction

The fisheries sector of Bangladesh contributes significantly to the national economy through
nutrition, employment, income generation and foreign exchange earnings. Currently, fisheries
account for approximately 3.57% of Bangladesh’s GDP and contribute around 1.249% to the
nation’s foreign exchange income. Among the different sub-sectors, inland fisheries play a
dominant role in sustaining the growth of Bangladesh's fisheries (Sunny et al, 2021). The
country’s inland water bodies harbor a rich variety of aquatic species, with about 267 freshwa-
ter fish species reported. During 2018-2019, inland capture fish production from rivers, beels
(natural depressions), floodplains, and Kaptai Lake were estimated at 3.25, 0.99, 7.81, and
0.11 lakh metric tons, respectively (Hasan et al., 2021). Inland fisheries account for nearly
84% of the country’s total fish production, placing Bangladesh third in global inland capture
production and fifth in aquaculture output (Shamsuzzaman et al, 2017). To evaluate the
health and status of fish populations, length-weight relationship (LWR) studies are widely
utilized (Mandal & Mandal, 2021). LWRs are fundamental tools in fishery biology, serving
various purposes such as converting length-based growth models into weight-based models,
assessing biomass, evaluating condition factors and conducting life-history comparisons across
geographic populations (Kuriakose, 2017; Falsone et al., 2022). Alongside, length-length re-
lationships (LLRs) also provide critical insights for fish stock assessments and management
strategies. These relationships are particularly valuable for understanding growth patterns and
the effects of overexploitation on native fish populations, especially those with conservation
concerns (Hossain et al., 2012; Alam et al., 2013). Understanding the growth dynamics of fish
1s essential for both theoretical research and practical applications, such as biomass estima-
tion, yield prediction and determining seasonal variations in condition indices (Hossain et al.,
2010). Several mathematical models (e.g., Beverton, 1966) have been developed to aid fish-
eries management by predicting potential yields and stock biomass at various exploitation
levels (Dadzie et al., 2017). These models depend on a wide range of biological parameters,
including growth, recruitment, mortality rates and yield-per-recruit estimates. Stock assess-
ment, which involves the collection, and analysis of biological and fishery data, 1s critical for
evaluating current stock conditions and projecting future trends under different management
scenarios (Cooper, 2006). Key parameters in stock assessment include age structure, fecun-
dity, natural and fishing mortality, spawning behavior, and habitat use, all of which guide sus-
tainable exploitation and conservation decisions.

Small Indigenous Fish Species (SIFS), defined as species with a maximum length of 25
cm, represent over 120 species in Bangladesh. These fishes contribute significantly to rural
nutrition and livelihoods but face increasing threats from overfishing, habitat destruction and
pollution (Alam et al., 2013; Samad er al., 2021). Among these, A. mola, a cyprinid fish widely
distributed across South Asia including Bangladesh, India, Pakistan, Myanmar and Afghani-
stan 1s of particular importance (Coad, 1981; Talwar and Jhingran, 1991). This species 1s
highly valued in artisanal fisheries due to its palatability and high nutritional content, being
rich in protein, iron, zinc, calcium and essential vitamins (Zafri and Ahmed, 1981; Roos et
al., 2007; Kongsbak et al, 2008). It is also utilized as an ornamental fish (Gupta & Banerjee,
2015). In Bangladesh, A. mola serves as a vital source of micronutrients for rural communi-
ties, particularly for women and children. Although not currently listed as threatened in the
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IUCN Red List (IUCN Bangladesh, 2000), its populations face risks due to environmental
degradation and seed availability issues. Given these concerns, sustainable management of A.
mola in natural habitats 1s crucial. This study was conducted in the Chitra River to assess the
stock status of A. mola, aiming to inform effective conservation and management strategies.

2. Materials and Methods
2.1. Study Area and Sample Collection

A total of 410 individuals of A. mola were collected monthly from January to December 2023
(Table 1) in the Chitra River, located in the Narail district of Bangladesh (Figure 1). Speci-
mens were obtained from local fishers using standard fishing techniques, primarily with cast
nets (mesh size: 1.0-2.0 cm) and gill nets (mesh size: 1.5-2.5 cm). Following collection, the
fish were immediately chilled on-site and subsequently transported to the laboratory at Ja-
shore University of Science and Technology. In the lab, the specimens were preserved in 10%
ethanol for further morphometric analysis.

2.2. Morphometric Measurements

Total length (TL, cm) of each fish was measured using a digital caliper, while body weight
(BW, g) was recorded with an electronic balance. The precision for TL and BW measure-
ments was 0.01 cm and 0.01 g, respectively. These length measurements were utilized in the
FAO-ICLARM Stock Assessment Tools IT (FISAT II; Gayanilo and Pauly, 1997) and Trop-
FishR package in R (Mildenberger et al., 2017) for stock assessment. All sample collection
and measurement procedures adhered to ethical guidelines approved by the Agricultural Re-
search Institute (ARI) and were overseen by the Bangladesh Fisheries Research Institute

(BFRD).
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Figure 1. Map, showing the location of the study area (red- marked circle indicates sampling
point) for A. molain the Chitra River, Bangladesh

2.3. Analysis of Growth Patterns

Growth form was analyzed using the power function equation: BW = a x (T'L)"b. Logarithmic
transformation of the data yielded the linear equation In (W) =In (a) + b x In (). Linear



34 Rahman et al /J. Biol. Stud. 9(2): 31-46 (2026)

regression analysis was applied to estimate the constants "a" and "b". Outliers were excluded
following (Froese, 2006). A t-test was performed to determine whether the growth pattern was
isometric (b = 3) or allometric, based on the method outlined by (Sokal and Rohlf, 1987).

2.4. Estimation of Growth Parameters

Length-frequency data (LFD) collected monthly, were analyzed using FISAT II software (Ga-
yanilo et al., 1996). The Powell-Wetherall method (Powell, 1979; Pauly, 1984; Wetherall,
1986) was initially used to estimate the asymptotic length (L) and the Z/K ratio, where Z. is
total mortality and K is the growth coefficient. These parameters were refined using the ELE-
FAN I algorithm and TropFishR in R (Mildenberger er al., 2017). Gear selectivity was cor-
rected using a probability capture model to improve the accuracy of growth parameter esti-
mation.

Preliminary estimates of K and Lo were used to construct a length-converted catch curve
and evaluate fishing gear selectivity. The corrected LFD was re-analyzed to obtain more pre-
cise values of K and Lee (Gayanilo et al,, 2002, 2005). The theoretical maximum age (t..) was
calculated using the equation of Froese and Binohlan (2000): log tu. = 0.5496 + 0.957 % log
(t.), and age at zero length (tp) was estimated using Pauly’s (1980) formula: log (-tg) = -0.3922
-0.2752 log L. - 1.038 log K. Growth performance index ((3') was calculated using the equa-
tion: @' =loguK + 2 logu L~ (Pauly and Munro, 1984).

2.5. Capture Probability Estimation

Catch-curve analysis following Sparre (1987) was used to estimate capture probabilities by
back-calculating fish numbers in the absence of gear selectivity.

2.6. Length at Recruitment

Seasonal recruitment patterns were assessed through back-calculation methods — using the
von Bertalanffy Growth Function (VBGF). The model inputs included the growth parameters
L., K, and amplitude of recruitment (C). Monthly sample frequency data were aligned over
time as per Moreau and Cuende (1991) to generate recruitment curves.

2.7. Stock Assessment

The length-converted catch curve method (Gayanilo er al., 2002, 2005) was applied to esti-
mate total mortality (7). Natural mortality (M) was calculated using Pauly’s empirical formula
(Pauly, 1980) as follows:

login M = -0.0066 - 0.279 logw o2 + 0.6543 logw K + 0.0463 log. T

where, T 1s the average water temperature, measured at 27°C, with a range from 26°C to 28°C.
Fishing mortality (F) was determined by subtracting M from Z (F = Z - M), and exploitation
rate () was calculated as E = F/Z.

The optimum exploitation levels Emax (maximum vyield), E.. (10% of virgin biomass),
and Eo (50% of virgin biomass) were derived using Beverton and Holt’s (1966) yield-per-
recruit model. From these values, the recommended length at first capture (L) was deter-
mined, and yield curves were generated to assess the effect of varying exploitation and L./L~
ratios.

2.8. Estimation of Maximum Sustainable Yield (MSY)
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Relative yield per recruit (Y'/R) and biomass per recruit (B'/R) were calculated in FiISAT II,
using the updated model of Pauly and Soriano (1986). Steady-state biomass (SSB) was esti-
mated through Virtual Population Analysis (VPA) using TropFishR (Mildenberger et al.,
2017). This approach translated fish numbers to biomass based on LWR parameters for each
length class. The MSY was calculated using the formula:

MSY = 0.5 x SSB x Z (Gulland, 1983; revised by Garcia, 1985).
2.9. Statistical Analysis

All statistical analyses were performed using the TropFishR package in R, FiSAT II software,
and Microsoft Excel (DDXL add-in). Natural mortality (M) estimates were cross-validated
using various models available in the Natural Mortality Estimator (NME) tool.

3. Results

3.1. Growth types

The length-weight relationship of A. mola in the Chitra River was determined as W =
0.006TL3°12% (Figure 2), based on monthly measurements (Table 1). This equation was used
to convert length data into weight, resulting in an estimated spawning stock biomass (SSB) of
1.23 metric tonnes.

Table 1. Descriptive statistics on the total length (cm) and body weight (g) measurements of
A. mola, collected monthly from January to December 2023 in the Chitra River, Narail,

Bangladesh.

Month n Total length (cm) Body Weight (g)

Min Max Mean + SD Min Max Mean + SD
January 30 5.2 7.6 6.40 £ 1.96 4.52 5.12 4.12+1.13
February 25 4.5 6.7 5.60 + 1.56 3.09 5.54 4.43 + 1.56
March 26 5.8 7.9 6.85 + 1.48 4.88 6.86 5.87 +1.40
April 50 6.3 8.2 7.25 +1.34 4.43 7.21 6.32 + 1.26
May 29 5.6 7.1 6.85 + 1.67 4.57 6.34 5.95 +1.95
June 31 5.3 8.1 7.70 + 1.97 4.23 7.05 6.64 + 2.82
July 45 6.9 8.8 7.45 + 291 4.56 8.87 7.29 +7.10
August 42 6.8 7.7 6.75 +2.75 5.76 7.09 6.42 + 1.76
September 38 5.5 7.3 6.30 £ 2.54. 4.45 7.56 590+ 1.19
October 34 5.3 8.2 7.10£1.13 5.37 7.89 6.13 + 1.07
November 31 6.5 7.8 6.65 £ 1.62 5.93 8.52 7.22 +1.83
December 29 7.4 7.8 7.60 £1.13 4.72 7.38 6.05 + 1.88

3.2. Growth parameters

Using the Powell-Wetherall method, initial estimates of A. mola growth parameters were L-
=12.3 cm and Z/K = 1.66 (Figure 3). The K-scan method refined these estimates, yielding L-
=8.92 ecm and K = 0.67 year™! (Figure 4, Table 2). The von Bertalanffy Growth Curve
(VBGC) was fitted to the length-frequency data, as shown in Figure 4. The growth perfor-
mance index (¢3’), maximum lifespan (tmayx) and age at zero length (to) were estimated at 4.02,
4.22 years and 0.15 years, respectively (Table 2).
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Figure 2. Length-weight relationship and growth pattern of mola fish (A. mofa) in the Chitra
River, Narail, Bangladesh.
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Figure 3. Powel-Wetherall plot for the length frequency data of A. mola in the Chitra River.
Black dots are exploited samples. Solid black symbols are exploited samples that are used
in the regression which provides asymptotic TL of 12.3 cm and 7Z/K of 1.66.
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Table 2. Growth and reproduction parameters (L. K, tuw. ¢ and t), mortality (Z, M and F)
and fishery parameters (E, L.and MSY) of A. mofa (Hamilton, 1822) in the Chitra River,

Bangladesh.
Description of parameters Values
Growth parameters
Asymptotic length (L-) 8.92 em TL
Growth coefficient (K) 0.67 year'
Lifespan (tu.) 4.22 year
Growth performance indexes (() 4.02
Age at zero length (t) 0.15 year
Mortality parameters
Total mortality (7) 0.86 year"
Natural mortality (M) 1.03 year®
Fishing mortality (F) -0.17 year'
Fishery parameters
Exploitation rate (E) -0.19
Exploitation rate producing maximum vield (Eu.) 0.421
Exploitation rate upon which the secondary rise of Y'/R is 10 percent of its virgin 0.355
biomass (Fa.)
Total length at first capture (L) 7.05 em TL
Steady state biomass (SSB) 1.23 metric ton
Maximum sustainable yield (MSY) 1.01 metric ton
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Figure 5. Von Bertalanfly growth curve of A. mola (TL.=8.92 cm, K = 0.67 year") as super-
mmposed on the restructured total length-frequency histogram.
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3.3 Length at recruitment of A. mola

The recruitment pattern of A. mola 1in the Chitra River was constant over the year and the
major two peaks were identified during July and October (Figure 6).

10 b

Recruitment (%)

0

— One Year —— |

Figure 6. Recruitment pattern of A. molain the Chitra River, Bangladesh from January to
December 2023.

3.4. Stock assessments of A. mola

The total instantaneous mortality (Z) of A. mola in the Chitra River was estimated at 0.86
year”! based on the length-converted catch curve analysis (Figure 7). At an average water tem-
perature of 24°C, the natural mortality (M) was calculated as 1.03 year™. Consequently, the
fishing mortality (F) was negative (-0.17 year™!), indicating very low or negligible fishing pres-
sure on the stock (Table 2, Figure 7).
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Figure 7. Length-converted catch curve of A. molain the Chitra River.
3.5. Maximum sustainable yield (MSY) of A. mola

The maximum relative yield-per-recruit (Y'/R) for A. mola in the Chitra River was observed
at an exploitation rate (E..) of 0.421 (Figures 7 and 8), with corresponding Eg.1 and Eg.5
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values of 0.355 and 0.278, respectively. The knife-edge selection model assumed individuals
below the length at first capture (L) avoid the net, with a L/L- ratio of 0.080, used for con-
structing the yield isopleths. The isopleths plot suggested optimal fishing at £ = 0.19 and L/L-
= (0.050 (Figure 9). The current exploitation rate (~0.20) indicates that A. molais not overex-
ploited in the river. The optimal length at first capture (Lcsg) was estimated at 7.05 cm (Figure
8). This estimation is based on a length-structured virtual population analysis (VPA) that was
conducted using the FISAT software, with the results presented in Figure 10. II, the total
spawning stock biomass (SSB) was approximately 1.23 metric tons, with the maximum sus-
tainable yield (MSY) estimated at 1.01 metric tonnes if Lc = 7.05 ¢m 1s maintained.
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Figure 8. Yield-per-recruit and average biomass per recruit models, showing levels of yield
index in A. mola in the Chitra River, Bangladesh.

Figure 9. Yield Isopleths, showing optimum fishing activity both in terms of fishing effort
and size of first capture of A. mola in the Chitra River, Bangladesh.
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4. Discussion

Stock assessment 1s a core component of fisheries science, used to evaluate the status of fish
populations and predict the outcomes of various management strategies. It helps estimate key
biological parameters such as growth, recruitment, mortality, exploitation rates and maximum
sustainable yield (MSY), thereby supporting effective fisheries management decisions (Hil-
born and Walters, 1992; Jennings er al,, 2001).

In this study, a significant number of A. mola specimens were sampled year-round using
conventional fishing gears from the Chitra River. The total length (TL) of sampled individuals
ranged from 4.5 to 8.8 cm, with 8.8 cm being the maximum length observed— exceedingly
previously reported maximum lengths for this species in various rivers of Bangladesh and the
Indian subcontinent (Hossain et al., 2010; Sarker et al, 2013; Islam et al., 2017; Nawer et al.,
2018). This suggested that the Chitra River population may reach larger sizes under prevailing
environmental and ecological conditions.

The length-weight relationship (LWR) for A. molafollowed the equation W = a-1/\b, with
a coefficient a of 0.006 and allometric exponent b of 3.133. The b value, falling within the
expected biological range (Carlander, 1969; Froese, 2006), indicates positive allometric
growth, 1.e., weight increases at a faster rate than length. This finding aligns with some previous
studies (Das et al, 2024), particularly for females and combined sexes, but contrasts with
other studies reporting isometric or negative allometric growth (Sani er al,, 2010; Dewvi ef al.,
2016; Ahmed et al., 2017; Hasan et al., 2020). Such discrepancies can result from differences
in habitat, seasonal variations, maturity stages, food availability and sampling methods (Hoss-
ain, 2016). On the other hand, the estimated r? value in our study was 0.538, which is low
compared to similar studies, indicating sample bias, seasonal variation, or gear selectivity 1s-
sues (Mackinson, 2000; Hiddink and Jennings, 2005; Brouwer and De Roos, 2009; Kraak
and Deriso, 2014; Shakya and Chhetri, 2021).

The coefficient of determination (r2) for the LWR was 0.538, suggesting a moderate cor-
relation between length and weight. This value 1s lower than those reported in several other
studies (Hossain et al., 2009; Islam et al., 2017; Nawer et al., 2018), possibly due to variability
in environmental conditions or limitations in sampling smaller and larger individuals during
the study.
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Growth parameters estimated using the von Bertalanffy Growth Function (VBGF) showed

an asymptotic length (L) of 8.92 cm and a growth coefficient (K) of 0.67 year™!. These esti-

mates were derived from Powell-Wetherall and K-scan methods. The model fitted well to the

length-frequency data without seasonal oscillation, as was also noted by Ahamed er al. (2012).

The estimated age at zero length (to) was 0.15 years, and maximum life span (tyax) was calcu-

lated as 4.22 years, indicating a relatively short-lived species. Growth performance index (¢)')

was 4.02, consistent with findings by Azadi and Mamun (2009) and supports the suitability of

the Chitra River environment for A. mola growth. Similar results were also obtained by
Memon et al. (2017) in siluroid catfish (Zutropiichthys vacha) from Indus River, Pakistan.

Recruitment analysis revealed bimodal peaks in July and October, suggesting year-round
spawning activity with distinct recruitment pulses. Although there is limited literature available
for comparison, similar patterns are likely influenced by temperature, food availability and

habitat quality (Chot ef al, 2005; Sarmin et al., 2022).

Mortality analysis showed total mortality (Z) at 0.86 year™! and natural mortality (M) at
1.03 year™!, resulting in a negative fishing mortality (F = -0.17 year™), indicating minimal fish-
ing pressure on the stock. Similar to our results, several studies addressed that when a fish
population is under a very low level of fishing effort (i.e., fishing pressure is negligible), it might
be theoretically represented as showing negative fishing mortality in models. However, this 1s
typically interpreted as an indication that fishing has negligible impact rather than an accurate
representation of mortality (Punt and Hilborn, 1997; Restrepo and McAllister, 2001; Sains-
bury and Campbell, 2001; Maunder and Deriso, 2003; Froese and Pauly, 2022). This con-
trasts with studies from other inland water bodies (Mustafa et al., 2008), where higher fishing
mortalities were observed. The exploitation rate (E) in the Chitra River was calculated at ap-
proximately 0.20, well below the estimated E... of 0.42, indicating that the stock 1s currently
underexploited. Relative yield-per-recruit analysis further revealed that maximum yield oc-
curred at E = 0.42. Azadi and Mamun (2009) also found similar results in their investigation
of A. mola from Kaptai Lake, Bangladesh.

‘While A. molais listed as a species of least concern, our findings suggest it is not abundant
in the Chitra River and may face ecological threats that could contribute to population dechine.
Therefore, conservation and management efforts are necessary to sustain this population.
Recommended measures include enforcing mimimum mesh size regulations, ensuring gear
selectivity, restricting harvest during peak spawning periods and protecting spawning grounds.

Although this study focuses primarily on the biological aspects of stock assessment, future
research should incorporate environmental and socio-economic factors. Effective fisheries
management should consider fishers’ livelihoods, economic efficiency and ecosystem sustain-
ability (Hilborn & Walters, 1992). Integrated management policies targeting both ecological
and human dimensions are essential for the long-term conservation of A. molain the Chitra
River and similar inland aquatic systems across Bangladesh.

5. Conclusion

This study evaluated the growth dynamics, mortality, recruitment, exploitation and stock sta-
tus of A. mola in the Chitra River, Bangladesh. Our findings underscore the significance of
sustaining lower exploitation rates to ensure the long-term viability of the A. mola population.
Increasing fishing effort could pose significant risks to this species, given its ecological vulner-
abilities and the potential for overfishing. Therefore, our recommendations focus on promot-
ing sustainable fishing practices, continuous monitoring of stock health, that prioritize conser-
vation and sustainable management of A. mola in natural habitats. Given the added pressure
of climate change, the adoption of adaptive, science-based management strategies is also cru-
cial.
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