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Executive Summary

In Bangladesh, accurate species/fish or unit stocks identification is very crucial both in the context of monitoring
and conservation of the fish species of marine and open water habitats. Moreover, factors affecting fish production
in marine ecosystem along many pathways is a vital issue to be considered. Therefore, several studies have been
done on stock assessment of marine fishes considering emerging climate change in the BoB with confirmation of
unit-stocks through multi-models. Thus the sub-project was implemented accordingly in the BoB aiming to
determine and categorize the stock of some commercially important marine fish species for ensuring maximum
sustainable yield to assist the livelihood development of the highest number of fishers. Under this sub project, the
component of the University of Rajshahi (RU) conducted stock assessment of 15 commercially important marine
fish species through Multi-Model inferences. On the other hand, Sher-e-Bangla Agricultural University (SAU)
component investigated population genetic structure (i.e. genetic stock assessment) of 10 commercial marine fish
species using molecular markers. A joint survey (questionnaire, FGD) by both components was also conducted
to identify major threats for marine fisheries of Bangladesh especially caused by human interference beside
climate change.

For stock assessment through multi model inference by component 1 (RU), monthly fish samples were collected
using traditional fishing gears by the hired fishing boats and fishers from different selected sites in the BoB.
Additionally, data on fish composition and its ovarian maturation status were observed in the landing centers on
daily basis. Length-weight data, gonadal data and histological data for each individual of 15 commercially
important fishes were collected at the laboratory of Department of Fisheries in RU. Sexual maturity, spawning-
and peak spawning season, growth patterns and parameters, condition factors etc. of these commercially important
fishes were estimated using samples from January 2020 to December 2021. At least 300 marine fish were regularly
observed in the landing centers, fish market and fishing boats during sampling. To determine the actual number
of marine fishes of Bangladesh, a checklist was prepared by reviewing the authentic publications and literature
covering about a 50-year span from 1970 to 2020 along with our observation which revealed that the country has
a total of 740 fish species in its marine environment. Among them, 15 commercially important fish were used for
analysis. This study illustrated the minimum and maximum length and weight of 15 species found in the BoB.
Size at sexual maturity (L) and optimum catchable length (L) of 15 commercially important marine fish were
estimated to select the mesh size of fishing gear. Size at first sexual maturity for different fish obtained from the
BoB were 90.0 cm for Lates calcarifer , 14.4 for Panna heterolepis, 22.0 cm for Pampus chinensis, 33.0 cm for
Euthynnus affinis,15.0 cm for S. taty, 17.0 cm for Setipinna panijus, 14.5 cm for Polynemus paradiseus, 20.0 cm
for Megalaspis cordyla, 17.5 cm for Harpadon nehereus, 13.5 cm for Coilia dussumieri, 12.8 cm for Thryssa
setirostris, 17.8 cm for Anodontostoma chacunda, 16.7 cm for Illisha megaloptera, 19.0 cm for Priacanthus
macracanthus, and 16.5 cm for Amblygaster leiogaster. Most of the commercially important marine fishes spawn
from April to September. Current ban period in the BoB, Bangladesh is from 20" May to 23" July. The period
should be adjusted from mid-April to June based the findings of this sub-project and other relevant data on
spawning- and peak spawning season of marine fish from the BoB, Bangladesh. Population structure showed that,
minimum and maximum length for different fishes obtained from the BoB were 51.0-105.0 cm for L. calcarifer ,
10.5-34.5 cm for P. heterolepis, 16.5-38.0 cm for P. chinensis, 16.0-68.0 cm for E. affinis, 8.10-31.8 cm for
S. taty, 11.5-39.4 cm for S. panijus, 10.0-23.1 cm for P. paradiseus, 16.0-41.0 cm for M. cordyla, 6.5-36.0 cm for
H. nehereus, 10.0-23.6 cm for C. dussumieri, 9.00-22.0 cm for 7. setirostris, 12.50-27.0 cm for A. chacunda,
11.0-37.00 cm for I. megaloptera, 14.30-49.0 cm for P. macracanthus, and 12.60-30.50 cm for 4. leiogaster.
Growth pattern of marine fish was determined from the calculation of length weight relationship. Based on the
value of ‘b’, isometric growth found for S. taty, (b= 3.02), P. chinensis (b= 3.07), A. chacunda, (b= 3.03), I
megaloptera, (b= 2.94); positive allometric growth found for E. affinis, (b= 3.12), S. panijus, (b= 3.18), P.
paradiseus, (b= 3.18), H. nehereus, (b= 3.63) and C. dussumieri, (b= 3.32); and negative allometric for L.
calcarifer (b= 2.82), P. heterolepis (b= 2.83), M. cordyla, (b= 2.63), T. setirostris, (b= 2.54), P. macracanthus
(b=2.84) and for 4. leigaster. (b=2.27). Additionally, growth parameters for 15 commercially important marine
fish were estimated as well as the recruitment pattern and mortality (total, natural and fishing) were also estimated.
Exploitation rate indicated that, the stock of L. calcarifer, P. paradiseus and A. leiogaster was over exploited.
The balance stock exists for P. heterolepis, S. panijus, H. nehereus and T. setirrostris, and rest were under
exploited. The estimated maximum sustainable yield (MSY) of 15 commercially important marine fishes were
estimated as 24298.88 MT for L. calcarifer, 10234.47 MT for P. heterolepis, 313.65 MT for P. chinensis,
13077.43 MT for E. affinis, 455.04 MT for S. taty, 637.96 MT for S. panijus, 99.55 MT for P. paradiseus, 769.41
MT for M. cordyla, 55708.90 MT for H. nehereus, 110.74 MT for C. dussumieri, 55.31 MT for T. setirostris,
859.92 MT for A. chacunda, 525.80 MT, I. megaloptera, 6340.75 MT for P. macracanthus and 425.44 MT for
A. leigaster.

For stock assessment by molecular approach for component 2 (SAU), about one hundred samples of each species
of ten marine fishes namely, Pampus chinensis, Pampus argenteus, Euthynnus affinis, Auxis thazard, Megalaspis
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cordyla, Lates calcarifer, Setipinna tenuifilis, Sillaginopsis panijus, Polynemus paradiseus and Coilia dussumieri
were collected between October 2020 and April 2022 mainly from coast and rivers of two ecological regions of
Bangladesh coast: the South - west (Borguna-Khulna-Patuakhali, KP) coastal zone and the South - east
(Chattogram-Cox’s Bazar, CC) coastal zone based on different physico-chemical characteristics of habitat (KP:
high brackish water area with dense clayed particle in river and estuaries; CC: sandy area with more clear saline
water river and estuaries) and biology of species (e.g. migratory, amphidromous, anadromous etc.). For
amphidromous or anadromous fish, samples were collected from coastal rivers. Fish/tissue samples or DNA
sequence data of other seas in the Indian Ocean region (e.g. Southern BoB, Andaman Sea, Arabian Sea, Persian
Gulf etc.) and South-west Pacific (e.g. South China Sea, Gulf of Thailand etc.) were collected from different
researchers and scientific studies. For genetic diversity and stock study, sequence variations in different
mitochondrial DNA gene regions such as COI, Cytb, and noncoding control region (d-loop) were examined
through Polymerase Chain Reaction (PCR) was used to amplify the target mtDNA region and sequenced by
sequence analyzer. Lastly, the variation in the obtained DNA sequence data of different geographic locations were
analyzed using different bioinformatic softwares such as Geneous, ARLEQUIN, MEGA-6; TCS etc. For all the
genes in every sampling locations of Bangladesh, the nucleotide diversities () were very low (0.0001 ~ 0.05) but
the haplotype or gene diversities (4) were relatively high, 0.5 ~ 1.0 (i.e. #>0.5) indicates that the studied fishes
have experienced population expansion after a period of low effective population size, except two species, M.
cordyla and L. calcarifer for which the gene diversities were also low (0.14 ~ 0.263). This result implies that
these two fish species of Bangladesh have experienced recent bottleneck. Immediate conservation measures
should be immediately taken for these two species, such as limiting catch, banning on fishing season, making
long term sanctuary or protected area etc. Neutrality tests such as Tajima’s D and Fu’s Ff statistics also suggested
that most of the studied fish species of Bangladesh populations have undergone the demographic history of
population expansion. Interestingly, the population statistic Fsr, and exact test of population differentiation
revealed two different scenarios for two group of fishes. The first group contains six fish species namely P.
chinensis, P. argenteus, E. affinis, A. thazard, M. cordyla, L. calcarifer. Fishes of this group have similar
characteristics. These fishes are mostly oceandromous, pelagic and highly migratory. They are widely distributed
throughout the Indian Ocean and South-West Pacific (or, Indo-west Pacific). These fish showed no significant
population genetic structuring indicating that these six species have single genetic stock and these are panmictic
(random mating among populations) throughout Bangladeshi marine water. Bangladesh should manage these
species as a single conservation unit. Further, these six migratory fish showed its own genetic structure (Fst P
<0.05) within the BoB when compared with other neighbouring seas such as Arabian Sea, Andaman Sea, Gulf of
Thailand, South China Sea etc. So, the BoB countries should manage and conserve these vital and shared marine
species through cooperation with each other. On the other hand, the second group consists of four species viz,S.
tenuifilis, S. panijus, P. paradiseus and C. dussumieri is relatively distributed to the narrow or localized
geographic area mostly in the BoB and Andaman Sea. These fishes are mostly off-shore or coast dwelling and
amphidromous (i.e. migrate between fresh and marine water but not to breeding purpose). For these species,
pairwise Fst values of mtDNA markers among fish samples of different sampling rivers showed significant
differences (P <0.05) in most of the cases. Different rivers showed their own genetic stock for different fish such
as Bishkhali, Kirtankhola and Boleshwar river for P. paradeseus and S. panjius; Naf and Pashur river for C.
dussumieri; Matamuhuri and Bishkhali river for S. fenuifilis etc. Based on this result, it is recommended that
different river populations of studied fish having unique genetic structures (i.e. genetic stock) require separate
monitoring and management strategies for conservation because the population of each river is genetically distinct
and overfishing in any of the rivers may cause extinction of its fish stock. So, it is needed to maintain good water
flow and direction such as by regular dredging, and also needed to control water pollution for good ecosystem to
safe guard these fish species.

Findings of questionnaire survey and FGD reflects that fishing with mosquito net in estuaries and mangrove areas
and fishing through Behundi net are the major man-made causes or threats for declining of commercially
important marine fishes in the BoB followed by catches of fry, fingerlings and jatka, poison fishing in mangroves,
illegal fishing by Indian and Myanmar’s fishers, catches of brood fish and use of destructive fishing gears. It was
also observed that indiscriminate fishing has been increasing alarmingly due to illegal introduction of destructive
fishing gear like China net in Bangladesh territory of the Bay. The findings of this research project will contribute
towards as a scientific basis for stock assessment and sustainable management policy of marine fish species in
the BoB.

Keywords: BoB, Stock status, Fishing ban period, Molecular marker, Fisheries management




PBRG Sub-project Completion Report (PCR)
A. Sub-project description

1. Sub-Project title: Stock Assessment of Commercially Important Fishes in the BoB Through

Multi-model Inferences and Molecular Markers: Management Policy Implications
Considering the Emerging Climate Change

2. Implementing organization (s)

Coordination Component: Fisheries Division, Bangladesh Agricultural Research Council
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Email: tariqrubd@gmail.com
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Dr. A. M. Shahabuddin

Professor, Dept. of Aquaculture
Sher-e-Bangla Agricultural University
Dhaka-1207

Cell: +88 01713682290
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4. Sub-project budget (Tk.)
4.1 Total:(in Tk as approved) : Tk. 33000000.00

1. Coordination component : TK. 1480000.00
1. Component 1 (RU) : TK. 18780000.00
iii. Component 2 (SAU) : TK. 12740000.00
4.2 Latest Revised (if any) : Tk. 34300000.00

i. Coordination component : Tk. 1780000.00
i1. Component 1 (RU) : Tk. 18780000.00
iii. Conponent 2 (SAU) : Tk. 13740000.00

5. Duration of the sub-project
5.1 Start date : 15 October 2019
5.2 End date :29 December 2022

6. Background of the sub-project

The BoB, the marine area of Bangladesh, is characterized by a semi-enclosed tropical basin.
The BoB is one of the world’s 64 Large Marine Ecosystems. The entire shelf area of
Bangladesh (up to 200 m depth contour) covers about 70,000 km?. Marine fisheries production
contributes 15.05% of the national fish production (DoF, 2020). The BoB is very rich in fish
and shrimp species biodiversity. Around 511 marine species, together with shrimps, exist
within Bangladeshi waters. Marine fisheries can be classified into pelagic and demersal.
Pelagic fisheries including Hilsa, Mackerel, Pomfret, Ribbon Fish, Bombay Duck, Indian
Salmon, Mullets, Oil Sardine, Pelagic sharks, Sword Fish, Butter Fish, Pike, Bonito, Skipjack,
Threadfin, Smelts, Indian Anchovy, Dorab Herring, Indian Scad, Sharks, etc are found in the
upper zone of water of the BoB. Most of the demersal fishes live on or near sea floor, and are
either carnivores or detritus feeders. Some of these fishes are: Jaw Fish, Croakers, Catfishes,
Flatfishes, Pike, Sea breams, Snappers, Scavengers, Eel, Goat Fish, Crabeater, Rabbit Fish,
Rock Fish, Seabass, Grouper, Silver Bream, Ribbon Fish, and demersal sharks. There are about
100 important species of which 20 fish families are highly commercial, contributing about 82-
87% of the total demersal exploitation in Bangladesh. Furthermore, abundance of pelagic
fishes, e.g., 7 species of Tuna and Skipjack, 4 species of Mackerel, 14 species of Sharks and
rays are also found. About 36 Species of Shrimps have been recorded from the marine water
of Bangladesh. However, accurate species/ stocks or unit-stocks identification is very crucial
both in the context of monitoring and conserving the fish species in any habitat.

Catch or production from open-water capture fisheries have been declined abruptly in
Bangladesh due to the environmental degradation, climate change and numerous
anthropogenic activities such as indiscriminate catching of juveniles, killing of spawners
during peak spawning season, pollution from various sources, constructions of barrage and
dams, siltation etc. Nevertheless, the total fish productions, especially from culture and marine
catch of Hilsa have been increased in recent years (DoF, 2020). In addition, for the last few
years, the catch of marine fishes has been increased progressively, indicating a viable
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alternative for more and more fish production to meet the demand of the expanding population
of the country and increasing export earning.

The potential of the coastal fisheries sector has not been rationally harvested. Rather the
resources have been over-exploited, and as a result, the stocks of several important fish
declined. The sustainable exploitation of marine fishery resources is constrained by (a) lack of
knowledge of the species-wise current stock, location of the breeding ground and the grow out
areas for each genetic stock (i.e., unit stock), and the potential maximum sustainable yields by
species, season and location; (b) over-fishing. Strategies to overcome these will include: a rapid
assessment of fisheries stocks by species including detection of their unit stocks in recently
resolved South-West waters of EEZ, formulation of national marine fisheries policy,
registration of all mechanized fishing boats and fishing licensing, strict surveillance should be
continued for fishing to ensure compliance to all relevant acts, rules and regulations. Though a
number of surveys conducted to examine the status of marine fisheries resources, it was long
time ago between 1970s and 1980s (FAO, 2014). No recent or comprehensive knowledge is
available on the fisheries stocks, systematics, biological and ecological aspects of the coastal
and marine fisheries of Bangladesh (Shamsuzzaman et al., 2017a)

Climate change unswervingly affected fishery production in marine ecosystems along many
pathways. Fish growth, reproduction, distribution, migration, stocks are mostly affected by
temperature, rainfall and hydrology. Climate change is likely to badly affect marine fishes and
shrimps in Bangladesh. Information on the fish stock assessment is crucial for studies and
inference on stock status including structure, natural-, fishing- and total mortality and
exploitation, as well as the possible outcomes of different management alternatives. It helps to
determine whether the abundance of a stock is below or above a given target point and whether
the stock is overexploited or not. Besides, it also tells us if a catch level will maintain or change
the abundance of the stock (Frank and Brickman, 2001) which ultimately help for sustainable
fisheries management of marine fishes and shrimps. Only few studies have been conducted on
sustainable management on marine fishes by Shamsuzzaman et al. (2017b) and Dutta et al.
(2016), but to the best of knowledge, no sound studies have been done on stock assessment of
marine fishes considering emerging climate change in the BoB with confirmation of unit-stocks
through multi-models.

In order to deal with fisheries stock assessment, it is instructive to consider a fish population
or stock as a simple biological system. Fish population has four parameters such as growth,
reproduction, recruitment and mortality. Growth parameters are required for the estimation of
the stock status through estimation of exploitation rate and maximum sustainable yield. Most
of the studies on stock assessment using growth parameters which is based on single model.
However, the proposed project is going to deal with the stock status through multi model
inferences. In fact, each model depends on the life history and environmental status for each
species. In such cases, best growth model can be selected from the multi models using some
biological index, which is the main target of this proposed study. Therefore, multi model are
always better than single model to predict the actual growth parameters, which can give sound
stock assessment.

In order to manage the commercially important fishes effectively, it is also necessary to identify
the exact reason for declining in relation to its life history straits, i.e., populations parameters
and stock status. For sustainable exploitation, conservation and management of the renewable
marine resources, investigations on the spawning seasons of commercially important marine
fishes in the BoB (Bangladesh) is the important opton for the country. Besides, this project was
also recognized the limitations of fisheries management at the unit stocks level and establish
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sustainable conservation and management policy for commercially important fishes effectively
in the BoB.

Unit stock identification and population genetic structure analysis establish a basis for
management of fisheries resources. It is a great concern whether the most commercial marine
fish species have experienced ‘“bottlenecks™ (recent dramatic changes in population size).
Populations experiencing bottlenecks should be identified from a conservation or management
point of view because they are likely to suffer from inbreeding depression, loss of genetic
variation and fixation of deleterious alleles, thus reduce the adaptive potential and the
probability of population persistence. Signals of past population bottlenecks can be detected
using genetic analysis. Since the abundance of fish in natural waters in Bangladesh is declining
day by day several commercial fish species may face the vulnerability of population decrease.
So, it requires a proper management strategy, which includes investigation on current levels
of genetic diversity and differentiation within and between populations as a basis for
sustainable management recommendations. However, our knowledge on the population
genetic structure (i.e. genetic stock assessment) of highly commercial marine fishes of
Bangladesh is still limited.

Several important commercial fish species of Bangladesh are reported to face the vulnerability
of population decrease. When managing a species as a resource, assessment of genetic
diversity and population structure can be a vital tool for maintaining a productive fishery (Seeb
et al. 1990). Generally, a single panmictic population could be recovered through increased
recruitment by propagation or momentary conservation initiative (Munro and Bell, 1997). On
the other hand, different populations with unique genetic structures should be managed as
distinct units, and such units require separate monitoring and management policy (Salgueiro
et al., 2003). Because each stock might be genetically largely isolated from the others through
behavioural or distributional differences. The different stocks also reflect genetic diversity and
if a particular stock is fished to extinction or to very low levels, this genetic diversity may be
lost. The stock will not readily be replenished from other stocks because of the genetic
isolation, and therefore the production it was generating will also be lost, leading to a
permanent or at least long-term loss of benefits. Fisheries management should therefore
attempt to address each stock separately and to ensure sustainable use of each stock and not
just of the population as a whole. Besides, it is also important to know the genetic diversity of
each of the existing population of a fish. Genetic variability influences both the health and
long-term survival of populations because decreased genetic diversity has been associated with
reduced fitness, such as high juvenile mortality, diminished population growth, reduced
immunity, and ultimately, higher extinction risk.

The genetic structure of a population is measured by analyzing variations that occur in the
DNA. The value of molecular genetics to stock identification depends on the method used
(e.g., allozyme, mitochondrial and nuclear DNA analysis), objectives of the study (biological,
genetic or fisheries-related) and the time scale of interest (short- versus long-term
management) (Cavalho and Hauser 1995). The basic principle of all molecular genetic
methods is to use inherited stable markers to identify genotypes that characterize populations.

Based on above background, component 1 (RU) conducted stock assessment of 15
commercially important marine fish species through Multi-Model inferences. On the other
hand, component 2 (SAU) investigated population genetic structure (i.e. genetic stock
assessment) of 10 commercial marine fish species using mitochondrial DNA as an effective
molecular marker. A joint survey by both components was also conducted to identify major
threats for marine fisheries of Bangladesh especially caused by human interference beside
climate change.
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The studies of this sub project dealt with the ‘rapid assessment of fisheries stocks by species in
recently resolved waters of EEZ of Bangladesh” which was the ‘“first priority’ of Fisheries Sub-
Sector of 7" FYP in Bangladesh with aiming to achieve the SDGs. The results of the study will
contribute to the management and policy strategies of Marine Fisheries to exploring Blue
Economy.

7. Sub-project general objective (s)

To determine and categorize the stock of commercial fish species of the BoB to ensure
maximum sustainable yield for assisting the livelihood of highest number of fishers.
i. To categorize the fish stocks and to assess its status through multiple models in the BoB
(BoB);
ii. To upgrade the livelihoods of fishers through sustainable management of marine
fisheries;
iil. To identify the major man-made and climatic threats/ factors to fisheries resources in the
BoB, Bangladesh.

8. Sub-project specific objective (s)
Coordination component BARC

i. To ensure smooth and efficient implementation of sub-project activities to achieve
desired project outputs within the stipulated timeframe under strengthened capable
research management system;

ii. To coordinate project implementation efforts and integration of activities to generate
desired information /technology as per methodology of the sub-projects;

iii. Identify operational deviations and addressing constraints/problems (if any) under a
process of strong and regular monitoring of the project activities;

iv. To upgrading the level of output of the sub-project through reviewing of yearly technical
progress;

v. Collect and collate project data, finding and observation and production of compiled
project completion report (PCR).

Compone4nt-1 (RU)

1. To find out the fish stocks through morphometric and meristic characteristics then to
estimate the size at sexual maturity, age at sexual maturity, spawning- and peak-
spawning season of fishes through multiple functions for the justification of fishing-ban
period in the BoB;

ii. To calculate the growth parameters through multi-models using length-frequency
analysis and then to assess the stock’s status of commercially important fishes in the
BoB; and

iii. To identify the major man-made and climatic threats/ factors to fisheries resources in
the BoB, Bangladesh.

Component-2 (SAU)

1. To determine whether there are single or discrete genetic stocks of commercial marine
fish with variation of habitat in Bangladesh using mitochondrial DNA markers;

ii. To assess the intra and inter population genetic diversity and divergence of commercial
fish in the BoB, Bangladesh and other neighbouring seas.

. To identify the major anthropogenic that are the threats for the marine fish stock in the
BoB (BoB), Bangladesh beside climatic factors and detect the priority areas where
management actions are needed;
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9. Implementing location (s)

Field location: Coastal and Marine EEZ waters of Bangladesh i.e., BoB along with
different coastal rivers. (Field statios: Chattogram, Cox’s Bazar, Kuakata, Patharghata).
Laboratories: Department of Fisheries, University of Rajshahi, Rajshahi-6205 and Aquatic
Bioresource Research Laboratory (ABR Lab), Department of Fisheries Biology and
Genetics, Faculty of Fisheries Aquaculture and Marine Science, Sher-e-Bangla Agricultural
University, Dhaka-1207

10. Methodology in brief (component wise)

10.1. Activity implementation approach of the Coordination component

The Coordination component as the responsible unit of the sub project to initiate all potential
efforts in the process of implementation of each component under the sub project so that the
general objectives and goal of the sub project can be achieved through smooth and successful
completion of each of the specific objectives as per activity time plan of the sub-project
document. To ensure that, the Coordination component, taken into consideration its own
activity and objectives and duration of the sub-project, thus accordingly designed its own plan
of activity (approach) for the proposed period.

Following are the major activities carried out by the Coordination component under the plan:
a. Organizing seminars/workshops.
b. Monitoring of the sub-project activities (specifically financial and research activities);
c. Coordination of activities within the components of the sub-projects.
d. Review and compilation of half yearly and annual research progress reports.
The implementation approach and activities there under for the Coordination component of
the sub-project shown in the following diagram:

The Coordination

Component
\ 4

y y J \

1 2 3 4
Organizing Coordination Monitoring Finalization &
workshops efforts activities Compilation of

progress reports
| ! l

1. Organuzed 1. Organized two i. Performed 4 1. Reviewed 3 draft half
Inception meeting desk & field yearly report of the sub

~ Workshop; centrally; monitoring; project components,

li. Organized three .. ) Reviewed all _ compiled and finalized;
half yearly ii. Organized 2 relevant 1. Reviewed 2 draft
progress review other documents & annual report of the sub
workshops; coordination records; project components,

ii. Organized two meetings with . compiled and finalized;
annual progress scientist of the ii. Performed 3 iii. Reviewed, finalized and
review sub project. field monitoring. compiled the sub-
workshops; and field project completion

v. Organized on research report.
meeting on PCR » Recommendations activities, Met
preparation of the meetings stakeholders;
method were taken for .

V. Organized one necessary action by lll. Reporting.
draft PCR respective
presentation components.
workshop.
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Recommendations of the inception workshop, half yearly and annual research progress review
workshops and different Coordination meetings are furnished here under in Annexures: BARC

(A-E).

Following table presenting the summary statement of achievements performed by the
Coordination component of the sub project

Summary statement of achievements

Name of
activities

Performance against each
component of the sub-project

Remark

Inception workshop

Organized centrally at BARC
in November’ 2018

Attended all PI, Co-PI &
expert members.

Revision of PP

Done as per recommendations
of inception workshop

Half yearly progress
review Workshop

Organized centrally at BARC
in March 2020, January 2021
& June 2022.

Attended all PI, Co-PI &
expert members

Workshop on Draft PCR

01
(24/10/22 to 25/10/22)

Review of the respective draft
PCR done

Ann. Progress review
Workshop

Organized centrally at BARC
in December 2020 & in April
2022

Attended all PI, Co-PI &
expert members.

Coordination meetings - 03 All coordination meeting held

03 (one meeting held virtually) centrally.

Monitoring of field and 04 Covered all components under

Lab activities (RU & SAU) the sub-project.

Training/orientation 01 Orientation workshop of 09
(11.05.22) sub-project PIs on PCR

development

Financial achievement

Approx. 84% of total approved
budget & 100% of released
money

Delay in procurement plan
approval and Covid-19
pandemic hampered desired
progress

Reporting performance

Provided sub-project inception
report, SoE, Half yearly and
Annual compiled progress
reports of all sub project
components as per planned
time frame.

Major reports/proceedings:

e Inception report (1 no);

e Compiled half yearly
progress report (3 no);

e Compiled annual progress
report (2 no);

e Monitoring reports (4 no);

e Workshop proceeding (6);

e Project Completion Report-1;
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Plate 1 (a). Pictorial views of different workshops, coordination meetings and field
monitoring activities.
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10.2. Component 1(RU)

The proposed study was conducted in the BoB, Bangladesh side covering Khulna Region
(Khulna, Bagerhat, Barguna & Patuakhali), Barishal Region (Barishal & Bhola), Chattogram
and Cox’s Bazar (Cox’s Bazar, Taknaf, St. Martin) regions (Fig 1). Monthly samples of 15
commercially important fishes were collected using hired commercial fishing boat/ fishers
from October 2019 to March 2022. The fresh samples were immediately placed in ice, and then
fix in 10% formalin and 10% formalin/alcohol on arrival in the laboratory. Additionally,
catches data of marine commercial fishes were collected from BFDC landing center,
Patharghata, Barguna, (Plate 1). Interview was conducted with the local fishers, boatmen and
owners, aged group, businessmen and exporters over the major fish landing centers of
Bangladesh through pre-tested structured questionnaire for gathering local knowledge of
commercially important marine fish, their fishing, nursery, spawning grounds and spawning
season, lunar periodicity, catch trends etc. The landing sites were visited daily in all seasons
considering lunar cycle and species availability. Additionally, water quality parameters were
monitored using Multi-Meter Digital Meter from October 2019 to March 2022. Furthermore,
a long-term data set of climates were collected from the meteorological department to relate its
changes with the reproductive cycle/ spawning season and also with stock’ status.

10.2.1 Fish category (commercially important, edible & exploitable species)

Fish species in BoB was enlisted based on commercial small- and large-scale fishers’ catch at
different landing sites and from different sampling stations, areas and sites of the proposed
study using hired fishing boats. Collected fishes were categorized based on economic point of
view into (1) Commercial edible stock, (i1) Commercially exploitable stock and (iii)) Non-
commercial stock through survey with structured questionnaire and Focus group discussion
(FGD). Additionally, fish species was categorized based on fishing pressure into (i) Over-
exploited stock, (i) Under-exploited stock, (iii) Balanced stock, and (iv) Virgin stock.




Plates 1(b) Fish catch data collection from BFDC landlng center, Patharghata, Barguna and
Cox’s Bazar landing center thorough direct observation and hired fishing boat
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10.2.2. Fish measurement

The preserved specimens were then taken out one by one later to be weighed, measured and
sexed (Plate 2). All specimens of fishes were sexed by morphometric characteristics and gonad
observation under a binocular microscope. For each individual, various lengths including total
length (TL), Standard length (SL), and fork length (FL), body depth (BD), pre-dorsal, post-
dorsal, anal-length were measured to the nearest 0.01 cm and body weight (BW) was taken
with 0.01 g accuracy.

The population structure for the marine commercially important fishes were constructed using
1 cm intervals of TL. Based on Hasselblad’s maximum-likelihood method (Hasselblad, 1966),
the normal distribution was fitted to TL frequency distributions through Microsoft® Excel-
add-in-Solver.
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Fig 1. Different sampling sites (Patharghata, Barguna; Alipur, Patuakhali; Chattogram and
Cox’s Bazar) in the BoB, Bangladesh.

10.2.3 Relative growth and condition of fishes in the BoB

The growth pattern was calculated through the relationships between length and weight (LWR)
as: W= a L”, where W is the total body weight (BW, g), L the total length (TL, cm), a and b are
the parameters of regression analysis. Parameters a and b of the LWR was estimated by linear
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regression analysis based on natural logarithms: n(W) = In(a) + b In(L). Additionally, 95%
confidence limits of the parameters @ and b and the statistical significance level of 7
(coefficient of determination) was estimated. The #° value of the coefficient lies between 0 and
1 and it describes the proportion of the variation of one of the correlated variables which can
be explained by the variation of the other variable (King, 2007). Even though the 7* may
indicate a relationship between the variables, the correlation may not be significant because of
small sample sizes or correlation in comparison to the other value. In this situation, a one-tailed
t-test, ¢ = r N (n-2)/ \ (I-r?) for independent means might be applied to express correlation
between two variables. In addition, to confirm whether b values are significantly different
(»<0.05) from the isometric value (b=3), the equation of Sokal & Rohlf (1981): #,= (b-3) / sp
was applied, where # is the sample t-test value, b is the slope, and sy is the standard error of the
slope (b). The comparison between # and tabulated critical values for b allowed determination
statistical significance, and their classification as isometric growth (h=3) or allometric growth
(negative allometry for b<3 or positive allometry for b>3). In this study, prior to the regression
analysis of In BW on In TL, In-In plots of length and weight values was performed for visual
inspection of outliers, with extremes being excluded from the regression analyses.

Plates 2(a). Sorting of commercially important marine fishes collected from hired fishing
vessels and different landing centers




- AR
Plates 2(b). Measurement, weighing, dissecting, and collection of gonads of marine
fishes collected from hired fishing vessels and different landing centers.
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Plates 2(c). Dissecting, weighing, collection and histology of gonad of collected marine fishes
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10.2.4 Growth pattern and form factor (a3.0) of commercially important marine fishes
The condition factors of fishes in the BoB, Bangladesh were calculated using large number of
specimens with small to bigger body sizes. Fulton’s condition factor (Kr) (Fulton 1904) was
calculated following the equation: Kz =100x (W/L?), where W is the total body weight (BW,
g) and L is the total length (TL, cm). The scaling factor of 100 is used to bring the Kr close to
unit. In addition, the relative condition factor (Kr) for each individual was calculated using the
equation of Le Cren (1951): Kz = W/(axL"), where W is the BW, L is the TL, and a and b are
the LWR parameters. Furthermore, the allometric condition factor (Ka) was calculated using
the equation of Tesch (1968): W/L?, where W is the BW, where L is the TL, and b is the LWR
parameter. To focus the prey-predator' status, the relative weight (Wz) was calculated by the
equation given by Froese (2006) as Wr= (W / Ws) x100, where W is the weight of a particular
individual and Wy is the predicted standard weight for the same individual as calculated by Ws=
a L? where the a and b values are obtained from the relationships between TL and BW.

The form factor a3z o of fishes was calculated using the equation given by Froese (2006) as: a3 .o
=10%84-5®3) where a and b are regression parameters of LWRs, and S is the regression slope
of In a vs b. In this study, a mean slope S =-1.358 (Froese, 2006) was used for estimating the
form factor because information on LWRs is not available for each species to estimate the
regression (S) of In a vs b.

10.2.5 Sexual maturity, spawning- and peak-spawning season

For each individual, body weight (BW) was taken with 0.01 g accuracy. Whole gonads were
removed from each individual and weighed (GW) with an electronic balance to an accuracy of
0.01 g and then was preserved with 10% formalin solutions. Ovary color, size and oocyte
diameter was noted for each individual. Histological studies were followed for the confirmation
of ovarian maturation stages/ status. The gonadosomatic index (GSI%) as GSI(%)=
(GW/BW)*100; Modified GSI as MGSI(%) = [GW/(BW-GW)]*100 and Dobriyal index (DI)

as [DI= A GW (Dobriyal et al., 1999) were calculated. Size (Lmso%) at first sexual maturity for
fish was estimated by (1) relationship between TL vs. GSI (Hossain et al., 2012), TL vs. MGSI
(Hossain et al., 2017) and TL vs. DI (Hossain et al., 2017); (i1) maximum length-based equation
(Binohlan and Froese, 2009), (iii) ovarian maturation stages against its length using ovary color
and histological studies (Hossain and Ohtomi, 2008), and (ii1) logistic model (King, 2007). Age
at sexual maturity was also be calculated as T's0%) = (-1/1)*In(1-Ln/Le). Spawning- and peak-
spawning season were estimated using the monthly changes of GSI, MGSI, DI. Additionally,
monthly variations of ovarian maturation stages through colors and histological studies were
used for the confirmation of spawning- and peak-spawning season for commercially important
fish in the BoB. Based on peak spawning season from the studies of GSI, MGSI, DI, maturation
stages, histological studies, data regarding catch composition obtained from interview and
different secondary sources (Marine Fisheries Survey Unit-DoF, Chattogram and some of
artisanal catch data from BFDC landing centers, publishes books and papers), the existing
fishing ban period (20 May to 23 July) was justified.

10.2.6 Growth parameters, performance and life span

For each individual, total length (TL) was measured to the nearest 0.01 cm. Monthly length-
frequency distributions (LFDs) was constructed using 1 cm intervals of TL. A series of
component normal distributions was fitted to the LFD of each sample by sex, using a computer
analysis (Microsoft Excel-add-in-Solver) based on Hasselblad’s maximum-likelihood method
(Hasselblad, 1966). The actual ages of individuals belong to each age group was estimated by
arbitrarily assigning from the peak spawning season. The growth paremeters were modeled by
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fitting von Bertalanffy equation to the mean TLs at ages estimated for each component normal
distribution at the various sampling dates. The equations are-
von Bertalanffy equation (von Bertalanffy, 1938): L; = L« [1-exp{-K(t-ty)}];

where, L; is the TL (mm) at age ¢ (month), L« is the asymptotic TL (cm), K is the growth
coefficient (year™!), and #, is the hypothetical age when the TL would be zero.

The growth performance indices (0') was calculated by Pauly and Munro (1984):
' =logio K + 2logioL«

The longevity was estimated from the time series of the LFD. The life span was estimated by
Tmax= 3/K (Pauly and Munro, 1984). Also, weight-based growth parameters (W.) were
estimated by conversion of length to weight using length-weight relationship, W = a*L?, where
a and b are regression parameters.

For the limited data stocks, the growth parameters were described through the von Bertalanffy
(VBG) model (von Bertalanffy, 1938) as L= L [1-exp{-k (¢-t9)}] for length basis and W= W
[1-exp{-k (t-t9)}]° for weight basis, where L, = mean length at age t; L.= asymptotic length;
W= asymptotic weight; k = growth co-efficient; ¢ = the age year' and #y = the hypothetical age
at which the length is zero. The asymptotic length (L) was calculated by the Wetherall plot
according to King (2007) as a seed value. In this study, L. was calculated based on the
maximum observed length using the empirical model as log(L.) = 0.044 + 0.9841* log (Lmax)
(Froese & Binohlan, 2000). Additionally, the L, was estimated based on the maximum
observed length by log (L) = -0.1189 + 0.9157* log (Lmax) (Binohlan & Froese, 2009).
Furthermore, the ¢, was calculated by using the equation of #,s0%) = (-1/1)*In(1-L./L«) (King,
2007). Another growth parameter, K was calculated by the equation of K = In(1+Lu/Lw) tm
(Beverton, 1992). The 7, of marine data limited fish stock was determined by log (-7)) = (-

0.3922 - 0.2752 log L.~ 1.038 log K) (Pauly, 1980).

10.2.7 Recruitment pattern and length, and age-at first recruitment

The recruitment pattern of Marine fishes was determined from the analysis of the entire time
series of LFDs and growth parameters using the best fitted equation. Input parameters Lo, K,
(C, amplitude of seasonal growth oscillation = 0; WP, winter point = 0), and #p was used in the
analysis (Moreau and Cuende, 1991). The recruitment pattern was presented in terms of the
percentage of recruitment against time in months. A normal distribution of the recruitment
pattern was determined by NORMSEP (Pauly and Caddy, 1985) in FiSAT II.

10.2.8 Stock assessment (exploitation rate and maximum sustainable yield, MSY)

Once growth parameters are obtained, the instantaneous rate of total mortality (Z) was
estimated by the length converted catch curve method (Pauly, 1983) which is given as In(Ny/4;)
= a + b.t ; where, N is the number of individuals of relative age (¢), and 4; is time needed for
the shrimp through a length class. The slope b of the curve with its sign changed gives an
estimate of Z (King, 2007).

Natural mortality (M) was estimated by Pauly (1980) given as-
logioM = —0.0152 — 0.279 logioLo + 0.6543 logioK +0.4634 logioT

where, M is the natural mortality, L. the asymptotic length, K refers to the growth coefficient
and T is the average annual environmental temperature (°C) in which the stocks live. Fishing
mortality (F) was estimated by subtracting the natural mortality (M) from the total mortality
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(Z): F =Z - F. Exploitation rate (E) was calculated as the proportion of the fishing mortality
relative to total mortality (Gulland, 1965): E = F/Z = F/ (F+M).

The model of Beverton and Holt (1966), as modified by Pauly and Soriano (1986), was used
to predict the relative yield per recruit (Y'/R) of the species to the fisheries. Y'/ R = EU MX (]
~@BU) /(1 +m)} +@U?)/ (1 +2m)} + (U ) (1 +3m)}; Where, E = F/Z, the current
exploitation rate, i.e. the fraction of death caused by fishing activity, F = the instantaneous rate
of fishing mortality, U = 1 - (L. / L) is the fraction of growth to be completed by fish after
entry into the exploitation phase (where, L= size at first capture), and m = (1-E)/ (M/K) = K/Z.
The relative biomass per recruit (B'/R) was estimated as: B'/R = (Y'/R) / F. Then, Enax
(exploitation rate producing maximum yield), Eo; (exploitation rate at which the marginal
increase of Y'/R is 10% of its virgin stock) and Ey 5 (the exploitation rate under which the stock
is reduced to halfits virgin biomass) were computed through the first derivative of the Beverton
and Holt (1966) function using FiSAT II.

Beverton and Holt (1966) described yield per recruit model, is the best widely used method for
the estimation of yield per recruit can be expressed as a function of L./L«, F/K, M/K and relative
fishing mortality //M. Recently Maximum sustainable yield was estimated by the equation of

Froese and Pauly 2020:
F
E= M (1_2) M/E
R 4L Leo
M
3(1- Ly, —L,) 3(1—-L,—L.)% 3(1—1L,—L,)?
(1—( = )+ = + = )
Lrvmsreg "MEsFR  TMRTIER

Length at maximum yield per recruit was calculated as Log (Lop:) = 1.0421*Log (Lx)-0.2742.
The Optimum age (7,), the age where fish reaches its highest biomass, was calculated by
Topi=to + (In(3k+M)-InM)/k.

10.2.9 Biomass model

According to Ricker (1975), the relative biomass, i.e., the total relative weight of the cohort
was estimated by multiplying the individual weight by the numbers surviving. Additionally,
the numbers surviving in the cohort was calculated from the exponential decay equation as
N 1=N¢*exp[-M], where N is the number present at the beginning of one year and N+ is the
number at the beginning of following year.

10.2.10 Causal factor for threatening/ declining of indigenous fish species

Furthermore, necessary data and information for threats to biodiversity and its conservation
were collected through the survey on the fishers, fish traders, teachers, students, researchers,
Government and NGO personnel and experienced persons related to fisheries sectors, and
available literatures (Plate 3). In addition, data of climate was collected from literature,
websites and meteorological station.
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Plates 3. Collection of data and information for threats to biodiversity from the fishers, fish
traders, teachers, students, researchers, Government and NGO personnel, and
experienced persons related to fisheries sectors.

10.2.11 Climate change (temperature, rainfall, cyclone, water level rise) on fisheries
resources

A long data series (e.g., > 60 to 100 years, Source: Bangladesh Meteorological Department,
Agargaon, Dhaka) on temperature and rainfall was used to observe its changes pattern. The
correlation and regression analysis between the annual average temperature and rainfall and
its year showed either an increasing or decreasing trend of temperature over the period of
study in the project area which might be a big effect of temperature and rainfall on movement,
growth, reproduction, mortality and survival of fishes in the BoB. In addition, the relationships
between air/water temperature, rainfall, cyclone, high water level, and indicators of
reproductive investment and stocks of fish were analyzed.

Finally, the management strategy was also adjusted based on the feedback between mthe
onitoring, modeling, and adaptive learning. To estimate the population parameters of the fishes,
required mathematical and statistical approaches were applied to all parameters studied.
Temperature, rainfall, cyclone, and water level rise was collected from the Bangladesh
Meteorological Department and from the literature to prepare a baseline-data compendium.
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10.2.12 Statistical analyses

Statistical analyses were performed using Microsoft® Excel-add-in-DDXL and GraphPad
Prism 8. Tests for normality of each group was conducted by visual assessment of histograms
and box plots, and confirmed using the Kolmogorov-Smirnov test. However, in case of non-
parametric statistics, the Spearman rank test was used to correlate body measurements with
condition factors. The Wilcoxon signed rank test was used to compare the mean relative weight
(Wgr) with 100. Where test for normality assumption was not met, the spearman’s rank
correlation analysis was used to determine the degree of correlation between GSI and TL for
males and females. All statistical analyses were considered significant at 5% (p<0.05).

10.3 Component 2 (SAU)
10.3.1 Collection of samples and DNA data for genetic stocks, diversity and divergence
study

For stock assessment by molecular approach by SAU component, about one hundred samples
of each species of ten marine fishes (Table 1 & Plates 4) were collected between October 2020
and April 2022 mainly from coast and rivers of two ecological regions of the coastal areas of
Bangladesh (Fig 2): the South-east (Borguna-Khulna-Patuakhali, KP) coastal zone and the
South-west (Chattogram-Cox’s Bazar, CC) coastal zone based on different physico-chemical
characteristics of habitat (KP: high brackish water area with dense clayed particle in river and
estuaries; CC: sandy area with more clear saline water river and estuaries), and biology of
species (e.g. migratory, amphidromous, anadromous etc.). For amphidromous (migrate
between freshwater and marine water but not for breeding purpose) or anadromous fish,
samples were collected from coastal rivers. Fish/tissue samples or DNA sequence data of other
seas (Fig 3) in the Indian Ocean region (e.g. Southern BoB, Andaman Sea, Arabian Sea,
Persian Gulf etc.) and South-west Pacific (e.g. South China Sea, Gulf of Thailand etc.) were
collected by personal communication and collaboration with foreign scientists, and from the
scientific literatures such as Zafar et al. (2012), Kathirvelpandian et al. (2014), Li et al. (2019),
Menezes et al. (2006), Norfatimah et al. (2009), Sun et al. (2013), Xu ef al. (2014). A piece of
muscle tissue was cut from each of the collected fish individuals and stored in a sterile 1.5 ml
tube containing 98% alcohol for molecular work in the lab (Plates 7 to 9).

Table 1. List of the commercially important marine fish species selected for genetic stock
assessment in the present study

13:)’ Local Name English Name Scientific Name

1. | 7™ (Rupchanda) Chinese pomfret Pampus chinensis

2. | =t oMt (Foli chanda) Silver pomfret Pampus argenteus

3. | =r1 (Fasha) Gangetic hairfin anchovy | Setipinna tenuifilis
4. | o= ©if (Tular dandi) Flathead sillago Sillaginopsis panijus
5. | =rfi (Taposhi, Topshe) Paradise threadfin Polynemus paradiseus
6. | R (Olua) Gold-spotted grenadier Coilia dussumieri

anchovy

7. | @™ &Gy (Bom maitta) Kawakawa Euthynnus affinis

8. | BT (Tuna) Frigate tuna Auxis thazard

9. | wew (Kawa) Torpedo scad Megalaspis cordyla
10. | == (Koral) Seabass Lates calcarifer
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Fig 2. Locations of two major ecological regions of Bangladesh coast and respective coastal
and river areas, and landing stations (Pathorghata, Barguna; Alipur, Patuakhali;
Chattogram and Cox’s Bazar) from where fish samples were collected in the
present study

Fig 3. Different seas in the Indian Ocean or South-West Pacific regions from where fish
samples or genetic data were collected for genetic stock assessment of the selected
fishes of the BoB
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Plates 4. Marine fish species selected for genetic stock (population) assessment in the
present study
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Plates 5. Sample collection from different landing centers




Plates 6. Sample collection from coastal rivers and estuaries

10.3.2. Specieswise genetic stock assessment of the selected commercially important
marine fish species

11.3.2.1. Sampling information on genetic stock assessment of P chinensis in BoB, BD &
other sea area

The fish species P chinensis (Chinese pomfret or Rupchanda) is distributed to Indo-West
Pacific: Persian Gulf to eastern Indonesia, north to Japan. This fish occurs seasonally singly or
in small schools over muddy bottoms; may enter estuaries. We collected 92 samples from two
ecological regions of the coastal area of the BoB (BoB), Bangladesh. Besides, for comparing
the Bangladeshi populations of the BoB with other marine areas, mtDNA D-loop sequences of
84 samples from 4 regions viz. Sonmiani and Omara of Pakistan in Arabian Sea (ArS); Beihai,
and Xiamen of China in South China Sea (SCS) (Fig 4 and Table 2) were collected and
analyzed.




Fig 4. Sampling location of P. chinensis in the present study

Table 2. Sampling information for P. chinensis used in the present study

Sampling regions Sampling Locality Sampling Colour
(Population ID) size (N) code

Bay of Bangal (BoB) Kuakata and Pathorghata (KP) 40
Chattogram and Cox’s Bazar (CC) 52
Arabian Sea (ARS) Sonmiani (Son) 17
Omara (Om) 20
South China Sea (SCS) Beihai (Bei) 24
Xiamen (Xia) 23

10.3.2.2. Sampling information on genetic stock assessment of P argenteus in BoB, BD &

other sea areas

The species P argenteus (Silver pomfret or Foli chanda) is distributed to Indo-West Pacific:
Persian Gulf to Indonesia, north to Hokkaido, Japan. It occurs seasonally singly or in small
schools over muddy bottoms; may enter estuaries. A total of 75 samples were collected from
the two coastal sites of the BoB, Bangladesh. For comparing Bangladeshi samples (i.e. BoB,
BoB) with other seas, mtDNA d-loop sequences of 165 samples from 8 populations of 6 marine
regions [Myanmar population (MM) of Andaman Sea (AnS), Thailand population (TH) of Gulf
of Thailand (GoT), India (IN) and Pakistan (PK) of Arabian Sea (ArS), Kuwait (KT) of Persian
Gulf (PsG) and China (CH) of South China Sea (ScS); (Fig. 5)] were collected and analyzed.

The details of the sampling information are given in Table 3.
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Fig 5. Sampling location of P argenteus in the present study

Table 3. Sampling information for P argenteus used the present study.

Seas Location name Sample size | Color code

Kuakata-Pathorghata (KP) 36
BoB (BoB)

Chattogram-Cox’s Bazar (CC) 39
South China Sea (ScS) Qionghai, China (CH) 22
Gulf of Thailand (GoT) Ngao, Thailand (TH) 30
Andaman Sea (AnS) Khindan, Myanmar (MM) 30
Arabian Sea (ArS) Mumbai, India (IN) 30
Karachi, Pakistan (PK) 30
Persian Gulf (PsG) Kuwait (KT) 23
Total 240

10.3.2.3. Sampling information on genetic stock assessment of E affinis in BoB, BD &
other sea areas
E affinis (Kawakawa or Bom maitta) is a marine, pelagic-neritic and oceanodromous species.
It is distributed to Indo-West Pacific: in warm waters including oceanic islands and
archipelagos. It is a highly migratory species. A total of 106 samples were collected from two
locations, Kuakata-Pathorghata (KP) and Chattogram-Cox’s Bazar (CC), located on the South-
west and South-east coast Bangladesh, respectively in the northern BoB. For the other
populations of Southern BoB (Pondicherry: PO and Vizag: VI) and Arabian Sea (Veraval: VE,
Ratnagiri: RA, Kochi: KO, Kavaratti: KA and Tuticorin: TU) 150 sequences of mtDNA D-
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loop regions were collected. The details of the sampling localities, sample size and collection
time are given in Fig 6 and Table 4.
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Fig 6. Sampling location of E affinis in the present study

Table 4. Sampling information for E affinisi used in the present study

Sampling regions Population (ID) Sampling size (N)
BoB Kuakata-Pathorghata (KP) 54
Chattogram-Cox’s Bazar (CC) 52
Pondicherry (PO) 50
Vizag (VI) 50
Arabian Sea (AS) Veraval (VE) 50
Ratnagiri (RA) 50
Kochi (KO) 50
Kavaratti (KA) 50
Tuticorin (TU) 50
Andaman Sea (AnS) Port-Blair (PB) 50

10.3.2.4. Sampling information on genetic stock assessment of A thazard in BoB, BD &
other sea areas

The fish A thazard (Frigate tuna or Tuna) is a marine, pelagic-neritic and oceanodromous
species. It is distributed to Atlantic, Indian and Pacific (Western Central) ocean region. It is a
highly migratory species. Fish samples of A. thazard and its mtDNA d-loop sequence data were
collected from five localities over its range of distribution including Patharghata (PG) and
Cox’s Bazar (CB) of the northern BoB, Bangladesh; Pondicherry (PO) and Vizag (VI) of
Southern BoB; Veraval (VE), Ratnagiri (RA), Kochi (KO), Kavaratti (KA), Tuticorin (TU) of
Arabian Sea; & Port-Blair (PB) of Andaman Sea (Fig 7 & Table 5).

sy o6



Fig 7. Sampling location of 4 thazard in the present study

Table 5. Sampling information for A thazard used in the present study

Sampling regions Population (ID) Sample size (N)
Arabian Verava (VE) 50
Sea Ratnagiri (RA) 47
Kochi (KO) 45
Kavaratti (KA) 50
Tuticorin (TU) 50

Andaman Sea Port-Blair (PB) 8

Bay of Pondicherry (PO) 49
Bengal Vizag (VI) 50
Coxs Bazar (CB) 48
Pathorghata (PG) 46
Total| 443

10.3.2.5. Sampling information on genetic stock assessment of M cordyla in BoB, BD &
other sea areas

M cordyla (Torpedo scad or Kawa) is a brackish, marine and oceanic species. It is distributed

to Indo-West Pacific: East Africa to Japan and Australia. Adults are primarily oceanic, pelagic

schooling species rarely seen on reefs. A total of 100 samples of M. cordyla were collected

from two locations of Bangladesh coast viz. Cox’s Bazar (CB) and Kuakata (KK) of the BoB

(BoB). For comparing population genetic structure of the populations of Bangladesh as well as
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the BoB with other seas, mtDNA COI sequences of 73 fish samples were collected from 5
different seas’ populations namely Sulu Sea (SS), South China Sea (SCS), Arabian Sea (AS),
Persian Gulf (PG) and Western Indian Ocean (WIO) (Fig 8 and Table6).

Fig 8. Sampling location of M. cordyla in the present study

Table 6. Sampling information for M cordyla in the present study

Sea area Population (ID) Sample size (N)
BoB Kuakata (KK) 61
Cox’s Bazar (CB) 39
South China Sea South China Sea (SCS) 44
Sulu Sea Sulu Sea (SS) 14
Arabian Sea Arabian Sea (AS) 5
Persian Gulf Persian Gulf (PG) 4
Western Indian Ocean Western Indian Ocean (WIO) 6
Total 173

10.3.2.6. Sampling information on genetic stock assessment of L calcarifer in BoB, BD &
other seas areas

The fish L calcarifer (Seabass or Koral) is basically a marine and brackish water species. It is

demersal and catadromous in nature. It is distributed to Indo-West Pacific: eastern edge of the

Persian Gulf to China, southern Japan, southward to southern Papua New Guinea and northern

Australia. This species is a diadromous fish, inhabiting coastal rivers before returning to the

estuaries for spawning. A total of 56 samples of L. calcarifer were collected from the coastal
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district Shatkhira (SK) and Cox’s Bazar region of Bangladesh (i.e. northern BoB). Besides,
mtDNA cytb sequences (307 bp) of 52 samples from Malay peninsula (MP) were collected.
The details of the sampling localities, Sample size and collection time are given in Fig 9 &

Table 7.

Fig 9. Sampling location of L. calcarifer in the present study

Table 7. Sampling information for L. calcarifer in the present study.

Seas Population (ID) Sampling Color
size (N)
BoB Satkhira (SK) 42
Cox’s Bazar 42
Straits of Malacca 13
South China Sea 19

10.3.2.7. Sampling information on genetic stock assessment of S fenuifilis in BoB, BD

The fish S tenuifilis (Gangetic hairfin anchovy or Fasha) lives in marine and brackish water. It
is also found sometimes in freshwater river near to coast. It is a pelagic-neritic and
amphidromous species. It is distributed to Eastern Indian Ocean: northern and eastern BoB
coasts, including the Andaman Islands. A total of 84 samples were collected from two different
locations of Bangladesh coast: Bishkhali river of Kuakata region (45 individuals) and
Matamubhuri river of Chattogram-Cox’s Bazar region (84 individuals) of the BoB (Table 8 and

Fig. 10).
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Fig 10. Sampling location of S. tenuifilis in the present study
Table 8. Sampling information for S tenuifilis in the present study.
Sampling regions Population (ID) Sampling size (N)
Northern BoB (BoB) Bishkhali river (BK) 45
Matamuhuri river (MR) 39
Total 84

10.3.2.8. Sampling information on genetic stock assessment of S panijus in BoB, BD

The fish S panjius (Flathead sillago or Tular dandi) lives in marine and brackishwater
environment. It is a demersal and amphidromous species. This species is distributed to Eastern
Indian Ocean: Ganges delta and Myanmar. This species is found in shallow, open muddy bays
and estuaries. Spawn twice a year during the months of November to February and August to
September and the juveniles migrate toward the upper reaches during March and April and
during December where they remain for 2 to 3 months. We collected 130 samples from two
coastal regions (mouths of Bishkhali river and Baleshwar River and Meghna River) of the BoB,
Bangladesh (Fig 11). The details of the sampling information (sampling localities, number of
collected samples) are given in Table 9.
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Fig 11. Sampling location of S. panijus in the present study

Table 9. Sampling information for S. panijus in the present study.

Sampling regions Population (ID) Sampling size | Color
™)
BoB (BoB) Bishkhali river (BK) 50
Baleshwar river (BR) 42
Meghna river (MR) 38
Total 130

10.3.2.9. Sampling information on genetic stock assessment of P paradiseus in BoB, BD

The fish P paradiseus (Paradise threadfin or Taposhi/ topshe) is a marine and brackishwater
species. It is demersal and amphidromous. It is distributed to Eastern Indian Ocean and Western
Pacific: west coast of India to Thailand. This species lives over sandy bottoms, regularly
entering freshwaters during breeding season. We have collected a total of 174 samples from
four coastal regions, Karnofuli (KF), Kirtonkhola (KK), Bishkhali river (BK) and Baleshwar
River (BR) of the BoB coast, Bangladesh (Fig 12 and, Table 10).
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Fig 12. Sampling location of P. paradiseus in the present study

Table 10 Sampling information for P. paradiseus in the present study

Sampling regions Population (ID) Sampling size Color
™) code
BoB (BoB) Karnofuli river (KF) 40
Kirtonkhola river (KK) 60
Bishkhali river (BK) 38
Baleshwar river (BS) 36
Total 174

10.3.2.10. Sampling information on genetic stock assessment of C dussumieri in BoB, BD
& other seas

The species C dussumieri (Gold spotted grenadier anchovy or Olua) is found in marine and
brackish water environment. It is pelagic-neritic and amphidromous in nature. This species is
distributed to Indian Ocean, mainly in Indian coast, from Bombay to Bangladesh. And, rarely
found in Myanmar and Thailand. A total of 108 individuals of C. dussumieri were collected
from two populations i.e Pasur river estuary (PR) and Naf river (NR) of Bangladesh. For
comparing the populations of Bangladesh (i.e., Nort BoB) with other populations of different
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regions, 42 samples from Gujarat (GUJ), West Bengal (WB), Maharashtra (MAH), and Andhra
Pradesh (AP) were collected. The details of the sampling information are given in Table 11 &
Fig 13.

PAKISTAN
\ an. C

Arabian
Sea

Fig 13. Sampling location of C. dussumieri in the present study

Table 11. Sampling information for C. dussumieri in the present study.

Seas Population Sample size color

Pasur river estuary (PR) 50

BoB (BoB) Naf river (NR) 58
West Bengal (WB) 12

Andhra Pradesh (AP) 06

) Maharashtra (MAH) 11
Al Sea Gujarat (GUJ) 13
150

10.3.3. Morphological identification and DNA barcoding

Before genetic stock (i.e. population genetic structure) assessment of ten selected species (viz.
Auxis thazard, Coilia dussumieri, Euthynnus affinis, Lates calcarifer, Megalaspis cordyla,
Pampus  chinensis, Pampus argenteus, Polynemus paradiseus, Setipinna tenuifilis,
Sillaginopsis panijus), 3 to 5 individuals of each species were collected and assured their
taxonomic identification status through morphological study and DNA barcoding. This was
done since some of these species are closely resembled with their sister species. For example,
the genus Coilia, Sillaginopsis and Setipinna have two or more species which are very
confusing to identify accurately due to similar appearance. The morphological diagnosis
(meristic counts and proportional measurements) of collected specimens were performed
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according to Talwar and Kacker (1984), Carpenter and Niem (1999a, 1999b, 2001a, 2001b),
Allen et al. (2003), Rahman et al. (2009); Smith and Heemstra (2012); Nelson et al. (2016);
Psomadakis et al. (2019) and Froese & Pauly (2021). Then the morphological identification of
each species was further validated by DNA barcoding tool. For species confirmation by DNA
barcoding, we used the mitochondrial COI gene. For analysis of the sequences of DNA
barcodes and species confirmation, BLAST search in NCBI was used along with phylogenetic
analysis and genetic distance measurement. After confirmation and getting confidence on the
accurate identification, genetic stock assement (i.e. population genetic study) was conducted.

Plates 7. Receiving and initial processing of samples in the Laboratory
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Plates 8. Samples of different species in the Laboratory
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Plate 9. Collection of tissue samples from fish specimens

10.3.4. Genomic DNA extraction, PCR amplification and sequencing

Genomic DNA was extracted from the muscle tissues of collected samples using QIAGEN
Blood and Tissue kit following the provided protocol given inside the kit box (Plates 10).
Polymerase chain reaction (PCR) was performed in a total volume of 25 pl, including 16.25 pl
ultrapure water, 2.25 pl 10X PCR buffer, 1.25mMMgCl,, each NTP at 0.2 mM, each primer
at 2 mM, 1.25 U Taq DNA polymerase and 1 pul DNA template. Taq DNA polymerase was
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added just before the start of the reaction. Then the PCR tubes containing the PCR mixture
were transferred to PCR thermal cycler for the amplification of the reaction. The information
on primer sets and PCR conditions (thermocycler profile) used for amplifying the desired gene
region of the mitochondrial DNA of respective fish species has been given in the Table 12.

Amplified PCR products were separated on 1% agarose gel (Invitrogen, USA) stained with
ethidium bromide in a gel documentation system (Model: Syngene InGenius?®) (Plates 11& Fig
4). PCR products with a clear single band were purified with QTANGEN-Universal DNA
Purification Kit following the protocol provided inside the kit box. After measuring
concentration, the amplified PCR products were sent to Macrogen Inc., Seoul, South Korea for
sequencing via a native commercial DNA sequencing service company. Sequencing was
conducted with the same PCR primers by the Sanger method with an automated sequencer
(ABI 3730x1 DNA analyzer) at Macrogen Inc. (Korea). The sequencing results were received
by email.

Plates 10. Extraction of genomic DNA
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Fig 14. Fish mitochondrial genome & gene regions used in this study

T —— s




Table 12. Information on the primers used for amplification of desired gene regions

Name of fish Gene Primer sequence Thermocycler profile
species region 5-3)
All fish COI FishF1: Initial denaturation at 94 °C for 2
species (for TCAACCAACCACAA min, 35 cycles of 94 °C for 30 s, 52
identification) AGACATTGGCAC °C for 40 s, and 72 °C for 1 min,
FishR1: with a final extension at 72 °C for
TAGACTTCTGGGTG 10 min.
GCCAAAGAATCA
A thazard mtDNA | Forward: Initial denaturation at 95 °C for 5
D-loop CCGGACGTCGGAGG | min; 30 cycles of 1 min at 94°C
TTAAAAT for denaturation,l min at 55 °C for
Reverse: annealing, and 1 min at 72 °C for
AGGAACCAAATGCC extension; and a final extension at
AGGAATA 72 °C for 5 min.
C dussumieri mtDNA | ATP8 2L.8331: Initial
ATP 6/8 | AAAGCRTYRGCCTT denaturation at 95 °C for 5 min
TTAAGC followed by 30 cycles of 30s at
COIII 2H9236: 95°C for denaturation, 30s at 55
TG OOTEALIGE °C for annealing, and 1 min at 72
CEATGEIRIE °C for extension; and a final
extension at 72 °C for 10 min.
E affinis mtDNA | Forward: Initial denaturation at 95 °C for 5
D-loop CCGGACGTCGGAGG | min; 30 cycles of 1 min at 94°C
TTAAAAT for denaturation, 1 min at 55 °C for
Reverse: annealing, and 1 min at 72 °C for
AGGAACCAAATGCC extension; and a final extension at
AGGAATA 72 °C for 5 min.
L calcarifer mtDNA | L14841: Initial denaturation at 98 °C for 1
D-loop AAAAAGCTTCCATC min; 35 cycles of 1 min at 95°C
CAACATCTCAGCAT for denaturation,l min at 52 °C for
GATGAAA annealing, and 1 min at 72 °C for
H15149: extension; and a final extension at
AAACTGCAGCCCCT 75 CE. are 110 senbin
CAGAATGATATTTG
TCCTCA
M cordyla mtDNA | FF2d: Initial denaturation at 94 °C for 2
COI TTCTCCACCAACCA min, 35 cycles of 94 °C for 30 s,
CAARGAYATYGG 52 °C for 40 s, and 72 °C for 1
FR1d: min, with a final extension at 72
CACCTCAGGGTGTC | °C for 10 min.
CGAARAAYCARAA
P chinensis mtDNA | F-gao: Initial denaturation at 95 °C for 5
D-loop AAGTTAAAATCTTC min; 30 cycles of 45 s at 94°C for
CCTTTTGC denaturation, 45 s at 50 °C for
R-gao: annealing, and 45 s at 72 °C for
GGCCCTGAAGTAGG | extension; and a final extension at
AACCAAA

72 °C for 10min.
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P argenteus mtDNA | L15926: Initial denaturation at 94° C for 4
D-loop TCAAAGCTTACACC min followed by 35 thermal cycles
AGTCTTGTAAACC of denaturation at 94°C for 1 min,
H16498: annealing at 55°C for 1 min, and
CCTGAAGTAGGAAC | extension at 72°C for 1 min 30 s. A
CAGATG final extension was performed at
72°C for 8 min
P paradesius mtDNA | PpF2: Initial denaturation at 95 °C for 2
D-loop GAGCGCCGGTCTTG min; 35 cycles of 40s at 94°C for
TAAAC denaturation,40s at 55 °C for
PpR2 annealing, and 1 min at 72 °C for
AAAGAGGTCCAGGT extension; and a final extension at
GAAAGAC 72 °C for 10 min.
S tenuifilis mtDNA | F: Initial denaturation at 94 °C for 5
D-loop CACCCYTRRCTCCC min; 30 cycles of 45 s at 94°C for
AAAGCYA denaturation,45 s at 53°C for
R: annealing, and 45 s at 72 °C for
GGAACACCGAGTA extension; and a final extension at
ATGCTGAG 72 °C for 10 min.
S panijus mtDNA | SpF2: Initial denaturation at 95 °C for 2
Cytb GCTAACGACGCACT min; 30 cycles of 40 s at 94°C for
AGTTGA denaturation,40 s at 54 °C for
SpR2: annealing, and 1 min at 72 °C for
GAATGTCAGGCTTC extension; and a final extension at
GCTGTT 72 °C for 10min.
10.3.5 Data analysis

10.3.5.1 Sequence editing

The received DNA sequences were edited using the Software Geneious 9.1.5 (Kearse et al.
2012) and Chromas Lit (Technelysium 2012)

10.3.5.2 Genetic diversitr and population genetic structure analysis

The sequence data were edited and aligned with ClustalW (Thompson et al. 1994) and
DNAssist 2.5 (Patterton and Graves 2000). Molecular diversity indices such as haplotype
diversity (4), nucleotide diversity (), the average number of nucleotide differences (k), number
of haplotypes (Nn), polymorphic sites (S), transitions (ti), and transversions (tv) for each
population were obtained using the program ARLEQUIN (version 3.11, Schneider et al. 2000).
Pairwise genetic variation and structure between sampled populations were assessed using
fixation index (Fst) (Excoffier er al. 1992). The statistical significance of the estimates was
assessed by 10,000 permutations. The null hypothesis of population panmixia was also tested
by the exact test of haplotype differentiation among samples (Raymond and Rousset, 1995).

10.3.5.3 Haplotype network construction

Genealogical relationship among haplotypes for mtDNA gene region was assessed by
generating the network of haplotypes using a statistical parsimony method TCS 1.18 (Clement
et al. 2000).
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10.3.5.4 Phylogenetic analysis

Phylogenetic relationship among the haplotypes was reconstructed using the neighbor-joining
method implemented in MEGA 6. The genetic distances were estimated following the suitable
model which was suggested as the best fit model for the used sequences of respective fish
species. Robustness of the phylogenetic relationships was evaluated by bootstrap analysis with
1000 replications.

10.3.5.5 Assessment of demographic history by neutrality test

Genetic signature of population demography was investigated by Tajima’s D statistics (Tajima
1989) and Fu’s Fs test (Fu 1997) for selective neutrality implemented in ARLEQIN.

11. Results and discussion
11.1 Component 1(RU)

11.1.1 Finding out the fish stocks through morphometric, meristic characteristics and
then to estimate the size at sexual maturity, age at sexual maturity, spawning- and
peak-spawning season of fishes through multiple functions for the justification of
fishing-ban period in the BoB.

11.1.1.1 Find out the fish stocks through morphometric and meristic characteristics

The present study was conducted in the BoB, Bangladesh covering Khulna region (Khulna),
Barishal region (Barguna & Patuakhali), Chattogram and Cox’s Bazar (Cox’s Bazar, Saint
Martin) regions (Plate 1). At least 300 marine fish were regularly observed in the landing centers,
fish market and fishing boats during sampling during October 2019 to March 2022. To determine
the actual number of marine fishes of Bangladesh, we have made a checklist reviewing the valid
publications and literature covering about a 50-year span from 1970 to 2020 along with our observation
which revealed that the country has a total of 740 marine fish species in its marine environment
(Annexure RU: 1.), Figl5 and Plate 12.
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Fig 15. Order wise fish species composition in the BoB.
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Hussain et al. (1970) published a list of estuarine and marine fishes in Bangladesh which lasted
about 475 species belonging to 133 families after 5 years of field investigation in BoB. An
exhausted list of marine fishes of Bangladesh was appeared this publication. Quddus and Shafi
(1983) listed 170 species of marine fishes including 149 bony fishes and 21 cartilaginous fishes.
Rahman et al. (2009) recorded 402 marine fish species from Bangladesh of which 51 species
were cartilaginous including 22 sharks (zebra sharks, carpet sharks, hammerhead sharks, hound
sharks, whale etc.), 19 species are rays (sting rays, butterfly rays, devil rays, eagle rays etc.)
under 5 families, electric rays including 3 species, guitarfishes including 4 species, saw fishes
including 3 species. Haroon et al. (2011) revealed that in Bangladesh a total of 71 species of
sharks, rays and skates are available of which 31 species of sharks, 6 species of skates, 4 species
of saw fishes, 25 species of rays. Hoq et al. (2014) a total of 69 species of elasmobranch of
which 30 species of sharks and 39 species of rays were so far recorded from Bangladesh waters
but no skates and chimaerids are found.

Fanning et al. (2019) listed 343 marine fish species in a report ‘Marine fisheries survey reports
and stock assessment 2019’ published by Department of Fisheries (DoF), Bangladesh. This
report has also included 14 species of cephalopods (squids, cuttle fishes & octopuses); 45
species of shrimps, crabs & lobsters. Additionally, 50 fish specimens have been identified up
to genus level, making the total up to 457 varieties. Habib and Islam (2021) have been
accumulated and presented the distribution of marine fish species in the coastal and marine
water of Bangladesh. A total of 740 species of fishes of 389 genera, 145 families under 30
orders have been compiled. Among these enlisted fish, cartilaginous fishes (Chondrichthyes:
sharks, skates and rays) contain 81 species of 42 Genera and 17 Families under 8 Orders,
whereas 659 bony fishes (Osteichthyes) cover 347 genera, 128 families and 22 orders. More
than half of the total species (398) were recorded from the Order Perciformes.

Haroon and Kibria (2021) confirmed 82 species of sharks, skates and rays are available in
Bangladesh waters. Out of 82 shark species, several species listed under the category of
critically endangered (09 species), endangered (06 species), vulnerable (12 species), near
threatened (17 species), least concerned (20 species) and no conservation status (18 species).
Haque et al. (2021) worked on elasmobranch products trade and expressed their opinion that
this circum-global practice negatively impacting elasmobranch populations. Although Asia is
at the center of the shark fin trade, countries like Bangladesh, remain data-poor regarding trade
dynamics. In this study around 70 species have been recorded and so on.

Ahmed et al. (2021) generated 376 mitochondrial COI barcode sequences from 185 species
belonging to 146 genera, 74 families, 21 orders and two classes of marine fishes. Among them
21 species were elasmobranch belonging to 5 order, 8 families, 13 genera where one species
was listed as critically endangered, four as endangered, four vulnerable, six as near threatened.
Wildlife Conservation Society (WCS) has confirmed 39 sharks and 59 rays in Bangladesh
territory (WCS report, 2021; pers.com) and the potential availability of 13 additional shark and
ray species. Of the total sharks and rays confirmed or suspected in Bangladesh, 32 sharks and
43 ray species are globally threatened.

Additionally, status of 15 commercially important marine fishes in the BoB was categorized
according to [UCN Bangladesh (2015) and [IUCN World-wide (2022) (Table 13 and Plate 13).
Descriptive statistics on total length ad body weight of 15 commercially important marine
fishes from the BoB are listed in Table 14.
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Plates 12. Observation of marine fish species in landing center, commercial and hired fishing

boat in the BoB, Bangladesh.

Table 13. Status of commercially important marine fishes in the BoB according to [TUCN
Bangladesh (2015) and IUCN World-wide (2022)

I\SI:;. Species name English name Bangla name IESN Si;t‘ls
1 | L calcarifer Sea bass/Barramundi Vetki/Koral NE LC
2 | P heterolepis Panna croaker Choto poa NE | LC
3 | P chinensis Silver pomfert Rup chanda NE | NE
4 | E affinis Mackerel tuna Tuna LC LC
5 |Stawy Gangetic hairfin anchovy | Phasa LC LC
6 | S panijus Flathead silago Tulardandi LC NE
7 | P paradiseus Paradise threadfin Topshe LC LC
8 | Mcordyla Torpedo scad Kaowa NE LC
9 | H nehereus Bombay-duck Loita NE | NT
10 | C dussumieri Anchovy Olua LC LC
11 | T setirostris Longjaw thryssa Tush phasa NE LC
12 | A chacunda Chacunda gizzard shad Dumbura LC LC
13 | I megaloptera Bigeye ilisha Dhela LC LC
14 | P macracanthus Blolshied ligs: toollied Guti/Lal Poa | NE LC

croaker

15 | A4 leiogaster Smooth-belly sardine Rash NE | LC

BD, Bangladesh; WW, worldwide;

LC, least concern; NT, near threatened; NE, not evaluated
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Lates calcarifer

Euthynnus affinis Harpondon nehereus

Coilia dussumieri Priacanthus Macracanthus Sillaginopsis panijus

Anosontostoma chacunda llisha megaloptera Amblygaster leiogas.ter

Plates 13. List of 15 commercially important marine fish species in the BoB, Bangladesh.
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11.1.1.2 Morphometric and meristic characters of commercially important marine fishes
Morphometric measurements of 15 commercially important marine fishes catched from the
BoB, Bangladesh are presented in Table 15 as well as meristic features in Table16 and Plate 14.
Descriptive statistics and estimated parameters of the length-weight relationships of few selected
marine species are shown in Annexure RU:2.

Table 15(a). Descriptive statistics and estimated parameters of the length-weight relationships
of P heterolepis (Bleeker, 1849) from the BoB, Bangladesh

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

a b
BW=a x TL® 0.0075 | 3.001 | 0.0062—0.0090 | 2.938 —3.063 0.978 I
BW=q x SL? 0.0193 | 2.927 | 0.0165-0.0226 | 2.868 —2.986 0.979 A-
BW=a x HL" 0.8867 | 2.941 | 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 | 2.630 | 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=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 1
BW=a x PoAnL’ 0.0465 | 2.887 | 0.0388 —0.0558 | 2.812—2.962 0.967 A-

BW, body weight; TL, total length; SL, standard length; HL, head length; PrDL, pre-dorsal length, PoDL, post
dorsal length; PcL, pectoral length; PvL, pelvic length; AnsL, anus length; PrAnL, pre-anal length; PoAnL, post
anal length; a and b are the regression parameters of LWRs; CL, confidence limits; 7, co-efficient of
determination; GT, growth type; A-, negative allometric; A+, positive allometric; I, isometric

Table 15(b). Descriptive statistics and estimated parameters of the length-weight
relationships of S panijus captured from the BoB, Bangladesh

Regression
Equation parameter 95% CL of a 95% CL of b r GT
a b
BW =axTL" 0.0089 2.82 0.0056 - 0.0143 2.66 - 2.98 0.859 | A-
BW=axFL" 0.0082 2.88 0.0051 - 0.0132 2.72 -3.05 0.858 | A-
BW=axSL" 0.0171 3.05 0.0147 - 0.0200 2.67 -2.98 0.866 I
BW=axHL" 0.4070 291 0.3094 - 0 .5361 2.74 - 3.09 0.840 | A-
BW=a x PrDL," 0.4498 2.66 0.3535 - 0.5723 2.52-2.801 0.867 | A-
BW=axPrDL," 0.0204 2.80 0.0135 - 0.0308 2.65-2.96 0.864 | A-
BW=axPoDL," 0.1658 2.71 0.1214 - 0.2263 2.55-2.87 0.854 | A-
BW=axPoDL," 0.0204 2.80 0.0135 - 0.0308 2.65-2.96 0.864 | A-
BW= axPcL® 0.4749 2.72 0.3680 - 0.6127 2.57-2.88 0.851 | A-
BW= axPvL® 0.3753 2.75 0.2799 - 0.5033 2.58-2.93 0.826 | A-
BW=axAnsL® 0.1462 2.61 0.1067 - 0.2004 2.46 -2.76 0.857 | A-
BW=axPrAnL?® 0.0968 2.73 0.0703 - 0.1334 2.59-2.88 0.869 | A-
BW=axPoAnL" 0.0190 2.84 0.0120 - 0.0300 2.67-3.01 0.840 | A-
BW=axGrL® 0.1577 2.82 0.1154 - 0.2155 2.66 - 2.98 0.855 | A-
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Table 15(c). Descriptive statistics and estimated parameters of the length-weight relationships
of S taty captured from the BoB, Bangladesh.

Regression
Equation parameter 95% CL ofa | 95% CL of b ¥ GT

a b
BW = a*TL" 0.0058 2.96 | 0.0047 -0.0071 | 2.89-3.03 0.962 A
BW = a*FL° 0.0079 2.96 | 0.0066 - 0.0095 | 2.90 - 3.03 0.968 A
BW = a*SL° 0.0131 2.87 | 0.0107-0.0160 | 2.79-2.94 0.958 A
BW = a*HL® 1.5605 330 | 1.4258-1.7079 | 3.20-3.40 0.943 A"
BW = a*PrDL° 0.1379 2.85 | 0.1192-0.1596 | 2.78 -2.93 0.954 A
BW = a*PoDL’ 0.0446 3.17 | 0.0354 - 0.0563 | 3.06-3.28 0.923 A"
BW = a*PcL® 7.5006 1.59 | 7.1635-7.8537 | 1.54-1.64 0.939 A
BW = a*PvL® 1.2408 221 | 1.0974-1.4029 | 2.12-2.29 0.912 A
BW = a*AnsL’ 1.1423 191 | 1.0124-1.2889 | 1.84-1.98 0.918 A
BW = a*PrAnL® 0.5158 2.29 | 0.4380-0.6075 | 2.29-2.39 0.904 A
BW = a*PoAnL® 0.0208 2.78 | 0.0169 - 0.0256 | 2.70 - 2.86 0.950 A

Table 15(d). Descriptive statistics and estimated parameters of the length-weight relationships
of M cordyla captured from the BoB, Bangladesh.

Regression
Equations parameters 95% CL of a 4 l? L of ¥ GT

a b
BW =a x TL® 0.062 243 0.046-0.083 2.34-2.52 0.979 A
BW =g x FL? 0.084 241 0.064-0.111 2.33-2.50 0.970 A
BW =g x SL? 0.110 2.40 0.087-0.139 2.33-2.48 0.976 A
BW =qa x HL® 3.251 241 2.745-3.849 2.31-2.50 0.961 A
BW =g x OprL® 2.086 2.30 2.024-2.148 2.20-2.40 0.910 A
BW =g x PrDL," 1.881 2.37 1.486-2.382 2.25-2.49 0.942 A
BW =g x PoDL,” 0.828 241 0.640-1.072 2.30-2.52 0.949 A
BW = a x PrDL," 0.691 2.39 0.536-0.891 2.29-2.50 0.953 A
BW = g x PoDL,” 0.319 242 0.232-0.438 2.31-2.54 0.944 A
BW =g x PcL® 2.627 249 2.166-3.184 2.38-2.60 0.955 A
BW =g x PvL? 2477 2.46 2.028-3.027 2.35-2.57 0.952 A
BW =a x AnsL? 0.925 2.53 0.786-1.088 2.28-2.42 0.978 A
BW =g x PrAnL? 0.452 241 0.376-0.542 2.34-2.48 0.969 A
BW =a xPoAnL’ | 0.234 245 0.173-0.315 2.34-2.55 0.954 A

Table 16. Meristic characters of P heterolepis, S panijus and S taty commercially important marine
fishes captured from the coastal water of Bangladesh.

Meristic data \ Numbers \ Spine \ Unbranched \ Branched
L calcarifer

Dorsal fin rays 17-20 VIII-IX 9-10

Pectoral fin rays 10-14 10-14

Pelvic fin rays 6 I 5

Anal fin rays 10-11 111 7-8
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Meristic data \ Numbers \ Spine \ Unbranched \ Branched
P heterolepis
Dorsal fin rays 43 - 55 VIII - X I 34 - 44
Pectoral fin rays 15-17 - I 14-16
Pelvic fin rays 6 I - 5
Anal fin rays 7-10 II - 5-8
Caudal fin rays 17-19 - II 15-17
P chinensis
Dorsal fin rays 43-50 43-50
Pectoral fin rays 25-27 25-27
Pelvic fin rays -
Anal fin rays 39-42 39-42
E affinis
First dorsal fin rays 11-14 XI-X1V
Second dorsal fin rays 12-13 12-13 (8 filaments)
Pectoral fin rays 25-27 25-27
Pelvic fin rays 6 I 5
Anal fin rays 12-14 12-14 (7 filaments)
S taty
Dorsal fin rays 9-12 - 1-2 7-11
Pectoral fin rays 12-13 - 1 11-12
Pelvic fin rays 7 - 1-2 5-6
Anal fin rays 42 -49 - 1-2 40-48
Caudal fin rays 18 -22 - 2 16-20
S panijus
First Dorsal fin rays 9 IX - -
Second Dorsal fin rays 25-29 I - 24 - 28
Pectoral fin rays 17-20 - - 17 - 20
Pelvic fin rays 5-6 - 1 5
Anal fin rays 26 - 28 I-11 25-26
Caudal fin rays 18 -20 - 2 16 - 18
P paradiseus
First Dorsal fin rays 7 VII
Second Dorsal fin rays 15-16 I 14-15
Pectoral fin rays 15-18 15-18 (7 filaments)
Pelvic fin rays 6 I 5
Anal fin rays 14 1T 12
M cordyla
First dorsal fin rays VI - I VI
Second dorsal fin rays 15-18 - | 14-17 + (6-8 finlets)
Pectoral fin rays 22-26 - - 22-26
Pelvic fin rays 6 - I 5
Anal fin rays 15-19 - 111 12-16+ (5-7 finlets)
Scutes 51-58 - -
H nehereus
Dorsal fin rays ‘ 12-13 ‘ ‘ ‘ 12-13
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Meristic data Numbers Spine | Unbranched Branched
Pectoral fin rays 11 9
Pelvic fin rays 9 9
Anal fin rays 13-15 13-15
C dussumieri

Dorsal fin rays 14 111 11
Pectoral fin rays 10-13 10-13
Pelvic fin rays 6-7 1 5-6
Anal fin rays 100-110 II 98-110

T setirostris
Dorsal fin rays 12-15
Pectoral fin rays 12-14 I 11-13
Pelvic fin rays
Anal fin rays 32-37

A chacunda
Dorsal fin rays 17-19 17-19
Pectoral fin rays 15-16 15-16
Pelvic fin rays 8 8
Anal fin rays 19-20 19-120

I megaloptera
Dorsal fin rays 15 15
Pectoral fin rays 10 10
Pelvic fin rays 6 6
Anal fin rays 40 40
P macracanthus

First dorsal fin rays 22-24 X 12-14
Pectoral fin rays 18-19 18-19
Pelvic fin rays 6 I 6
Anal fin rays 16-17 111 13-14

A leiogaster
Dorsal fin rays 17-18 15-16
Pectoral fin rays 15-16 14-15
Pelvic fin rays 7 6
Anal fin rays 18 —20 18 —20
Caudal fin rays 19 -20 2 1718

Spine, upper portion of single sharp ray; Unbranched, single fin ray; Branched, upper portion of
fin is divided into several rays
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Plates 14(a). Different fins such as (a) dorsal, Plates 14(b). (a) Head and different fins (b)
(b) pectoral, (c) pelvic, (d) anal and (e) caudal Dorsal, (c), Pectoral (d) Pelvic, (¢) Anal, (f)
of Pheterolepis from the BoB, Bangladesh Caudal of S taty in the BoB, Bangladesh.

Plates 14(c). Photos showing the meristic counts  Plates 14(d). Photos showing the meristic counts

for these fins: (a) dorsal, (b) pectoral, (c) pelvic, for these fins: (a) dorsal, (b) pectoral, (c) pelvic,

(d) anal, and (e) caudal of S panijus from the (d) anal, and (e) caudal of 4 leiogaster from the
BoB, Bangladesh BoB, Bangladesh




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 (1982), Talwar & Jhingran (1991), and Rahman (1989), 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 (1989). Observed pelvic (I/5) and anal fin-ray counts (II/5-7)
were identical to those of Shafi & Quddus (1982), Talwar & Jhingran (1991), and Rahman (1989).
Caudal fin rays (i1/15-17) were in agreement with Shafi & Quddus (1982). Hence, meristic counts
were inadequate to distinguish among different populations or stocks of the same species.

The meristic characteristics were essential tools for species and stock identification for the
purpose of fishery. The recorded dorsal fin rays of S. phasa were 9-12 which is dissimilar to the
findings of Talwar and Jhingran (1991) (15-16) and Rahman (2005) (14-16). The fin rays of
pectoral fin (12- 13) and pelvic fin (7) is nearby to the findings of Talwar and Jhingran (1991)
(pectoral fin 15 and pelvic fin 7) and Rahman (2005) (pelvic fin 13-14 and pectoral fin 7),
respectively. The observed anal fin rays were 42-49 which is too far different from Shafi and
Quddus (1982) (70- 80), Talwar and Jhingran (1991) (69-81) and Rahman (2005) (64-72). The
caudal fin rays were 18-22 which is similar (19) to Shafi and Quddus (1982).

There is very limited published information on the meristic count of M. cordyla from the BoB.
However, we counted the first dorsal fin rays D1 was [+VII which is similar to the previous results
of Jaiswar and Devaraj (1989), FAO/SIDP (2000), Sarker et al. (2004), Habib et al. (2017) and
Hossain et al. (2020). For the second dorsal fin rays, we observed D; I/14-18 with 6-8 dorsal
finlets, then again other study showed slightly dissimilar findings (Jaiswar and Devaraj, 1989):
11-13 with 6-9 dorsal finlets; FAO/SIDP (2000): 1+18-20 with 7-9 finlets; Sarker et al. (2004):
1+9-14 with 5-9 finlets; Habib et al. (2017): I/11+8 dorsal finlets and Hossain et al. (2020): I/18-
20+7-9 finlets). Pectoral fin (P; 20-26) also showed different results reported from Jaiswar and
Devaraj (1989): 19-22; Sarker et al. (2004): 1+19-20; Habib et al. (2017): 22 and Hossain et al.
(2020): 25-30. Further, pelvic fin (P2 I/5) showed similar results with the other studies. Anal fin
(IT+1/12-16)) was more or less similar to the observation of Jaiswar and Devaraj (1989): 9-11with
5-7 anal finlets; FAO/SIDP (2000): I+16-17 with 8-10 finlets; Sarker et al. (2004): 1+9-11 with
5-8 finlets; Habib et al. (2017): II+1/10 with 6 finlets and Hossain et al. (2020): [I+1/16-17 with
8-10 finlets). We found 51-58 scutes on the lateral line, while Habib et al. (2017) observed 54-56
and Hossain et al. (2020) reported 51-59 scutes.

These variations among different studies may ascribe due to factors such as the geographical
population differences as well as difference in counting methods, developmental period and
temperature during larval development (Barlow, 1961). Many species belong under one genus
have very similar characteristics that make it too difficult to identify or differentiate from each
other. Hence, this study demonstrates the comprehensive information on morphometric and
meristic features of commercially important marine fishes from the BoB using multi-linear
dimensions. We also added meristic characteristics as pictorial form which is very helpful to
recognize the commercially important marine fishes and is comparable with the future study.
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11.1.1.3 Estimation of size and age at sexual maturity

The size of sexual maturity is of special awareness in fisheries management and is widely used as
an indicator for minimum acceptable capture size. Size and age at sexual maturity of 15
commercially important fishes from the BoB was calculated based on maximum length (Table
17). The relationship between TL vs. GSI of female marine fishes was presented in figure 16 that
indicate their sexual maturity based on GSI. The minimum length was recorded 10.0 cm in TL for
C dussumieri, C cynoglossus, and T setirostris, and the maximum length was recored for Lates
calcarifer. The estimated lowest L,, was 11.8, 12.8, and 13.7 cm for T. setirostris and the highest
L, was 23.3,20.5, and 22.0 cm for P. macracanthus through Limax, GSI, and logistic-based models,
respectively.

Table 17. Estimated size (L) and age (75,) at first sexual maturity of 15 commercially important
fishes from the BoB, Bangladesh

Size at first sexual maturity (cm)
Sl. Species Name GSI Logisti T
No. Lnax based SISt (year)
based model
01 | L calcarifer 52.30 90.0 - 0.66
02 | P heterolepis 19.47 14.4 15.00 0.78
03 P chinensis 20.46 22.0 - 0.84
04 E affinis 36.24 33.0 - 0.72
05 | Staty 18.07 15.0 18.00 0.78
06 | S panijus 21.98 17.0 - 0.76
07 | P paradiseus 13.89 14.5 15.00 0.81
08 | M cordyla 22.50 20.0 - 0.76
09 | H nehereus 20.24 17.5 - 0.77
10 C dussumieri 13.75 13.5 14.10 0.81
11 T setirostris 12.89 12.8 13.70 0.81
12 | A chacunda 16.05 17.8 - 0.80
13 | I megaloptera 20.75 16.7 22.50 0.77
14 | P macracanthus 26.84 19.0 22.00 0.75
15 | A leiogaster 17.15 16.5 - 0.79

For the identification and prevention of over-exploitation, information on the L,, of the fish is
extremely significant (Sujatha et al. 2015). The L is also used as a guideline for selecting the
least permitted size limits for catch fisheries (Nurdin et al. 2016). There is a fair possibility that
50% of the fish captured would have already spawned and thus have contributed to the recovery
of the stock by allowing fish to touch or surpass this size before capture (Achmad et al. 2020).
From the logistic equation, available information on the L, of fish from plots of percentage
occurrence of mature females against length class can be acquired (King 2007). In the estimation
of L,, of fishes using this logistic equation, some studies have reported low accuracy (Hossain et
al. 2013), but its accuracy for short life cycle species is under investigation. Garcia (1985) also
stated that it was highly prejudiced to use the proportion of mature females as an indicator of
population reproduction.

Determining size at first sexual maturity 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
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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
Ly, of female P. heterolepis was 15.0 cm based on GSI, MGSI, and DI values. Moreover, precise
estimations of TL m benefit management of particular fish stock (Rahman et al. 2018). The
maturity size may differ according to habitat and other environmental factors (Sinovcic and Zorica
2006). Comparisons cloud not be done due to scarcity of literature on P. heterolepis maturity.

As it is totally the first work on this content for these 15 species, comparison was not possible,
but we estimated the L, for these fishes by using the Lmax values from previous published articles
where we observed that the the L,, was 28.0 cm for /. megaloptera in the estuarine region of the
Diamond Harbour, West Bengal, India. (need ref) For a given species, the mean L,, can differ
among stocks. The L,, of fishes might differ due to several factors such as feeding rate, sex and
gonadal development, behavior, season, flow of water, population’s density, water temperature,
and food (Muchlisin et al. 2010; Hossain et al. 2012; Sabbir et al. 2021). The FAO responsible
fisheries strategy strongly recommends selecting the optimum catchable size above the mean L,
for the preserve stock abundance by permitting a sufficient quantity of the stock to become
reproductively able prior to catch (Achmad et al. 2020)
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Fig 16. Size at first sexual maturity (L) of commercially important fishes from the BoB,
Bangladesh based on gonadosomatic index.
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11.1.1.4 Estimation of spawning and peak spawning season

Spawning season of 15 commercially important marine fishes were estimated based on
gonadosomatic index (GSI). Highest value of GSI indicated peak spawning season. Most of the
commercially important marine fishes spawn from April to September (Fig 17). May to July is
the peak spawning season of studied 9 species. Estimated spawning season for 15 species showed
in Table 18. Spawning season of commercially important marine fishes was studied and confirmed
through histological studies (Plate 15).

Table 18. Estimated spawning and peak spawning season of 15 commercially important fishes
from the BoB, Bangladesh

I\SI:;. Species Name Spawning Season Peal;f;)::)vlvlnlng
01 | L calcarifer April - September April - May
02 | P heterolepis January - July February

03 | P chinensis April - August June

04 | E affinis April - July June - July
05 | Staty January - April March

06 | S panijus February, August - September August

07 | P paradiseus March - July May - June
08 | M cordyla April - August June

09 | H nehereus April - June May

10 | C dussumieri April - July May

11 | T setirostris March - May, July - August April, July
12 | A chacunda May - August June — July
13 | I megaloptera January - May February - April
14 | P macracanthus January - March February

15 | A leiogaster April - June May
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Fig 17. Monthly variation of gonadosomatic index (GSI) of commercially important fishes
from the BoB, Bangladesh.
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Species Pre-spawn

Ilisha megaloptera

Coilia dussumieri

Plates 15. Histology of gonads for two marine fishes from the BoB, Bangladesh.

11.1.1.5 Justification of fishing ban period in the BoB, Bangladesh

A yearly fishing ban was imposed by the Bangladesh Government from 20 May to 23 July in
the BoB, 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 livelihoods of the poor subsistence coastal fishers. Therefore, it is necessary to identify the
spawning and peak-spawning period in spite of different fishes dwelling in the BoB. 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).

To fulfil the gap and justify the imposed ban period, we studied the spawning and peak spawning
season of commercially important marine fishes from the BoB, Bangladesh. We found that,
most of the commercially important marine fishes spawn from April to September. However,
May to July is the peak spawning season of studied 9 species from studied 15 commercially
important fishes (Fig 18 & 19). Furthermore, different studies by the Marine Fisheries
Technology Station (MFTS), Bangladesh Fisheries Research Institute (BFRI) (Table 19) and
other researchers (Fig 20 & 21) provide similar results. Thus, the banning period in the BoB
need to be justified and that should be from April (or mid-April) to June (or mid-June).

Consequently, all types of fishing ought to be banned during the peak spawning period to ensure
sustainable management of marine fish species depending on estimated peak spawning season
and allow the coastal fisher folks to continue fishing after that period in the BoB, Bangladesh.
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Sl. Species name

01 | L calcarifer

02 | P heterolepis

03 P chinensis

04 | E dffinis

05 | Staty

06 | Spanijus

07 | P paradiseus

08 | M cordyla

09 | H nehereus

10 C dussumieri

11 T setirostris

12 | A chacunda

13 | I megaloptera

14 P macracanthus

15 | Aleiogaster

Fig 19. Spawning season of commercially important marine fishes in the BoB, Bangladesh.




Table 19(a). Spawning season of commercially important marine fishes in the BoB.

Local name English name Scientific name | Spawning season

Baim Short fin eel A bicolor PSS: Nov - March

Kamila Yellow pike conger C talabon PSS: April-May; Sept.
- Oct

Kamila Indian pike conger C taalabonoides | PSS: April-May; Sept.
- Oct

Kamila Common pike conger | M bagio PSS: July; September-
October

Bullet myitta Bullet tuna A rochei May — August; PSS:
June — July

Frigate myitta Frigate tuna A thazard May — August; PSS:
June — July

Bom myitta Kawakawa E affinis May — August; PSS:
June — July

Myitta Skipjack tuna K pelamis May — August; PSS:
June — July

Yellow fin myitta | Yellowfin tuna T albacares May — August; PSS:
June — July

Big eye myitta Big eye tuna T obesus Throughout the year

Long tail myitta | Long tail tuna T tonggol

Snapper

Ranga chowkkha | Yellowfin red snapper | L guilecheri April - October

Ranga chowkkha | John’s snapper L johni April - October

Kata fish Threadfin sea catfish | 4 arius April - October

Kata fish Sagor catfish H sagor April - October

Apia kata fish Solidier catfish O militaris April - October

Kata sona Sona sea catfish Sciades sona April - October

Bangladesh (source: Annual report 2018-19) PSS, peak spawning season




Table 19(b). Spawning season of commercially important marine fishes in the BoB,
Bangladesh (Studied by the MFTS, BFRI; source: Proposal for ban period

published 31.05.2020)

Species Spawning season Peak spawning season
T ilisha September - November September — October
S gibbose October — February December — February
S. fimbriata April — October April — June
S gutters, S. commerson May — September June — July
R kanagurta March - June April - May
T albacares, E affinis, K pelamis April — August
June - July
T obesus Throughout the year
P parsia April - September July — August
M cephalus February - March February - March
C dussumieri April - September May — June
P niger, P argenteus, P.
e October - July May - June
L savala December - June April — May
H nehereus October - July March - June
P anea January - August April — June
J argentatus June — September June — July
L calcarifer October - July June — July
C talabonoides October - July March — June
A arius, M gulio April - July May — June
S commersonianus March - June April — May

E fuscogunaris

April - August

July — August

Lutjanus spp.

April - October

July - August

Cynoglossus/Hippoglossus spp.

January — March,

September - November

March, September —
October

L lentjan

December - February

December — February

E tetradactylum, L indicum

March - July

May — June

S sihama September - February November — December
S tumbil March - June May — June
' March — May,
T jarbua May, September
September - October
U moluccensis January - August April — June
C sorrah January - May
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Group

Species

Jan |Feb |Mar Apr|May Jun

Cat Fish Tachysurus thalassinus
Osteogeneiosus militaris
Mystus gulio

Eel Muraenesox falabonoides

Croaker Johnius carutia
Pennalia anea
Otolithes cuvieri
Protonibea diacanthus

Ribbon Fish Trichiurus leprurus
Trichiurus haumela

Bombay duck  |Harpadon nehereus

1lish Hilsa ilisha

Sardin Sardinella longiceps
Sardinella fimbriata
Dussumieria hasselti

Indian Mackerel

Rastrelliver kanapurta

Mackerel Scomberomorus guttatus
Pomifret Pampus argenteus
Nemipteridae | Nemipterus japonicus
Upeneus sulphurens
Koral Mach Lates calcarifer
Lethrinus lentfan
Tiger Perches | Terapon jarbua L
Pelates guadrilineatus N
Thylla mach Fleutheronema tetradactylum
Puti Anodontostoma chacunda
Mullet Mugil parsia
Mugil cephalus
Liza macrolepis
Karati Chirocentrus dorab
Halibut Psettodes erumei
Lady Fish Sillago sihama
Lizard Fish Saurida tumbil
Anchovies Thrissocles dussumieri
Coilia spp
Pony Fish Leingnathus bindus
Flying Fish Cypselurus oligolepis
Shark & Rays  |Rhizoprionodon acutus
Pristis microdon
Dasvatis imbricatus
Cephalopod Loligo duvauceli

Sepia pharaonis

SPAWTITE .

Fig 20. Spawning season of commercially important marine fishes in the BoB, Bangladesh
(collected from relevant literature)




Apr | May | Jun | Jul

Aug

Sep

Oct

Nov

Family Common Name Jan | Feb | Mar
Harpadontidae | Bombay duck (Loitta)
Synodontidae | Lizard Fish (Achila Mach)
Belonidae Needlefish (Kakia)
chirocentridae | Herring (Korati Chhela)
Hilsa (Tlish)

Clupeidae Sardine {Tak_ia]
Ganges  gizeard  shad
{Chapila)
. Anchovy (Olua)
Engraulidac Hairfin anchovy (Fesa)
Pristigasteridae | Bigeye llisha (Chokkha)
Mugilidae Mullet (Bata)
Scads/trevally

Carangidac (Chapw'Muuri;Nilambori}l
Black  Pomfret  (Hail
Chanda)}

. Goby (Nona Bele)
Gobiidae Goby (Chiring/Chewa)
Istiophoridae | Sailfish (Pal Mach)
Latidae Seabass (Koral)
Leiognathidae | Ponyfish {Tek Chanda)
Lobotidae Tripletail {Somudro Koi)
Lutjanidae Snapper (Ranga Chokkha)
Memipteridae | Breams (Rupban)

Threadfin (Tailla)

- Threadfin (Lakhua)
Polynemidae -y radise threadfin
{Taposhi)

Scatophagidae | Spotted scat (Chitra/Fayra)
Sciacnidac Crﬂake?' .
{Rupali'kala’Gutipoa)
Spanish Mackerel
Scombridae | (Chompa/Maitta)
Tuna (Tuna Mach)
Serranidae Grouper {Bol)
Sillaginidae Sillago (Tular Dandi)
Sparidae Seabream (Datina)
Stromateidae | Pomfret (Rupchanda)
Terapontidae | Jarbua terapon (Barguni)
Trichiuridag Hairtail (Chhuri)
Cynoglossidae | Sole (Kukur Jib)
Soleidae Pan Sole (Panpata Serboti)
Ariidae Catfishes (Kata Mach)
Plotosidae Eel-catfish (Kail Magur)
Pangasiidac River catfish (Pangas)

Peak spawning . Secondary spawning

Fig 21. Family wise spawning season of commercially important marine fishes in the BoB,
Bangladesh (Source: Hossain et al., 2020)
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11.1.1.6 Relation between environmental factors vs. GSI

In the study, nine environmental factors, i.e., dissolved oxygen (DO), temperature (water & air),
pH, total dissolved solid (TDS), salinity, resistivity, conductivity, and rainfall were examined for
potential impact on gonadal maturation of commercially important marine fishes in the BoB,
Bangladesh. Different factors significantly related or has potential impact on the gonadal
maturation of marine fishes. However, relationships between environmental factors and GSI
presented in Table 20 & Fig 22a — 22c. Fig 23 shown the annual average maximum temperature
(°C) in the BoB region, Bangladesh during 1964 to 2016. Annual average maximum temperature
(°C) and annual average rainfall (mm) in Bangladesh during 1900 to 2020 shown in Fig 23 & 24.
Relationship between environmental factors with GSI of more marine fish spieces are presented
in Annexure RU:3 added with Fig. Anx1-4.

Table 20. Relationship between environmental factors with GSI of commercially important
marine fishes in the BoB, Bangladesh

Relationships rs value 95% CL of rs value p value Significant
L. calcarifer

DO vs. GSI 0.6962 0.1850 - 0.9108 0.0144 *
pH vs. GSI -0.3357 -0.7706 — 0.31266 0.2869 ns
TDS vs. GSI -0.3776 -0.7894 to 0.2686 0.2276 ns
Salinity vs. GSI -0.5944 -0.8757 t0 -0.01182 0.0457 *
Resistivity vs. GSI 0.6760 0.1480 to 0.9041 0.0187 *
Conductivity vs. GSI -0.4266 -0.8104 to 0.2136 0.1689 ns
Water Temp. vs. GSI 0.7951 0.3906 to 0.9423 0.0030 ok
Rainfall vs. GSI 0.5664 -0.03037 to 0.8655 0.0591 ns
Air Temp. vs. GSI 0.7285 0.2477 t0 0.9214 0.0092 kx
P. heterolepis

DO vs. GSI -0.5433 -0.8067 to 0.7741 0.0421 *
pH vs. GSI -0.2098 -0.7093 to 0.4300 0.5137 ns
Water Temp. vs. GSI 0.4042 -0.2394 t0 0.8010 0.1922 ns
Rainfall vs. GSI 0.3333 -0.3151 to 0.7696 0.2874 ns
P. chinensis

DO vs. GSI -0.4700 -0.8283 t0 0.1612 0.1247 ns
pH vs. GSI 0.4266 -0.2136 t0 0.8104 0.1689 ns
TDS vs. GSI 0.3007 -0.3473 to 0.7543 0.3424 ns
Salinity vs. GSI 0.7832 0.3636 to 0.9386 0.0038 kx
Resistivity vs. GSI -0.6690 -0.9018 to -0.1355 0.0203 *
Conductivity vs. GSI 0.6014 0.02270 to 0.8782 0.0428 *
Water Temp. vs. GSI -0.5114 -0.8447 t0 0.1076 0.0917 ns
Rainfall vs. GSI -0.7413 -0.9255 to -0.2735 0.0078 ox
Air Temp. vs. GSI -0.3783 -0.7897 t0 0.2679 0.2239 ns
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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 found in January (19.8 °C). The highest GSI (peak spawning period)
was detected in February when water temperature was relatively low (24.7 °C). Alternatively,
reproductive behavior was not significantly influenced by rainfall, DO, or pH in the BoB (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 BoB,
Bangladesh. These factors were not closely related with reproduction of P. heterolepis in the study
site. However, further comprehensive studies are recommended for its sound clarification.
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Fig 22 (c). Relationship between gonadosomatic index (GSI) with environmental factors of
female P chinensis in the BoB, Bangladesh.
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11.1.2 Calculation of the growth parameters through multi-models using length-frequency
BoB analysis and then to assess the stock’s status of commercially important fishes in the

11.1.2.1 Population structure of commercially important marine fishes

The population structure (Fig 26) showed that, minimum and maximum length for different fishes
obtained from the BoB were 51.0-105.0 cm for L. calcarifer, however, Patnaik and Jena (1976)
reported 101.00 cm TL in the Chilka lake, India which is higher than the present study. In our
study, the maximum length was 34.50 cm TL for P. heterolepis, which is higher than that of
(Sasaki,1995). In our study, the maximum length was 38.0 cm TL for P. chinensis, which is lower
than the recorded value of (Mustafa, 1999) from BoB. The maximum length of E. affinis was
found 68.0 cm TL in the present study which is higher than the maximum recorded value of 35.90
cm TL in the Eastern region of Java Sea (Saleh and Soergianto, 2017).

The maximum length of S. taty was found as 31.8 cm TL in the present study which is higher than
the recorded value of 15.30 cm TL Bangladesh (Rahman, 1989). The maximum TL of S. phasa
was 28.4 cm for combined sex which is lower than the reported value of Jhingran (1963) and
Whitehead et al. (1988). Jhingran (1963) and Whitehead et al. (1988) reported that the maximum
TL of this species was 32.4 cm and 40 cm, respectively. The maximum length of S. panijus was
found as 39.4 cm TL in the present study which is higher than the value of 14.5 cm TL in the
Daya Bay (Xu et al., 1994). The maximum length (TL) recorded was 37.2 cm, which is noticeably
larger than from our previous Tentulia river study (34.0 cm TL)17 and the study of Siddik et al.
(2015) in the Tentulia, Meghna, and Baleswar rivers (29.30, 28.7, and 27.7 cm TL, respectively
(Islam, 2003; Siddik et al., 2015).

In the study, the maximum observed length of P. paradiseus was 23.10 cm which is higher than
the recorded value of 17.10 cm (Hossain et al. 2015) from the Tentulia River, Bangladesh. The
maximum length of M. cordyla was found as 36.6.0 cm TL in the present study which is lower
than the recorded value of 69.0 cm TL in the Red Sea (Al Sakaff and Essen, 1999) and is smaller
than (43.1 cm) that reported by Jaiswar and Achiarya (1991) from North-west coast of India; 40.2
cm recorded by Jadhav and Mohite (2014) from Ratnagiri coast of Maharashtra, India; 40.1 cm
found by Saker et al. (2004) from Mumbai coast, India and we also reported TL of 41.0 cm from
the BoB in previous year (Sarmin et al., 2021). But our observed length was higher than the 35.0
cm size that reported by Zafar et al. (2000) from BoB. In our study, the observed maximum length
of H. nehereus was 36.6 cm which is lower than the recorded value of 38.0 cm (Biradar, 1989)
from India. In our study, the maximum length was found 23.6 cm TL, which is lower than the
recorded value of (Hossain et al., 2015) C. dussumieri (29.2 cm) from Bangladesh.

The maximum length of 7. setirostris was found 22.0 cm TL in the present study which is higher
than the maximum recorded value of 17.5 cm SL in China (Xu et al., 1994). The maximum length
of A. chacunda was found as 27.0 cm TL in the present study which is higher than the recorded
value of 22.0 cm SL in the South Pacific, New Caledonia (Randall, 2005). In our study, the
maximum length of 1. megaloptera was found 37.0 cm TL, which is higher than the recorded
value of 36.50 cm SL (Mousavi-Sabet et al., 2016) from the Parsian Gulf and Oman Sea. In our
study, the observed maximum length of P. macracanthus was 49.0 cm which is higher than the
recorded value of 30.5 cm SL (Wang et al, 2011) from China. The maximum length was found
30.5 cm TL of A. leiogaster which is higher than the recorded value of (Rafail, 1972) from Red
Sea coast.

P. macracanthus is found in southern Japan, Indonesia, Bangladesh, the Arafura Sea, Australia,
and the Great Bay. It occurs in inshore and offshore reefs. Apparently, aggregations form in open
bottom areas and are very abundant in the South China Sea and Andaman Sea. The maximum
length is recorded 30.0 cm (SL). P. paradiseus is distributed in the west coast of the India Ocean
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to Thailand. It is probably present in Malaysia and Laos. It enters freshwaters during the breeding
season. The maximum length is recorded 30.0 cm (SL). L. megaloptera is mostly found in the
Indian Ocean and the Java Sea (Singapore). It is an inshore species but also is present in rivers
(Ganges at Allahabad and rivers of eastern Uttar Pradesh, but not in Velar estuary). The maximum
length is recorded 36.5 cm (SL). S. taty is mostly found in the BoB south to Penang, Thailand
south to Java, and southern Kalimantan. A schooling species found mainly in coastal waters, but
also found entering estuaries. The maximum length is recorded 15.3 cm (TL). Coilia ramcarati is
widely distributed in Ganges delta and Andaman Sea south of Rangoon. A schooling species
found in coastal waters and estuaries. The maximum length is 25.0 cm (TL). C. dussumieri is
found in India, Myanmar, Thailand, and Malaysia. It is present in saline water. The maximum
length is 20.0 cm (SL). 7. setirostris is mostly found in the Indian Ocean from Gulf of Oman south
to Port Alfred, Madagascar, coasts of Pakistan, India, Thailand, Indonesia, the Philippines,
Taiwan, Papua New Guinea, Solomon Islands, and New Hebrides. This fish inhabited marine,
pelagic, and presumably schooling, presenting mostly close inshore, entering bay sand estuaries.
The maximum length is 18.0 cm (SL) (Froese and Pauly 2022).

The variation in the fishing gear used and the selectivity on the target species may greatly
influence the size distribution of the individuals caught resulting in highly biased estimations of
the various populatioon parameter including the maximum size. Information on maximum length
/size is essential to calculate population parameters including asymtotic length and growth
coefficient of fishes, which is vaital for fisheries resource conservation and management. The
maximum length is necessary to estimate population parameters important for fishery resource
planning and management (Hossain, 2010). Size differences might be attributed to variations in
environmental factors, geographical distribution, particularly water temperature and food
availability (Hossain and Ohtomi 2010).

Lates calcarifor

Mumber of individuats

Numbser of individuals

cwBZEEREERER

TR R 10 12 14 16 18 20 22 24 26 28 30 32 M 38
Total length jem) Total length (cm)

1 W 2} I N W W & 4T M s @ B T

IH- 18 1% mn e 'ﬁ' 28 I‘.II -} 12 4 kL
length {cm
Total length (em)

SEEEEEE

T L1 " 13 LT I won N OB T B n a3
Tonal length (em}




Polynemus pavadiseus

Humber of Individuals

a B
Murmdbser of individuals
~Bss5588388

13 15 7 18

Tatal length (em)

25

-"M-'llﬂ-lﬂﬂﬂ-llﬂﬂﬂllﬂﬂﬂﬂﬂ-
Tatal kength fem)

fral]

H

180 4
150 4
=130 4
0 4
B0 4

[1]
4 6 B 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Total length {cm)

g

Number of indivuduals

TS 0 1M 121316 15 16T 18 19 202 22 W 52
Total length (cm)

Mumber of individuals

| Thryssa setiresins

Anodomosioma chacunds

100 4

Mumber of individuals

o1 1 1w 1w oA =@ »m I w

Total length (cm)

|

250 280
200 s
i fm
im ﬁ“‘
% 10 5 1
£ 50
l. i
[

Total length {em)

9 12 15 18 21 4 IT 30 33 36 39 42 45 48 51 54 5T 60 63

N M
Total length (cm)

w4 43 48

13 13 i

Fil 23 ] n

Total length (cm)

F= Fa)

Fig 26. Length frequency distribution of commercially important fishes from the BoB, Bangladesh.

N 70—



11.1.2.2 Growth pattern and form factor (as.9)

Growth pattern of 15 commercially important marine fishes of the BoB were determined from the
calculation of length weight relationship (Table 21 and Fig 27). Generally, b values near 3 indicate
that fish growth is isometric, else growth is allometric (> 3 indicates positive allometry and < 3
indicates negative allometry)

From these calculation, positive allometric growth was found for L. calcarifer (b = 2.82) which is
similar growth pattern with (Akel and Karachle, 2017) (b = 2.48) and also similar result was observed
by Patnaik and Jena 1976 from the Chilka lake, India (b = 2.92); for P. heterolepis (b = 2.83) growth
pattern was found negative allometric in this study. There were no available literatures on this species
so it was not possible to compare with other study. For P. chinensis (b =3.07) growth pattern is similar
with (Mustafa, 1999) in BoB, Bangladesh. For E. affinis (b = 3.12) isometric growth pattern was
found, whereas negative (b = 2.78) growth recorded by (Saleh and Soegianto, 2017) in the eastern
Region of Java Sea.

Additionally, negative allometric growth was found for S. faty (b = 3.02). The previous recorded b
was recorded 3.09 at Mathabhanga River, southwestern Bangladesh (Hossain et al., 2006) which is
close to the previous value. For S. panijus (b = 3.18) positive growth pattern was found, whereas
negative (b = 2.78) growth recorded by (Xu et al., 1994) in the Daya Bay. For P. paradiseus (b =
3.18) positive allometric growth was found which is similar (b = 3.23) with (Hossain et al, 2015) in
the Tentulia River, Bangladesh. Negative allometric growth was found for M. cordyla (b = 2.63),
similar result recorded by (Al Sakaff and Essen,1999) and Biradar (1989) but dissimilar for
H. nehereus (b=3.63). The overall b value for combined sex was also negative allometric reported by
Reuben et al. (1992) from east, north-west and south-west coast of India (b = 2.94, 2.52, 2.72); Saker
et al. (2004) from Mumbai coast, India (b = 2.88); Das et al. (2014) from Tanjung Sepat, Selangor,
Malaysia (b = 2.64); and Zafar et al. (2000) from BoB (b = 2.82) for M. cordyla. But dissimilarity
found by Oktaviani ef al. (2020) reported positive allometric growth from Java Sea, Indonesia (b =
3.15). The positive allometric growth was found for C. dussumieri (b =3.32) which is similar with
(Hossain et al., 2015) from the Tetulia River, Bangladesh. For T. setirostris (b =2.54) negative growth
pattern was found in this study whereas positive (6=3.12) growth recorded by (Xu et al., 1994) in
China. The b value of T. setirostris from different water bodies of Australia, China, and India were
higher (2.945-3.637) than our present finding (Willing and Pender, 1989; Xu et al., 1994; Harrison,
2001; Roul et al., 2020). A. chacunda (b=3.03), I. megaloptera (b=2.94) and P. macracanthus
exhibited negative growth (b=2.81) which is similar with (Mousavi-Sabet et al. (2016) and Wang et
al (2011). For A. leiogaster (b =2.27) negative growth pattern was found whereas positive (h=3.14)
growth recorded by Rafail, 1972 in the eastern Red coast Sea.

However, the b values may vary in the same species due to mixture of one or more factors including
variations of growth in different body parts, sex, physiology, preservation methods, and differences
in the observed length ranges of collected specimens (Tesch, 1971; Hossen et al., 2018; Nawer et al.,
2017), which were not counted during this study.

The calculated form factor for P. heterolepis was 0.0071. It was not possible to find any references
for the form factor of P. heterolepis, making it difficult to compare the findings of the present study.
The form factor (a3.0) was observed as 0.0097 for M. cordyla in the BoB (Table 8). The world-wide
calculated form factor (as3.0) for M. cordyla were found between 0.0069- 0.0182 (Sarmin et al., 2021)
with a mean of 0.0116 (mean + SD = 0.0116 + 0.0032). The median and mode of a3.9 was 0.0102.
Based on Froese’s (2006) establishment, M. cordyla has the typical body shape ‘fusiform’ relying on
median 0.0137 and 95% confidence limit (0.0099-0.0132). Literature on form factor is not available
for those species. Estimated form factor and their comparisons are snapshot pictures which is useful
for fisheries management.
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Table 21. Descriptive statistics and estimated parameters of the length-weight relationships
(BW= a x TL?) and form factor (a3.9) commercially important fishes from the BoB,

Bangladesh
SI. Regression
No. | Species Name parameters 95% CL ofa | 95% CL of b r as.o
a b
01 L calcarifer 0.0322 | 2.78 | 0.0252-0.0412 | 2.73-2.84 | 0.965 | 0.0146
02 P heterolepis 0.0120 | 2.83 | 0.0110-0.0131 | 2.80-2.86 | 0.966 | 0.0071
03 P chinensis 0.0051 | 3.03 | 0.0039-0.0069 | 2.94-3.12 | 0.914 | 0.0057
04 E affinis 0.0072 | 3.12 | 0.0069 -0.0076 | 3.11-3.13 | 0.989 | 0.0104
05 S taty 0.0051 3.02 0.0047 - 0.0055 3.00 - 3.05 0.967 | 0.0054
06 S panijus 0.0035 | 3.15 0.0033 - 0.0037 3.14-3.17 0.987 | 0.0055
07 P paradiseus 0.0046 | 3.11 0.0039 - 0.0055 3.05-3.18 0.858 | 0.0063
08 M cordyla 0.0309 | 2.63 0.0287 - 0.0333 2.61 -2.65 0.970 | 0.0097
09 H nehereus 0.0007 | 3.63 0.0006 - 0.0009 3.57-3.68 0.934 | 0.0050
10 C dussumieri 0.0014 | 3.32 0.0013 - 0.0016 3.28 -3.36 0.943 | 0.0038
11 T setirostris 0.0271 2.54 0.0242 - 0.0303 2.50-2.58 0.910 | 0.0064
12 A chacunda 0.0083 3.16 0.0074 - 0.0094 3.12-3.20 0.928 | 0.0069
13 1 megaloptera 0.0089 | 2.94 0.0077 - 0.0099 2.90 - 2.98 0.932 | 0.0073
14 P macracanthus 0.0207 | 2.81 0.0189 - 0.0225 2.78 -2.84 0.949 | 0.0113
15 A leiogaster 0.0786 | 2.27 0.0576-0.0947 2.17-2.26 0.869 | 0.0080
a and b; regression parameters of LWRs; CL, confidence limits; 7°, co-efficient of determination
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11.1.2.3 Condition factors of commercially important fishes

During the present study, we have worked on four condition factors (K4, Kr and Kz) to assess
the physical and environmental condition of 15 commercially important marine fishes in the
BoB. The values of all condition factors (K4, Kr, and Kr) are given in Table 22. It can be assumed
that, the Fulton’s condition factor (Kr) is the best for determining the wellbeing of
commercially important marine fishes in the BoB. Therefore, Monthly variation of Fulton’s
condition factor showed in Fig 28.

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 and other commercially important marine fishes in the the BoB (SW)
Bangladesh.

Condition factor indicates the status of well-being of a fish population in their natural ecosystem
(Hossain et al., 2012). 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).
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11.1.2.4 Relative weight (Wg)

During the present study, we have worked on relative weight (Wz) to assess the prey-

predator status of 15 commercially important marine fishes in the BoB (Table 23).
Wilcoxon signed rank test specify that Wz was not significantly different from 100 indicating

the population of studied commercially important marine fishes was in balanced condition
with availability of food and lower predators (Fig 29).

Table 23. Estimated relative weight (Wz) of commercially important fishes from the BoB,

Bangladesh

13:)" Species Name Min Max Mean + SD 95% CL

01 | L calcarifer 74.93 129.79 | 101.38+9.04 | 100.47 —102.30
02 | P heterolepis 75.60 182.41 100.41 £9.78 99.86 — 100.96
03 | P chinensis 60.39 163.99 | 102.37+13.22 | 101.11 —103.63
04 | E affinis 58.40 189.05 | 100.86+9.72 | 100.45—101.26
05 | Staty 64.99 142.26 | 101.15+£12.58 | 100.64 —101.67
06 | S panijus 72.53 174.66 | 101.62+9.65 | 101.20—102.05
07 | P paradiseus 65.60 179.77 | 102.47+17.97 | 101.44 —103.50
08 | M cordyla 71.08 160.38 | 100.83 £11.20 | 100.26 —101.40
09 | H nehereus 63.93 206.73 | 103.40+18.23 | 102.35—-104.44
10 | C dussumieri 66.19 150.30 | 100.86 +13.10 | 100.21 —101.51
11 | T setirostris 73.67 138.35 99.79 +£9.50 99.29 —100.30
12 | A chacunda 63.30 156.67 | 99.95+11.15 99.46 — 100.45
13 | I megaloptera 26.16 273.05 | 102.45+21.29 | 101.46—103.43
14 | P macracanthus 64.76 156.86 | 100.99 +14.68 | 100.33 —101.66
15 | 4 leiogaster 66.22 129.91 100.43 + 8.53 99.93 —100.93

Min, minimum; Max, maximum; SD, standard deviation; CL, confidence limit for mean values
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Fig 29. Monthly variation of relative weight (Wz) of commercially important fishes from the
BoB, Bangladesh
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11.1.2.5 Growth parameters of commercially important fishes

To assess the stock’s status of commercially important fishes in the BoB, growth parameters
through multi-models using length-frequency analysis presented in Table 24.

Table 24(a). Growth parameters obtained from fitting von Bertalanffy models based on
maximum total lengths of commercially important fishes from the BoB,

Bangladesh.

SI. L L K t t

No | Species @em | em |ear)| P | (year) | (yoar) (ch;rnl) (i:;t)
1. | L calcarifer 105.0 | 107.91 | 126 |4.17 | 0.006 | 238 | 53.94 | 69.90
2. | P heterolepis 3450 | 36.09 | 1.08 |3.15| 0011 | 279 | 19.47 | 22.32
3. | P chinensis 38.00 | 39.69 | 1.00 |3.20 | 0.013 | 3.00 | 21.27 | 24.65
4. | E affinis 68.00 | 70.37 | 1.16 |3.76 | 0.007 | 2.59 | 36.24 | 44.77
5. | Staty 31.80 | 33.31 | 1.08 |3.08| 0.012 | 279 | 18.07 | 20.53
6. | S panijus 3940 | 41.13 | 1.10 |3.27 | 0011 | 273 | 21.98 | 25.58
7. | P paradiseus 23.10 | 2432 | 1.03 |278 | 0.014 | 290 | 13.48 | 14.79
8. | M cordyla 41.00 | 42.77 | 1.10 |3.10 | 0.010 | 2.73 | 22.80 | 26.64
9. | H nehereus 36.00 | 37.63 | 1.09 |3.19| 0.011 | 276 | 2024 | 23.32
10. | C dussumieri 23.60 | 24.84 | 1.03 |2.80| 0.014 | 290 | 13.75 | 15.12
11. | T setirostris 22.00 | 23.18 | 1.03 | 274 | 0.015 | 290 | 12.89 | 14.07
12. | 4 chacunda 27.00 | 2835 | 1.05 |293| 0.013 | 286 | 15.55 | 17.36
13. | I megaloptera 37.00 | 38.66 | 1.09 |3.21| 0.011 | 2.76 | 20.75 | 23.98
14. | P macracanthus 49.00 50.97 1.12 346 | 0.009 2.69 26.84 31.99
15. | 4 leiogaster 30.50 | 31.97 | 1.06 |3.03| 0.012 | 2.83 | 17.39 | 19.67

Table 24(b). Growth parameters of commercially important fishes from the BoB, Bangladesh
obtained from FiSAT II analysis

Species (ch:) (ye{:r'l) ¢ Species (CLI:) (ye{:r'l) ¢
L. calcarifer 114.50 | 0.87 4.06 | H. nehereus 3795 |0.87 3.10
P.a heterolepis 39.08 | 0.13 2.30 | C.dussumieri 2450 10.80 2.68
P.s chinensis 34.0 0.94 3.04 | T. setirostris 2340 ]0.94 2.71
E. affinis 65.40 | 0.59 3.40 | A. chacunda 2930 ]0.24 2.31
S. taty 33.00 | 0.45 2.69 | I. megaloptera 38.65 |0.80 3.08
S. panijus 42.60 | 0.31 2.75 | P. macracanthus | 43.80 | 0.38 2.86
P. paradiseus 2520 | 1.22 2.89 | A. leiogaster 32.0 0.45 2.66
M. cordyla 42.50 | 1.23 3.35
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The previously estimated K and @ value for L. calcarifer was 1.82 & 3.42 from Thailand, 0.296
& 3.35 from Australia, 0.187 & 3.38 from the Papua New Guinea, respectively (Froese and
Pauly, 2022). The earlier estimated K and @ value for P. chinensis was 0.670, & 2.99 from the
BoB, Bangladesh. L« estimated by Khan (2004) was 81.7 cm for E. affinis from India while
the K and @ value was 0.79, 3.72 respectively. From the Hoogly-Mattah estuary (lower
Sundarbans) L« estimated 20.5 cm for S. taty while the K and © value was 0.332, 2.14
respectively (Pauly, 1978). The previously estimated K and @ value for S. panijus was 0.054
& 3.10 respectively (Krishnaya, 1963) from the Hooghly estuary, BoB, India. The earlier
estimated K and @ value for M. codryla respectively was 0.380 & 2.76 from Taiwan, 0.360 &
2.88 from India respectively (CIMFRI, 2003).

The L. estimated by Biradar (1989) was 39.0 cm for H. nehereus from India while the K and
@ value was 0.530 & 2.91 respectively. The previously estimated K and @ value was 1.50 &
2.95 from Katubdia channel, Bangladesh, 0.560 & 2.88 in Gujarat, India respectively.
Fernandez and Devaraj (1996) estimated Lo, K & @ (25.6 cm TL, 1.210 & 2.90) for C.
dussumieri from the northwest coast of India. Hu et al. (2015) estimated L, K & @ were (19.1
cm TL, 0.41 & 2.17 respectively) for 7. setirostris from Taiwan. The previous estimated L., K
& O (20.8 cm TL, 0.869 & 2.58) for A. chacunda from the Godavary estuary, India. The
previous estimated L., K & O were (32.0 cm TL, 0.70 & 2.86 respectively) for P.
macracanthus from the South China sea (Lester and Watson, 1985).

We estimated 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
(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).

11.1.2.6 Recruitment

Recruitment pattern of commercially important marine fishes was assessed from the analysis
of the total time series of LFDs and growth parameters using VBGF models that shown in Fig
20. L. calcarifer recruits in the stock in August-September. The recruitment of P. heterolepis
population is more or less continuous throughout the sampling period with a major peak in
April-May. P. chinensis recruits two times in every year. One is in April-May and the another
is in September. E. affinis, S. taty, S. panijus, M. cordyla, C. dussumieri, A. chacunda, I.
megaloptera and A. leiogaster recruits in the stock twice in a year and rest of the species in
single in a year.
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11.1.2.7 Mortality

Mortality (total-, natural-, & fishing mortality) of commercially important marine fishes is
tabulated in Table 25 & 26 and Fig 31.

Table 25. Mortality (Total mortality, Z; Natural mortality, M; Fishing mortality, F;
Exploitation rate, E) of commercially important marine fishes in the BoB, Bangladesh

SL

No. Species Z (year™) M (year™) F (year')
01 | L calcarifer 3.11 1.12 1.99
02 | P heterolepis 0.87 0.55 0.43
03 | P chinensis 2.36 1.66 0.70
04 | E affinis 1.82 1.02 0.80
05 | Staty 1.42 1.03 0.39
06 | S panijus 1.47 0.75 0.72
07 | P paradiseus 542 2.14 3.28
08 | M cordyla 3.26 1.91 1.35
09 | H nehereus 3.08 1.53 1.55
10 | C dussumieri 2.88 1.63 1.25
11 | T setirostris 3.84 1.84 2.00
12 | A chacunda 1.22 0.71 0.51
13 | I megaloptera 2.67 1.44 1.23
14 | P macracanthus 1.31 0.85 0.46
15 | A leiogaster 2.94 1.04 1.90
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11.1.2.8 Relative biomass

The maximum relative biomass was found when population reached at 1.2 for L. calcarifer,
2.5 for P. heterolepis, 1.2 for P. chinensis, 1.4 for E. affinis, 1.5 for S. taty, 1.7 for S. panijus,
1.0 for P. paradiseus, 1.0 for M. cordyla, 1.3 for H. nehereus, 1.1 for C. dussumieri, 1.0 for T.
setirostris, 1.8 for A. chacunda, 1.2 for 1. megaloptera, 1. 5 for P. macranthus and 1.3 for A.
liogaster. Maximum relative biomass was 2573.92 for L. calcarifer, 102.0 for P. heterolepis,
25.80 for P. chinensis, 693.93 for E. affinis, 30.67 for S. taty, 94.0 for S. panijus, 46.6 for P.
paradiseus, 48.03 for M. cordyla, 18.50 for H. nehereus, 2.71 for C. dussumieri, 6.38 for T.
setirostris, 69.8 for A. chacunda, 41.78 for I. megaloptera, 268.11 for P. macranthus and 52.52
for 4. liogaster in the Padma River from recruitment of 1000 specimens in the BoB, Bangladeh.
The maximum biomass was expressed by kilogram (kg) unit (Fig 32).

100.0 — 20000
Lates calcarifer e Lares calcarifer
3 [Bicmans . Biomass .., » 25730 kg
i = 20000 4
00 - e [individusl weight :
E : ' ' 2 15000 1 i
A0 1 ade, H Individual weight = 5T.19
) 10000 P S
[ H Survivalrate = 36 %
200 1 i 500.0 H
c ] H Age=1.2 yr
o0 _— o0 _—
@1 83 05 oT o8 11 13 18 17 18 21 23 28 01 03 05 O0F 09 11 13 15 1T 198 21 23 25
Age treses) Age (years)
1000 110.0 -
. Panna heterolepis s ‘_ 00,0 4+ ==+ reerrannarnannn sy tres Panna heterolepis
80.0 2007
i 80.0 4
o S Individual weight . 70.0 :
8 60.0 1 : & | :
E H e 0 H | Biomass max = 102.0 kg |
g © 50.0 4 :
5 400 3 5 — : I Individual weight (68.23 g) I
’l o H
30.0 1 | Numbers Surviving (41) |
200 H 20.0 1 :
0.0 . r . —— r . — (0 — z
01 05 09 13 17 21 25 29 33 37 41 45 49 L @s Wy i iy L db o ay 5w Al b Ay
Age (years) Age (years)
s,
100.0 00
Ty s chinansis
PP chmerse =T [ Siomses = 353035
L2 i [Biemass [ individusl weight = 3882 g |
el £ 3 = Survivalrate= 22 %
: | o e
400 - ¥ -
j‘_ 100
0.0 - . Survival rate o
o T . — a0 i
g1 03 05 O0F 08 11 13 15 1T 198 21 23 25 2T 2% a1 83 &5 oF 0% 11 13 15 1.7 18 21 23 25 2T 29
Age treers) Age (years)
B00.0
e
400.0 1 Biomass ., = §93.92 kg
[ Individual weight = 88.78 g |
.
.E- Age m 14y
L1 = - - = = —— * = = - *
01 03 05 ar a8 11 13 15 17 18 21 23 25 a1 03 05 07 6% 11 13 15 17 1% 21 23 25
Age [yoars) e (years)




100.6 o

80.0 i [Biomass 2
i

- ;

20.0 4 i

o . ¥

81 03 05 07 A 14

13 15 17 18 21 23 25 27

E Individual welght = 6780 g

o1 03 05 oF o8 14

13 15 17 18 21 23 25 27
Age (years)

Biomass ., = 4,88 Kg
I Individual weight = 33,08 g

81 03 05 oF 08 11

— T——< v v v
13 15 1T 18 21 23 25 7 28
Age years)

Biomans ., = 4503 kg

Indlividissl weight= 38.68 g

01 03 05 oF o8 14

13 185 17 18 21 23 28 27
Age (years)

Individual weight= 44.32 g

a1 03 08 07 08 14

13 15 47T 18 21 23 28 27

01 03 05 07 08 14 13 15 7 18 21 23 25 AT @

Age (years)




i Thryssa setirostris

S EEED

SRTTTTTTTRR

Lesvsvenrssnnsrsanse

FH .

01 03 05 07 09 14 13 15 17 19 21 23 25 27 29

\
Biomass ,,,, = 6985Kg |

[ Individual weight=69.14 g |

Surviving rate » 37 %

00 ey gty y—
0F 03 05 07 08 11 13 15 17 19 21 23 25 27 20

Age (ysars)

01 03 05 07 09 11 13 15 17 19 21 23 25 27

01 03 05 07 09 11 13 15 17 19 21 23 25 27 29
Age (years)

Fig 32. Relative biomass of commercially important marine fishes in the BoB, Bangladesh.
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11.1.2.9 Exploitation and maximum sustainable yield (MSY)
The estimated current exploitation rate (E) for L. calcarifer (0.64) is higher than the predicted
values of Emax = 0.52, Eso = 0.31 and Ejo = 0.41. The estimated current exploitation rate £
(0.49) is higher than the predicted values of Enux = 0.47, Eso = 0.26 and E;9 = 0.36 for P.
heterolepis in the BoB, Bangladesh. The predicted total SSB was 23801.09 metric tons and the
MSY of P. heterolepis was estimated at 10234.47 mt. The E for P. chinensis (0.30) is higher
than the predicted values of Ejax = 0.52, Es5o = 0.30 and E;9 = 0.41. The E for E. affinis (0.44)
is higher than the predicted values of Euw = 0.52, Esop = 0.30 and E;0 = 0.41. However,
exploitation rate E, Eso, Emax and MSY for other marine fishes shown in Table 27 and Fig 33.

Table 27. Exploitation rate and maximum sustainable yield (MSY) of commercially important
marine fishes in the BoB, Bangladesh.

=B

Evwgilaitaticsrn F

I\SI:;. Species E Esy | Emax ?/IMS% Stock status
01 | L calcarifer 0.564 | 0.310 | 0.52 | 24298.88 | 4% over exploited
02 | P heterolepis 0.49 | 0.260 | 0.47 | 10234.47 | 2% over exploited
03 | P chinensis 0.30 ] 0.303 | 0.52 313.65 | 22% under exploited
04 | E affinis 0.44 | 0303 | 0.52 | 13077.43 | 8 % under exploited
05 | Staty 0.27 1 0.301 | 0.54 455.04 | 27% under exploited
06 | S panijus 0.49 | 0.301 | 0.55 637.96 6% under exploited
07 | P paradiseus 0.61 | 0.303 | 0.52 99.55 9% over exploited
08 | M cordyla 0.41 | 0305 | 0.52 769.41 | 11% under exploited
09 | H nehereus 0.50 | 0.303 | 0.52 | 55708.90 | 2% under exploited
10 | C dussumieri 0.43 | 0.301 | 0.53 110.74 | 10% under exploited
11 | T setirostris 0.52 1 0.302 | 0.53 55.31 Balance
12 | A chacunda 0.42 | 0.223 | 0.35 859.92 7% over exploited
13 | I megaloptera 0.46 | 0.303 | 0.52 525.80 6% under exploited
14 | P macracanthus 0.35 | 0.301 | 0.54 | 6340.75 | 19% under exploited
15 | A4 leiogaster 0.65 | 0.301 | 0.54 425.44 11% over exploited
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11.1.2.10 Fish catch data

Fish catch data of commercially important marine fishes in the BoB, Bangladesh from BFDC
Pathorghata landing center.
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Fig 34. Fish catch data of commercially important marine fishes in the BoB, Bangladesh
from BFDC Pathorghata landing center.

11.1.2.11 Stock status of marine fishes in the BoB

According to the outputs of LBB, the biomass of Bregmaceros mcclellandi (B/Bo = 0.11 and
B/Busy = 0.27) and Escualosa thoracata (B/Bo = 0.14 and B/Busy = 0.37) revealed that these
stocks are on the verge of collapse and thereby, classified as grossly overfished. The
exploitation ratio for Escualosa thoracata was 42 percent higher than the sustainable margin,
and for Bregmaceros mcclellandi, it was 52 percent higher. The Lmean/Lop: and Le/Le op: Tatios
were also less than unity (0.90), indicating the dominance of the first-spawner in the catch is
the governing feature of these two fisheries.

Based on the fisheries sustainability benchmarks, the biomass information provided by LBB
classified Coilia dussumieri, Johnius belangerii, and Ilisha filigera as overfished stocks (B/Bo
< 0.4 and B/Busy < 1). These stocks’ fishing pressure and exploitation rate appeared to be
almost double than the reference points (Table 25). The Lunean/Lops and L/Lc op ratios of these
three species indicate the presence of a few larger fishes in the stocks. On the other hand,
Megalaspis cordyla formed the Healthy group with stock biomass greater than the target
reference points (B/Bo > 0.4 and B/Busy > 1) and low fishing mortality and exploitation (/M
<1 and F/Z < 0.50) (Table 28). Although the stock biomass appears to be healthy, it seems
likely that this species’ fishery is still suffering from overfishing, with Lyean/Lop: and Le/Le ope
ratios than 0.90. The probability of capture for different length classes was analyzed, and the
LBB returned Lc values for all six species. To ensure healthy spawning biomass, the fishery’s
selectivity should exclude immature individuals from the catch, allowing them to mature and
reproduce at least once in their lives. However, based on the estimation of L, (first maturity
length, at which 50% of the individuals are mature), it was observed that except J. belangerii
and C. dussumieri, the remaining species were suffering from growth overfishing, with Lc
values less than assumed L,, (Table 28).
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11.1.3 Identification of the major man-made and climatic threats/ factors to fisheries
resources in the BoB, Bangladesh

11.1.3.1 Man-made and climatic threats/ factors to fisheries resources in the BoB,
Bangladesh

From the survey and focus group discussion (FGD) reduction among fisherman, fish farmers,
traders, researchers, Government and NGO personnel, we found that, fishing with mosquito
net in estuaries & mangrove was the major man-made threats (80%) for the fishes in the BoB
followed by the fishing through Behundi net (75%), catches of fry, fingerlings, and jatka
(70%), Fishing through China net (65%) fishing from Indian and Myanmar’s fishers, catches
of brood marine fish, use of destructive fishing gears, pollution and other natural calamities
(Fig 35 & Table 29). Recently, indiscriminate fishing is increased through an introduced
fishing gear namely China net. According to Rahman et al. (2012), the fish biodiversity are
declining due to a combination of over exploitation, environmental degradation, pesticides
and aquatic pollution, spread of diseases, uncontrolled introduction of exotic fishes,
destruction of breeding grounds, excessive water abstraction, siltation, various ecological
changes in its natural habit and lack of proper management and subsequent ship breaking
industry in the BoB are the key causes for destroying of marine fisheries resources.

Table 29. Major man-made and climatic threats/ factors to fisheries resources in the BoB,
Bangladesh from the survey and focus group discussion (FGD) among fisherman,
fish farmers, traders, researchers, Government and NGO personnel

Causal factors Respondent (%)
Fishing with mosquito net in estuaries & mangrove 80
Fishing through Behundi net 75
Catches of fry, fingerlings & jatka 70
Fishing through China net 65
Fishing from Indian & Myanmar’s fishers 55
Catches of broodfish in spawning period 50
Destructive fishing gears 35
Fishing through poison 35
Pollution 25
Climate change 20
Natural disaster 10
Others 5




Fig 35. Principle causal threats/ factors to fisheries resources in the BoB, Bangladesh

11.2 Component 2 (SAU)

11.2.1 Determination of the genetic stocks (single or discrete) of commercial marine fish
with variation of habitats in BD and to assess the intra and inter population genetic
diversity and divergence of commercial fish in the BoB, Bangladesh and other
neighbouring seas.

11.2.1.1 Genetic stock assessment and diversity of P chinensis in BoB, BD & other sea
area

1. Genetic diversity

A total of 369 nucleotide long sequences of the mtDNA control (d-loop) region were obtained
from 92 individuals of KP and CC population after removing the ambiguous sequences near
the primer ends. The d-loop region sequences of KP population comprised 5 haplotypes with
4 polymorphic sites and the d-loop region sequences of CC population comprised 8 haplotypes
with 10 polymorphic sites. The nucleotide composition of the sequences of KP population are
C= 17.09%, T= 30.50%, A= 38.08%, G= 14.34%. On the other hand, these values are C=
17.16%, T= 30.35%, A= 37.91%, G= 14.58% for CC population. Most of the nucleotide
substitutions were transitional (Table 31) and no indel was detected in the sequences of two
populations. Four transitions and single transversion occurred the nucleotide sequence for both
populations (Table 31). The nucleotide diversities (z) were very low in each population as
0.003 and 0.007 nucleotide differences per site while the gene (haplotype) diversities (k) were
relatively high, 0.632 and 0.855 for KP and CC populations, respectively.
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Table 31. Genetic diversity for BoB population of P. chinensis

Sea Pop. / Stock Sb (ti+tv) | Nid Nh h 1 S
BoB KP 4(3+1) 0 5 0.632 0.003 4
CcC 10(9+1) 0 8 0.855 0.007 10

[Number of substitution (Sb), Transition (t1), transversion (tv), number of indels (Niq),
number of haplotype (Ni), haplotype diversity (%), nucleotide diversity (), number of
polymorphic site (S)

ii. Population differentiation

Estimates of Fsr between KP and CC populations of Bangladesh was 0.126 showing no
significant deviation from the random mixing (P>0.05). This result indicates that there is no
population genetic structure within the marine water of Bangladesh. However, estimates of Fst
between Bangladeshi populations (KP and CC of BoB) and each of the compared populations
from other seas (ARS, SCS) ranged from 0.132 to 0.269 with significant difference (P<0.01)
(Table 32). This result indicates a unique population genetic structure was established in the BoB
region compared to other seas. Exact test of population differentiation showed that the fish
populations are panmixic within its area of each sea (random mating) but they belong to separate
breeding unit in different seas (Table 32).

Table 32. Pairwise Fsr values (below diagonal) and exact P values (above diagonal) among
populations of P. chinensis for d-loop region

Population Son Om Xia Bei KP CC
Son - 0.10 0.00 0.00 0.00 0.00
Om 0.026 - 0.00 0.00 0.00 0.00
Xia 0.143** 0.169** - 0.37 0.00 0.00
Bei 0.172%* 0.197%* -0.013 - 0.00 0.00
KP 0.258** 0.248%** 0.240** 0.269** - 0.08
CC 0.148%** 0.175%%* 0.132%%* 0.159%* 0.040 -

*#P<0.01; *P<0.05

iii. Haplotype network

All sequences defined 35 haplotypes among 184 specimens where ten haplotypes found in the
BoB population. Among ten of the BoB haplotypes, nine haplotypes (BH1, BH2, BH3, BH4,
BHS, BH6, BH7 from CC, and BH8, Bh9 from KP region) were unique and novel for the BoB
that are not present in other seas. Rest one (Hapl) of the BoB was shared with Sonmiani and
Ormara of the Arabian Sea population. A lineage of BoB containing 06 unique haplotypes of BoB
population indicates an evidence and support the result of Fist i.e., BoB as a distinct population
(Fig 36).
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Bay of Bengal

Arabian Sea Sonmiani

South China Sea

Fig 36. Haplotype network of control region observed in P. chinensis samples. Each connecting
line represents a single mutation and small blanked circles represent an intermediate
hypothesized missing ancestor between observed haplotypes. The sizes of circles are

proportional to haplotype frequency.

iv. Phylogenetic analysis

Phylogenetic reconstruction of total 35 mitochondrial D-loop haplotypes using Neighbor Joining
Method with the Kimura 2-parameter model resulted 3 (three) separate clades (Fig. 37). Clade-A
represents the lineage of Arabian Sea (Sonmiani and Omara). Clade-B consists of the populations
of the BoB (KP and CC) and Arabian Sea (Sonmiani and Omara). Clade-C clearly represent the
lineage of South China Sea (Beihai and Xiamen populations).




South China Sea Kiamen

Fig 37. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of P. chinensis. Bootstrap support of >70% are shown above branches.
Coloured circle in front of a clade represent the percentage of samples of different

locations for that respective clade.

v. Pattern of historic demography

The neutrality tests (i.e. Tajima’s D tests) exhibits positive values (D = 0.257) and Fu’s F's value
(Fs = — 0.594) were negative and non-significant in KP populations implying a demographic
equilibrium in that region (Table 33). For CC population, Tajima’s D test was also positive (D =
0.182) and non-significant whereas, the Fu’s F's value was negative (Fs = — 0.495) and non-
significant which also imply a demographic equilibrium for this population.

Table 33. Tajimas’s D and Fu’s Fs statistics for KP and CC populations of P. chinensis of

Bangladesh.

) Tajima’s D Fu’s Fs
Population ) P Fs P
KP 0.254 0.666 -0.594 0.347
CC 0.182 0.636 -0.495 0.391
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11.2.1.2. Genetic stock assessment and diversity of P argenteus in BoB, BD & other sea areas

i. Genetic diversity

A total of 433 nucleotide long sequences of mtDNA control region (d-loop) were obtained from
the two Bangladeshi populations, KP and CC after removing the ambiguous sequences near the
primer ends. The d-loop region sequences of KP population comprised 5 haplotypes where 4
polymorphic sites were identified. Nucleotide composition of the sequences of KP population are
C= 17.28%, T=31.17%, A= 38.81%, G= 12.73%, and the nucleotide composition of the
sequences of CC population are C= 17.20%, T= 31.23%, A= 39.03%, G= 12.54%. No indels
were detected in the sequences of the two populations. Five transitions were occurred in the
nucleotide sequence of KP population. On the other hand, nine transitions with 1 transversion
were found in CC population (Table 34). The nucleotide diversities (7) were very low in each
population showing 0.004 and 0.006 nucleotide differences per site while the haplotype (gene)
diversities (/) were relatively high i.e. 0.933 and 0.923 for KP and CC populations, respectively.
High level of haplotype diversities in contrast with low nucleotide diversity among the BoB
population indicates that Bangladeshi populations have experienced expansion after a period of
low effective population size (Grant and Bowen 1998).

Table 34. Genetic diversity of P argenteus for BoB population.

Sea Population | SP (ty) | Nid | Nh h . S
BoB KP 4 (242) 0 5 0933 | 0.004 | 4
cC 10 (9+1) 0 9 0.923 | 0.006 | 10

[Number of substitution (Sb), Transition (ti), transversion (tv), number of indels (Niq),
number of haplotype (Nn), haplotype diversity (%), nucleotide diversity (), number of
polymorphic site (S).

ii. Population differentiation

Table 35. Pairwise Fsr values (below diagonal) and non-differentiation exact P values (above
diagonal) among populations of P. argenteus for d-loop region

Population KP CC CH TH MM IN PK KT
KP - 0.19 0.00 0.00 0.00 0.01 0.05 | 0.01
CcC 0.035 - 0.00 0.00 0.00 0.00 0.00 | 0.00
CH 0.101** | 0.103%** - 0.00 0.00 0.00 0.00 |0.00
TH 0.208** | 0.197** | 0.212** - 0.53 0.00 0.00 | 0.00
MM 0.281** | 0.259** | 0.268** -0.004 - 0.00 0.00 | 0.00
IN 0.075** | 0.079** | 0.102** | 0.186** | 0.239** - 0.07 | 0.00
KP 0.057** | 0.063** | 0.087** | 0.171** | 0.224** | 0.012 - 0.00
KT 0.143** | 0.139%* | 0.159** | 0.245** | 0.301%* | 0.091** | 0.091%%* | -

**P<0.01; * P<0.05
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The Fsr value between KP and CC population of Bangladesh was estimated as 0.035 with no
significant deviation (P>0.01) from random mixing which suggests no population differentiation
found within the BoB, Bangladesh. Estimates of Fst between Bangladeshi populations (KP and
CC) and each of the populations of other seas were ranged from 0.057 to 0.281 with significant
difference (P=0.01) (Table 35). This result indicates a unique population genetic structure (i.e. a
single genetic stock) was established in the BoB region compared to other seas. Exact test of
population differentiation also showed significant differentiation between BoB and each of other
populations investigated suggesting a non-panmictic population (a separate breeding unit) in the
BoB compared to other seas. (Table 35).

iii. Haplotype Network

All sequences defined 78 haplotypes where 13 haplotypes were found in the BoB population. All
of'these 13 haplotypes were unique and novel for the BoB that are not present in other populations.
Among these haplotypes of the BoB, 10 haplotypes (BH1, BH2, BH3, BH4, BHS5, BH6, BH7,
BHS8, BH10) were unique for the CC population and four haplotypes (BH9, BH11, BH12, BH13)
were unique for KP population (Fig 38).
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South China Sea |China (CH)

Fig 38. Haplotype network of control region observed in P. chinensis samples. Each connecting
line represents a single mutation and small blanked circles represent an intermediate
hypothesized missing ancestor between observed haplotypes. The sizes of circles are

proportional to haplotype frequency.
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iv. Phylogenetic analysis

Phylogenetic reconstruction of total 78 mitochondrial D-loop haplotypes using Neighbor Joining
Method with the Kimura 2-parameter are shown in the Fig 39. The phylogeny showed two distinct
clades (Clade-1 & Clade-2) with higher bootstrap value (>90). Clade-1 consists of the samples of
Arabian Sea and Persian Gulf. On the other hand, Clade-2 contains the samples of BoB, Andaman
Sea, Gulf of Thailand and South China Sea.
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Fig 39. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of P. argenteus. Bootstrap support of >70% are shown above branches. Scale
represents the genetic distance in mutations/site.

v. Pattern of demographic history

In the neutrality tests i.e., Tajima’s D values of both KP and CC populations are negative but not
significant whereas, Fu’s Fs value were significantly negative for both of these populations
implying a demographic expansion of P. argenteus in this region (Table 36).

Table 36. Tajimas’s D and Fu’s Fs statistics for BoB populations of P. argenteus

Tajima’s D Fu’s Fs
Population D P Fi P
KP -0.470 0.354 -2.612 0.011
CC -0.594 0.329 -3.888 0.006
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11.2.1.3. Genetic stock assessment of E affinis in BoB, BD & other sea areas

i. Genetic diversity

A total of 450 nucleotide long sequences of mtDNA d-loop region (control region) were obtained
from 106 individuals of two Bangladeshi populations (KP and CC) after removing the ambiguous
sequences near the primer ends. The d-loop region sequences of KP population comprised 20
haplotypes with 22 polymorphic sites, and the CC population covered 14 haplotypes with 15
polymorphic sites. Nucleotide composition of the sequences of KP population are C= 20.21%,
T=27.91%, A= 37.08%, G= 14.80%, and the sequences of CC population are C= 20.12%, T=
27.98%, A= 37.04%, G= 14.86%. Most of the nucleotide substitutions were transitional (Table
37). The nucleotide diversities (7) were low i.e. 0.004 and 0.008 nucleotide differences per site
while the haplotype diversities (%) were very high, 0.928 and 0.949 for KP and CC populations,
respectively. High level of haplotype diversities in contrast with low nucleotide diversity among
the BoB population indicates that this fish has experienced population expansion after a period of
low effective population size.

Table 37. Genetic diversity of E affinis for BoB population.

Sea Population Sb (ti+tv) Nid Nh h T S
BoB KP 13(13+0) 0 13 0.928 0.004 13
CcC 22(19+3) 0 20 0.949 0.008 22

[Number of substitution (Sb), Transition (ti), transversion (tv), number of indels (Niq),
number of haplotype (Nn), haplotype diversity (%), nucleotide diversity (x), number of
polymorphic site (S).

ii. Population differentiation

Estimates of pairwise Fst value between KP and CC populations of Bangladesh was 0.019 with
no significant difference from random mixing indicating that no population genetic structure was
established within Bangladeshi marine water. Further, estimates of pair wise Fsr between
Bangladeshi populations and each of the 8 populations of other seas investigated varied from
0.037 to 0.103 with significant difference (P<0.05) (Table 38). This result indicates a unique
population genetic structure that was established in the northern BoB region compared to other
seas.

Table 38. Pairwise Fsr values among populations of E affinis

Popul KP CC VE RA KO KA PB TU PO
ation

KP -

CC 0.019 -

VE 0.078** | 0.067** -
RA 0.103** | 0.090** | -0.004 -
KO 0.083** | 0.070** | -0.005 | -0.006 -
KA 0.068** | 0.055** | -0.006 | -0.002 | 0.006 -
PB 0.075** | 0.065** | -0.002 | -0.001 0.007 | -0.005 -




Popul KP CC VE RA KO KA PB TU PO
ation

TU 0.048** | 0.037** | 0.004 0.014 0.004 | -0.002 | 0.0007 -

PO 0.059** | 0.047** | 018** | 0.026** | 0.012 | 0.011 | 0.009 | -0.0004 -
\% | 0.059** | 0.051** | -0.001 0.005 0.004 | -0.006 | -0.004 | -0.005 | 0.002

% (P<0.01) and * (P<0.05)

iii. Phylogenetic analysis

Phylogenetic reconstruction of 194 mitochondrial D-loop haplotypes using the neighbor-joining
method with the Kimura 2-parameter model resulted in a shallow tree with short branches (Fig.
40). Haplotypes from individuals of a population were scattered throughout the tree, being well
mixed with those from other samples. There were no significant genealogical clusters or clades
associated with any particular sampling localities.

%‘i g, 0.
* 02| G53Fz32 0 o5
g ] ﬂg ; $

2N\

e S
fﬁ;ﬁz i W 2 5l
= e
ﬁg - et
- Chottogram- m
:i%; Cox'sBazar f i.?

Y : kuakata- &L J

ﬂw“" Pathorghata { '

' A
S

N N o
TP A
% iij_; '.‘..'.% =5

Fig 40. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop

haplotypes of E affinis. Bootstrap support of >90% are shown above branches. Scale
represents the genetic distance in mutations/site.

iv. Pattern of historic demography

In the neutrality tests, both Tajima’s D and Fu’s F statistics with the d-loop sequences showed
significantly negative values (D =—-1.92 & —1.69, P <0.05; Fs=-11.41 & —66.67, P < 0.05) for
the KP and CC populations (Table 39)., indicating a history of demographic expansion of
Bangladeshi population.



Table 39. Tajimas’s D and Fu’s Ffs statistics of E affinis for BoB populations.

. Tajima’s D Fu’s Fs
Population D P Fs P
KP —1.92 0.013 -11.41 0.000
CC -1.69 0.029 —-16.67 0.000

11.2.1.4. Genetic stock assessment of A thazard in BoB, BD & other sea areas

i. Genetic diversity

A total of 451 nucleotide long sequences of mtDNA d-loop region (control region) were obtained
from 120 individuals of two Bangladeshi populations (CB and PG) after removing the ambiguous
sequences near the primer ends. The d-loop region sequences of CC population comprised 24
haplotypes with 142 polymorphic sites. And the d-loop region sequences of KP population
comprised 23 haplotypes with 158 polymorphic sites. Nucleotide composition of CC population
are C= 19.59%, T= 29.32%, A= 37.53%, G= 13.55% and the nucleotide composition of KP
population are C= 19.54%, T= 29.14%, A= 37.87%, G= 13.45%. Most of the nucleotide
substitutions were transitional (100 transitions for CC and 82 transitions for CC population)
(Table 40). The nucleotide diversities (7) were low in each population of the BoB, 0.09 nucleotide
differences per site while the haplotype diversities (%) were relatively high, 1.00 for PG and CB
populations. High level of haplotype diversities in contrast with low nucleotide diversity among
the BoB population indicates that this fish has experience population expansion after a period of
low effective population size (Grant and Bowen 1998).

Table 40. Genetic diversity of A thazard for BoB population.

Population Sb (ti+tv) Nia Nn h n S

Coxs Bazar (CB) 108 (87+21) 54 24 1.00 0.09 142
Pathorghata (PG) 90 (71+19) 85 23 1.00 0.09 158
Verava (VE) 108(93+15) 36 49 0.99 0.05 130
Ratnagiri (RA) 100 (85+15) 47 46 0.99 0.05 133
Kochi (KO) 131 (100+31) 40 45 1.00 0.06 141
Kavaratti (KA) 114 (91+23) 37 50 1.00 0.05 129
Port-Blair (PB) 39(31+8) 28 8 1.00 0.05 61

Tuticorin (TU) 104 (188+16) 40 50 1.00 0.05 127
Pondicherry (PO) 138 (101+37) 34 49 1.00 0.05 142
Vizag (VI) 131 (97+34) 39 48 0.99 0.05 139

Number of substitution (Sb), Transition (ti), transversion (tv), number of indels (Niq), number

of haplotype (Nu), haplotype diversity (h), nucleotide diversity (1), number of polymorphic site
(S).



ii. Population differentiation

Pairwise estimates of the conventional Fst among the populations were nearly zero or even
negative with no significant deviation from the random mixing indicating that no population
genetic structure is established over the range of investigation. The negative Fst values implied

more variations present within the samples of same population than those between the populations
(Table 41).

Table 41. Pairwise Fsr values among populations of 4. thazard for the d-loop region

IS\Ilo. Populn. 1 2 3 4 5 6 7 8 9 10
1 VE -

2 RA 0.00 -

3 KO -0.00 | 0.00 -

4 KA 0.00 0.00 | 0.00 -

5 PB 0.00 | -0.00 | -0.00 | 0.00 -

6 TU 0.00 0.00 | 0.00 | -0.00 | 0.00 -

7 PO 0.00 | -0.00 | -0.00 | -0.00 | 0.00 | 0.00 -

8 VI 0.00 0.00 | 0.00 | 0.00 | -0.00 | 0.00 | 0.00 -

9 CB 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 -

10 PG 0.00 | -0.00 | 0.00 | 0.00 | -0.00 | -0.00 | 0.00 | 0.00 | 0.00 | -

% (P<0.01) and * (P<0.05)

iii. Demographic history
In the neutrality tests i.e. Tajima’s D values were 0.165 and — 0.093 for CB and PG population,
respectively and these values were not significant (P>0.05), but the Fu’s F's values (-5.75 and -

5.28) were very significant (P = 0.01 or near zero) indicating that this Bangladeshi populations
has undergone population (Table 42).

Table 42. Tajimas’s D and Fu’s Fs statistics parameter estimates for BoB population of A.

thazard.
Population Tajima’s D Fu’s Fs
D P Fs P
Cox’s Bazar (CB) 0.165 0.64 -5.75 0.01
Pathorghata (PG) -0.093 0.191 -5.28 0.02

iv. Phylogenetic analysis

Phylogenetic reconstruction of total 374 mitochondrial D-loop haplotypes using Neighbor Joining
method with the Kimura 2-parameter model resulted two separate clades, Clade-A and Clade-B
(Fig 40). Clade- A consists the samples of the Arabian Sea (VE, RA, KO, KA and TU), Andaman
Sea (PB) and the samples of the BoB, Bangladesh (PG, CB, VZ & PO). Clade-B consists of only
the haplotypes of the BoB KP, CC, VI and PO. (Fig 39).
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Fig 41. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of A. thazard. Bootstrap support of >70% are shown above branches. Scale
represents the genetic distance in mutations/site.

11.2.1.5. Genetic stock assessment of M cordyla in BoB, BD & other sea areas

i. Genetic diversity
A total of 607 nucleotide long sequences of mtDNA COI gene region were obtained from two
Bangladeshi populations (KK and CB) after removing the ambiguous sequences near the primer



ends. The COI sequences of KK population comprised 2 haplotypes where 1 polymorphic site
was identified. On the other hand, CB population contained 3 haplotypes with two polymorphic
sites. Nucleotide composition of 61 sequences of KP population are C: 27.36%, T: 30.31%, A:
24.54%, G: 17.79% and the nucleotide composition of 39 sequences of CB population are C:
27.35%, T: 30.31%, A: 24.54%, G: 17.80%. No indels were detected in the sequences of both
populations. No transition and transversion was found in KK population; whereas, only one
transitions was occurred in CB population but no transversion was found in this population (Table
43). The nucleotide diversities () were very low in each population; 0.00 and 0.002 nucleotide
differences per site and the haplotype diversities (/#) were also relatively low, 0.31 and 0.58 for
KP and CC populations, respectively. Low nucleotide diversity in contrast with low haplotype
diversity within these two populations of the BoB indicates that this fish has experienced a recent
bottleneck or founder event by single or a few lineages (Grant and Bowen 1998).

Table 43. Genetic diversity of M. cordyla for BoB population.

Population Ni Sb (ti+tv) Nid Nh h T S
KK 61 00 01 2 0.226 0.0004 1
CB 39 1 (1+0) 01 3 0.14 0.0002 2

[Number of individuals (Ni), number of substitution (Sb), Transition (ti), transversion (tv),
number of indels (Niq¢), number of haplotype (Nn), haplotype diversity (%), nucleotide
diversity (x), number of polymorphic site (S)

ii. Population differentiation

Table 44. Pairwise Fst and P values between the BoB and other populations of M. cordyla for

mtDNA COI region.
Population KK CB SCS SS AS PG WIO
KK - 0.257 0.00 0.00 1.00 1.00 0.00
CB -0.000 - 0.00 0.00 1.00 1.00 0.00
SCS 0.487** 0.518** | - 0.03 0.019 0.046 0.00
SS 0.719%* 0.771** 1 0.062 - 0.000 0.000 0.000
AS -0.038 -0.094 0.461** | 0.726** | - -1.00 0.003
PG -0.069 -0.126 0.440** | 0.711** | 0.000 - 0.005
WIO 0.817** 0.886** | 0.594** | 0.739** | 1.000** | 1.000** | -
**p<0.01, *p<0.05

Estimates of Fst between KK and CB populations of Bangladesh, -0.00 (P>0.05) with no
significant deviation from the random mixing (i.e. single genetic stock in Bangladesh). Pairwise
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estimates of conventional Fst among the populations ranged from zero to 1.0 and some of the
values were significant (e.g. KK and CB vs. SCS and SS) and non-significant (e.g. KK and CB
vs. AS and PG). These values were even negative with no significant deviation from the random
mixing (e.g. KK vs. CB; KK and CB vs. AS and PG) indicating that no population genetic
structure was established over the Arabian Sea and BoB. The negative Fst values implied more
variations present within the same population than those between the populations. Exact test of
population differentiation also showed similar result. However, KK, CB, AS and PG populations
of M. cordyla showed population panmixia between them which means no mating restrictions,
neither genetic nor behavioural, between the populations and that therefore, all recombination is
possible (Table 44).

iii. Haplotype network

All sequences defined nine haplotypes among 173 specimens where 3 haplotypes found in the
BoB population. Among 3 of the BoB haplotypes, 2 haplotypes were unique for the BoB that is
not present in other population. In the BoB, one haplotype is unique for CB population, and one
haplotype was shared between KP and CC population (Fig. 42). The haplotype BHI was the most
dominant haplotype and it was shared by the BoB, South China Sea, Arabian Sea, and Persian
Gulf. This dominant haplotype contained 113 individuals of the BoB.

BH1

SCS21

SCS38

Bay of Bengal (BoB)

South China Sea (SCS) |SCS

Sulu Sea (SS) 'sS
Arabian Sea (AS) 1AS
Persian Gulf (PG) PG

Westem Indian Ocean (WIO) | WIO

Fig 42. Haplotype network of mtDNA COI gene region observed in M. cordyla samples. Each
connecting line represents a single mutation and small blanked circles represent an
intermediate hypothesized missing ancestor between observed haplotypes.
The sizes of circles are proportional to haplotype frequency.
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iv. Phylogenetic analysis

Phylogenetic reconstruction of total 9 mitochondrial COI haplotypes using Neighbor Joining
Method with the Kimura 2-parameter model resulted three clades (Fig 43). Clade- A consists the
haplotypes of Soth China Sea (SCS) and Sulu Sea (SC). Clade-B consists of haplotypes of KK
and CB population of the BoB, South China Sea (SCS), Arabian Sea (AS), and Persian Gulf (PG).
Clade-3 belongs to the haplotypes of South China Sea and Western Indian Ocean.

Bay of Bengal |§
cC

South China Sea (SCS) SCS

Sulu Sea (55) 55

Arabian Sea (AS) AS

Persian Gulf (PG) PG

Western Indian Ocean (WIO) [WIO

Fig 43. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial COI
haplotypes of M. cordyla. Bootstrap support of >90% are shown above branches. Scale
represents genetic distance between species.

v. Demographic history

In the neutrality test, Tajima’s D tests (KP: D= 0.000, P=1; Ch-Cox: D= -1.15, P=0.13) results
for KK and CB populations of the BoB were not statistically significant. The Fu’s Fs test are
positive (Fs=0.33, P <0.42) and not statistically significant for KK population. On the other hand,
Fu’s Fs test are negative (Fs=-2.26, P <0.01) and statistically significant for CC population (Table
45).




Table 45. Tajimas’s D and Fu’s Fs statistics, and mismatch distribution parameter estimates (z,
6o, 61) for BoB population.

Tajima’s D Fu’s Fs
Population D P Fs P
KK 0.00 1.0 0.33 0.34
CB -1.15 0.13 -2.26 0.01

11.2.1.6. Genetic stock assessment of L calcarifer in BoB, BD & other seas areas

i. Genetic diversity

A total of 279 nucleotide long sequences of mtDNA cytb region (control region) were obtained
from two Bangladeshi populations (SK) after removing the ambiguous sequences near the primer
ends. The Cytb region sequences of SK population comprised only 2 haplotypes with 34
polymorphic sites. The nucleotide composition of the sequences of SK population are C=27.00%,
T=32.01%, A= 25.09%, G=15.90%. And nucleotide composition of the sequences of the Malay
peninsula population are C= 27.61%, T= 31.72%, A= 25.17%, G= 15.50%. The nucleotide
diversities (7) were low (0.008) and the haplotype diversities (/) were also relatively high (0.263)
in the BoB population which indicates that BoB population of this fish has experienced recent
bottleneck or founder events by a single or a few lineages (Grant and Bowen 1998) (Table 46).

Table 46. Genetic diversity of L. calcarifer for BoB population.

Sea Population ID Sb (ti+tv) | Nid | Nh h 4 S
BoB Satkhira (SK) 00 0 1 1 0.000 0

Cox’sBazar (CB) 00 0 1 1 0
Straits of Malacca MS 30 (263+4) 0 8 | 091 | 0.05 0
South China Sea SCS 59(41+25) 1 12 | 0.90 | 0.06 59

[Number of substitution (Sb), Transition (ti), transversion (tv), number of indels (Niq),
number of haplotype (Nn), haplotype diversity (%), nucleotide diversity (x), number of
polymorphic site (S).

ii. Population differentiation

Estimates of Fst between SK population of Bangladesh and compared population of Malay
peninsula were varied from 0.0363 with significant difference (P=0.00) (Table 47). This result
indicating a unique population genetic structure (i.e., a single genetic stock) was established in
the BoB region compared to other seas. Exact test of population differentiation also showed
significant differentiation between BoB and other populations investigated suggesting a non-
panmictic population between BoB and other sea.




Table 47. Pairwise Fsr values among populations of L. calcarifer for cytb region.

Population SK CB MS SCS
Satkhira (SK) -

Cox’sBazar (CB) - -

Straits of Malacca (MS) 0.508%** 0.564%*%* -

South China Sea (SCS) 0.518** 0.585%* 0.036 -
** p<0.01, * p<0.05

iii. Haplotype network

All sequences defined 15 haplotypes where only one (BH-01) haplotypes found in the BoB
population. The BoB haplotype was shared among two BoB populations Satkhira (SK) and Cox’s
Bazar (CB) and between Malacca straight population (Fig 44). The haplotype BH-1 was the most
dominant haplotype

Bay of Bengal

South china sea
Malacca straight
Satkhira
CoxsBazar

Hap-3  Hap-4

South China Sea

Fig 44. Haplotype network of mtDNA Cytb gene region observed in L. calcarifer samples.
Each connecting line represents a single mutation and small blanked circles represent an
intermediate hypothesized missing ancestor between observed haplotypes. The sizes of
circles are proportional to haplotype frequency.
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iv. Phylogenetic analysis

Phylogenetic reconstruction of total 15 mitochondrial Cytb haplotypes using Neighbor Joining
Method with the Kimura 2-parameter model resulted three separate clades (Fig 45).
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Fig 45. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial Cytb
haplotypes of L. calcarifer. Bootstrap support of >70% are shown above branches.
Scale represents the genetic distance in mutations/site.

v. Demographic history

The neutrality tests i.e., Tajima’s D tests value and Fu’s F's value both have positive values are
not significant in SK and CB populations implying a demographic equilibrium of this species in

this region (Table 48).

Table 48. Tajimas’s D and Fu’s F statistics for the BoB population of L. calcarifer.

Tajima’s D Fu’s Fs
Population D P Fo p
Satkhira (SK) 0.00 1.00 0.00 -
Cox’sBazar (CB) 0.00 1.00 0.00 -
Straits of Malacca (MS) 2.36 0.99 2.24 0.845
South China Sea (SCS) 0.279 0.68 1.527 | 0.769
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11.2.1.7. Genetic stock assessment of S tenuifilis in BoB, BD

i. Genetic diversity

A total 0f 429 nucleotide long sequences of mtDNA d-loop region (control region) were obtained
from two Bangladeshi populations (BK and MR) after removing the ambiguous sequences near
the primer ends. The d-loop region sequences of Matamuhuri river (MR) population comprised 7
haplotypes with 7 polymorphic sites. And the d-loop region sequences of Bishkhali river (BK)
population comprised 7 haplotypes with 8 polymorphic sites. The nucleotide diversities () were
low in both populations, 0.004 and 0.003 nucleotide differences per site on both, while the
haplotype diversities (k) were relatively high, 0.731 and 0.724 for MR and BK populations,
respectively (Table 49). High level of haplotype diversities in contrast with low nucleotide
diversity among the BoB population indicates that this fish has experienced population expansion
after a period of low effective population size (Grant and Bowen 1998).

Table 49. Genetic diversity of S. tenuifilis for BoB population.

Sea Population Sb (ti+tv) Nid Nh h n S
MR 7 (1+6) 0 7 | 0.731 | 0.004 7
BoB
BK 8 (7+1) 0 7 0.724 0.003 8

[Number of substitution (Sb), Transition (ti), transversion (tv), number of indels
(Niq), number of haplotype (Nn), haplotype diversity (%), nucleotide diversity
(), number of polymorphic site (S).

ii. Population differentiation

Estimates of Fst between KP and CC populations of Bangladesh 0.047 with significant deviation
(P=0.048) from the random mixing (Table 50).

Table 50. Pairwise Fsr values (below diagonal) between populations of S tenuifilis for d-loop

Population MR BK
Matamuhuri river (MR) -

Bishkhali river (BK) 0.047* -
** (P<0.01) and * (P<0.05)




iii. Haplotype Network

BH2
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BHS
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Fig 46. Haplotype network of mtDNA control gene region observed in S. fenuifilis samples.
Each connecting line represents a single mutation and small blanked circles represent
an intermediate hypothesized missing ancestor between observed haplotypes. The
sizes of circles are proportional to haplotype frequency.

All sequences defined a total of 12 haplotypes, where 07 haplotypes (BH-01, BH-3 to BH-08)
were found in Matamuhuri river (MR) river and 07 haplotypes (BH-01, BH-02, BH-05, BH-09
to BH-12) were found in Bishkhali river (BK). Among all haplotypes, five haplotypes (BH-03,
BH-04, Bh-06, BH-07, BH-08) were unique in the Matamuhuri river (MR) river population and
five (BH-02, Bh-09, BH-10, BH-11 and BH-12) were unique for the BK population. Two
haplotypes (BH-01, BH-05) were shared by both populations (Fig 46).

iv. Phylogenetic analysis

Phylogenetic reconstruction of the mitochondrial D-loop haplotypes using Neighbor Joining
Method with the Kimura 2-parameter model are shown in the figure Fig 47.
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Fig 47. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of S. tenuifilis. Bootstrap support of >70% are shown above branches. Scale
represents the genetic distance in mutations/site.



v. Demographic history

The neutrality tests i.e. Tajima’s D tests values and Fu’s F values of both populations were

significantly negative implying a demographic expansion of this fish in the BoB region (Table
51).

Table 51. Tajimas’s D and Fu’s Ffs statistics of S. tenuifilis for BoB population.

Tajima’s D Fu’s Fs
Population
D P /i P
MR -0.73 0.26 -2.59 0.03
BK -1.91 0.01 -3.66 0.001

11.2.1.8. Genetic stock assessment of S panijus in BoB, BD

i. Genetic diversity

A total of 730 nucleotide long sequences of mtDNA Cytochrome b (Cytb) region were obtained
from two Bangladeshi populations, Bishkhali river (BK) and Baleshwar river (BR) after removing
the ambiguous sequences near the primer ends. The sequences of BK population comprised 6
haplotypes with 5 polymorphic sites. And the sequences of BR population comprised 6
haplotypes with 4 polymorphic sites. The sequences of MR population comprised 8 haplotypes
with 7 polymorphic sites. Nucleotide composition of BK population are C= 30.41%, T= 3041%,
A=22.93%, G=16.25%; the nucleotide composition of BR population sequences is C= 30.38%,
T=30.44%, A=22.99%, G=16.19% and the nucleotide composition of BR population sequences
are C=30.41%, T=30.41%, A= 22.87%, G=16.31%. Most of the nucleotide substitutions were
transitional (Table 52). The nucleotide diversities (7) were low in both BoB populations, 0.001
nucleotide differences per site while the haplotype (gene) diversities (4) were relatively high
which are 0.647, 0.552, and 0.339 for BK, BR and MR populations, respectively. High level of
haplotype diversities in contrast with low nucleotide diversity among the BoB population
indicates that this fish has experienced population expansion after a period of low effective
population size (Grant and Bowen 1998).

Table 52. Genetic diversity of S. panijus for BoB population.

Sea Population | Sb (ti+tv) Nid Nh h T S

T BK 5 (5+0) 0 6 0.647 0.001 5
BR 4 (4+0) 0 6 0.552 0.001 4
MR 7 (7+0) 0 8 0.339 0.001 7

[Number of substitution (Sb), Transition (ti), transversion (tv), number of indels
(Niq), number of haplotype (Nn), haplotype diversity (%), nucleotide diversity (7),
number of polymorphic site (S).
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ii. Population differentiation

The Fst value between KR, BR and MR populations are 0.155-0.516 with significant deviation
(P<0.01) from the random mixing (Table 32). This result indicates that two different populations
are present in the BoB, Bangladesh. Exact test of population differentiation also showed
significant differentiation between two BoB populations suggesting non-panmictic populations
within Bangladeshi marine waters.

Table 53. Pairwise Fsr values (below diagonal) and non-differentiation exact P values (above
diagonal) among populations of S. panijus

Population BKR BR MR
Bishkhali river (BK) - 0.01 0.01
Baleshwar river (BR) 0.155%* - 0.00
Meghna river (MR) 0.156** 0.516** -
**P<0.01 *P<0.05

iii. Haplotype

All sequences of cytb defined 16 haplotypes where 3 haplotypes (BH-1, BH-5, BH-6) were unique
for in the Bishkhali river (BK) population, 3 haplotypes (BH-7, BH-8, BH-9) were unique in
Baleshwar River (BR) and 7 haplotypes (BH-10 to BH-16) are unique for ther Meghna River

(MR) population (Fig). BH-2 haplotype shared aamong three population and two haplotypes (BH-
3 and BH-4) were shared by BK and BR populations.
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Fig 48. Haplotype network of mtDNA cytb gene region observed in S. panijus samples. Each
connecting line represents a single mutation and small blanked circles represent an
intermediate hypothesized missing ancestor between observed haplotypes.
The sizes of circles are proportional to haplotype frequency.
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iv. Phylogenetic analysis

Phylogenetic reconstruction of the total 16 mitochondrial Cytb haplotypes using Neighbor Joining
Method with the Kimura 2-parameter model resulted two separate clades (Clade A & Clade B;
Fig 49).
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Fig 49. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of S. panijus Bootstrap support of >80% are shown above branches. Scale
represents the genetic distance in mutations/site.

v. Demographic history

The neutrality tests i.e. Tajima’s D tests for BK, BR, and MR populations of the BoB revealed
nonsignificant negative values (Table 54). On the other hand, the Fu’s F values are negative but
significant (Table 54) implying a demographic expansion of S. panijus in the BoB region.

Table 54. Tajimas’s D and Fu’s Fs statistics of S. panijus for thr BoB population.

Population Tajima’s D Fu’s Fs

D P Fs P
Bishkhali river (BK) -0.97 0.17 -2.32 0.04
Baleshwar river BR) -1.07 0.16 -3.35 0.001
Meghna river (MR) -2.18 0.11 -8.545 0.000

11.2.1.9. Genetic stock assessment of P paradiseus in BoB, BD

i. Genetic diversity

A total of 563 nucleotide long sequences of mtDNA d-loop region (control region) were obtained
from 174 individuals of four Bangladeshi populations (KF, KK, BK and BR) after removing the
ambiguous sequences near the primer ends. The sequences of KR population comprised 18

T 2



haplotypes with 27 polymorphic sites. The sequences of KK population comprised 12 haplotypes
with 35 polymorphic sites, and BK and BR both comprises 17 haplotypes with 43 and 37
polymorphic sites, respectively. The nucleotide diversities () were low in each population ranged
between 0.009 to 0.012 nucleotide differences per site. However, the haplotype diversities (/)
were relatively high ranging between 0.959 and 0.994 (Table 55). High level of haplotype
diversities in contrast with low nucleotide diversity among the BoB population indicates that this
fish has experienced population expansion after a period of low effective population size.

Table 55. Genetic diversity of P. paradiseus for BoB population.

Population Sb (ti+tv) Nid Nh h - S
Karnofuli river (KF) 25 (20+5) 2 18 0.984 0.009 27
Kirtonkhola river (KK) 30 (26 + 4) 6 22 0.959 0.008 35
Bishkhali river (BK) 22 (19+3) 21 17 0.988 0.012 43
Baleshwar river (BS) 34(27+7) 3 17 0.994 0.012 37
Number of substitution (Sb), Transition (ti), transversion (tv), number of indels (Niq),
number of haplotype (Nn), haplotype diversity (%), nucleotide diversity (), number of
polymorphic site (S).

ii. Population differentiation

Pairwise values of fixation index (Fst) showed that Kirtonkhola river population (KK) has
significant variation with Karnafuli (KF) and Baleshwar river (BS) populations. However, the
rest of pairwise Fst between other populations did not show significant differences (Table 56).
Exact test of population differentiation also showed significant differentiation i.e. non-panmixic
population for KK population as compared to KF and BS river populations.

Table 56. Pairwise Fsr values among populations of P. paradiseus for d-loop region

Population KF KK BK BS
Karnofuli river (KF) - 0.01 0.55 0.57
Kirtonkhola river (KK) 0.019** - 0.15 0.01
Bishkhali river (BK) 0.003 0.002 - 0.11
Baleshwar river (BR) 0.0001 0.123%* 0.009 -

**P<0.01; * P<0.05
iii. Haplotype network

All of d-loop sequences defined 74 haplotypes where 18 haplotypes (BH-1 to BH-18) were found
in Karnofuli river (KR) and 22 haplotypes (BH-19 to BH-39 and BH-12) were found in
Kirtonkhola river (KK) river. Further, 17 haplotypes (BH-40 to BH-53 and BH-12, 14, 32) were
found in Bishkhali river (BK) and 17 haplotypes (BH-54 to BH-67 and BH-6, 11, 24) found in
Baleshwar River (BR). Two haplotypes (BH-6,11) were shared between KR and BR. A single
haplotype was shared for each of the pair KK & BK; KK & BR; KK & BK. Another haplotype
was shared by KR, KK & BK (Fig 50).
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Fig 50. Haplotype network of mtDNA control gene region observed in P. paradiseus samples.
Each connecting line represents a single mutation and small blanked circles
represent an intermediate hypothesized missing ancestor between observed

haplotypes. The sizes of circles are proportional to haplotype frequency.

iv. Phylogenetic analysis

Phylogenetic reconstruction of the total 67 mitochondrial haplotypes using Neighbor Joining
Method with the Kimura 2-parameter model are shown in the Fig 51. There is no clade with high
bootstrap value that present a particular sampling location in the phylogeny.
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Fig 51. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of P. paradiseus. Bootstrap support of >90% are shown above branches.
Scale represents the genetic distance in mutations/site.

v. Demographic history

The neutrality tests i.e. Tajima’s D tests and Fu’s F; values of all four populations are negative

but significant (P<0.05), implying a demographic expansion of this fish in the BoB region (Table
57).

Table 57. Tajimas’s D and Fu’s Fs statistics of P. paradiseus for BoB population.

Population Tajima’s D Fu’s Fs

D P /a3 P
KR -1.584 0.039 -12.942 0.000
KK -1.936 0.010 -15.062 0.000
KU -1.781 0.024 -9.032 0.000
BR -1.670 0.028 -10.543 0.000




11.2.1.10. Genetic stock assessment of C dussumieri in BoB, BD & other seas

1. Genetic diversity C dussumieri in BoB, BD & other seas

A total of 790 nucleotide long sequences of mtDNA ATPase 6/8 gene region were obtained from
108 individuals of two Bangladeshi populations (PR and NR) after removing the ambiguous
sequences near the primer ends. The amplified sequences of Pashur river estuary (PRE)
population comprised 10 haplotypes with 13 polymorphic sites and the sequences of Naf River
(NR) population consists of 9 haplotypes with 12 polymorphic sites. Most of the nucleotide
substitutions were transitional. The nucleotide diversities (7) were low in each population i.e.
0.001 nucleotide differences per site for both populations while the haplotype (gene) diversities
(h) were relatively high which are 0.687 and 0.571 for PR and NR populations, respectively
(Table 58). High level of haplotype diversities in contrast with low nucleotide diversity among
the BoB population indicates that this fish has experienced population expansion after a period of
low effective population size (Grant and Bowen 1998).

Table 58. Genetic diversity of C dussumieri for BoB population.

Region Population Sb (tittv) | Nid | Nh h ™ S

Bangladesh Pasur ri(\lie;)estuary 13 (10+3) 0 10 | 0.687 | 0.001 | 13
BoB

(BoB) Naf river (NR) 12 (6+6) 0 9 0571|0001 | 12

[Number of substitution (Sb), Transition (t1), transversion (tv), number of
indels (Niq), number of haplotype (Nn), haplotype diversity (%), nucleotide
diversity (x), number of polymorphic site (S).

ii. Population differentiation C dussumieri in BoB, BD & other seas

Pairwise Fst value between PRE and NR populations of Bangladesh is 0.03 with significant
deviation from the random mixing. Besides, these two Bangladeshi populations (PR and NR)
showed significant population genetic structure (i.e. significant Fst value) with other populations
(i.e. WB, AP, GUJ and MAH) analysed in the present study (Fst = 0.03 to 0.757; P>0.05) except
between PRE and AP (Table 59). This result suggests a unique population genetic structure (i.e.,
a single genetic stock) was established in the Northern BoB region compared to other regions.
Exact test of population differentiation also showed similar result suggesting a non-panmictic
population for northern BoB, Bangladesh.

Table 59. Pairwise Fsr values among populations of C. dussumieri for comtrol region (below
diagonal) and the exact P values (above diagonal).

Population WB AP GUJ MAH DC NR
West Bengal (WB) - 0.081 0.00 0.00 0.00 0.00
Andhra Pradesh (AP) 0.951 - 0.00 0.00 0.09 0.045
Gujarat (GUJ) 0.714** 0.743** - 0.00 0.00 0.00
Maharashtr (MAH) 0.683%* 0.666** | 0.100** - 0.00 0.00
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Population WB AP GUJ MAH DC NR
Pasur river estuary 0.117%* 0.063 0.757** | 0.729** - 0.00
(PRE)

Naf river (NR) 0.082%%* 0.073* | 0.757** | 0.737** | 0.03** -
** (P<0.01) and * (P<0.05)

iii. Haplotype network

All sequences defined 49 haplotypes where 18 haplotypes were found in the BoB population.
Among 18 BoB haplotypes, 16 haplotypes were unique for the BoB i.e. not present in other
populations (Fig 52).
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Fig 52. Haplotype network of mtDNA ATPase 6/8 gene region observed in C. dussumieri
samples. Each connecting line represents a single mutation and small blanked circles
represent an intermediate hypothesized missing ancestor between observed
haplotypes. The sizes of circles are proportional to haplotype frequency.

iv. Phylogenetic analysis

Phylogenetic reconstruction of 49 haplotypes using Neighbor Joining Method with the Kimura 2-
parameter model resulted three separate clades (Fig 53). Clade- A and B contain the haplotypes
of the BoB (CC, KP, WB and AP). Clade-C belongs to the haplotypes of Arabian Sea (AP and
GuU)J).
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Fig 53. Neighbor-joining tree constructed using the Kimura-2 model for mitochondrial D-loop
haplotypes of C dussumieri. Bootstrap support of >70% are shown above branches.
Scale represents the genetic distance in mutations/site.

v. Demographic history

The neutrality tests i.e. Tajima’s D and Fu’s F’s values were negative but significant (D = —1.96
& —1.25, and Fs =—-3.69 & — 4.27; P < 0.05) implying a demographic expansion of this species
of Bangladeshi populations (Table 60).

Table 60. Tajimas’s D and Fu’s Fys statistics, parameter estimates of C dussumieri for BoB

population.
Tajima’s D Fu’s Fs
Population D P Fs P
Pasur river estuary
- 1.96 0.00 —4.27 0.00
(PR)
Naf river (NR) -1.25 0.15 -3.69 0.04
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12. Research highlights
Title of the sub project

Stock Assessment of Commercially Important Fishes in the BoB through Multi-model Inferences
and Molecular Markers: Management Policy Implications Considering the Emerging Climate
Change

Component-1 (RU)
Background

BoB, Bangladesh has a large area (EEZ: 140860 km?) but the production of marine fishes is very
lower in amount (659911 MT in 2018-19; 15.05% of total production). On the other hand, there
is no reliable data on the total fish species list as well as lack of knowledge of the species-wise
current stock, location of the spawning ground and the grow out areas for each genetic stock (i.e.,
unit stock). Moreover, the exact reason for declining in relation to life history straits, i.e.,
populations parameters and stock status was not identified. Thus, the sub project was
implemented to assess the stock of commercially important marine fishes in the BoB considering
the emerging climate change.

Objectives

The objectives of the sub-project were to estimate the sexual maturity (size & age), spawning-
and peak-spawning season of fishes through multiple functions for the justification of fishing-ban
period in the BoB and to assess the stock’s status of commercially important fishes in the BoB
using growth parameters through multi-models. The study also identified the major man-made
and climatic threats/ factors to fisheries resources in the BoB, Bangladesh.

Methodology

The study was conducted in the BoB, Bangladesh (covering Khulna, Barishal, Chattogram and
Cox’s Bazar regions). Monthly samples of 15 selected commercially important fishes were
collected using hired commercial fishing boat/fishers and were immediately placed in ice
followed by fixing in 10% formalin and 10% formalin/alcohol on arrival in the laboratory.
Catches data of marine commercial fishes was collected from BFDC landing center, Pathorghata,
Barguna. Interview was conducted with the local fishers, boatmen & owners, aged group,
business men, exporters over the major fish landing centers of Bangladesh through pre-tested
structured questionnaire for gathering local knowledge of commercially important marine fish
their fishing, nursery, spawning grounds and spawning season, catch trends etc. The landing sites
were visited daily in all seasons considering lunar cycle and species availability. In addition, water
quality parameters were monitored using Multi-Meter Digital Meter. Climate data (rainfall (mm),
water & air temperature ("C)) were collected from the Bangladesh Meteorological Department.
Analysis on different biological aspects including fish category, relative growth, condition factor,
growth pattern and form factor, sexual maturity, spawning- and peak-spawning season, growth
parameters, performance and life span, recruitment pattern and length-, and age-at first
recruitment, stock assessment (exploitation rate and maximum sustainable yield, MSY) etc. were
done.

Key findings

v' A total of 740 marine fish species, as so far, the highest number enlisted from the BoB,
Bangladesh;

v" Based on the value of ‘b’, isometric growth found for 4 species, positive allometric growth
found for 5 species, and negative allometric for 6 species from 15 commercially important
marine fishes;



v' Growth Parameters (Lw, K, fo, ¢, tmax), size at sexual maturity (L) and optimum catchable
length (Lop:) of 15 commercially important marine fishes were estimated that are essential to
calculate the biomass and maximum sustainable yield (MSY) and estimated to select the mesh
size of fishing gear;

v Information generated on the spawning and peak spawning season of commercially important
marine fishes of the BoB indicating requirement of amendment of current fishing banning
period from “20™ May to 23" July” to a newly proposed period of “mid-April to June (15"
April to 30™ June) each year”;

v Exploitation rate of 15 commercially important marine fishes indicated that P. heterolepis, S.
panijus, H. nehereus and T. setirostris was balanced exploitation; L. calcarifer, P. paradiseus,
A. leiogaster was over-exploited; and the rest are under-exploited;

v' Information on MSY for L. calcarifer, P. heterolepis, P. chinensis, E. affinis, S. taty, S.
panijus, P. paradiseus, M. cordyla, H. nehereus, C. dussumieri, T. setirostris, A. chacunda, 1.
megaloptera, P. macracanthus and A. leigaster was generated

v Fishing with mosquito net in estuaries and other coastal mangroves, Behundi nets (for catches
of fry, fingerlings, and jatka) and use of destructive fishing gears (like China net) for capturing
marine brood fish were identified as major causal factors for declining marine fishes.

Keywords: BoB, Stock status, Fishing ban period, Molecular marker, Fisheries management,
commercially important fish.

Component-2 (SAU)
Background

Stock identification through population genetic structure analysis establishes a basis for the
management of fisheries resources. Generally, a single panmictic population could be recovered
through increased recruitment by propagation or short-term conservation initiative. On the other
hand, different populations with unique genetic structures should be managed as distinct units,
and such units require separate monitoring and management. Fisheries management should
therefore attempt to address each stock separately ensuring sustainable use of each stock, and not
the population as a whole. Further, it is also important to know the genetic diversity of each of
the existing population of a fish. Genetic variability influences both the health and long-term
survival of population because decreased genetic diversity has been associated with reduced
fitness, such as high juvenile mortality, diminished population growth, reduced immunity and
ultimately the higher extinction risk.

Objectives

To determine whether there are single or multiple genetic stocks of commercial marine fishes in
Bangladesh, and to assess the intra and inter population genetic diversity and divergence of these
commercial fish in the BoB, Bangladesh and other neighboring seas. The research will also find
out the major anthropogenic factors/threats for the marine fish stock in the BoB, Bangladesh.

Methodology

For the study, about one hundred samples of each species of ten marine fishes namely, P
chinensis, P argenteus, E affinis, A thazard, M cordyla, L calcarifer, S tenuifilis, S panijus, P
paradiseus and C dussumieri were collected between October 2020 and April 2022, mainly from
rivers and coasts of two distinct ecological regions of Bangladesh coast of the South-west
(Borguna-Khulna-Patuakhali, KP) and the South-east (Chattogram-Cox’s Bazar, CC) coastal
zones. KP is high brackish water area with dense clayed particle in river and estuaries; and CC is
sandy area with more clear saline water river and estuaries. For amphidromous or anadromous
fish, we collected samples from coastal rivers. Fish samples of other seas of the Indian Ocean



region (e.g. Southern BoB, Arabian Sea, Persian Gulf etc.) and South-west Pacific or their DNA
sequence data were also collected from different researchers and scientific studies. A survey and
focus group discussions (FGD) were also conducted to identify the major threats for marine
fisheries of Bangladesh especially caused by human interference beside climate change. For
genetic diversity and stock study, sequence variations in different mtDNA gene regions such as
COlI, Cytb, and noncoding control (d-loop) region were examined. Polymerase chain reaction
(PCR) was used to amplify the target mtDNA regions and sequenced. Lastly, the variation in the
obtained DNA sequence data of different geographic locations were analyzed using different
bioinformatic softwares such as Geneous, ARLEQUIN, MEGA-6; TCS etc.

Key findings

i.  For all the genes in every sampling location of Bangladesh, the nucleotide diversities () were
very low (0.0001 ~ 0.05) but the haplotype or gene diversities (%) were relatively high, 0.5 ~
1.0 (i.e. #>0.5) which indicated that the studied fishes have experienced population expansion
after a period of low effective population size, except two species, M. cordyla and L.
calcarifer for which the gene diversities were also low (0.14 ~ 0.263). This result implies that
these two fish species of Bangladesh has experienced recent bottleneck. Immediate
conservation measures should be taken for these two species.

ii. The population statistic F'st, and exact test of population differentiation revealed two different
scenarios for two groups of fishes. The first group contains six fish species namely P.
chinensis, P. argenteus, E. affinis, A. thazard, M. cordyla, L. calcarifer which are mostly
oceandromous, pelagic and highly migratory having wide distribution throughout the Indian
Ocean and South-West Pacific (or, Indo-west Pacific). This group showed no significant
population genetic differentiation within the country indicating that these six species have
single genetic stock and these are panmictic (random mating among populations) throughout
Bangladeshi marine water. Further, these six oceanodrmous and high migratory fishes showed
their own genetic structure (Fst P <0.05) within the BoB (BoB) when compared with other
neighboring seas such as Arabian Sea, Andaman Sea, Gulf of Thailand, South China Sea etc.
Haplotype network and phylogeny showed clear genealogical divisions of fish populations
varying with different seas

iii. The second group consists of four species S tenuifilis, S panijus, P paradiseus and C
dussumieri is relatively distributed to the narrow or localized geographic area mostly in the
BoB and Andaman Sea. This group is mostly off-shore or coast dwelling and amphidromous
(i.e. migrate between fresh and marine water but not to breeding purpose). For these species,
pairwise Fst values of mtDNA markers between fish samples of different sampling rivers
showed significant differences (P <0.05) in most of the cases. These fishes showed their own
genetic stock for different rivers such as Bishkhali, Kirtankhola and Boleshwar river for P.
paradeseus and S. panjius; Naf and Pashur rivers for C. dussumieri; Matamuhuri and
Bishkhali river for S. tenuifilis etc

iv. Fishing with mosquito net in estuaries & mangrove and fishing through Behundi net in seas
was found in the questionnaire survey and FGD, as the major man-made causes or threats for
declining of commercially important marine fishes in the BoB. Besides, catches of fry,
fingerlings and jatka, poison fishing in mangroves, illegal fishing by Indian and Myanmar’s
fishers, and use of destructive fishing gears (e.g. China net, behundi nets in rivers/channels’
mouth) are also accountable causes.

Keywords: BoB, Genetic stock, Marine fish, Mitochondrial DNA Marker, Fish conservation
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B. Implementation status

1. Procurement (component wise)

Coordination component (BARC)

Description of PP Target Achievement Remarks
equipment and capital Physical Financial Financial Physical
items (No.) (Tk.) (Tk.) (No.)
(a) Office equipment: Completed
Procurement of DSLR 01 149500 01 149500.00 100%
Camera
(b)Lab & field NA
equipment
(c) Other capital items NA
Component-1 (RU)
A . PP Target Achievement Remarks
Description of equipment - . : : : ;
and capital items Physical | Financial Physical Financial
(No.) (TK.) (No.) (TK))
(a) Office equipment
Laptop 01 60000.00 59800.000 Completed as
per target
(b) Lab & field equipment
1. Microscope with High 01 480000.00 01 410000.00 Completed as
Speed Camera per target
2. Laboratory Freezer 05 400000.00 05 398500.00
3. Chargeable Digital 02 20000.00 02 19000.00
Balance
4. Portable Eclectic Balance 02 16000.00 02 15600.00
5. Ice Box 04 60000.00 04 60000.00
(¢) Office Furniture
1. Fish Egg Cabinet 01 65000.00 01 64500.00 | Completed as
2. Steel Almira 02 60000.00 02 59800.00 | per target
3. Executive Table with Side 02 40000.00 02 39400.00
Drawer
4. Junior Executive Chair 02 20000.00 02 20000.00
(Side Office)
5. PVC Chair 12 16800.00 12 16800.00
6. Ceiling Fan 2 8000.00 2 8000.00




Component 2 (SAU)

. . . PP Target Achievement Remarks
Description of equipment : . . - . .
and capital items Physical | Financial | Physical | Financial

(No.) (Tk.) (No.) (Tk.)

(a) Office equipment
1. Executive Table 02 27400.00 02 27400.00 | Completed
2. Side Drawer 02 12000.00 02 12000.00 as per
3. Junior Executive Chair 02 20000.00 02 20000.00 target
4. Steel Almira 02 59800.00 02 59800.00
5. PVC Chair 12 16800.00 12 16800.00
6. Ceiling Fan 02 8000.00 02 8000.00
7. Desktop computer 01 52000.00 01 52000.00
8. UPS 01 7000.00 01 7000.00
9. DSLR Camera 01 85000.00 01 85000.00
10. Refregeratore 01 50000.00 01 50000.00
(b) Lab &field equipment
1. PCR Machine 01 498000.00 01 498000.00 | Completed
2. Gel Electrophoresis 01 345000.00 01 345000.00 as per
Machine target

2. Establishment/renovation facilities
Not applicable

3. Training/study tour/ seminar/workshop/conference organized
Coordination component (BARC)

Description Number of participants Duration Remarks
Male | Female | Total (Days)
Inception Workshop (1 no) 56 7 63 1 day All workshops
Half yearly Research Prog. 65+ 9+8+10 | 226 1+1+1 held at the
Review Workshop (3 no.) 62+72 =2 days Conference room
Annual Research Prog. 65+63 9+8 1145 1+2 of BARC as per
Review Workshop (2 no.) =3 days schedule of
Project Completion Report 52 6 58 1 day activity of the
Review Workshop (1 no) Coordination
component
Orientation on PCR 12 05 17 01 Day All Principal
preparatory guideline Investigators of the
sub project
components
attended the
program

(Not Applicable for RU and SAU components)




C. Financial and physical progress (combined & component wise)

Combined progress

Fig in Taka
Items of Total Fund Actual |Balance/| Physical | Reasons
expenditure/activities |approved| received |expenditure unspent| progress for
budget (%) |deviation
a. Contractual staff salary 6890006 | 6796917 6796917 100
b. Field research/lab 19113543 | 19079803 | 19079803 100
expenses and supplies
c. Operating expenses 1919252 | 1777931 1777931 0 100
d. Vehicle hire and fuel, oil 2682147 | 2615333 2615333 0 100 Not
& maintenance applicable
e. Training/workshop/ 310500 | 304700 304700 0 100
seminar etc.
f. Publications and printing 400000 396000 396000 0 100
g. Miscellaneous 482652 | 2513243 2513243 0 100
h. Capital expenses 2501900 | 13044500 | 13044500 0 100
Total 34300000 | 33951044 | 33951044 0 100
Coordination component (BARC)
Fig in Taka
Items of Total Fund Actual (Balance/| Physical | Reasons
expenditure/activities |approved| received [expenditure unspent| progress for
budget (%) |deviation
a. Contractual staff salary 265613 189385 189385 100
b. Field research/lab 0 0 0 100
expenses and supplies
c. Operating expenses 321256 184494 184494 0 100
d. Vehicle hire and fuel, 229969 165476 165476 0 100 NOt
oil & maintenance applicable
e. Training/workshop 310500 | 304700 | 304700 0 100
/seminar etc.
f. Publications and printing | 400000 | 396000 396000 0 100
g. Miscellaneous 103162 102475 102475 0 100
h. Capital expenses 149500 149500 149500 0 100
Total 1780000 | 1492030 1492030 0 100




Component-1 (RU)

Fig in Taka
Items of Total Fund Actual |Balance/| Physical | Reasons
expenditure/activities approved | received |expenditure| unspent| progress for
budget (%) |deviation
a. Contractual staff salary 3222463 | 3222463 | 3222463 0 100
i 0
b B ESETElA 11372850 | 11351510 | 11351510 100
expenses and supplies
c. Operating expenses 1115584 | 1113544 | 1113544 0 100
dtl\;fh“’l? D S, 1669315 | 1667157 | 1667157 0 100 Not
o1 - .rngm;enarll(ceh ; applicable
e. Training/workshop 0 0 0 100
/seminar etc.
f. Publications and printing 0 0 0 0 100
g. Miscellaneous 228388 | 2260870 | 2260870 0 100
h. Capital expenses 1171400 | 11714000 | 11714000 v 100
Total 18780000 | 18752161 | 18752161 0 100
Component 2 (SAU)
Fig in Taka
Items of Total Fund Actual |Balance/| Physical Reasons
expenditure/activities approved | received |expenditure| unspent| progress (%) for
budget deviation
a. Contractual staff salary 3401930 | 3385069 | 3385069 0 100.00 Not
b. Field research/lab 7740693 | 7728293 | 7728293 0 100.00 applicable
expenses and supplies i
c. Operating expenses 482412 | 479893 479893 0 100.00
d. Vehicle hire and fuel, oil 782863 | 782700 782700 0
. 100.00
& maintenance
ch Trammg/workshop/ 0 0 0 0 0
seminar etc.
f. Publications and printing 0 0 0 0 0
g. Miscellaneous 151102 | 149898 149898 0 100.00
h. Capital expenses 1181000 | 1181000 | 1181000 0 100.00
Total 13740000 |13706853 | 13706853 0 100.00

D. Achievement of sub-project by objectives (Tangible form): Technology generated/

developed

Not applicable




E: Information/knowledge generated/policy generated

Component-1 (RU)

estimate the size at
sexual maturity, age
at sexual maturity,
spawning- and peak-
spawning season of
fishes through
multiple  functions
for the justification
of fishing-ban period
in the BoB

preserved.

Required data collected
from the preserved fish
samples in the laboratory
of Department of
Fisheries, RU

at sexual maturity of 15
commercially important
marine fishes.

Adjusted fishing ban
period should be from
mid-April to June based
on the spawning and peak
spawning season of
commercially important
marine fishes in the BoB,
Bangladesh

General/specific Major technical Output (i.e., product Outcome (short
objectives of the | activities performed in obtained, visible, term effect of the
sub-project respect of the set measurable) research)
objectives
To find out the fish | Collected samples using | Enlist 740 fish from the The mesh size of
stocks through | hired commercial fishing | BoB. fishing gear can be
morphometric  and | boat and fishers and _ ) defined/determined
meristic  then  to | were immediately Estimate the size and age | 4y the size at

sexual maturity

Adjusted ban
period allows fishes
to spawn and new
recruitments
increases the fish
production

To calculate the
growth  parameters
through multi-
models using length-
frequency  analysis
and then to assess the
stock’s  status of
commercially
important fishes in
the BoB

Collected samples using
hired commercial fishing
boat and fishers and
were immediately
preserved.

Required data collected
from the preserved fish
samples in the laboratory
of Department of
Fisheries, RU

Growth pattern & other
parameters of 15 marine
fishes were estimated

Relative biomass,
mortality (total, natural,
fishing), optimum
catchable length, and
MSY were estimated for
15 marine fishes

Set catch limits for
marine fishes for
sustainable stock
year after year

To identify the major
man-made and
climatic threats/
factors to fisheries
resources in the BoB,
Bangladesh.

Survey, personal
interview, FGD,
Literature review

Identified the major man-
made and climatic threats
to fisheries resources in
the BoB, Bangladesh

Man-made threats
can be reduced by
taking proper
actions

Component-2 (SAU)

General/specific Major technical Output Outcome (policy
objectives of the | activities performed recommendation)
sub-project in respect of the set
objectives
1. To determine Collection of fishes Species were identified e Some river

whether there from: through morphology and DNA populations of
are single or 1. different Barcoding. coast deweller
discrete ecological amphidromous
genetic stocks locations of fishes will require
of commercial Bangladesh such

e -




2. To assess intra
and inter
population
genetic
diversity and
divergence of
commercial
fish in the
BoB,
Bangladesh
and other
neighbouring
seas.

extraction from fish
tissue.

Design, synthesis and

The primers were designed for

testing of PCR the first time for fishes P.

primers paradesius and S. panijus and
PCR was possible for the
target fishes.

PCR amplification of | Amplified gene regions were

target genes of fish
mtDNA

sequenced.

DNA sequencing of DNA sequence data were ready

amplified gene for bioinformatical analysis.

regions

e Bioinformatical 1. Nucleotide diversities ()
analysis of DNA were very low (0.0001 ~ 0.05)

sequence data:

1. Genetic diversity:
Haplotype
diversity (4),
nucleotide
diversity (7).

2. Population
differentiation:

Fixation index
(Fst), Non-Exact P
value.

3. Inter and tra-

population
genealogical

relationship:
haplotype network

and phylogeny
construction.

4. Pattern of

demographic
history: Neutrality

but the haplotype or gene
diversities (4) were relatively
high, 0.5 ~ 1.0 except two
species, M. cordyla and L.
calcarifer for which the gene
diversities were also low (0.14
~0.263).

2. Population statistic Fsr, and
exact test of population
differentiation revealed two
different results for two group
of fishes.: Oceandromous and
highly migratory fishes
showed no population
subdivision within
Bangladesh water. But these
fishes have their own genetic
structure in the BoB compared
to other neighboring seas. On
the other hand, coast dwelling
and amphidromous fishes
showed population sub-
division inside Bangladesh
based on the river ecosystem.

General/specific Major technical Output Outcome (policy
objectives of the activities performed recommendation)
sub-project in respect of the set
objectives
marine fish as rivers, coast etc. separate
with variation (obj.-1) monitoring and
in habitat ii. other areas of BoB management
within (obj.-2) strategies for
Bangladesh 1ii. different conservation
using neighboring seas because the fish
mitochondrial of BoB such as population of
DNA markers; Arabian sea, some rivers is
South-west Pacific genetically
etc. (obj.-2) distinct.
Genomic DNA Genomic DNA were extracted. Overfishing in

any of these rivers
may cause
extinction of its
fish stock.

e The highly

migratory
oceanodromous
fishes showed its
own genetic
structure within
the BoB
compared to other
neighbouring
seas. Therefore,
the BoB adjacent
countries should
manage and
conserve these
vital and shared
marine fish
species through
cooperation with
each other.

Haplotype network
and phylogeny for
migratory
oceanodromous
fish showed clear
genealogical
divisions of fish
populations
varying with
geographical
distribution i.e.
genealogical
differences
occurred among
BoB, Arabian Sea,

ey o




Outcome (policy
recommendation)

General/specific
objectives of the
sub-project

Major technical
activities performed
in respect of the set

Output

objectives

test (Tajima’s D

and Fu’s Fs value)

3. Haplotype networks and
phylogenies for first group of
fish showed clear

occurred among BoB, Arabian
Sea, South-west Pacific etc.

4. Neutrality tests such as
Tajima’s D and Fu’s FS
statistics also suggested that

population expansion.

South-west Pacific
etc.

genealogical divisions of fish Is\lllil;ltzasl,}};.tie;t:,s D
populations varying with , J

. RS and Fu’s Fs
geographical distribution i.e. statistics also
genealogical differences s e

most of the studied
fish species of
Bangladeshi
populations have
undergone the

most of the studied fish demographic
species of Bangladeshi history of
populations have undergone population
the demographic history of expansion.

3. To identify

the threats for

1. Questionnaire

Fishing with mosquito net in

made causes or threats for

the marine declining of commercially
fish stock in important marine fishes in the
the BoB, BoB followed by catches of
Bangladesh fry, fingerlings, & jatka,
beside poison fishing in mangroves,
climatic illegal fishing by Indian and
factors and Myanmar’s fishers, catches
detect the of brood fish and use of
priority areas destructive fishing gears (e.g.
where China net, behundi nets in
management rivers/channels’ mouth). The
actions are climatic changes are also a
needed. common factor like other

parts of the world.

Government should

major survey estuaries & mangrove and take immediate
anthropogenic | 2. Focus group fishing through Behundi net actions for
factors that are discussion was found as the major man- | removing these

obstacles.

F. Materials development/publication made under the sub-project
Component-1 (RU)

Number of publications

Remarks (e.g., paper title, name of

Publication Under Completed journal, conference name, etc.)
preparation | and published

Journal 10 16 1. Sabbir, W., Hossain, M. Y., Rahman,

publication M. A., Hasan, M. R., Mawa, Z.,

Tanjin, S., & Ohtomi, J. (2021). First
report on reproductive features of the
Hooghly croaker Panna heterolepis
Trewavas, 1977 from the BoB in
relation to environmental




Number of publications Remarks (e.g., paper title, name of
Publication Under Completed journal, conference name, etc.)
preparation | and published

factors. Environmental Science and
Pollution Research 28(18), 23152-
23159. (QI; IF: 5.190)

2. Mawa, Z., Hossain, M. Y., Hasan, M.
R., Tanjin, S., Rahman, M. A.,
Sarmin, M. S. & Habib, K. A. (2021).
First record on size at sexual maturity
and optimum catchable length of 10
marine fishes from the BoB
(Bangladesh) through multi-models
approach: a key for sound fisheries
management. Environmental Science
and Pollution Research, 28, 38117-
38127. (Q1; IF: 5.190)

3. Rahman, M. A., Hossain, M.Y.,
Hasan, M.R., Mawa, Z., Tanjin, S.,
Sarker, B.K. & Islam, M.A. (2021).
Length weight relationships and form
factor of 8 marine fishes from the
BoB. Thalassas: An International
Journal of Marine Sciences, 37, 891—
895. (Q3; IF: 0.951)

4. Rahman, M. A., Hossain, M. Y.,
Tanjin, S., Mawa, Z., Hasan, M. R. &
Ohtomi J. (2021). Length weight
relationship of 5 marine fishes from
the BoB. Journal of Applied
Ichthyology, 37(02), 364-366. (Q2;
IF: 1.222)

5. Sabbir, W., Rahman, M. A., Hossain,
M. Y., Hasan, M. R., Mawa, Z.,
Rahman, O., Tanjin, S. & Sarmin, M.
S. (2021). Stock assessment of
Hooghly Croaker Panna heterolepis
in the BoB (Southern Bangladesh):

implications for sustainable
management. Heliyon 7,e¢07711. (Q1;
IF: 3.776)

6. Sabbir, W., Hossain, M.Y., Rahman,
M. A., Rahman, M. A, Islam, M. A.,
Khan, M. N., Chowdhury, A. A.,
Hasan, M. R. & Mawa, Z.(2021). The
Hooghly Croaker, Panna heterolepis
Trewavas, 1977: Identification
through Morphometric and Meristic
Characteristics. Indian Journal of

sy o3s




Number of publications Remarks (e.g., paper title, name of
Publication Under Completed journal, conference name, etc.)
preparation | and published

Geo-Marine Sciences, 50(06), 502-
506. (Q4; IF: 0.553)

7. Rahman, O., Hossain, M.Y., Rahman,
M.A., Islam M.A., Rahman, M.A.,
Parvin, M.F., Sarmin, M.S., Sarker,
B.K., Sabbir, W. and Habib, K. A.
(2021). Temporal variations of
condition factor and relative weight
for Mpystus gulio (hamilton, 1822)
from the coastal water in Bangladesh.
Journal of Bio-Science, 29(1), 111-
122.

8. Sabbir, W., Rima, F. A., Hossain,
M.Y., Rahman, M. A., Tanjin, S.,
Hasan, M. R., Mawa, Z., Islam, M. A.,
& Khan, M. N. (2021). Estimation of
Morphometric  relationships  for
flathead sillago, Sillaginopsis panijus
(Hamilton, 1822) in the BoB
(Bangladesh)  using  multi-linear
dimensions. Indian Journal of Geo-
Marine Sciences, 50(03), 253-257.
(Q4; IF: 0.553)

9. Tanjin, S., Sabbir, W., Hossain, M. Y.,
Rahman, M. A., Mawa, Z., Hasan, M.
R., Rima, F. A., Rahman, O., Sarmin,
M. S., Sarker B. K. & Habib, K. A.
(2021). Morphometric and Meristic
Features of Gangetic hairfin anchovy,
Setipinna phasa (Hamilton, 1822) in
the BoB (Bangladesh). Journal of
King Abdulaziz University - Marine
Sciences, 30 (02), 71-83. (Q4, SJR:
0.11)

10. Sabbir, W., Hossain, M. Y., Rahman,
M. A., Hasan, M. R., Mawa, Z.,
Tanjin, S., Hassan, H. U. & Ohtomi, J.
(2020). First Report on Condition
Factor of  Panna  heterolepis
(Trewavas, 1977) in the BoB
(Southwestern Bangladesh) in
Relation to Eco-Climatic Factors.
Egyptian Journal of Aquatic Biology
and Fisheries, 24(2), 591-608. (Q3,
SJR: 0.29)

11. Sabbir, W., Hossain, M. Y., Rahman,
M. A., Hasan, M. R, Khan, M. N,,

R - I




Number of publications Remarks (e.g., paper title, name of
Publication Under Completed journal, conference name, etc.)
preparation | and published

Mawa, Z., Tanjin, S., Sarmin, M. S.,
Rahman, O., Nima, A. & Habib, K. A.
(2020). Growth pattern of the Hooghly
Croaker Panna heterolepis Trewavas,
1977 in the BoB (Bangladesh) in
relation to eco-climatic
factors. Egyptian Journal of Aquatic
Biology and Fisheries, 24(7-Special
issue), 847-862. (Q3, SJR: 0.29)

12. Sabbir, W., Hossain, M. Y., Khan, M.
N., Rima, F. A., Sarmin, M. S., &
Rahman, M. A. (2022). Biometric
Indices of  Flathead  Sillago,
Sillaginopsis  panijus  (Hamilton,
1822) from the BoB (Southern
Bangladesh). Thalassas: An
International Journal of Marine
Sciences. (Q3; IF: 0.951)

13. Sabbir, W., Hossain, M. Y., Mawa, Z.,
Hasan, M. R., Rahman, M. A., Islam,
M. A., Tanjin, S., Rahman, M. A.,
Sarker, B. K. and Khan, M. N. (2020).
New maximum size record, length—
weight relationships and form factor
of  Hooghly  Croaker  Panna
heterolepis Trewavas, 1977 from the
BoB (Bangladesh). Lakes &

Reservoirs: Research &
Management, 25(3), 346-349. (Q3,
SJR: 0.33)

14. Rahman, O., Hossain, M.Y., Islam,
M.A., Rahman, M.A., Khatun, D.,
Parvin, M.F., Sarmin, M.S., Tanjin, S.,
Rahman, M.A., Mawa, Z. and Hasan,
M.R. (2020). Life-history traits of
long whisker catfish Mystus gulio
(Siluriformes: Bagridae) in the coastal
water (Maloncho river) of southern
Bangladesh. Pakistan Journal of
Marine Science, 29(2), 99-114.

15. Sarmin, M. S., Tanjin, S., Rahman, M.
A., Hasan, M. R., Sabbir, W.,
Asadujjaman, M., Mondol, M. R. K.,
Habib, K. A., & Hossain, M. Y.
(2021). Estimation of growth pattern
and form factor of torpedo scad
Megalaspis cordyla (linnaeus, 1758)




Publication

Number of publications

Under
preparation

Completed
and published

Remarks (e.g., paper title, name of
journal, conference name, etc.)

16.

in the BoB, Bangladesh. Pakistan
Journal of Marine Sciences, 30(2),
109-117.

Tanjin, S., Rahman, M. A., Uddin, M.,
Sarker, B. K., Sarmin, M. S., Mawa,
Z., Rahman, M. A., Rahman, O.,
Samad, M. A., Habib, K. A., &
Hossain, M. Y. (2021). Estimation of
condition factor of Bengal tongue sole
(Cynoglossus cynoglossus) in the Bay
of Bengal, Bangladesh. Pakistan
Journal of Marine Sciences, 30(2),
127-133.

Video clip/
TV program

Channel 24 on 22 September 2020

News
Paper/Popular
Article

Bangla news,

Daily Sunshine, Jago

news on 08-09.09.2020

Conference/
Seminar
papers

1.

Hasan, M. R., Mawa, Z., & Hossain,
M. Y. (2021). Reproductive biology of
Anodontostoma chacunda in the BoB:
Confirm to sustainable management
and conservation. 2™  Biennial
Fisheries Conference by Fisheries
Society of Bangladesh in Bangladesh
Agricultural University, Mymensingh,
Bangladesh, 25-26 December, 2021.

Rima, F, A., Hossain, M. Y., Sabbir,
W., & Hasan, M. R. (2021).
Population structure, Length-weight
relationship, Condition and Form
factor of the Sillaginopsis panijus in
the BoB. 2" Biennial Fisheries
Conference by Fisheries Society of
Bangladesh in Bangladesh
Agricultural University, Mymensingh,
Bangladesh, 25-26 December, 2021.

Saabir, W., Hossain, M. Y., Mawa, Z.,
Sarker, B. K., & Sarmin, M. S. (2021).
Assessment of stock and maximum
sustainable yield of the Hooghly
Croaker Panna heterolepis from the
BoB (Southern Bangladesh):
Implications for sustainable
management. 2" Biennial Fisheries
Conference by Fisheries Society of

Bangladesh in Bangladesh

T s




Number of publications Remarks (e.g., paper title, name of
Publication Under Completed journal, conference name, etc.)
preparation | and published

Agricultural University, Mymensingh,
Bangladesh, 25-26 December, 2021.

4. Sabbir, W., Hossain, M. Y., Rahman,
M. A., Hasan, M. R., & Habib, K. A.
(2021). Estimation of size at sexual
maturity, spawning and peak
spawning season of the Hooghly
Croaker Panna heterolepis Trewavas,
1977 from the BoB, Southern
Bangladesh: A key to fix appropriate
fish banning period. 2" Biennial
Fisheries Conference by Fisheries
Society of Bangladesh in Bangladesh
Agricultural University, Mymensingh,
Bangladesh, 25-26 December, 2021.

5. Hossain, M. Y., Rahman, M. A,
Sarmin, M. S., & Habib, K. A. (2022).
Stock Assessment of Commercially
Important Fishes in the BoB through
Multi-model inferences: Management
policy implications in Bangladesh.
JSPS International Seminar organized
by Bangladesh JSPS  Alumni
Association (BJSPSAA) and Japan
Society for the Promotion of Science
(JSPS) held at Sylhet Agriculture
University on 18 March 2022.

6. Hossain, M. Y., Rahman, M. A,
Sarmin, M. S., & Habib, K. A. (2022).
Fisheries of the BoB: current status
and management policy implications
in  Bangladesh. 9"  Biennial
Conference organized by Bangladesh
Fisheries Research Forum (BFRF)
held at Bangladesh Agricultural
Research Council (BARC), Farmgate,
Dhaka on 28-29 May 2022.

PhD Thesis 1 Stock Assessment of the Hooghly Croaker

Panna heterolepis from the BoB in

Bangladesh through Multi-models

2 1. Stock Assessment of Megalaspis
cordyla from the BoB in Bangladesh

2. Stock Assessment of Indian Pellona
Pellona ditchela in the BoB through
multi-model analysis

MS Thesis 4 1. Study on population Dynamics of

Smoothbelly sardinella, Amblygaster

s o




Number of publications Remarks (e.g., paper title, name of
Publication Under Completed journal, conference name, etc.)
preparation | and published

leiogaster in the BoB through Multi-
models: A Management Approach

2. Stock assessment of the flathead
Sillago Sillaginopsis panijus
(Hamilton 1822) in the BoB

3. Biometric indices of Black Pomfret,
Parastromateus niger (Bloch 1795) in
the BoB, Bangladesh

4. Biological features of Skipjack tuna,
Euthynnus affinis (Cantor 1849) from
the BoB, Bangladesh

2 1. Assessment of stock’s status (Growth
parameters, mortality and exploitation
rate) of Bombay duck, Harpadon
nehereus (Hamilton, 1822) in the BoB
(Bangladesh)

2. Estimation of maximum suatainable
yield (MSY) for Topse fish
(Polynemus paradiseus) in the BoB
(Bangladesh)

Book 1 Hossain, M. Y., Habib, K. A., Islam, M.

J., & Rahman, M. A. (2022). Stock Status

of 50 Commercially Important Marine

Fishes in Bangladesh.

Component 2 (SAU)
Publication Number of publications Remarks (e.g., paper title, name of
journal, conference name etc.)
Under Comp-leted
prepa- &
ration published
Technology - - -
bulletin/
booklet/leaflet/flyer
etc.
Journal publication 4 1 Habib, K. A., & Islam, M. J. (2020). An
updated checklist of Marine Fishes of
Bangladesh. Bangladesh Journal of
fisheries, 32(2), 357-367.
Video/ TV program 1 NATP-2, BARC
News paper/ 3 Prothom Alo, Janakontho, Samakal
Popular Article

s o



Publication Number of publications Remarks (e.g., paper title, name of
journal, conference name etc.)

Under Comp-leted

prepa- &

ration published
Other publications, 3 1. Genetic diversity and population structure
if any: of two commercial Pomfret species

(Pompus  argenteus and  Pompus
chinensis) in the BoB, Bangladesh.
Fisheries Society of Bangladesh
Biennial Conference-2021.

Abstracts in
conference book

2. Genetic diversity and population structure
of two commercial Pomfret species
(Pompus  argenteus and  Pompus
chinensis) in the BoB, Bangladesh. ZSB

nd
22 Biennial International Conference
and AGM-2022

3. Genetic diversity and population structure
of Kawakawa tuna (Euthynnus affinis) in

the BoB, angladesh. BFRF 9 Biennial
Conference and Research fair-2022.

Award

et cuen | Professar Or Thomas Kana & Kamarudin b Kara

Brevied Goesk DI, Md ‘Kflw!@! Ahmod
et

Best paper award by BFRF in F zsherzes Bzology and Genetzcs Sectzon
at the 9" Bzenmal Conference and Research Fair-2022

G. Description of generated technology/knowledge/policy

i. Technology factsheet (title of the technology, introduction, description, suitable
location/ecosystem, benefits, name and contact address of author):

Not applicable

ii. Effectiveness in policy support (if applicable)
Amendment of existing fishing ban period in the BoB, Bangladesh

The BoB is blessed with a range of fish and fisheries resources for its hydrological
features. The marine fisheries sector has been considered an essential part of Bangladesh’s
economy. The production of marine fish in BoB has increased slightly over the last 10

e 1



years, but its comparative share of production has reduced as well as the qualitative
features of fish species. Marine fish stocks may be undefined but can become extinct
within a period of time. Thus, it is very important to take initiatives before the extinction
of any species. The imposition of ban and areas to control fishing effort is a basic
management tool for open water fisheries dates back to centuries.

To conserve the marine fisheries resources, it is necessary to give them opportunity to
spawn as well as management through sustainable harvest. Spawning of fishes mostly
depends on surrounding uninterrupted environment. For this reason, different countries
impose a fishing ban period in their marine areas. India imposed its first ban in the BoB
from 15 June to 31 July1988 in Kerala, and subsequently in other states but in different
periods. In 2000, they adjusted it from 15 April to 31 May in East coast and 15 June to 31
July in the West coast. However, in 2015, they again adjusted it from 15 April to 14 June
in the East coast and 1 June to 31 July in the West coast.

To enhance the marine fish production from the BoB, Bangladesh government imposed a
ban period from 20 May to 23 July in 2015 for the first time according to the Marine
Fisheries Ordinance 1983. Though, 22 days ban period was established for hilsa fishes
and also applied in the marine waters. The imposed ban period was only applicable for
industrial fisheries from 2015 to 2018. From 2019, it was applicable for both the industrial
and artisanal fisheries.

Could there be different fishing ban periods in the same habitat, BoB? On the other hand,
the prolonged fishing ban has a negligible impact on the income and livelihoods of the
poor subsistence coastal fishers. To get the answer, study was done on the spawning and
peak spawning season of marine fishes from the BoB, Bangladesh. Monthly samples were
collected and their gonadal maturation was studied in the laboratory. Based on the GSI,
modified gonadosomatic index (MGSI) and Dobriyal index (DI) estimation of the
spawning and peak spawning season done for commercially important marine fishes in
the BoB and confirmed by histological studies. In depth studies revealed that most of the
commercially important marine fishes spawn from April to September each year.
However, May to July is the peak spawning season of 9 species out of studied 15
commercially important fishes. Further, study of relevant literature on this aspect
designates that most of the commercially important fishes in the BoB spawn within April
to June each year. Therefore, it is strongly recommended that, the present fishing banning
period in the BoB (20 May to 23 July) should to be amended or adjusted from April (or
mid-April) to June (or mid-June) each year.

To facilitate spawning and conservation of marine fisheries resources within the economic
zone of Bangladesh all types of fishing ought to be banned during April (or mid-April) to
June (or mid-June) both in coastal rivers and deep-sea regions.

H. Technology/knowledge generation/policy support (as applied)

i. Immediate impact on generated technology (commodity & non-commodity)

e Implementation of justified/ adjusted ban period in the BoB, Bangladesh
e Setting catch limit of commercially important marine fishes in the BoB, Bangladesh

e Mesh size of fishing gear selection for commercially important marine fishes in the
BoB, Bangladesh



ii. Generation of new knowledge that help in developing more technology in future

e Under the research, sexual maturity and optimum catchable length for 15 commercially
important fishes were estimated. Based on the used formula, sexual maturity and
optimum catchable length of other fish species from the BoB can be estimated. This
information will help for mesh size selection of fishing gears used by the fishers.

e Spawning and nursery ground of commercially important marine fishes can be identified
from the availability of fishes larger than L, can during spawning and peak spawning
period.

e Brood fish can be easily collected during the spawning and peak spawning season for
artificial breeding of over exploited marine fish stock, as well as development of
mariculture of highly demanded species

iii. Technology transferred that help increased agricultural productivity and farmers’
income
Not applicable

iv. Policy support
Component-1 (RU)

e Estimated size at sexual maturity and optimum catchable length (L,,:) effective to select
the mesh size of fishing gear. Small individual smaller than L,, able to skip and contribute
in increase fish production.

e Justification of the existing fishing ban period through estimated spawning and peak-
spawning season of commercially important marine fishes allow them to spawn and new
recruits that will increase fish production and fishers’ income.

e Estimated catch limits through MSY will make the stock sustain year after year.

e Remedy can be taken for identified man-made & climatic causal factors for declining
marine fishes that will be effective for increasing fish production and fishers’ income as
well.

Component-2 (SAU)

e Localized or coast dwelling amphidromous fishes (e.g. S tenuifilis, S panijus, P
paradiseus and C dussumieri) showed separate genetic stock with variation in rivers (e.g.
Bishkhali, Boleshwar, Kirtonkhola, Rupsha, Naf, Matamuhuri etc.) or ecological zones
(e.g. Muddy brackishwater zone: Borguna-Khulna-Patuakhali coasts, Sandy clear saline
water zones: Chattogram-Cox’s Bazar coasts). Therefore, these fishes will require separate
monitoring, management and conservation strategies for each separate stock. Because,
overfishing in any of these rivers or ecological zones may cause extinction of its fish stock.

e Oceandromous or inter-ocianic dwellers and highly migratory fishes (e.g. P. chinensis, P.
argenteus, E. affinis, A. thazard, M. cordyla, L. calcarifer) showed no significant
population differentiation within the country indicating that these species have single
genetic stock and these are panmictic (random mating among populations) throughout
Bangladeshi marine water. Bangladesh should manage these species as a single
conservation unit.

e Oceandromous and highly migratory fishes showed its own genetic structure (Fst P <0.05)
within the BoB when compared with other neighbouring seas such as Arabian Sea,
Andaman Sea, Gulf of Thailand, South China Sea etc. So, the BoB countries should
manage and conserve these vital and shared marine species through cooperation with each
other.

e



e Inter population breeding should be conducted for production of good quality seed and
avoiding inbreeding problem for developing mariculture or coastal aquaculture for a coast
dwelling amphidromous fish species having separate genetic population/stock (e.g. P.
paradeseus, S. panjius etc.).

e Some fishes such as M. cordyla and L. calcarifer showed very low genetic diversities.
This result implies that these two fish species have experienced recent bottleneck.
Immediate conservation measures should be taken for these two species, such as limiting
catch, banning on the fishing season, making long term sanctuary or protected area etc.

e Fishing with mosquito net in estuaries & mangrove and fishing through Behundi net was
found as the major man-made causes or threats for declining commercially important
marine fishes in the BoB followed by catches of fry, fingerlings, & jatka, poison fishing
in mangroves, illegal fishing by Indian and Myanmar’s fishers, catches of brood fish and
use of destructive fishing gears (e.g. China net, behundi nets in rivers/channels’ mouth).
And, climatic changes are also a common factor like other parts of the world. Government
should take immediate actions for removing these obstacles.

I. Information regarding desk and field monitoring
i. Information on desk monitoring

Consulting meetings, Date & Venue Output
workshops, seminars,
coordination meetings etc

Component 1 (RU)

1) Inception workshop 22/12/2019; Necessary correction of stock assessment
BARC, Dhaka by correcting the number of species and
terminologies done

2) 1%t & 2" half yearly 20.06.20 and | Necessary correction of stock assessment
progress report 29.07.21 BARC; | data done
DHAKA
3) 3" half-yearly progress | 02.06.2022; e Clear highlights on progress
report BARC achievement focused in the follow-up
presentations
e Proposed fishing ban period was
justifiably discussed
4) 1% Co-ordination 07/09/2020; Data collection on morphometric, meristic
meeting BARC, Dhaka and truss-networking and then to estimate

the size at sexual maturity, age at sexual
maturity, spawning- and peak-spawning
season of fishes done properly.

5) 1* Annual progress 30/09/2020; Information of fish species size at sexual
workshop BARC, Dhaka maturity, age at sexual maturity, spawning
and post-spawning season and GSI values
incoporated
6) Meeting with World 25/08/2021; Sub-project revision along with activity
bank representative BARC, Dhaka time plan
7) 2" Annual progress 23/11/2021; Causes of difference in hilsa catch ban
workshop BARC period in Bangladesh, India and Myanmar,
Dhaka discarded from the study

e .



Consulting meetings,
workshops, seminars,
coordination meetings etc

Date & Venue

Output

8) 2" Co-ordination
meeting

12/12/21; BARC
Dhaka

Survey activities on identification of the
major man-made and climatic threats/
factors to fisheries resources ended as per
revised plan

9) Progress meeting on
zoom platform

02.05.2021,
Virtual platform

Incorporated all review suggestions of
PIU-NATP

10) 3 Co-ordination

Data collection continued up too June

meeting 2022 as per revised plan
1T)Workshop on PCR 11/05/22; BARC Orientation guidelines improves the
preparation Dhaka knowledge of PCR writing

12)Progress meeting on 02.05.2021, Incorporated all review suggestions of
zoom platform Virtual platform PIU-NATP
13) 4" Coordination 08.10.2022 Finalized PCR workshop plan
meeting
14)Draft PCR review 24-25 October’22 Improvement of draft PCR
workshop
Component 2 (SAU)
1) Inception workshop 22/12/2019; Project document improved
BARC, Dhaka
2) 1% & 2" half yearly 20.06.20 and | Provosion of stocks to be assessed through
progress report 29.07.21 BARC; | multiple model approach and genetic
DHAKA marker followed for bith the components
3) 3" half yearly progress | 02.06.2022; All aspects of audit information included
report BARC as per format
4) 1% Co-ordination 07/09/2020; Data collection and laboratory analysis to
meeting BARC, Dhaka determine the whether there are discrete or
single genetic stocks of commercial
marine fish completed
5) 1% Annual progress 30/09/2020; New information on marine fish stock
workshop BARC, Dhaka management aspect with proper
technical/scientific information included
6) Meeting with World 25/08/2021; Sub-project revision along with activity
bank representative BARC, Dhaka time plan
7) 2" Annual progress 23/11/2021; As per general suggestion all technical
workshop gﬁic aspects of the research re=examined and
aka

necessary correction done

8) 2" Co-ordination
meeting

12/12/21; BARC
Dhaka

Procurement of all pending
equipmemts/chemicals completed as per
revised plan

9) Progress meeting on
zoom platform

02.05.2021,
Virtual platform

Incorporated all review suggestions of
PIU-NATP

10) 3 Co-ordination
meeting

12.12.21, BARC,
Dhaka

e Data collection continued up too June
2022 as per revised plan

¢ Gene sequence data analysis through
bioinformatics and statistical programs
also completed as per revised plan

T s T




Consulting meetings,
workshops, seminars,
coordination meetings etc

Date & Venue

Output

11)Workshop on PCR 11/05/22; BARC | Orientation guidelines improves the
preparation Dhaka knowledge of PCR writing

12)Progress meeting on 02.05.2021, Incorporated all review suggestions of
zoom platform Virtual platform | PI[U-NATP

13) 4" Coordination 08.10.2022 Finalized PCR workshop plan
meeting

14)Draft PCR review 24-25 October’22 | Improvement of draft PCR
workshop

Plate 16. Visited ABR Lab of SAU by BARC and SAURES officials

ii. Information on field onitoring

No. of

Date visit Name/s of visitors Addresses Output

Component I (RU)

07.10.20 1 1. Md. Abdur Monitoring Visited research field
Rahman associates & and Instruction given
2. Dipok Kumar Capacity dev. by the team was
3. Md. Hasan Associate, PIU, executed.
Mahmud NATP. BARC

19.12.20 1 Dr. Md. Monirul BoB, Cox’s Bazar Visited research site.
Islam (Member Advice given by
Director, BARC) Coordinator was

executed.

26-27.02.22 1 1. Dr. Md. Harunur | Director, Assistant | Visited research
Rashid Manager, Admn & | field; Some advice
2. Dr. Mohammad Assistant Manager, | given; action was
Abdullah Al Account PIU- | taken accordingly.
Faroque BARC, NATP-2
3. Mr. Md
Ashequar Rahman

25.03.22 1 1. Dipok Kumar Monitoring Visited research field
(monitoring associate & and Instruction given
associate Capacity dev. by the team was

executed.
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No. of

Date visit Name/s of visitors Addresses Output
2. Md. Hasan Associate, PIU,
Mahmud (Capacity | NATP. BARC
development
associate)
18-19.05.22 1 1. Dr. Md. Department of Visited and observed
SalehUddin Ahmed | Fisheries, laboratory works and
University of progress. Given
Rajshahi instructions on data
analysis and PCR
preparation was
executed.
Component 2 (SAU)
07.10.2020 1 1. Md. Abdur Monitoring Separate record
Rahman associates & keeping of fish
2. Dipok Kumar Capacity dev. breeding/spawning,
3. Md. Hasan Associate, PIU, GSI index, fecundity
Mahmud NATP. BARC facilitate analytical
activities
19.12.2020 1 Dr. Md. Monirul Sub-Project Established effective
Islam Coordinator and coordination between
MD, Fisheries, the components
BARC, Farmgate,
Dhaka
18/01/2021 1 Dr. Md. Harunur Director, PIU- Suggestion for

Rashid, BARC, NATP-2 technical
improvement of data
analysis followed
and improved

Prof. Dr. Md. Abdur | SAURES, SAU, Inspired research

Razzaque, Dhaka activities

Prof. Dr. Md. Treasurer, SAU, Inspired research

Nazrul Islam, Dhaka. activities

26-27.02.2022 1

1. Dr. Md. Harunur
Rashid

Director, Assistant
Manager, Admn &

Strengthen activities
of sub project.

(Director) Assistant Manager,
2. Dr. Mohammad | Account PIU-
Abdullah Al BARC, NATP-2
Faroque
3. Mr. Md
Ashequar
Rahman
25.03.2022 1 1. Dipok Kumar 2. | Monitoring Deviation of
Md. Hasan associate & activities identified
Mahmud Capacity dev. and mitigated
Associate, PIU,
NATP. BARC
1 Monitoring Acitivity progress as
1. Dipok Kumar associate & per revised action
24.04.202222 2. Md. Hasan Capacity dev. action plan
Mahmud Associate, PIU, monitored and
NATP. BARC expressd satisfaction.




Plate 17. Filed monitoring by PI and BARC monitoring team.




iii. Weather data, flood/salinity/drought level (combind) and natural calamities

Three years average information on weather for BoB region (2019 -2022))

Parameters Seasons Remarks
Pre-Monson Monson Post Monson
(Jan — April) (May — Aug) (Sept — Dec)
Max Min Max Min Max Min
Av. Rainfall (mm) 132.4 9 650.1 | 258.5 | 357.7 10.6
Av. Temperature (°C) 334 25.6 333 31.0 31.7 26.8
Av. Humidity (%) 76.66 | 70.66 | 85.44 | 76.73 | 82.73 | 75.80
Flood (year & category) | Not reporting
Av. Salinity (ppt) 1.88 —4.16 ppt in south western coastal areas; 19.0 —
33.0 ppt in deep sea and southeastern coastal areas
Draught Not applicable
Natural calamity Tides due to Cyclone “Cyclone Bulbul and Amphan”
(Frequency & category) | inundated low-lying areas and hampered fish catch in
the BoB.
Ref: Ragional metrological office, Chattogram and Khulna
J. Sub-project auditing (covers all types of audits performed)
Coordination component (BARC)
Types of Major Amount Status at the Remarks
audit observation/ of Audit sub-project
issues/ objections (Tk.) end
raised; if any
Financial audit by 306902.50
FAPAD for the Financial
year 2019- 20 No objection management of
Financial audit by | raised, found all the component Financial
FAPAD for the relevant 182147.00 | found running management &
year 2020- 21 documents smoothly till the | project
updated as per end of the project | performance
Financial audit by | guideline No query or found
FAPAD for the 429115.00 | objection raised | satisfactory in
year 2021- 22 at any stage of all the audit
operation by the | cases
audit teams




Component I (RU)

Types of audits

Major
observation/
issues/
objections
raised; if any

Amount of
Audit (Tk.)

Status at the
sub-project end

Remarks

Financial &
Performance audit by
the FAPAD Audit
Team (2019-2020)

Financial &
Performance audit by
the FAPAD Audit
Team (2020-2021)

Financial &
Performance audit by
the M.I. Chowdhury
& Co. (2020-2021)

No objection
raised by the audit
team

4071680.00

8883197.00

8883197.00

Financial progress
and management of
the record found
satisfactory

Financial
management
found
satisfactory

Component IT (SAU)

Types of audits

Major
observation/
issues/ objections
raised; if any

Amount of
Audit (Tk.)

Status at the sub-
project end

Remarks

Financial audit by the
FAPAD Audit Team
for the year 2019-
2020

Financial audit by the
FAPAD Audit Team
for the year (2020-
2021)

Financial audit by
M.I. Chowdhury &
Co for the year 2021-
2022

Financial audit by the
FAPAD Audit Team
for the year 2021 -
2022

No objection
raised by the audit
team

3101345.00

3101345.00

999047.00

595716.00

Financial progress
and management of
the record found
satisfactory

Financial
management
found
satisfactory




K. Lessons learned

e Proper implementation of the proposed fishing ban period could be one of the best options
to enhance the marine fish production and protection of fish biodiversity.

e [Lack of coordination between government, non-government agencies and stakeholder
hampers the successful implementation of any beneficent initiatives.

e Availability of marine fishes is sufficient in the capital and southern region but insufficient
in the northern region of the country. Market development in the northern region could
increase the income of marine fishers.

e Tendency to get benefit from dishonest means like fishers’ practices illegal or destructive
fishing as well as boat owners arotdars (merchant) tendency to deceive fishers.

L. Challenges (if any)

e Sometimes fishing has no results in the BoB especially from last week of September to
October’20 and February to March’21. Most fishes were not landed in the landing centers
caused data collecton problem,;

e In most cases, the fishers caught a smaller number of fishes. As a result, data collection

from markets and landing centers at that period may mislead research result;

Intensive sampling and data collection were challenging due to COVID-19 lock down;

Intensive observation on fishing ban period was disrupted due to Covid -19 pandemic;

Procurement plan was also disrupted due to the pandemic.

DNA sequencing from local company is difficult due to higher service charge, time

consuming and complex official formalities.

Fishing/samplings are difficult during 65 days ban-period;

e Price of chemical increased during Corona pandemic;

M. Suggestions for future planning

e More marine protected area should be established and its long-term management should
be ensured;

e Transboundary management action plan should be taken for sustainable production of
marine migratory fishes;

e Marketing channel of marine fishes should be developed throughout the country and
abroad, if possible

e Itis needed to identify the breeding ground, feeding ground on these species to set proper
management and conservation plan;

e Stock assessment should be done of some localized fish having potential (on going trial)
as aquaculture species such as Chitra/ bishtara (spotted scat, Scatophagus argus), Datina
(Yellow-fin Sea bream, Acanthopagrus latus), Kain magur (grey eel catfish; Plotosus
canius).

e Marine fish species under study those are mostly oceandromous, pelagic and highly
migratory and widely distributed throughout the Indian Ocean and South-West Pacific (or,
Indo-west Pacific), these fishes showed no significant population differentiation within
the country indicating that these six species have a single genetic stock and these are
panmictic (random mating among populations) throughout Bangladeshi marine water.
Therefore, Bangladesh should consider appropriate management plan for these species as
a single conservation unit.

e Government, non-government, political and local local collaboration are needed for
proper implementation of management action plans.
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ANNEXURES
1. Coordination component (BARC)

Annexure — BARC: A

Recommendation of the inception workshop and status of action taken

Recommendations
General comment Action Taken
Component 1 (RU)

e Stock assessment of number of fish species is not | Necessary correction done
clearly stated during presentation. However, the
number should have consistency with the other
component (SAU component) of the sub project;

e Stock assessment of fish to be done denoted as | Correction done by putting correct
“Commercial important” in the title; Only | common term
“important fish species” under output list (sl. 2) and
simply as “fish stock” under specific no-1. The term
should be common and acceptable one;

Component 2 (SAU)
Number of species stocks to be assessed through | Suggestion complied
multiple model approach (comp-1) and genetic
marker (com -2) should have
consistency/similarities for both the components:
that should be checked for necessary correction;

Annexure — BARC:B

Recommendation of the half yearly workshops

Recommendations of the first half yearly workshop Action taken

General recommendation

Development of pretested questionnaire for survey and data | Necessary action taken by
collection from different markets and landing centers and | both the components
orientation of field staffs should be done immediately

Recommendations of the second half yearly workshop
General recommendation

Data on stock assesssmet should ne analysed as per standard | Complied as per
multi model approach suggestion

Recommendations of the third half yearly workshop Action taken

Component 1 (RU)

Presentation of objective wise research highlights in tables and | Followed properly in the
with data is not proper. It should be presented in language | next presentations
describing finding supported by data/information.

- &



Avoid duplication of presentation in all cases (such as data
table and graph on the basis of same data etc);

Complied

“Justification of existing fishing ban period in BoB,
Bangladesh” mentioned in the presentation under technology
generation, which is not correct at all. PL. Put the information
in right place.

Discussed in the right place

Under information/knowledge generation table, first three
points need to be rewrite for expressing the result/generated
findings properly;

Necessary correction done

Outputs of desk and field monitoring activities are not | Output included in the
discussed PCR format
Information on auditing not presented with required | Presented in PCR

information;

following the standard
form

Information on weather not presented;

Included in the report

Instead of presenting media coverage and documentation links
separately, it is suggesting to put them in the respective places
of materials development/publication related tables;

Siggestion followed

Component 2 (SAU)

The total presentation was informative. But in all most all cases
the format was deviated and in more than 80% area of the
presentation handout was highly darkened with black
coloration printing, so the data/information and outcomes were
simply unreadable and not understandable.

Will be taken care off in

future

Information on audit and weather was not properly included.

Both are shown in the
final report

Separate paras on lesson learned, challenges and suggestions
for future planning not discussed in the presentation at all;

Presented in the PCR

Annexure — BARC: C

Recommendation of the annual workshop

Recommendations of the first annual workshop

Component 1 (RU)

Action taken

e Detail information on estimation of collected fish
species size at sexual maturity, age at sexual maturity,
spawning and post-spawning season and GSI values was
not presented in detail. Particularly for review sessions,
detail presentation with information rich handout should
be ensured so that the review activity can be carried out
thoroughly and critically. Immediate monitoring of
research progress is necessary;

Information on estimation
of collected fish species size
at sexual maturity, age at
sexual maturity, spawning
and post-spawning season
and GSI values completed
intime

Component 2 (SAU)

e No comment; ‘

e <o+




Recommendations of the second annual workshop

Component 1 (RU)

Action taken

e Causes of difference in hilsa catch ban period in
Bangladesh, India and Myanmar, if not related with the
present study, it is not to be cited in the report. In case of
true requirement, causes may be mentioned with
authentic information (like reports related with stock
variation, environmental impact, or any other causes
study etc).

Necessary correction done

Component 2 (SAU)

e Based on new knowledge on marine fish stock
management aspect need to be presented with proper
technical/scientific information season, areas, biological
characteristics-based statistics for framing
act/regulations/management policy

Next presentations were
updated with cited
information

Annexure — BARC:D

Recommendation of the coordination meetings

Centraly organized 2 (two) virtual coordination meeting

Recommendations

Component 1 (RU)

Action taken

e As per previous plan, data collection on morphometric,
meristic and truss-networking and then to estimate the
size at sexual maturity, age at sexual maturity, spawning-
and peak-spawning season of fishes through multiple
functions for the justification of fishing-ban period in the
BoB should limit within 12 months from project starting
covering different locations and seasons and finish within
December’20; Same timeline should be followed for
calculate the growth parameters through multi-models
using length-frequency analysis and then to assess the
stock’s status of commercially important fishes in the
BoB;

Activities done as per plan

e On-going survey activities on identification of the major

Partial work done. Lock

man-made and climatic threats/ factors to fisheries | down due to Covid -19
resources under objective 3 of the project must be ended | interrupted research
by December’20. Analysis of data of this part may require | activities
another three months; The coordination unit feels to run
these activities in collaboration with the other component
(B SbAU) of the sub-project applying same questionnaire.
Secondary data on climate change trend from
meteorological department may contribute in this area;

Component 2 (SAU)

e As per previous plan, data collection and laboratory | Most of the activities
analysis to determine the whether there are discrete or | complted within the

single genetic stocks of commercial marine fish with
variation of habitat and seasons using mitochondrial

stipulated time

R - I




and/or microsatellite DNA markers should limit within 12
months prorating different locations and seasons and
finish within December’20; Same timeline should be
followed for assessing the intra and inter population
genetic diversity and divergence of commercial fish in the
BoB;

Hanged out activities of laboratories for various analysis
of fish samples collected from different locations and in
difference seasons due Covid-19 problem, a strong and
special effort should be given to complete the pending
laboratory analysis by involving more manpower and
money as per outline of the sub-project;

On-going survey activities on identification of the major
man-made and climatic threats/ factors to fisheries
resources under objective 3 of the project must be ended
by December. Analysis of data of this part may require
another three months; The coordination unit feels to run
these activities in collaboration with the other component
(A RU) of the sub-project applying same questionnaire.
Secondary data on climate change trend from
meteorological department may contribute in this area;

Approximately 50-60%
work done within the
planned period. Covid-19
disrupted project activities.

3rd coordination meeting

Component 1 (RU)

-

Suggested for continuation of samplings and data
collection by the component 1 (RU) from the field-level
up to June 2022 for successful completion. As the stocked
brood fish (in January, 2020) produced F-1 generation
during June-July, 2020 and F-2 generation during June-
July, 2021. If, F-2 generation takes in spawning, it will
be sustaining in those habitats and will be continue which
should be focused in the end result.

Partial activity (approx..
60%) completed within the
planned period

Component 2 (SAU)

Based on the previous progress it is recommended to
perform the following activities by the component 2 (SAU):

From September 2021 to February 2022, collection of
samples of all of the seven fishes from the South-east
(Kukata- Pathorghata- Sundarbans, KP) and South-west
(Chattogram- Cox’s Bazar, CC) coast.

DNA extraction, PCR, purification and DNA sequencing
beside sample collection. Sampling of all fish species and
DNA sequencing should be completed by March 2022.

Gene sequence data analysis through bioinformatics and
statistical programs should be completed by June 2022.

Rest of the all activities
completed within June 2022
as per revised approved
activity plan of the sub
project.

4rth coordination meeting

Decision was taken to organize the two days workshop by the
Coordination component within the first half of Oct’22;

PCR workshop held
smoothly on 24-25 Oct’22
under the organizership of




e The sub-project will be presented by Prof. Dr. Kazi
Ahsan Habib of SAU, Principal Investigator on behalf of
the other sub-project components;

e Coordination component will prepare a list of expert
members, general participants, session Chairman, Chief
guest/Special guest along with a draft copy of workshop
program;

e The two days workshop will be held in the auditorium of
the Training building of BARC. Coordination component
will ensure the proposed venue;

the Coordination component
following all the instruction
of the respective meeting.

Annexure — BARC:E

Recommendations of the draft PCR review workshop

General comment

Action taken

e Updating of financial, procurement and audit reports of all
the sub-project components including the co-ordination
component

Complied

Component 1(RU)

e Source of 60 — 100 years data on temperature, rainfall,
water level rise etc need to be mentioned specifically in
proper place of the methodology section

Mentioned accordingly

® Avoid presenting of full scientific name (such as, Lates
calcarifer) of selected all marine fish species in all related
sections of the text by using the abbreviation in case of

generic name (such as, L. calcarifer)

Necessary action taken

® (Gonadal histology figure should have clear indication of
male - female type

Correction done

e Revision of GSI standard deviation chart suggested

Complied

e Component 2 (SAU)

e In several cases, a section of methodology has been
discussed under the head “Results and discussion”
particularly in case of genetic stock assessment of selected
important commercial marine fish species. It is therefore,
suggested to revise the section by shifting information
related to methodology to the respective section

Necessary revision done in
the text report

e Basis of selection of the fish species should be clearly
shown under the methodology section

Added accordingly

e Sub-project research-based publications prepared and
under process should be included in the respective section
of the report

Necessary action taken

e GSI-Genetic Variation relation may be shown, if studied

Basic information are shown

e Discuss the justification of use of single marker in case of
PCR analysis

Discussed in the report
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Annexure RU: 2

Descriptive statistics and estimated parameters of the length-weight relationships of few
selected marine species of Bangladesh

Table 1. Descriptive statistics and estimated parameters of the length-weight relationships of Euthynnus
affinis from the BoB, Bangladesh

Regression
Equations parameters 95% CL of a 95% CL of b V¥ GT
a b
BW =a x TL? 0.0053 3.23 0.0022 - 0.0130 298 -3.49 0954 | A+
BW =a x FL’ 0.0045 3.37 0.0016 - 0.0130 3.06 - 3.68 0939 | A+
BW =g x SL* 0.0030 3.57 0.0011 - 0.0079 3.28-3.87 0950 | A+
BW =g x HL" 0.2198 3.64 0.0883 - 0.5467 3.21-4.08 0.900 | A+
BW =g x OprL’ 1.5784 2.95 0.7019 - 3.5494 2.52-3.37 0.862 | A-
BW =a x PrDL’ 0.2749 3.39 0.1223 - 0.6180 3.01-3.76 0915 | A+
BW = a x PoDL’ 0.0007 4.70 0.0002 - 0.0028 4.22-5.18 0926 | A+
BW =g x PcL’ 3.1889 2.34 1.8864 - 5.3908 2.09 - 2.59 0919 | A-
BW =g x PvL’ 0.0153 4.76 0.0053 - 0.0447 4.26-5.25 0.923 | A+
BW =g x AnsL’ 0.0024 4.11 0.0007 - 0.0082 3.69 -4.52 0.927 | A+
BW =g x PrAnL’ 0.0026 4.06 0.0007 - 0.0091 3.64-4.48 0.923 | A+
BW =g x PoAnL’ 0.0005 4.49 0.0002 - 0.0013 4.16 -4.82 0.960 | A+

Table 2. Descriptive statistics and estimated parameters of the length-weight relationships of
Polynemus paradiseus from the BoB, Bangladesh
Regression
Equations parameters 95% CLofa | 95% CLofb | ¥ GT
a b
BW =g x TL? 0.0034 3.19 0.0019 - 0.0060 2.99 -3.38 0.957 A+
BW =a x FL” 0.0138 297 0.0068 - 0.0279 2.71-324 | 0915 A-
BW =a xSL* 0.0453 2.65 0.0249 - 0.0825 241-2.88 0.915 A-
BW =g x HL® 5.0189 1.72 4.1969 - 6.0019 1.57-1.87 | 0917 A-
BW =g x OprL’ 4.2522 2.51 3.2723 - 5.5256 2.22-2381 0.857 A-
BW =g x PrDL,’ 0.7584 2.70 0.4867 - 1.1818 240-3.00 | 0.869 A-
BW =g x PrDL,’ 0.3105 2.63 0.1892 - 0.5094 236-2.90 | 0.889 A-
BW =g x PoDL," 0.1949 2.68 0.1248 - 0.3043 245-290 | 0.922 A-
BW = g x PoDL,” 0.1343 2.50 0.0807 - 0.2233 227-2.72 | 0913 A-
BW =g x PcL’ 1.0374 2.96 0.7060 - 1.5244 2.65-3.28 0.882 A-
BW =g x PvL® 2.9729 1.80 2.4366 - 3.6273 1.66-1.94 | 0.933 A-
BW =g x AnsL’ 0.5203 2.34 0.3515-0.7703 2.12-2.55 0.910 A-
BW =g x PrAnL’ 0.6612 2.01 0.4749 - 0.9207 1.85-2.17 | 0927 A-
BW =g x PoAnL’ 0.1076 2.60 0.0621 - 0.1863 2.36-2.85 0.906 A-




Table 3. Descriptive statistics and estimated parameters of the length-weight relationships of
Harpadon nehereus from the BoB, Bangladesh

Regression
Equations parameters 95% CL ofa |95% CLofb | ~? GT
a b
BW =g x TL? 0.0004 3.70 | 0.0001-0.0018 | 3.22-4.19 | 0931 | A+
BW =a x SL? 0.0042 3.13 | 0.0015-0.0124 | 2.77-3.50 | 0945 | A+
BW =a x HL? 2.2284 2.04 | 1.4618-3.3971 1.75-233 10919 | A-
BW =g x PrDL’? 0.1099 2.75 | 0.0465-0.2601 | 2.35-3.14 | 0917 | A-
BW =a x PoDL? 0.0692 2.69 | 0.0298-0.1608 | 2.34-3.04 | 0930 | A-
BW =g x PcL? 1.1268 2.41 0.6926-1.8334 | 2.09-2.74 | 0.928 | A-
BW =a x PvL? 0.1466 2.66 | 0.0743-0.2896 | 2.34-298 | 0941 | A-
BW =a x AnsL’? 0.0423 2.64 | 0.0149-0.1203 | 2.24-3.04 | 0910 | A-
BW =a x PrAnL’® 0.0197 2.87 | 0.0058-0.0673 | 2.41-3.33 |0.900 | A-
BW =g x PoAnL’® 0.0070 3.11 0.0018 -0.0274 | 2.62-3.60 | 0903 | A+

Table 4. Descriptive statistics and estimated parameters of the length-weight relationships of
Coilia dussumieri from the BoB, Bangladesh

Regression

o
Equations parameters 95% CL of a 2 bC L @it r? GT
a b

BW =g x TL? 0.0013 3.35 10.0010-0.0018 | 3.23-3.46 | 0973 | A+
BW =g x FL® 0.0019 3.33 1 0.0012-0.0029 | 3.16-3.49 | 0940 | A+
BW =g x HL? 1.4298 2.54 | 1.2599-1.6225 | 236-2.71 | 0.890 | A-
BW =g x OprL? 3.2698 242 3.0510 - 3.544 226-2.58 | 0.897 | A-
BW =g x PrDL? 0.3043 2.75 10.0252-0.3678 | 2.60-291 | 0.924 | A-
BW = a x PoDL? 0.1650 2.82 | 0.1308-0.2081 | 2.65-298 | 0919 | A-
BW =g x PcL? 0.7598 3.59 10.6333-09116 | 3.32-3.86 | 0.876 | A+
BW =g x PvL® 0.1171 3.75 10.0862-0.1591 | 3.49-4.02 | 0.885 | A+
BW =a x AnsL? 0.5730 1.83 |1 0.4742-0.6923 | 1.70-196 | 0.890 | A-
BW = a x PrAnL’® 0.3584 2.07 |0.2963-0.4335 | 195-2.19 | 0917 | A-
BW =g x PoAnL? 0.0012 3.53 ] 0.0008 -0.0018 | 3.38-3.67 | 0958 | A+

Table 5. Descriptive statistics and estimated parameters of the length-weight relationships of Thryssa
setirostris from the BoB, Bangladesh

Regression
Equations parameters 95% CL of a 95% CL of b V¥ GT

a b
BW =a x TL? 0.0091 2.98 0.0047 - 0.076 2.72-3.24 0916 | A-
BW =a x FL® 0.0091 3.12 0.0054 - 0.0154 2.90-3.34 0.946 I
BW =a x SL® 0.0197 2.92 0.0107 - 0.0361 2.66 - 3.18 0913 | A-
BW =qa x HL? 1.3680 2.77 1.0869 - 1.7223 2.53-3.02 0914 | A-
BW = a x OprL” 4.7500 2.77 4.2205 - 5.362 2.53-3.0 0914 | A-
BW =g x PrDL” 0.1377 2.85 0.0886 - 0.2140 2.59 - 311 0911 | A-
BW = a x PoDL” 0.0766 2.92 0.0466 - 0.1259 2.65-3.18 0910 | A-
BW =a x PcL’ 1.5338 2.50 1.2136 - 1.9385 2.26-2.73 0.903 | A-
BW =g x PvL’ 0.3396 2.76 0.2318 -0.4974 2.49 -3.02 0.901 | A-
BW =a x AnsL’ 0.1629 2.55 0.1016 - 0.2612 2.30-2.81 0.893 | A-
BW = g x PrAnL’ 0.1167 2.65 0.0725 - 0.1876 2.65-2290 | 0902 | A-
BW = a x PoAnL’ 0.0289 2.87 0.0161 - 0.0519 2.61-3.13 0911 | A-




Table 6. Descriptive statistics and estimated parameters of the length-weight relationships of
Anodontostoma chacunda from the BoB, Bangladesh

Regression
Equations parameters 95% CL of a 95% CL of b r GT

a b
BW =a x TL? 0.0149 2.89 0.0083 - 0.0267 2.64-3.13 0921 | A-
BW =a x FL® 0.0262 2.86 0.0149 - 0.0461 2.60-3.11 0913 | A-
BW =a x SL® 0.0312 2.92 0.0180 - 0.0542 2.66 - 3.18 0912 | A-
BW =a x HL? 1.6889 2.78 1.4155-2.0153 2.55-3.00 0.925 | A-
BW =a x PrDL’ 0.5186 2.52 0.3930 - 0.6845 2.31-2.73 0.923 | A-
BW =a x PoDL’ 0.2128 2.58 0.1531 -0.2957 2.38-2.78 0932 | A-
BW =a x PcL’ 1.4072 2.94 1.1854 - 1.6704 2.72-3.16 0939 | A-
BW =a x PvL® 0.2635 2.92 0.1858 - 0.3737 2.67-3.18 0917 | A-
BW =a x AnsL’ 0.1082 2.74 0.0714 - 0.1638 2.51-2.97 0.921 | A-
BW =a x PrAnL’ 0.0953 2.76 0.0637 - 0.1425 2.54-2.98 0.929 | A-
BW = a x PoAnL” 0.0302 3.05 0.0193 - 0.0472 2.83-3.27 0.941 1

Table 7. Descriptive statistics and estimated parameters of the length-weight relationships of /lisha
megaloptera from the BoB, Bangladesh

Equations Regression parameters | g50, oy ¢y | 95% CLofb | # | GT
a b

BW =ax TL’ 0.0068 297 | 0.0030-0.0154 | 2.71-3.22 | 0.901 | A-
BW = a x FL? 0.0277 267 | 0.0141-0.0546 | 2.44-2.89 | 0.907 | A-
BW = a x SL? 0.0164 294 | 0.0079-0.0342 | 2.69-3.19 | 0.904 | A-
BW = a x HL? 2.5158 233 | 1.8617-3.3997 | 2.13-2.52 | 0.908 | A-
BW = a x OprL? 2.8620 255 | 2.1773-3.7619 | 2.36-2.75 | 0918 | A-
BW = a x PrDL’ 0.0229 3.65 | 0.0112-0.0466 | 3.33-3.96 | 0903 | I
BW = a x PoDL’ 0.4425 221 | 0.2815-0.6955 | 2.02-2.40 | 0.905 | A-
BW = a x PcL’ 1.3961 276 | 1.0063-1.9370 | 2.55-2.98 | 0919 | A-
BW = a x PyL” 0.1777 3.04 | 0.1041-03035 | 2.78-330 | 0.903 | 1
BW = a x AnsL’ 0.3294 236 | 02121-0.5116 | 2.18-2.55 | 0918 | A-
BW = a x PrAnL’ 0.0542 3.08 | 0.0295-0.0998 | 2.83-333 | 0910 | I
BW = a x PoAnL’ 0.0056 337 | 0.0025-0.0123 | 3.10-3.64 | 0911 | I

Table 8. Descriptive statistics and estimated parameters of the length-weight relationships of
Priacanrhus macracanthus from the BoB, Bangladesh

Regression
Equations parameters 95% CL ofa | 95% CL of b r GT
a b
BW =¢a x TL? 0.0138 2.93 0.0093 - 0.0204 2.80 - 3.06 0.945 A-
BW =a x FL® 0.0183 2.88 0.0125 - 0.0269 2.75-3.01 0.943 A-
BW =g x SL® 0.0301 2.90 0.0206 - 0.0438 2.76 - 3.03 0.938 A-
BW =g x HL? 0.5903 2.93 0.4352 - 0.8005 2.75-3.11 0.901 A-
BW =g x OprL’ 0.5770 3.12 0.4022 - 0.8278 2.90-3.34 0.908 | A+
BW =g x PrDL? 1.6751 2.43 1.3967 - 2.0090 2.31-2.54 0.941 A-
BW = a x PoDL? 0.0522 2.84 0.0346 - 0.0786 2.68 -2.99 0918 A-
BW =a x PcL? 1.5193 2.46 1.2441 - 1.8554 2.34-2.58 0.933 A-
BW = x PyL? 1.9619 2.52 1.5786 - 2.4383 2.37-2.66 0.912 A-
BW =a x AnsL’ 0.3145 2.69 0.2251 - 0.4395 2.53-2.85 0.906 A-
BW =g x PrAnL’ 0.1899 2.85 0.1337 - 0.2698 2.684 -3.01 0.912 A-
BW = a x PoAnL’ 0.0636 2.78 0.0432 - 0.0934 2.63-2.92 0.923 A-

e o




Annexure RU: 3.
Relationship between environmental factors with GSI of marine fishes.

Table: Relationship between environmental factors with GSI of 12 selected marine fishes in
the BoB, Bangladesh

Relationships rsvalue | 95% CL of rs value | p value Significant
E. affinis
DO vs. GSI 0.5937 0.01068 to 0.8755 0.0453 *
pH vs. GSI -0.4336 -0.8134 to 0.2054 0.1616 ns
TDS vs. GSI -0.3217 -0.7642 to 0.3267 0.3085 ns
Salinity vs. GSI -0.6503 -0.8954 to -0.1029 0.0257 *
Resistivity vs. GSI 0.6480 0.09886 to 0.8946 0.0259 *
Conductivity vs. GSI -0.4755 -0.8305 to 0.1542 0.1215 ns
Water Temp. vs. GSI 0.7496 0.2907 to 0.9281 0.0067 ok
Rainfall vs. GSI 0.6643 0.1272 to 0.9002 0.0219 *
Air Temp. vs. GSI 0.6340 0.07526 to 0.8897 0.0304 *
S. taty
DO vs. GSI -0.6643 -0.9002 to -0.1272 0.0214 *
pH vs. GSI 0.6364 0.07924 to 0.8906 0.0299 *
TDS vs. GSI -0.5455 -0.8577 to 0.06067 0.0708 ns
Salinity vs. GSI 0.5315 -0.08027 to 0.8524 0.0794 ns
Resistivity vs. GSI -0.1226 -0.6617 to 0.5001 0.7037 ns
Conductivity vs. GSI | -0.02797 -0.6048 to 0.5681 0.9388 ns
Water Temp. vs. GSI -0.4904 -0.8364 t0 0.1353 0.1075 ns
Rainfall vs. GSI -0.5105 -0.8443 t0 0.1088 0.0936 ns
Air Temp. vs. GSI -0.6620 -0.8994 to -0.1231 0.0223 *
S. panijus
DO vs. GSI -0.4135 -0.8049 to 0.2287 0.1816 ns
pH vs. GSI 0.1678 -0.4646 to 0.6869 0.6039 ns
TDS vs. GSI 0.4755 -0.1542 to 0.8305 0.1215 ns
Salinity vs. GSI 0.1818 -0.4532 to 0.6944 0.5731 ns
Resistivity vs. GSI -0.2207 -0.7148 to 0.4205 0.4880 ns
Conductivity vs. GSI 0.06294 -0.5439 to 0.6265 0.8515 ns
Water Temp. vs. GSI -0.3328 -0.7693 to 0.3156 0.2886 ns
Rainfall vs. GSI -0.2587 -0.7340 to 0.3867 0.4169 ns
Air Temp. vs. GSI -0.2627 -0.7360 to 0.3831 0.4064 ns
P. paradiseus
DO vs. GSI 0.6467 0.09663 to 0.8941 0.0262 *

s o0



Relationships rsvalue | 95% CL of ry value | p value Significant
pH vs. GSI -0.2587 -0.7340 to 0.3867 0.4169 ns
TDS vs. GSI -0.2657 -0.7375 to 0.3803 0.4042 ns
Salinity vs. GSI -0.5874 -0.8732 to0 -0.0012 0.0489 *
Resistivity vs. GSI 0.7250 0.2407 to 0.9203 0.0097 ok
Conductivity vs. GSI -0.5385 -0.8550 to 0.07053 0.0750 ns
Water Temp. vs. GSI 0.8441 0.5100 to 0.9569 0.0010 ok
Rainfall vs. GSI 0.5105 -0.1088 to 0.8443 0.0936 ns
Air Temp. vs. GSI 0.7005 0.1932 t0 0.9123 0.0137 *
M. cordyla
DO vs. GSI 0.4311 -0.2083 to 0.8124 0.1624 ns
pH vs. GSI -0.1469 -0.6754 to 0.4813 0.6509 ns
TDS vs. GSI -0.4196 -0.8075 to 0.2217 0.1767 ns
Salinity vs. GSI -0.3636 -0.7832 to 0.2836 0.2464 ns
Resistivity vs. GSI 0.2942 -0.3535t0 0.7512 0.3503 ns
Conductivity vs. GSI -0.05594 -0.6222 to 0.5488 0.8692 ns
Water Temp. vs. GSI 0.4238 -0.2168 to 0.8093 0.1702 ns
Rainfall vs. GSI 0.4336 -0.2054 to 0.8134 0.1616 ns
Air Temp. vs. GSI 0.3152 -0.3331 t0 0.7612 0.3154 ns
H. nehereus
DO vs. GSI 0.7280 0.2465 t0 0.9212 0.0092 H
pH vs. GSI -0.3427 -0.7738 to 0.3055 0.2762 ns
TDS vs. GSI -0.2168 -0.7128 to 0.4238 0.4990 ns
Salinity vs. GSI -0.6503 -0.8954 to0 -0.1029 0.0257 *
Resistivity vs. GSI 0.7706 0.3356 to 0.9347 0.0046 ok
Conductivity vs. GSI -0.5455 -0.8577 to 0.06067 0.0708 ns
Water Temp. vs. GSI 0.8546 0.5374 to 0.9600 0.0007 ok
Rainfall vs. GSI 0.5664 -0.03037 to 0.8655 0.0591 ns
Air Temp. vs. GSI 0.7671 0.3280 to 0.9336 0.0050 ok
C. dussumieri
DO vs. GSI 0.7421 0.2752 to 0.9257 0.0074 o
pH vs. GSI -0.01399 -0.5958 to 0.5775 0.9739 ns
TDS vs. GSI 0.03497 -0.5633 to 0.6092 0.9210 ns
Salinity vs. GSI -0.5594 -0.8629 to 0.04059 0.0628 ns
Resistivity vs. GSI 0.3678 -0.2792 to 0.7851 0.2385 ns
Conductivity vs. GSI -0.06993 -0.6308 to 0.5389 0.8346 ns
Water Temp. vs. GSI 0.7706 0.3356 to 0.9347 0.0047 ok




Relationships rsvalue | 95% CL of ry value | p value Significant
Rainfall vs. GSI 0.5035 -0.1181 to 0.8416 0.0989 ns
Air Temp. vs. GSI 0.6725 0.1417 to 0.9029 0.0195 *
T. setirostris
DO vs. GSI 0.1307 -0.4938 to 0.6663 0.6844 ns
pH vs. GSI 0.1748 -0.4590 to 0.6907 0.5881 ns
TDS vs. GSI -0.5594 -0.8629 to 0.04059 0.0628 ns
Salinity vs. GSI -0.5804 | -0.8706 to 0.009540 0.0521 ns
Resistivity vs. GSI 0.5009 -0.1216 to 0.8406 0.0996 ns
Conductivity vs. GSI -0.4196 -0.8075 to 0.2217 0.1767 ns
Water Temp. vs. GSI 0.07005 -0.5388 to0 0.6308 0.8294 ns
Rainfall vs. GSI 0.6084 0.03372 to 0.8807 0.0399 *
Air Temp. vs. GSI -0.1226 -0.6617 to 0.5001 0.7034 ns
A. chacunda
DO vs. GSI -0.4877 -0.8354 t0 0.1387 0.1098 ns
pH vs. GSI 0.3287 -0.3197 t0 0.7674 0.2973 ns
TDS vs. GSI 0.2448 -0.3993 t0 0.7271 0.4434 ns
Salinity vs. GSI 0.9021 0.6700 to 0.9735 0.0002 ook
Resistivity vs. GSI -0.7916 -0.9412 to -0.3826 0.0031 ok
Conductivity vs. GSI 0.6084 0.03372 to 0.8807 0.0399 *
Water Temp. vs. GSI -0.5849 | -0.8723 to 0.002697 0.0494 *
Rainfall vs. GSI -0.8741 -0.9656 to -0.5900 0.0004 ook
Air Temp. vs. GSI -0.4799 -0.8323 t0 0.1487 0.1164 ns
1. megaloptera
DO vs. GSI -0.2956 -0.7519 to 0.3522 0.3468 ns
pH vs. GSI 0.08757 -0.5262 to0 0.6413 0.7874 ns
TDS vs. GSI 0.1086 -0.5107 to 0.6537 0.7368 ns
Salinity vs. GSI 0.5569 -0.04425 to 0.8620 0.0634 ns
Resistivity vs. GSI -0.3158 -0.7614 to 0.3325 0.3141 ns
Conductivity vs. GSI 0.3047 -0.3434 t0 0.7562 0.3330 ns
Water Temp. vs. GSI -0.1561 -0.6805 to 0.4740 0.6230 ns
Rainfall vs. GSI -0.5849 | -0.8723 to 0.002697 0.0493 *
Air Temp. vs. GSI -0.04912 | -0.61801t00.5535 | 0.8801 s




Relationships rs value | 95% CL of ry; value | p value Significant
P. macracanthus
DO vs. GSI -0.4771 -0.8311 to 0.1523 0.1185 ns
pH vs. GSI 0.4126 -0.2297 to 0.8045 0.1845 ns
TDS vs. GSI -0.02797 -0.6048 to 0.5681 0.9388 ns
Salinity vs. GSI 0.7902 0.3794 to 0.9408 0.0033 ok
Resistivity vs. GSI -0.4694 -0.8280 to 0.1620 0.1252 ns
Conductivity vs. GSI 0.3147 -0.3336 to 0.7609 0.3194 ns
Water Temp. vs. GSI -0.3292 -0.7677 to 0.3191 0.2935 ns
Rainfall vs. GSI -0.8531 -0.9596 to -0.5335 0.0008 ok ok
Air Temp. vs. GSI -0.3187 -0.7628 to 0.3296 0.3103 ns
A. leiogaster
DO vs. GSI 0.3781 -0.2681 to 0.7896 0.2246 ns
pH vs. GSI -0.5035 -0.8416 t0 0.1181 0.0989 ns
TDS vs. GSI 0.3287 -0.3197 to 0.7674 0.2973 ns
Salinity vs. GSI -0.6643 -0.9002 to -0.1272 0.0219 *
Resistivity vs. GSI 0.05254 -0.5512 to 0.6201 0.8734 ns
Conductivity vs. GSI -0.04196 -0.6136 to 0.5585 0.9039 ns
Water Temp. vs. GSI 0.2522 -0.3926 to 0.7308 0.4254 ns
Rainfall vs. GSI 0.7133 0.2177 to 0.9165 0.0118 *
Air Temp. vs. GSI 0.2977 -0.3502 to 0.7529 0.3447 ns

GSI, gonadosomatic index; DO, dissolved oxygen; TDS, total dissolved solids; 75, Spearman
rank correlation values; CL, confidence limit; p, the level of significance; ns, not significant;
** significant (p < 0.01); ** or *** highly significant (p <0.01)




Annexures RU: 3 (1)

Relationship between gonadosomatic index (GSI) and environmental factors of female
Sillaginopsis panijus in the BoB, Bangladesh




Annexure RU: 3(2)

Relationship between gonadosomatic index (GSI) and environmental factors of female
Megalaspis cordyla in the BoB, Bangladesh




Annexure RU: 3(3)

Relationship between gonadosomatic index (GSI) and environmental factors of female
Harpadon nehereus in the BoB, Bangladesh




Annexure RU: 3(4)

Relationship between gonadosomatic index (GSI) and environmental factors of female
Polynemus paradiseus in the BoB, Bangladesh
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