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varied from 0.2 to 0.48 mg/m?, with the north and southwest
having the highest concentration. Turbidity ranged from 0.0446
to 0.0808 NTU (Nephelometric Turbidity Unit). In 60-70% of
the northern, western, and southwestern regions, there was
considerable turbidity (0.070-0.0808 NTU). The productive
zones were predominant from northwestern, western to
southwestern regions and suggested for mariculture pursuits such
as shellfish culture, cage culture of fish, and seaweed culture. The
Bay of Bengal's sustainable economic exploitation of marine
resources can be optimized with the help of these insightful
findings and insights. The study recommends geospatial analysis
and marine spatial planning of more marine productive areas.
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LINTRODUCTION neighboring states? India and Mygnrnar, has
opened a new window for fostering marine
Bangladesh is enriched with its diversified  fisheries production in Bangladesh. Many
marine fisheries resources. The recent increase economically  significant  resources  are
in the country's maritime area from its supported by Bangladesh's vast marine water



mailto:nahid83bau@gmail.com

Sarker et al.

region, which spans 118,813 square kilometers.
These include 475 species of finfish, 36 species
of shrimp, 16 species of crab, and 165 species of
seaweed. 15% of all fisheries production is
derived from maritime fisheries. However,
Bangladesh faces significant challenges in
maintaining the sustainability of its maritime
fishing resources. The main challenges to
preserving the sustainability of marine fisheries
have been pollution, climate change, and several
other natural and man-made problems. (Tora et
al., 2022).An emerging concept for the
sustainable use of marine resources in the nation
is the "blue economy." Sustainable use,
management, and conservation of these marine
resources are essential to the growth of the blue
economy. Nevertheless, scientific management
techniques, hydrological monitoring,
productivity assessment, and stock assessment
are lacking (Ahmad et al., 2023).

The Swandip coast, located along the
northeastern part of the Bay of Bengal,
represents a region of immense ecological and
economic importance. The abundant
biodiversity of its coastal waters supports a wide
variety of marine creatures, which is vital to the
local fishing communities' ability to sustain
livelihood. These waters play a pivotal role in
the regional fishing industry and are closely
associated with the overall health of the Bay of
Bengal ecosystem. Maintaining the biological
diversity that sustains regional fisheries depends
critically on the productivity of this marine
habitat, which is influenced by many
oceanographic and environmental variables
(Estes et al., 2021). Maintaining the long-term
sustainability of marine resources requires an
understanding of and mapping of the
geographical  distribution of productivity.
Chlorophyll-a (Ch-a) concentration, sea surface
temperature (SST), and turbidity are some of the
connected elements that can indicate marine
productivity (Kay et al., 2018; Moradi and
Moradi, 2020). Mapping of these important
marine production indicators has been made
possible by recent developments in remote
sensing technology and geospatial analysis.
Through the integration of data obtained from
satellites into Geographic Information Systems
(GIS), researchers are now able to visually
represent and measure spatial differences in
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production over extensive coastal regions. By
identifying productivity "hotspots" and their
seasonal variations, this geospatial method
offers important insights into the dynamic
characteristics of marine ecosystems (Schwartz-
Belkin and Portman, 2023). The ability to map
and monitor marine productivity over time is
crucial for fisheries resource management, as it
informs decisions related to sustainable
exploitation, conservation zoning, and the
mitigation of overfishing (Shamsuzzaman et al.,
2017).Given the rising pressures on marine
habitats caused by overfishing, habitat
degradation, and the effects of climate change, it
has become critical to use modern analytical
methods for spatial planning in fisheries
management. The Swandip coast, with its
unique hydrodynamic features, serves as a
microcosm for understanding the broader
productivity trends in the Bay of Bengal.

Therefore, the study aimed to create a detailed
productivity map of the Swandip coast by
applying  geospatial  technologies.  Three
indicators, sea surface temperature (SST), Ch-a,
and turbidity, were analyzed to create the
productivity mapping. The insights gained from
this analysis will not only contribute to our
understanding of marine ecosystem dynamics
but also offer practical applications for
enhancing fisheries management strategies and
ensuring the sustainable use of marine
resources. The findings from this study will also
serve as a critical reference point for
policymakers seeking stewardship of the marine
resources of the Bay of Bengal. By focusing on
the Swandip coast as a case study, this study
underscores the potential of applying geospatial
technologies in managing vast marine areas and
resources of Bangladesh. Through a
combination of advanced remote sensing tools
and spatial analysis, this study will pave the way
for assessing the spatial patterns of marine
productivity and ensure more informed and
sustainable fisheries governance in Bangladesh.

2. MATERIALS AND METHODS
Study area and data collection

The study area includes a 7 km buffer zone
around the Swandip island of the Bay of Bengal
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(Figure 1). Landsat-08 images from 1% July, imported and reprojected to the Universal
2023 to 1* July, 2024 were acquired from USGS Transverse ~ Mercator (UTM)for  further
(United States Geological Survey) database. processing in this research.

Table 1 gives an overview of the data used in

this research. The satellite images were
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Figure 1. Study area map showing 7 km buffer zone of the Swandip island, Bay of Bengal,
Bangladesh

Image processing and variable analysis

The satellite images were processed using ArcGIS software (10.8). Sea surface temperature, Ch—a
content, and turbidity data were retrieved following image correction procedures including
radiometric calibration and atmospheric adjustment for cloud filtering (0-20%). The Landsat 8
Thermal Infrared Sensor (TIRS) provided the estimated data of these variables. Landsat 8 provided
the metadata of the bands such as thermal constant and rescaling factor value. The image processing
and mapping were performed with the following steps and formulas:

Table 1: Satellite (Landsat 08) datasets for mapping of the productivity variables of the study area

Data Type  Sensor Band Wavelength  Resolution (meters) Purpose
Satellite Landsat 8 Band 3 0.53-0.59 30 Turbidity data
image extraction
Band 4 0.64 - 0.67 30 Turbidity &Chl-a data
extraction
Band 5 0.85-0.88 30 Chl-a data extraction
Band 10 10.6—-11.19 100 Sea surface temperature
(SST)data extraction
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First, the digital number (DN) of band 10 was
converted to radiance by using Formula (1);

Ly=-Mp * Qcat + AL - O;

Where, L, is the top of the atmosphere spectral
radiance; My is the radiance multiplicative band
10; Qca is the quantized and calibrated standard
product pixel values; Ay is the radiance additive

Band 10; O; is the correction value for Band 10
(0.29).

Then, L, was converted to the brightness
temperature (BT) with Formula (2);

Kelvin (K) to degree Celsius (°C) BT =K,/ In
(Ki /La+1)—273.15
Where, K; and K, are the thermal conversion
constants from metadata.
Normalized differential vegetation index
(NDVI) was calculated with formula (3).
NDVI = (Band 5 — Band 4) / (Band 5 + Band 4)

Proportion of vegetation (PV) was computed
with Formula (4)to estimate the emissivity using
the maximum and the minimum values NDVI:

PV = ((NDVI - NDVlInin) / (NDVIpax -
NDVlIuin))*

Emissivity was computed using Formula (5):
E=0.004 * PV + 0.986

The value 0.986 corresponds to the correction
value of the equation and 0.004 is a constant as
illustrated by USGS website.

Then, the SST map was obtained using Formula

(6):

SST =BT/ (1+ (A * BT/c2) * In(E))

Here, c2 is the radiation constant (14,388 um)
and A represents the wavelength of the emitted

radiation.

Ch-amap was extracted using band 4 and band 5
of Landsat 8 image with Formula (7):

Ch-a = ((Band 5 + Band 4) / (Band 5 — Band 4))
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Turbiditymap was extracted using band 3 and
band 4 of Landsat 8 imageswith Formula (8):
NDTI = ((Band 4 + Band 3) / (Band 4 — Band

3))

Finally, overlay analysis of the Chl-a, SST,
Turbidity and NDVI maps was conducted to
create the potential productivity map of the 7
km buffer zone around the Swandip island.

3. RESULTS
Sea surface temperature

The sea surface temperature (SST) map around
Swandip Island reveals varying water
temperatures within the 7 km buffer zone. The
upper limit of SST was 33.64°C and the lowest
limit was 19.83°C within the study period of 1*
July, 2023 to 1% July, 2024. Warmer waters
(bluish to pink, 30°C to 33°C) dominate the
northern to northwestern regions, covering
about 20-30% of the buffer zone, indicating
high surface temperatures. The southwestern to
western areas show moderate temperatures
(yellow to green, 25°C to 30°C), occupying
around 30-40% of the area. The northeastern,
eastern, and southeastern regions exhibit cooler
waters (blue to purple, 19°C to 24°C),
accounting for 50-60% of the buffer zone
(Figure 2).

Chlorophyll-a

The Ch-a map around Swandip Island showed
varying levels of phytoplankton concentration.

Ch-a concentrations ranged from 0.20 to 0.48
mg/m?. Moderate to high (0.30-0.39 mg/m*)Ch-
a levels (green to blue) were dominant in the
northern, northwestern to southwestern regions,
covering about 40-50% of the buffer zone. In
contrast, the northeastern, eastern to
southeastern regions displayed low to moderate
(0.20-0.29 mg/m?) Ch-a concentrations (yellow
to green), covering 50-60% areas (Figure 3).

Turbidity
The turbidity map around the 7 km buffer of

Swandip Island showed varying distributions
ranging from 0.0446 to 0.0808 NTU
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(Nephelometric turbidity unit) within the study
0.056 NTU: blue to yellowish) zones were
primarily found in the eastern and southeastern
regions, covering 20-30% of the buffer area. In
contrast, the northern, western to southwestern
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period. Low to moderate turbidity (0.0446—
areas showed high turbidity (0.070-0.0808
NTU: yellowish to red), covering about 60-70%
of  the buffer zone (Figure 4).
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Figure2.Status and distribution of sea surface temperature (SST) from Jule 2023 to July 2024 across
the 7 km buffer zone of the Swamp Island, Bay of Bengal, Bangladesh.
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Figure4. Status and distribution of turbidity from July 2023 to July 2024 across the 7 km buffer zone
of the Swandip Island, Bay of Bengal, Bangladesh.

Potential productive zone

The final integrated productivity map was
developed by overlaying SST, Ch-a, and
turbidity data to highlight regions with favorable
conditions for marine productivity (Figure 4).
The integrated productivity map, combining
SST, Ch-a, and turbidity data, highlighted
several key zones with high marine productivity.
The spatial overlay analysis identified areas
where ST ranged between 26°C and 28°C, Ch-a
concentration exceeded 0.3 mg/m?, and turbidity
values were moderate to high(0.056-0.070
NTU).The map illustrated various productivity
zones surrounding the island, categorized into
less  productive, moderately productive,
productive, and highly productive areas. The
less productive zones (green) dominated in the
northern, northeastern, and southeastern to south
directions, covering approximately 50-60% of
the total area. The moderately productive zones
(blue) were concentrated primarily along the
northwestern, western to southwestern coasts,
with smaller stretches in the northeast,
accounting for around 20-30% of the total area.
The productive zones (orange) appeared in
small patches, mainly in the northwestern,
somewhat in the western, and toa small extent in
the northeastern regions, covering about 5-10%
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of the buffer area. Lastly, the highly productive
zone (pink) is limited to small areas,
concentrated primarily in the northwest,
comprising roughly 1-2% of the total area
(Figure 5).

This spatial distribution of productive zones
reflected the potential for different activities
based on the resource availability in these zones.
The map highlighted various productivity zones
that can be used for mariculture activities like
fish culture in cages, shellfish culture, and
seaweed culture. The highly productive and
productive zones, located primarily in the
northwest to southwest regions, would be the
most preferable for intensive mariculture
activities, such as fish culture in cages, and
shellfish culture using methods like longline,
bag, and raft culture. These areas could be
appropriate for less intensive mariculture
activities as well, such as seaweed farming but
might require careful management to ensure
sustainability. Finally, the less productive zones,
covering much of the northeast, eastern to
southeastern regions, may not be ideal for
commercial ~mariculture due to lower
productivity and the absence of suitable
hydrological conditions.
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Figure 5. Productivity hotspots mapping obtained from overlay analysis of SST, Ch-a and turbidity
across the 7 km buffer zone of the Swandip Island, Bay of Bengal, Bangladesh.

4.DISCUSSION

The productivity mapping of the Swandip coast
in the Bay of Bengal, as explored in this study,
provides crucial insights into the spatial
distribution of marine productivity zones,
leveraging advanced geospatial analysis and
remote sensing techniques. With the integration
of data on turbidity, sea surface temperature
(SST), and Ch-a concentration, the study offers
a holistic view of the dynamic processes
regulating marine productivity in the region.
Understanding the interaction among these
environmental factors is critical for identifying
potential productivity zones, which are essential
for effective fisheries management and
conservation efforts (Behrenfeld & Boss, 2018).
The surface temperature analysis revealed
notable variations across the study area, with
moderate temperatures closely associated with
upwelling zones, where nutrient-rich and cooler
waters rise to the surface, significantly
enhancing primary productivity. This upwelling
phenomenon, driven by the seasonal monsoon
winds in the Bay of Bengal, plays a pivotal role
in marine productivity, replenishing the surface
layers ~ with  nutrients  necessary  for
phytoplankton growth (Hou et al., 2016;
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Valavanis et al., 2004) This aligns with previous
studies indicating that optimal productivity often
occurs in regions where nutrient upwelling
coincides with favorable temperature conditions
(Largier, 2020).

Another important measure studied was the
concentration of Ch-a, which serves as an
indicator for phytoplankton biomass. In the
marine environment, places with elevated
concentrations of Ch-a as a result of specific
oceanographic phenomena, such as upwelling,
cyclonic gyres, fronts, and eddies are referred to
be productivity hotspots (Agostini and Bakun,
2002). The spatial distribution of Ch-a in this
study identified critical productive zones,
notably those near coastal areas. Moderate to
high (0.40-0.48 mg/m?) quantities of Ch-a were
found in locations with regular phytoplankton
blooms, which are essential for supporting
higher trophic levels, including commercially
significant fish  populations. The well-
established relationship between Ch-a and
fisheries productivity supports these findings, as
regions with high Ch-a concentrations are often
linked to abundant fish stocks (Behrenfeld&
Falkowski, 1997:Cai et al., 2022; Gao et al.,
2022). The variability in Ch-a concentrations
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found in this study highlights the dynamic
character of coastal productivity, which is
impacted by both natural processes like tidal
mixing and human activities like nutrient runoff.
Turbidity, a gauge of the concentration of
suspended particles in the water column, has a
twofold impact on marine production(Ramsey et
al., 2025).Moderate turbidity levels (0.0446—
0.056 NTU), especially in nearshore locations,
are indicative of nutrient-rich environments
where suspended sediments contribute to
nutrient availability for primary producers
(Cloern, 1987).

However, excessively high turbidity can reduce
light penetration, limiting the photosynthetic
activity of phytoplankton and thus reducing
primary productivity (Cloern & Jassby, 2008).
In this study, the moderate to higher (0.056—
0.080 NTU) turbidity levels were recorded near
coastal regions, which also corresponded to
areas with higher Ch-a concentrations (0.40—
0.48 mg/m?), confirming their role as productive
zones. The correlation between turbidity and
productivity highlights the complexity of these
environments and their capacity to support both
primary production and fisheries resources
(Sarma et al., 2013).

The study on the Swandip coast aligns with
prior research in identifying productive marine
zones using remote sensing and GIS techniques.
Nath et al. (2000)used GIS to evaluate potential
mariculture sites in India, employing a multi-
criteria decision approach similar to this study,
but with a broader environmental focus, while
the Swandip study uniquely emphasized the role
of SST, Ch-a, and turbidity in coastal
productivity. Similarly, Jha et al.,
(2017)identified mariculture hotspots using SST
and Ch-a data. Vivekanandan & Krishnakumar
(2010)also confirmed the link between Ch-a and
fisheries productivity, paralleling the findings of
this study. These pieces of evidence and
comparisons underscore the importance of GIS
and remote sensing in sustainable fisheries
management and mariculture development

5. CONCLUSION

The findings of this study underscore the
variability in semen quality across different
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cocks, but overall, the results demonstrate that
the majority of the cocks produced high-quality
semen with excellent motility and favorable
biokinetic characteristics. The total motility,
progressive  motility, and other sperm
parameters were generally well within the
desirable range for successful fertilization. This
study clearly indicates that the abdominal
massage method is an effective and reliable
technique for collecting RJF semen. Not only
does this method ensure optimal semen quality,
but it also provides a sufficient quantity for
semen storage and artificial insemination. These
advancements offer a promising approach for
increasing the population of RJF through more
efficient breeding practices.
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