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ABSTRACT

The current study describes the first report on condition factors (Fulton’s, Kg;
allometric, Ka; relative, Kg and relative weight, Wg) of Panna heterolepis in
relation to eco-climatic factors (temperature, rainfall, dissolved oxygen and
pH) in the Bay of Bengal, SW Bangladesh. All together 1224 specimens
(male = 654, female = 570) were caught through January to December 2019.
Bodyweight (BW), as well as total length (TL), was assessed by digital
balance and measuring board with 0.01 g and 0.01 c¢cm accuracy. TL was
varied between 10.70-31.40 cm for males and 10.50-34.50 cm for females.
Further, BW was ranged from 10.02-203.89 g for males and 9.02- 342.26 g
for the female population. The Kg values ranged from 0.56 to 1.12 for males
and 0.60 to 1.45 for females. On the other hand, K, varied between 0.0047 to
0.0212 for males and 0.0050 to 0.0267 for females. Besides, Ky varied
between 0.79 to 1.39 for males and 0.73 to 1.55 for females.
However, Wy ranged from 78.55 to 139.24 for males and 73.24 to 154.47 for
females. Fulton’s condition factor (Kg)was found the best for evaluating the
well-being of this species in the Bay of Bengal. Further, Kg was found
significantly related to temperature for both males (P = 0.04) and females
(P = 0.04) but not with other factors. The mean Wy indicated that the habitat
was in a balanced condition considering prey-predator status. The outcomes
of the study will be helpful for future management of this fish in the Bay of
Bengal considering the emerging climate change.

INTRODUCTION

If we accept that the fishery is an important branch for food production
worldwide, it is urgent to discover fish biology as well as their health condition.
Condition factor is the index which is used to understand survival, maturity, health status
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and reproduction of fish (Le Cren, 1951; Hossain, 2010; Ahmed et al., 2012). Further, it
indicates the quality of a water body and overall fitness of a population dwelling in a
specific ecosystem (Tsoumani et al., 2006). The condition of fish could be influenced by
sex, water quality parameters, stress, availability of feeds and season (Khallaf et al.,
2003; Hossain et al., 2006; Rahman et al., 2012). Consequently, the knowledge of
condition factor is vital for evaluating the life cycle of a particular fish population for
proper management and to upkeep the stability of the ecosystem (Hossain et al., 2013a).
In addition, relative weight (W) is the most popular index to assess the status of fish in a
particular habitat considering prey-predator status (Froese, 2006; Rypel and Richter,
2008; Hossain et al., 2013b).

Likewise, climate change is considered as an important hazard to fisheries along
with other different risk such as overfishing, pollution and habitat deterioration (Rose,
2005). Climatic factors mainly temperature and rainfall has constant effect on fish growth
and survival (Shoji et al., 2011). Temperature is the most significant climatic factor
regulating the progresses of larval accumulations of freshwater as well as marine species
(Houde and Zastrow, 1993; Jakobsen et al., 2009). Similarly, rainfall is a basic climatic
factor influencing the entire chain of hydrological events through runoff and river inflow
(Patrick, 2016). To ensure comprehensive fish health, it is urgent to maintain an
optimum DO (dissolved oxygen) level for physiological and metabolic activities. The DO
requirement increases with increasing fish size during grow out period (Abdel-Tawwab
et al., 2015). Alternatively, pH indicates whether the habitat is acidic or alkaline
condition. Higher level of pH (9-14) not only affects fish by denaturing cell membranes
but also alter other water quality parameters (Brown and Sadler, 1989). A number of
studies on eco-climatic effect on distributional changes in worldwide marine fish stocks
have been well documented (Beare et al., 2004; Alheit et al., 2005; Perry et al., 2005).
However, in the Bay of Bengal, to our knowledge, such studies are absent.

The Hooghly Croaker, Panna heterolepis (Trewavas, 1977) belonging to the
family Sciaenidae is a tropical demersal fish inhabit estuaries and marine-water (Talwar
and Jhingran, 1991). This Sciaenid fish is distributed in Bangladesh, Myanmar, India
and Sri Lanka (Sasaki, 1995). This species is locally known as Poa and commercially
very important as a table food item in Bangladesh. Due to lack of culture practice, the
overall demand of this species is met through the capture from wild stock. As a result,
overfishing is the foremost threat for the abundance of wild stock (Hossain et al., 2012a;
Hossen et al., 2019).

According to the author’s knowledge, only a few works including the morphology
(Sasaki, 1995) and morphometry as well as length-weight relationship (Sanphui et al.,
2018) have been done on P. heterolepis. Consequently, the objective of this study is to
illustrate the condition factors (Fulton’s, Kg; allometric, K and relative, Kg) and relative
weight (W) considering the eco-climatic factors of P. heterolepis for successive twelve
months from the Bay of Bengal, (SW) Bangladesh.
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MATERIALS AND METHODS

Study site and sampling. The study was done in Bay of Bengal (in Khulna region,
SW Bangladesh). Altogether, 1224 individuals (male = 654, female = 570) of P.
heterolepis were collected randomly from fisher’s catch during January to December,
2019. The collected samples were immediately preserved with ice and then fixed with
10% formalin solution to prevent decomposition of fish.

Fish measurement. Male and female individuals were identified by microscopic
observation of gonads. The overall sex ratio (male: female = 1.00:0.87) varied
statistically from the predictable ratio of 1:1 (df =1, y2 = 5.91, p > 0.05). Body weight
(BW) as well as total length (TL) was assessed by digital balance and measuring board
with 0.01 g and 0.01 cm accuracy.

Calculation of condition factors. Fulton’s condition factor (Kg) was determined
using the equation: Kr =100x(W/L%) (Fulton, 1904), where W stands for BW in g and L
is the TL in cm. The scaling factor 100 was used to bring the Kg close to unit. The
allometric condition factor (Ka) was estimated by the equation: Ka= W/L® (Tesch, 1968),
where W is the BW in g, L represents the TL in cm and b is the LWRs parameter. Further,
relative condition factor (Kg) was assessed with the equation: Kg = W/(axL") (Le Cren,
1951), where W is the BW in g, L is the TL in cm and a and b are LWRs parameters. The
relative weight (Wg) was calculated by the equation: Wg= (W/Ws) %100 (Froese, 2006),
where W is the BW of a specific individual and Ws is the anticipated standard weight for
the identical individual as calculated by Ws = axL", where a and b values were acquired
from the relationships between TL and BW.

Eco-climatic parameters. To evaluate the relationship between the most suitable
condition factor of P. heterolepis with habitat status, monthly ecological parameters were
also recorded from the sampling site following APHA (2005) procedures. The collected
parameters were temperature (°C), pH and dissolved oxygen (DO; mg/L). Further, the
data of monthly rainfall (mm) was collected from meteorological station of Khulna,
Bangladesh.

Statistical Analyses. For statistical analyses GraphPad Prism 6.5 Software was
used. Homogeneity as well as normality of data was checked and confirmed with the
Kolmogorov-Smirnov test and Shapiro-Wilk normality test. Where test for normality
assumption was not met, the nonparametric Mann-Whitney U test was applied to
compare the condition factors between sexes. The Wilcoxon signed rank test was
conducted to compare the average relative weight (Wg) and 100 (Anderson and
Neumann, 1996). The Spearman’s rank test was used to correlate body measurements
(TL and BW) with condition factors (Kg, Ka, Kr and Wg) as well as to relate the best
condition factor with different eco-climatic factors. Additionally, a chi-square test was
executed to observe the sex ratio departure from the predictable value of 1:1 (male:
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female). Furthermore, data analyses were done through Microsoft® Excel-add-in-Solver.
All statistical analyses were conducted with 5% significance level.

RESULTS

Total 1224 specimens (male = 654, female = 570) were caught through January to

December 2019, where TL was varied between 10.70-31.40 cm for males and 10.50-

34.50 cm for females and BW was ranged from 10.02-203.89 g for males and 9.02-
342.26 g for females. The overall sex ratio (male: female = 1.00:0.87) varied statistically
from the predictable ratio of 1:1 (df =1, y2 =5.91, p > 0.05).

Table 1. Descriptive statistics on Fulton’s condition factor (Kg) measurements and their
95% confidence limits of the Panna heterolepis in the Bay of Bengal, SW Bangladesh.

Month Sex n Fulton's condition factor (Kg)
Min Max Mean+SD 95% CL
January M 35 0.656 0.757 0.709+0.028 0.700-0.719
F 72 0.691 0.855 0.768+0.043 0.758-0.778
February M 37 0580 0.868 0.736+0.067 0.713-0.758
F 67 0594 1.040 0.777+0.104 0.752-0.803
March M 47 0599 0.858 0.745+0.057 0.728-0.761
F 57 0.656 0.993 0.789+0.070 0.771-0.808
April M 50 0.610 1.125 0.789+0.077 0.767-0.811
F 34 0.678 1451 0.870+0.147 0.819-0.922
May M 76 0.658  1.045 0.789+0.070 0.773-0.805
F 25 0.723 1.046 0.835+0.077 0.803-0.867
June M 77 0.633 0.946 0.731+0.048 0.720-0.742
F 22 0.723  1.046 0.857+0.085 0.819-0.894
July M 66 0.620 0.957 0.729+0.061 0.714-0.744
F 37 0.642 1.075 0.772+0.089 0.743-0.802
August M 63 0.565 0.905 0.702+0.062 0.687-0.718
F 43 0.644 0.880 0.716+0.056 0.698-0.733
September M 60 0.560 0.769 0.673+0.046 0.661-0.685
F 42 0.628 0.775 0.710+0.034 0.699-0.720
October M 45 0.636 0.822 0.722+0.053 0.706-0.738
F 59 0.639 0.854 0.723+0.046 0.711-0.735
November M 42 0.632 0.825 0.703+0.052 0.687-0.719
F 63 0.616 0.812 0.694+0.047 0.682-0.706
December M 56 0.634 0.779 0.700+0.034 0.691-0.709
F 48 0.659 0.824 0.734+0.044 0.721-0.747

Note: M, Male; F, Female; n, Sample size; Min, Minimum; Max, Maximum; SD,

Standard Deviation; CL, Confidence limit of mean.



595 Condition of P. heterolepis in relation to eco-climate

Fulton’s condition factor (Kg). The lowest and highest Kg values for male were
0.56 and 1.12 in September and April, respectively. Besides, lowest and highest Kg
values for females were 0.60 and 1.45 in February and April, respectively (Table 1,
Figure 1). Kg revealed significant variations between sexes (P < 0.0001) during the study.
According to Spearman rank test, Fulton’s condition factor (Kg) and TL were
significantly correlated in both sexes indicating that K was the best allowing for the
well-being of P. heterolepis in the Bay of Bengal (Table 2).
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Figure 1. Monthly variations of Fulton's condition factor of Panna heterolepis in the Bay
of Bengal, SW Bangladesh.
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Table 2. Relationships of condition factor with total length and body weight of Panna
heterolepis in the Bay of Bengal, (SW) Bangladesh.

Relationships ~ Sex T values 95% CLof r Pvalues  Significance
TL vs. KF -0.2500 -0.3226 t0 -0.1746 <0.001 *
TL vs. KA 0.0324 -0.0466 t0 0.1111 0.2038 ns
TL vs. KR 0.0324 -0.0467 t0 0.1111 0.2041 ns
TL vs. WR M 0.0324 0.0467 t0 0.1111 0.2041 ns
BW vs. KF -0.1001 -0.1777 to -0.0214 0.0104 *
BW vs. KA 0.1827 0.1053 t0 0.2579 <0.0001 folelal
BW vs. KR 0.1827 0.1053 t0 0.2579 <0.0001 folelal
BW vs. WR 0.1827 0.1053 to 0.2579 < 0.0001 folaal
TL vs. KF -0.2466 -0.324510 -0.1654 < 0.0001 folaal
TL vs. KA 0.0401 -0.0447 t0 0.1243 0.3396 ns
TL vs. KR 0.0401 -0.0447 t0 0.1243 0.3393 ns
TL vs. WR - 0.0402 -0.0446 t0 0.1244 0.3391 ns
BWvs. K_ -0.0566  -0.1406 t0 0.0282  0.1776 ns
BW vs. KA 0.2280 0.1462 to 0.3067 < 0.0001 falelal
BW vs. KR 0.2280 0.1462 to 0.3067 < 0.0001 folalal
BW vs. WR 0.2280 0.1462 to 0.3068 < 0.0001 falelal

Note: M, Male; F, Female; ns, not significant; * significant; ***highly significant

Allometric condition factor (Ka). This study indicated the minimum and
maximum allometric condition factor (Ka) were 0.0047 in February and 0.0212 in
September for males. On the other hand, the lowest and highest Ka values for female
population were 0.0050 in January and 0.0267 in April (Figure 2). Further, Ka revealed
significant variations between sexes (P < 0.0001) during the study.
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Figure 2. Monthly variations of allometric condition factor of Panna heterolepis in the
Bay of Bengal, SW Bangladesh.

Relative condition factor (Kg). The study revealed the lowest and highest relative

condition factor (Kg) was 0.79 and 1.39 for males. On the other hand, the lowest and
highest Kr values for female population were 0.73 and 1.55. Minimum and maximum
values for both males and females were recorded in April (Figure 3). However, Kg
revealed no significant variations between sexes (P = 0.1641) during the study.
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Figure 3. Monthly variations of relative condition factor of Panna heterolepis in the Bay
of Bengal, SW Bangladesh.

Relative weight (WR). The lowest and highest Wg values for male were 78.55 and
139.24, respectively. Besides, minimum and maximum Wk values for females were 73.24
and 154.47, respectively. Further, minimum and maximum values for both males and
females were recorded in April (Table 3, Figure 4). According to Wilcoxon sign rank test,
Whr showed no significant difference from 100 for both males (P = 0.33) and females (P =
0.48).
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Table 3. Descriptive statistics on relative Weight (Wgr) measurements and their 95%
confidence limits of the Panna heterolepis in the Bay of Bengal, SW Bangladesh.

Month Sex n Relative Weight (Wg)
Min Max MeanxSD 95% CL
January M 35 9225 107.20 100.28+8.36 98.95-101.61
F 72 90.14 111.69 100.04+£5.44 98.76-101.32
February M 37 8171 124.48 101.15+9.16 98.10-104.21
F 67 76.24 134.77 100.17+£13.46 96.88-103.45
March M 47 82.85 119.75 102.75+7.73 100.19-104.75
F 57 85.17 128.98 102.53+9.12 100.11-104.95
April M 50 7855 139.24 100.4049.22 97.78-103.02
F 34 73.24 154.47 99.92+14.20 94.96-104.88
May M 76 81.97 13211 101.29+8.47 99.35-103.23
F 25 86.77 124.50 101.74+8.62 98.18-105.29
June M 77 86.17 127.56 99.54+6.42 98.08-100.99
F 22 83.99 120.95 99.66+9.49 95.45-103.87
July M 66 85.30 130.25 100.67+7.71 98.77-102.57
F 37 8193 122.05 100.58+8.89 97.61-103.54
August M 63 80.47 126.54 100.64+8.38 98.52-102.75
F 43 89.37 11552 99.99+6.08 98.11-101.86
September M 60 89.85 109.84 100.06+5.36 98.68-101.45
F 42 88.98 110.87 100.42+4.80 98.92-101.91
October M 45 88.70 113.82 100.60+6.63 98.61-102.59
F 59 87.41 116.42 100.11+5.96 98.56-101.67
November M 42 90.16 111.35 100.28+6.24 98.34-102.23
F 63 88.54 111.70 100.38+5.61 98.96-101.79
December M 56 91.27 11257 100.88+4.85 99.59-102.18
F 48 90.00 110.12 100.1045.07 98.62-101.57

Note: M, Male; F, Female; n, Sample size; Min, Minimum; Max, Maximum; SD,

Standard Deviation; CL, Confidence limit of mean.
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Figure 4. Monthly variations of relative weight of Panna heterolepis in the Bay of
Bengal, SW Bangladesh.
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Eco-climatic parameters. In our study, four eco-climatic parameters were
recorded namely temperature, rainfall, DO and pH. The Fulton’s condition factor (Kg)
was found statistically related with temperature for both male (P = 0.04) and female (P =
0.04). However, Rainfall, DO and pH did not reveal any significant correlation with Kg
(Table 4). The relationship between Kg and eco-climatic factors are presented in Figure 5

and 6.

Table 4. Relationship between eco-climatic factors with Fulton’s condition factor of

Panna heterolepis in the Bay of Bengal, SW Bangladesh.

Relationships ~ Sex T values 95% CLof r_ Pvalues  Significance
Temp. vs. K 0.6123 0.0397 to 0.8821 0.0378 *

Rain vs. Kg M -0.3117 -0.7596 to 0.3367 0.3154 ns

DO vs. Kg 0.1813 -0.4538 t0 0.6943 0.5679 ns

pH vs. K 0.0685 -0.5400 to 0.6300 0.8310 ns
Temp. vs. K 0.6200 0.0521 to 0.8849 0.0352 *

Rain vs. Kg c -0.4685 -0.8278 t0 0.1631 0.1275 ns

DO vs. Kg 0.0984 -0.5183 t0 0.6478 0.7606 ns

pH vs. K 0.1474 -0.4811 to 0.6758 0.6459 ns

Note: M, male; F, female; Temp, temperature (°C); Rain; rainfall (mm); DO, dissolved
oxygen (mg/l), rs, Spearman rank correlation values; CL, confidence limit; P, level of

significance; ns, not significant; *significant.
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DISCUSSION

Information on condition factor of P. heterolepis is inadequate in literature
elsewhere. Consequently, the present study is the first effort to describe condition factor
as well as relative weight of P. heterolepis from the Bay of Bengal (SW) Bangladesh in
relation to eco-climatic factors. In our study, altogether 1224 specimens of different body
sizes were sampled using local gears for successive twelve months. To assess the overall
health and proficiency of P. heterolepis a number of condition factors i.e. Fulton’s (Kg),
allometric (Ka), relative (Kg) as well as relative weight (W) were used in the present
study. Multiple condition factors were used to determine the best suited condition factor
assessing the health as well as habitat condition of P. haterolepis in the Bay of Bengal,
SW Bangladesh.

Condition factor indicates the status of well-being of a fish population in their
natural ecosystem (Hossain et al., 2012b). Besides, it reveals several bio-ecological
interactions i.e. level of fitness, maturity status and impassableness of a habitat with
respect to feeding behavior (Hossen et al., 2019). Moreover, the condition value is a
widespread biological index for fish which specifies the overall health of a stock
(Richter, 2007). The higher value of condition factor indicates that the fish are in better
condition (Hossain et al., 2017; Maurya et al., 2018). According to Spearman rank test,
Fulton’s condition factor (Kg) and TL were significantly correlated for both sexes
denoting that Kg was the best allowing for the well-being of P. heterolepis in the Bay of
Bengal. During the study, the Fulton’s condition factor was higher in the month of March
to June with some fluctuations. But maximum favorable condition was estimated during
the month of April for both male and female.

Relative weight (Wg) of an aquatic ecosystem influences the recruitment pattern
of a fisheries community (Shulman and Ogden, 1987). The Wr declining below 100 for
a population indicates lower prey or high predator density; whereas values above 100
indicate a prey surplus or lower predator (Froese, 2006). In our study, the mean Wg
revealed no significant difference from 100 for both sexes of P. heterolepis indicating the
habitat was in balanced condition. We found no reference about the condition factor and
relative weight of P. heterolepis elsewhere. Therefore, it is difficult to compare the
finding with other studies.

Further, the Fulton’s condition factor (Kg) was found significantly related with
temperature for both male and female. Fish is a poikilothermic animal. Consequently,
habitat temperature controls the fish body temperature, food consumption, growth rate
and various body functions (Houlihan et al., 1993; Azevedo et al., 1998). Throughout
the study, the maximum water temperature was recorded in June-July (34.4°C) and the
minimum was in January (19.8°C). The K value showed a positive correlation with
temperature. However, rainfall, DO and pH did not reveal any significant correlation with
Kr between sexes. The highest rainfall was observed in August and no precipitation was
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occurred in the month of January. DO is considered the most vital parameter due to its
necessity for aerobic metabolism (Timmons et al., 2001). The level of DO should be
above 3.5 mg/l for coastal fisheries resources (EPA, 2000). Similarly, pH is also
considered crucial for any aquatic ecosystem. If the pH value of any aquatic ecosystem is
more acidic (pH < 4.5) or more alkaline (pH > 9.5) for long time, growth and
reproduction will be diminished (Ndubuisi et al., 2015). In our study, the monthly DO
level ranged from 5.42 to 6.15 mg/l and pH ranged from 6.76 to 7.32 indicating a suitable
habitat for marine fisheries resources in the Bay of Bengal, (SW) Bangladesh.

CONCLUSION

In fine, K was found the best for assessing the wellbeing of the above-mentioned
species. Further, Kg value showed a positive correlation with temperature for both sexes.
The findings of our study might be a potential tool for future management of the standing
stock of P. heterolepis in the marine and coastal waters of Bangladesh.
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