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Abstract: A total of 152 individuals were collected from four different coastal rivers namely
Andharmanik, Payra, Lohalia, and Biskhali of Patuakhali district to see whether distinct populations of
Polynemus paradiseus could be distinguished from different rivers. This study has provided some basic
information on themorphometric character, meristic character, length-length relationship, length-weight
relationship, and condition factor of P. paradiseus collected from the four coastal rivers in the Patuakhali
district. Thirty-one morphometric characters showed substantial variation among the four populations in
a one-way analysis of variance study. This study has provided meristic characters of P. paradiseus which
includes number of 7 branchiostegal rays, 7 rays in 1st dorsal ﬁn and 16 rays in 2nd dorsal ﬁn, 16 pectoral
ﬁn rays, 5 pelvic in rays, 14 anal ﬁn rays, and 18 caudal ﬁn rays. The disparityof length-length
relationships among various length parameters of each sample was found to be highly signiﬁcant (p<
0.05). The length-weight relationships demonstrated that the value of b (allometric coefﬁcient) ﬂuctuated
from 2.7955 (Andharmanik) to 3.2465 (Payra). In the current analysis, the condition factor (KF) value
was recorded from 1.33 (Payra) to 2.40 (Andharmanik). Therefore, the results of this study would be very
effective for the sustainable management of P. paradiseus and also will provide valuable information for
the ﬁsh database that will work as baseline information for further studies in near future.
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Introduction
Coastal rivers and estuaries are the most fertile areas for fisheries resources all over the world
(Siddik et al., 2016). The water bodies of Bangladesh's coastal regions are rich with various
fisheries resources, and there is regular, intense competition between extra turbid and extra saline
habitats, which provide an adequate diet for juvenile fish as well as protection from some
predators (Laegdsgaard and Johnson, 2001). Furthermore, mangrove forests can be found in a
significant number of estuaries and rivers. Because of these factors, Bangladesh's coastal area is
a supreme ground for the nursing and breeding of a variety of off-shore and estuarine finfish and
shellfish (Mandal et al., 2013).
For tropical and subtropical finfish species, the life-history variables of fish such as sex-ratio,
length-length relationships (LLR), length-weight relationships (LWR), length–frequency
distribution (LFD), and condition factor (KF) are often poorly understood (Ecoutin et al., 2005).
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The length and weight bear a specific relationship from which the physical condition of a fish can
be ascertained for a given water body at a given time. It is extremely important in the fields of fish
biology, physiology, ecology, management, and conservation (Siddik et al., 2016). In addition,
the length-weight relationship in fish can be used to predict growth rates, comparison of fish
species origins across areas, assess fish condition, compute biomass from submerged length
assessment, and evaluate any changes between various populations of the same species (Petrakis
and Stergiou, 1995; Saha et al., 2019). Furthermore, the length-length and length-weight
associations have practical and fundamental applications in the evaluation of fish stocks and
populations (Muchlisin et al., 2010; Rahman et al., 2020). Length-length and length-weight
relationship is regarded as a necessary instrument in the evaluation of fish stocks and the
regulation of fishery resources (Al-Beak et al., 2015). Moreover, the length-length relationships
are also essential in comparative growth studies for relative growth in fisheries management
(Moutopoulos and Stergiou, 2002).
Polynemus paradiseus is commonly known as threadfin fish. P. paradiseus of the family
polynemidae is one of the most important fish species for Bangladesh, India (especially in West
Bengal), Myanmar, Thailand, Pakistan and Cambodia. It is carnivorous in nature, demersal and
amphidromous fish. This species inhibits shallow sandy coastal inshore areas and also enters
rivers for breeding purpose (Rahman, 2005). Threadfin fish has lengthened and somewhat
compressed body with small eyes. Mouth ventral, nearly horizontal and scales weakly ctenoid,
extending onto head and covering most of paired, and unpaired fins. The body color of
threadfin fish is golden with a brownish dorsal and grayish fin. The fish is generally captured
by using different nets, and lines (Shafi and Quddus, 2001). The peak season of fishing is from
May to June (Talwar and Jhingran, 1991). It is widely used both as a food fish or/and as an
ornamental fish in Bangladesh. The breeding season of this species is during summer monsoon
(Bhuiyan, 1964; Shafi and Quddus, 2001).
Though there are numerous studies on biological aspects of several fish from Bangladeshi
coastal rivers, but very few studies have been performed on P. paradiseus. As a consequence,
the main objective of this study was to describe the biometric indices of P. paradiseus
including sex-ratio, length-length relationships, length-weight relationships, length-frequency
distribution, and condition factor collected from four different habitats to compare among
them. Meristic characteristics of these populations were also studied.
Materials and Methods
Sample collection
P. paradiseus were collected from four different coastal rivers i.e., Andharmanik, Payra, Lohalia, and
Biskhali of Patuakhali district, Bangladesh (Figure 1). The samples were collected from the
commercial fishermen who used different fishing gear to catch the fishfrom November 2019 to
January 2021. Then the samples were brought to the laboratory.
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Figure 1. Map showing the location of the coastal rivers of Patuakhali district. All four circles
with different colors indicate different coastal rivers of the study area. Black, Yellow, Red, and
Green circles indicate Andharmanik, Bishkhali, Payra, and Lohalia rivers, respectively.
Morphological data collection
Thirty-one morphometric features of all individuals of P. paradiseus were measured to the
adjacent 0.1 cm using a measuring scale (Table 1). The individual body weight was recorded
using a digital balance to 0.01 g accuracy. Thirteen meristic characters were studied followed
by Hubbs and Lagler (1958).
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Table 1. List of thirty-one morphometric characteristics with abbreviation and description used
for analysis of Polynemus paradiseus populations variation.
Total Length

TL

Distance from the tip of the snout to the
longest caudal fin ray

Standard Length

SL

Distance from the tip of the snout to the end
of the vertebral column

Fork Length

FL

Distance from the tip of the snout to the end
of the fork of caudal fin

Mouth length

ML

Total portion of mouth

Upper jaw length

UJL

The length from the anterior most point of the
premaxilla to the posterior edge of the maxilla

Lower jaw length

LJL

The total distance from the condyle to the
symphysis

Snout length

Sn-L

Distance from the tip of the snout to the
middle position of eye

Head length

HL

Distance from the tip of the snout to the
posterior margin of the opercula

Head depth
Pre orbital length

HD
Pre-OL

Vertical distance of head
Distance from the tip of the snout to the
anterior margin of the eye

Post orbital length

Po-OL

Distance from the tip of the snout to the posterior margin of the eye to the end of operculum

Eye diameter
Pre-dorsal length

ED
Pre-DL

Distance from the Pre-orbital length
Distance from the tip of the snout to the
anterior base of the first dorsal fin

Post dorsal length

Po-DL

Distance from the tip of the snout to the
anterior base of the second dorsal fin

Highest body Depth

HBD

It is the deepest between the dorsal and
ventral surface at the deepest point

Lowest body Depth

LBD

It is the lowest between the dorsal and
ventral surface at the lowest point

First Dorsal fin length

FDFL

Length of the largest fin ray or spine of the
first dorsal fin
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Second dorsal fin

SDFL

Length of the largest fin ray or spine of the
second dorsal fin

(Adipose fin) length
Pectoral fin length

Pt-FL

Length of the pectoral fin

Pelvic fin length

Pv-FL

Length of the pelvic fin

Anal fin length

AFL

Length of the anal fin

Length of dorsal base (1st)

LDB1

Length of the first dorsal base

Length of dorsal base (2nd)

LDB2

Length of the second dorsal base

Length of pectoral base

LPt-B

Length of the pectoral base

Length of pelvic base

LPv-B

Length of the pelvic base

Length of anal base
Distance between 1st

LAB

Length of the anal base

DBD1-LL

Length of the 1st dorsal base and lateral line

CPL

Distance from the end of the anal fin the base

dorsal base and lateral line
Caudal peduncle length

of the median caudal
Caudal peduncle depth

CPD

Maximum barbell length

MxBL

Vertical distance of Caudal peduncle
Length of the barbell having highest
elongation

Minimum barbell length

MnBL

Length of the barbell having lowest
elongation

Length-frequency distributions
The length-frequency distribution was fitted to the total length-frequency distribution by applying the computer application Microsoft Excel.
Length-length relationships
The length-length relationships were estimated using the following equation (Froese, 2006)Y = a + bX
where, a is the intercept and b is the slope of the regression.
Length-weight relationships
The length-weight relationship was calculated using the following equation (Le Cren, 1951)W= aLb
where, the parameters a and b were calculated with ‘a’ representing the intercept and ‘b’ the
slope of the relationship.
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Condition factor
Fulton’s condition factor (KF) was estimated by using the following equation (Fulton, 1904)KF = (BW⁄ L³) × 100
Where, BW= Body Weight of fish in grams (g); and L= Standard Length of fish in cm.
Relative length of gut
Following formula was used to determine the Relative Gut Length (Al-Hussaini, 1949)RLG = [Total Length of Gut (cm) / Total Body Length (cm)]
If the RLG value will be <1, 2-3, >3, the fish will be carnivore, omnivore and herbivore, respectively (Al-Hussaini, 1949).
Statistical analysis
All data were reported as mean ± standard error. Using the SPSS (Statistical Package for Social
Science, version 25.0) (SPSS Inc., Chicago, Illinois, USA), the statistical significance of the
differences between means was determined using an ANOVA followed by a Tukey's multiple
comparison test. Significant differences were defined as values having a p< 0.05. Prior to statistical analysi (ANOVA)s, the percentage data were processed to normalize them.
Results

Morphometric characteristics
Total thirty-one morphometric features were recorded in samples from four coastal river
populations of P. paradiseus (Table 2). The Andharmanik river population had considerably
higher average values (p< 0.05) for all morphometric features than the other three populations
(Lohalia, Payra, and Biskhali), whereas the Biskhali population had a lower average value than the
other three populations (Andharmanik, Lohalia and Payra). The eye diameter of all river groups
exhibited no significant differences (p> 0.05) among the thirty-one morphometric parameters. The
TL, FL, HL, HD, Po-OL, Pre-DL, SDFL, Pt-FL, LDB1, LDB2, CPD, CPL and HLB of
Andharmanik river populations were significantly higher (p< 0.05) than the Payra, Lohalia and
Biskhali populations. The SL, LJL, Po-DL, AFL and MnBL of Payra river populations were
significantly higher (p< 0.05) than Andharmanik, Lohalia and Biskhali populations. The ML, UJL
and Pre-OL of Biskhali populations were significantly higher (p< 0.05) than Andharmanik,
Lohalia and Payra populations. The Sn-L, LBD, FDFL, Pv-FL and LPv-B of Lohalia population
was significantly higher (p< 0.05) than the Andharmanik, Payra and Biskhali river populations.
Morphometric proportional ratio
The proportion of four rivers population were indicated the variation of different of P.
paradiseus body measurement. The different morphometric proportions (TL:SL, TL: FL, TL:
HBD, SL: HL, HL: ED, HBD: LBD) of P. paradiseus are given in Table 3. All the recorded
proportions except the TL: SL, SL: HF and HL: ED had no significant difference (p> 0.05)
among them.
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The value of the proportion of TL: SL and HL: ED was significantly lower in the Payra and
Biskhali River respectively than in the other three rivers but the SL: HL proportion value was
significantly higher in the populations of Payra River than the others.
Table 2. Morphometric characteristics observed in four coastal river populations of Polynemus
Paradiseus.
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Mean values in each row bearing different superscripts are significantly different (p<0.05). All
abbreviations are available in Table 1.
Table 3. Morphometric proportional ratio observed in four river populations of P. paradiseus.

Mean values in each row bearing different superscripts are significantly different (p<0.05).
Meristic characteristics
A total of thirteen meristic traits of P. paradiseus were recorded in the four river populations and
given in Table 4. Among all river populations, five meristic characteristics, namely number of
branchiostegal rays, 1st dorsal fin rays, pelvic fin rays (Right), scale through the lateral line, and
the number of barbells, revealed no significant differences from one another.
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Table 4. Meristic characteristics observed in four river populations of P. paradiseus.

Mean values in each row bearing different superscripts are significantly different (p<0.05).
Length-length relationships of P. paradiseus
The relationship between total length and standard length of all populations (Andharmanik,
Lohalia, Payra, and Biskhali) showed positive allometric growth (Figure 3) as the allometric
co-efficient b (1.2906,1.2187, 1.1065, and 1.0925, respectively) values weresignificantly
different from the expected isometric value (t-test, p<0.05). Moreover, the co-efficient of
determination indicated a high degree of correlation between total length and standard length (r²
= 0.9146, 0.801, 0.9491, and 0.6939, respectively). The positive value of the coefficient of
determination indicated that total length increases with the increase of standard length.
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Figure 3. Length-length relationship of P. paradiseus from four river populations.
Length-weight relationships of P. paradiseus
In relation between the total body weight and standard length, the Andharmanik river
populations indicated negative allometric growth (<3) (Figure 4) as the allometric co-efficient b
value (2.7955)wassignificantly smaller (p< 0.05) from the isometric value of 3. It has been
indicated high degree of correlation between standard length and body weight by the
co-efficient of determination (r² = 0.8791). On the contrary, the relationships between body
weight (BW) and standard length (SL) of Lohalia, Payra, and Biskhali river populations
indicated positive allometric growth(Figure 4) as the allometric coefficient b (3.1918, 3.2465,
and 3.2377, respectively) values were significantly largerfrom the expected isometric value of 3
(p<0.05). The coefficient of determination was indicated high degree of correlation between the
total length and body weight (r² = 0.8811, 0.9142, and 0.795).
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Figure 4. Length-weigth relationship of P. paradiseus from four river populations.
Condition factor (KF)
The values of KF of P. paradiseus for four river populations are presented in Figure 5. In the
present study, the KF value ranged from 1.33 to 2.40. The lowest KF value was found in Payra
River, whereas the highest was in Andharmanik River.

Figure 5. Fulton’s condition factor of P. paradiseus from four river populations.
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Relative length of gut (RLG)
In the present study, the RLG value ranged from 0.46 to 0.56 (Figure 6). The lowest RLG value
was found in the Lohalia River, whilst the highest was in the Biskhali River. RLG indicated that
P. paradiseus is a carnivorous fish as the value is <1 (Al-Hussaini, 1949).

Figure 6. Relative gut length values of P. paradiseus of four river populations.
Discussion
The morphological difference is common in between and within stocks because of the division
of stock within the ecosystems of natural territory. In the present study, thirty-one morphometric
characteristics were recorded from the samples of four coastal river populations of P.
paradiseus. All the morphometric characters of Andharmanik except LPt-B in Lohalia
demonstrated significantly higher(p< 0.05) and Biskhali rivers populations demonstrated
significantly lower average values(p< 0.05), than the other populations. Among the thirty-one
morphometric characteristics, the UJL, LJL, Sn-L, ED, Pt-FL, and LAB of all river populations
was found no significant difference from each other.Environment, genetic diversity, human
activities, and ecology can all play a role in the major differences. Furthermore, the fish are
highly sensitive to changes in their environment (food availability, temperature), and it respond
by changing their morphometric characteristics as required (Mir et al., 2013; Wimberger, 1992).
Phenotypic flexibility may be attributable to genetic differences between populations, and
several studies have been published on morphometric and meristic character measurements on
different fish species, revealing differences due to ecology, geography, and man-made activities
(Pinheiro et al., 2005). Morphometric differences between stocks are to be expected since they
were collected from various locations and may have descended from different ancestors, as well
as their adaptability (Hossain et al., 2010). However, it is often tough enough to understand the
reasons for morphological variations among stocks (Poulet et al., 2004).
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In all river populations, the sixcharacteristics number of branchiostegal rays, 1st dorsal fin rays,
pectoral fin rays (Right), pelvic fin rays (Right), scale through the lateral line, and the number
of barbellsexhibited no significant differences (p> 0.05) from one another. The meristic counts
ranging from 6 and 8 of branchiostegal rays, 5 and 8 of first dorsal fin rays, 15 and 18 of second
dorsal fin rays, 15 and 17 for pectoral fin rays, 4 and 6 of pelvic fin rays, and 18 and 20 for
caudal fin rays. The number of barbells was found 7 in all samples of four populations.The
similar result has been observed to the taxonomic formula of different researchers (Bhuiyan,
1964; Talwar and Jhingran, 1991; Shafi and Quddus, 2001; Rahman, 2005). The mean number
of Pectoral Fin Rays (Left), Pelvic Fin Rays (Left), Caudal Fin Rays, and Anal Fin Rays were
varied significantly among the populations but no significant difference was observed among
meristic counts of P. paradiseus. A similar study was performed on non-reproductive and
reproductive females of kutum (Rutilus frisiikutum) in the Caspian Sea (Kashefi et al., 2012)
and found no difference among the meristic counts. Zafar et al. (2001) found all the meristic
characteristics remained constant in all the populations. Environmental parameters like
temperature, radiation, salinity, and dissolved oxygen have a significant impact on meristic
characteristics (Lindsey, 1988). Differences in the geographical area usually result in significant
changes in environmental conditions. P. paradiseus studied in our study from four different
habitats exposed to different environmental factors, which explains the majority of the meristic
differences.
LLR is important in fisheries management for comparative growth studies (Moutopoulos and
Stergiou, 2002). All LLRs in our study were highly correlated and they were compared with the
availableliterature. LLR which was in similarity with the studies of Chaklader et al. (2016) in
the Payra River, Hossen et al. (2016) in the Tentulia River. Habitat, time, fullness of stomach,
gonadal state, gender, fitness, preservation procedures, and variances in the size of the
specimens captured can all be responsible for the differences in b values (Hossain et al., 2011).
The LWR study in the present study depicted different growth types in different Rivers.
Although the Andharmanik river population indicates negative allometric growth Lohalia,
Payra, and Biskhali are possessed positive allometric growth of P. paradiseus i.e., fish gets
slenderer with increasing length (Jobling, 2008). Chaklader et al. (2016) reported that the
length-weight relationship b values for female, male,and combined gender of P. paradiseus
were recorded as 2.82, 2.66, and 2.80, respectively, indicating negative allometric growth of P.
paradiseus in Payra River. The calculated values of 'b' obtained from the study were within the
limits of 2.5-3.5 reported by Moutopoulos and Stergiou (2002); Froese (2006); Tarkan et al.
(2006) for most fishes. Differences in b values can be related to variations in environmental
condition of the behaviors or distinctions in animal physiology, or both (Le Cren, 1951), sex and
season (Hossain et al., 2006), rate of feeding, gonadal development and growth phase (Tarkan
et al., 2006), behavior (active or passive swimmer), and flow of water and growth phase
(Muchlisin et al., 2010).
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An index, the condition factor, indicates the population's well-being during different life cycle
stages by representing connections between biotic and abiotic factors of the condition of fish's
physiology (Froese, 2006). In the present study, the KF values for both sexes of P. paradiseus
were found as 2.40, 2.10, 1.33 and 2.01 in population of Andharmanik, Lohalia, Payra and
Biskhali River, respectively for both sexed individuals. In current study, the lowest KF value
was found in Payra river, whilst the highest in Andharmanik river for both sexes. Chaklader et
al. (2016) in the Payra river reported that the KF ranged from 1.82 and 2.23 while Hossen et al.
(2016) reported that the KF ranged from 0.573 and 0.990. While Bhatnagar (1963) studying on
condition factor of Puntius kolus and stated that the monthly variation of ‘KF’ values specified
the breeding season of the fish. The KF value of fish species was >1 indicating their robustness
condition, whereas its value <1 reflects that the condition of the fish is not in a good or
well-being (Hossain et al., 2012). All the factors such as environment, region, time, fullness of
stomach, gonadal state, sex, health, preservation methods, and variances in the size of the
specimens obtained can all be blamed for changes in condition (Hossain et al., 2011).
In the present study, relative length of gut (RLG) indicated that P. paradiseus is the carnivore
fish. The RLG value is <1. In the present study, the RLG value for both sexes were recorded
from 0.46, 0.48, 0.50 and 0.56 of Andharmanik, Lohalia, Payra, and Biskhali river population,
respectively. It is usually found amongst marginal flora in lakes and swamps with a mud
substrate. However, it fed on different plants, insects, mollusks, shrimps, and fish (Pethiyagoda,
1991). Oviparous, distinct pairing possibly like other members of the same family (Breder and
Rosen, 1966).
Conclusion
The present study provide sinformation on some biometric indices of P. paradiseus from four
coastal rivers of Bangladesh. These findings may be advantageous to formulate fisheries
management strategies. However, the further research on reproductive biology is required to
maintain and conserve this species.
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