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Abstract

Bangladesh government has imposed a 65-day marine fishing ban since 2015 to
conserve marine fisheries, particularly to boost hilsa (Tenualosa ilisha) production.
However, the ecological impacts of the marine fishing bans on water quality
and hilsa’s growth are not assessed yet. Thus, this study aims to contribute here
using data from coastal waters and fish from pre-contacted fishers in the Nijhum
Dwip seascape during and outside the fishing ban in 2021 — 2022. Data were
analyzed using R software. The measured mean dissolved oxygen, temperature,
pH, electrical conductivity, total dissolved solids, and transparency of the sample
water were 7.1 + 1.13 mg/l, 31.1 + 0.71°C, 8.45 + 0.07, 40000 + 2828 uS/cm, 18000 +
1414 mg/L and 63.5 + 2.12 cm at 1 week prior to the ban ends (July) and 8.45 + 0.21
mg/l, 22.35 + 0.49°C, 8.45 + 0.07, 20500 + 1060.66 uS/cm, 10350 + 212.13 mg/l and
63.5 +7.78 cm before the ban starts (February). The values might be varied due to
seasonal differences. The mean length (38 cm) and weight (601 g) of sampled hilsa
during the ban period were comparatively larger than the mean length (29 cm) and
weight (229 g) of hilsa which were sampled during the outside fishing ban period.
Therefore, this study concludes that the marine fishing ban has positive impact on
the growth and size of hilsa. This study suggests that further research is required
to assess the fishing ban’s impact on the growth and production of other coastal
and marine fish species across the Bay of Bengal.

Introduction

The marine fisheries sector of Bangladesh has substantially contributed to national
fish production, the country’s economic returns, and employment opportunities for
coastal fishing communities. In the 2020-2021 fiscal year, this sector contributed to 6,81,239
metric tons of fish which is 14.74% of the country’s total fish production®. From the
coastal and marine waters of Bangladesh, some particular fish species like hilsa (Tenualosa
ilisha), the flagship fish species, are harvested largely as it has high market demands in
national and international markets®. Hilsa constitutes the largest single-species fishery in
Bangladesh, constituting 12.2% of the total catch, accounting for more than 1% of the total
GDP, and employing 3 million fishers directly or indirectly in the country ®. However,
overexploitation and indiscriminate use of different fishing gear are adversely affecting
the sector.
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Till now, to halt or reverse the declining trend of fisheries production, the government
of Bangladesh has taken many types of management actions such as spatial (e.g. sanctuary,
marine protected area), temporal (e.g. marine fishing ban in May - July), input (e.g. fishing
gear ban and net mesh size limit) and output (e.g. fish size and species ban) controls®.
Some studies reported that the fishing bans are effective in improving the ecological
conditions significantly, especially the biodiversity of both commercially and ecologically
important fish and shellfish would increase resulting in higher fish catch in the coastal and
marine waters®*>%. Thomas and Dineshbabu® found that there is an enhancement in the
spawning populations during the post-ban period and the recruitment was high following
the ban season, which indicates that the trawling ban helps to retain a healthy proportion
of spawning population. The ecological impacts of the temporal fishing ban are proven to
contribute substantially to future stock regeneration as reported by the 15/22 days fishing
ban to protect hilsa spawning®®. Through creating positive ecological impacts, the fishing
ban has created net social and economic benefit of the resource-dependent fishers?” which
in turn contribute directly and indirectly to United Nation’s sustainable development goals
(SDGs) 1, 2, and 149,

The government of Bangladesh has imposed a 65-day marine fishing ban since 2015
to conserve marine fisheries, particularly to boost hilsa fisheries production®. Like other
countries, Bangladesh has so far declared three marine protected areas (MPAs), one of
which is the Nijhum Dwip marine reserves to ensure sustainable management of the
marine system as well as to meet the Aichi targets of the Convention on Biological Diversity
(CBD) and the targets of Sustainable Development Goal 14 (Life Below Water). The
most important role of the Nijhum Dwip MPA is to safeguard the Hilsa shad’s migration
routes and highest priority spawning grounds'. However, there has no study to assess the
ecological impacts of the 65 days marine fishing ban in the Nijhum dwip seascape though
it is very important for Hilsa production®®. It is now time to assess and produce evidence
based on real data to assess whether the marine fishing bans create any impact on water
quality and fishes, especially on hilsa in the Nijhum dwip seascape. So, the study aims
to assess the ecological impacts of the 65 days marine fishing bans on water quality and
growth of hilsa in the Nijhum Dwip seascape in Bangladesh.

Materials and Methods

Study Sites Selection: For this study, an initial scoping study was conducted to select
ecological sampling sites. Two sampling stations (S1 and S2) in the Nijhum Dwip seascape
were selected for water sampling where 65 days fishing bans have been implemented since
2015 and two sampling stations (53 and S4) were selected for fish sampling (Fig. 1).
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Fig. 1. Ecological study sites (51 and S2 for water sampling and S3 and S4 for fish sampling) in the
Nijhum Dwip seascape, Hatiya Upazila, Noakhali.

Data collection: Water quality data: In this study, water quality variables such as dissolved
oxygen (DO) (mg/l), temperature (°C), pH, total dissolved solids (TDS) (mg/1), electrical
conductivity (EC) (uS/cm), and transparency (cm) were measured before fishing ban starts
and 1 week prior to the end of the 65 days fishing bans from the two selected stations
(Fig. 1). DO was measured on spot by Hanna DO-5510 instrument and pH, EC, TDS, and
temperature were measured by HI9811-5 instrument. A Secchi disk was used to measure
the transparency of the water in each site. A weight was attached to the Secchi disk while
measuring the transparency.

Hilsa length-weight data: Fishers in Nijhum Dwip usually bring their catch in Namar
Bazar (S3) and Bondortila Ghat (54) (Fig. 1). In this study, hilsa samples were collected
toward the end of the fishing season February 2022 (i.e. before the fishing ban starts) and
1 week prior to the end of the fishing ban July 2021 from two sampling sites of S3 and S4
adjacent to the Nijhum Dwip seascape (Fig. 1). Total length and weight of all individuals
were measured and recorded carefully.
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Data analysis: Descriptive statistics were used to analyze water quality and fish length-
weight data. Hilsa length-weight relationship was measured following the methods of Le
Cren™:

W=aLPl
Where W = weight of fish, L =length of fish, a = constant (intercept) and b = an exponent

indicating isometric growth when equal to 3

Moreover, the degree of the well-being of the fish in their habitat was determined
following the method of Le Cren®:

K =W/W-
Where K = relative condition factor, W = observed weight and W*= calculated weight.

R software (version 4.1.3) was used to perform two-way ANOVA and chi-squared tests.
Analyzed data were presented in tabular and graphical forms.

Results and Discussion

Water quality variables: This study found that the measured mean DO, temperature, pH,
EC, TDS, and transparency of the sample water were 7.1 + 1.13 mg/l, 31.1 = 0.71°C, 8.45 +
0.07, 40000 + 2828 uS/cm, 18000 + 1414 mg/l and 63.5 + 2.12 cm at 1 week prior to the ban
ends and 8.45 + 0.21 mg/l1, 22.35 + 0.49°C, 8.45 = 0.07, 20500 + 1060.66 pS/cm, 10350 +212.13
mg/l and 63.5 + 7.78 cm before the ban starts, respectively (Table 1).

Table 1. Water quality variables of two sampling sites at 1 week prior to the ban ends and before
the ban starts in the Nijhum Dwip seascape.

Value of water quality variables

Sampling Sampling

time sites DO (mg/L) Temp.(°C)  pH  EC(uS/em) TDS (mg/L) ranf‘f;;emy

1 week prior to S1 7.9 30.6 8.5 38000 17000 65

ban ends, July

2021 S2 6.3 31.6 8.4 42000 19000 62

Mean + SD 71+1.13 31.1+0.71 8.45+0.07 40000 + 2828 18000 + 1414  63.5+2.12

Before S1 8.3 22.0 8.5 20700 10200 69

ban starts,

February 2022 ) 8.6 227 8.4 21200 10500 58
20500 10350 =

Mean + SD 8.45+0.21 22.35+0.49 8.45+0.07 * 63.5+7.78

+1060.66 212.13

DO, is an important ecological component that helps determine the overall health
of water bodies and maintains a healthy ecosystem for aquatic life’?. The present study
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showed that DO levels in marine water change with changing water temperature. The
relation between DO and temperature is significant in this study since cold water holds
much DO and vice-versa which supported the study by Barnett et al.*® and Sharma et al.®*.
Bhuyan et al.™ assessed the water quality in the Meghna river estuary and reported that
during monsoon, the lowest DO was 1.5 mg/L at Sandwip and the highest DO was 2.8 mg/1
at Chandpur. In another study, the lowest level of DO (5.37 - 11.66 mg/l) was recorded
during the summer season in the Meghna river estuary, whereas the highest value (8.6 -
13.42 mg/l) was reported in winter (16) The findings of the present study are in line with
Bhuyan et al.* and Rahman et al.(").

Water temperature is one of the most significant external elements that can affect the
survival of aquatic life"”. Aken reported that the dissolution-precipitation, adsorption-
desorption, oxidation-reduction, and physiology of the biotic community in an aquatic
environment are influenced by water temperature. This study has found higher mean
water temperature which was 31.1 + 0.71 °C during 1 week prior to the ban ends in July
2021 (rainy season) and lower mean water temperature which was 22.35 + 0.49°C before
the ban started in February 2022 (late winter season). The temperature variation might be
occurred due to the seasonal variation as sampling was done during two different seasons.
Rahman et al.0® reported that the average water temperature were 26.5°C in the Meghna
river estuary area. In the Bay of Bengal, the usual water temperature ranges from 25 to 30°C
throughout the year. Samsad et al."® observed the maximum sea surface temperature
(SST) anomalies were noticed (1.5 to 2°C) in January, February, May and September which
supports the recorded temperature values of the present study.

The pH in estuaries fluctuates from 7.8 to 8.3 because of the buffering capability of
seawater®. The mean pH in the present study was 8.45 + 0.07 in both times before the
ban starts and before the ban ends which indicated that the water in the fishing ban area
is slightly alkaline. As higher primary production is stimulated by alkaline water®", the
65 days fishing ban has a positive impact on water pH. Bhuyan et al.!® reported that the
maximum concentration of pH (7) was found at Sandwip and Hatiya while the minimum
(6.5) was recorded at Bhola and Chandpur which partially supports the findings of the
present study.

The EC indicates the presence of overall ions in the water. In this study, the mean EC
were 40000 + 2828 pS/cm and 20500 + 1060.66 uS/cm during the fishing ban period and
during the fishing period, respectively. Whereas, TDS (Total Dissolved Solid) shows the
combined total of inorganic and organic substances in water®. The mean TDS were 18000
+ 1414 mg/l and 10350 + 212.13 mg/I observed during the fishing ban period and during
the fishing period, respectively. In the present study, there was a positive correlation
(correlation coefficient, r = 0.98) found between EC and TDS (i.e. values of EC increase with
values of TDS) which supports the study by Essien-Ibok et al.*®) and Alam et al.®®. In the
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Rupsha river, the values of EC and TDS were 16705 uS/cm and 8638 mg/l, respectively®
which were lower compared to the findings of the present study, because the water of the
Nijhum Dwip seascape is more saline compare to the water of the Rupsha river. On the
contrary, a negative correlation was found between TDS and transparency. Some studies
mentioned that the presence of phytoplankton was increased as a result of the increased
transparency®**2%). The secchi depth found by Bhuyan et al."® was lower than the recorded
value in the current study.

However, assessment of water quality is critical for determining the quality of an
ecosystem, which has alarge impact on the occurrence of aquatic organisms®”. The recorded
values of water quality variables might be varied mainly due to seasonal variations. TDS
and EC values were lower during the fishing period which might be occurreds due to
human interfernces during this period. Overall, this study found that the marine fishing
ban in the Nihjum dwip seascape does not have so much impact on the water quality
variables.

Hilsa length-weight relationship: This study found that 65 days marine fishing ban has
a positive impact on hilsa production. Table 2 showed that the mean length and weight
of sampled hilsa during fishing ban periods were comparatively larger than the mean
length and weight of hilsa that was sampled during the fishing period (before the ban
starts). This might have happened because of fishing restrictions. This study found a strong
relationship between body length and body weight of sampled hilsa fish species (coefficient
of determination, r* = 0.9821) (Fig. 2).

Table 2. Length and weight of Hilsa, Tenualosa ilisha, sampled from two sites at 1 week prior to

the ban ends and before the ban starts in the Nijhum Dwip seascape.

Length (cm) Weight (g)

Sampling time Sampling sites
Mean + SD Range Mean + SD Range

Namar Bazar 372+3.7 31.0-52.0 565.0+171.4 309-1543

1 week prior to ban
ends, July 2021 Bondortila 389+45 32.0-51.5  667.5+257.1 324-1570

Combined 37.7+4.0 31.0-52.0 601.2 £211.2 309-1570

Namar Bazar 314+15 30.5-33.5 2743 +44.9 248-340

Before ban starts,

February 2022 Bondortila 264 +23 24.5-31.5 193.2 +60.1 150-339

Combined 28.6 £3.2 24.5-33.5 228.7 + 66.8 150-340
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Fig. 2. Length-weight relationship of sampled hilsa fish species collected from two sites at 1 week
prior to the ban ends and before the ban starts adjacent to the Nijhum Dwip seascape.

From the length-weight relationship, this study found positive allometric growth (b
= 3.0911) of the sampled hilsa (Fig. 2). Amin et al.®” reported that when the growth is
isometric, the b value will be exactly 3. Flura et al.®" reported that the value of b varies not
just between species, but also between stocks of the same species based on sex, maturity,
seasons, and even time of day due to variations in stomach fullness.

Relative condition factor is a valuable indicator for evaluating feeding intensity, age,
and growth rates in fish®. As reported by Abobi and Ekau®, the relative condition factor
specifies the fish’s level of well-being and reflects some information on the fish’s physiology
through changes. It is considered that the greater the value of the relative condition factor,
the better the fish’s state of wellbeing. In the present study, the average relative condition
factor, K was higher than 1 (K_=1.0281) indicating the robustness or wellbeing of sampled
hilsa fish. Nima et al.®¥ were also reported a similar finding stating that K_values for hilsa
ranged between 0.99-1.01 in the Meghna river.

From the Fig. 3, it is seen that there is a larger abundance of hilsa > 30 cm caught during
the ban period when compared with the fishing period which is corroborated by the results
of the two-way ANOVA which results in weight being significantly dependent by the time
of year (p = 3.99e-”) caught, meaning that the null is rejected. The site was shown to have
no significance in the weight or length variables as confirmed by the chi-squared test for
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independence yielding a p > 0.05. Fig. 3 gives us an understanding of the size of fish being
caught with the average size during the ban being > 500 g and during the fishing period
<200 g. This, alongside the results representing the productivity of the two sites sampled,
leads us to believe that the ban period provided a significant buffer/renewal period for the
hilsa stock.
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Fig. 3. Mean length and weight of collected hilsa from sampling sites of coastal waters, Nijhum Dwip

seascape.

Based on the findings, this study found that the 65 days ban period is having a positive
impact on the size of the hilsa stock and as such large individuals are carrying into the start
of the fishing period. The findings of the present study are supported by Rahman et al.®%
who reported that 15/22 days fishing ban in the major spawning grounds of hilsa is very
effective and helpful for hilsa spawning and jatka production. A higher percentage of hilsa
with length group greater than 35 cm was observed in the downstream areas of Monpura
and Hatiya which support the finding of the present study®. Another study reported that
during the post-ban period, the spawning populations of Nemipterus japonicus, N. randalli,
and Metapenaeus monoceros all got better as well as in the case of Saurida tumbil, recruitment
was higher after the ban season, which shows that recruitment got better for a short time
after the ban period®.

The present study sheds light on catch data provided by the small-scale fishermen in
Nijhum Dwip seascape and to account for bias and the difference in the effort used when
collecting the data, a random sample of 29 measurements was taken from the ban period
to match with data length taken in 2022 for the fishing period. This allowed for a more
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even spread of the data and gave comparatively new insight into how the fisheries sector
is coping.

Hence, from the above discussion, it could be concluded that the marine fishing ban is
more effective for the growth of hilsa. So, the fishing ban should be continued in order to
ensure long-term hilsa reproduction and to reduce jatka harvesting, which in turn contribute
to SDGs 14. By ensuring long-term hilsa production, the fishing ban can improve the socio-
economic condition of hilsa fishers which ultimately directly and indirectly contribute to
SDGs 1 and 2.

The findings of the study indicate that the marine fishing ban might have positive
impacts on the abundance and maintenance of other coastal and marine fish species
biodiversity. So, the impact of fishing ban on the growth and production of other fish
species needs to be assessed. This study suggests that further research should be focused
on ensuring the same catch per unit effort. Future surveys should encompass longer trips,
i.e. 1 week, with multiple sampling locations to reduce the standard deviation seen in the
means. This paper provides key results that illuminate the reality across the country’s small-
scale fisheries that the ban period is a step in the right direction and is vital to maintaining
successful future stocks.
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