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A total of 900 individuals (pre-monsoon = 250, monsoon = 350, post-monsoon = 300) of P. paradiseus were collected
from the fishers catches during January to December 2014. For each individual, TL (total length) and BW (body weight)
were measured with 0.1 cm and 0.1 g accuracy, respectively. Length weight relationship (LWR) was estimated by the
equation, W = a x L®. Length-frequency distributions (LFD) were significantly different between the seasons (P < 0.001).
Allometric coefficient (b values) of LWRs (TL vs. BW) indicated isometric growth in pre-monsoon and post-monsoon (b =
3), but negative allometric growth was found in monsoon (b < 3). All LWRs were highly significant (P < 0.001) with all r
values > 0.984. The LWRs were significantly difference between the seasons (ANCOVA, P < 0.001). The Kg is highly
correlated with TL (Spearman rank test, P < 0.001) in all the seasons, thus suggesting the best condition factor for assessing
the wellbeing of this fish in our study area. Additionally, the Wy was significantly different from 100 (Wilcoxon rank test,
P = 0.003) in pre-monsoon, which indicates the habitat was in poor condition for P. paradiseus, nevertheless it was not
significantly differed in monsoon (P = 0.0186) and post-monsoon (P = 0.423). The calculated L, was 12.1 cm in TL and

form factor was 0.0061 for P. paradiseus in the Tetulia River.
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Introduction

The Paradise threadfin, Polynemus paradiseus
(Linnaeus, 1758), is a marine, fresh- and brackish-
water fish species of the family Perciformes'. This
species is commonly known as Tapasi, Paradise
threadfin in Bangladesh™’; Tapsee-machh, and
Paradise threadfin in India*’; Striped threadfin, and
Tassel fish in Malaysia®, Buka-dulce, and
Kulampiros in Philippines’ but it is globally known
as Paradise threadfin®. This fish is found in
Bangladesh, India, Malaysia, Myanmar, Thailand,
Pakistan and Combodia’. It lives over sandy bottoms,
regularly enters in freshwaters during spawning
season'’. The P. paradiseus feeds mainly on
crustaceans (especially shrimps), small fishes and
benthic organisms'®. Flesh of this fish is very oily
and tasty and preferred by the consumers”. However,
the wild population of the species could be declining

due to heavy harvest, habitat loss and other ecological
changes to their habitat in Bangladeshi water-
bodies'""*.

Biological aspects including the length frequency
distribution (LFD) reflects the interactions of the
dynamic rates of recruitment, growth and mortality';
and also it helps to determine the river health, stock
conditions and breeding period of the fish'*. In
addition, the length-weight relationship (LWR) is
frequently used to find out the seasonal variations in
fish growth and condition indices'>'®"". Furthermore,
it is essential for the calculation of production and
biomass of a fish population'>'®'®'. Moreover, the
length-length relationship (LLR) is very useful to
detect the affect of ecological and physiological
factors on fish growth®. Condition factor e.g. Fulton’s
condition factor has a significant role to assess the
gonadal maturity and environmental condition of



583

INDIAN J. MAR. SCI., VOL. 46, NO. 03, MARCH 2017

fish®'*2. Additionally, relative condition factor could
be helpful in determining the pollution or any
situation that resulted in prolonged physiological
stress of a fish population”. Furthermore, the relative
weight can be used to estimate the habitat health
based on prey-predator status>**.

Only a few studies on P. paradiseus including
biology, ecology and dynamics have been
conducted'**®. Nevertheless, a number of studies have
been conducted on LFDs, LWRs and condition
factors of several fish species from the north-western
Bangladesh *"***3%313%3 "However to the best of the
authors’ knowledge, there is no detailed information
on P. paradiseus from Bangladesh or else. Therefore,
our study focuses on seasonal variations of LFD,
LWRs, LLRs, condition factors (allometric Ka;
Fulton’s Kg; relative, Kg and relative weight, W) of
P. paradiseus from the coastal Tetulia River, southern
Bangladesh. Also, the size at first sexual maturity (L)
and form factor (az) were estimated.

Materials and Methods

Sampling was conducted in the Tetulia River,
southern Bangladesh, connect to marine ecosystem.
The River Tetulia is one of the largest rivers in
southern part of Bangladesh and acts as an important
spawning and feeding ground for freshwater and
marine water fish species. Samples were collected
during daytime on a seasonal basis (pre-monsoon
=250, monsoon = 350 and post-monsoon = 300) from
fishermen’s catches landed at different parts (Kalia:
latitude 22° 39’ N and longitude 90° 63’ E; Najir pur:
latitude 22° 40’ N and longitude 90° 62’ E; Jafrabad:
latitude 22° 41’ N and longitude 90° 60’ E and
Sominpur: latitude 22° 42’ N and longitude 90° 59’ E)
of the River during January to December 2014. The
gear used by the fishers includes seine net, cast net,
square lift net and monofilament fixed gill net. The
fresh samples were immediately chilled in ice on site
and fixed with 10% buffered formalin upon arrival at
the laboratory. All morphometric characters e.g. total
length (TL), fork length (FL) and standard length (SL)
were measured to the nearest 0.1 cm using digital
slide calipers (Mitutoyo, CD-15PS) and total body
weight (BW) was taken using an electronic balance
(Shimadzu, EB-430DW) with 0.1 g accuracy.

The LWR was calculated using the equation: W = a
x L®, where W is the body weight (g) and L is the total
length (cm). Parameters a and b were estimated by
linear regression analyses based on natural
logarithms: In(W) = In(a) + b In(L). Additionally, 95%
confidence limits of a and b and the co-efficient of
determination r* were estimated. Earlier to the

regression analyses of In BW on In TL, In-In plots of
length and weight values were performed for visual
inspection of outliers, with extremes being omitted
from the regression analyses®. A t-test was used to
confirm whether b values obtained in the linear
regressions were significantly different from the
isometric value (b = 3)*. Furthermore, LLRs
including TL vs. SL and TL vs. FL were estimated by
linear regression”’. The LFD was constructed using 1
cm intervals of TL.

Allometric condition factor (Ka) was calculated
using the equation®, Ky = W/L®, where W is the body
weight (BW, g), L is the total length (TL, cm) and b is
the LWRs parameter. Fulton's condition factor (Kg)

was calculated using the equation®’: Kg =100 (W/ L3),
where W is the BW (g), and L is the TL (cm). Scaling
factor of 100 was used to bring the K¢ close to unit
and the relative condition factor (Kg) for each
individual was calculated via the equation®, Ky =
W/(a x L°) where W is the BW (g), L is the TL (cm),
a and b are the LWRs parameter. Relative weight
(Wr) was calculated by the equation® as: Wg =
(W/Ws) x 100, where W is the weight (g) of a
particular individual and Wg is the predicted standard
weight for the same individual as calculated by Ws =
a x L°, where a and b values were obtained from the
relationships between TL and BW.

The L, for P. paradiseus in the Tetulia River was
calculated using the equation®, log (L,) = -
0.1189 + 0.9157* log (Lyax)- In addition, the form
factor (asp) of this species was calculated using the
equation® as: ago = 10 **®3 where a and b are
regression parameters of LWRs and s is the regression
slope of In a vs. b. During this study, a mean slope S
= -1.358™ was used for estimating the form factor
(az0) because information on LWRs is not available
for this species for estimation of the regression (S) of
Inavs.b.

Statistical analyses were performed using Graph
Pad Prism 6.5 software (GraphPad Software, Inc., San
Diego, CA). Tests for normality of each group were
conducted by visual assessment of histograms and
box plots and confirmed with the Saprio-Wilk
normality-test. Wilcoxon signed rank test was used to
compare the mean relative weight (Wg) with 100%.
Spearman rank correlation test was used to analyze
the relationship between the morphometric indices
(condition factors) with TL and BW. The analyses of
covariance (ANCOVA) were used to compare the
LWRs and TL vs. Kg between the seasons. All
statistical analyses were considered significant level
at 5% (P<0.05).
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Results

Table 1 illustrates the descriptive statistics and
95% confidence limit (CL) for length and weight
measurements of P. paradiseus from the Tetulia
River, southern Bangladesh. The TL ranged from 9.40
to 18.30 cm (mean = SD = 14.01 + 2.44) in pre-
monsoon, 7.30 to 18.90 cm (mean + SD = 13.93 +
2.75) in monsoon and 10.20 to 21.70 cm (mean = SD
=15.38 £ 3.10) in post-monsoon. The Mann Whitney
U-test indicated that there were significant difference
for TL frequency distribution in pre-monsoon and
monsoon (U = 43529, P < 0.001), pre-monsoon and
post-monsoon (U = 30414, P < 0.001) and monsoon
and post-monsoon (U = 43134, P <0.001).

Additionally, the BW was ranged from 5.80 to
40.70 g (mean £ SD = 20.07 £ 9.79) in pre-monsoon,
3.80 to 40.25 g (mean = SD = 18.86 + 9.18) in
monsoon and 8.10 to 69.60 g (mean + SD = 26.43 +
12.11) in post-monsoon. The Mann Whitney U-test
expressed that, there was no significant differences
for BW between pre-monsoon and monsoon (U =
41066, P = 0.200). However, there was significant
differences between pre-monsoon and post-monsoon
(U = 31794, P = 0.002) also in monsoon and post-
monsoon (U = 42404, P < 0.001,). Furthermore, the
LFD showed that 32.4% (maximum in pre-monsoon)
stands on 14.0 - 15.0 and 15.0 - 16.0 cm in TL size
group in pre-monsoon, 20.0% (maximum in
monsoon) on 16.0 - 17.0 cm in TL size group in
monsoon and 39.7% (maximum in post-monsoon)
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stands on 13.0 - 14.0 and 14.0 - 15.0 cm in TL size
group in post-monsoon period (Fig. 1) for P.
paradiseus in the Tetulia River.

The sample size (n), regression parameters (a and
b) and 95 % CL of a and b of the LWR, coefficient of
determination (r’) and growth type (GT) of P.
paradiseus are given in Table 2 and Fig. 2. All LWRs
were highly significant (P < 0.001) with all r* values
>0.984. Calculated b value of the LWR (TL vs. BW)
indicated isometric growth in pre-monsoon and post-
monsoon (b = 3), but negative allometric growth
found in monsoon (b < 3). The ANCOVA stated that,
the slopes were extremely different in pre-monsoon
and monsoon (df = 596, F = 210.90, P < 0.001),
monsoon and post-monsoon (df = 646, F = 227.57, P
<0.001) (Figure 3). Furthermore, in pre-monsoon and
post-monsoon the slopes were not significantly
different (df = 546, F = -0.009, P = 0.984), but the
intercepts were extremely different (df = 547, F =
117.74, P < 0.001) for P. paradiseus in the Tetulia
River, southern Bangladesh.

Moreover, the LLR including TL vs. SL and TL
vs. FL (in pre-monsoon, monsoon and post-
monsoon) for P. paradiseus along with estimated
parameters and the coefficient of determination (r?)
are presented in Table 3. All LLRs were highly
significant (P < 0.001) and most of the coefficients of
determination values were > 0.990.

Table 1— Descriptive statistics on the length (cm) and weight (g) measurements of the Polynemus paradiseus (Linnaeus, 1758) in

the Tetulia River, southern Bangladesh

Measurements Sex n Min
Pre-monsoon C 250

TL 9.40
FL 7.30
SL 6.30
BW 5.80
Monsoon C 350

TL 7.30
FL 5.80
SL 5.10
BW 3.80
Post-monsoon C 300

TL 10.20
FL 7.90
SL 7.00
BW 8.10

Max Mean + SD CLoso,

18.30 14.014+2.44 13.71-14.31
15.10 11.10+1.99 10.85-11.34
13.80 10.02+1.98 9.77-10.27
40.70 20.074£9.79 18.85-21.29
18.90 13.93+£2.75 13.64-14.22
15.90 11.18+2.42 10.93-11.44
14.00 9.93+£2.12 9.70-10.15
40.30 18.86+9.18 17.90-19.83
21.70 15.38+3.10 15.03-15.74
18.50 12.26+2.84 11.94-12.59
17.20 11.26+2.75 10.94-11.57
69.60 26.43+12.11 24.49-28.38

n, sample size; C, combined sex; Min, minimum; Max, maximum; SD, standard deviation; CL, confidence limit; TL, total

length; FL, fork length; SL, standard length; BW, body weight
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The different condition factors (allometric, Kp;
Fulton's Kg; relative Kg) and relative weight (Wg) of
P. paradiseus with minimum, maximum, mean values
and 95% CL in the Tetulia River are shown in Table
4. The Kg values ranged from 0.600-0.722 in pre-
monsoon, 0.573-0.990 in monsoon and 0.576-0.768 in
post monsoon.

In addition, the relationships of condition factors
with TL of P. paradiseus in the Tetulia River are
presented in Table 5. Based on the Spearman rank
correlation test, the K is highly correlated with TL (P
< 0.001) in all the seasons, thus suggesting the best
condition factor for assessing the wellbeing of this
fish in our study area throughout the year. In
addition, the ANCOVA revealed that the
relationships of InTL-InKg were not significantly
different between pre- and post monsoon (P =
0.560), but it was extremely different between
monsoon VS. pre-monsoon, and monsoon VS. post-
monsoon (P < 0.001) (Fig. 3). On the other hand,
the slopes for TL vs. Kg were extremely different in
monsoon and post-monsoon (df = 396, F=12.10, P
=0.001).

Furthermore, the Wilcoxon signed rank test
revealed that the Wr was significantly different from
100 (P = 0.003) in pre-monsoon indicating that
habitat is in problem before staring spawning, but it
was not significantly different in monsoon (P = 0.186)
and post-monsoon (P = 0.423). The estimated L, was
12.10 ecm (95% CL = 8.6 - 172 cm TL) in TL and the
calculated form factor (ag) was 0.0061 for P. paradiseus in
the Tetulia River.
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Fig. 1— Length-frequency distributions of Polynemus paradiseus
(Linnaeus, 1758) in the Tetulia River, southern Bangladesh

Table 2— Descriptive statistics and estimated parameters of the length-weight relationships of the Polynemus
paradiseus (Linnaeus, 1758) in the Tetulia River, southern Bangladesh

Equation Sex n Regression parameters
a b

Pre-monsoon C 250

BW=a x TL" 0.0061 3.032
BW=a x FL" 0.0152 2.949
BW=a x SL° 0.0411 2.651
Monsoon C 350

BW=a x TL" 0.0127 2.737
BW=a x FL° 0.0410 2.504
BW=a x SL° 0.0553 2.504
Post-monsoon C 300

BW=a x TL" 0.0058 3.035
BW=a x FL° 0.0293 2.668
BW=a x SL° 0.0541 2511

95% CL of a

0.0057-0.0066
0.0136-0.0170
0.0377-0.0447

0.0119-0.0136
0.0390-0.0431
0.0523-0.0584

0.0054-0.0063
0.0273-0.0314
0.0510-0.0575

95% CL of b

3.005-3.058
2.902-3.000
2.614-2.688

2.711-2.762
2.484-2.525
2.479-2.528

3.007-3.063
2.640-2.695
2.485-2.536

r? GT
0.995 1
0984 -A
0987 -A
0.992 -A
0.994 -A
0.992 -A
0993 1
0992 -A
0992 -A

n, sample size; C, combined sex; BW, body weight; TL, total length; FL, fork length; SL, standard length; a, intercept; b,
slope ; CL, confidence limit; 12, co-efficient of determination; GT, growth type (I, isometric; -A, negative allometric)
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Table 3— The estimated parameters of the length-length relationships (Y = a +b x X) of the Polynemus paradiseus
(Linnaeus, 1758) in the Tetulia River, southern Bangladesh

Equation

Pre-monsoon
TL=a+bxSL
TL=a+b xFL
Monsoon
TL=a-+bxSL
TL=a-+bxFL
Post-monsoon
TL=a+bxSL
TL=a+b xFL

Sex

C

n

250

350

300

Regression parameters
a b
1.700 1.228
0.442 1.222
1.092 1.294
1.268 1.132
2.690 1.128
1.990 1.092

95% CLofa  95% CL ofb r2

1.566-1.834 1.216-1.242 0.993
0.271-0.612 1.208-1.238 0.990
0.998-1.185 1.284-1.303 0.996
1.177-1.356 1.124-1.140 0.996
1.620-2.760 1.122-1.134 0.998
1.898-2.082 1.085-1.099 0.997

n, sample size; C, combined sex; TL, total length; FL, fork length; SL, standard length; a, intercept; b, slope; CL,
confidence limit; r?, coefficient of determination

Table 4— Condition factors of the Polynemus paradiseus (Linnaeus, 1758) in the Tetulia River, southern Bangladesh

Condition factors
Pre-monsoon

Sex

350

300

n
250

Min Max
0.006 0.007
0.600 0.722
0.907 1.102
90.91 110.23
0.011 0.017
0.573 0.990
0.867 1.314
86.70 131.44
0.005 0.007
0.576 0.768
0.907 1.221
90.71 122.08

Mean + SD

0.006+0.0002
0.668+0.026
1.007+0.038
100.65+3.83

0.013+0.001
0.643+0.056
1.004+0.054
100.40+5.39

0.006+0.001
0.640+0.032
1.004+0.050
100.40+4.97

CLose,

0.0061-0.0062
0.665-0.671
1.002-1.011

100.17-101.12

0.012-0.013

0.637-0.648

0.998-1.010
99.83-100.96

0.005-0.006

0.637-0.644

0.998-1.010
99.83-100.96

n, sample size; C, combined sex; Min, minimum; Max, maximum; SD, standard deviation; CL, confidence limit; Ka,
allometric condition factor; Kg, fulton’s condition factor; Kg, relative condition factor; Wk, relative weight

Table 5— Relationships of condition factors with total length (TL, cm) of Polynemus paradiseus (Linnaeus, 1758) in

the Tetulia River, southern Bangladesh

Correlation
Pre-monsoon
TL vs. Ka
TL vs. Kg
TL vs. Kg
TL vs. Wgr
Monsoon

TL vs. Ka
TL vs. Kg
TL vs. Ky
TL vs. Wg
Post-monsoon
TL vs. Ky
TL vs. Kg
TL vs. Kg
TL vs. Wr

Is- values

0.0207
0.1563
0.0216
0.0215

0.3730
-0.5516
0.3729
0.3729

0.1768
0.2972
0.1764
0.1766

95% CL of

-0.1074 to 0.1480
0.0291 to 0.2784
-0.1064 to 0.1489
0.1065 to 0.1488

0.2762 to 0.4623
-0.6225 to -0.4717
0.2761 to 0.4622
0.2761 to 0.4622

0.0614 to 0.2874
0.1871 to 0.4000
0.0611 to 0.2871
0.0612 to 0.2872

P- values

P=0.745
P=0.013
P=0.734
P=0.735

P<0.001
P<0.001
P<0.001
P<0.001

P=0.002
P<0.001
P=0.002
P=0.002

Level of significance

ns
*

ns

ns

T
T
T
T

%
T
%
*k

TL, total length; K,, allometric condition factor; K, fulton’s condition factor; Kg, relative condition factor; Wg,
relative weight; r, spearman rank correlation coefficient; CL, confidence limit; ns, not significant; *, significant; **,
highly significant; ***, extremely significant, and P, shows the level of significance
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Discussion

Information on seasonal variations of length-
weight and length-length relationships, condition
factors, form factor, and size at sexual maturity for P.
paradiseus is quite deficient from Bangladesh or any
other country of the world except a recent study®.
Nevertheless, a number of studies on different species
have been conducted in Asian countries'**"#>*44,
In this study a total of 900 individuals were sampled
and it was not possible to catch P. paradiseus smaller
than 7.30 cm in TL and 3.80 g in BW, which can be
attributed due to absence of smaller size individuals
(<7.30 cm and <3.80 g) or selectivity of fishing gear
or fishermen did not go where smaller size exist®.
The larger size individual was found 21.70 cm in TL
and 69.60 g in BW, which is approximate with a
study®, where maximum size was 22.50 ¢cm in TL
and 61.65 g in BW. It is reported that the information
on maximum length is necessary to estimate the
population parameters including asymptotic length
and growth coefficient of fishes, which is important for
fisheries resource planning and management’"'>. From
the LFDs, it was found that minimum sized
population exists in monsoon period and maximum
sized population exists in the post-monsoon period in
the Tetulia River.

The b values ranging from 2.5 to 3.5 are more
common***. In our study b value is close to 3
indicating isometric growth in pre-monsoon and post-
monsoon, but in monsoon period negative allometric
(b<3) growth was estimated for P. paradiseus in the
Tetulia river. Recently a study found positive
allometric growth (b=3.389 for male and b=3.512 for
female) for P. paradiseus®®, which is not accordance
with our findings. Such differences in growth pattern
for the same species may be recognized due to
influence of several factors including sex, maturity,
seasonal effect, food and feeding habit, habitat area,
preservation techniques and differences in observed
length*®®., all these factors were not considered
during this study except seasonal changes.

Although most of the studies deals with a single
condition factor and we have worked on four
condition factors (Ka; Kg; Kr and WR) to assess the
health and habitat condition of P. paradiseus in the
Tetulia River. This study also revealed that the
Fulton’s condition factor is the best for assessing
the wellbeing of this P. paradiseus in the Tetulia
River and surrounding ecosystem through-out the
year.
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Fig. 2— Length-weight relationships (In W = In a + b In L) of
Polynemus paradiseus (Linnaeus, 1758) in the Tetulia River,
southern Bangladesh
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Fig. 3— Relationship between Fulton’s condition factor (Kg) and
total length (TL) of Polynemus paradiseus (Linnaeus, 1758) in the
Tetulia River, southern Bangladesh



The Kg of monsoon was different from pre- and
post-monsoon, and it might be due to the gonadal
development. However, there is no previous
published data on K, thus prohibited us to compare
the current results. This study presents the first
attempt to determine the size at first sexual maturity
(~12.10 cm in TL) for P. paradiseus from the Tetulia
River. The value of Kg decreases with increasing the
TL. When P. paradiseus attains around 12 cm TL
(~11.90 cm TL), then mean value of K¢ was dropped
down in monsoon (Figure 3), indicating that Kg might
be highly allied with size at first sexual maturity.
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Fig. 4— Relationships between total length (TL) and relative
weight (WR) of Polynemus paradiseus (Linnaeus, 1758) in the
Tetulia River, southern Bangladesh

Furthermore, the mean Wg was significantly
different from 100 in pre-monsoon in our study
which indicates the habitat was not suitable with
the presence of low prey-high predator or high
prey-low predator. The values of Wy falling below
100 for an individual or population recommend
problems such as low prey accessibility or high
predator density; whereas values above 100 indicates
a prey surplus or low predator density**. No available
literature or references dealing with the condition
factors for P. paradiseus prevents the comparison
with our findings.

The calculated form factor (8s0) was 0.0061 for P.
paradiseus in the Tetulia River. Also using the
LWRs parameter we have calculated the as as 0.0070
in the Tetulia River and 0.0039 from the Chittagong
and Cox’s bazar coastal region from the published
data®® **. The azo can be used to verify whether the
body shape of individuals in a given population or
species is significantly different from others™.

Conclusion

The findings of the present study would be very
crucial for sustainable fishery of P. paradiseus in the
Tetulia River and adjoining ecosystems.
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