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Abstract. The Indian river shad, Gudusia chapra, is a well-known species of potamodromous fish belonging to
the Clupeidae family. The main focus of this study is to state the sex ratio, growth pattern, length-length
relationship, form factor, Fulton’s condition factor and relative weight of G. chapra harvested from the Rupsha
River (south-west Bangladesh). Altogether 300 specimens (male=166 and female=134) were harvested with the
help of commercial fisher folks on seasonal basis (summer, rainy and winter) during 2022. Body weight and
length of individual specimen were recorded with digital balance and measuring board. Total length varied
between 12.7 to 16.5 cm for males and 13.0 to 17.3 cm for females. Further, body weight ranged between 15.82
to 42.48 g for male and 18.36 to 46.65 g for female. As a whole, both sexes revealed positive allometric growth
pattern (b>3.00). Moreover, the length-length relationships were found highly correlated for both sexes. The
estimated form factor was 0.0087 indicated fusiform body shape for G. chapra population. The mean Fulton’s
condition factor was recorded close to 1 indicated a pleasant health condition for this species. Further, mean
relative weight revealed a sound ecological atmosphere regarding prey-predator status. The research outcomes
would be helpful to execute a sound management policy in the Rupsha River and connected ecosystem in the
south-west Bangladesh.
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Introduction

Data regarding on sex ratio provides vital evidence to estimate reproductive potential of a
fish population (Khatun et al. 2018). Additionally, knowledge about length-frequency
distribution (LFD) is essential to specify the recruitment pattern and mortality of a fish
species in a particular aquatic ecosystem (Neuman and Allen 2001). Likewise,
information on length-weight relationship (LWR) is indispensable for assessing the life
history traits of a single species dwelling in varied geographic arena (Hossain et al. 2013,
Rahman et al. 2019, Rahman et al. 2020, Asadujjaman et al. 2022, Samad ef al. 2021). In
order to estimate the biomass of a certain fish species, LWR data are frequently used
(Khatun et al. 2018). Length-length relationship (LLR) is a crucial population parameter.
Various eco-physiological characteristics of fish are length dependent (Hossain et al.
2006, Sabbir et al. 2021, Islam et al. 2021). Furthermore, information regarding on LLR
is a frequently used technique for stock assessment program (Ahmed et al. 2020).
Typically form factor (a;,) is a numerical index assumes the probable body shape of a
teleost fish (Froese 2006). However, condition factor is used to estimate the health
condition and maturity status of a fish in a specific aquatic ecosystem (Le Cren 1951;
Sabbir et al. 2020). The higher condition index indicates the superior health status of a
fish. Conversely, relative weight (W3) is a frequently used technique to denote the
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environmental condition of a specific fish population considering prey-predator status
(Froese 2006).

The Indian River shad, Gudusia chapra is a prominent potamodromous species under
Clupeidae family (Riede 2004). This clupeid fish is found abundantly in Bangladesh
(Rahman 1989), Nepal (Shrestha 1994), India (Menon 1999) and Pakistan (Mirza 2002).
This species is locally called Chapila in Bangladesh and serve as an important source of
protein for the rural fisher folks. This fish commonly inhabits in the surface water and use
a wide variety of feed item like phytoplankton, debris and zooplankton (Sheikh et al.
2017). Besides, this species attains sexual maturity at around 9.13 cm in total length
(Hossain ef al. 2021) and typically spawns twice (May and October) in a year (Mondal
and Kaviraj 2010). The total catch of G. cahapra is fulfilled from natural sources and
consequently, the wild stock is gradually declining due to over fishing (Sabbir et al.
2022). Already numerous research works have been conducted on G. chapra including
biometric indices and population biology (Hossain et al. 2021, Sheikh et al. 2017), food
and feeding habit (Mondal and Kaviraj 2010, Phukan et al. 2012) and reproductive
biology (Ahmed et al. 2007, Ahamed et al. 2014, Basumatary et al. 2016, Narejo et al.
2006, Mondal and Kaviraj 2010). Nevertheless, biometric information about G. chapra is
limited from the Rupsha River, Southwest (SW) Bangladesh. Therefore, the current
research has been conducted to discover the biometric indices of G. chapra harvested
from the Rupsha River ecosystem, SW Bangladesh, including sex ratio, length frequency
distribution (LFD), length-weight relationships (LWR), length-length relationship (LLR),
form factor (a;,), Fulton’s condition factor (Kr) and relative weight (Wgy).

Materials and methods

Sampling: A total of 300 specimens (Male, n=166 and female, n=134) of G. chapra were
collected from commercial fishermen on seasonal bases (i.e., summer, April; rainy,
August; and winter, December) during 2022 from the Rupsha River (latitude,
22°35'58.11"N and longitude, 89°31'4.65"E), SW Bangladesh. Specimens were sampled
using mainly gill net. Males and females were separated by microscopic observation of
gonad.

Population structure: Lengths (total length, TL; fork length, FL; and standard length,
SL) and body weight (BW) of the experimental specimens were recorded with measuring
board and digital scale. TL data set were arranged considering 1 cm intervals to observe
the LFDs of G. chapra population. Besides, growth pattern (b) was studied as LWRs; W=
axL’, where W represents BW (g) and L is the TL (cm) (Le Cren 1951). Furthermore,
linear regression analysis was conducted to assess the LLRs.

Form factor: Calculation of form factor (a;,) was accomplished as a;,=10"¢ “**¥,
where S is the regression slope of /n a vs. b.

Estimation of Kr and W5: The value of K was derived following the equation of Fulton
(1904) as developed, Kz=100x(W/L’), where W postulates the BW and L indicates the
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TL. Additionally, W was assessed with the equation of Froese (2006) as described,
Wr=(W/Ws)*x100, at this point Ws denotes the standard weight (Ws=axL") for the
experimental specimen.

Data analysis: Microsoft® Excel-add-in-DDXL software was used to evaluate the
experimental data. In order to evaluate the sex ratio, Chi-square test was applied.
Wilcoxon signed rank test was done with GraphPad Prism 6.5 software to assume the
relationship between Wy and 100 (Anderson and Neumann 1996). Data analysis was done
with 5% significance level.

Results
Sex ratio: All together 300 (Male, n=166 and female, n=134) specimens were sampled
during the study period. As a whole sex ratio did not deviate statistically (male:
female=1:0.81) from the predicted 1:1 ratio. Further, the seasonal sex ratio indicated that

males were dominated during the three seasons (Table I).

Table 1. Seasonal deviation of sex ratio of the Gudusia chapra from the Rupsha River

Number of specimens Sex ratio Vi Significance

Seasons Male Female Total (Male:Female) (dr=1)

Summer 58 42 100 1:0.72 2.56 NS
Rainy 53 47 100 1:0.89 0.36 NS
Winter 55 45 100 1:0.82 1.00 NS

Total 166 134 300 1:0.81 341 NS

Note: df, degree of freedom; NS, not significant at 5% significance level (y 2>y %1 0.05=3.84).

Population structure: The LFDs of G. chapra exposed that TL varied from 12.7 to 17.3
cm for the pooled data set. Additionally, LFDs denoted that 15.00-15.99 cm TL group
was found numerically exceeding for both male and female population (Fig. 1). Further,
the BW varied from 15.82 to 42.48 g for male and 18.36 to 46.65 g for female individuals
(Table II).

Table II. Statistics on TL and BW measurements of Gudusia chapra from the Rupsha River

Seasons  Sex n TL (cm) BW (g)

Min Max  Mean £+ SD 95% CL Min Max Mean £+ SD 95% CI

Summer M 58 134 16.5 14.47+0.79 14.26-14.68 1857 4248  26.86+590  25.31-28.41
F 42 13.7 169 1531+£0.74 15.08-15.54 25.10 44.52  33.80+4.82 32.30-35.30
Rainy M 53 13.5 16.5 1526+0.83  15.03-15.49 2345 41.73  33.10+4.92 31.74-34.45
F 47 13.4 16.5 15.47+0.61 15.29-15.65 2238  41.62  35.40+3.79  34.29-36.51
M 55 12.7 16.0 14.23+095 13.97-1448 1582  38.12  25.08+6.33 23.37-26.79

F 45 13.0 173 15.15+£1.12  14.81-1549 1836  46.65  32.46+£7.90  30.09-34.84

Winter

Notes: n, sample size; M, male; F, female; TL, total length (cm); BW, body weight (g); min, minimum; max, maximum;
SD, standard deviation; CL, confidence limit.
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Fig. 1. LFDs of Gudusia chapra harvested from the Rupsha River, SW Bangladesh.

The present study further specified that both male and female exposed positive
allometric growth pattern (b>3.00) (Fig. 2). However, female exposed isometric growth
pattern (6=3.00) during summer and rainy season (Table III). All LWRs were found
highly correlated for both sexes (Table III). Moreover, the LLRs (TL vs. FL and TL vs.
SL) displayed strong correlations for both sexes (Figs. 3 and 4).
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Fig. 2. Relationships between TL and BW between sexes of Gudusia chapra collected from the

Rupsha River, SW Bangladesh.
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Table III. Descriptive statistics of the length-weight relationships (BW=axTL") of the
Gudusia chapra collected from the Rupsha River

Regression 95% CL of 95% CL of r GT
Seasons Sex n parameters a b
a b
M 58 0.0008 3.36 0.0005-0.0015 3.20-3.52 0.957 +A
Summer F 42 0.0110 2.94 0.0073-0.0166 2.79-3.09 0.975 I
C 100 0.0014 3.27 0.0009-0.0021 3.18-3.35 0.955 +A
M 53 0.0194 2.73 0.0121-0.0311 2.55-2.90 0.951 -A
Rainy F 47 0.0165 2.80 0.0089-0.0304 2.58-3.02 0.934 |
C 100 0.0162 2.80 0.0108-0.0243 2.65-2.95 0.935 -A
M 55 0.0015 3.37 0.0008-0.0027 3.24-3.41 0.954 +A
Winter F 45 0.0042 3.28 0.0023-0.0079 3.05-3.51 0.951 +A
C 100 0.0019 3.41 0.0012-0.0028 3.36-3.57 0.956 +A

Note: a, intercept; b, slope; GT, growth type; +A, positive allometric growth; -A, negative allometric growth.
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Fig. 3. Relationship between TL vs. FL of Gudusia chapra collected from the Rupsha River.
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Fig. 4. Relationship between TL vs. SL of Gudusia chapra collected from the Rupsha River.

Form Factor: The form factor (a;,) was recorded 0.0087 for G. chapra indicated
fusiform body shape.

Estimation of Kr and Wjy: The peak Ky value was recorded for male in summer and
winter season (1.01). Further, minimum K value for male was found in winter (0.74).
For female population, both higher (1.04) and lower (0.82) K value was recorded during
winter season (Table IV; Fig. 5). However, the higher Wy value was documented in
summer (116.4) and the lower value was recorded in winter (87.2) for male population.
On contrary, lower (92.7) and higher (113.2) Wy values were known in winter season for
female community. Additionally, Wilcoxon sign rank test revealed no significant
difference (P=0.25) between W and 100 for both sexes (Table V; Fig. 6).

Table IV. Statistics of K measurements for Gudusia chapra in the Rupsha River

Fulton's condition factor (Kg)

Seasons Sex n Min Max Mean+SD 95% CL
M 58 0.77 1.01 0.87+0.06 0.86-0.89
Summer F 42 0.89 0.99 0.94+0.02 0.93-0.95
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Rain M 53 0.84 1.01 0.93+0.03 0.92-0.94
Y F 47 090 1.02 0.95+0.03 0.94-0.96
Winter M 55 0.74 0.98 0.85+0.06 0.84-0.87
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Fig. 5. Seasonal variations of mean Kr of Gudusia chapra collected from the Rupsha River.

Table V. Statistics on W, measurements of the Gudusia chapra in the Rupsha River

50

Seasons  Sex n Relative Weight (W3)
Min Max Mean+SD 95% CL
Summer M 58 96.5 116.4 103.89+4.70 102.65-105.12
F 42 95.4 105.6 100.21+£2.29 99.50-100.92
Rainy M 53 91.6 105.5 99.48+3.41 98.54-100.42
F 47 94.7 106.5 99.88+3.04 98.99-100.77
Winter M 55 87.2 112.8 98.54+5.21 97.13-99.95
F 45 92.7 113.2 101.79+5.70 100.08-103.50
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Fig. 6. Seasonal variations of mean W; of Gudusia chapra collected from the Rupsha River.
Discussion

Data regarding on population parameters are prerequisites to ensure sound conservation
program for wild fisheries resources in their natural ecosystem (Chowdhury et al. 2021).
Although G. chapra is documented as least concern species but overfishing is the notable
threat for which this species may turn to critically endangered species. However, a
thorough biometric analysis is crucial for executing appropriate management policy and
to ensure sustainability of this species, especially in the open water habitat.
Consequently, our research aimed to explain the demographic information of G. chapra
sampled from the Rupsha River ecosystem, SW Bangladesh. In the current research, we
collected 300 specimens from the commercial fishers on seasonal bases.

As a whole sex ratio did not differ significantly (male: female=1:0.81) from the
anticipated ratio of 1:1 (df=1, y2=3.41, p>0.05). Nevertheless, male individuals were
found dominant numerically than female individuals in every season. Ahamed et al.
(2014) reported parallel results for G. chapra population from the Old Brahmaputra
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River, Bangladesh. On the other hand, Mondal and Kaviraj (2010) found significant
difference between male and female sex ratio (1:1.56) from the anticipated value of 1:1,
while the specimens were collected from two floodplain lakes in India. However, sex
ratio may fluctuate because of various physiological and ecological factors, including
seasonality, salinity, temperature and interactions with other species (Khatun et al. 2018).
During the experimental period, we did not find specimen less than 12.7 cm TL which is
owing to selection of fishing gears (i.e., especially mesh size) (Hossen et al. 2019; Sabbir
et al. 2022). Likewise, highest TL was documented 17.3 cm from female population.
Besides, body weight varied between 15.82 to 42.48 g for male and 18.36 to 46.65 g for
female individuals. However, Hossain et al. (2021) reported that TL ranged between 6.20
to 15.10 cm and BW deviated from 2.44 to 26.10 g for pooled samples of G. chapra in
the Mahananda River, northwestern Bangladesh. Similarly, Sheikh et al. (2017) specified
that TL and BW for adult G. chapra ranged between 7.1 to 12.95 cm and 3.56 to 19.66 g
for pooled samples, respectively, from Dalani wetland ecosystem of Assam, India.
Therefore, our study recorded the highest TL and BW compared to other investigations
might be attributed that specimens were sampled from the Rupsha river with food
availability and optimum water temperature (Hossain and Ohtomi 2010). Moreover,
LFDs denoted that 15.00-15.99 cm TL group was more vulnerable to fishing mortality.

According to Carlander (1969), the value of allometric co-efficient (b) should differ
from 2.0 to 4.0. In contrast, Froese (2006) recommended that the value of b for teleost
fish species might deviate between 2.5 to 3.5. The current study showed that the value of
slop b for both male (b=2.73 to 3.37) and female (6=2.80 to 3.28) population remained
within the suggested range of Froese (2006). As a whole, both sexes exposed positive
allometric growth pattern. However, Ahamed et al. (2014) found negative allometric
growth pattern for G. chapra population from the Old Brahmaputra River, Bangladesh.
Similarly, Hossain et al. (2021) and Sheikh et al. (2017) reported negative allometric
growth for this species from the Mahananda River, Bangladesh and the Dalani Beel of
Assam, India. Nevertheless, the growth pattern of a particular species may vary due to
geographic differences (Jisr et al. 2018). In addition, variation possibly resultant because
of seasonality, sex, availability of feed and physiological condition (Gosavi et al. 2019;
Le Cren 1951). Moreover, the LLRs were found highly correlated for both sexes of G.
chapra.

In case of teleost fish species, body shape can be assumed with form factor (a;,). The
calculated form factor (a;,) was 0.0087 for pooled data set of G. chapra indicated
fusiform body shape (Froese 2006). Hossain et al. (2021) also reported similar findings
for G. chapra collected from the Mahananda River, Bangladesh. Fish is an important
source of global protein production. Therefore, it is essential to determine their health
status to ensure sustainability, particularly in the open water ecosystem. Condition factor
is a numerical index that helps to assume the health condition of a particular fish stock in
terms of survival, magnitude of sexual maturity and fitness of aquatic environment
(Richter 2007). Therefore, adequate information regarding condition factor is prerequisite
to manage a fish stock and maintain the stability of the environment (Hossen ef al. 2019).
The most frequently used condition index is Fulton’s condition factor (Kr) for evaluating
the population success of fish dwelling in a wild habitat (Hossain ef al. 2016, Rahman et
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al. 2023). The current research revealed that the K value was higher (1.01) in summer
and rainy season for male. For the female, maximum value (1.04) was obtained in winter
season. The lowest Ky value was recorded as 0.74 for males and 0.82 for females,
respectively in winter season. However, the mean K value was recorded close to 1 which
specified a moderate health condition for G. chapra population in the Rupsha River, SW
Bangladesh (Rahman et al. 2023). Ahamed et al. (2014) reported that K value varied
monthly for both sexes of G. chapra sampled from the Old Brahmaputra River,
Bangladesh. The maximum and minimum K values were 1.84 to 2.28 for males and 1.88
to 2.28 for females. Additionally, lowest value of K was recorded in February and April
for male and female population. Conversely, maximum value was recorded in December
for both sexes. Furthermore, Hossain ef al. (2021) reported that the K value fluctuated
from 0.74 to 1.22 for the pooled sample of G. chapra in the Mahananda River,
Bangladesh. The condition factor could be prejudiced as a consequence of feed
availability, sex, seasonality and temperature (Sabbir et al. 2020).

Relative weight (W5) is a frequently used index that assumes the prey-predator status
of a fish population in a specific wild ecosystem (Rypel and Richter 2008). If the value of
Wy exists lower than 100, it reveals number of predators is higher compared to prey.
Instead, Wy value more than 100 specifies prey surplus compared to predator (Froese
2006). In the current research, the mean Wy revealed no significant difference from 100
for G. chapra population in the Rupsha River, SW Bangladesh denoting that the
ecosystem was in stable condition. Correspondingly, Hossain et al. (2021) found no
significant difference between Wj; and 100 for G. chapra in the Mahananda River,
Bangladesh. However, we found no other literatures to compare the result regarding 5.

Overall sex ratio (male: female) of G. chapra did not significantly deviate from the
predicted value of 1:1. As a whole, b value for both sexes specified positive allometric
growth pattern. Besides, form factor (a;,) assumed fusiform body shape for G. chapra
species. The mean K indicated a moderate health condition for this species. Moreover,
the Wy assumed an ecologically balanced environment for G. chapra population in the
Rupsha River, SW Bangladesh. The results of this research would be helpful to
implement a sound management policy for ensuring the sustainability of G. chapra stock
in the Rupsha River and connected ecosystem, SW Bangladesh.
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