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Abstract

The Hooghly croaker (Panna heterolepis Trewavas, 1977) is a very popular marine and brackish water
fish species in Bangladesh under the family Sciaenidae. This species is locally known as Poa and
commercially very important as a table food item in the coastal region of Bangladesh. The overall
objective of this study is to assess the stock of P. heterolepis in the Bay of Bengal, Bangladesh. A total of
1223 specimens were collected monthly basis using traditional fishing gears from the Bay of Bengal,
Bangladesh, during January to December, 2019. Male and female individuals were identified by gonadal
observation under microscope. Individual total length (TL) and body weight (BW) were measured by
measuring board and digital balance with 0.01 cm and 0.01 g accuracy. The length frequency distribution
was estimated by 1.0 cm TL intervals. The length-weight relationship (LWR) was calculated by W=a*L".
Multiple condition factors (Fulton’s, Kg; allometric, K,; Relative, Kr and relative weight, Wg) were
analyzed for assessing the well-being of this species in relation to eco-climatic factors. To assess the size
at sexual maturity (TL,,), spawning season and peak - spawning season; the GSI (gonadosomatic index in
%), MGSI (modified gonadosomatic index in %) and DI (Dobriyal index) were considered. The von
Bertalanffy growth function (VBGF) was used to determine asymptotic length (L.,), growth coefficient
(K), growth performance index (&") and life-span (tnax). Total mortality (Z) was calculated by the length-
converted catch curve method. Natural mortality (M) was assessed as log;oM = -0.0066 — 0.279log;o L., +
0:6543log,oK + 0:0463log,,T; where T indicates the average temperature of the habitat (28.5°C). The
fishing mortality (F) was estimated as Z-M. Besides, exploitation rate (E) was determined asE = F/Z=F
/ (F + M). Recruitment rate was assessed from the analysis of the total time series of LFDs and growth
parameters using VBGF models. Finally, MSY (Maximum Sustainable Yield) was determined following
the formula of Gulland (1983). The fin formula was: D. 43 — 55 (VIII-X + i/34-44); P. 15 17 (i/14-16);
Pv. 6 (1/5); A. 7 — 10 (11/5-8); C. 17 — 19 (ii/15-17). The overall sex ratio (male: female=1.00:0.87)
varied statistically from the predictable ratio of 1:1 (df =1, 2 = 5.91, p > 0.05). The overall growth
pattern was negative allometric (b < 3.0) for both sexes. Further, the allometric co-efficient (b) of LWRs
was found significantly related with habitat temperature for both male and female, respectively. Total
length varied between 10.7-31.4 cm for males and 10.5-34.5 cm for females. The calculated form factor
(aso) was 0.0070 and 0.0071 for male and female P. heterolepis, respectively. The Kgwas found the best
for assessing the well-being of this species. Moreover, K was found significantly related with
temperature for both male and female. The Wy denoted that the ecosystem was in balanced condition.
Based on GSI, MGSI and DI index, the L, was documented 15.0 cm in TL. Further, the higher values of
GSI, MGSI and DI denoted that the spawning season was extended from January to July, with a peak in
February. In addition, GSI was recorded statistically correlated with water temperature. The von
Bertalanffy growth function revealed growth coefficient (K = 0.13 year™), growth performance index (@'
= 2.30) and life-span (tnax = 3.85 year). Further, P. heterolepis was found to grow rapidly with an
asymptotic length (L..) of 39.08 cm. We found that the natural mortality (M = 0.44 year™) rate is almost
similar with fishing mortality (F = 0.42 year™). Consequently, the standing stock is not quite sustainable
with the existing fishing strategy. Further, the maximum allowable exploitation rate (Enax = 0.471) was

found a bit lower than the recorded exploitation rate (E = 0.490). Subsequently, overfishing is the most
focal threat for the wild population of P. heterolepis in the context of Bay of Bengal, Bangladesh. The
recruitment pattern was almost continuous throughout sampling period with one major peak in April-
May. Finally, the MSY was assessed at 10,234.47 metric tons. The findings would be very useful to
introduce appropriate fishing regulations in the Bay of Bengal ecosystem.



Contents

Title

Acknowledgements
Abstract
Contents
List of tables
List of figures
List of plates
Chapter 1: General Introduction
1.1. Fisheries and Bangladesh
1.2. Short Profile of Panna heterolepis
1.2.1. Common Names
1.2.2. Synonyms
1.2.3. Distribution
1.2.4. Habitat
1.2.5. Morphology
1.2.6. Fin Formula
1.2.7. Overall objective
1.2.8. Specific objectives

Chapter 2 : Review of Literature

Chapter 3: Study-01
3.1. Abstract

3.2. Introduction

3.3. Objectives

3.4. Materials and methods

3.4.1 Study site and sampling

3.4.2. Fish measurement

3.4.3. Meristic counts

3.4.4. Length-frequency distributions

3.4.5. Length-weight relationships considering the eco-
climatic parameters
3.4.6. Form factor

3.4.7. Statistical analysis

3.5. Results

3.5.1. Morphometric and meristic traits
3.5.2. Sex ratio

3.5.3. Length frequency distributions
3.5.4. Total length (TL)

Page
Number
i

ii

BOBR W W W W W W N R

5-11

12-40
12
13
14
14
14
16
16
18
18

19
19
19
19
22
22
22



3.5.5. Standard Length (SL) 23

3.5.6. Estimation of body weight (BW) 26
3.5.7. Length-weight (LWRs) relationships considering the 28
eco-climatic factors
3.5.8. Length- length relationships (LLRs) 28
3.5.9. Form factor 38
3.6. Discussion 38
3.7. Conclusion 40
Chapter 4: Study-02 41-62
4.1. Abstract 41
4.2. Introduction 42
4.3. Objectives 43
4.4, Materials and methods 43
4.4.1. Fish measurement 43
4.4.2. Calculation of condition factors 43
4.4.3. Eco-climatic parameters 44
4.4.4. Statistical analyses 44
4.5. Results 44
4.5.1. Fulton’s condition factor (Kr) 44
4.5.2. Allometric condition factor, (Ki) 47
4.5.3. Relative condition factor (Kz) 50
4.5.4. Relative weight (Wkg) 53
4.5.5. Eco-climatic parameters 57
4.6. Discussion 61
4.7. Conclusion 62
Chapter 5: Study-03 63-78
5.1. Abstract 63
5.2. Introduction 64
5.3. Objectives 66
5.4. Materials and method 66
5.4.1. Fish measurement 66
5.4.2. Size at first sexual maturity (TLn) 68
5.4.3. Spawning season 68
5.4.4. Environmental factors 68
5.4.5. Statistical analyses 69
5.5. Results 69
5.5.1. Size at first sexual maturity (TLn) 70
5.5.2. Spawning season 70
5.5.3. Environmental factors 70
5.6. Discussion 76
5.7. Conclusion 78



Chapter 6: Study-04 79-92
6.1. Abstract 79
6.2. Introduction 80
6.3 Objectives 81
6.4. Materials and Methods 81
6.4.1. Sampling site and sampling 81
6.4.2. Fish measurement 81
6.4.3. Growth pattern 81
6.4.4. Estimation of growth parameters 82
6.4.5. Estimation of mortality and exploitation 82
6.4.6. Recruitment rate 82
6.4.7. Maximum Sustainable Yield (MSY) 82
6.5. Results 83
6.5.1. Growth pattern 83
6.5.2. Growth parameters 83
6.5.3. Mortality 83
6.5.4. Recruitment rate 84
6.5.5. Maximum Sustainable Yield (MSY) 86
6.6. Discussion 91
6.7. Conclusion 92
Chapter 7: General Discussion 93-96
Chapter 8: Management measures 97-98
Chapter 9: Conclusion and Recommendation 99-100
Chapter 10: References 101-115




List of Tables

Table No.

Title

Pages

01

Synonyms of Panna heterolepis.

03

02

Description of different morphometric measurements of the Panna
heterolepis from the Bay of Bengal, Bangladesh.

18

03

Meristic counts of Panna heterolepis from the Bay of Bengal,
Bangladesh.

20

04

Morphometric measurements of the Panna heterolepis from the Bay
of Bengal, Bangladesh.

20

05

Descriptive statistics and estimated parameters of the length-weight
relationships of Panna heterolepis from the Bay of Bengal,
Bangladesh.

21

06

The estimated parameters of the length-length relationships (y = a +
b*x) of Panna heterolepis from the Bay of Bengal, Bangladesh.

21

07

Monthly sex ratio (male: female= 1:1) of the Panna heterolepis from
the Bay of Bengal, Bangladesh.

22

08

Descriptive statistics on Total Length (TL) measurements and their
95% confidence limits of the Panna heterolepis from the Bay of
Bengal, Bangladesh.

24

09

Descriptive statistics on Standard Length (SL) measurements and
their 95% confidence limit of the Panna heterolepis from the Bay of
Bengal, Bangladesh.

25

10

Descriptive statistics on weight measurements and their 95%
confidence limits of the Panna heterolepis from the Bay of Bengal,
Bangladesh.

27

11

Descriptive statistics and estimated parameters of the length-weight
relationships (BW = a x TL?) of the Panna heterolepis from the Bay of
Bengal, Bangladesh.

30

12

Relationship between allometric co-efficient (b) with climatic and
ecological factors of Panna heterolepis from the Bay of Bengal,
Bangladesh.

32

13

Descriptive statistics and estimated parameters of the length-weight
relationships (BW = a x SL?) of the Panna heterolepis from the Bay of
Bengal, Bangladesh.

33

14

Descriptive statistics and estimated parameters of the TL vs. SL
relationships (y = a +b x x) of the Panna heterolepis from the Bay of
Bengal, Bangladesh.

35

15

Descriptive  statistics on Fulton’s condition factor (Kr)
measurements and their 95% confidence limits of the Panna
heterolepis from the Bay of Bengal, Bangladesh.

45

16

Descriptive statistics on Allometric condition factor (Ka)
measurements and their 95% confidence limits of the Panna
heterolepis from the Bay of Bengal, Bangladesh.

48

17

Descriptive  statistics on Relative condition factor (Kz)
measurements and their 95% confidence limits of the Panna
heterolepis from Bay of Bengal, Bangladesh.

51

18

Descriptive statistics on Relative Weight (W) measurements and
their 95% confidence limits of the Panna heterolepis from the Bay of
Bengal, Bangladesh.

54

Vi




19

Relationships of condition factor with total length and body weight
of Panna heterolepis in the Bay of Bengal, Bangladesh.

57

20

Relationship between eco-climatic factors with Fulton’s condition
factor of Panna heterolepis in the Bay of Bengal, Bangladesh.

58

21

Descriptive statistics on the total length (cm), body weight (g) and
gonad weight (g) measurements of Panna heterolepis in the Bay of
Bengal, Bangladesh.

69

22

Relationship between environmental factors with GSI of Panna
heterolepis in the Bay of Bengal, Bangladesh.

74

23

Descriptive statistics on the total length (cm) and body weight (g)
measurements of Panna heterolepis in the Bay of Bengal,
Bangladesh.

84

24

Growth parameters (Lo and K), mortality (Z, M, F) and Fishery
parameters (E, Lc and MSY) of Panna heterolepis in the Bay of
Bengal, Bangladesh.

87

25

A simple guide to fisheries management approach for maintaining
sustainable yield of Panna heterolepis in the Bay of Bengal.

98

vii




List of Figures

Figure No. Title Pages

01 Morphometric measurement of Panna heterolepis from the Bay of | 16
Bengal, Bangladesh.

02 Length frequency distributions of male and female Panna | 23
heterolepis from the Bay of Bengal, Bangladesh.

03 Relationships between total length (TL) and body weight (BW) | 29
between sexes of Panna heterolepis from the Bay of Bengal,
Bangladesh.

04 Relationships between standard length (SL) and body weight (BW) | 31
between sexes of Panna heterolepis from the Bay of Bengal,
Bangladesh.

05 Overall variation of growth pattern (TL vs. SL) of Panna heterolepis | 34
from the Bay of Bengal, Bangladesh.

06 Relationship between allometric co-efficient (b) with eco-climatic | 36
factors of male Panna heterolepis from the Bay of Bengal,
Bangladesh.

07 Relationship between allometric co-efficient (b) with eco-climatic | 37
factors of female Panna heterolepis from the Bay of Bengal,
Bangladesh.

08 Monthly variations of Fulton's condition factors for Male Panna 46
heterolepis from the Bay of Bengal, Bangladesh.

09 Monthly variations of Fulton's condition factors for female Panna | 46
heterolepis from the Bay of Bengal, Bangladesh.

10 Monthly variations of Fulton's condition factors for combined sex of | 47
Panna heterolepis from the Bay of Bengal, Bangladesh.

11 Monthly variations of allometric condition factor for male Panna | 49
heterolepis from the Bay of Bengal, Bangladesh.

12 Monthly variations of allometric condition factor for female Panna | 49
heterolepis from the Bay of Bengal, Bangladesh.

13 Monthly variations of allometric condition factor for combined sex | 50
of Panna heterolepis from the Bay of Bengal, Bangladesh.

14 Monthly variations of relative condition factors for male Panna | 52
heterolepis from the Bay of Bengal, Bangladesh.

15 Monthly variations of Relative condition factors for female Panna | 52
heterolepis from the Bay of Bengal, Bangladesh.

16 Monthly variations of Relative condition factors for combined sex of | 53
Panna heterolepis from the Bay of Bengal, Bangladesh.

17 Monthly variations of relative weight for male Panna heterolepis | 55
from the Bay of Bengal, Bangladesh.

18 Monthly variations of relative weight for female Panna heterolepis | 55
from the Bay of Bengal, Bangladesh.

19 Monthly variations of relative weight for combined sex of Panna | 56
heterolepis from the Bay of Bengal, Bangladesh.

20 Relationship between Fulton’s condition factor with eco-climatic | 59
factors of male Panna heterolepis in the Bay of Bengal, Bangladesh.

21 Relationship between Fulton’s condition factor with eco-climatic factors | 60
of female Panna heterolepis in the Bay of Bengal, Bangladesh.

22 Relationship between gonadosomatic index (GSI), modified | 71

gonadosomatic index (MGSI) and Dobriyal index (DI) with total

viii




length of female Panna heterolepis in the Bay of Bengal, Bangladesh.

23 Adjusted percentage of mature females of Panna heterolepis | 72
versus total length showing the logistic curve fitted to the data.

24 Monthly variations of gonadosomatic index (GSI), modified | 73
gonadosomatic index (MGSI) and Dobriyal index (DI) with
maximum and minimum values of female Panna heterolepis in the
Bay of Bengal, Bangladesh.

25 Relationship between Gonadosomatic index (GSI) with | 75
environmental factors of female Panna heterolepis in the Bay of
Bengal, Bangladesh.

26 Growth pattern of Panna heterolepis in the Bay of Bengal, Bangladesh. 85

27 The Powell-Werherall Plot for the length frequency data of Panna | 85
heterolepis from the Bay of Bengal, Bangladesh. The black dots were
used as input in the Powell-Werherall Plot. The regression equation is
Y =1.03-0.255X, r=0.862. Estimated Lo=39.08 cm and Z/K=5.118.

28 The K-scan routine for determining best growth curvature giving | 86
best value of asymptotic length with growth performance indices
for Panna heterolepis in the Bay of Bengal, Bangladesh.

29 Total length (TL) frequency distribution and growth curve of Panna | 88
heterolepis in the Bay of Bengal, Bangladesh.

30 Length-converted catch curve of Panna heterolepis in the Bay of | 89
Bengal, Bangladesh.

31 Recruitment pattern of of Panna heterolepis in the Bay of Bengal, | 89
Bangladesh.

32 Yield-per-recruit and average biomass per recruit models, showing levels | 90
of yield index of Panna heterolepis in the Bay of Bengal, Bangladesh.

33 Yield Isopleths, showing optimum fishing activity of Panna | 90
heterolepis in the Bay of Bengal, Bangladesh.

34 Pie Chart showed the condition of Panna heterolepis for suitable | 97
environment.

List of Plates

List of Plates Title Pages

01 Photo of Panna heterolepis 02

02 Sampling site in the Bay of Bengal, Bangladesh 15

03 Different fins such as (a) Dorsal, (b) Pectoral, (c) Pelvic, (d) Anal | 17

and (e) Caudal of Panna heterolepis from the Bay of Bengal,
Bangladesh.
04 Dissecting view of Gonad with sharp scissor. 67




1

Chapter

General Introduction



1. GENERAL INTRODUCTION
1.1 Fisheries and Bangladesh

Bangladesh is blessed with a huge amount of open waterbody like rivers, canals,
natural and man-made lakes, freshwater marshes, estuaries, brackish water
impoundments, floodplains and an extensive coastline of about 710 km. Together with
vast water resources; Bangladesh is rich with various fish and other aquatic species.
The marine sector is considered the most vital part of Bangladesh for capturing
different fish species. Hence, Bangladesh occupies third position in aquatic biodiversity
in Asia after China and India with 475 coastal and marine fish species (Hussain and
Mazid, 2010). In our country, fish is the main source of animal protein and contributes
60% of the daily dietary protein requirement (DoF, 2020). Besides, fisheries sector has
a significant role in creating employment opportunity and earning of foreign exchange
(Alam and Thomson, 2001). In 2018-19, Bangladesh exported 68.31 thousand MT of
fisheries product and earned BDT 42876.40 million (FRSS, 2020). Furthermore, 17
million people directly depend on fisheries sector including 1.4 million women for their
livelihoods (DoF, 2019). The contribution of fisheries sector to national GDP is 3.61%
and total agricultural sector is 24.41% (FRSS, 2020). But regrettably, our marine
sector is under great threat due to over-exploitation accelerated by different ecological
modification and natural habitats’ deterioration (Hossain et al., 2012). On the other
hand, climate change is likely to badly affect both the freshwater and marine fisheries
in Bangladesh (Allison et al., 2009).

At present, improved biological management is the main priority in the development
policy that will limit the declination of fisheries resources and enhance production. In
order to conserve our threatened fish species it is immensely important to identify
critical aspects of the life histories including age, growth, reproductive biology and
longevity. The knowledge of reproductive biology is the key to formulate sound
fisheries management policy. King (2007) stated that information about reproductive
biology of fish is vital for understanding of its population dynamics and to formulate
baseline data in the management process. Effective management practice depends on
knowledge of the regenerative capacity of fish populations including reproductive
behavior (Tracey et al., 2007). On the other hand, growth of fish largely depends on
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sex, availability of feed, water quality parameters and other environmental factors (Dall
et al.,, 1990). In addition, growth and recruitment have notable effect to uphold

maximum sustainable yield of a stock.

Panna heterolepis is a popular commercial fish species in the coastal region of
Bangladesh. According to the author’s knowledge, only a few works including the
morphometry (Sanphui et al., 2018) had been done on P. heterolepis. However, there is
no published report on the reproductive biology, growth, age and longevity of the
above mentioned species from Bangladeshi coastal water for planning appropriate
management strategies of this commercially important fish species. Since P. heterolepis
IS an important marine species, there is an urgent need to manage and regulate its stocks

in Bangladesh and this requires information on the population dynamics of this species.

1.2. Short Profile of Panna heterolepis

The Hooghly croaker Panna heterolepis Trewavas, 1977 is a very popular marine and
brackish water fish species in Bangladesh under the family Sciaenidae. This species is
locally known as Poa and commercially very important as a table food item in the
coastal region of Bangladesh. Due to lack of culture practice, the total demand of this
species is met through the capture from wild stock. As a result, overfishing is a major

threat for the abundance of wild stock of P.heterolepis.

Systematic position
Phylum: Chordata

Class: Actinopterygii

Order: Perciformes

Family: Sciaenidae

Plate 1: Photo of Panna heterolepis

Genus: Panna

Species: Panna heterolepis
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1.2.1. Common names
Panna heterolepis is locally known as Poa in Bangladesh. In India, this species is

known as Hooghly croaker (Froese and Pauly, 2020).

1.2.2. Synonyms

Table 1. Synonyms of Panna heterolepis

Synonym Status Validity
Panna heterolepis Trewavas, 1977 Accepted Yes
Panna microdon Bleeker, 1849 Misapplied No
Sciaenoides microdon Bleeker, 1849 Misapplied No

1.2.3. Distribution
This Sciaenid fish is distributed in Bangladesh, Myanmar, India and Sri Lanka (Sasaki,
1995).

1.2.4. Habitat

P. heterolrpis mainly inhibits in shallow marine waters and estuaries; young and

juveniles occur in mangrove swamps (Talwar and Jhingran, 1991).

1.2.5. Morphology

The mouth is large, oblique and terminal and the head is with an acute snout. The body
color is brownish that become lighter on belly while the fins are yellowish. Dark
margin is present on dorsal and anal fins. Dorsal fin has a low notch with weak spines
and the second anal spine is also weak. The body is covered with small ctenoid scale
while the head is with cycloid scale (This study).

1.2.6. Fin Formula
D. 43 — 55 (VIII-X + i/34-44); P. 15 17 (i/14-16); Pv. 6 (1/5); A. 7 — 10 (11/5-8); C. 17
— 19 (ii/15-17) (This study).
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1.2.7. Overall objective

The broad objective of our study is to assess the stock of P. heterolepis in the Bay of
Bengal, Bangladesh.

1.2.8. Specific objectives
The specific objectives are:
» To estimate the morphometric relationship and meristic characteristics of Panna
heterolepis in the Bay of Bengal, Bangladesh.

» To determine the condition factors of Panna heterolepis in the Bay of Bengal,
Bangladesh.

» To determine the reproductive biology of Panna heterolepis in the Bay of
Bengal, Bangladesh.

» To assess the stock of Panna heterolepis in the Bay of Bengal, Bangladesh.
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2. REVIEW OF LITERATURE

It is urgent to review the former research studies for conducting a planned research
experiment. Unfortunately, there is no published report on the reproductive biology,
growth, age and longevity of the P. heterolepis for planning appropriate management
strategies of this commercially important fish species. However, some related

literatures are described below.

Ahamed et al. (2015) studied the size of sexual maturity of female Puntius sophore
from Old Brahmaputra River of Bangladesh by observing the gonadosomatic index
(GSI). Different morphometric parameters i.e. Fork Length (FL), Standard Length
(SL), Body Weight (BW) and Gonad Weight (GW) of each individual were measured.
The relationships of SL-GSI and SL-FL were used to estimate the size at first sexual
maturity. Based on SL-GSI, the size at first sexual maturity for female fish was 4.2 cm
standard length. Further, relative growth of FL-SL illustrated a transition point of 4 cm

SL, specifying size at first sexual maturity for female fish.

Akter et al. (2020) studied the reproduction, growth, mortality and yield of the goat
fish Upeneus sulphureus in the northern Bay of Bengal, Bangladesh. The gonadosoatic
index indicated that the fish spawn twice a year during January- May and August-
October. Further, the von Bertalanffy growth parameters were L., = 21.80 cm, K =0.54
per year, C = 0.05, WP = 0.1 and Rn = 0.300, respectively. The instantaneous natural
mortality and fishing mortality were 1.31 and 2.86, respectively. Besides, the high
exploitation rate (E = 0.69) was close to maximum exploitation level (Enax = 0.75) in
yield—per—recruit analysis, suggesting that the species is being exploited at the MSY
level. Therefore, further increase in fishing effort may reduce the wild stock in the

coastal waters of Bangladesh.

Bobori et al. (2010) studied length-weight relationships of 17 different fish species
collected from three natural lakes in Greece. The values of the allometric coefficient b
varied from 2.117 + 0.119 to 3.550 + 0.104, with 87% of the b values lying between the
anticipated ranges of 2.5-3.5.
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Elhasni et al. (2010) observed the reproductive cycle and maturity stages of Hexaplex
trunculus collected from Gulf of Gabeés, south Tunisia. The male and female gastropods
were found separate throughout the life (gonochoristic). The sex ratio varied
significantly from the expected 1:1 ratio. Females were found dominant (M : F = 1:1.6).
The monthly observation of gonad maturation stages, GSI (gonadosomatic index) and
K (general condition) indicated that gametogenesis occurred throughout the year.
Matured males were occurred in abundance during November to January. On the other
hand, ripe females were found during February to April. The development of gonad
was influenced by increasing day length and temperature of the sea water. However,

the peak spawning occurred during April and May.

Goncalves et al. (2003) studied the population biology of Diplodus vulgaris from south
west coast of Portugal. Altogether 1,086 fish specimens were collected for the
experiment. Spawning season of the above mentioned species occurred from September
to April. Total lengths at which 50% fish become sexually matured were 17.27 and
17.65 cm for males and females respectively. The von Bertalanfy growth parameters
were L, = 27.73 cm, K = 0.40 per year and to=—0.34 year. The instantaneous mortality
rate was 0.63 per year and natural mortality rate were 0.45 per year. Further, fishing
mortality rate was 0.18 per year as well as exploitation rate was 0.28 per year.

Hajjej et al. (2011) observed the reproductive biology of Euthynnus alletteratus, which
is known as little tuna in Tunisia. Altogether 1,086 fish specimens were collected for
the experiment from Tunisian coastal water from January 2008 to December 2009. The
experiment illustrated that the sex ratio for female was 57.77%. Spawning occurred
from June to September. Fork length, at which 50% fish become sexually matured
(Lmso) were 43.13 and 42.12 cm for females and males, respectively.

Hossain et al. (2006) observed the length-length (LLRS) and length-weight (LWRS)
relationships for eight small indigenous species from Mathabhanga River, Bangladesh,
namely Hyporamphus quoi, Amblypharyngodon mola, Macrognathus aculeatus,
Channa punctata, Puntius sophore, Macrognathus pancalus, Nandus nandus, and
Setipinna phasa. Altogether 2,543 specimens were collected for the experiment by

traditional gears for 12 months during the year 2005. The allometric coefficient ‘b’ of
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LWRs ranged from 2.864 to 3.397. The average value was 3.098. Further, the study
revealed negative allometric growth for M. aculeatus while remaining species showed

positive growth pattern. All LLRs were found significant (P < 0.001).

Hossain et al. (2009) described the length—length and length—weight relationships for
ten indigenous species (SIS) in Bangladesh, namely Puntius ticto, Lepidocephalus
guntea, Ailia coila, Aspidoparia morar, Eutropiichthyes vacha, Amblypharyngodon
mola, Mystus vittatus, Clupisoma atherinoides, Gudusia chapra and Glossogobius
giuris. Fish species were collected from lower part of Ganges by traditional gears.
Altogether 2,142 specimens were collected for the experiment for 12 months from
March, 2006 to February, 2007. The allometric coefficient ‘b’ was found isometric (b =
3.001) for G. giuris. Further, the study revealed negative allometric growth for P.
ticto, E. vacha, A. coila, C. atherinoides and A. morar while remaining species showed

positive growth pattern. All LLRs were found significant (P <0.001).

Hossain (2010a) studied the length-length and length-weight relationships of four
small fish species namely Aspidoparia morar, Amblypharyngodon mola, Puntius ticto
and Lepidocephalus guntea. Altogether 914 specimens were collected from Padma
River, Bangladesh during March 2006 to February 2007. The allometric coefficient ‘b’
was found isometric (=3.000) for A. morar and P. ticto. Further, the study revealed
positive allometric growth for A. Mola and L. guntea. All LLRs were found significant
and highly correlated (r* > 0.932; P < 0.001).

Hossain et al. (2013) studied the life history traits of Eutropiichthys vacha from
Jamuna River, Bangladesh. The experiment was conducted from March, 2010 to
February, 2011. A total of 350 specimens were collected to analyze sex ratio, length-
weight and length-length relationships, length frequency distribution, condition factors
and form factor (as.o). No significant difference was found in the overall sex ratio of
1:1. The value of ‘b’ (allometric coefficient) was found isometric (~3.00) for male and
combined sexes but female showed negative allometric growth pattern. Besides, the
experiment showed that length-length relationships were extremely correlated (r? >
0.997; P < 0.001). Relative condition factor (Kg) indicated significant difference
between both sexes (F=65.11; P < 0.01). However, Relative Weight (Wg) was
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considerably different from 100 indicating imbalance habitat for the species. The
calculated form factor (asz.o) was 0.0060 and 0.0050 for males and females,

respectively.

Hossain et al. (2016a) studied the length- weight relationships (LWRs) for
Dermogenys pusilla and Labeo bata from Ganges River, Bangladesh. The study
extended from July, 2013 to June, 2014. For each specimen, total length (TL) was
considered close to 0.01 cm and body weight was measured close to 0.01 g accuracy.
Total Length ranged from 6.60 to 16.10 and 7.90 to 25.20 cm for D. pusilla and L. bata,
respectively. The Body Weight (BW) ranged from 1.20 to 10.90 and 4.70 to 167.30 g
for D. pusilla and L. bata, respectively. All LWRs were found statistically significant
(P <0.001, r*>0.976).

Hossain et al. (2016b) studied the sex ratio, length-weight and length-length
relationships, length frequency distribution and condition factors of Cabdio morar from
Jamuna River, Bangladesh. The sex ratio (SR) demonstrated significant differences
from the anticipated value of 1:1 (male: female). The value of ‘b’ (allometric
coefficient) was found positive allometric (> 3.00) for male but female showed
isometric growth (~ 3.00). Length-Weight Relationships indicated significant
differences between the sexes. Further, Kg indicated significant differences (P < 0.01)
between males and females, while female performance (0.88 + 0.14) was found better
than males (0.86 + 0.15). Besides, the spawning season of C. morar ranged from

December to March in Jamuna River.

Hossain et al. (2017a) studied some biological aspects of Nandus nandus i.e.
population structure, growth, condition factors, form factor (as.o), reproduction and
natural mortality in the Ganges River (NW Bangladesh). The value of ‘b’ (allometric
coefficient) indicated positive growth (> 3.00) for Total Length vs. Body Weight
Relationship but isometric growth (~ 3.00) for Standard Length vs. Body Weight
relationship. Fulton’s condition factor (Kg) was found best for this species. Relative
Weight (Wg) did not vary significantly from 100 indicated a balanced habitat for the

species. The calculated form factor (az.o) was 0.0159 indicated that the body shape of
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the fish was short and deep. Besides, size at sexual maturity (Lm) was found 9.10 cm
TL (Total Length) and the natural mortality (My) was predicted to be 1.33 y™.

Hossen et al. (2019) observed the population parameters of Channa punctata from
Rupsha River of southern Bangladesh through multi-models. Altogether 132 specimens
were collected using different traditional gears like cast net and gill net to analyze
length- weight and length-length relationships, length frequency distribution, form
factor, condition factors and natural mortality of C. punctata. The experiment was
conducted from September, 2014 to August, 2015. For each specimen, total length (TL)
was considered close to 0.01 cm and body weight was measured close to 0.01 g
accuracy. It was observed that 13.0-14.0 cm TL size was numerically dominant. The
growth pattern was recorded positive allometric (b = 3.10). Fulton’s condition factor
(Kg) was documented best for describing the well-being for this species in the Rupsha
River of Bangladesh. But the relative weight (Wg) denoted an imbalanced habitat with
higher predators. The form factor was recorded 0.0116. Further, the natural mortality

was found 1.00 year™.

Khatun et al. (2018) observed the sex ratio, length-weight and length-length
relationships, length frequency distribution and physiological condition of
Eutropiichthys vacha from Ganges River, Bangladesh. The sex ratio (SR) demonstrated
significant differences from the anticipated value of 1:1. Female was found dominant
throughout the year, except April. Total Length ranged from 6.2 to 19.9 and 6.5 to 20.6
cm for male and female, respectively. The value of ‘b’ (allometric coefficient) was
found negative allometric (< 3.00) for both sexes while ANCOVA indicated significant
variations in LWRs. Further, all length-length relationships were found highly
significant (r*> 0.962). The proportion of fatty fish was found higher during March and

April while the proportion was recorded lowest in August.

Khatun et al. (2019) studied the reproductive biology of Eutropiichthys vacha from
Ganges River, NW Bangladesh with special consideration of climate change.
Altogether 734 female fish was collected from January to December, 2016. Total
lengths at which 50% fish become sexually matured were 12.7 cm. The spawning
period ranged during April to August. Peak spawning occurred in June and July. Total
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fecundity varied from 4,800 to 77,976 with an average 31,384+23,747. Further, total
fecundity was found highly correlated with total length and body weight. Average
water temperature was 31°C during the spawning period. The spawning was accelerated
with peak rainfall.

Manorama and Ramanujam (2011) studied the length-weight relationships of
Puntius shalynius from Umiam River, Meghalaya, India. The value of ‘b’ was found
negative allometric (< 3.00) for both sexes. Length-weight relationships indicated no

differences between the sexes.

Memon et al. (2016) observed the length-frequency data of Lepturacanthus savala
(Cuvier, 1829) were collected from Pakistan waters in 2009-2010. The length ranges
from 5 to 127 cm and weight ranges from 1 to 1942 g. The calculated von Bertalanffy
growth parameters were L, = 133.35 cm, K = 0.130 year” and 7, = 0.877. The
estimated rate of total mortality (Z) = 0.49 year™, natural mortality (M) = 0.304 year™
and fishing mortality () = 0.185 year'l. Hence, exploitation ratio (£) was calculated as
0.377 year’'. Further, the estimated value of growth performance index (&') was 3.364.
The estimated value of MSY was 26,983 tons with the estimated biomass of 110,135

tons.

Morey et al. (2003) observed length-weight relationships of 103 different fish species
from western Mediterranean (Iberian coast and Balearic Islands). Seven types of fishing
gear were used to collect the specimens. The experiment extended from 1991 to 2001.

The allometric coefficient ‘b’ ranged from 2.072 to 3.847, with an average value of
3.03.

Rahman et al. (2018a) studied population biology of the Puntius sophore from Padma
River, Bangladesh including length-frequency distributions, length-weight
relationships, sex ratio, relative weight, condition factors and fecundity. The sex ratio
varied significantly from the expected 1:1 ratio. Females were found dominant
throughout the year. The value of ‘b’ (allometric coefficient) was found isometric for
both sexes. Fulton’s condition factor (Kg) was found best for this species to interpret
the well-being of the population. The total fecundity ranged from 1,488 to 18,708 with
an average of 5,682 + 3,703. On the other hand, relative fecundity ranged from 205 to
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1,868 with an average of 882.7+369.5. Further, total fecundity was found significantly
correlated with body weight (BW), total length (TL), ovary weight, gonadosomatic

index (GSI) and Fulton’s condition factor.

Rahman et al. (2012) observed the sex ratio, length-weight, length-length relationships
and length frequency distribution of Macrognathus aculeatus from Ganges River,
Bangladesh. Specimens were collected using different traditional gears i.e. conical trap,
cast net and gill net. Altogether 254 specimens were collected for the experiment. Total
length (TL) ranged from 9.20 to 19.71cm and body weight (BW) ranged from 5.10 to
28.60 g.

Salam et al. (2005) observed the length-weight relationships and condition factor of
Puntius chola from Islamabad, Pakistan. Altogether 52 specimens of different size were
collected. The value of allometric coefficient ‘b’ was found 2.80, indicating negative
allometric growth pattern. Condition factor was found constant in measuring length or

weight.

Solomon et al. (2011) studied the reproductive biology of Puntius denisonii. The
observed results were based on three river systems namely Valapattannam, Chandragiri
and Chaliyar. Maximum total length was 162 and 132 mm for male and female,
respectively. Spawning occurred from October to March. The sex ratio varied
significantly from the expected 1:1 ratio. Males were found dominant throughout the

year. The total fecundity ranged from 376 to 1,098.

Yilmaz et al. (2010) studied length-length as well as length-weight relationships of
Capoeta sieboldii. Altogether 170 specimens were collected from Hirfanli Lake of
Turkey. Length-weight relationships of both sexes showed no statistical difference
within or with the season and revealed isometric growth for both sexes. The
correlations among total length, fork length and standard length where found highly
significant (r*> 0.92, P < 0.001). The K value for female varied from 1.21 to 1.43
while for male it ranged from 1.12 to 1.36.

11
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STUDY-I

Morphometric relationship and meristic characteristics of Panna

heterolepis in the Bay of Bengal, Bangladesh.

3.1. Abstract

The study describes the morphometric relationships and meristic counts including fin
rays, monthly variation of sex ratio, the length-frequency (LFDs) distributions, length-
length (LLRs) relationships, growth pattern based on length-weight (LWRS)
relationships in relation to eco-climatic factors and form factor (azo) of Panna
heterolepis from the Bay of Bengal, Bangladesh. All together 1,223 specimens (male =
654 and female = 569) were collected from the fishers during January to December,
2019. Individual total length (TL) and body weight (BW) were measured by measuring
board and digital balance with 0.01 cm and 0.01 g accuracy. The fin formula was: D. 43
— 55 (VIII-X + i/34-44); P. 15 17 (i/14-16); Pv. 6 (1/5); A. 7 — 10 (11/5-8); C. 17 - 19
(ii/15-17). The overall SR (male: female=1.00:0.87) varied statistically from the
predictable ratio of 1:1 (df =1, y2 = 5.91, p > 0.05). The LFDs for both sexes did not
pass the normality. Further, Mann-Whitney U-test showed no significant differences
between sexes (p = 0.5125). Total length varied between 10.7-31.4 cm for males and
10.5-34.5 cm for females. The overall b value for both sexes indicated negative
allometric growth (< 3.00) for most of the months. In addition, the LLR (TL vs. SL)
was extremely correlated (p < 0.001), with all r? values > 0.982. The allometric co-
efficient (b) of LWRs was found significantly related with temperature for both male
and female respectively. However, Rainfall, DO and pH did not reveal any significant
correlation with the growth pattern for both sexes. The calculated form factor (azo) was
0.0070 and 0.0071 for male and female P. heterolepis, respectively. The results of this
study will be helpful for stock assessment and management of this fish in the Bay of

Bengal, Bangladesh and neighboring countries.

Key words: Panna heterolepis, fin formula, sex ratio, growth pattern, eco-climatic

factors, Bay of Bengal.
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3.2. Introduction

The southern estuarine and marine water-bodies of Bangladesh are blessed with vast
quantities of fishes that can be catch commercially may have boundless contribution to
the national economy of the country (Belton et al., 2014; Hanif et al., 2015; Islam,
2003). The Hooghly Croaker (Panna heterolepis Trewavas, 1977) belonging to the
family Sciaenidae is a tropical fish species inhabit shallow coastal waters and estuaries
while young and juveniles occurs in mangrove swamps. This Sciaenid fish is
distributed in Bangladesh, Myanmar, India and Sri Lanka (Sasaki, 1995). This species
is popular food items and fairly common in the commercial catch that marketed fresh as
well as dried salted. According to the author’s knowledge, only a few works including
the morphometry (Sanphui et al., 2018) had been done on P. heterolepis. However,
there is no available published report on the detailed morphology, reproductive biology,
growth, age and longevity of the above mentioned species from Bangladeshi marine
water for planning proper management strategies of this commercially important fish

species.

Morphometric and meristic characters are important for fish species identification and
classification as well as the genetic studies (Bagenal and Tesch, 1978; Harrison et al.,
2007; Jayaram, 1999). Sex ratio and length-frequency distribution provides vital
evidence to estimate reproductive potential of a fish population (Khatun et al., 2018).
Length-weight relationships (LWRs) are crucial for comparing the life histories of
fishes among different geographic regions (Hossain et al., 2013). Furthermore, the
length-length relationships (LLRs) are very important because several eco-
physiological factors are more length dependent (Hossain et al., 2006). On the other
hand, form factor (as) is used widely to identify the body shape of fish in any aquatic
habitat (Froese, 2006).

At present, 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 abiotic

factors regulating the progresses of larval assemblages of freshwater as well as marine
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species (Houde and Zastrow, 1993; Jakobsen et al., 2009). A good number of studies
linked temperature fluctuations to distributional changes in marine fish stocks (Beare et
al., 2004; Alheit et al., 2005; Perry et al., 2005). 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 growth, 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).Therefore, it is obligatory to assess the influence of eco-climatic factors on the
growth pattern of fish.

3.3. Objectives
The aims of this study are to:
» Assess the morphometric and meristic traits;
Determine the temporal variation of sex ratio;
Determine growth pattern in relation to the eco-climatic factors;

Assess the length-length relationships; and

Y V VYV V

Determine the form factor.

3.4. Materials and Methods

3.4.1. Study site and sampling

The study was conducted in the Bay of Bengal, Khulna region (21.7728° N; 89.5592°
E), Bangladesh. Altogether, 1,223 individuals (male = 654 and female = 569) of P.
heterolepis were collected randomly from fisher’s catch during January to December,
2019 through different traditional fishing gear including seine bag net (mesh size 1.5 to
3 cm) and gill net (mesh size 3 cm). The samples were chilled with ice at sampling spot

and preserved in 10% formalin solution at the laboratory.
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Plate 2. Sampling site in the Bay of Bengal, Bangladesh.
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3.4.2. Fish measurement

Male and female individuals were identified by microscopic observation of gonads.
Individual body weight (BW) for all samples was weighed with 0.01 g accuracy with
electric balance and different lengths i.e. total length (TL) and standard length (SL)

were measured by measuring board to 0.01 cm precision.

TL

AnsL

PrAnL

PoAnL

Figure 1. Morphometric measurement of Panna heterolepis from the Bay of Bengal,
Bangladesh (TL= Total Length, SL= Standard Length, PoDL= Post-Dorsal Length,
PoANnL = Post-Anal Length, PrAnL = Pre-Anal Length, AnsL = Anus Length, PrDL
= Pre-Dorsal Length, PcL = Pectoral Length, PvL = Pelvic Length and HL = Head
Length).

3.4.3. Meristic counts
Meristic counts (fin rays number from all fins) were done by using a magnifying glass.
Different linear dimensions (Table 2 and Figure 1) were measured nearest to 0.01cm

accuracy.
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3

Plate 3. Different fins such as (a) Dorsal, (b) Pectoral, (c) Pelvic, (d) Anal and (e)

Caudal of Panna heterolepis from the Bay of Bengal, Bangladesh.
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Table 2. Description of different morphometric measurements of the Panna heterolepis

from the Bay of Bengal, Bangladesh.

Length Starting Point Ending point

_ Ending point of bony opercular
Head Length (FL) Tip of the snout
edge
Pre-Dorsal Length (PrDL)  Tip of the snout Anterior point of dorsal fin base

Post-Dorsal Length (PoDL) Tip of the snout Posterior point of dorsal fin base

Pectoral Length (PcL) Tip of the snout Anterior point of pectoral fin base
Pelvic Length (PvL) Tip of the snout Anterior point of pelvic fin base
Anus Length (AnsL) Tip of the snout Anterior point of anus

Pre-Anal Length (PrAnL)  Tip of the snout Ending point of anal fin base
Post-Anal Length (PoAnL)  Tip of the snout Posterior point of anal fin base

3.4.4. Length-frequency distributions (LFDs)
Population structure through LFDs for P. heterolepis was assembled using 1 cm

intervals of TL.

3.4.5. Length-weight relationships (LWRs) considering the eco-

climatic parameters

Growth pattern was calculated by LWRs involving the equation: W= axL", where W is
the body weight (g) and L represents the total length (cm). The parameters a and b were
assessed using linear regression study based on natural logarithms: In (W) =In (a) + b
In (L). Besides, LLR i.e. TL vs. SL was assessed with linear regression analysis
(Hossain et al., 2006). In order to assess the relationship between allometric co-efficient
(b) with habitat condition, 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.
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3.4.6. Form factor

The form factor (asg) was measured according to Froese (2006), as asg = 10'%9 -3
where a and b are regression parameters of LWRs and S is the regression slope of In a
vs. b. A mean slope S = -1.358 was used for estimating the form factor (aso) because

information on LWR is not available for this species.

3.4.7. Statistical Analyses

Statistical analyses were conducted by Microsoft® Excel-add-in-DDXL and GraphPad
Prism 6.5 software. Homogeneity as well as normality of data was checked by pictorial
assessment of histograms and confirmed with the Kolmogorov-Smirnov test. Where
test for normality assumption was not met, Mann-Whitney U-test was applied to relate
the mean values between sexes as a non-parametric test. A chi-square test was executed
to observe the sex ratio departure from the predictable value of 1:1 (male: female).
ANCOVA was executed to confirm the difference of growth type between sexes.
Besides, Spearman rank test was done to relate allometric co-efficient (b) with different
eco-climatic factors. All statistical analyses were considered significant at 5% (P
<0.05).

3.5. Results

3.5.1. Morphometric and meristic traits

The body of P. heterolepis is eel-like. The mouth is large, oblique and terminal and the
head had a blunt snout. The body color is brownish becoming lighter on belly while the
fins are yellowish. Dark margins are present on dorsal and anal fins. Dorsal fin has a
low notch with weak spines and the second anal spine is also weak. The body is
covered with small ctenoid scale but the head has cycloid scales. Meristic count of P.
heterolepis was given in Table 3. All morphometric measurements are presented in
Table 4. The regression parameters (a and b), with their 95% confidence intervals for
LWRs, co-efficient of determination (r?) of P. heterolepis are given in Table 5. All
LWRs were highly significant (p < 0.0001). All LLRs were also highly correlated with

r’ values > 0.928 are presented in Table 6.
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Table 3. Meristic counts of Panna heterolepis from the Bay of Bengal, Bangladesh.

Meristic data Numbers Spine Unbranched  Branched
Dorsal fin rays 43 - 55 VI - X i 34-44
Pectoral fin rays 15-17 - i 14 - 16
Pelvic fin rays 6 I - 5

Anal fin rays 7-10 I - 5-8
Caudal fin rays 17-19 - i 15-17

Note: Spine, upper portion of single ray is sharp & pointed; Unbranched, single fin ray;

Branched, upper portion of fin is divided into several rays.

Table 4. Morphometric measurements of the Panna heterolepis from the Bay of

Bengal, Bangladesh.

Measurements Min (cm) Max(cm) Mean £ SD 95% CL % TL
HL (Head length) 2.3 6.5 4.04 £0.77 3.94-4.15 18.84
PrDL (Pre-dorsal

2.3 6.9 4.09+0.84 3.97-4.21 20.00
length)
PoDL (Post-dorsal

7.9 25.4 13.91+£3.29 13.46 - 14.37 73.62
length)
PcL (Pectoral Length) 2.6 6.8 419+0.76 4.08 - 4.29 19.71
PvL (Pelvic length) 2.7 7.5 4.43+0.92 4.30 - 4.56 21.74
AnsL (Anus Length) 5.6 14.9 9.42+1.90 9.16 - 9.68 43.19
PrAnL (Pre-anal

6.5 15.7 10.47 £ 1.89 10.21 - 1073 45,51
Length)
PoAnNL (Post-anal

7.1 19.7 11.55+2.39 11.21-11.88 57.10

Length)

Note: Min, minimum; Max, maximum; SD, standard deviation; CL, confidence limit

for mean value.
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Table 5. Descriptive statistics and estimated parameters of the length-weight

relationships of Panna heterolepis from the Bay of Bengal, Bangladesh.

2

Equation Regression 95% CL of a 95% CL of b r GT
parameters
a b
BW=a x HL" 0.8867 2941 0.7606 — 1.0338 2.831-3.051 0.933 A-
BW=a x PrDL" 1.1359 2.743  0.9680-1.3329 2.629 — 2.857 0.919 A-
BW= a x PoDL" 0.0543 2.63 0.0457 — 0.0645 2.560 — 2.692 0.969 A-
BW=a x PcL” 0.4788 3.298  0.4182-0.5482 3.203-3.392 0.959 A+
BW=a x PvL" 0.7000 2922 0.6146-0.7972 2.834-3.010 0.956 A-
BW=a x AnsL" 0.0969 2.821 0.0801-0.1171 2.736 —2.906 0.956 A-
BW=a x PrAnL" 0.0400 3.069 0.0309-0.0517 2.958 —3.179 0.938 |
BW= a xPoAnL" 0.0465 2.887  0.0388-0.0558 2.812-2.962 0.967 A-

Note: a and b are the regression parameters of LWRs; CL, confidence intervals; r*, co-

efficient of determination; GT, growth type; A-, negative allometric; A+, positive

allometric; |, isometric.

Table 6. The estimated parameters of the length-length relationships (y = a + bx x) of

Panna heterolepis from the Bay of Bengal, Bangladesh.

Equation Regression parameters 95% CL of a 95% CL of b r’
a b

TL=a+bxHL -0.2871 4.858 -0.9242 - 0.3500 4.70-5.01 0.951
TL=a+ bx PrDL 1.3400 4.40 0.6200 —2.0599  4.231-4.576 0.928
TL =a+ bx PoDL 3.3848 1.148 2.9579 —3.8118 1.118-1.178 0.967
TL=a+ bxPcL -1.5854 5.001 -2.0521 --1.1187  4.892-5.111 0.988
TL=a+bxPvL 1.1413 4111 0.6322 —1.6504  3.999 —4.223 0.963
TL =a+ bx AnsL 0.5694 1.995 0.1352-1.0037  1.949-2.039  0.975
TL =a+ bxPrAnL -1.3730 1.980 -2.0232--2.0229 1.919-2.041 0.954
TL =a+ bx PoOAnL 0.9744 1.592 0.6580 — 1.2909 1.566 — 1.619 0.986

Note: a and b are the regression parameters of LWRs; CL, confidence intervals; r*, co-

efficient of determination.
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3.5.2. Sex ratio

All together 1,223 (male = 654, Female = 569) specimens were collected for the study.
The overall sex ratio differed statistically (male: female = 1:0.87) from the predicted
1:1 ratio. Further, the monthly sex ratio indicated that males were dominated in the

month of June and maximum female fish were found in January (Table 7).

Table 7. Monthly sex ratio (male: female = 1:1) of the Panna heterolepis from the Bay

of Bengal, Bangladesh.

Number of specimens Sex ratio 2% Significance
Month Male  Female  Total (Male : Female) (df=1) g
January 35 12 107 1:2.06 12.79 *
February 37 67 104 1:1.81 8.65 *
March 47 57 104 1:1.21 0.96 NS
April 50 34 84 1:0.68 3.05 NS
May 76 25 101 1:0.33 25.75 *
June 77 22 99 1:0.29 30.56 *
July 66 37 103 1:0.56 8.17 *
August 63 43 106 1:0.68 3.77 NS
September 60 42 102 1:0.70 3.18 NS
October 45 59 104 1:1.31 1.88 NS
November 42 63 105 1:1.50 4.20 *
December 56 48 104 1:0.86 0.62 NS
Overall 654 569 1223 1:0.87 591 *

Note: df, degree of freedom; ns, not significant; * significant at 5% level (y?>y %1 .05 = 3.84).

3.5.3. Length-frequency distributions (LFDs)

The LFD of P. heterolepis revealed that the size range was 10.5 to 34.5 cm TL for
combined sex. Besides, LFD indicated that 18.00 — 18.99 cm and 17-17.99 cm TL size
group was numerically dominant for male and female, respectively (Figure 2). The
LFD for both sexes did not pass the normality. Further, Mann-Whitney U-test showed
no significant differences between males and females (p = 0.5125).

3.5.4. Total Length (TL)

The study demonstrated that total length varied between 10.7-31.4 cm for males and
10.5-34.5 cm for females (Table 8). Further, highest TL for both male and female was
found during the month of August and February, respectively. On the other hand, the
lowest individuals were recorded during the month of July for both sexes.
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3.5.5. Standard Length (SL)

The SL of P. heterolepis ranged from 8.2 to 23.6 cm for male and 8.0 to 28.2 cm for
female. Also, highest SL for both male and female was found during the month of
August and February, respectively. Besides, the smallest SL was recorded during the

month of July for both sexes (Table 9).
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Figure 2. Length frequency distributions of male and female Panna heterolepis from

the Bay of Bengal, Bangladesh.
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Table 8. Descriptive statistics on Total Length (TL) measurements and their 95%

Chapter Three: Study-I

confidence limits of the Panna heterolepis from the Bay of Bengal, Bangladesh.

Month Sex n Total length (cm)
Min Max Mean+SD 95% CL
January M 35 14.3 19.5 16.75+1.44 16.26-17.25
F 72 12.0 25.9 17.46£1.90 17.01-17.91
C 107 12.0 25.9 17.23+1.79 16.88-17.57
February M 37 11.3 29.6 19.23+4.07 17.87-20.59
F 67 11.0 34.5 18.41+4.55 17.30-19.52
C 104 11.0 34.5 18.70+4.39 17.85-19.56
March M 47 11.9 21.2 16.93+2.30 16.25-17.61
F 57 11.1 25.7 18.25+3.19 17.41-19.10
C 104 111 25.7 17.66+2.89 17.09-18.21
April M 50 10.8 28.7 17.15+4.83 15.78-18.52
F 34 105 271.5 16.27+4.48 14.42-17.83
C 84 105 28.7 16.80+4.67 15.78-17.81
May M 76 11.9 25.8 16.68+2.64 16.08-17.29
F 25 12.7 27 17.50+3.00 16.26-18.73
C 101 119 27 16.89+2.74 16.34-17.42
June M 77 125 28.5 20.73+3.30 19.99-21.48
F 22 11.5 27 16.46+3.42 14.95-17.98
C 99 11.5 28.5 19.79+3.78 19.03-20.55
July M 66 10.7 26 17.58+3.34 16.76-18.40
F 37 10.5 29.5 17.73+3.94 16.42-19.05
C 103 105 29.5 17.64+3.55 16.94-18.33
August M 63 13.0 314 18.53+4.15 17.48-19.58
F 43 13.6 24.8 17.76+£2.54 16.98-18.55
C 106 13.0 314 18.22+3.59 17.53-18.91
September M 60 15.0 30.9 19.74+2.53 19.09-20.39
F 42 15.0 23.8 18.66+1.94 18.06-19.26
C 102 15.0 30.9 19.30+2.36 18.83-19.76
October M 45 12.5 24.2 16.74+2.48 16.00-17.48
F 59 13.6 27.2 18.71+2.62 18.03-19.39
C 104 125 27.2 17.86+2.73 17.33-18.39
November M 42 13.1 25.2 17.44+2.50 16.66-18.21
F 63 135 26.4 18.30+2.41 17.69-18.91
C 105 131 26.4 17.96+2.47 17.48-18.43
December M 56 15.2 25.2 18.37+1.93 17.85-18.89
F 48 14.7 23.5 17.62+1.95 17.05-18.19
C 104 147 25.2 18.02+1.97 17.64-18.41

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

Standard Deviation; CL, Confidence Limit of Mean.
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Table 9. Descriptive statistics on Standard Length (SL) measurements and their 95%

confidence limit of the Panna heterolepis from the Bay of Bengal, Bangladesh.

Month Sex n Standard length (cm)
Min Max Mean+SD 95% CL
January M 35 10.8 15.2 12.84+1.11 12.46-13.23
F 72 9.0 20.0 13.45+1.52 13.10-13.81
C 107 9.0 20.0 13.25+1.42 12.98-13.53
February M 37 9.2 23.3 15.28+3.25 14.20-16.36
F 67 8.3 28.2 14.63£3.75 13.72-15.55
C 104 8.3 28.2 14.86+3.58 14.17-15.56
March M 47 9.2 16.6 13.22+1.81 12.69-13.75
F 57 8.7 20.8 14.26+2.59 13.58+14.95
C 104 8.7 20.8 13.80£2.33 13.35£14.25
April M 50 8.3 22.9 13.42+3.93 12.30-14.53
F 34 8.4 21.5 12.74+3.51 11.52-13.97
C 84 8.3 22.9 13.14+3.76 12.33-13.99
May M 76 9.3 19.9 13.13+£2.05 12.67-13.60
F 25 10.1 21.3 13.80£2.39 12.81-14.79
C 101 9.3 21.3 13.30£2.15 12.88-13.73
June M 77 10.2 23.1 16.58+2.76 15.95-17.20
F 22 95 21.3 13.16+2.58 12.01-14.31
C 99 9.5 23.1 15.83+3.09 15.22-16.45
July M 66 8.2 20.8 13.72+3.34 13.07-14.37
F 37 8.0 24.0 13.89+3.23 12.81-14.96
C 103 8.0 24.0 13.78+2.86 13.22-14.34
August M 63 104 23.6 14.44+3.43 13.58-15.30
F 43 11.0 195 13.84+2.05 13.20-14.47
C 106 104 23.6 14.1942.95 13.63-14.76
September M 60 11.2 23.5 15.24+2.02 14.71-15.76
F 42 115 18.8 14.38+1.64 13.87-14.89
C 102 112 235 14.89+1.91 14.51-15.26
October M 45 95 18.6 12.94+1.86 12.38-13.50
F 59 10.2 215 14.51+2.22 13.93-15.08
C 104 95 21.5 13.83+2.21 13.40-14.26
November M 42 104 19.7 13.66+1.97 13.05-14.28
F 63 11.0 20.7 14.23+1.89 13.75-14.70
C 105 104 20.7 14.00£1.94 13.63-14.37
December M 56 11.3 20.3 14.27+1.63 13.83-14.70
F 48 111 19.2 13.63+1.64 13.15-14.10
C 104 111 20.3 13.97+£1.65 13.65-14.29

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

Standard Deviation; CL, Confidence Limit of Mean.
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3.5.6. Estimation of Body Weight (BW)

The study revealed that the BW ranged from 10.02 to 203.89 g for male and 9.02 to
342.26 g for female population. The maximum body weight for male and female was
recorded during the month of August and February, respectively. On the other hand, the
minimum body weight for male was found in the month of April and female showed
minimum body weight in February (Table 11). Besides, BW frequency distribution
revealed that the males and females of P. heterolepis were not normally distributed
(Shapiro-Wilk normality test; P < 0.001). Alternatively, Mann-Whitney U-test revealed
that BW of both sexes were not significantly different (Two tailed, Mann-Whitney test,
P =0.5355).
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Table 10. Descriptive statistics on weight measurements and their 95% confidence

limits of the Panna heterolepis from the Bay of Bengal, Bangladesh.

Month Sex n Body weight (g)
Min Max Mean+SD 95% CL
January M 35  20.09 52.34 34.00+8.38 31.12-36.88
F 72 1239 134.28 42.50+16.35 38.66-46.34
C 107 1239 134.28 39.72+14.75 36.89-42.55
February M 37 1252  182.56 59.81+39.20 46.74-72.88
F 67 9.02 342.26 59.18+58.50 44.91-73.45
C 104  9.02 342.26 59.41+52.25 49.24-69.57
March M 47  12.60 73.45 38.34+16.30 33.55-43.12
F 57 1198 133.35 52.43+27.66 45.10-59.77
C 104 1198 133.35 46.06+24.17 41.36-50.76
April M 50 10.02 175.60 48.54+42.24 36.54-60.55
F 34 1231 170.30 44.21+37.80 31.02-57.40
C 84 10.02 175.60 46.79+40.32 38.04-55.54
May M 76 1142  134.43 39.10+£20.74 34.36-43.84
F 25 17.4 144.30 47.82+26.08 37.06-58.59
C 101 1142 14430 41.26+22.36 36.85-45.68
June M 77 1420 174.60 69.63+31.30 62.53-76.74
F 22 1534 17319 43.02+33.50 28.16-57.87
C 99 1420 174.60 63.72+33.53 57.03-70.41
July M 66 11.20 124.74 43.40+25.39 37.16-49.64
F 37 1244  187.53 48.21+35.03 36.53-59.90
C 103 11.20 187.53 45.13+£29.14 39.43-50.82
August M 63 17.90 203.89 51.32+41.03 40.98-61.65
F 43  21.37 103.21 41.86+18.08 36.30-47.43
C 106 1790 203.89 47.48+33.86 40.96-54.00
September M 60 2419 165.15 53.47+21.45 47.93-59.01
F 42 2454 104.44 47.60£16.31 42.51-52.68
C 102 2419 165.15 51.05+19.63 47.19-54.91
October M 45  13.89 96.92 35.58+15.22 31.00-40.15
F 59 18.29  140.58 49.92+23.53 43.78-56.05
C 104 13.89 140.58 43.71+21.48 39.53-47.89
November M 42  18.05 102.65 39.00+16.27 33.93-44.07
F 63 1958 120.22 44.27+18.08 39.72-48.43
C 105 18.05 120.22 42.16+17.49 38.78-45.55
December M 56 25.06 117.38 44.96£16.31 40.59-49.33
F 48 2444  96.29 41.25+13.87 37.22-45.28
C 104 2444 117.38 43.25+15.28 40.28-46.22

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

Standard Deviation; CL, Confidence Limit of Mean.
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3.5.7. Length-weight relationships (LWRs) considering the eco-

climatic factors
The present study stated that the overall b value for both sexes indicated negative
allometric growth (b < 3.00) (Figure 3). However, males exhibited isometric growth (b
= 3) during January to March, and December. Furthermore, females showed positive
allometric growth (b > 3) in January while isometric growth in February and March.
All LWRs were highly significant (p < 0.001), with all r? values > 0.957. The monthly
sample size (n), regression parameters (a and b) with 95% confidence limit of the
LWRs and coefficient of determination (r’) of P. heterolepis in the Bay of Bengal,
(SW) Bangladesh are presented in Table 11. The analysis of covariance (ANCOVA)

revealed no significant difference in LWRs between sexes (p < 0.067).

In our study, four eco-climatic factors were recorded namely temperature, rainfall,
dissolved oxygen (DO) and pH. The allometric co-efficient (b) of length weight
relationships was found significantly related with temperature for both male and female
population. However, rainfall, DO and pH did not reveal any significant correlation
with b value between sexes (Table 12). The relationship between b value and eco-
climatic parameters are presented in Figure 6 and 7. Throughout the study, the
maximum water temperature was recorded in June-July (34.4°C) and the minimum was
in January (19.8°C). In addition, the highest rainfall was observed in August (370 mm)
and no precipitation was occurred in the month of January.

3.5.8. Length-Length Relationships (LLR)
The LLR (TL vs. SL) were extremely correlated (p < 0.001), with all r* > 0.982 (Table
14 and Figure 5).
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Figure 3. Relationships between total length (TL) and body weight (BW) between

sexes of Panna heterolepis from the Bay of Bengal, Bangladesh.
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Table 11. Descriptive statistics and estimated parameters of the length-weight

relationships (BW = a x TL®) of the Panna heterolepis from the Bay of Bengal,

Bangladesh.
Month Sex n Regression 95% CL of  95% CL of r’ GT
parameters a b
a b
January M 35 0.0086 293 0.0055-0.0135 2.77-3.09 0.977 I
F 72 0.0056 3.11 0.0040-0.0079  2.99-3.23 0974 +A
C 107 0.0052 3.13 0.0037-0.0072  3.01-3.25 0965 +A
February M 37 0.0057 3.08 0.0037-0.0088 2.94-3.23 0.982 I
F 67 0.0069 3.04 0.0045-0.0104 2.90-3.19 0.964 I
C 104 0.0067 3.04 0.0049-0.0091 2.94-3.15 0.969 I
March M 47  0.0058 3.09 0.0037-0.0093  2.92-3.25 0.969 I
F 57 0.0077 3.01 0.0052-0.0113  2.88-3.14 0.974 I
C 104 0.0063 3.07 0.0047-0.0085 2.97-3.17 0.971 I
April M 50 0.0107 2.89 0.0081-0.0140  2.79-2.99 0987 -A
F 34 00173 275 0.0104-0.0286  2.56-2.93 0967 -A
C 84 0.0134 2.82 0.0102-0.0176  2.72-2.92 0976 -A
May M 76 0.0122 2.84 0.0085-0.0174  2.72-2.97 0964 -A
F 25 00145 280 0.0077-0.0273  2.58-3.03 0967 -A
C 101 0.0120 2.86 0.0087-0.0164  2.74-2.97 0962 -A
June M 77 0.0088 294 0.0067-0.0114  2.85-3.03 0984 -A
F 22 0.0120 2.88 0.0063-0.0226  2.65-3.11 0972 -A
C 99 0.0149 2.77 0.0116-0.0192  2.69-2.86 0977 -A
July M 66 0.0110 2.85 0.0083-0.0147  2.75-2.95 0980 -A
F 37 0.0169 272 0.0114-0.0252  2.58-2.86 0978 -A
C 103 0.0132 280 0.0104-0.0168 2.71-2.88 0977 -A
August M 63 0.0099 2.88 0.0073-0.0135 2.77-2.98 0980 -A
F 43 0.0182 267 0.0122-0.0271 2.54-2.81 0974 -A
C 106 0.0117 2.83 0.0092-0.0148 2.74-2.91 0978 -A
September M 60 0.0193 265 0.0135-0.0275 2.53-2.76 0972 -A
F 42  0.0081 2.95 0.0052-0.0126  2.80-3.10 0975 -A
C 102 0.0162 271 0.0121-0.0218 2.61-2.81 0967 -A
October M 45 0.0129 2.79 0.0088-0.0190  2.65-2.93 0975 -A
F 59 0.0106 2.87 0.0075-0.0150  2.75-2.99 0976 -A
C 104 0.0108 2.86 0.0086-0.0137 2.78-2.94 0979 -A
November M 42  0.0142 2.75 0.0095-0.0212 2.61-2.89 0975 -A
F 63 0.0153 2.73 0.0111-0.0212 2.61-2.84 0975 -A
C 105 0.0148 274 0.0116-0.0189  2.65-2.82 0976 -A
December M 56 0.0063 3.03 0.0044-0.0092 2.90-3.16 0.976 I
F 48 0.0166 271 0.0111-0.0248 2.57-2.85 0971 -A
C 104 0.0114 284 0.0084-0.0153 2.74-2.94 0962 -A

Note: M, Male; F, Female; n, Sample Size; a, Intercept; b, Slope ; CL, 95% Confidence
Limit; GT, Growth Type.
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Figure 4. Relationships between standard length (SL) and body weight (BW) between
sexes of Panna heterolepis from the Bay of Bengal, Bangladesh.
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Table 12. Relationship between allometric co-efficient (b) with climatic and ecological

factors of Panna heterolepis from the Bay of Bengal, Bangladesh.

Relationships Sex rS values 95% CL of rS P values Significance
Temp vs. b -0.5534 -0.8607 to 0.04947 P =0.0335 *
Rainvs. b M -0.5874 -0.8732t0-0.0009 P =0.2489 ns
DOvs. b 0.03163 -0.5657 t0 0.6072 P =0.9251 ns
pHvs. b 0.2561 -0.3892100.7328 P =0.4182 ns
Tempvs. b -0.6725 -0.9030t0-0.1415 P =0.0189 *
Rainvs. b -0.3916 -0.79651t0 0.2535 P =0.2097 ns
DOwvs. b F 0.3550 -0.29281t00.7795 P =0.2558 ns
pHvs. b -0.7404 -0.9252t0-0.2715 P =0.6273 ns

Note: M, male; F, female; C, combined sex; 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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Table 13. Descriptive statistics and estimated parameters of the length-weight

relationships (BW = a x SL") of the Panna heterolepis from the Bay of Bengal,

Bangladesh.
Month Sex n Regression 95% CL of 95% CL of b r’
parameters a
a b
January M 35 0.0193 2.92 0.0130-0.0287 2.76-3.07 0.978
F 72 0.0174 2.99 0.0122-0.0248 2.85-3.12 0.965
C 107  0.0152 3.03 0.0112-0.0206 2.91-3.15 0.961
February M 37 0.0128 3.05 0.0092-0.0177 2.93-3.17 0.987
F 67 0.0155 3.00 0.0116-0.0208 2.89-3.11 0.979
C 104  0.0150 3.00 0.0120-0.0188 2.92-3.09 0.980
March M 47 0.0132 3.07 0.0084-0.0207 2.89-3.24 0.965
F 57 0.0218 2.90 0.0157-0.0302 2.77-3.02 0.976
C 104  0.0172 2.97 0.0131-0.0225 2.87-3.08 0.970
April M 50 0.0275 2.80 0.0218-0.0346 2.71-2.89 0.988
F 34 0.0307 2.79 0.0230-0.0410 2.67-2.90 0.987
C 84 0.0296 2.78 0.0245-0.0357 2.71-2.86 0.986
May M 76 0.0224 2.87 0.0163-0.0308 2.75-2.99 0.967
F 25 0.0296 2.79 0.0172-0.0509 2.58-2.99 0.971
C 101 0.0230 2.87 0.0174-0.0303 2.76-2.97 0.966
June M 77 0.0234 2.82 0.0178-0.0308 2.73-2.92 0.978
F 22 0.0156 3.02 0.0071-0.0344 2.72-3.33 0.955
C 99 0.0304 2.74 0.0236-0.0393 2.64-2.83 0.972
July M 66 0.0262 2.79 0.0194-0.0354 2.68-2.91 0.973
F 37 0.0412 2.64 0.0284-0.0597 2.50-2.78 0.976
C 103  0.0317 2.73 0.0250-0.0403 2.64-2.82 0.972
August M 63 0.0298 2.74 0.0231-0.0386 2.64-2.83 0.981
F 43 0.0434 2.60 0.0299-0.0631 2.45-2.74 0.971
C 106  0.0327 2.70 0.0266-0.0402 2.63-2.78 0.979
September M 60 0.0522 2.53 0.0388-0.0703 2.42-2.64 0.974
F 42 0.0339 2.71 0.0232-0.0496 2.56-2.85 0.973
C 102 0.0490 2.56 0.0386-0.0623 2.47-2.65 0.970
October M 45 0.0204 2.89 0.0144-0.0288 2.76-3.03 0.977
F 59 0.0385 2.66 0.0287-0.0517 2.55-2.77 0.976
C 104  0.0267 2.79 0.0215-0.0331 2.71-2.88 0.978
November M 42 0.0282 2.75 0.0211-0.0378 2.63-2.86 0.984
F 63 0.0296 2.74 0.0218-0.0402 2.62-2.85 0.974
C 105  0.0281 2.75 0.0227-0.0347 2.67-2.83 0.978
December M 56 0.0287 2.75 0.0191-0.0431 2.60-2.91 0.960
F 48 0.0564 2.51 0.0386-0.0824 2.37-2.66 0.963
C 104  0.0438 2.60 0.0328-0.0585 2.49-2.71 0.956

Note: M, Male; F, Female; n, Sample Size; a, Intercept; b, Slope; CL, 95% Confidence

Limit.
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Figure 5. Overall variation of growth pattern (TL vs. SL) of Panna heterolepis from

the Bay of Bengal, Bangladesh.
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Table 14. Descriptive statistics and estimated parameters of the TL vs. SL relationships

(y = a +b x x) of the Panna heterolepis from the Bay of Bengal, Bangladesh.

Month Sex n Regression 95% CL of a 95% CL of b r’
parameters
a b
January M 35 0.2992 1.2810 -0.5817 t0 1.1801 1.2127-1.3494 0.978
F 72 0.7890 1.2392 0.2057 t0 1.3722 1.1961-1.2823 0.979
C 107 0.7377 1.2442 0.2706 to 1.2048 1.2092-1.2793 0.979
February M 37 0.2323 1.2432 -0.6037 to 1.0684 1.1896-1.2967 0.984
F 67 0.7990 1.2036 0.2111 to 1.3869 1.1647-1.2426 0.983
C 104 0.6366 1.2155 0.1644 to 1.1089 1.1846-1.2463 0.984
March M 47 0.2651 1.2606 -0.4623 t0 0.9926 1.2061-1.3152 0.980
F 57 0.7521 1.2270 0.2461 to 1.2580 1.1921-1.2619 0.989
C 104 0.6764 1.2304 0.2899 to 1.0628 1.2028-1.2580 0.987
April M 50 0.7148 1.2250 0.2766 to 1.1530 1.1936-1.2564 0.992
F 34 0.2478 1.2578 -0.4602 to 0.9559 1.2042-1.3114 0.986
C 84 0.5376 1.2370 0.1638 10 0.9115 1.2096-1.2643 0.990
May M 76 0.0075 1.2697 -0.6295 to 0.6445 1.2218-1.3176 0.974
F 25 0.3258 1.2442 -0.7272 t0 1.3787 1.1690-1.3194 0.981
C 101 0.1118 1.2612 -0.4155 t0 0.6391 1.2221-1.3004 0.976
June M 77 1.0579 1.1867 0.4414 t0 1.6744 1.1500-1.2234 0.982
F 22 -0.6985 1.3038 -2.1156 t0 0.7185 1.1980-1.4095 0.971
C 99 0.5904 1.2127 0.0761 to 1.1046 1.1808-1.2446 0.983
July M 66 0.4278 1.2503 -0.0307 to 0.8862 1.2175-1.2831 0.989
F 37 0.8624 1.2149 0.3511t0 1.3738 1.1790-1.2507 0.993
C 103 0.6309 1.2341 0.2930 to 0.9688 1.2100-1.2581 0.990
August M 63 1.1193 1.2059 0.6226 to 1.6161 1.1724-1.2394 0.988
F 43 0.7673 1.2282 0.1008 t0 1.4338 1.1806-1.2759 0.985
C 106 1.0302 1.2109 0.6503 t0 1.4102 1.1847- 1.2372 0.988
September M 60 0.8640 1.2389 0.1721 to 1.5559 1.1938-1.2839 0.981
F 42 1.7704 1.1742 1.0624 to 2.4785 1.1253-1.2231 0.983
C 102 1.1208 1.2210 0.63051t0 1.6110 1.1883-1.2536 0.982
October M 45 -0.3632 1.3215 -1.0809 to 0.3544 1.2666-1.3764 0.982
F 59 1.7926 1.1662 1.1408 to 2.4444 1.1218-1.2106 0.980
C 104 0.9175 1.2249 0.4359 to 1.3991 1.1905-1.2593 0.980
November M 42 0.2787 1.2558 -0.4490 to 1.0064 1.2031-1.3086 0.983
F 63 0.4172 1.2572 -0.3255 t0 1.1600 1.2054-1.3090 0.975
C 105 0.2818 1.2624 -0.2424 10 0.8061 1.2253-1.2995 0.978
December M 56 1.5931 1.1760 0.9367 to 2.2495 1.1303-1.2217 0.980
F 48 1.5143 1.1818 0.8736 t0 2.1550 1.1351-1.2248 0.983
C 104 1.5571 1.1786 1.1155 to 1.9988 1.1472-1.2099 0.982

Note: M, Male; F, Female; n, Sample Size; a, Intercept; b, Slope ; CL, 95% Confidence

Limit; r2, co-efficient of determination.
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Figure 6. Relationship between allometric co-efficient (b) with eco-climatic factors of

male Panna heterolepis from the Bay of Bengal, Bangladesh.
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female Panna heterolepis from the Bay of Bengal, Bangladesh.
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3.5.9. Form Factor
The calculated form factor (aszp) was 0.0070 and 0.0071 for male and female P.

heterolepis, respectively (Froese, 2006).

3.6. Discussion

In the present study, 8-10 spine fin rays was found in dorsal fin that is similar to Shafi
and Quddus (1982), Talwar and Jhingran (1991) and Rahman (2005), but the branched
fin rays were more than their findings. Pectoral fin contains 15-17 fin rays with 1
unbranched ray that is more or less parallel to Rahman (2005). Observed pelvic fin rays
(1/5) and anal fin rays (11/5-7) were alike with the study of Shafi and Quddus (1982),
Talwar and Jhingran (1991) and Rahman (2005). Caudal fin rays (ii/15-17) were in
agreements with Shafi and Quddus (1982). However, meristic counts solely unable to
provide the detail information to distinguish among different populations or stocks of

the same species.

Information on LFD, growth pattern and form factor of P. heterolepis are inadequate in
literature elsewhere. Consequently, the present study is the first effort to describe
LFDs, form factor as well as growth pattern of P. heterolepis from the Bay of Bengal,
Bangladesh considering the eco-climatic parameters. Absence of individuals smaller
than 10.5 cm TL during the study may be attributed to the selectivity of fishing gear or
low market price or fishers did not go where smaller size of fishes exist (Hossain et al.,
2016a, b; Hossen et al., 2019). The maximum TL was found 34.5 cm in favor of
female. Our study revealed a length of 28.2 cm in SL specifically higher than the report
(21.4 cm) of Sasaki (1995). Therefore, this study recorded the maximum length (34.5
cm in TL) for P. heterolepis in female population. Information about maximum length
IS important to assess the asymptotic length as well as growth co-efficient of fishes for
formulating appropriate fisheries management policy (Ahmed et al., 2012; Khatun et
al., 2018; 2019).

Carlander (1969) stated that allometric co-efficient (b) values may range between 2.0 to
4.0. On the other hand, Froese (2006) reported that the b values of LWRs should range

from 2.5 to 3.5. In this study, the b values were found within the range of 2.5 to 3.5 (b
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= 2.65 to 3.09 for males and b = 2.67 to 3.11 for females), which is comparable with
the predictable range for teleost fish species (Froese, 2006). Further, the overall b value
for both sexes indicated negative allometric growth. However, the allometric co-
efficient (b) values may differ in the same species because of consolidation of various
factors i.e. sex, development of gonad, growth variations in different body parts,
physiological condition, food availability, preservation methods and variances in the
observed length class of the specimens collected (Hossain et al., 2015; Le Cren, 1951,
Tesch, 1968), which were excluded during the present study. Moreover, the LLR was
extremely correlated, but it was difficult to make any comparisons due to lack of

available information on P. heterolepis.

In this study, the allometric co-efficient (b) was found significantly related with water
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 (Azevedo et al., 1998; Houlihan et al., 1993). Throughout
the study, the maximum water temperature was recorded in June-July (34.4°C) and the
minimum was in January (19.8°C). For male population, the b value showed isometric
growth pattern from December to March when the temperature is comparatively lower.
Thereafter, b value drops with the increase of temperature but recover steadily from the
month of November. For female population, b value was found positive allometric in
the month of January and Isometric in February and March. Further, b value dropped
with increasing temperature. However, rainfall, DO and pH did not reveal any
significant correlation with growth pattern between sexes. The highest rainfall was
observed in August and no precipitation was 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 marine 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, Bangladesh.
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The calculated form factor (asp) was 0.0070 and 0.0071 for male and female P.
heterolepis, respectively (Froese, 2006). We found no reference about the form factor
of P. heterolepis. Therefore, it is difficult to compare the finding with other studies.

3.7. Conclusion

Our study described the length-frequency distribution, growth pattern in relation to eco-
climatic factors of P. heterolepis from the Bay of Bengal, Bangladesh. Growth pattern
was significantly correlated with temperature for both sexes. Also, this study recorded
the maximum size of P. heterolepis from the Bay of Bengal. These findings might be a
potential tool for fishery biologist to initiate stock assessment of the standing stock of
P. heterolepis in the marine waters of Bangladesh. Moreover, the results will contribute

valuable baseline for further studies within the marine and coastal ecosystems.
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STUDY-II

Estimation of condition factors of Panna heterolepis in the Bay of

Bengal, Bangladesh.

4.1. Abstract

The study describes the condition factors (Fulton’s, Kg; allometric, Ka; Relative, Kg and
relative weight, W) of P. heterolepis from the Bay of Bengal, Bangladesh in relation to
eco-climatic factors. All together 1,223 specimens (male = 654 and female = 569) were
collected from the fishers during January to December, 2019. Fulton’s condition factor
(Kg) was found the best for assessing the well-being of this species. Moreover, Kg was
found significantly related with temperature for both male and female. The W denoted
that the ecosystem was in balanced condition. The results of this study will be helpful
for future management of this fish in Bay of Bengal and surrounding ecosystems.

Key words: Panna heterolepis, condition factor, eco-climatic factors, Bay of Bengal.
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4.2. Introduction

Condition factor is an index which is used to understand survival, maturity, health
status and reproduction of fish (Le Cren, 1951). Further, it is used as an indicator of
water quality and overall health of a population dwelling in a specific ecosystem
(Tsoumani et al., 2006). In addition, relative weight (Wg) 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).

At present, climatic issues are considered as vibrant warning to aquatic living resources
accompanied by other risks like overfishing, contamination in addition to habitat
deterioration (Rose 2005). Temperature is thought to be the most imperative climatic
factor influencing the distribution of larval accumulations of marine and freshwater fish
species (Houde and Zastrow, 1993; Jakobsen et al., 2009). Likewise, rainfall is another
important climatic factor prompting the hydrological events through runoff and river
inflow (Patrick, 2016). In order to maintain inclusive fish growth, an optimum level of
DO (dissolved oxygen) is necessary for their metabolic activities (Abdel-Tawwab et al.,
2015). Besides, pH denotes the acidic and alkaline condition of an aquatic ecosystem.
Upper pH level (9-14) affects fish physiology not only by denaturing cell membranes
but also altering different parameters of an aquatic ecosystem (Brown and Sadler,
1989).

The Hooghly Croaker (Panna heterolepis Trewavas, 1977) is a tropical marine fish
species (Talwar and Jhingran, 1991) under the family Sciaenidae. This Sciaenid fish is
distributed in Bangladesh, India, Myanmar and Sri Lanka (Sasaki 1995). This species is
commercially important as a fish food item for the coastal people of Bangladesh.
However, total demand of this species is met through the capture from wild stock due
to absence of culture practice. Consequently, overfishing is considered the notable
threat for the natural stock of P. heterolepis in Bay of Bengal (Hossen et al., 2019).
However, there is no available published literature on the growth, condition and
reproductive biology of P. heterolepis from Bangladeshi marine water for planning

proper management strategies.
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4.3. Objectives
The aims of this study are to:

» Estimate the Fulton’s condition factor;
Calculate the allometric condition factor;
Determine the relative condition factor;
Ascertain the relative weight; and

YV V V V

Establish relationship between the best condition factor with eco-climatic

factors.

4.4. Materials and Methods

4.4.1. Fish measurement

Male and female individuals were identified by microscopic observation of gonads.
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.

4.4.2. Calculation of condition factors
Fulton’s condition factor (Kg) was calculated by the equation: K =100x(W/L%) (Fulton,
1904), where W is the BW in g and L is the TL in cm. The scaling factor 100 was used

to bring the K close to unit.

The allometric condition factor (Ka) was calculated using the equation: Ka = W/L"
(Tesch, 1968), where W is the BW in g, L is 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: Wr = (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.
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4.4.3. Eco-climatic parameters

In order to assess the relationship between the best 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.

4.4.4. Statistical Analyses

Statistical analyses were conducted by Microsoft® Excel-add-in-DDXL and Graph Pad
Prism 6.5 software. 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 & 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 parameters. All statistical analyses were conducted with 5%

significance level.

4.5. Results
4.5.1. 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, minimum and maximum Kg values for females were 0. 60 and
1.45 in February and April, respectively (Table 15). Further, Ke revealed significant
variations between males and females (Two tailed, Mann-Whitney U-test, U= 146683,
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 Kr was the

best allowing for the well-being of P. heterolepis in the Bay of Bengal (Table 19).
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Table 15. Descriptive statistics on Fulton’s condition factor (Kg) measurements and

their 95% confidence limits of the Panna heterolepis from the Bay of Bengal,

Bangladesh.
Month Sex n Fulton's condition factor (Kg)

Min Max Mean+SD 95% CL

January M 35 0.66 0.76 0.71+0.03 0.70-0.72
F 72 0.69 0.85 0.77+0.04 0.76-0.78

C 107 0.66 0.85 0.75+0.05 0.74-0.76

February M 37 0.58 0.87 0.74+0.07 0.71-0.76
F 67 0.60 1.01 0.77£0.09 0.75-0.79

C 104 0.58 1.01 0.76+0.08 0.74-0.77

March M 47 0.60 0.86 0.74+0.06 0.73-0.76
F 57 0.66 0.99 0.79+0.07 0.77-0.81

C 104 0.60 0.99 0.77£0.07 0.76-0.78

April M 50 0.61 1.12 0.79+0.08 0.77-0.81
F 34 0.68 1.45 0.87+0.15 0.82-0.92

C 84 0.61 1.45 0.82+0.12 0.80-0.85

May M 76 0.66 1.05 0.79+0.07 0.77-0.81
F 25 0.72 1.05 0.83+0.08 0.80-0.87

C 101 0.66 1.05 0.80+0.07 0.79-0.82

June M 77 0.63 0.95 0.73+£0.05 0.72-0.74
F 22 0.72 1.05 0.86+0.08 0.82-0.89

C 99 0.63 1.05 0.76+0.08 0.74-0.77

July M 66 0.62 0.96 0.73+0.06 0.71-0.74
F 37 0.64 1.07 0.77+0.09 0.74-0.80

C 103  0.62 1.07 0.74+0.07 0.73-0.76

August M 63 0.56 0.91 0.70+0.06 0.69-0.72
F 43 0.64 0.88 0.72+0.06 0.70-0.73

C 106 0.56 0.91 0.71+0.06 0.70-0.72

September M 60 0.56 0.77 0.67+0.05 0.66-0.68
F 42 0.63 0.77 0.71+0.03 0.70-0.72

C 102 0.56 0.77 0.69+0.04 0.68-0.70

October M 45 0.64 0.82 0.72+0.05 0.71-0.74
F 59 0.64 0.85 0.72+0.05 0.71-0.74

C 104 0.64 0.85 0.72+0.05 0.71-0.73

November M 42 0.63 0.82 0.70+0.05 0.69-0.72
F 63 0.62 0.81 0.69+0.05 0.68-0.71

C 105 0.62 0.82 0.70+0.05 0.69-0.71

December M 56 0.63 0.78 0.70+0.03 0.69-0.71
F 48 0.66 0.82 0.73+0.04 0.72-0.75

C 104  0.63 0.82 0.72+0.04 0.71-0.72

Note: M, Male; F, Female; Min, Minimum; Max, Maximum; SD, Standard Deviation;
CL, 95% Confidence Limit.
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Figure 8. Monthly variations of Fulton's condition factors for male Panna heterolepis

from the Bay of Bengal, Bangladesh.
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Figure 9. Monthly variations of Fulton's condition factors for female Panna heterolepis
from the Bay of Bengal, Bangladesh.
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Figure 10. Monthly variations of Fulton's condition factors for combined sex of Panna

heterolepis from the Bay of Bengal, Bangladesh.

4.5.2. Allometric condition factor (Ka)

This study indicated the minimum and maximum allometric condition factor (K,) 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. For combined sex, minimum and maximum Ka values were 0.0045 in January
and 0.0225 in April (Table 16). The non-parametric Mann-Whitney U-test showed
significant differences in the Ka between males and females (Two tailed, Mann-

Whitney U = 21126, P < 0.0001).

47




Chapter Four: Study-II

Table 16. Descriptive statistics on Allometric condition factor (Ka) measurements and

their 95% confidence limits of the Panna heterolepis from the Bay of Bengal,

Bangladesh.
Month Sex n Allometric condition factor (K,)
Min Max Mean+SD 95% CL
January M 35 0.0079 0.0092 0.0086+0.0003 0.0085-0.0087
F 72 0.0050 0.0063 0.0056+0.0003 0.0055-0.0057
C 107 0.0045 0.0059 0.0052+0.0003 0.0051-0.0052
February M 37 0.0047 0.0071 0.0058+0.0005 0.0056-0.0059
F 67 0.0060 0.0101 0.0069+0.0009 0.0067-0.0071
C 104 0.0056 0.0097 0.0067+0.0008 0.0066-0.0069
March M 47 0.0048 0.0069 0.0059+0.0004 0.0058-0.0061
F 57 0.0066 0.0099 0.0079+0.0007 0.0077-0.0081
C 104 0.0051 0.0083 0.0065+0.0006 0.0064-0.0066
April M 50 0.0084 0.0149 0.0107+0.0010 0.0105-0.0110
F 34 0.0127 0.0267 0.0173+0.0025 0.0164-0.0181
C 84 0.0103 0.0225 0.0136+0.0017 0.0132-0.0139
May M 76 0.0100 0.0161 0.0124+0.0010 0.0121-0.0126
F 25 0.0126 0.0181 0.0148+0.0012 0.0142-0.0153
C 101 0.0095 0.0153 0.0119+0.0010 0.0117-0.0121
June M 77 0.0076 0.0112 0.0088+0.0006 0.0086-0.0089
F 22 0.0101 0.0145 0.0120+0.0011 0.0115-0.0125
C 99 0.0127 0.0196 0.0150+0.0013 0.0147-0.0152
July M 66 0.0094 0.0143 0.0111+0.0008 0.0109-0.0113
F 37 0.0138 0.0206 0.0170+0.0015 0.0165-0.0175
C 103 0.0110 0.0173 0.0132+0.0011 0.0130-0.0135
August M 63 0.0080 0.0125 0.0100+0.0008 0.0098-0.0102
F 43 0.0163 0.0210 0.0182+0.0011 0.0179-0.0185
C 106 0.0093 0.0145 0.0117+0.0009 0.0115-0.0119
September M 60 0.0173 0.0212 0.0193+0.0010 0.0190-0.0196
F 42 0.0072 0.0090 0.0081+0.0004 0.0080-0.0083
C 102 0.0144 0.0195 0.0163+0.0009 0.0161-0.0165
October M 45 0.0114 0.0147 0.0130+0.0009 0.0127-0.0132
F 59 0.0093 0.0123 0.0106+0.0006 0.0104-0.0108
C 104 0.0096 0.0127 0.0109+0.0007 0.0107-0.0110
November M 42 0.0128 0.0158 0.0142+0.0009 0.0140-0.0145
F 63 0.0135 0.0171 0.0154+0.0009 0.0151-0.0156
C 105 0.0131 0.0165 0.0148+0.0009 0.0147-0.0150
December M 56 0.0057 0.0071 0.0064+0.0003 0.0063-0.0064
F 48 0.0149 0.0183 0.0166+0.0008 0.0164-0.0169
C 104 0.0102 0.0128 0.0114+0.0006 0.0113-0.0115

Note: M, Male; F, Female; Min, Minimum; Max, Maximum; SD, Standard Deviation;

CL, 95% Confidence Limit.
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Figure 11. Monthly variations of allometric condition factor for male Panna

heterolepis from the Bay of Bengal, Bangladesh.
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Figure 12. Monthly variations of allometric condition factor for female Panna

heterolepis from the Bay of Bengal, Bangladesh.
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Figure 13. Monthly variations of allometric condition factor for combined sex of

Panna heterolepis from the Bay of Bengal, Bangladesh.

4.5.3. Relative condition factor (Kg)

The study revealed the minimum and maximum 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 male and
female populations were recorded in April. For combined sex, minimum and maximum
Kgr values were 0.77 in February and 1.68 in April (Table 17). The non-parametric
Mann-Whitney U-test showed no significant differences in the Kr between males and
females (Two tailed, Mann-Whitney U = 177488, P = 0.1641).
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Table 17. Descriptive statistics on Relative condition factor (Kg) measurements and

their 95% confidence limits of the Panna heterolepis from Bay of Bengal, Bangladesh.

Month Sex n Relative condition factor (Kg)

Min Max Mean+SD 95% CL

January M 3 0092 1.07 1.00+0.04 0.99-1.02
F 72 0.90 1.12 1.00£0.05 0.99-1.01

C 107 0.86 1.14 0.99+0.06 0.98-1.00

February M 37 082 1.24 1.01+0.09 0.98-1.04
F 67 0.78 1.31 1.00+0.12 0.97-1.03

C 104 0.77 1.34 1.00£0.11 0.98-1.02

March M 47 0.83 1.20 1.02+0.08 1.00-1.05
F 57 0.85 1.29 1.03+0.09 1.00-1.05

C 104 081 1.32 1.03+0.09 1.01-1.05

April M 50 0.79 1.39 1.00+0.09 0.98-1.03
F 34 073 1.54 1.00£0.14 0.95-1.05

C 84 0.77 1.68 1.01+0.13 0.98-1.04

May M 76 0.82 1.32 1.01+0.08 0.99-1.03
F 25 0.87 1.25 1.02+0.09 0.98-1.05

Cc 101 0.79 1.28 0.99+0.09 0.97-1.01

June M 77 0.86 1.28 1.00+0.06 0.98-1.01
F 22 0.84 1.21 1.00+0.09 0.95-1.04

C 99 0.85 1.31 1.00+0.09 0.99-1.02

July M 66 0.85 1.30 1.01+0.08 0.99-1.03
F 37 0.82 1.22 1.01+0.09 0.98-1.04

C 103 0.83 1.31 1.00+0.09 0.99-1.02

August M 63 0.80 1.27 1.01+0.08 0.99-1.03
F 43 0.89 1.16 1.00+0.06 0.98-1.02

C 106 0.79 1.24 1.00+0.08 0.98-1.01

September M 60 0.90 1.10 1.00£0.05 0.99-1.01
F 42  0.89 1.11 1.00+0.05 0.99-1.02

C 102 0.89 1.20 1.00+0.06 0.99-1.02

October M 45 0.89 1.14 1.01+0.07 0.99-1.03
F 59 0.87 1.16 1.00+0.06 0.99-1.02

C 104 0.88 1.18 1.01+0.06 0.99-1.02

November M 42 0.90 1.11 1.00+0.06 0.98-1.02
F 63 0.89 1.12 1.00+0.06 0.99-1.02

C 105 0.88 1.12 1.00+0.06 0.99-1.01

December M 56 0091 1.13 1.01+0.05 1.00-1.02
F 48  0.90 1.10 1.00£0.05 0.99-1.02

C 104 0.89 1.12 1.00+0.06 0.99-1.01

Note: M, Male; F, Female; Min, Minimum; Max, Maximum; SD, Standard Deviation;
CL, 95% Confidence Limit.
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Figure 14. Monthly variations of relative condition factors for male Panna heterolepis

from the Bay of Bengal, Bangladesh.
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Figure 15. Monthly variations of Relative condition factors for female Panna
heterolepis from the Bay of Bengal, Bangladesh.
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Figure 16. Monthly variations of Relative condition factors for combined sex of Panna
heterolepis from the Bay of Bengal, Bangladesh.

4.5.4. Relative weight (Wg)

The lowest and highest Wr values for male were 78.55 and 139.24, respectively.
Besides, minimum and maximum W values for females were 73.24 and 154.47.
Minimum and maximum values for both males and females were recorded in April
(Table 18). According to Wilcoxon sign rank test, Wgr showed no significant differences
from 100 for both males (P = 0.3348) and females (P = 0.4821).
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Table 18. Descriptive statistics on Relative Weight (Wg) measurements and their 95%

confidence limits of the Panna heterolepis from the Bay of Bengal, Bangladesh.

Month Sex n Relative Weight (Wg)
Min Max Mean+SD 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
C 107 86.38 11354 99.28+6.10 98.11-100.45
February M 37 8171 124.48 101.1549.16 98.10-104.21
F 67 76.24 134.77 100.17+13.46 96.88-103.45
C 104 77.42 138.15 100.62+12.50 98.19-103.05
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
C 104 80.60 132.16 102.86+9.04 101.10-104.61
April M 50 78,55 139.24 100.40+9.22 97.78-103.02
F 34 7324 154.47 99.92+14.20 94.96-104.88
C 84 76.87 168.09 101.15+12.82 98.37-103.94
May M 76 8197 13211 101.29+8.47 99.35-103.23
F 25 86.77 12450 101.74+8.62 98.18-105.29
C 101 79.21 127.73 98.91+8.74 97.19-100.64
June M 77 86.17 127.56 99.54+6.42 98.08-100.99
F 22 8399 120.95 99.66+9.49 95.45-103.87
C 99 8490 131.49 100.49+8.69 98.76-102.22
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
C 103 83.13 131.09 100.38+8.71 98.67-102.08
August M 63 80.47 126.54 100.64+8.38 98.52-102.75
F 43 89.37 115,52 99.99+6.08 98.11-101.86
C 106 79.24 123.53 99.88+7.64 98.41-101.36
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
C 102 88.92 120.47 100.43+5.77 99.30-101.56
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
C 104 88.43 117.73 100.59+6.34 99.36-101.83
November M 42 90.16 111.35 100.28+6.24 98.34-102.23
F 63 8854 111.70 100.38+5.61 98.96-101.79
C 105 88.41 111.60 100.18+5.83 99.05-101.31
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
C 104 89.06 11241 99.81+5.57 98.73-100.89

Note: M, Male; F, Female; Min, Minimum; Max, Maximum; SD, Standard Deviation;
CL, 95% Confidence Limit.
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Figure 17. Monthly variations of relative weight for male Panna heterolepis from the

Bay of Bengal, Bangladesh.
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Figure 18. Monthly variations of relative weight for female Panna heterolepis from the

Bay of Bengal, Bangladesh.
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Figure 19. Monthly variations of relative weight for combined sex of Panna

heterolepis from the Bay of Bengal, Bangladesh.
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Table 19. Relationships of condition factor with total length and body weight of Panna

heterolepis in the Bay of Bengal, Bangladesh.

Relationships Sex r values 95% CL of r P values Significance
TL vs. KF -50.2500 -0.3226 to -0.17546 P <0.001 *
TLvs. K 0.0324 -0.0466 t0 0.1111 | P =0.2038 ns
TL vs. K: 0.0324 -0.0467 to 0.1111 P =0.2041 ns
TL vs. WR \ 0.0324 0.0467 to 0.1111 P =0.2041 ns
BW vs. KF -0.1001 -0.1777 t0 -0.0214 | P =0.0104 *
BW vs. K 0.1827 0.1053 to 0.2579 P <0.0001 *xx
BW vs. K: 0.1827 0.1053 to 0.2579 P < 0.0001 il
BW vs. WR 0.1827 0.1053 to 0.2579 P <0.0001 ik
TL vs. KF -0.2466 -0.3245t0-0.1654 | P <0.0001 il
TL vs. KA 0.0401 -0.0447 t0 0.1243 P =0.3396 ns
TL vs. KR 0.0401 -0.0447 t0 0.1243 P =0.3393 ns
TL vs. WR . 0.0402 -0.0446 t0 0.1244 P =0.3391 ns
BW vs. KF -0.0566 -0.1406 to 0.0282 P =0.1776 ns
BW vs. KA 0.2280 0.1462 to 0.3067 P < 0.0001 il
BW vs. KR 0.2280 0.1462 to 0.3067 P <0.0001 il
BW vs. WR 0.2280 0.1462 to 0.3068 P <0.0001 Hx

Note: ns, not significant; * significant; ***highly significant

4.5.5. 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 significantly related with
temperature for both male (P = 0.0378) and female (P = 0.0352). However, Rainfall,
DO and pH did not reveal any significant correlation with Kg (Table 20). The

relationship between K and eco-climatic parameters are presented in Figure 20 and 21.
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Table 20. Relationship between eco-climatic factors with Fulton’s condition factor of

Panna heterolepis in the Bay of Bengal, Bangladesh.

Relationships | Sex rs values | 95% CL of rs P values Significance
Temp. vs. Kg 0.6123 0.03971t00.8821 | P =0.0378 | *

Rainfall vs. K¢ -0.3117 -0.7596 t0 0.3367 | P =0.3154 | ns

DO vs. K M 0.1813 -0.4538 t0 0.6943 | P = 0.5679 | ns

pH vs. Ke 0.0685 -0.5400 to 0.6300 | P =0.8310 | ns

Temp. vs. Ke 0.6200 0.0521t00.8849 | P=0.0352 | *

Rainfall vs. Kg -0.4685 -0.8278 10 0.1631 | P =0.1275 | ns

DO vs. Kg - 0.0984 -0.5183 t0 0.6478 | P = 0.7606 | ns

pH vs. Kge 0.1474 -0.48111t0 0.6758 | P =0.6459 | ns

Note: ns, not significant; * significant
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Figure 20. Relationship between Fulton’s condition factor with eco-climatic factors of

male Panna heterolepis in the Bay of Bengal, Bangladesh.

59



Chapter Four: Study-II

40 1
Female
¥
— 30 4 + 07
- ;
m
@
2 20 104
E —— T emperature
= —ir—HKF
10 r r r T r a1
Jan Feb Mar Apr May Jun Jul Aug Sep et Now Dec
Month
400 1
- 300
i 3 0.7
E
= 200 1 %
m
E
& o4
100 —#—Rainfall
0 . (]
Jan Feb Mar Apr May Jun Jul Aug Sep Ot Now Dec
Month
6.5 1
Female
= & 107
£ L
£ e
o
B 55 104
—— D
—i—KF
5 r r T 01
Jan Feb Mar Apr May Jun Jul Aug Sep Ot Now Dec
Month
T4 1
Female
71 4 1 0.7
E v
6.8 —.—PH 04
—t— KF
6.5 0.1
Jan Feb Mar Apr May Jun Jul Aug Sep Ot Mow Dec
Meonth

Figure 21. Relationship between Fulton’s condition factor with eco-climatic factors of

female Panna heterolepis in the Bay of Bengal, Bangladesh.
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4.6. Discussion

Condition factor indicates the degree of well-being of a fish population in their natural
ecosystem. The higher value of condition factor indicates that the fish are in better
condition (Maurya et al., 2018). Information on condition factor of P. heterplepis is
scarce in literature. Therefore, the present study is the first effort to describe condition
factor along with relative weight of P. heterolepis from Bay of Bengal, Bangladesh. A
total of 1,223 individuals of various body sizes were sampled using local gears for
successive twelve months. To assess the overall health and productivity of P.
heterolepis, several condition factors including Fulton’s (Kg), allometric (Ka),
relative (Kg) as well as relative weight (Wgr) were used in the present study.
According to Spearman rank test, Fulton’s condition factor (Kg) and TL were
significantly correlated in both sexes denoting that Kg was the best allowing for the

well-being of P. heterolepis in the Bay of Bengal.

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 Wr revealed no significant difference from 100 for both
male and female populations 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 water
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 Kr value showed a positive correlation with
temperature. However, rainfall, DO and pH did not reveal any significant correlation

with Kg between sexes.
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4.7. Conclusion

Our study describes the condition factors of P. heterolepis considering the eco-climatic
factors from the Bay of Bengal, Bangladesh. Fulton’s condition factor (Kg) was found
the best for assessing the wellbeing of the above mentioned species. Further, Ke value
showed a positive correlation with temperature for both sexes. The findings of the study
might be a potential tool for fishery biologist to initiate stock assessment of the

standing stock of P. heterolepis in the marine and coastal waters of Bangladesh.
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STUDY-I11I

Reproductive Biology of Panna heterolepis in the Bay of Bengal,

Bangladesh.

5.1. Abstract

This study highlights the reproductive biology of P. heterolepis, which is a dominant
fish in the Bay of Bengal, Bangladesh, based on monthly sampling of 569 female
individuals from January to December, 2019. We observe the effect of different
environmental factors (temperature, rainfall, dissolved oxygen and pH) on the
reproduction of P. heterolepis. Measurement of each individual like as total length (TL)
and body weight (BW) were taken by means of measuring board and digital balance.
Gonads were removed cautiously through ventral dissection from female specimens
and weighed to 0.01 g accuracy. To assess the size at sexual maturity (TLy), spawning
season and peak - spawning season; the GSI (gonadosomatic index in %), MGSI
(modified gonadosomatic index in %) and DI (Dobriyal index) were considered. Based
on these indices, the L,, was documented 15.0 cm in TL. Moreover, the TLsy was
predicted by logistic calculation as 15.0 cm in TL. Further, the greater values of GSI,
MGSI and DI denoted that the spawning season was extended from January to July,
with a peak in February for P. heterolepis in the Bay of Bengal. In addition, GSI was
recorded statistically correlated with temperature. However, other environmental
factors (rainfall, dissolved oxygen and pH) did not show any significant relation with
GSI. Finally, the outcomes of our study might be useful to carry out specific

management program for P. heterolepis in the Bay of Bengal and connected ecosystem.

Keywords: Size at sexual maturity, environmental factors, spawning season, Panna

heterolepis, Bay of Bengal.
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5.2. Introduction

The Hooghly Croaker (Panna heterolepis Trewavas, 1977) is found profusely in
Bangladesh, Indian, Myanmar and Sri Lanka (Sasaki, 1995). This species is a
representative of the family Sciaenidae inhibits coastal and marine waters (Talwar and
Jhingran, 1991). The P. heterolepis is very famous among the three representative
species under the genus Panna in the Indian Ocean together with P. microdon and P.
perarmatus (Froese and Pauly, 2020). This species is locally called Poa and
commercially significant as a popular fish food item for the coastal people of
Bangladesh because of their outstanding flesh quality. Consequently, overfishing is
considered the most focal threat for the wild population of P. heterolepis in the context
of Bangladesh (Hossen et al., 2019). Besides, this species is a profitable source of large
scale and subsistence fishers who use a number of traditional gears including Seine bag
net and Gill net (Hossain et al., 2012). Further, this species is considered as least
concern worldwide (Akhilesh et al., 2020).

The government of Bangladesh usually enforces yearly fishing ban for a period of 65
days from 20 May to 23 July to promote the spawning of depleted fish and crustacean
stocks in Bay of Bengal since 2019 (DoF, 2019). However, the peak spawning season
for the marine fish and crustacean stocks is not yet determined. Alternatively, the
coastal fishermen protest against the banning period, as marine fishing is the only
source of their livelihood. Further, the peak fishing season is extended from the month
of June to September in Bay of Bengal. Without supplementary income options, this

imposed ban period would drive them into more destitution condition.

In order to formulate sound fisheries management policy, the knowledge of
reproduction is an important concern. Information about reproductive biology of fish is
essential for understanding of its population dynamics as well formulating baseline data
in the management process (King, 2007). Effective management practice for
conserving the commercially important fish species depends on understanding the
regenerative capacity of fish populations including their reproductive behavior (Tracey
et al., 2007) whose spawning accretions are extremely harmed by commercial fishers
(Hardie et al., 2007). Besides, conscientious evaluation of reproductive behavior

suggests about dynamic causes that may influence survival in addition to recruitment of
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different fish species (Khatun et al., 2019). Fish population replenishment as well as
individual potency is mostly dependent on fruitful reproduction (Hossain et al., 2017b).
Above and beyond, stock assessment models largely depend on the understanding of
reproduction of fish stocks for sustainable management (Nitschke et al., 2001; Tracey
et al.,, 2007). Consequently, the knowledge of GSI, size at first maturation and
spawning season are considered useful methods in fish reproduction research (Hossain
etal., 2013).

At present, changes of environmental factors are vital threat to fisheries resources
together with additional risks such as contamination and overfishing (Rose, 2005).
Moreover, assessment of environmental and biological onsets of fish reproduction is
the foremost important to recognize the interactions between population and
environment as well as denoting vulnerability of a fish population in relation to climate
change (Khatun et al., 2019). Environmental issues largely temperature and rainfall
have continuous effect on fish growth and reproduction (Shoji et al., 2011). The
temperature is considered as the key to control every phase of fish reproduction
(Pankhurst and Porter, 2003). Fluctuations of temperature represent a vital arena for
understanding the reproductive potency of fish population in any ecosystem because of
its direct effect on gametogenesis process and spawning timing (Pankhurst and Mundy,
2011). Besides, temperature is the basic abiotic factor controlling the movements of
larval assemblages (Houde and Zastrow, 1993) of freshwater along with marine species
(Jakobsen et al., 2009). Similarly, rainfall is another important factor prompting the
total chain of hydrological events via river inflow and runoff (Patrick, 2016). Spawning
rhythm of fish is frequently reduced due to lack of sufficient rainfall (Owiti and Dadzie,
1989). Rainfall supports fish spawning by decreasing the water temperature and
enhancing dissolved oxygen. Besides, it stimulates natural spawning by offering
available hydration for reproductively mature fish (Ahamed et al., 2018). Further, the
reproductive biology of fish in a particular aquatic habitat is greatly influenced by
different ecological factors such as pH, salinity, dissolved oxygen and photoperiod. To
confirm inclusive fish reproduction, it is necessary to uphold an optimal DO (dissolved
oxygen) level for metabolic activities. On the other hand, pH specifies the acidic or

alkaline condition of a particular ecosystem. Upper pH level (9-14) affects fish
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physiology by denaturing cell membranes as well as changing different parameters of

an aquatic ecosystem (Brown and Sadler, 1989).

Nevertheless, only a few studies including morphometry (Sanphui et al., 2018) had
been completed on P. heterolepis. Consequently, our objective is to discover the
reproductive biology of P. heterolepis considering the environmental changes from the

Bay of Bengal, Bangladesh.

5.3. Objectives

There is no available published report on the reproductive biology of P. heterolepis.

Therefore, the main purpose of this study is to
» Determine the size at first sexual maturity;
» Estimate the spawning and peak spawning season; and

> ldentify the effect of environmental factors on the GSI.

5.4. Materials and Methods

5.4.1. Fish measurement

Male and female individuals were identified by microscopic observation of gonads.
Only female fish were used in this study. Each specimen were washed with water and
kept open to air for drying before weighing. Blotting paper was used to remove excess
moisture from the specimens. Individual body weight (BW) for each sample was
weighed with 0.01 g accuracy with an electric balance and a measuring board was used
to measure the total length (TL) with 0.01 cm precision. Subsequently, gonads (ovaries)
were removed carefully through ventral side dissection from each female specimen and
weighed (GW) to the nearest 0.01 g accuracy. Further, the gonads were examined

microscopically to distinguish the maturity status of fish specimens.
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Plate 4. Dissecting view of Gonad with sharp scissor
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5.4.2. Size at first sexual maturity (TL,)

The TL, was determined with three indices (i) gonadosomatic index (GSI) vs. TL; (ii)
modified gonadosomatic index (MGSI) vs. TL; and (iii) Dobriyal index (DI) vs. TL.
The Gonadosomatic index was measured using the equation: GSI (%) = (GW/BW) x
100 (Nikolsky, 1963). Modified gonadosomatic index was determined by the equation:
MGSI (%) = (GW/BW-GW) x 100 (Nikolsky, 1963). Dobriyal index was calculated by
the equation: DI= 3/GW (Dobriyal et al., 1999). Further, the specimens having GSI >
the critical GSI value (GSI at smallest size at sexual maturity) were nearly recognized
as mature female for P. heterolepis (Fontoura et al., 2009; Hossain et al., 2012;
Rahman et al., 2018b).

Moreover, TLsy denoted the minimum length break wherein 50% of the individual
specimens were matured. In order to analysis of TLsg, a logistic curve following King
(2007) was applied for the data by plotting the percentage of mature individuals (PMI)
against TL class as PMI = 100/[1+ exp{-f (TLy -TLso)}] where, f is the growth
coefficient and TLy, is the median value of each TL class. However, all mature
individuals in a population do not continue in a reproductive cycle at the same time.
Consequently, PMI was not more than 100% even in the largest TL class. Therefore,
following the established method of King (2007), the data were adjusted to overcome
an unreasonably high estimate of TLs.

5.4.3. Spawning season
To determine the spawning season of this Sciaenid fish monthly gonadal changes were
observed. Consequently, spawning and peak spawning season were estimated using

three indices including GSI, MGSI as well as DI.

5.4.4. Environmental factors

Monthly water quality parameters were collected from the sampling spot through
APHA (2005) procedures to assess the impact of environmental factors on GSI of
female P. heterolepis. The parameters were water temperature (°C), dissolved oxygen
(DO; mg/L) and pH. A fixed sampling hour was maintained strictly (between 9.00 to
10.00 am) throughout the sampling months to confirm the comparability of the
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collected parameters with time and space. Further, monthly rainfall (mm) data were

documented from the meteorological station of Khulna, Bangladesh.

5.4.5. Statistical Analyses

Statistical analyses were done by GraphPad Prism 6.5 and Microsoft ® Excel-add-in-
DDXL software with 5% significance level. Normality of the data was confirmed with
Kolmogorov-Smirnov test. Besides, Spearman rank test was performed to correlate the
environmental factors with GSI for detecting the vital influence of environmental

factors on gonadal maturity and spawning.

5.5. Results

A total 569 female specimens were collected from January to December 2019, where
total length (TL) was extended from 10.50 to 34.50 cm and body weight (BW) was
varied between 9.02 to 342.26 g. Besides, gonad weight (GW) was ranged between
0.03 to 20.63 g. Lowest, highest and mean total length, body weight and gonad weight
are shown in Table 21.

Table 21. Descriptive statistics on the total length (cm), body weight (g) and gonad

weight (g) measurements of Panna heterolepis in the Bay of Bengal, Bangladesh.

Characters n Min Max Mean + SD 95% CI
Total length; TL (cm) 10.5 34.5 17.91+3.11 17.65-18.17
Standard length; SL 569 8.0 28.2 13.97+2.52 13.76-14.18
(cm)

Body weight; BW (g) 9.02 342.26  47.25+29.91  44.79-49.72
Gonad weight; GW (g) 0.03 20.63 2.29+2.79 2.06-2.52

Note: n, sample size; Min, minimum; Max, maximum, SD, standard deviation; ClI,

confidence intervals.
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5.5.1. Size at first sexual maturity (TL,)

The relationship between TL vs. GSI, MGSI and DI of female P. heterolepis are
specified in Figure 22. The GSI and MGSI values were lower (< 5.4% and < 5.6%
respectively) for females smaller than 15.0 cm TL. Also, DI was low (< 1.0) at the
length of 15.0 cm. Further, the GSI (> 5.4%), MGSI (> 5.6%) and DI (> 1.0) rose
intensely at 15.0 cm TL for maximum of the female specimens. Consequently, TL,
may be considered being 15.0 cm in TL for female P. heterolepis in the Bay of Bengal,
Bangladesh. Further, the relationship between TL and the percentage of mature
individuals were expressed with the logistic functions of mature P. heterolepis female
for each length class (TL) group (Figure 23). The projected total length at sexual
maturity (TLso) was 15.0 cm TL in the Bay of Bengal, Bangladesh.

5.5.2. Spawning season

Monthly variations of GSI, MGSI and DI for the female P. heterolepis are presented in
Figure 24. The lower values of GSI, MGSI and DI were recorded during August to
December. Further, the higher GSI, MGSI and DI values were recorded from January
to July, which designated the extended reproductive effort of the fish. In addition, peak
values of GSI, MGSI and DI were found in the month of February. Therefore, February

is the peak spawning season for P. heterolepis in the Bay of Bengal, Bangladesh.

5.5.3. Environmental factors

In the present study, four important factors specifically temperature, rainfall, DO and
pH were documented to observe the impact on gonadal maturation of P. heterolepis.
However, temperature was recorded significantly related with GSI. Alternatively, other

factors did not reveal any statistical correlation with GSI (Table 22; Figure 25).
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Figure 22. Relationship between gonadosomatic index (GSI), modified gonadosomatic

index (MGSI) and Dobriyal index (DI) with total length of female Panna heterolepis in

the Bay of Bengal, Bangladesh.
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length showing the logistic curve fitted to the data.

72



Chapter Five: Study-l111

28.0
23.0
18.0 -

7 13.0 -

8.0 -
3.0 -

'2-0 T T ! I ! I I 1 ! I \J I ! I ! I L I I 1 ' I L

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

GSI (%) = 5.4

33.0
280 = S
23.0 | _E_ mean  _ | MGSI(%)=56
7 18.0 -
213.0 1
8.0
a0 I
-2.0

3.0

DI=1.0

DI

0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 24. Monthly variations of gonadosomatic index (GSI), modified gonadosomatic
index (MGSI) and Dobriyal index (DI) with maximum and minimum values of female

Panna heterolepis in the Bay of Bengal, Bangladesh.
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Table 22. Relationship between environmental factors with GSI of Panna heterolepis

in the Bay of Bengal, Bangladesh.

Relationship rs value 95% CL of rs p values Significance
Temperature vs. GSI -0.5433 -0.8067 t0 0.7741 0.0421 *
Rainfall vs. GSI -0.2098  -0.7093 to 0.4300 0.5137 ns
DO vs. GSI 0.4042 -0.2394 to0 0.8010 0.1922 ns
pH vs. GSI 0.3333 -0.3151 to 0.7696 0.2874 ns

Note: GSI, Gonadosomatic index; DO, Dissolved Oxygen; rs, Spearman rank

correlation values; CL, confidence limit; p, level of significance; ns, not significant; *

significant (p < 0.05).
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Figure 25. Relationship between Gonadosomatic index (GSI) with environmental

factors of female Panna heterolepis in the Bay of Bengal, Bangladesh.
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5.6. Discussion

Appropriate management of exploited stocks is significantly dependent on careful
assessment of the maturity status of fish (Rahman et al., 2018b). Where histological
observation facilities are scarce, different macroscopic and biological index are
normally used as rather easy and cost- effective technique for describing ripeness status
of fish (Khatun et al., 2019; West, 1990). Further, GSI was used effectively by a good
number of researchers to assess the maturity status of fish (Fontoura et al., 2009;
Hossain et al., 2012, 2017b; Rahman et al., 2018b). Knowledge of reproductive biology
is vital to assess the life cycle and stocks of an individual fish population (Hossain et
al., 2017b). Information on reproductive biology of P. heterolepis is insufficient
elsewhere. Therefore, this study explains sexual maturity in addition to spawning
season of P. heterolepis together with the consideration of environmental factors from

Bay of Bengal, Bangladesh.

Determining size at first sexual maturity (TLny) is critical simultaneously for
differentiating among diverse populations of an identical species and for anticipating a
basis that ultimate changes in length at first maturity are due to fisheries pressure or
other reasons (Hossain et al., 2010b,c). Further, it is essential for fisheries biologist to
manage and conserve of a particular fish population in any aquatic ecosystem (Lucifora
et al., 1999). Our study revealed that the TL, of female P. heterolepis was 15.0 cm in
TL based on GSI, MGSI and DI values. Besides, precise estimations of first sexual
maturity size (TLso) are highly convenient for management of a particular fish stock
(Rahman et al., 2018b). The GSI data accompanied by a logistic function with variable
asymptote is durable and constant enough to be functional to a fish population with
divergent life histories (Fontoura et al., 2009). Following the logistic equation, TLsq for
female P. heterolepis was determined to be 15 cm. The maturity size may differ
according to habitat characteristics accompanied by diverse environmental factors
(Sinovcic and Zorica, 2006). However, absence of information on maturity prohibits
substantial comparisons with our findings. Further, the study denotes the first
widespread information on sexual maturity size of P. heterolepis that could be
supportive for determining the mesh size to limit catching mature smaller individuals to

provide them opportunity to spawn (Rahman et al., 2018b).
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It was mentioned earlier that a yearly fishing ban is exposed by the government of
Bangladesh from 20 May to 23 July in the Bay of Bengal to conserve the depleted
marine fish stocks and allow them to spawn freely (DoF, 2019). However, the
spawning and peak spawning season for most of the marine fish stocks are not yet been
investigated scientifically. On the other hand, the prolonged fishing ban reveals a
negative impact on the livelihoods of the poor coastal fishers. The income of the
subsistence fisher folks has reduced to a great extent. Therefore, it is necessary to
justify the exact spawning and peak spawning period of different fishes dwelling in the
Bay of Bengal. Spawning season is crucial to assess spawning time and migration of a
fish population for spawning purpose (Khatun et al., 2019). According to monthly GSI,
MGSI and DI values, female P. heterolepis showed a prolonged spawning period from
January to July. But peak spawning occurred in February. Consequently, all types of
fishing ought to be banned during the peak spawning period to ensure sustainable
management of this species in their interminable habitat and allow the coastal fisher
folks to continue fishing during the June-September monsoon, which is the ultimate

fishing season in the Bay of Bengal.

Further, it was noticed that the reproductive behavior of female P. heterolepis was
influenced by water temperature. Throughout the study, the maximum water
temperature was recorded in May-June (34.4°C) and the lowest temperature was noted
in January (19.8°C). Besides, the highest GSI (peak spawning period) was detected in
the month of February when the water temperature is comparatively lower (24.7°C).
Alternatively, reproductive behavior was not significantly influenced by rainfall, DO
and pH in Bay of Bengal, Bangladesh. The maximum rainfall was recorded in August
(370 mm) and no rainfall was ensued in January. DO is an important parameter for
aerobic metabolism of fish (Timmons et al., 2001). The optimum DO level must exceed
3.5 mg/I for marine fisheries resources (EPA, 2000). Similarly, pH is considered as an
essential ecological factor for any aquatic habitat. If an aquatic ecosystem is more
acidic (pH < 4.5) or more alkaline (pH > 9.5) for extended time, growth and
reproduction will be reduced (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 an
appropriate habitat for marine fisheries resources in the Bay of Bengal, Bangladesh.
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5.7. Conclusion

The length at sexual maturity of P. heterolepis was established to fix suitable capture
size, thus providing them opportunity to spawn. Further, the spawning season of the
above mentioned species was extended from January to July with a peak in the month
of February. Therefore, it is highly recommended that the adults must be conserved
during the peak spawning season to maintain sustainable exploitation of this species.
GSI value displayed a statistically significant correlation with temperature. Thus
temperature should be considered in the future management policy. The outcomes of
our study might be advantageous for the suitable management of P. heterolepis in the

Bay of Bengal (Bangladesh) as well as surrounding ecosystem.
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STUDY-IV

Stock assessment of Panna heterolepis in the Bay of Bengal,

Bangladesh.

6.1. Abstract

The study provides a complete information on growth pattern, growth parameter,
mortality, recruitment pattern, exploitation rate (E) and maximum sustainable yield
(MSY) of Panna heterolepis based on monthly sampling of 1,223 specimens from the
Bay of Bengal, Bangladesh, from January to December, 2019. Length—frequency data
were analyzed with FAO-ICLARM Stock Assessment Tool. The allometric co-efficient
(b) value indicated negative allometric growth (< 3.00) for P. heterolepis population.
The von Bertalanffy growth function revealed growth coefficient (K = 0.13 year),
growth performance index (@' = 2.30) and life-span (tnax = 3.85 year). Further, P.
heterolepis was found to grow rapidly with an asymptotic length (L.,) of 39.08 cm. We
found that the natural mortality (M =0.44 year™) rate is almost similar with fishing
mortality (F = 0.42 year™). Consequently, the standing stock is not quite sustainable
with the existing fishing strategy. Further, the maximum allowable exploitation rate
(Emax = 0.471) was lower than the recorded exploitation rate (E=0.490). Subsequently,
overfishing is the most focal threat for the wild population of P. heterolepis in the
context of Bay of Bengal, Bangladesh. The recruitment pattern was almost continuous
throughout sampling period with a major peak in April-May. Finally, the MSY was
assessed at 10234.47 metric tons. The findings would be very useful to introduce

appropriate fishing regulations in the Bay of Bengal ecosystem.

Keywords: Stock assessment, Panna heterolepis, Bay of Bengal, Bangladesh.
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6.2. Introduction

Fish and fisheries products are the most significant protein source for global population
(Roy et al., 2020). The increasing demand for fisheries products creates massive fishing
pressure on natural stock, especially in the open-water ecosystem (Panhwar et al.,
2013). Consequently, fish are considered as limited renewable resource (Gulland,
1982). Therefore, it is essential to assess the life-history traits (growth, reproductive
characteristics, recruitment pattern and mortality) of fish population to ensure
sustainable management practice to conserve the wild stock (Foster and Vincent, 2004).
Further, the lack of information about such traits on marine fisheries resources is a
barrier to implement suitable fishing strategy in the marine ecosystem (Dinh et al.,

2009) and this demands quick investigation.

Length- frequency distribution (LFD) is an important biometric index to detect the
dynamic rates of recruitment, growth, mortality, yields and stock biomass in a
particular ecosystem (Neuman and Allen, 2001) through dynamic mathematical models
(Beverton and Holt, 1979). Nevertheless, knowledge on growth, recruitment, mortality,
exploitation rate and maximum sustainable yield is important for developing such
models (Hossain et al., 2017a). Likewise, growth pattern is essential to detect the
temporal variation of fish growth (Hossain and Ohtomi, 2010b). Growth of fish and
other aquatic organisms largely depend on sex, maturity status and environmental
factors (Dall et al., 1990). Fast growth rate of fish is advantageous in many ways. Rapid
growth rate of fish not only gives the fish immunity from predators but also allow
carrying large number of eggs, also produce larger eggs with higher chances of larval
survival (Hossain et al. 2017a). In addition, growth and recruitment have remarkable

effect to maintain maximum sustainable yield of a stock (Ahmed et al., 2012).

The Hooghly Croaker (Panna heterolepis Trewavas, 1977) is found profusely in
Bangladesh, Indian, Myanmar and Sri Lanka (Sasaki, 1995). This species is a
representative of the family Sciaenidae inhibits coastal and marine waters (Talwar and
Jhingran, 1991). The P. heterolepis is very famous among the three representative
species under the genus Panna in the Indian Ocean together with P. microdon and P.
perarmatus (Froese and Pauly, 2020). This species is locally called Poa and

commercially significant as a popular fish food item for the coastal people of
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Bangladesh because of their outstanding flesh quality. However, total demand of this
species is met through the capture from wild stock due to absence of culture practice.
Consequently, overfishing is considered the most focal threat for the wild population of
P. heterolepis (Hossen et al., 2019). However, only a few studies with the morphometry
(Sanphui et al., 2018) had been completed on P. heterolepis. Consequently, our

objective is to assess the stock of P. heterolepis in the Bay of Bengal, Bangladesh.

6.3. Objectives
There is no available published report on the stock assessment of P. heterolepis.
Consequently, the main objectives of this study are to
» Determine growth pattern;
Calculate the growth parameters;
Estimate recruitment pattern;

Estimate mortality and exploitation rate; and

YV V V VYV

Determine maximum sustainable yield (MSY).

6.4. Materials and Methods
6.4.1. Sampling site and sampling

In total, 1,223 individuals of P. heterolepis were collected during January to December,
2019 through different traditional gears including seine bag net (mesh size 1.5 to 3 cm)

and gill net (mesh size 3 cm) from Bay of Bengal, Khulna region, Bangladesh.

6.4.2. Fish measurement

Individual body weight (BW) for each sample was weighed with 0.01 g accuracy with
an electric balance and a measuring board was used to measure the total length (TL) as
well as standard length (SL) with 0.01 cm precision. Only TL is considered to assess
the stock.

6.4.3. Growth pattern

Growth pattern was calculated by LWRs involving the calculation: W= axL’. The
regression coefficient a and b were assessed using the formula: In (W) =1In (a) + b In
(L). A t-test was executed to approve whether the b value was statistically dissimilar

from isometric value (b = 3).

81



Chapter Six: Study- IV

6.4.4. Estimation of growth parameters

Monthly length-frequency data were analyzed with FiSAT software version 1.1
(Gayanilo and Pauly, 1997). The asymptotic length (L.,) and growth constant (K) were
determined through von Bertalanffy Growth Function (VBGF) (Gayanilo et al., 2002).
The life-span (#,,) was determined using the formula of log (fu.) = 0.5496 +
0.957*log(t,,) (Froese and Binohlan, 2005), where ¢, indicates the age of first sexual
maturity. Age at zero length (#)) was determined with the calculation of log (-fy) = -
0.3922 - 0.2752 log L - 1.038 log K (Pauly, 1980) and growth performance index was
calculated as @' = log;oK + 2log;oL. (Pauly and Munro, 1984).

6.4.5. Estimation of mortality and exploitation

Total mortality (Z) was calculated by the length-converted catch curve method
(Gayanilio et al., 2002). Natural mortality (M) was assessed as logioM = -0.0066 —
0.279log10 L, + 0:6543logioK + 0:0463logioT; where T indicates the average
temperature of the habitat (28.5°C). The fishing mortality (F) was estimated as Z-M.
Besides, exploitation rate (E) was determined as: E = F/Z = F / (F + M) (Gulland,
1983). Consequently, exploitation rate producing maximum vyield (Emax), exploitation
rate at which the secondary increase of Y'/R is 10% its virgin biomass (Eg1) and the
exploitation rate under which the stock is reduce to half its virgin biomass (Eqs) were
calculated following the knife-edge selection (Beverton and Holt,1979).

6.4.6. Recruitment rate

Recruitment rate of P. heterolepis was assessed from the analysis of the total time

series of LFDs and growth parameters using VBGF models.

6.4.7. Relative yield-per-recruit (Y'/R), steady state biomass (SSB) and

maximum sustainable yield (MSY)
The Beverton and Holt (1979) model was used to determine the Y/R of P. heterolepis
in the Bay of Bengal, Bangladesh. The recommended length at first capture (L;) was
predicted at Eqs level. The steady state biomass (SSB) was calculated using the length-
structured virtual population analysis (VPA) routine in FISAT Il. Subsequently, MSY
of P. heterolepis was calculated as MSY = 0.5*SSB*Z (Gulland, 1983).
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6.5. Results

6.5.1. Growth pattern

LFD revealed that the TL varied from 10.5 to 34.5 cm and BW ranged from 9.02 to
342.26 g (Table 23). The regression coefficients a and b for P. heterolepis were
assessed from the length and weight data and calculated as W = 0.012TL*® (P <
0.001; r* = 0.966; Figure 26).

6.5.2. Growth parameters

The study revealed an L., of 39.08 cm TL. Further, the value of K was recorded as 0.13
year” for the unique data set (Figure 27 and 28; Table 24). The length—frequency
histograms and the von Bertalanffy Growth curve were shown in Figure 29. The &', t,4«

and ¢, was found 2.30, 3.85 year and 0.108 year, respectively (Table 24).

6.5.3. Mortality

Total mortality (Z) was recorded 0.86 year™ (Figure 30). Further, natural mortality (M)
as well as fishing mortality (F) were calculated 0.44 and 0.42 year™, respectively
(Table 24).
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Table 23. Descriptive statistics on the total length (cm) and body weight (g)
measurements of Panna heterolepis in the Bay of Bengal, Bangladesh.

TL BW
Month [ n [ Min | Max | Mean + SD 95% CL Min | Max | Mean+SD 95% CL
Jan 107 | 12.0 | 25.9 | 17.23+1.79 | 16.88t0 17.57 | 12.39 | 134.28 | 39.72+14.75 | 36.89 t0 42.55
Feb 104 | 11.0 | 34.5 | 18.70+4.39 | 17.85t0 19.56 | 9.02 | 342.26 | 58.74+51.08 | 48.80 to 68.67
Mar 104 | 11.1 | 25.7 | 17.66+2.89 | 17.09 to 18.22 | 11.98 | 133.35 | 46.06+£24.17 | 41.36 to 50.76
Apr 84 |10.5| 28.7 | 16.80+4.67 | 15.78t0 17.81 | 10.02 | 175.60 | 46.79+40.32 | 38.04 to 55.54
May 1011 11.9 | 27.0 | 16.89+2.74 | 16.34t0 17.43 | 11.42 | 144.30 | 41.26+22.36 | 36.85 to 45.68
Jun 99 | 11.5| 28.5 | 19.79+3.78 | 19.04 to 20.55 | 14.20 | 174.60 | 63.72+33.53 | 57.03 to 70.41
Jul 103 | 10.5( 29.5 | 17.64+£3.55 | 16.94t0 18.33 | 11.20 | 187.53 | 45.13+£29.14 | 39.43 t0 50.82
Aug 106 | 13.0 | 31.4 | 18.22+3.59 | 17.53t0 18.91 | 17.90 | 203.89 | 47.48+33.86 | 40.96 to 54.00
Sep 102 | 15.0 | 30.9 | 19.30+2.36 | 18.831t0 19.76 | 24.19 | 165.15 | 51.05+£19.63 | 47.19 to 54.91
Oct 104 | 125 | 27.2 | 17.86+£2.73 | 17.33t0 18.39 | 13.89 | 140.58 | 43.71+21.48 | 39.53 t0 47.89
Nov 1051 13.1 | 26.4 | 17.96£2.47 | 17.48t0 18.43 | 18.05 | 120.22 | 42.16+17.49 | 38.78 to 45.55
Dec 104 | 14.7 | 25.2 | 18.02£1.97 | 17.64t0 18.41 | 24.44 | 117.38 | 43.25+15.28 | 40.28 t0 46.22

Notes: n, sample size; TL, total length (cm); W, body weight (g); min,

maximum; SD, standard deviation; CL, confidence limit.

6.5.4. Recruitment rate

minimum; max,

The recruitment pattern of P. heterolepis population is more or less continuous

throughout the sampling period with a major peak in April-May (Figure 31).
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Figure 26. Growth pattern of Panna heterolepis in the Bay of Bengal, Bangladesh.
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Figure 27. The Powell-Werherall Plot for the length frequency data of Panna

heterolepis from the Bay of Bengal, Bangladesh. The black dots were used as input in
the Powell-Werherall Plot. The regression equation is Y = 1.03-0.255X, r =0.862.
Estimated L., = 39.08 cm and Z/K = 5.118.
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Figure 28. The K-scan routine for determining best growth curvature giving best value
of asymptotic length with growth performance indices for Panna heterolepis in the Bay

of Bengal, Bangladesh.

6.5.5. Relative yield-per recruits (Y'/R), Steady state biomass (SSB)

and Maximum sustainable yield (MSY)
From Y'/R analysis, the estimated values of E, Enax, Eo1, and Egs were 0.490, 0.471,
0.364 and 0.268 respectively (Figure 32; Table 24). Moreover, the calculated TL of P.
heterolepis at first capture (L) was 14.96 cm (Figure 33). The predicted total SSB was
23801.09 metric tons. Consequently, the MSY of P. heterolepis was estimated at
10234.47 metric tons.
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Table 24. Growth parameters (L., and K), mortality (Z, M, F) and Fishery parameters

(E, Lc and MSY) of Panna heterolepis in the Bay of Bengal, Bangladesh.

Description of Parameters

Values

Growth and reproduction

Asymptotic length (L) 39.08cm TL
Growth coefficient (K) 0.13 year™
Life-span (tmax) 3.85 year
Growth performance indexes (&') 2.30

Age at zero length (to) 0.108 year
Age at first sexual maturity (tm) 0.69 years

Mortality parameters

Total mortality (Z) 0.86 year'
Natural mortality (M), 0.44 year™
Fishing mortality (F) 0.42 year™
Fishery parameters
Exploitation ratio (E) 0.490
Emax 0.471
Eoa 0.364
Eos 0.268
Total length at first capture (L) 1496 cm TL
Maximum sustainable yield (MSY) 10234.47 metric ton
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Figure 29. Total length (TL) frequency distribution and growth curve of Panna

heterolepis in the Bay of Bengal, Bangladesh. (a) Histogram showing distribution of

TL frequencydata of collected specimens and (b) von Bertalanffy growth curve
(parameters values: L.,= 39.08 cm and K= 0.13 year™) superimposed on the restructured
length frequency histogram of the P. heterolepis.
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Length-Converted Catch Curve
(for Z=0.86; M (at 28.5°C)=0.44; F=0.42; E=0.49)
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Figure 30. Length-converted catch curve of Panna heterolepis in the Bay of Bengal,

Bangladesh. Note: only black dots are considered for computation of total mortality.
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Figure 31. Recruitment pattern of of Panna heterolepis in the Bay of Bengal,

Bangladesh.
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Figure 32. Yield-per-recruit and average biomass per recruit models, showing levels of

yield index of Panna heterolepis in the Bay of Bengal, Bangladesh.
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Figure 33. Yield Isopleths, showing optimum fishing activity of Panna heterolepis in

the Bay of Bengal, Bangladesh.
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6.6. Discussion

Stock assessment is essential to obtain highest benefit from a natural stock without
hampering the wild population. Information on stock assessment of P. heterolepis is
absent in literature from Bangladesh and elsewhere. In our study, a large number of
specimens (1,223) were sampled using local gears including Seine bag net and Gill net
for successive twelve months from Bay of Bengal, Bangladesh. However, absence of
individuals smaller than 10.50 cm TL may be attributed to the selectivity of fishing
gear (Hossain et al., 2016a, b, c). The highest length of P. heterolepis was recorded
34.50 cm from the sampling site. Our study revealed a length of 28.20 cm in standard
length (SL) specifically higher than the report (21.40 cm) of Sasaki (1995). Therefore,
this study recorded the maximum length (34.50 cm in TL) for P. heterolepis.

Carlander (1969) stated that b values may range between 2.0 to 4.0 for fishes. On the
other hand, Froese (2006) reported that the b values of LWRs should range between 2.5
to 3.5. In our study, b values were found between 2.5 to 3.5 (b = 2.83; negative
allometric), which is comparable with the range for teleost fishes (Froese, 2006;
Hossain et al. 2015). However, b values may differ in the same species because of
consolidation of various factors i.e. sex, development of gonad, growth variations in
different body parts, physiological condition, food availability and preservation
methods (Le Cren, 1951; Hossain et al., 2015).

It is crucial to determine the growth parameters for predicting future yields and stock
biomass from a particular aquatic ecosystem (Dadzie et al., 2017). We estimated L.,
higher than our largest specimen might be attributed that von Bertalanffy model being
insufficient for determining the growth of fish species (Vigliola et al., 1998).
Consequently, the growth performance index (&' was used to compute the least
variance compared to other available indices (Pauly and Munro, 1984). However, the
calculated @' for P. heterolepis was 2.30. Further, we observed the maximum age or life
span (t..) was 3.85 year and age at zero length (7)) was 0.108 year. There was no

previous data on growth parameter of P. heterolepis to compare our findings.

Assessment of the mortality rate is crucial for evaluating the abundance of a fish stock

which helps to set harvest limits to obtain maximum benefit for the stakeholders of the

91



Chapter Six: Study- IV

resource. Total mortality (Z) was recorded 0.86 year. We found that the natural
mortality (M =0.44 year™) rate is almost similar with fishing mortality (F = 0.42 year
1). Consequently, the standing stock is not quite sustainable with the existing fishing
strategy. We found the maximum allowable exploitation rate (Enax = 0.471) is lower
than the observed exploitation level (E=0.490). Thus the species is facing
overexploitation in the Bay of Bengal, Bangladesh. Similarly, we found that the Z/K
ratio was 5.118 which denoted that the exploitation level was high (Barry and Tegner,
1989). Pauly and Munro (1984) stated that juveniles of a certain species would be
higher in the catch composition if the L¢/L, ratio was lower than 0.5. Our study
recorded the (L/L.) ratio was 0.38. Consequently, the fishing composition of P.

heterolepis in the Bay of Bengal was dominated by smaller size of fish.

Recruitment typically refers to a new cohort in the catch due to it becoming big or old
enough to be vulnerable to the fishery. Our study recorded that there was one major
recruitment peak in the population in a year (April-May) and they overlapped in time to
provide a continuous pattern throughout the year. Finally, the MSY of P. heterolepis
was calculated as 10234.47 metric tons, if the recommended length at first capture (L¢ =

14.96 cm TL) is maintained.

6.7. Conclusion

Our study describes the growth pattern, growth parameters, mortality, recruitment,
exploitation rate and MSY of P. heterolepis in the Bay of Bengal, Bangladesh.
However, overfishing is the most focal threat for the wild population of P. heterolepis
in the context of Bay of Bengal, Bangladesh. Therefore, fishing activity must be
managed at a level to ensure that the wild stock can remain productive and healthy.
Illegal gears should be banned and mesh size should be increased to limit catching
mature smaller individuals to provide them opportunity to spawn. The findings might
be a potential tool for fishery biologist to initiate alternative management approaches to
conserve this prominent fish species from possible future collapse. Moreover, the
results will contribute valuable baseline for further studies within the marine ecosystem

of Bay of Bengal.
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GENERAL DISCUSSION

Information about P. heterolepis is inadequate in literature. Consequently, the present
study is the first effort to describe morphometric and meristic characteristics, growth
pattern, condition factor, reproductive biology and stock assessment of P. heterolepis
from the Bay of Bengal, Bangladesh. In total, 1223 specimens of P. heterolepis were

collected randomly from commercial fisher’s catch during January to December 2019.

Morphometric and meristic characters are important for fish species identification and
classification as well as the genetic studies (Bagenal and Tesch, 1978; Jayaram 1999;
Harrison et al., 2007). Length-frequency distribution provides vital evidence to estimate
reproductive potential of a fish population (Khatun et al., 2018). Information on length-
weight relationships (LWRs) of a fish species in a given geographic region is helpful in
fisheries and environmental monitoring programs (Froese, 2006; Hossain et al, 2012).
On the other hand, form factor (as) is used widely to identify the body shape of fish in
any aquatic habitat (Froese, 2006). In the present study, 8-10 spine fin rays was found
in dorsal fin that is similar to Shafi and Quddus (1982); Talwar and Jhingran (1991) ;
Rahman (2005), but the branched fin rays were more than their findings. Pectoral fin
contains 15-17 fin rays with 1 unbranched ray that is more or less parallel to Rahman
(2005). Observed pelvic fin rays (1/5) and anal fin rays (11/5-7) were alike with the
study of Shafi and Quddus (1982), Talwar and Jhingran (1991) and Rahman (2005).
Caudal fin rays (ii/15-17) were in agreements with Shafi and Quddus (1982). However,
meristic counts solely unable to provide the detail information to distinguish among
different populations or stocks of the same species. Absence of individuals smaller than
10.5 cm TL during the study may be attributed to the selectivity of fishing gear or low
market price or fishers did not go where smaller size of fishes exist (Hossain et al.,
2016a,b; Hossen et al., 2019). The maximum TL was found 34.5 cm in favor of female.
Our study revealed a length of 28.2 cm in SL specifically higher than the report (21.4
cm) of Sasaki (1995). Therefore, this study was recorded the maximum length (34.5 cm
in TL) for P. heterolepis in female population. Further, overall b value for both male
and female showed negative allometric growth. However, b values may differ in the
same species because of consolidation of various factors i.e. sex, development of

gonad, growth variations in different body parts, physiological condition, food
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availability and preservation methods (Le Cren 1951; Tesch 1968; Hossain et al. 2015),
which were excluded during the present study. Moreover, the LLR was extremely
correlated, but it was difficult to make any comparisons due to lack of available
information on P. heterolepis. Additionally, the allometric co-efficient (b) was found
significantly related with temperature for both male and female. For male population,
the b value showed isometric growth pattern from December to March when the
temperature is comparatively lower. Thereafter, b value drops with the increase of
temperature but recover steadily from the month of November. For female population,
b value was found positive allometric in January and Isometric in February and March.
Further, b value dropped with increasing temperature. The calculated form factor (as)
was 0.0070 and 0.0071 for male and female P. heterolepis, respectively indicated the
eel like body shape (Froese, 2006).

Condition factor is an index which is used to understand survival, maturity, health
status and reproduction of fish (Le Cren, 1951). Further, it is used as an indicator of
water quality and overall health of a population dwelling in a specific ecosystem
(Tsoumani et al., 2006). In addition, relative weight (Wg) 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). To assess the overall health and productivity of P.
heterolepis multiple condition factors including Fulton’s (Kg), allometric (Ka),
relative (Kgr) as well as relative weight (Wgr) were used in the present study.
According to Spearman rank test, Fulton’s condition factor (Kg) and TL were
significantly correlated in both sexes denoting that K was the best allowing for the
well-being of P. heterolepis in the Bay of Bengal. In our study, the mean Wr revealed
no significant difference from 100 for both male and female populations of P.
heterolepis indicating the habitat was in balanced condition. 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).

In order to formulate sound fisheries management policy, the knowledge of

reproduction is an important concern. Information about reproductive biology of fish is
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essential for understanding of its population dynamics as well formulating baseline data
in the management process (King, 2007). Determining size at first sexual maturity
(TLy) i1s important simultaneously for differentiating among diverse populations of an
identical species and for anticipating a basis that ultimate changes in length at first
maturity are due to fisheries pressure or other reasons (Hossain et al., 2010c). Our study
revealed that the TL, of female P. heterolepis was 15.0 cm in TL based on GSI, MGSI
and DI values. The maturity size may differ according to habitat characteristics
accompanied by diverse environmental factors (Sinovcic and Zorica, 2006). However,
absence of information on maturity prohibits substantial comparisons with our findings.
The government of Bangladesh usually enforces yearly fishing ban for a period of 65
days from 20 May to 23 July to promote the spawning of depleted fish and crustacean
stocks in Bay of Bengal since 2019 (DoF, 2019). However, the peak spawning season
for the marine fish and crustacean stocks is not yet determined. Alternatively, the
coastal fishermen protest against the banning period as marine fishing is the only
source of their livelihood. Further, the peak fishing season is extended from the month
of June to September in Bay of Bengal. Without supplementary income options, this
imposed ban period would drive them into more destitution condition. Spawning season
is crucial to assess spawning time and migration of a fish population for spawning
purpose (Khatun et al., 2019). According to monthly GSI, MGSI and DI values, female
P. heterolepis showed a prolonged spawning period from January to July. But peak
spawning occurred in February. Consequently, all types of fishing ought to be banned
during the peak spawning period to ensure sustainable management of this species in
their interminable habitat and allow the coastal fisher folks to continue fishing during
the June-September monsoon, which is the ultimate fishing season in the Bay of
Bengal. Further, it was noticed that the reproductive behavior of female P. heterolepis
was influenced by water temperature. Throughout the study, the maximum water
temperature was recorded in May-June (34.4°C) and the lowest temperature was noted
in January (19.8°C). Besides, the highest GSI (peak spawning period) was detected in
the month of February when the water temperature is comparatively lower (24.7°C).

Stock assessment is essential to obtain highest benefit from a natural stock without
hampering the wild population. Further, it is crucial to determine the growth parameters

for predicting future yields and stock biomass from a particular aquatic ecosystem
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(Dadzie et al., 2017). We estimated L., higher than our largest specimen might be
attributed that von Bertalanffy model being insufficient for determining the growth of
fish species (Vigliola et al., 1998). Consequently, the growth performance index (9"
was used to compute the least variance compared to other available indices (Pauly and
Munro, 1984). However, the calculated @' for P. heterolepis was 2.30. Further, we
observed the maximum age or life span (#,.x) was 3.85 year and age at zero length (#y)
was 0.108 year. There was no previous data on growth parameter of P. heterolepis to
compare our findings. In addition, total mortality (Z) was recorded 0.86 year™. We
found that the natural mortality (M =0.44 year™) rate is almost similar with fishing
mortality (F = 0.42 year™). Consequently, the standing stock is not quite sustainable
with the existing fishing strategy. We found the maximum allowable exploitation rate
(Emax = 0.471) is lower than the observed exploitation level E=0.490. Thus the species is
facing overexploitation in the Bay of Bengal, SW Bangladesh. Similarly, we found that
the Z/K ratio was 5.118 which denoted that the exploitation level was high (Barry and
Tegner, 1989). Pauly and Munro (1984) stated that juveniles of a certain species would
be higher in the catch composition if the L. /L. ratio was lower than 0.5. Our study
recorded the (L/L.) ratio was 0.38. Consequently, the fishing composition of P.
heterolepis in the Bay of Bengal was dominated by smaller size of fish. The
recruitment pattern was almost continuous throughout sampling period with a major
peak in April-May. Finally, the MSY of P. heterolepis was calculated as 10234.47
metric tons, if the recommended length at first capture (L = 14.96 cm TL) is

maintained.

96



Chapter

Management Measure



Management Measures

The information was collected from different fishers, eye witness, daily national and
international print and electric news media, survey data from different government and
non-government organizations and finally from the research findings. The main causes
for declining of fishes from the Bay of Bengal, Bangladesh, are

» Over exploitation; and

» Use of illegal gears.

Environmental
or Ecological issues

Biological issues

Socioeconomic
and political issues

Figure 34. Pie Chart showed the condition of Panna heterolepis for suitable

environment.

97



Chapter Eight: Management Measure

Table 25. A simple guide to fisheries management approach for maintaining

sustainable yield of Panna heterolepis in the Bay of Bengal.

Goals

Objectives

Management Measures

Biological

v" To maintain the stock
at all times above
50% of its mean

exploited level

v' Fishing in the peak spawning season
should be banned. Spawning ground
should be protected.

v"lllegal gear should be banned.

v Maximize mesh sizes and escape

gap.

Environmental

v To ensure the
suitability of all the
environmental
factors (temperature,
rainfall,  Dissolved
Oxygen, Salinity, pH
etc)

v’ The temperature of the world
environment is being increased
every year.

v' Duration of rainfall has been
reducing gradually for different
climatic issues.

v" So, long term management policy
should be taken for its sustainable

management.

Socio-economic

v" Maximize employment

opportunities.

v" Maximize the net

income of fishers

v To be studied
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Conclusion and Recommendation

This study provides complete baseline information on length-weight relationships,
length-length relationships, form factor, condition factors in relation to climate
parameters, size (minimum) at first sexual maturity, spawning season, peak season,
effect of environmental factors on the GSI, growth parameters using VBGF and stock
assessment of P. heterolepis in the Bay of Bengal, Bangladesh. The study revealed that
the growth pattern was negative alometric (b < 3.0) for both male and female
population. The allometric co-efficient (b) was found significantly related with
temperature for both sexes. The calculated form factor (az ) was 0.0070 and 0.0071 for
male and female P. heterolepis, respectively. Based on the values of Spearman rank
correlation test, Fulton's condition factor (Kg) was the best-fitted model. Further, Kg
was found significantly related with temperature. First sexual maturity was gained at
about 15.0 cm in TL. The spawning season was ranged from January to July and the
peak season was in February. Further, it was noticed that the reproductive behavior of
female P. heterolepis was influenced by water temperature. The study revealed that
growth coefficient (K = 0.13 year™), growth performance index (&' = 2.30) and life-
span (tmax = 3.85 year). Further, P. heterolepis was found to grow rapidly with an
asymptotic length (L.,) of 39.08 cm. Total mortality (Z) was recorded 0.86 year™. The
recruitment rate of P. heterolepis population is more or less continuous throughout the
year with a major peak in April-May. We found the maximum allowable exploitation
rate (Emax = 0.471) is lower than the observed exploitation level E=0.490. Thus the
species is facing overexploitation in the Bay of Bengal, Bangladesh. Our study
recorded the (L/L.) ratio was 0.38. Consequently, the fishing composition of P.
heterolepis in the Bay of Bengal was dominated by smaller size of fish. Finally, the
MSY of P. heterolepis was estimated at 10234.47 metric tons. The results of the study
would be an effective tool for fishery biologists, managers and conservationists to
initiate early management strategies and regulations for the sustainable conservation of
the remaining stocks of this species in the Bay of Bengal ecosystem. Moreover, this
study provides valuable information for the online FishBase database as well as
providing an important baseline for future studies within the Bay of Bengal and

surrounding ecosystems.
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Further studies on the following aspects are recommended:

» Detail studies on the seasonal variations in stomach contents of P. heterolepis in

the Bay of Bengal and adjacent coastal areas are highly recommended.

» So far, no work has been done on feeding biology of this fish species.
Therefore, a complete study on food and feeding habit are recommended.

> ltis clear that no attempt has been made to develop aquaculture practice for this

fish species. So, captive breeding and culture technique must be tried.
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As morphometric information for Hooghly croaker
Panna heterolepis Trewavas, 1977 is absent in the most
extensively accessed and world’s largest online database for fishes
(FishBase); this study was undertaken to provide the complete
informative description on morphometric relationships and
meristic counts of various fin rays. A total of 200 individuals were
sampled from the Bay of Bengal (Bangladesh) during July 2018 to
June 2019, using several traditional fishing gears. Meristic counts
were computed using a magnifying glass. Body weight (BW) and
several length measurements were taken through an electronic
balance and digital slide calipers for each individual. LWRs
(Length-weight relationships) were calculated as: W = axL’.
All LWRs and LLRs (length-length relationships) were found
significant with 2> 0.919 (p < 0.0001) and 0.928 (p < 0.001),
respectively. BW vs. TL and TL vs. SL were the best fitted
models for LWRs and LLRs, respectively. Fin formula was:
dorsal, D. 43-55 (VIII-X+i/34-44); pectoral, P. 15-17 (i/14-16);
pelvic, Pv. 6 (I/5); anal, A. 7-10 (1I/5-8); and caudal, C. 17-19
(11/15-17). These results will a) make a vital contribution for
species identification in the marine and coastal waters of
Bangladesh and adjoining countries, and b) provide information
for Fish Base.

[Keywords: Bangladesh, Bay of Bengal, Meristic, Morphometric,
Panna heterolepis]

Introduction

Bangladesh harbour a huge amount of open
waterbodies like rivers, freshwater marshes, estuaries,
and an extensive coastline of ~710 km. Together with
vast water resources, Bangladesh is rich with various
fish and other aquatic species. The southern marine
and coastal region of Bangladesh is blessed with a
high abundance of fishes that can be caught
commercially to contribute to the national economy'.

The Hooghly croaker, Panna heterolepis, which
belongs to the family Sciaenidae, is a tropical
demersal fish that inhabits in coastal waters while the
juveniles thrive in mangrove swamps. This sciaenid is
found abundantly in India and Bangladesh®®. This
species is a popular food item and is fairly common in
the commercial catch to be marketed fresh or
dried/salted.

Morphometric characteristics and meristic counts
are important for the identification, classification, and
for genetic studies of fish species’ " because variation
in meristic appearance has been undoubtedly
demonstrated in many fish species'®. Further,
morphometric based identification perform a dynamic
role in research, being used to compare population
structure, and fisheries stock assessments' 2.
Furthermore, studies based on morphometric and
meristic characters are faster and practical than
molecular studies, therefore can be applied on field®.

Morphometric and meristic studies of many
aquatic species have been done from Bangladesh in the
past”™®>*. However, many studies™>** were conducted
region wide on P. heterolepis, but none of these studies
covered morphometric and meristic traits together. Thus,
current study explores the morphometric relationships
and meristic counts of P. heterolepis collected from
marine waters of Bangladesh.

Materials and Methods

Present study was carried out in the Bay of Bengal
(21°77' N; 89°55" E), Khulna region, Bangladesh. A
total of 200 individuals of P. heterolepis (Fig. 1) were
collected during July 2018 to June 2019 via different
local gears.

Each fresh sample was immediately chilled with
ice in the field and preserved in buffered formalin.
Meristic counts were done with the help of a
magnifying glass. Wet body weight (BW) was
recorded with 0.01 g precision and body lengths were
measured to the nearest 0.01 cm accuracy (Fig. S1).

To calculate LWRs, the formula W = axL” was used;
where, W is the body weight (BW, g), L is one of ten
different lengths (cm), and a and b are regression
parameters. Furthermore, 95 % confidence limit (CL) of
a and b and the coefficient of determination () were
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assessed. Extreme outliers were omitted from the
regression””. To ensure that the b values in the regression
analyses were substantially diverse from the isometric
value, a t-test was used®’. All length-length relationships
(LLRs) were assessed by linear regression analysis™.
The best models were selected from LWRs and LLRs,
depending on the highest / values.

Results

The body of P. heterolepis is slender. The mouth is
large, oblique, and supraterminal and the head bears a
rounded snout. The body color is brownish, pertaining
lighter on belly with yellowish fins (Fig. 1). Dark
margins are present on the dorsal and anal fins. The
dorsal fin has a low notch with weak spines and the
second anal spine is also weak. The body is covered
with small ctenoid scales, but the head is with cycloid
scales. The morphometric measurements of
P. heterolepis are presented in Figure S1. The fin
formula of P. heterolepis is: dorsal, D. 43 — 55
(VII — X + /34 — 44); pectoral, P. 15-17 (i/14 — 16);
pelvic, Pv. 6 (I/5); anal, A. 7 — 10 (II/5-8); caudal, C.
17 — 19 (ii/15 — 17) (Fig. 2). All the meristic counts of
P. heterolepis are presented in Table S1.

In this study, TL ranged from 11.0 to 34.5 cm
(mean = SD = 19.36+£3.84 ¢cm) and BW varied from

Fig. 1 — Photograph of Panna heterolepis collected from the Bay
of Bengal, Bangladesh

9.02 to 298.26 g (mean = SD = 61.25+£40.93 g). All
morphometric relationships are shown in Table 1. The
regression parameters (¢ and b) and the significance
values are shown in Table 2. Based on * values of
LWRs, BW vs. TL and BW vs. SL were the fittest
models among the 10 equations. All LLRs were also
highly ~correlated with / values > 0.928
(Table 3). According to 7 values of LLRs, TL vs. SL and
TL vs. PcL were the fittest models among 9 equations.

Discussion
Data on morphometric characters as well as
meristic counts for P. heterolepis is limited in

a

Fig. 2 — Different fins of Panna heterolepis: (a) dorsal,
(b) pectoral, (c) pelvic, (d) anal, and (e) caudal fin

Table 1 — Morphometric measurements of Panna heterolepis Trewavas, 1977 captured from the Bay of Bengal, Bangladesh

Measurements Min (cm) Max (cm) Mean + SD 95 % CL % TL
TL (Total length) 11.0 34.5 19.36 +3.84 18.82-19.90 100.00
SL (Standard length) 83 28.2 15.07 £3.13 14.64 - 15.51 81.74
HL (Head length) 23 6.5 4.04 +£0.77 3.94-4.15 18.84
PrDL (Pre-dorsal length) 23 6.9 4.09 +0.84 3.97-4.21 20.00
PoDL (Post-dorsal length) 7.9 25.4 13.91+3.29 13.46 - 14.37 73.62
PcL (Pectoral length) 2.6 6.8 4.19+£0.76 4.08 -4.29 19.71

PvL (Pelvic length) 2.7 7.5 443+£0.92 4.30 - 4.56 21.74
AnsL (Anus length) 5.6 14.9 9.42 £1.90 9.16 - 9.68 43.19
PrAnL (Pre-anal length) 6.5 15.7 10.47 +1.89 10.21 - 1073 45.51

PoAnL (Post-anal length) 7.1 19.7 11.55+2.39 11.21-11.88 57.10

BW (Body weight) 9.02%* 298.26* 61.25 +40.93 55.54 - 66.96 -

Min - minimum; Max - maximum; SD - standard deviation; CL - confidence limit for mean value; and * - weight in g
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Table 2 — Descriptive statistics and estimated parameters of the length-weight relationships of
Panna heterolepis Trewavas, 1977 from the Bay of Bengal, Bangladesh
Equation Regression parameters 95 % CL of a 95 % CL of b s GT
a b

BW =q x TL? 0.0075 3.001 0.0062 —0.0090 2.938 —3.063 0.978 1
BW =ga x SL’ 0.0193 2.927 0.0165 —0.0226 2.868 —2.986 0.979 A-
BW =g x HL 0.8867 2.941 0.7606 — 1.0338 2.831-3.051 0.933 A-
BW =ga x PrDL? 1.1359 2.743 0.9680 — 1.3329 2.629 —2.857 0.919 A-
BW =a x PoDL? 0.0543 2.630 0.0457 — 0.0645 2.560 —2.692 0.969 A-
BW =a x PcL’ 0.4788 3.298 0.4182 —0.5482 3.203 -3.392 0.959 A+
BW =a x PvL? 0.7000 2.922 0.6146 —0.7972 2.834-3.010 0.956 A-
BW =4 x AnsL? 0.0969 2.821 0.0801 -0.1171 2.736 - 2.906 0.956 A-
BW =g x PrAnL” 0.0400 3.069 0.0309 —0.0517 2.958-3.179 0.938 I
BW = a x PoAnL” 0.0465 2.887 0.0388 — 0.0558 2.812-2.962 0.967 A-

See Table 1 for abbreviation; a and b are the regression parameters of LLRs; CL - confidence limits; 7 - coefficient of determination; GT
- growth type; ‘A-’ — negative allometric; ‘A+’ — positive allometric; and I - isometric

Table 3 — The estimated parameters of the length-length relationships (y = a + b X x) of Panna heterolepis Trewavas,
1977 from the Bay of Bengal, Bangladesh

Equation Regression parameters
a b

TL=a+bxSL 1.6880 1.177
TL=a+bxHL -0.2871 4.858
TL=a+bxPrDL 1.3400 4.400
TL=a+ b xPoDL 3.3848 1.148
TL=a+bxPcL -1.5854 5.001
TL=a+b xPvL 1.1413 4.111
TL=a+ b x AnsL 0.5694 1.995
TL =a+ b x PrAnL -1.3730 1.980
TL =a+ b x PoAnL 0.9744 1.592

95 % CL of a 95 % CL of b e
1.4055 — 1.9706 1.159 — 1.196 0.988
-0.9242 — 0.3500 4.700 - 5.010 0.951
0.6200 — 2.0599 4231-4.576 0.928
2.9579 —3.8118 1.118-1.178 0.967
-2.0521--1.1187 4.892 -5.111 0.988
0.6322 — 1.6504 3.999 —4.223 0.963
0.1352 — 1.0037 1.949 —2.039 0.975
-2.0232 —-2.0229 1.919 - 2.041 0.954
0.6580 — 1.2909 1.566 — 1.619 0.986

See Table 1 for abbreviation; a and b are the regression parameters of LWRs; CL - confidence limits; 7 - coefficient of determination

literature. This study represents the first thorough
morphometric information (LWRs and LLRs) and
meristic counts of P. heterolepis, which should
facilitate the correct identification.

Meristic counts appear to be favorable and easy to
assess, and maximum counts can be done from live
fish. In this study, 8-10 spine fin rays were found in
dorsal fin, which is similar to Shafi & Quddus,
Talwar & Jhingran7, and Rahman®, but the branched
fin rays exceeded their findings. In this study, pectoral
fins had 15-17 fin rays with 1 unbranched ray, which
is also similar to Rahman®. Observed pelvic (I/5) and
anal fin-ray counts (II/5-7) were identical to those of
Shafi & Quddus*', Talwar & Jhingran’, and Rahman®.
Caudal fin rays (ii/15-17) were in agreement with
Shafi & Quddus". Hence, meristic counts are
inadequate to distinguish among different populations
or stocks of the same species.

In general, morphometric and meristic data
collection is a tedious process*. For this reason, a

representative number of samples and individuals
(n = 200) from small to large body sizes were
collected for observation. However, absence of fish
smaller than 11.0 cm TL during the study period may
reflect selectivity of fishing gear, low market price, or
the commercial fishers are not operating where young
fish live®?'"**>*"_ Present study reported a length of
28.2 cm SL, which is higher than the findings
(21.4 cm) of Sasaki** but similar to Sabbir er al.’’.
The SL (81.74 %) was the highest percentage of TL,
opposite of PcL (19.71 %). The mean body weight
was found to be 61.25+40.93 g, though the maximum
weight was 298.26 g. Low mean weight with a high
maximum BW (‘skewing’) reflected the presence of
few large fishes in the sampling site.

According to Carlander®, the b values of LWRs
may differ between 2.0 to 4.0, whereas Froese™
reported the value ranging from 2.5 to 3.5. In this
study, the obtained b values from relationships
between BW and 10 different lengths of P. heterolepis
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were within the range of 2.630 — 3.298. Sabbir et al.”’
also reported negative allometric growth for
P. heterolepis population based on year-round data.
However, within the same species, the b values can
differ due to one or more factors, such as differences in
growth across body-parts, gender, physiological
condition, gonadal development, food availability,
preservation methods, and due to variation in observed
lengths of the collected specimens®, which are not
examined in this study. The LWRs, TL and PrAnL
showed isometric growth; PcL showed positive
allometric growth; and the other body parts showed
negative allometric growth.

However, lack of sufficient literature prevents
thorough comparisons with current findings. The study
also found the fittest model among the equations for
several length types based on the coefficient of
determination (7).

Conclusion

The study describes morphometric information,
i.e., LWRs and LLRs, along with meristic counts and
the findings should be valuable to fishery biologists to
(a) identify P. heterolepis and (b) to instigate stock
assessment in the Bay of Bengal, Bangladesh.

Supplementary Data

Supplementary data associated with this article
is available in the electronic form at
http://nopr.niscair.res.in/jinfo/ijms/IIMS_50(06)502-
506_SupplData.pdf
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Table S1 — Meristic characters of Panna heterolepis Trewavas, 1977 captured from the Bay of Bengal, Bangladesh

Meristic data Numbers Spine Unbranched Branched
Dorsal fin rays 43 -55 VIII - X i 34-44
Pectoral fin rays 15-17 - i 14-16
Pelvic fin rays 6 1 - 5
Anal fin rays 7-10 II - 5-8
Caudal fin rays 17-19 - il 15-17

Spine, upper portion of single ray is sharp & pointed; Unbranched, single fin ray; Branched, upper portion of fin is divided into several rays
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Fig. S1 — Showing the morphometric measurements of Panna heterolepis from the Bay of Bengal, Bangladesh
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1 | INTRODUCTION

The Hooghly Croaker (Panna heterolepis Trewavas, 1977) under the
order Perciformes is a commercially important fish species. This
Sciaenid fish is distributed in Bangladesh, Myanmar, India and Sri Lanka
(Froese & Pauly, 2020). P. heterolepis dwells in shallow coastal and es-
tuarine waters, and juveniles are also found in mangrove swamps and
rivers (Sasaki, 1995; Sasaki, 2001; Sanphui, Gupta & Dasgupta, 2018).
According to the IUCN (2019), P. heterolepis has not been globally
evaluated.

Length-weight relationships (LWRs) are essential for studying
fish stock assessment and population dynamics (Hossain, Hossen,
Ahmed et al., 2017; Parvin et al. 2018; Hossen, Rahman, Hossain
et al., 2019), allowing calculation of weights consistent with a given

body length. It is widely used in analyses of fishery data, mainly

The present study analysed the length-weight relationships (LWRs) and form factor
(a3 o) of Panna heterolepis Trewavas, 1977 from the Bay of Bengal, Bangladesh. A total
of 316 specimens were sampled during the pre-monsoon (n = 96), monsoon (n = 116)
and post-monsoon (n = 104) season (March 2018-February 2019) using a Seine bag
net. Individual total length (TL) and body weight (BW) were measured with a measur-
ing board and digital weight balance, respectively. The TL vs. BW relationship indi-
cated a negative allometric growth for P. heterolepis. The present study also provides
LWR, a, , (0.0070) and a new maximum recorded size (29.50 cm TL and 24.50 cm SL)
of P. heterolepis for the first time, data currently lacking in the FishBase online data-
base. The results of the present study will be helpful for stock assessment and man-

agement of this fish in the Bay of Bengal, Bangladesh and neighbouring countries.

Bay of Bengal, form factor, length-weight relationship, Panna heterolepis

because of the difficulty and time required to record weights in the
field (Andrade & Camos, 2002). This relationship is often used to con-
vert growth-in-length equations for predicting weight-at-age and use
in stock assessment models (Pauly, 1993). It is also useful for compar-
ison of morphological traits among species, or among population, of
certain species from various habitats and/or areas (Hossain, Rahman,
Abdallah et al., 2013; Hossen, Rahman, Hossain et al., 2019). At the
same time, form factor (a; ) is widely used to compare fish body
shapes between geographic locations (Froese, 2006).

There appears to be no sound analysis of the length-weight
relationships (except Sanphui, Gupta & Dasgupta, 2018) and form
factor of P. heterolepis in the worldwide literature. Thus, the objec-
tive of the present study is to describe the LWRs and form factor
for P. heterolepis, using recorded size from the Bay of Bengal (BoB),
Bangladesh.

346 © 2020 John Wiley & Sons Australia, Ltd
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2 | MATERIALS AND METHODS

Fish sampling was conducted during the pre-monsoon (n = 96), mon-
soon (n = 116) and post-monsoon (n = 104) season (March 2018 to
February 2019) from different parts of the Bay of Bengal around
the Khulna region (21.7728°N; 89.5592°E) of Bangladesh through
traditional fishing gears including seine bag net, gill nets etc. The
collected samples were chilled and immediately taken to the labo-
ratory. The fish samples were identified (Rahman, 2005; Sanphui,
Gupta & Dasgupta, 2018; Sasaki, 1995; Talwar, 1995), with the sci-
entific names checked according to the procedure of Froese & Pauly
(2020). The total body weight (BW) was measured with an electronic
balance to the nearest 0.01 g and the total length (TL) using a meas-
uring board with 0.01 cm precision, respectively. The LWRs were

estimated using the following equation:
W=axL? 1

where W = BW (g); L =TL (cm); and a and b are the regression param-
eters. The 95% confidence level (CL) was calculated for the a and b
parameters (Froese, 2006).

The form factor was assessed according to the procedure of

Froese (2006), as follows:
dsp= 10Ioga—s(b—3)’ (2)

where a and b = regression parameters of LWRs; and S = regression
slope of In a vs. b. The mean slope, S = -1.358, was used to calculate
the form factor because of lack of information regarding the LWR for
P. heterolepis.

Statistical analyses were conducted with GraphPad prism 6.5
software. All statistical analyses were considered significant at the
5% (p < .05) significance level.

Lakes (07 Reservoirs @
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3 | RESULTS

A total of 316 P. heterolepis samples were analysed during the pre-
sent study. Descriptive statistics on the species length and weight
measurements are summarized in Table 1, while the regression
parameters a and b of the LWR and their 95% confidence limits
and coefficients of determination (r?) are presented in Table 2 and
Figure 1. The minimum and maximum TL was found to be 10.50 cm
and 29.50 cm, respectively, for P. heterolepis. The LWRs indicated
a negative allometric growth (b = 2.81) for P. heterolepis. All LWRs
were highly significant (p < 0.001) with coefficient of determination
values 2 0.962 (Table 2). The estimated form factor (a, ,) for P. heter-
olepis was 0.0070.

4 | DISCUSSION

This is the first study on the length-weight relationships of P.
heterolepis. Nevertheless, one previous study was conducted by
Sanphui et al. (2018) with the title of morphometry and length-
weight relationship in the Hooghly River of India, although it did
not provide any values of the regression parameters a & b. Based
on the present study, the maximum sizes were 29.50 cm (TL) and
24.50 cm (SL), which is higher than the 21.4 cm (SL) value reported
by Sasaki (1995), with this difference possibly attributable to the
selectivity of the fishing gear (Hossen, Paul, Hossain et al., 2019)
or because fishermen did not go to locations with larger sized fish
exist (Khatun et al. 2019; Ahamed et al. 2017).

The calculated allometric coefficient (b) of this fish species
obtained in the present study was within the range of 2.5-3.5
observed by Froese (2006). The overall b value of LWR indicated
negative allometric (b = 2.81) growth. As there was no LWR re-

gression parameter reported for P. heterolepis, the results of the

TABLE 1 Descriptive statistics on the length (cm) and weight (g) measurements of Panna heterolepis Trewavas, 1977 from the Bay of

Bengal, Bangladesh

Sampling

Measurement season n Minimum Maximum Mean + SD 95% CL

TL Pre-monsoon 96 11.90 27.00 19.89 + 2.74 16.34-17.43
Monsoon 116 10.50 29.50 17.64 + 3.55 16.94-18.33
Post-monsoon 104 13.10 26.40 17.96 + 2.47 17.48-18.43
Overall 316 10.50 29.50 17.14 + 3.05 16.80-17.48

SL Pre-monsoon 96 9.30 21.30 13.30 + 2.15 12.88-13.72
Monsoon 116 8.00 24.00 13.78 + 2.86 13.22-14.34
Post-monsoon 104 10.40 20.70 14.00 + 1.94 13.63-14.37
Overall 316 8.00 24.50 13.46 +2.41 13.19-13.73

BW Pre-monsoon 96 11.42 144.30 41.26 +22.36 36.85-45.68
Monsoon 116 11.20 187.53 45.13 £ 29.14 39.43-50.82
Post-monsoon 104 18.05 120.22 4216 +17.49 38.78-45.55
Overall 316 11.20 187.53 42.57 + 24.85 39.79-45.37

Abbreviations: BW, body weight; CL, confidence limit for mean values; n, sample size; SD, standard deviation; SL, standard length; TL, total length.
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TABLE 2 Descriptive statistics and estimated parameters of the length-weight relationships of Panna heterolepis Trewavas, 1977 from

the Bay of Bengal, Bangladesh

Regression parameters

Sampling season Equation a b 95% CLof a 95% Cl of b 4
Pre-monsoon BW =axTL’ 0.0120 2.86 0.0087-0.0164 2.84-2.97 0.962
BW =a x SL? 0.0230 2.87 0.0174-0.0303 2.76-2.97 0.965
Monsoon BW =axTL” 0.0132 2.80 0.0104-0.0168 2.71-2.88 0.977
BW =a x SL” 0.0317 2.73 0.0250-0.0403 2.64-2.82 0.972
Post-monsoon BW =axTL® 0.0148 2.74 0.0116-0.0189 2.65-2.82 0.976
BW =a x SL° 0.0281 2.75 0.0227-0.0347 2.67-2.83 0.978
Overall BW =axTL” 0.0133 2.81 0.0112-0.0158 2.75-2.87 0.964
BW =a x SL” 0.0273 2.79 0.0235-0.0318 2.74-2.85 0.966

Abbreviations: a and b, LWR parameters; BW, body weight (g); Cl, confidence intervals; n, sample size; r2, coefficient of determination; SL, standard

length (cm); TL, total length (cm).
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FIG. 1 Length-weight relationships of Panna heterolepis

Trewavas, 1977 in the Bay of Bengal, Bangladesh

present study cannot be compared with other studies. The growth
pattern might attributable to several factors, including sex, health
condition, gonadal maturity, habitat accessibility, periodic effects,
degree of stomach fullness, preservation schemes and variations
in the studied length class (Hossain et al., 2012, Hossain et al.
2019; Rahman, Hasan, Hossain et al., 2019) all of which were not
considered in the present study.

The calculated form factor for P. heterolepis was 0.0070. It was
not possible to find any references to the form factor of P. heterole-
pis, making it difficult to compare the findings of the present study
to other studies.

In conclusion, the results of determining the LWR, a, , and new
recorded size should be useful for stock assessment and manage-
ment of P. heterolepis in the Bay of Bengal and other oceans. Further,
these findings can be used as baseline data for P. heterolepis in the
largest global fish database (FishBase).
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ABSTRACT

The present study investigated the length-frequency (LFDs) distributions,
length-length (LLRs) relationships and growth pattern based on length-weight
(LWRs)  relationships  related to eco-climatic  factors  of Panna
heterolepis captured from the Bay of Bengal, Bangladesh. In total, 1223
specimens (male = 654, female = 569) were collected from January to
December 2019. Total length (TL), as well as body weight (BW), was measured
by measuring board and digital balance with 0.01 cm and 0.01 g accuracy,
respectively. TL varied between 10.70-31.40 cm for males and 10.50-34.50 cm
for females. The overall allometric co-efficient (b) value for both sexes

Ec?glfin?aet?g?‘!e{ctors indi_cf_ated negative allometric growth (< 3.00) for most of the months. _In
Bangladesh ' addlztlon, the LLR (TL vs. SL) were extremely correlated (p < 0.001), with
' all r*> 0.982. The b of LWR was found significantly related to temperature for
both sexes. However, rainfall, DO and pH did not reveal any significant
correlation with the growth pattern for both sexes. This study recorded the
maximum size of females as 34.5 cm TL. The outcomes of the study will be
helpful for stock assessment as well as management of this fish in the Bay of

Bengal, considering their response to climatic change.

INTRODUCTION

The Hooghly Croaker, Panna heterolepis Trewavas, 1977 is a tropical marine fish
species (Talwar and Jhingran, 1991) under the family Sciaenidae. This Sciaenid fish is
distributed in Bangladesh, India, Myanmar and Sri Lanka (Sasaki, 1995). This species is
commercially important as a fish food item for the coastal people of Bangladesh.
However, total demand of this species is met through the capture from wild stock due to
absence of culture practice. Consequently, overfishing is considered the notable threat for
the natural stock of P. heterolepis in Bay of Bengal (Hossain, 2014; Hossen et al., 2019;
Sabbir et al., 2020a).
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Length-frequency (LFDs) distribution is an important biometric index to detect
the dynamic rates of recruitment, growth and mortality (Neuman and Allen, 2001). Also,
LFD is an important indicator of stock status, spawning period as well as river health
(Ranjan et al., 2005). In addition, LFD is useful for the comparison of morphological
traits among species or among populations of the certain species from various habitats
(Hossain et al., 2013a; Hossen et al., 2019; Rahman et al., 2019a). Besides, length-
weight (LWRs) relationships are essential for relating the life histories of fishes between
various geographic areas (Hossain et al., 2013a, Rahman et al., 2019b) as well as
helpful for stock assessment (Ahmed et al., 2012). Likewise, the length-length (LLRS)
relationships are very important because several eco-physiological features are dependent
on length (Hossain et al., 2006).

At present, climatic issues are considered as vibrant warning to aquatic living
resources accompanied by other risks like overfishing, contamination in addition to
habitat deterioration (Rose, 2005). Temperature is thought to be the most imperative
climatic factor influencing the distribution of larval accumulations of marine and
freshwater fish species (Jakobsen et al., 2009; Houde and Zastrow, 1993). Likewise,
rainfall is another important climatic factor prompting the hydrological events through
runoff and river inflow (Patrick, 2016). In order to maintain inclusive fish growth, an
optimum level of DO (dissolved oxygen) is necessary for their metabolic activities
(Abdel-Tawwab et al., 2015). Besides, pH denotes the acidic and alkaline condition of
an aquatic ecosystem. Upper pH level (9-14) affects fish physiology not only by
denaturing cell membranes but also altering different parameters of an aquatic ecosystem
(Brown and Sadler, 1989).

Nevertheless, only a few studies with the morphology (Sasaki, 1995),
morphometry (Sanphui et al., 2018), condition factor (Sabbir et al., 2020a) along with
length-weight relationships and form factor (Sabbir et al., 2020b) have been completed
on P. heterolepis. Consequently, the objective of the study is to illustrate the length-
frequency distributions (LFDs), length-length (LLRS) relationships and growth pattern
based on length-weight relationships (LWRs) in relation to eco-climatic factors of P.
heterolepis for consecutive twelve months from the Bay of Bengal, Bangladesh.

MATERIALS AND METHODS

Study site and sampling

The study was conducted in the Bay of Bengal, Khulna region, Bangladesh. In
total, 1223 specimens (male = 654, female = 569) of P. heterolepis were collected
randomly from commercial fisher’s catch during January to December 2019. The samples
were preserved in 10% formalin solution to avoid decomposition.
Fish measurement
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Male and female individuals were identified by gonadal observation under
microscope. Total length (TL) and standard length (SL) along with body weight (BW)
were measured by measuring board and digital balance with 0.01 cm and 0.01 g accuracy,
respectively.

Population structure and growth pattern

Population structure through LFDs for P. heterolepis was assembled using 1 cm
intervals of TL. Growth pattern was calculated by LWRs involving the equation: W=
axL® where W stands for body weight (g) and L represents the total length (cm). The
parameters a and b were assessed using linear regression analysis based on natural
logarithms: In (W) =1In (@) + b In (L). A t-test was executed to approve whether the b
values of the linear regression were significantly different from the isometric value of b =
3 (Sokal and Rohlf, 1987). Further, LLR i.e. TL vs. SL was assessed with linear
regression analysis (Hossain et al., 2006).

Eco-climatic parameters

In order to assess the relationship between allometric co-efficient (b) with habitat
condition, monthly eco-climatic factors were also recorded from the sampling site
following APHA (2005) procedures. The collected parameters were temperature, pH and
dissolved oxygen (DO). Further, the data of scheduled rainfall was collected from
meteorological station of Khulna, Bangladesh.

Statistical analysis

Statistical analyses were conducted by GraphPad Prism 6.5 and Microsoft®
Excel-add-in-DDXL software with 5% significance level. Homogeneity as well as
normality of data was checked by pictorial assessment of histograms and box plots and
confirmed with Shapiro-Wilk test. Further, non-parametric Mann-Whitney U-test was
applied to relate the mean values between sexes. ANCOVA was executed to confirm the
difference of growth type between male and female. Spearman rank test was done to
relate allometric co-efficient (b) with different eco-climatic factors.

RESULTS

Population structure

LFDs of P. heterolepis revealed that the size range was 10.5 to 34.5 cm TL for
combined sex. Besides, LFD indicated that 18.00-18.99 cm and 17-17.99 cm TL size
group was precisely dominant for male and female population, respectively. The LFD for
both male and female failed to pass the normality. In addition, Mann-Whitney U-test
revealed no significant differences between males and females (P = 0.5125). The TL
varied between 10.7-31.4 cm and 10.5-34.5 cm for males and females, respectively
(Figure 1). The study further indicated that the BW varied from 10.02 to 203.89 g for
male and 9.02 to 342.26 g for female population (Table 1). Besides, Mann-Whitney U-
test indicated that BW of both sexes were not significantly different (P = 0.5355).
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Growth pattern

The study further stated that overall b value for both males and females indicated
negative allometric growth (b < 3.00) (Figure 2). However, males exhibited isometric
growth (b = 3) during January to March and December. Furthermore, females showed
positive allometric growth (b > 3) in January while isometric growth in February and
March. All LWRs were extremely significant (p < 0.001), with r* values > 0.957. The
monthly sample size (n), regression parameters with 95% confidence limit of the LWRs
and r? values of P. heterolepis were presented in Table 2. Moreover, ANCOVA revealed
no statistical difference in LWRs between male and female population (P < 0.067). The
LLR (TL vs. SL) was extremely related (P < 0.001), with r? values > 0.982 (Table 3 and
Figure 3).
Eco-climatic factors

We observed four eco-climatic factors namely temperature (°C), rainfall (mm),
DO (mg/l) and pH. The maximum and minimum water temperature was documented
34.4°C in May-June and 19.8°C in January, respectively. The peak rainfall was occurred
in August (370 mm) but no precipitation was recorded in January. Further, the highest
DO was found in July (6.15 mg/l) and the lowest DO was recorded in December (5.42
mg/l). However, minimum pH was found in May and September (6.76) and the
maximum pH was recorded in the month of July (7.32). The allometric co-efficient (b) of
LWRs was found significantly related with temperature for both sexes. However, rainfall,
DO and pH did not show statistical correlation with b value between sexes (Table 4). The
relationship between growth pattern (b) and eco-climatic factors are presented in Figure 4
and 5.
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Figure 1. Length-frequency distribution of Panna heterolepis from the Bay of Bengal,
Bangladesh.
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Table 1. Descriptive statistics on the total length (cm) and body weight (g) measurements

of Panna heterolepis Trewavas, 1977 in the Bay of Bengal, Bangladesh.

Month  Sex TL (cm) BW (g)
Min Max Mean =SD 95% CL Min Max Mean = SD 95% ClI
January M 35 143 195 16.75+1.44 16.26-17.25 20.09 52.34  34.00+#8.38 31.12-36.88
F 72 120 259 1746190 17.01-17.91 12.39 134.28 42.50+16.35 38.66-46.34
February M 37 113 29.6 19.23+4.07 17.87-20.59 1252 18256 59.81+39.20 46.74-72.88
F 67 11.0 345 18.41+455 17.30-19.52 9.02 342.26 59.18+58.50 44.91-73.45
March M 47 119 212 16.93+2.30 16.25-17.61 12.60 73.45 38.34+16.30 33.55-43.12
F 57 11.1 25.7 18.25+3.19 17.41-19.10 1198 133.35 52.43+27.66 45.10-59.77
April M 50 10.8 287 17.15+4.83 15.78-18.52 10.02 175.60 48.54+42.24 36.54-60.55
F 34 105 275 16.27+4.48 14.42-17.83 12.31 170.30 44.21+37.80 31.02-57.40
May M 76 119 258 16.68+2.64 16.08-17.29 11.42 134.43 39.10+20.74 34.36-43.84
F 25 127 270 1750+3.00 16.26-18.73 17.40 144.30 47.82+26.08 37.06-58.59
June M 77 125 285 20.73+3.30 19.99-21.48 1420 17460 69.63+31.30 62.53-76.74
F 22 115 270 16.46+£3.42 14.95-17.98 1534 173.19 43.02+33.50 28.16-57.87
July M 66 107 26.0 17.58+3.34 16.76-18.40 11.20 12474 43.40+25.39 37.16-49.64
F 37 105 295 17.73+3.94 16.42-19.05 12.44 187.53 48.21+35.03 36.53-59.90
August M 63 13.0 314 1853+4.15 17.48-19.58 17.90 203.89 51.32+41.03 40.98-61.65
F 43 136 248 17.76+254 16.98-1855 21.37 103.21 41.86+18.08 36.30-47.43
Septemb. M 60 15.0 309 19.74+253 19.09-20.39 24.19 165.15 53.47+21.45 47.93-59.01
F 42 150 238 18.66+x1.94 18.06-19.26 2454 104.44 47.60+16.31 42.51-52.68
October M 45 125 242 16.74+248 16.00-17.48 13.89 96.92 35.58+15.22 31.00-40.15
F 59 13.6 27.2 18.71+2.62 18.03-19.39 18.29 140.58 49.92+23.53 43.78-56.05
November ™M 42 131 252 17.44+250 16.66-18.21 18.05 102.65 39.00+16.27 33.93-44.07
F 63 135 264 18.30+2.41 17.69-18.91 19.58 120.22 44.27+18.08 39.72-48.43
December ™M 56 152 252 18.37+1.93 17.85-18.89 25.06 117.38 44.96+16.31 40.59-49.33
F 48 147 235 17.62+195 17.05-18.19 24.44 96.29 41.25+13.87 37.22-45.28

Notes: n, sample size; M, male; F, female; TL, total length; W, body weight; min, minimum;
max, maximum; SD, standard deviation; CL, confidence limit.
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Figure 2. Growth pattern through length-weight relationships (TL vs. BW) of Panna
heterolepis in the Bay of Bengal, Bangladesh.
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Table 2. Descriptive statistics and estimated parameters of the length-weight
relationships (BW = a x TL") of the Panna heterolepis Trewavas, 1977 in the Bay of
Bengal, Bangladesh.

Month Sex n Regression 95% CL of 95% CL re GT
parameters a of b
a b
January M 35 0.0086 293 0.0055-0.0135 2.77-3.09  0.977 I
F 72 0.0056 3.11 0.0040-0.0079 2.99-3.23 0974 +A
C 107  0.0052  3.13 0.0037-0.0072 3.01-325 0965 +A
February M 37 0.0057  3.08 0.0037-0.0088 2.94-3.23  0.982 I
F 67  0.0069  3.04 0.0045-0.0104 2.90-3.19  0.964 I
C 104 0.0067 3.04 0.0049-0.0091 2.94-3.15  0.969 I
March M 47  0.0058  3.09 0.0037-0.0093 2.92-3.25  0.969 I
F 57  0.0077  3.01 0.0052-0.0113 2.88-3.14  0.974 I
C 104 0.0063  3.07 0.0047-0.0085 297-3.17 0971 I
April M 50 0.0107  2.89 0.0081-0.0140 2.79-299 0987 -A
F 34 00173 275 0.0104-0.0286 2.56-293 0967 -A
C 84 0.0134 282 0.0102-0.0176 2.72-292 0976 -A
May M 76  0.0122 284 0.0085-0.0174 2.72-297 0964 -A
F 25 0.0145 280 0.0077-0.0273 2.58-3.03 0967 -A
C 101 0.0120 2.86 0.0087-0.0164 2.74-297 0962 -A
June M 77 0.0088 294 0.0067-0.0114 2.85-3.03 0984 -A
F 22 0.0120 2.88 0.0063-0.0226 2.65-3.11 0972 -A
C 99  0.0149 2.77 0.0116-0.0192 2.69-2.86 0977 -A
July M 66  0.0110 2.85 0.0083-0.0147 2.75-295 0980 -A
F 37 0.0169 272 0.0114-0.0252 2.58-286 0978 -A
C 103 0.0132  2.80 0.0104-0.0168 2.71-288 0977 -A
August M 63  0.0099 2.88 0.0073-0.0135 2.77-298 0980 -A
F 43  0.0182  2.67 0.0122-0.0271 254-281 0974 -A
C 106 0.0117  2.83 0.0092-0.0148 2.74-291 0978 -A
September M 60 0.0193 265 0.0135-0.0275 2.53-2.76 0972 -A
F 42  0.0081 295 0.0052-0.0126 2.80-3.10 0975 -A
C 102 0.0162 2.71 0.0121-0.0218 2.61-281 0967 -A
October M 45  0.0129 2.79 0.0088-0.0190 2.65-293 0975 -A
F 59  0.0106  2.87 0.0075-0.0150 2.75-299 0976 -A
C 104 0.0108 2.86 0.0086-0.0137 2.78-294 0979 -A
November M 42  0.0142 275 0.0095-0.0212 2.61-289 0975 -A
F 63  0.0153 2.73 0.0111-0.0212 2.61-2.84 0975 -A
C 105 0.0148 2.74 0.0116-0.0189 2.65-2.82 0976 -A
December M 56  0.0063  3.03 0.0044-0.0092 2.90-3.16  0.976 I
F 48 0.0166 2.71 0.0111-0.0248 257-285 0971 -A
C 104 0.0114 284 0.0084-0.0153 2.74-294 0962 -A

Note: M, male; F, female; C, combined; n, sample size; a, intercept; b, slope ; CL, confidence
limit; GT, growth type; +A, positive allometric growth; -A, negative allometric growth; I,
isometric growth.
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Table 3. Descriptive statistics and estimated parameters of the TL vs. SL relationships
(TL = a +b x SL) of the Panna heterolepis Trewavas, 1977 in the Bay of Bengal,

Bangladesh.

Month Sex n Regression 95% CL of a 95% CL of b r’
parameters
a b

January M 35 02992 1.2810 -0.5817t01.1801 1.2127-1.3494 0.978
F 72 0.7890  1.2392 0.2057to 1.3722  1.1961-1.2823 0.979
C 107  0.7377  1.2442 0.2706t0 1.2048 1.2092-1.2793 0.979
February M 37 02323 1.2432 -0.6037 t0 1.0684 1.1896-1.2967 0.984
F 67 07990 1.2036 0.2111t01.3869 1.1647-1.2426 0.983
C 104 0.6366 1.2155 0.16441t01.1089 1.1846-1.2463 0.984
March M 47  0.2651  1.2606 -0.46231t00.9926 1.2061-1.3152 0.980
F 57  0.7521  1.2270 0.2461t01.2580 1.1921-1.2619 0.989
C 104 0.6764 12304 0.2899t0 1.0628 1.2028-1.2580 0.987
April M 50 0.7148 12250 0.2766t01.1530 1.1936-1.2564 0.992
F 34  0.2478 12578 -0.4602t00.9559 1.2042-1.3114 0.986
C 84 05376 12370 0.1638t00.9115 1.2096-1.2643 0.990
May M 76  0.0075 1.2697 -0.6295t00.6445 1.2218-1.3176 0.974
F 25 03258 1.2442 -0.7272101.3787 1.1690-1.3194 0.981
C 101 0.1118 1.2612 -0.4155t00.6391 1.2221-1.3004 0.976
June M 77 1.0579  1.1867 0.4414t01.6744 1.1500-1.2234 0.982
F 22 -0.6985 13038 -2.11561t00.7185 1.1980-1.4095 0.971
C 99 05904 1.2127 0.0761t01.1046 1.1808-1.2446 0.983
July M 66  0.4278 12503 -0.0307t00.8862 1.2175-1.2831 0.989
F 37 0.8624 12149 0.3511t01.3738 1.1790-1.2507 0.993
C 103 0.6309 1.2341 0.2930t00.9688 1.2100-1.2581 0.990
August M 63 11193  1.2059 0.6226t01.6161 1.1724-1.2394 0.988
F 43  0.7673  1.2282 0.1008t0 1.4338 1.1806-1.2759 0.985
C 106 1.0302 1.2109 0.6503t0 1.4102 1.1847-1.2372 0.988
September M 60 0.8640 1.2389 0.1721to1.5559  1.1938-1.2839 0.981
F 42 17704  1.1742 1.0624t02.4785 1.1253-1.2231 0.983
C 102 1.1208 1.2210 0.6305t0 1.6110 1.1883-1.2536 0.982
October M 45  -0.3632 1.3215 -1.0809t0 0.3544 1.2666-1.3764 0.982
F 59 1.7926 11662 1.1408t02.4444 1.1218-1.2106 0.980
C 104 0.9175 12249 0.43591t01.3991 1.1905-1.2593 0.980
November M 42  0.2787  1.2558 -0.4490to 1.0064 1.2031-1.3086 0.983
F 63 04172 12572 -0.3255t01.1600 1.2054-1.3090 0.975
C 105 0.2818 1.2624 -0.2424t00.8061 1.2253-1.2995 0.978
December M 56 15931 1.1760 0.9367t02.2495 1.1303-1.2217 0.980
F 48 15143 1.1818 0.8736t02.1550 1.1351-1.2248 0.983
C 104 15571 1.1786 1.1155t01.9988 1.1472-1.2099 0.982

Note: M, male; F, female; C, combined; n, sample size; a, intercept; b, slope ; CL, confidence

limit; r?, co-efficient of determination.
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Table 4. Relationship between allometric co-efficient (b) with eco-climatic factors of
Panna heterolepis Trewavas, 1977 in the Bay of Bengal, Bangladesh.

Relationships Sex rS values 95% CL of r P values Significance
Temp. vs. b -0.5534 -0.8607 10 0.04947 P =0.0335 *
Rainvs. b M -0.5874 -0.87321t0-0.0009 P =0.0789 ns
DOvs. b 0.03163 -0.5657 to 0.6072 P =0.9251 ns
pHvs. b 0.2'561 -0.3892 t0 0.7328 P =0.4182 ns
Temp. vs. b -0.6725 -0.9030t0-0.1415 P =0.0189 *
Rainvs. b -0.3916 -0.7965 t0 0.2535 P =0.2097 ns
DOvs. b F 0.3550 -0.2928 t0 0.7795 P =0.2558 ns

pH vs. b -0.7404 -0.9252t0-0.2715 P =0.6273 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; *significant; ns, not significant.

DISCUSSION

Information on LFDs and growth pattern of P. heterolepis are inadequate in
literature. Although a study has been done with a title of morphometry and length-weight
relationship in the Hoogly River of Inida by Sanphui et al. (2018) but did not show any
values of regression parameters (a and b). Further, Sabbir et al. (2020b) studied the
length-weight relationships and form factor of P. heterolepis with occasional data from
the Bay of Bengal. Consequently, the present study is the first effort to describe LFDs
and growth pattern of P. heterolepis from the Bay of Bengal, Bangladesh in relation to
eco-climatic factors with a year round data. In our study, all together 1223 specimens of
different body sizes were sampled using local gears for successive twelve months.
However, absence of individuals smaller than 10.5 cm TL may be attributed to the
selectivity of fishing gear or fishers did not go where smaller size of fishes exist (Hossain
et al., 2016; Islam et al., 2020). The maximum TL was found 34.5 cm in favor of female.
Our study revealed a length of 28.2 cm in SL specifically higher than the report (24.5 cm)
of Sabbir et al. (2020b). Therefore, this study was recorded the maximum length (34.5
cm in TL) for P. heterolepis in female population. However, information about maximum
length is important to assess the asymptotic length as well as growth co-efficient of fishes
for formulating appropriate fisheries management policy (Ahmed et al., 2012; Khatun et
al., 2018; 2019). Carlander (1969) stated that b values may range between 2.0 to 4.0 for
fishes. On the other hand, Froese (2006) reported that the b values of LWRs should range
from 2.5 to 3.5. In our study, b values were found between 2.5 to 3.5 (b = 2.65 to 3.09 for
males and b = 2.67 to 3.11 for females), which is comparable with the range for teleost
fishes (Froese, 2006; Hossain et al., 2013b; 2015). Further, overall b value for both male
and female showed negative allometric growth. Sabbir et al. (2020b) also reported that
the overall b value for combined sex was negative allometric (b = 2.81) for P. heterolepis
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in the Bay of Bengal. However, b values may differ in the same species because of
consolidation of various factors i.e. sex, development of gonad, growth variations in
different body parts, physiological condition, food availability and preservation methods
(Le Cren, 1951; Tesch, 1968; Hossain et al., 2015), which were excluded during the
present study. Moreover, the LLR was extremely correlated, but it was difficult to make
any comparisons due to lack of available information on P. heterolepis.

Further, the allometric co-efficient (b) was found significantly related with
temperature for both male and female. For male population, the b value showed isometric
growth pattern from December to March when the temperature is comparatively lower.
Thereafter, b value drops with the increase of temperature but recover steadily from the
month of November. For female population, b value was found positive allometric in the
month of January and Isometric in February and March. Further, b value dropped with
increasing temperature. However, rainfall, DO and pH did not show statistically
significant correlation with growth pattern between sexes. DO is a vital ecological factor
for aerobic metabolism of fish (Timmons et al., 2001). The minimum DO level must be
above 3.5 mg/l for marine fish stocks for their survival (EPA, 2000). Likewise, pH is
considered as an essential factor for any aquatic habitat. If an aquatic ecosystem is more
acidic (pH < 4.5) or more alkaline (pH > 9.5) for extended time, growth and reproduction
will be reduced (Ndubuisi et al.,, 2015). In the present study, monthly DO level
fluctuated from 5.42 to 6.15 mg/l and pH varied from 6.76 to 7.32 indicating a suitable
habitat for P. heterolepis in the Bay of Bengal, Bangladesh (Sabbir et al., 2020a).

CONCLUSION

Our study described the length-frequency distribution, growth pattern in relation to
eco-climatic factors of P. heterolepis from the Bay of Bengal, Bangladesh. Growth
pattern was significantly correlated with temperature for both sexes. Also, this study
recorded the maximum size of P. heterolepis from the Bay of Bengal. These findings
might be a potential tool for fishery biologist to initiate stock assessment of the standing
stock of P. heterolepis in the marine waters of Bangladesh. Moreover, the results will
contribute valuable baseline for further studies within the marine and coastal ecosystems.
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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.
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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.



596 Sabbir et al., 2020

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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Abstract

This study highlights the reproductive biology of Hooghly Croaker, Panna heterolepis Trewavas, 1977 which is one of the
dominant fish in the Bay of Bengal (Bangladesh) based on monthly sampling of 569 female individuals from January to
December 2019. We observed the effect of different environmental factors (temperature, rainfall, dissolved oxygen, and pH)
on the reproduction of P. heterolepis. Measurements of each individual like total length (TL) and body weight (BW) were taken
by using of measuring board and digital balance. Gonads were carefully removed through ventral dissection from females and
weighed to 0.01 g accuracy. To assess the size at sexual maturity (L,,), spawning season, and its peak, the GSI (gonadosomatic
index in %), MGSI (modified gonadosomatic index in %), and DI (Dobriyal index) were considered. Based on these indices, the
L,, was documented 15.0 cm in TL. Moreover, Ls, was predicted by logistic calculation as 15.0 cm TL. Furthermore, greater
values of GSI, MGSI, and DI values denoted the spawning season as of January to July, with a peak in February. Additionally,
Fulton’s condition factor (Kz) was significantly correlated with GSI values. In addition, GSI was statistically correlated with
temperature. However, other environmental factors (rainfall, dissolved oxygen, and pH) did not show any significant relation
with GSI. Finally, the outcomes of our study might be useful to carry out specific management programs for P. heterolepis in the
Bay of Bengal and nearby aquatic ecosystem.

Keywords Hooghly croaker - Size at sexual maturity - Environmental factors - Spawning season - Panna heterolepis - Bay of
Bengal

Introduction

The Hooghly croaker, Panna heterolepis Trewavas 1977 is
abundant in Bangladesh, India, Myanmar, and Sri Lanka
(Sasaki 1995). This sciaenid species is a representative of
the family Sciaenidae inhabiting coastal and marine waters
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(Talwar and Jhingran 1991). Panna heterolepis coexist in
the Indian Ocean with P. microdon and P. perarmatus
(Froese and Pauly 2020). This species is locally called Poa
and commercially significant as a popular food fish for the
coastal people of Bangladesh and India. Consequently,
overfishing is considered the major threat to the wild popula-
tion of P. heterolepis in Bangladesh (Hossen et al. 2019;
Sabbir et al. 2020a). Besides, this species is a profitable source
of large-scale and subsistence fishers who use several of tra-
ditional gears like gill net (Hossain et al. 2012a). Further, this
species is considered least concern worldwide (IUCN 2020).

The government of Bangladesh usually enforces a yearly
fishing ban for a period of 65 days from 20 May to 23 July to
promote the spawning of depleted fish and crustacean stocks
in the Bay of Bengal since 2019 (DoF 2019). However, the
peak spawning seasons for the marine fish and crustacean
stocks are not yet known. But the coastal fishermen protest
against the banning period, as marine fishing is the only
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source of their livelihood; their peak fishing season extends
from June to September in the Bay of Bengal. Without sup-
plementary income options, this imposed ban period would
drive them into more destitute condition.

To formulate a sound fisheries management policy, knowl-
edge of reproduction is an important concern. Information
about fish reproductive biology is essential for understanding
of population dynamics and formulating baseline data in the
management process (King 2007). Effective management for
conserving commercially important fish species depends on
understanding the regenerative capacity of populations includ-
ing their reproductive behavior (Tracey et al. 2007) whose
spawning aggregations are extremely harmed by commercial
fishers (Hardie et al. 2007). Besides, evaluation of reproduc-
tive behavior suggests that dynamic causes may influence
survival and recruitment of different fish species (Khatun
et al. 2019). Fish population replenishment is dependent on
fruitful reproduction (Hossain et al. 2017), and stock assess-
ment models largely depend on reproductive understanding of
fish stocks for sustainable management (Nitschke et al. 2001;
Tracey et al. 2007). Consequently, knowledge of GSI, size at
first maturation, and spawning season are considered useful
methods in fish reproductive research (Hossain et al. 2013).

At present, changes in environmental factors are vital threats
to fisheries resources together with risks like contamination and
overfishing (Rose 2005). Moreover, assessment of environmen-
tal and biological onsets of fish reproduction is of foremost im-
portance to recognize population environment relationships and
denote vulnerability of a fish population to climate change
(Khatun et al. 2019). Environmental issues like temperature
and rainfall affect fish growth and reproduction (Pankhurst and
Porter 2003; Shoji et al. 2011). Thermal fluctuations represent a
vital arena for understanding the reproductive success of fish
populations in any ecosystem by directly affecting gametogene-
sis and spawning timing (Pankhurst and Munday 2011). Besides,
temperature is the basic abiotic factor controlling the movements
of larval assemblages (Houde and Zastrow 1993) of freshwater
and marine species (Jakobsen et al. 2009). Rainfall is another
important factor affecting river inflow and runoff (Patrick
2016). Rainfall supports fish spawning by decreasing the water
temperature and enhancing dissolved oxygen (Ahamed et al.
2018). Further, the reproductive biology of fish in a particular
aquatic habitat is greatly influenced by various ecological factors
like pH, salinity, dissolved oxygen, and photoperiod. On the
other hand, pH specifies the acidic or alkaline condition of a
particular ecosystem. Higher pH (9-14) affects fish physiology
by denaturing cell membranes as well as changing different pa-
rameters of an aquatic ecosystem (Brown and Sadler 1989).

Nevertheless, only a few studies of the morphology (Sasaki
1995), morphometry (Sanphui et al. 2018), length-weight rela-
tionships (Sabbir et al. 2020b), and condition factor (Sabbir et al.
2020a) have been completed on P. heterolepis. Consequently,
our objective is to discover the reproductive biology (size at first

sexual maturity along with spawning and peak-spawning sea-
son) of P. heterolepis relative to environmental changes from the
Bay of Bengal, Bangladesh.

Materials and methods
Sampling site and sampling

The study was performed in the Bay of Bengal, Khulna region,
Bangladesh (21.67° N; 89.55° E). Monthly specimens of
P. heterolepis were collected from commercial fishers’ catch
from January to December 2019 through multiple traditional
fishing gears like gill net (mesh size: 3.0 cm) and seine bag nets
(mesh size: 4.0 cm). The collected specimens were immediately
preserved with 10% formalin solution to avoid decomposition.

Fish measurement

Male and female individuals were identified by gonadal ob-
servation under a microscope but only females were studied.
Further, each female was washed with water and kept open to
air for drying before weighing. Individual body weight (BW)
for each sample was weighed with 0.01 g accuracy by electric
balance, and a measuring board assessed total length (TL)
with 0.01 cm precision. Then, gonads were carefully removed
through ventral dissection of females and weighed (GW) to
0.01 g accuracy. Furthermore, gonads were examined micro-
scopically to distinguish their maturity status.

Size at first sexual maturity (TL,,)

TL,, was determined with three indices (i) gonadosomatic in-
dex (GSI) vs. TL; (ii) modified gonadosomatic index (MGSI)
vs. TL; and (iii) Dobriyal index (DI) vs. TL. The
gonadosomatic index was measured using the equation: GSI
(%) = (GW/BW) x 100 (Nikolsky 1963). Modified
gonadosomatic index was determined by the equation:
MGSI (%) = (GW/BW — GW) x 100 (Nikolsky 1963).
Additionally, Dobriyal index was calculated by the equation:
DI = v/GW (Dobriyal et al. 1999). Individuals having GSI >
the critical GSI value (GSI at the smallest size of sexual ma-
turity) were recognized as mature for P. heterolepis (Fontoura
et al. 2009; Hossain et al. 2012b; Rahman et al. 2018).
Moreover, TLs, denoted the minimum length break where-
in 50% of the individual specimens were mature. To estimate
TL s, a logistic curve following King (2007) was applied by
plotting the percentage of mature individuals (PMI) against
TL class as PMI = 100/[ 1+ exp.{—f (TL,, — TLs¢)}], where f
is the growth coefficient and 7L, is the midpoint of each TL
class. However, not all mature individuals in a population
spawn simultaneously. Consequently, PMI never exceeded
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100% even in the largest TL class. Therefore, following the
established method of King (2007), the data were adjusted to
overcome an unreasonably high estimate of 7L s.

Spawning period

To determine the spawning period monthly gonadal changes
of females were observed. Consequently, spawning and peak
spawning periods were estimated using three indices: GSI,
MGSI, and DL

Condition factor

Fulton’s condition factor (K) helped assess the relationship
between GSI and K. Fulton’s condition factor (Kr) was esti-
mated by: K= 100 % (W/L?) (Fulton 1904), where W was the
BWin g and L was TL in cm.

Environmental parameters

Monthly water quality parameters were collected from the
sampling site through APHA (2005) procedures to assess
the impact of environmental parameters on GSI of female
P. heterolepis. The parameters were water temperature (°C),
dissolved oxygen (DO; mg/L), and pH. A fixed sampling hour
was maintained strictly (between 9.00 and 10.00 am) through-
out the sampling months to confirm the comparability of the
collected parameters with time and space. Furthermore,
monthly rainfall (mm) data was documented from the meteo-
rological station of Khulna, Bangladesh.

Statistical analyses

Statistical analyses were done by GraphPad Prism 6.5 and
Microsoft ® Excel-add-in-DDXL software with 5% signifi-
cance level. Normality of the data was confirmed by
Kolmogorov-Smirnov test. Besides, Spearman rank correla-
tion was performed to assess the relationship between GSI and
Kr. The impact of environmental factors on GSI and
spawning season was performed by Spearman rank correla-
tion and canonical correspondence analysis (CCA).

Results

A total of 569 female specimens were collected from January
to December 2019, with TL ranging from 10.50 to 34.50 cm,
BW 9.02 to 342.26 g, and GW 0.03 to 20.63 g (Table 1).

Size at first sexual maturity (TL,,)

The relationship between TL vs. GSI, MGSI, and DI of female
P. heterolepis is specified in Fig. 1. GSI, MGSI, and DI values

@ Springer

Table 1  Descriptive statistics on the total length (cm), body weight (g),
and gonad weight (g) measurements of Panna heterolepis Trewavas,
1977 in the Bay of Bengal (Bangladesh)

Characters n Min Max  Mean = SD 95% CL
Total length (cm) 569 10.5 34.5 1791 +£3.11 17.65-18.17
Standard length (cm) 8.0 282 13.97 £2.52  13.76-14.18
Body weight (g) 9.02 34226 47.25+2991 44.79-49.72
Gonad weight (g) 0.03 20.63 229+279  2.06-2.52

n, sample size; Min, minimum; Max, maximum; SD, standard deviation;
CL, confidence limit

were lower (< 5.4%, < 5.6%, and < 1.0, respectively) for
females smaller than 15.0 cm TL. Furthermore, GSI, MGSI,
and DI rose rapidly at 15.0 cm TL. Consequently, 7L,, may be
considered 15.0 cm for female P. heterolepis. Furthermore,
the relationship between TL and the percentage of mature
individuals was expressed by the logistic calculation of mature
P. heterolepis females for each length class (TL) group
(Fig. 2). The smallest mature female was 10.5 cm. Hence,
the projected size at sexual maturity (7Ls,) was 15.0 cm TL
in the Bay of Bengal, Bangladesh.

Spawning season

Monthly variations of GSI, MGSI, and DI for female
P. heterolepis are shown in Fig. 3. The lowest values of
GSI, MGSI, and DI were recorded from August to
December. In contrast, the highest GSI, MGSI, and DI values
were recorded from January to July to denote the spawning
season. In addition, peak values of GSI, MGSI, and DI were
found in February, the peak spawning season for
P. heterolepis in the Bay of Bengal, Bangladesh.

Condition factors

Monthly deviations of Fulton’s condition factor (Kr) and GSI
values were measured. The lowermost and uppermost K
values for females were recorded in February (0.60) to April
(1.45), respectively, with an average 0.76 + 0.09. Based
Spearman rank test, K and TL were significantly correlated
for female P. heterolepis (ry = —0.2466; P < 0.0001).
Furthermore, K was significantly correlated with GSI (7 =
0.6022; P = 0.0383) (Fig. 4).

Environmental factors

In our study, four environmental factors, i.e., temperature,
rainfall, DO, and pH, were examined for potential impact on
gonadal maturation of P. heterolepis. However, only temper-
ature was significantly related to GSI (Table 2; Figs. 5 and 6).
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Discussion

Appropriate management of exploited stocks is dependent on
a careful assessment of fish maturity (Rahman et al. 2018).
Where histological observation facilities are scarce, macro-
scopic and biological indices are normally used as rather easy
and cost-effective techniques for describing fish ripeness
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Fig. 2 Adjusted percentage of mature females of Panna heterolepis
versus total length showing the logistic curve fitted to the data

status (West 1990; Khatun et al. 2019). Furthermore, GSI
has been used effectively by several researchers to assess fish
maturity (Fontoura et al. 2009; Hossain et al. 2012b, 2017;
Rahman et al. 2018). Knowledge of reproductive biology is
vital to assess the life cycle and stocks of an individual fish
species (Hossain et al. 2017). Information on the reproductive
biology of P. heterolepis is insufficient elsewhere. Therefore,
we describe sexual maturity and spawning season of
P. heterolepis, together with the consideration of environmen-
tal factors from Bay of Bengal, Bangladesh.

Determining size at first sexual maturity (71,,) is critical for
(a) differentiating among diverse stocks of an identical species
and (b) assessment whether changes in length at first maturity
are due to fisheries pressure or other reasons (Hossain et al.
2010). This is essential for fisheries biologists to manage and
conserve a particular fish population (Lucifora et al. 1999).
Our study revealed that 7L,, of female P. heterolepis was
15.0 cm based on GSI, MGSI, and DI values. Moreover, pre-
cise estimations of 7L,, benefit management of particular fish
stock (Rahman et al. 2018). The maturity size may differ ac-
cording to habitat and other environmental factors (Sinovcic
and Zorica 2006). However, absence of literature data on
P. heterolepis maturity prohibits comparisons. Our study
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denotes the first widespread information on sexually mature
size of P. heterolepis which could help determine the mesh
size for limiting catch of mature smaller individuals to allow
their spawning (Rahman et al. 2018).

We mentioned earlier that a yearly fishing ban is imposed
by the Bangladeshi Government from 20 May to 23 July in the
Bay of Bengal, to conserve the depleted marine fish stocks
and allow adequate spawning (DoF 2019). However, the
spawning and peak spawning seasons for most of the marine
fish stocks are unknown. On the other hand, the prolonged

fishing ban has a negligible impact on the income and liveli-
hoods of the poor subsistence coastal fishers. Therefore, it is
necessary to quantify the spawning and peak-spawning period
in spite of different fishes dwelling in the Bay of Bengal.
Analyses of spawning season are crucial to assess spawning
time and migration of a fish population for spawning purposes
(Vadas 2000; Khatun et al. 2019). According to monthly GSI,
MGSI, and DI values, female P. heterolepis showed a
prolonged spawning period from January to July, but peak
spawning occurred in February. Consequently, all types of

Fig. 4 Monthly variations of 10.0

gonadosomatic index (GSI) and
Fulton’s condition factor (Ky) of
female Panna heterolepis in the
Bay of Bengal (Bangladesh)
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Table 2 Relationship between

environmental factors with GSTof ~ Relationship 7y value 95% CL of rg p values Significance
Panna heterolepis Trewavas,
1977 in the Bay of Bengal Temperature vs. GSI —0.5433 —0.8067 to 0.7741 0.0421 *
(Bangladesh) Rainfall vs. GSI -0.2098 —0.7093 to 0.4300 0.5137 ns

DO vs. GSI 0.4042 —0.2394 to 0.8010 0.1922 ns

pH vs. GSI 0.3333 —0.3151 to 0.7696 0.2874 ns

GSI, gonadosomatic index; DO, dissolved oxygen; r,, Spearman rank correlation values; CL, confidence limit; p,
level of significance; ns, not significant. *Significant

fishing ought to be banned during the peak spawning period to
ensure sustainable management of this species depending on
when peak spawning occurs for other fish species and allow
the coastal fisher folks to continue fishing during the June—
September monsoon in the Bay of Bengal.

In general, condition factor denotes the status of well-
being of a particular population in the natural habitat
(Hossen et al. 2019). Furthermore, it helps assess maturity

status and fitness (Sabbir et al. 2020a). In our study,
Fulton’s condition factor (K) was significantly correlated
with monthly GSI values. We found that the spawning period
of P. heterolepis began in January, peaked in February, and
ended in July. The condition factor of P. heterolepis was
almost constant during pre-spawning period, decreased dur-
ing spawning, and was lowest during peak-spawning period
(Hossain et al. 2016).
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Axis 2

Axis 1

Fig. 6 Relationship between gonadosomatic index (GSI) with
environmental factors of female Panna heterolepis in the Bay of
Bengal (Bangladesh) through CCA (canonical correspondence analysis)
plot

Further, the reproductive behavior of female P. heterolepis
may be influenced by water temperature. Throughout the
study, the maximum water temperature was recorded in
May—June (34.4 °C) and minimum temperature was seen in
January (19.8 °C). The highest GSI (peak spawning period)
was detected in February when water temperature was rela-
tively low (24.7 °C). Alternatively, reproductive behavior was
not significantly influenced by rainfall, DO, or pH in the Bay
of Bengal (SW Bangladesh). Maximum rainfall recorded in
August (370 mm) and no rainfall occurred in January. But DO
is important for the aerobic metabolism of fish (Timmons et al.
2001) and optimum DO level exceeds 3.5 mg/l for marine
fisheries resources (EPA 2000). Similarly, pH is considered
an important ecological factor for any aquatic ecosystem. If an
aquatic ecosystem is more acidic (pH < 4.5) or alkaline (pH >
9.5) for an extended time, growth and reproduction will be
reduced (Ndubuisi et al. 2015). In our study, the monthly DO
level ranged from 5.42 to 6.15 mg/l and pH was 6.76-7.32
indicating an appropriate habitat for marine fisheries resources
in the Bay of Bengal, Bangladesh. These factors were not
closely related with reproduction of P. heterolepis in the study
site. However, further incentive studies are recommended for
its sound clarification.

Conclusion

The length at sexual maturity of P. heterolepis helps to set a
suitable capture size. Furthermore, the spawning season of this
species extended from January to July with a peak in
February. The adults should conserve during the peak for
sustainable exploitation of this species. GSI displayed a sta-
tistically significant correlation with temperature, and it

@ Springer

should be considered in future management policy especially
in the face of climate change. The outcomes of our study
might be advantageous to biologists or ecologists for the suit-
able management of P. heterolepis in the Bay of Bengal
(Bangladesh) and nearby aquatic ecosystems. For the avoid-
ance of over-exploitation and the introduction of aquaculture
to increase yield, a thorough stock assessment of this species
is strongly recommended.
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The study describes growth pattern, growth parameter, mortality, recruitment pattern, exploitation rate (E) and
maximum sustainable yield (MSY) to Panna heterolepis from the Bay of Bengal (Bangladesh). About 1223 speci-
mens were collected from commercial fishermen for 12 consecutive months from January to December, 2019.
Length-frequency data were analyzed with FAO-ICLARM Stock Assessment Tool. Moreover, our study recorded
different water quality and environmental parameters including pH, rainfall, temperature and DO (dissolved
oxygen) from the Bay of Bengal. The findings of the study revealed that the allometric co-efficient (b) value
indicated negative allometric growth (<3.00) for P. heterolepis population. Whereas, the population dynamic
parameters showed growth coefficient (K) 0.13 year 1, life-span (tmqy) 3.85 year and growth performance index
(@) 2.30. Along with this, P. heterolepis was found to grow rapidly with an asymptotic length (L) of 39.08 cm.
We found that the natural mortality (M =0.44 year 1y rate was almost similar with fishing mortality (F = 0.42
year !). Consequently, the standing stock was not quite sustainable with the existing fishing strategy. Further-
more, the maximum allowable exploitation rate (Epq — 0.471) was lower than the recorded exploitation rate (E =
0.490). Subsequently, overfishing is the most focal threat to the wild stock. The recruitment pattern was almost
continuous throughout sampling period. Finally, the MSY was assessed at 10234.47 metric tons. Additionally, the
environmental parameters denoted that the ecosystem was in a balanced condition for the wild population. The
findings would be very useful to introduce appropriate fishing regulations in the Bay of Bengal and nearby
ecosystem.

1. Introduction

Fish and their products are the most significant protein source for
global population (Roy et al., 2020). The increasing demand for products
creates massive fishing pressure on natural stock, especially in the
open-water ecosystem (Panhwar et al., 2013). Fish are now considered as
limited renewable resources (Gulland, 1982). Therefore, it is essential to
assess the life-history traits i.e. growth, reproductive characteristics,
recruitment pattern and mortality to ensure sustainable management for
conserving the wild stock (Foster and Vincent, 2004). Besides, the lack of
information about such traits on marine fisheries resources is a barrier to
implementing suitable fishing strategies in the marine ecosystem (Dinh
et al., 2018) and this demands quick investigation.

Length-frequency distribution (LFD) is an important biometric index
to assess the dynamic rates of recruitment, growth, mortality, yields and
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E-mail address: yeamin2222@yahoo.com (Md.Y. Hossain).
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stock biomass in a particular ecosystem (Neuman and Allen, 2001)
through dynamic mathematical models (Beverton and Holt, 1979).
Likewise, growth pattern is essential to detect the temporal variation of
fish growth (Hossain and Ohtomi, 2010). Growth of fish and other
aquatic organisms largely depend on sex, maturity status and environ-
mental factors (Dall et al., 1990). Fast growth rate of fish is advantageous
in many ways. Rapid growth rate of fish not only gives the fish immunity
from predators but also allows carrying large numbers of eggs with
higher chances of larval survival (Hossain et al., 2017). In addition,
growth and recruitment have remarkable effects on the maintenance of
maximum sustainable yield of a wild stock (Ahmed et al., 2012).
Presently environmental issues are vibrant threats to marine fish
populations accompanied by other hazards like overfishing, pollution in
addition to habitat deterioration (Rose, 2005). Environmental changes
are considered the latest warning that causes rapid declining of marine
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Figure 1. The study site in the Bay of Bengal, Bangladesh (Rectangle shapes indicate the sampling sites).

fish stocks worldwide (Cochrane et al., 2009). Consequently, this has a
catastrophic impact on the livelihoods of many poor fishers, especially in
developing countries like Bangladesh (Allison et al., 2009). Already
marine fisher folks are facing deviations in the diversity and abundance
of target fish species in the marine and coastal ecosystem (Johnson and
Welch, 2009). Therefore, evaluating fisheries vulnerability in relation to
environmental factors is obligatory for safeguarding the sustainability of
the marine fisheries resources.

Hooghly Croaker Panna heterolepis is found profusely in the Bay of
Bengal ecosystem (Sasaki, 1995). Talwar and Jhingran (1991) stated
that P. heterolepis belongs to the family Sciaenidae inhibits marine
and brackish-water ecosystems. According to Froese and Pauly
(2020), P. heterolepis is very famous among the three representative
species under the genus Panna in the Bay of Bengal existing with
P. perarmatus and P. microdon. In Bangladesh, P. heterolepis is locally

called Poa. Besides, it is commercially very important as a widespread
food fish item because of outstanding flesh quality. However, total
demand of this species is met through the capture from wild stock due
to absence of culture practice (Hossen et al., 2019; Sabbir et al.,
2020a). Besides, the species is considered as the least concern
worldwide (IUCN, 2020).

A good number of studies with morphology (Sasaki, 1995), condi-
tion factor (Sabbir et al., 2020a) and reproductive biology (Sabbir et al.,
2021) were done on P. heterolepis. Therefore, our aim is to describe the
growth pattern, growth parameters, recruitment pattern, mortality,
exploitation rate and maximum sustainable yield of P. heterolepis
through evaluating the monthly length data collected from the com-
mercial fishers’ catch for consecutive 12 months as well as to suggest
sustainable management approach considering the effects of environ-
mental factors.
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Table 1. Descriptive statistics on the total length (cm) and body weight (g) measurements of Panna heterolepis Trewavas, 1977 in the Bay of Bengal, Bangladesh.

Month n Total length (cm) Body weight (g)
Min Max Mean + SD 95 % CL Min Max Mean + SD 95 % CL

Jan 107 12.0 25.9 17.23 + 1.79 16.88 to 17.57 12.39 134.28 39.72 + 14.75 36.89 to 42.55
Feb 104 11.0 34.5 18.70 + 4.39 17.85 to 19.56 9.02 342.26 58.74 + 51.08 48.80 to 68.67
Mar 104 11.1 25.7 17.66 + 2.89 17.09 to 18.22 11.98 133.35 46.06 + 24.17 41.36 to 50.76
Apr 84 10.5 28.7 16.80 + 4.67 15.78 to 17.81 10.02 175.60 46.79 £ 40.32 38.04 to 55.54
May 101 11.9 27.0 16.89 + 2.74 16.34 to 17.43 11.42 144.30 41.26 + 22.36 36.85 to 45.68
Jun 99 11.5 28.5 19.79 + 3.78 19.04 to 20.55 14.20 174.60 63.72 + 33.53 57.03 to 70.41
Jul 103 10.5 29.5 17.64 + 3.55 16.94 to 18.33 11.20 187.53 45.13 + 29.14 39.43 to 50.82
Aug 106 13.0 31.4 18.22 + 3.59 17.53 to 18.91 17.90 203.89 47.48 + 33.86 40.96 to 54.00
Sep 102 15.0 30.9 19.30 + 2.36 18.83 t0 19.76 24.19 165.15 51.05 + 19.63 47.19 to 54.91
Oct 104 12,5 27.2 17.86 + 2.73 17.33 to 18.39 13.89 140.58 43.71 + 21.48 39.53 to 47.89
Nov 105 13.1 26.4 17.96 + 2.47 17.48 to 18.43 18.05 120.22 42.16 +17.49 38.78 to 45.55
Dec 104 14.7 25.2 18.02 + 1.97 17.64 to 18.41 24.44 117.38 43.25 + 15.28 40.28 to 46.22

Notes: n, sample size; TL, total length; W, body weight; min, minimum; max, maximum,; SD, standard deviation; CL, confidence limit.

2. Materials and methods
2.1. Sampling site and sampling

In total, 1223 individuals of P. heterolepis were harvested during
January to December 2019 by using different local gears from the Bay of
Bengal (21.7728°N; 89.5592°E), southern Bangladesh (Figure 1) on a
monthly basis.

2.2. Fish measurement

Total length (TL) and body weight (BW) of each specimen were
assessed with 0.1 cm and 0.01 g accuracy.

2.3. Growth pattern
Growth pattern was calculated by LWRs involving the calculation: W
= ax1?. The regression coefficient a and b were assessed using the for-

mula: In (W) =1n (a) + b In (L). A t-test was executed to approve whether
the b value was statistically dissimilar from isometric value (b = 3).

2.4. Estimation of growth parameters
Length-frequency data were analyzed with FiSAT software version 1.1

(Gayanilo and Pauly, 1997). The von Bertalanffy Growth Function (VBGF)
was employed to obtain the asymptotic length (L.,) and growth constant

400

(K) (Gayanilo et al., 2002). The life-span (tnqy) was determined using the
formula of 10g (tmax) = 0.5496 + 0.957*log (t,) (Froese and Binohlan,
2005), where t, indicates the age of first sexual maturity. Age at zero
length (t;) was determined with the calculation of log (-tp) = -0.3922 -
0.27521og L, - 1.038 log K (Pauly, 1980) and growth performance index
was calculated as @' = log;0K + 2log1oL (Pauly and Munro, 1984).

2.5. Estimation of mortality and exploitation

Total mortality (Z) was calculated by the length-converted catch curve
method (Gayanilio et al., 2002). Natural mortality (M) was assessed as
log10M =-0.0066 —0.27910g1¢ L., + 0:654310g10K + 0:0463log; o T; where
T is the average temperature of the ecosystem (28.5 °C). The fishing
mortality (F) was estimated as Z-M. Besides, exploitation rate (E) was
determined as: E = F/Z = F/(F + M) (Gulland, 1983). Consequently,
exploitation rate producing maximum yield (Emqy), exploitation rate at
which the secondary increase of relative yield-per-recruit (Y'/R) is 10 % its
virgin biomass (Ep ;) and the exploitation rate under which the stock is
reduced to half its virgin biomass (Ep5) were calculated following
knife-edge selection (Beverton and Holt, 1979).

2.6. Recruitment pattern

Recruitment pattern of P. heterolepis was assessed from the analysis
of the total time series of LFDs and growth parameters using VBGF
models.

350 1 BW = 0.012(TL)>
300 n=1223, r? = 0.966

250
200
150
100

50
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Figure 2. Growth pattern of Panna heterolepis in the Bay of Bengal, Bangladesh.
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Figure 3. Powell-Werherall Plot for the length frequency data of Panna heter-
olepis from the Bay of Bengal, Bangladesh suggests that values of (L™-L") plotted
against a series of cut-off points, L' as a straight line. Black dots are exploited
samples. The regression equation is Y = 1.03-0.255X, r = 0.862. Estimated L., =
39.08 cm and Z/K = 5.118.

2.7. Relative yield-per-recruit (Y'/R), steady state biomass (SSB) and
maximum sustainable yield (MSY)

The Beverton and Holt (1979) model was applied to assess the Y'/R of
P. heterolepis. The recommended length at first capture (L) was predicted
at Eg 5 level. The SSB was calculated using the length-structured virtual
population analysis (VPA) routine in FiSAT II. Consequently, MSY of
P. heterolepis was calculated as MSY = 0.5*SSB*Z (Gulland, 1983).

2.8. Environmental factors

In order to assess the status of water quality of the Bay of Bengal, different
parameters i.e. temperature (°C), pH and DO (mg/1) were recorded monthly
basis following APHA (2005) procedure. Besides, monthly rainfall data were
collected from the meteorological station of Khulna, Bangladesh.

3. Results
3.1. Growth pattern

LFD revealed that the TL varied from 10.5 to 34.5 cm and BW ranged
from 9.02 to 342.26 g (Table 1). The regression coefficients a and b for
P. heterolepis were assessed from the length and weight data and calcu-
lated as W = 0.012TL%%3 (p < 0.001; r? = 0.966; Figure 2).

3.2. Growth parameters

The study revealed the L, of 39.08 cm TL. Further, the value of K was
recorded as 0.13 year’1 for the unique data set (Table 2 and Figures 3 and
4). The length—frequency histograms and the von Bertalanffy Growth
curve were shown in Figure 5. The &, t;,q and ty were found 2.30, 3.85
year and 0.108 year, respectively (Table 2).

3.3. Mortality
Total mortality (Z) was recorded 0.86 year‘1 (Figure 6). Further,

natural mortality (M) and fishing mortality (F) were calculated 0.44 and
0.42 year’l, respectively (Table 2).

Heliyon 7 (2021) e07711

Table 2. Growth parameters (L, and K), mortality (Z, M, F) and Fishery param-
eters (E, Lc and MSY) of Panna heterolepis Trewavas, 1977 in the Bay of Bengal,
Bangladesh.

Description of Parameters Values
Growth and reproduction

Asymptotic length (L) 39.08 cm TL
Growth coefficient (K) 0.13 year !
Life-span (tnax) 3.85 year
Growth performance indexes (&) 2.30

Age at zero length (to) 0.108 year
Age at first sexual maturity (t,,) 0.69 years
Mortality parameters

Total mortality (Z) 0.86 year !
Natural mortality (M), 0.44 year !
Fishing mortality (F) 0.42 year™!
Fishery parameters

Exploitation ratio (E) 0.490

. 0.471

Eo: 0.364

s 0.268

Total length at first capture (L.) 14.96 cm TL
Maximum sustainable yield (MSY) 10234.47 metric ton

3.4. Recruitment pattern

The recruitment of P. heterolepis population is more or less continuous
throughout the sampling period with a major peak in April-May
(Figure 7).

3.5. Relative yield-per recruits (Y'/R), steady state biomass (SSB) and
maximum sustainable yield (MSY)

From Y'/R analysis, the estimated values of E, Epqy, Eo,1, and Eg s were
0.490, 0.471, 0.364 and 0.268 respectively (Figure 8; Table 2).
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Figure 4. K-scan routine for determining best growth curvature giving best
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heterolepis.
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Figure 5. Total length (TL) frequency distribution and growth curve of Panna heterolepis. (a) Histogram showing distribution of TL frequency data of collected
specimens and (b) von Bertalanffy growth curve (parameters values: Lo, = 39.08 cm and K = 0.13 year ') superimposed on the restructured length frequency his-

togram of the Panna heterolepis.

Moreover, the calculated TL of P. heterolepis at first capture (L;) was 14.96
cm (Figure 9). The predicted total SSB was 23801.09 metric tons.
Consequently, the MSY of P. heterolepis was estimated at 10234.47 metric
tons.

3.6. Environmental factors

We observed four environmental factors namely temperature (°C),
rainfall (mm), DO (mg/1) and pH. The maximum and minimum water
temperature was documented 34.4 °C in May-June and 19.8 °C in
January, respectively with an average of 28.5 °C. The peak rainfall was
occur in August (370 mm) but no precipitation was recorded in January.
Further, the highest DO was found in July (6.15 mg/1) and the lowest DO
was recorded in December (5.42 mg/1). However, minimum pH was
found in May and September (6.76) and the maximum pH was recorded
in the month of July (7.32).

4. Discussion

Stock assessment is essential to obtain the highest benefit from a
natural stock without hampering the wild population. Information on
stock assessment of P. heterolepis is absent in literature from Bangladesh
and elsewhere. In our study, a large number of specimens (1223) were

sampled using local gears including gill net for successive twelve
months from the Bay of Bengal, Bangladesh. However, absence of in-
dividuals smaller than 10.50 cm TL may be attributed to the selectivity
of fishing gear (Hossain et al., 2016a, b). The highest length of
P. heterolepis was recorded 34.50 cm from the sampling site. Our study
revealed a length of 28.20 cm in standard length (SL) specifically higher
than the report (21.40 cm) of Sasaki (1995). Therefore, this study
recorded the maximum length (34.50 cm in TL) for P. heterolepis (Sabbir
et al., 2020Db).

Carlander (1969) stated that b values may range between 2.0 to 4.0
for fishes. On the other hand, Froese (2006) reported that the b values of
LWRs should range from 2.5 to 3.5. Our experiment recorded a negative
allometric growth pattern (b = 2.83) for P. heterolepis population, which
is comparable to Froese (2006) for teleost fishes. However, b values often
differ for same species because of consolidation of various factorsi.e. sex,
development of gonad, growth variations in different body parts, phys-
iological condition, food availability and preservation methods (Le Cren,
1951; Hossain et al., 2015).

It is crucial to determine the growth parameters for predicting future
yields and stock biomass from a particular aquatic ecosystem (Dadzie
et al., 2017). We estimated the L., higher than our largest specimen
might be attributed to von Bertalanffy model being insufficient for
determining the growth of fish species because fish do not grow linearly
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Figure 6. Length-converted catch curve of Panna heterolepis in the Bay of
Bengal, Bangladesh. Note: only black dots are considered for computation of
total mortality.

(Vigliola et al., 1998). Fish grow more rapidly at Juvenile stage and
growth rate becomes slower at older stage. Consequently, the growth
performance index (&) is a more consistent method for a fish population
to compare the growth performance as it considers L., along with K
simultaneously (Pauly and Munro, 1984). However, the calculated ¢ for
P. heterolepis was 2.30. Further, we observed the maximum age or life
span (tme) was 3.85 year and age at zero length (tp) was 0.108 year.
There was no previous data on growth parameter of P. heterolepis to
compare our findings.

20

10 i \

d F B AL J A5 O N.B

Figure 7. Recruitment of Panna heterolepis in the Bay of Bengal, Bangladesh.
The histogram shown relative percentage of recruits per month whilst bell-
shaped curves show the one recruitment peak.
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Assessment of the mortality rate is crucial for evaluating the abun-
dance of a fish stock which helps to set harvest limits to obtain maximum
benefit for the stakeholders of the resource. Total mortality (Z) was
recorded 0.86 year . We found that the natural mortality (M =0.44
year 1) rate is almost similar to fishing mortality (F = 0.42 year 1)
Consequently, the standing stock is not quite sustainable with the exist-
ing fishing strategy. We found the maximum allowable exploitation rate
(Emax = 0.471) is close to the observed exploitation level (E = 0.490).
According to Gulland (1983) and Pauly (1983), the exploitation of this
species is at optimum level in the Bay of Bengal, Bangladesh. Similarly,
we found that the Z/K ratio was 5.118 (Figure 3) which denoted that the
exploitation level was very high (Barry and Tegner, 1989). Pauly and
Munro (1984) stated that juveniles of a certain species would be higher in
the catch composition if the L./L, ratio was lower than 0.5. Our study
recorded the L./L,, ratio was 0.38. Consequently, the fishing composition
was dominated by smaller sizes of fish.

Recruitment typically refers to a new cohort in the catch due to
becoming big or old enough to be vulnerable to the fishery. Peak
pawning season was estimated in February (Sabbir et al., 2021). Thus,
our study recorded that there were major recruitment peaks in the
population during April-May and they overlapped in time to provide a
continuous pattern throughout the year. Finally, the MSY of P. heterolepis
was calculated as 10234.47 metric tons, if the recommended length at
first capture (L. = 14.96 cm TL) is maintained. Though, the estimated
length at first capture was similar to size at first sexual maturity (15.0 cm
TL) (Sabbir et al., 2021).

A good number of researches have been documented the distribu-
tional changes of marine fisheries stock due to environmental changes
(Alheit et al., 2005; Perry et al., 2005). However, in the Bay of Bengal,
such studies are absent. Temperature is thought to be the most imper-
ative environmental factor influencing the distribution of larval accu-
mulations of marine and freshwater fish species (Houde and Zastrow,
1993; Jakobsen et al., 2009). Likewise, rainfall is another important
factor prompting the hydrological events through runoff and river
inflow (Patrick, 2016). During the sampling period, the highest and
lowest surface water temperature was documented in June-July (34.4
°C) and in January (19.8 °C), respectively. The highest rainfall was
observed in August and no precipitation was occurred in the month of
January. Besides, DO is an important ecological parameter for metabolic
activities of fish (Timmons et al., 2001). The minimum DO level
requirement should remain 3.5 mg/1 for coastal and marine fish stocks
for their survival (EPA, 2000). Likewise, pH is a critical ecological
parameter for marine and freshwater habitat. Both acidic (pH < 4.5)
and alkaline (pH > 9.5) condition hinder the growth and reproduction
of fish (Ndubuisi et al., 2015). In the present study, monthly DO level
fluctuated from 5.42 to 6.15 mg/l and pH varied from 6.76 to 7.32
indicating a suitable habitat for P. heterolepis in the Bay of Bengal,
Bangladesh (Sabbir et al., 2020a).

5. Conclusion and recommendations

The study describes the growth pattern, growth parameters, mor-
tality, recruitment, exploitation rate and MSY of P. heterolepis from the
Bay of Bengal, Bangladesh. Overfishing may be the most focal threat for
the wild population of P. heterolepis if fishing activity is not maintained
with the finding range (Epq = 0.47). Illegal gear should be banned and
mesh size should be increased to limit catching mature smaller in-
dividuals to provide them opportunity to spawn as the L. and L, are the
same in size. If it is not done, future stock will be hampered due to lack
of spawner. The temperature of the world environment is increasing
every year. So, long term management policy should be taken for sus-
tainable management of wild stock of P. heterolepis considering the
emerging climate change. However, the findings of our study might be a
potential tool for fishery biologists to initiate alternative management
approaches to conserve this prominent fish species from possible future
collapse.
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