
Heliyon 8 (2022) e11124
Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon
Research article
First biometrics record of bartail flathead, Platycephalus indicus (Linnaeus,
1758) from the Bay of Bengal, Bangladesh

Md. Rahamat Ullah a,*, Md Mahamudul Hasan Mredul b

a Bangladesh Fisheries Research Institute, Riverine Sub-Station, Khepupara, Patuakhali 8650, Bangladesh
b Faculty of Fisheries, Patuakhali Science and Technology University, Dumki, Patuakhali 8602, Bangladesh
A R T I C L E I N F O

Keywords:
Length-weight relationships
Length-length relationships
Condition factor
Form factor
Sex ratio
* Corresponding author.
E-mail address: rahamatullah096@gmail.com (M

https://doi.org/10.1016/j.heliyon.2022.e11124
Received 28 February 2022; Received in revised fo
2405-8440/© 2022 The Author(s). Published by Els
A B S T R A C T

For the very first time the sex ratio, length-weight relationships (LWRs), length-length relationships (LLRs), form
factor, as well as condition factor were calculated for bartail flathead, Platycephalus indicus, captured with gill nets
(mesh size: 2.0–6.0 cm) from the Bay of Bengal, Bangladesh, from August 2021 to January 2022. A digital caliper
was used to measure the length to 0.1 cm accuracy, and an electronic balance was used to quantify weight to the
accuracy of 0.01 g. The sex ratio for the sample was 1: 0.76 (Male: Female). The estimates of slope in the fitted
linear regressions relating logarithms of weights to logarithms of the total, standard, and fork lengths varied from
2.978 to 3.297, and the coefficient of determination from 0.89 to 0.97. Moreover, the three-length measures were
also strongly associated (r2 > 0.996; P < 0.05). For the males, females, and combined sexes, the computed form
factors were 0.0111, 0.0112, and 0.0107, correspondingly. For both males and females, individuals in the 33–36
cm and 27–30 cm length classes exhibited the highest and lowest in all the four condition factors, respectively.
The size at first sexual maturity for combined sex of P. indicus was 30.2 cm in total length in the Bay of Bengal,
Bangladesh. These results of the study will help with the conservation and long-term management of this species
in the Bay of Bengal, Bangladesh, and other nearby nations.
1. Introduction

Platycephalus indicus (Linnaeus, 1758), commonly known as bartail
flathead, a member of the family Platycephalidae (Flatheads) and the
order Scorpaeniformes, is native to the Indian Ocean (Imamura, 2015)
but found in the Indo-West Pacific, Red Sea, and East Africa, as well as in
the Philippines, northern Japan, and Australia (Talwar and Jhingran,
1991; Riede, 2004; Froese and Pauly, 2007). Their bodies are lengthy,
with flattened heads, long tail, as well as their large mouths, with the
bottom jaw considerably larger than the top (Kuiter and Tonozuka, 2001;
Nelson, 2006). This sedimentary fish may be encountered on the conti-
nental shelf’s muddy or sandy grounds, at depths of less than 100 m and
up to 300 m (Imamura, 2015; Froese and Pauly, 2007). It is employed by
conventional healers. It possesses high energy (310 kJ/100 g), protein
(18.8 g/100 g), low-fat content (0.3 g/100 g), high mineral composition
(Iron, Zinc, and Calcium content 1.7 mg, 0.79 mg, and 150 mg, respec-
tively) and has economic value (Bogard et al., 2015; Chen et al., 2020).
However, there is relatively little knowledge about the physiology of this
species in the Bay of Bengal, Bangladesh.
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A fish’s weight is related to its length however, knowledge of these
parameters would aid the estimation of productivity. The length-weight
relationships (LWRs) are also widely acknowledged as the most effective
framework for evaluating fish stocks inside the environment (Andrade and
Camos, 2002; Saha et al., 2019, 2021), and it is of considerable relevance
in species population assessments (Oscoz et al., 2005; Ogunola and Onada,
2017). The research on LWRs has grown popular, and fish scientists are
now doing it on a regular basis (Froese, 2006; Saha et al., 2019; Rahman
et al., 2020). Fish longevity is typically assessed by determining the ages of
fish sampled from the population and growth is typically assessed by
analysis of the lengths of fish at their ages at capture, tracking the pro-
gression over time of modes in length compositions, or analysis of data
from recaptured fish that were tagged and released (Ogunola and Onada,
2017; Huang et al., 2018). LWRs assessment is helpful for estimating the
condition of fish or plumpness score, which is an influential factor for
assessing the wellbeing of fish stocks or individuals (Muchlisin et al., 2017;
Batubara et al., 2019; Rahman et al., 2020), and for comparing individual
life history of a species across regions (Bagenal and Tesch, 1978; Muchlisin
and Siti-Azizah, 2009; Oluwatoyin et al., 2013).
ctober 2022
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

mailto:rahamatullah096@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2022.e11124&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e11124
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.heliyon.2022.e11124


Md.R. Ullah, M.M.H. Mredul Heliyon 8 (2022) e11124
Fish condition factors (K) may be used as an indicator of a fish’s
overall well-being and condition in regard to its surroundings, reflecting
how strong or fairly deep-bodied the fish are (Froese, 2006) and physi-
ological status (Rahman et al., 2020; Parvin et al., 2021). This value is
derived from the relationship between the length and weight of a fish in
order to ascertain the condition of that organism (Nash et al., 2006;
Bolarinwa, 2017). The ratio of females and males in a stock is an
important phenotypic metric as well as a good indication of stock char-
acteristics and fertility, as well as a basic principle in biological evolution
(Clutton-Brock, 2007). Changes in the environment that affect the sex
ratio of fish that recruit to the population, mortality that is related to sex,
differential sexual habits, development rate, and lifespan expectations
might all contribute to a sex ratio imbalance (Badcock andMerrett, 1976;
Clarke, 1983).

Some studies (Hashemi and Taghavimotlagh, 2013; Mousavi-Sabet
et al., 2015; Kassem et al., 2021) have demonstrated the morphometric
traits and biology of P. indicus from the Persian Gulf coastal waters in Iran
and Bardawil lagoon in Egypt. However, there are no published data
available with accurate biological status such as sex ratio, fish size dis-
tribution, length-weight dynamics, form factor (a3.0) as well as condition
Figure 1. Sampling locations of bartail flathead, Platyce

2

factor (K) of P. indicus from Bangladeshi waters to the best of our
knowledge. The aims of the present study, therefore, are to collect and
report, for the first time, fundamental data on the sex ratio, fish size
distribution, length-weight relationships (LWRs), length-length re-
lationships (LLRs), form factor (a3.0), condition factor, size at first sexual
maturity as well as natural mortality of P. indicus from the Bay of Bengal,
Bangladesh.

2. Materials and methods

From August 2021 to January 2022, the research was carried out in
the Bay of Bengal, on Bangladesh’s mid-southern coast (Figure 1). This
sampling location belongs to a major fishing zone of the Bay of Bengal
named ‘swatch of no ground’. Local fishermen captured fish employing
gill nets (mesh size: 2.0–6.0 cm), and 197 individuals of P. indicus were
pooled over these five months. Following Cheng and Zheng (1987), all
collected fish were instantaneously placed on ice and brought to the
laboratory for verification and measurement. Individuals of P. indicus
were identified using the characteristics that distinguished different
species of Platycephalus from Chinese seas, as described by Chen et al.
phalus indicus across the Bay of Bengal, Bangladesh.



Figure 2. Length size distribution of bartail flathead, Platycephalus indicus
across the Bay of Bengal, Bangladesh, X-axis represent the total length (TL) with
2 cm bar interval, Y-axis represents the number of total species count, two-color
for two sexes respectively.
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(2020). The gonads of all individuals were visually inspected and sexed
(Mohammadikia et al., 2014). A digital caliper was used to measure each
specimen’s total length (TL), standard length (SL), and fork length (FL)
were measured and recorded in cm to the nearest 0.1 cm and weight (W)
was measured in g using an electronic balance and recorded to the
nearest 0.01 g. The research was conducted in accordance with the
ethical standards of the Bangladesh Fisheries Research Institute. The
experimental protocol and guidelines were maintained according to the
animal welfare and ethical committee of Bangladesh Fisheries Research
Institute, Bangladesh. The research and use of animals for the experiment
have been authorized by the ethical committee.

The total lengths of P. indicus were classified into 2 cm intervals with
the total number of fish of each sex in the different intervals providing the
length distribution for that sex. The relationship between weight and
length of fish was assumed to be a power function of the form described
by Le Cren (1951):

W ¼ aLb

where L was the standard length (cm), fork length (cm), or total length
(cm), and W was the total weight (g).

Estimates of the intercept (a) and slope (b), were obtained by fitting
LWRs using the method described by Froese (2006) method of linear
regression following logarithmic conversion, log (W)¼ log (a)þ b log (L)
where a and b represent coefficient related to body form and growth type
respectively, with Length (L) and Weight (W). Just before linear regres-
sion investigation, anomalies were removed using log-log plots of length
and weight (Froese, 2006). For parameters, a and b, the coefficient of
determination (r2) and 95% confidence limits (95% CL) were also
determined. Furthermore, linear regressions were employed to estimate
the parameters and coefficients of determination of the fitted linear re-
lationships between TL vs SL, TL vs FL, as well as SL vs FL. Form factor
(a3.0) was calculated by the formula: a3.0 ¼ 10log a-s(b�3) (Froese, 2006).
As recommended by Froese (2006), an average slope of S ¼ �1.358 was
used to estimate the form factor for the analyzed species using weight
and total length. Fulton’s condition factor (KF) was calculated by the
formula of Fulton (1904): KF ¼ 100 � (W/L3). The allometric condition
factor (KA) was calculated by the equation of Tesch (1971): KA ¼ W/Lb.
The relative condition factor (KR) was calculated following the equation
of Le Cren (1951): KR ¼W/(aLb); where W and L represent the weight of
the body (g) and total length (cm) respectively, a and b are the LWR
parameters. The relative weight (WR) was calculated with the formula
(Froese, 2006): WR ¼ (W/Ws) � 100; where W is the weight of a
particular individual, Ws is the predicted standard weight for the same
individual, Ws is calculated by Ws ¼ aLb. The size at first sexual maturity
(Lm) of P. indicus was measured through the empirical formula proposed
by Binohlan and Froese (2009): log (Lm) ¼ �0.1189 þ 0.9157 � log
(Lmax); where Lm is the size at first sexual maturity in total length, Lmax is
the maximum observed total length of P. indicus in the present study. The
Natural mortality (Mw) of P. indicus was assessed through the model
proposed by Peterson and Wroblewski (1984): Mw ¼ 1.92 year�1 � (W)
(�0.25); where Mw is natural mortality at mass weight; and W¼ aLb, a and
b are the regression variables of LWR. Statistical software R (R Core
Team, 2020) and GraphPad Prism 9 were used to conduct all analyses.
The Spearman rank correlation test was applied to evaluate the associ-
ation of condition factors with total length and body weight.

3. Results

3.1. Fish size distribution and sex ratio

There were 112 males (57%) and 85 females (43%) among the 197
sampled fish, the data for which were subjected to morphometric anal-
ysis. According to the sex ratio for the entire sample was 1: 0.76 (M: F),
males were much more abundant than females throughout all TL cate-
gories between 20 and 40 cm, while females are dominating from 40 to
56 cm (Figure 2). The greatest numbers of males and females were
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reported in the 38–40 cm (Male ¼ 22, Female ¼ 09) and 40–42 cm size
groups (Male ¼ 19, Female ¼ 24), respectively.

3.2. Length-weight relationships (LWRs)

A descriptive analysis of length-weight assessment is depicted in
Table 1. A high correlation of determination value was observed between
weight and length variables ranging from 0.89 to 0.97 (Figure 3). The “b”
value was between 2.978 and 3.297.

3.3. Length-length relationships (LLRs)

The estimated LLRs for P. indicus in the coastal region of Bangladesh
showed that b values were less than 1 in male, female, and combined sex
in the relationship between SL and FL but higher than 1 in all the other
relationships for male, female, and combined sex (Table 2). With r2

values more than 0.996 and b values varying from 0.960 to 1.075, all
LLRs were found statistically significant (P < 0.05). ANOVA shows there
is no significant variation among male and female individuals.

3.4. Form factor (a3.0)

The determined form factor (a3.0) value of P. indicuswas ranging from
0.0107 to 0.0112, and the maximum difference between the values was
only 0.0005 (Table 1).

3.5. Condition factors

The KF value ranged from 0.73 to 1.69 and themaximumKF value was
observed in the 33–36 cm TL groups in both males and females and the
minimum KF value was found in the 27–30 cm TL group (Table 3). Ac-
cording to Spearman rank correlation test, there were highly significant
relationships between TL vs. KF (rs¼�0.467 and p< 0.0001) and BW vs.
KF (rs ¼ �0.382 and p < 0.0001) (Table 4).

The KA value ranged from 0.011 to 0.078 and the maximum KA value
was observed in the 33–36 cm TL groups in both males and females and
the minimum KA value was found in the 39–42 cm TL group (Table 3).
According to Spearman rank correlation test, there were no significant
relationships between TL vs. KA (rs¼ 0.684 and p¼ 0.852) and BW vs. KA
(rs ¼ 0.728 and p ¼ 0.529) (Table 4).



Table 1. Length-weight relationships parameters and form factor of bartail flathead, Platycephalus indices from the Bay of Bengal, Bangladesh.

Sex n a 95% Cl of a b 95% Cl of b GP Length type a3.0

Male 112 0.011 0.008–0.015 3.004 2.912–3.094 I SL 0.0111

0.002 0.001–0.003 3.295 3.200–3.389 Aþ TL

0.008 0.005–0.011 3.043 2.947–3.139 I FL

Female 85 0.012 0.008–0.017 2.978 2.864–3.091 A- SL 0.0112

0.002 0.001–0.003 3.296 3.173–3.419 Aþ TL

0.007 0.005–0.011 3.054 2.935–3.173 I FL

Combined 197 0.011 0.008–0.014 2.994 2.925–3.062 A- SL 0.0107

0.002 0.001–0.003 3.297 3.224–3.369 Aþ TL

0.008 0.006–0.010 3.047 2.975–3.119 I FL

Here, n: sample size, a: intercept, b: slope, TL: Total Length, BW: Body Weight, FL: Fork Length, SL: Standard Length, GP: Growth Pattern, Aþ: Positive Allometric, A-:
Negative Allometric, I: isometric.

Figure 3. Scatter plot represents the relationship between weight and length parameters of bartail flathead, Platycephalus indicus across the Bay of Bengal, Bangladesh;
Boxes represent a 25th to 75th percentile, solid lines in boxes are median value, error bar represent 5th and 95th percentile of individual parameters; Regression
coefficient (r2) values are coded as number for each relationship and *** are constituted for a significant relationship at 0.05 level of significance.
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The KR value ranged from 0.76 to 1.73 and the maximum KR value
was observed in the 33–36 cm TL groups in both males and females and
the minimum KR value was found in the 27–30 cm TL group (Table 5).
Table 2. Length-length relationships parameters of bartail flathead, Platycephalus ind

Sex n Equation a

Male 112 TL ¼ a þ bSL 2.959

TL ¼ a þ bFL 2.518

SL ¼ a þ bFL �0.385

Female 85 TL ¼ a þ bSL 3.582

TL ¼ a þ bFL 2.598

SL ¼ a þ bFL �0.913

Combined 197 TL ¼ a þ bSL 3.229

TL ¼ a þ bFL 2.575

SL ¼ a þ bFL �0.590

Here, n: sample size, a: intercept, b: slope, r2: coefficient of determination.
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According to Spearman rank correlation test, there were significant re-
lationships between TL vs. KR (rs ¼ 0.073 and p ¼ 0.035) and BW vs. KR
(rs ¼ 0.165 and p ¼ 0.011) (Table 4).
icus from the Bay of Bengal, Bangladesh.

95% Cl of a b 95% Cl of b r2

2.605–3.313 1.075 1.064–1.086 0.996

2.142–2.894 1.033 1.022–1.044 0.996

�0.645 to �0.126 0.960 0.952–0.967 0.998

3.190–3.974 1.054 1.043–1.065 0.997

2.107–3.090 1.029 1.015–1.042 0.996

�1.286–0.540 0.975 0.965–0.985 0.997

2.968–3.489 1.065 1.058–1.073 0.997

2.284–2.865 1.030 1.022–1.0390 0.996

�0.802–0.378 0.966 0.960–0.972 0.998



Table 3. Condition factors (KF and KA) of bartail flathead, Platycephalus indicus in relation to size classes from the Bay of Bengal, Bangladesh.

TL Total
individuals

Fulton’s condition
factor range

Mean � SD Allometric condition
factor range

Mean � SD

<21-23 14 0.91–1.26 1.10 � 0.10 0.032–0.059 0.041 � 0.011

24–27 31 0.81–1.69 1.09 � 0.21 0.025–0.061 0.047 � 0.014

27–30 9 0.73–1.54 1.05 � 0.34 0.018–0.062 0.034 � 0.023

30–33 6 1.17–1.49 1.37 � 0.11 0.039–0.061 0.052 � 0.012

33–36 6 1.35–1.66 1.48 � 0.14 0.041–0.078 0.057 � 0.009

36–39 9 1.14–1.50 1.29 � 0.13 0.026–0.061 0.045 � 0.005

39–42 54 0.98–1.34 1.14 � 0.08 0.011–0.050 0.031 � 0.016

42–45 32 0.98–1.37 1.08 � 0.11 0.016–0.058 0.038 � 0.012

45–48 19 1.00–1.21 1.10 � 0.08 0.022–0.047 0.032 � 0.001

>48 17 0.99–1.15 1.04 � 0.04 0.021–0.049 0.035 � 0.001

Table 4. Relationships of condition factors with total length and body weight of
bartail flathead, Platycephalus indicus from the Bay of Bengal, Bangladesh.

Relationship rs value rs range P value Significance

TL vs. KF �0.467 �0.834–0.047 <0.0001 ***

TL vs. KA 0.684 0.461–0.827 0.852 ns

TL vs. KR 0.073 0.058–0.092 0.035 *

TL vs. WR 0.073 0.058–0.092 0.035 *

BW vs. KF �0.382 �0.972–0.278 0.0001 ***

BW vs. KA 0.728 0.502–0.981 0.529 ns

BW vs. KR 0.165 0.048–0.307 0.011 *

BW vs. WR 0.165 0.048–0.307 0.011 *

Here, TL: total length, BW: body weight, KF: Fulton0s condition factor, KA: allo-
metric condition factor, KR: relative condition factor, WR: relative weight, rS:
Spearman rank-correlation values, ns: not significant, *: significant, ***: highly
significant.
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The WR value ranged from 76.28 to 173.04 and the maximum WR
value was observed in the 33–36 cm TL groups in both males and females
and the minimum WR value was found in the 27–30 cm TL group
(Table 5). According to Spearman rank correlation test, there were sig-
nificant relationships between TL vs. WR (rs ¼ 0.073 and p ¼ 0.035) and
BW vs. WR (rs ¼ 0.165 and p ¼ 0.011) (Table 4).

3.6. Size at first sexual maturity (Lm)

The Lm for combined sex of P. indicus was calculated in the present
study as 30.2 cm total length in the Bay of Bengal, Bangladesh.

3.7. Natural mortality (Mw)

In the present study, the mean natural mortality (Mw) for the
P. indicus population was calculated as 0.46 year�1 in the Bay of Bengal,
Bangladesh and it is shown in Figure 4.
Table 5. Condition factors (KR and WR) of bartail flathead, Platycephalus indicus in re

TL Total individuals Relative condition
factor range

<21–23 14 1.00–1.33

24–27 31 0.89–1.73

27–30 9 0.76–1.72

30–33 6 1.29–1.65

33–36 6 1.40–1.66

36–39 9 1.20–1.52

39–42 54 1.06–1.40

42–45 32 1.05–1.38

45–48 19 1.08–1.29

>48 17 1.09–1.26
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4. Discussion

The sex ratio is important in population demographics, and it may be
influenced by anthropogenic pressures like selective fishing (Mredul
et al., 2021). Our study revealed that gender-biased fishing was not
conducted during the study period, however dominant male population
was reported due to high fishing pressure. The sex ratio can fluctuate
from population to population, or even within the same population at
various times, depending on a variety of factors such as population
adaptability, reproductive function, food sources, and characteristics of
the environment (Vandeputte et al., 2012). Female reproductive success
is typically linked to resource availability and environmental conditions,
rather than the number of mating partners, as it is for males. As a result,
the successful reproductive performance of males is restricted by the
availability of females, whilst the efficiency of female reproduction is
unaffected by access to males, resulting in an imbalance in the pop-
ulation’s number of each sex (Forsgren et al., 2008).

Estimates of the parameter b (2.978 and 3.297) obtained from linear
regressions of the relationship between log weight and total length
demonstrate that the patterns of growth of females, males, and the
combination of females and males of P. indicus from the Bay of Bengal all
exhibit positive allometry. A similar outcome (b ¼ 3.2299) was also re-
ported by Mohammadikia et al. (2014) for the combined data for females
and males of this species from the Persian Gulf. Isometric growth means
that the body expands in all aspects at the same rate, whereas positive
allometry means that the body gets fatter as it grows longer, and negative
allometry means that the body gets slimmer (Jobling, 2002). If b is
greater than 3, the pattern of growth exhibits positive allometry; if b is
less than 3, the pattern of growth exhibits negative allometry; and if b is
equal to 3, the growth pattern is isometric (Bagenal and Tesch, 1978).
Although values of the allometric coefficient (b) of LWRs can vary from
2.0 to 4.0, they normally lie between 2.5 and 3.5 (Carlander, 1969;
Froese, 2006). Environmental variables, gonad development stages, sex,
stomach fullness, functional health state, season, population, and
lation to size classes from the Bay of Bengal, Bangladesh.

Mean � SD Relative weight
range

Mean � SD

1.16 � 0.11 100.09–132.81 115.76 � 10.99

1.17 � 0.21 88.85–173.04 116.60 � 21.31

1.15 � 0.40 76.28–172.13 115.27 � 40.48

1.46 � 0.11 128.99–165.02 145.67 � 11.52

1.53 � 0.11 139.88–165.59 153.07 � 10.84

1.36 � 0.10 120.20–152.43 136.33 � 10.89

1.20 � 0.08 106.14–139.91 120.38 � 7.78

1.18 � 0.09 104.51–137.63 118.60 � 8.89

1.17 � 0.08 108.11–128.87 117.21 � 8.57

1.16 � 0.03 109.51–126.13 116.49 � 3.27



Figure 4. Natural mortality (Mw) of P. indicus from the Bay of Ben-
gal, Bangladesh.
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variation among species all influence the parameters of L-W interactions
in fish (Nieto-Navarro et al., 2010).

The lack of P. indicus with total lengths less than 21 cm in samples
collected for the current study is attributed to the selectivity of the fishing
gear (Hossain et al., 2012). In addition, the greatest length of P. indicus
inside the sampling sites was 55.9 cm TL, somewhat less than the largest
documented value of 58 cm TL (Mohammadikia et al., 2014). Hashemi
et al. (2012) reported the minimum size group of this species was 5.7 cm.
In principle, maximum size is recognized as a valuable tool for fisheries
resource utilization and conservation, and it is essential for determining
asymptotic growth and length coefficient (Khatun et al., 2019; Saha et al.,
2021). LLR involves the relation between TL and the other three-length
parameters such as Fork length (FL), Standard length (SL) & Body
width (BWth); the equation is Y ¼ bx þ a, and the regression equation is
shown in Figure 3. At a 95% level of significance, all correlation coeffi-
cient (r2) findings are highly correlated. The slope (b) of LLRs is close to
1.0, indicating that the three-length parameters expand simultaneously
as the total length (TL). The relationship between total length, standard
length, and fork length with body width is closely connected, which re-
flects a homogenous growth pattern. These variables are critical in
determining themaximumpermissible catch andmesh size to utilize. The
assessed form factor (a3.0) score in this investigation ranged from 0.0107
to 0.0112. This number is commonly used to determine whether an in-
dividual’s body shape in a certain fish population or species differs from
that of other species (Froese, 2006). However, no form factor reference
value has been identified in the literature for this species. So, the current
form factor results will serve as a valuable baseline for future
comparisons.

Several condition factors (KF, KA, KR, and WR) were calculated in the
present study to assess the well-being and health status of P. indicus from
the Bay of Bengal, Bangladesh though most of the investigations address
only a single condition factor. Condition factors based on the LWRs are a
good indicator of general fish condition and food reserves (Offem et al.,
2007). The Spearman correlation values (rs) showed a positive value
between total length (TL) and condition factors (KA, KR, WR) as also did
so betweenweight (BW) and condition factors (KA, KR, WR) (Table 4). But
within those four condition factors, only Fulton’s condition factor (KF)
showed different correlation values between TL vs. KF (rs ¼ �0.467) and
BW vs. KF (rs ¼ �0.382). Fulton’s condition factor (KF) may thus be the
best method for evaluating the condition of this population in Bangla-
desh’s Bay of Bengal as well as the surrounding environment. Fluctuation
in condition factors indicates the gonad weight increase or decrease
during the reproduction cycle. According to Ali et al. (2014) many ele-
ments, including sex, seasonality, environmental conditions, stress,
6

gonadal maturation, and the availability of prey items, govern the con-
dition factor overall. Moreover, food supply, floods, heat, temperature
variations, pH, water pollution, and other factors might cause a rise or
reduction in the condition factor (Osman et al., 2019).

An important predictor of the minimum allowable catch size is the
size at first sexual maturity, or Lm, which is particularly significant for
fish stock assessment (Hossain et al., 2019). According to this study, the
size at first sexual maturity for P. indicus in Bangladesh’s Bay of Bengal
was 30.2 cm. This study is the first to attempt to determine the size at first
sexual maturity for P. indicus in both Bay of Bengal and global waters.
Moreover, the natural mortality of the P. indicus in the Bay of Bengal,
Bangladesh for the entire population was expected to be 0.46 year�1,
allowing it the first worldwide evaluation. However, it is the funda-
mental data for future fisheries biology studies.

5. Conclusion

In closing, our study is the first one to give specific information on
P. indicus biometric traits in Bangladesh’s large coastal habitat. The
length-length relationships have a strong correlation. Almost all LWRs
had positive allometric fish growth, which might be attributed to envi-
ronmental conditions. The results of this study provide valuable bench-
mark data for coastal and marine fisheries management of P. indicus in
the Bay of Bengal against which to assess future deleterious changes in
sex ratio or conditions arising from anthropogenic pressures or envi-
ronmental change. For example, knowing the species' growth rate will
aid in the protection of this valuable fishery resource and the imple-
mentation of appropriate fishing laws to lessen fishing pressure. How-
ever, in order to effectively preserve and conserve this species, more
detailed research on recruitment pattern, reproductive physiology, and
gonad development is required.
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