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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Abstract

The identification of potential fishing zones is crucial in improving the 
efficiency and sustainability of fishing activities. Through scientific 
methods like remote sensing and oceanographic data, it is possible to locate 
areas with high fish abundance considering favourable conditions for fish 
growth and reproduction. In this regard, the use of Sea Surface 
Temperatures (SST) and the spread of Chlorophyll-a (Chl-a) through in situ 
data can help to identify fishing potentiality in different areas of the Bay of 
Bengal (BoB). This information can guide fishing activities to the most 
productive areas, reducing the time and cost involved in searching for fish 
while avoiding overfishing in areas where fish populations is already under 
pressure. An attempt was made with regards to identify the fisheries 
potentiality in northern part of the BoB using in situ sea surface data of 
Chl-a in relation to SST and shoreline distance. The study aimed to 
determine fishing potentiality and improve the sustainability of fishing 
efforts and fisheries production. The study was conducted in Feb and 
March of 2020, 2021, and 2022, and the results showed that Chl-a 
concentration ranges from 3.16 mg/l to 6.15 mg/l, with SST ranging from 
22.45°C to 25.88°C. Shoreline distance covered 0.0 up to 60 nm during the 
research. The study found that Chl-a concentration increased with the 
decrease of SST and shoreline distance. Sampling blocks near the shoreline 
were more productive than those with higher shoreline distance and SST. 
This productivity is may be driven by inputs of nutrients from rivers and 
vertical mixing due to coastal currents. Despite climate change and 
environmental pollution, the Chl-a concentration in the northern Bay is still 
higher than the minimum level of 0.3mg/l, which is considered a good 
water body for fish availability. Thus, the study provided valuable 
information on fishing potentiality in the northern Bay of Bengal, which can 
be used to improve the efficiency and sustainability of fishing activities. 

Keywords: Marine Protected Area, Ecosystem, Conservation, Governance 
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

39   Fisheries Potentiality in the Northern Bay of Bengal, Bangladesh

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 
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BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.

References

Abbas, M. M., Melesse, A. M., Scinto, L. J., & Rehage, J. S. (2019). Satellite 
estimation of chlorophyll-a using moderate resolution imaging spectroradiometer 
(MODIS) sensor in shallow coastal water bodies: Validation and improvement. 
Water, 11(8), 1621.

Ritika, A. K. (2022). Covid-19 A Blessing for The Marine Environment, Agri 
News 24.com. Available at: https://www.agrinews24.com/2020/ 06/07/30708/.

Alava, J. J. (2019). Ocean pollution and warming oceans: toward ocean solutions 
and natural marine bioremediation. In Predicting Future Oceans (pp. 495-518). 
Elsevier.

Annapurna, J., & Krishna, K. M. (2021). Chlorophyll Variability in the Bay of 
Bengal and its Relation with ENSO. Oceanography & Fisheries Open Access 
Journal, 13(2), 27-44.

Baldacci, A., Corsini, G., Grasso, R., Manzella, G., Allen, J. T., Cipollini, P., & 
Snaith, H. M. (2001). A study of the Alboran sea mesoscale system by means of 
empirical orthogonal function decomposition of satellite data. Journal of Marine 
Systems, 29(1-4), 293-311.

Behara, A., & Vinayachandran, P. N. (2016). An OGCM study of the impact of rain 
and river water forcing on the Bay of Bengal. Journal of Geophysical Research: 
Oceans, 121(4), 2425-2446.

Bhaskar, T. U., Jayaram, C., & Rao, K. H. (2016). Spatio-temporal evolution of 

chlorophyll-a in the Bay of Bengal: a remote sensing and bio-argo perspective. In 
Remote sensing of the oceans and inland waters: Techniques, applications, and 
challenges (Vol. 9878, pp. 171-176). SPIE.

Das, P., Mandal, S. C., Bhagabati, S. K., Akhtar, M. S., & Singh, S. K. (2012). 
Important live food organisms and their role in aquaculture. Frontiers in 
aquaculture, 5(4), 69-86;

Dutta, S., Chanda, A., Akhand, A., & Hazra, S. (2016). Correlation of 
phytoplankton biomass (Chlorophyll-a) and nutrients with the catch per unit effort 
in the PFZ forecast areas of Northern Bay of Bengal during simultaneous 
validation of winter fishing season. Turkish Journal of Fisheries and Aquatic 
Sciences, 16(4), 767-777.

Export Promotion Bureau Bangladesh, “Pocket Export Statistics FY 2021-2022”.

Fenger, J. (2009). Air pollution in the last 50 years–From local to global. 
Atmospheric environment, 43(1), 13-22.

Harahap, S. A., Syamsuddin, M. L., & Purba, N. P. (2020). Range of sea surface 
temperature and chlorophyll-α values based on mackerel catches in the northern 
waters of West Java, Indonesia. AACL Bioflux, 13(4), 2265-2272.

Islam, M. S. (2003). Perspectives of the coastal and marine fisheries of the Bay of 
Bengal, Bangladesh. Ocean & Coastal Management, 46(8), 763-796.

Krezel, A., Szymanek, L., Kozlowski, L., & Szymelfenig, M. (2005). Influence of 
coastal upwelling on chlorophyll a concentration in the surface water along the 
Polish coast of the Baltic Sea. Oceanologia, 47(4).

IUCN, “Latest ocean warming review reveals extent of impacts on nature and 
humans”, 5 September 2016, Retrieved from https://www.iucn.org/news/secretariat/ 
201609/latest-ocean-warming-review-reveals-extent-impacts-nature-and-humans.

Kay, S., Caesar, J., & Janes, T. (2018). Marine dynamics and productivity in the 
Bay of Bengal.

Kumar, G. S., Prakash, S., Ravichandran, M., & Narayana, A. C. (2016). Trends 
and relationship between chlorophyll-a and sea surface temperature in the central 
equatorial Indian Ocean. Remote Sensing Letters, 7(11), 1093-1101.

Kurnia, K., Purnawan, S., & Rizwan, T. (2016). Pemetaan daerah penangkapan 
ikan pelagis kecil di perairan utara aceh (Doctoral dissertation, Syiah Kuala 
University).

Lanz, E., Nevarez-Martinez, M., López-Martínez, J. U. A. N. A., & Dworak, J. A. 
(2009). Small pelagic fish catches in the Gulf of California associated with sea 
surface temperature and chlorophyll. CalCOFI Rep, 50, 134-146.

Md. Islam. M. S., “Mapping the maritime role of Bangladesh”, White Board, 17 
September 2022, Retrieved from https://whiteboardmagazine.com/3414/mapping- 
the-maritime-role-of-bangladesh/.

Mimura, N. (2013). Sea-level rise caused by climate change and its implications 
for society. Proceedings of the Japan Academy, Series B, 89(7), 281-301.

Muhammad Abdul Mazid, “Agro-economy of coastal Bangladesh”, The Daily 
Star, 27 November 2022, Retrieved from https://www.thedailystar.net/agro-economy 
-of-coastal-bangladesh-51567.

Muhammad, M., Priana, A. W., Affan, J. M., Haridhi, H. A., Irwan, I., Yuni, S. M., 
& Setiawan, I. (2022). Mapping potential fishing zones based on sea surface 
temperature and Chlorophyll-A in the Waters of Aceh Besar, Indonesia. In E3S 
Web of Conferences (Vol. 339, p. 02002). EDP Sciences.

Mursyidin, M., Munadi, K., & Muchlisin, Z. A. (2015). Prediksi Zona Tangkapan 
Ikan Menggunakan Citra Klorofil-a Dan Citra Suhu Permukaan Laut Satelit Aqua 
MODIS Di Perairan Pulo Aceh. Journal Rekayasa Elektrika, 11(5), 176-182.

Mustapha, A. M., Chan, Y. L., & Lihan, T. (2010). Mapping of potential fishing 
grounds of Rastrelliger kanagurta (Cuvier, 1871) using satellite images. Map Asia, 1-9.

Nagamani, P., Shikhakolli, R. & Chauhan, P. (2011).  Phytoplankton  variability  in  
the  Bay  of  Bengal  during  winter monsoon using Oceansat-1 Ocean Colour 
Monitor data. J.   Indian   Soc.   Remote   Sens.   39(1):   117–126.   DOI:   
10.1007/s12524-010-0056-0.

Nagamani,    P.,    Hussain,    M.,    Choudhury,    S.,    Panda,    C.,    Sanghamitra,  
P.  et  al.  (2013).  Validation  of  chlorophyll-a  algorithms  in  the  coastal  waters  
of  Bay  of  Bengal  initial  validation  results  from  OCM-2. J.  Indian  Soc. Remote  
Sens. 41(1): 117–125. DOI: 10.1007/s12524-012-0203-x.

NASA Earth Observatory (2023). ‘Global Sea Surface Temperature and 
Chlorophyll’. Retrieved from https://earthobservatory.nasa.gov/ images/4097/ 
global-chlorophyll.

National Geographic, “Marine Ecosystems”. Retrieved from https://education. 
nationalgeographic.org/resource/marine-ecosystems.

Nurdin, S., Mustapha, M. A., & Lihan, T. (2013, November). The relationship 
between sea surface temperature and chlorophyll-a concentration in fisheries 
aggregation area in the archipelagic waters of Spermonde using satellite images. In 
AIP Conference Proceedings (Vol. 1571, No. 1, pp. 466-472). American Institute of Physics. 

Picado, A., Alvarez, I., Vaz, N., & Dias, J. M. (2013). Chlorophyll concentration 
along the northwestern coast of the Iberian Peninsula vs. atmosphere-ocean-land 
conditions. Journal of Coastal Research, 65 (10065), 2047-2052.

Plenty of fish in Bay of Bengal; still it has 475 species. (n.d.). unb.com.bd. 
Retrieved from https://unb.com.bd/category/Bangladesh/plenty-of-fish-in-bay-of 
-bengal-still-it-has-475-species/13010.

Poddar, S., Chacko, N., & Swain, D. (2019). Estimation of Chlorophyll-a in 
northern coastal Bay of Bengal using Landsat-8 OLI and Sentinel-2 MSI sensors. 
Frontiers in Marine Science, 6, 598.

Rahman, M. M., Ferdousi, N., Abdullah, M. A., Sato, Y., Kusunoki, S., & Kitoh, A. 
(2011). Inter-annual and decadal variability of sea surface temperature over Bay of 
Bengal. Nepal Journal of Science and Technology, 12, 296-303.

Rouf, M. A., Antu, A. H., & Noor, I. (2020). Seasonal and annual variability in 
chlorophyll-in the shelf region of the Northern Bay of Bengal using MODIS-Aqua 
data. Oceanological and Hydrobiological Studies, 49(4), 398-407.

Roy, S., Solís-Miranda, N., Mabert, B. K., Hwedie, K. O., Noon, V., Mon, T. O., ... 
& Peralta-Brichtova, A. C. (2021). Lessons learnt and best practices of managing 
coastal risk from local communities’ perspectives: technical report.

Sarangi, R., Nayak, S. & Panigrahy, R. (2008). Monthly variability of  chlorophyll  
and  associated  physical  parameters  in  the  southwest Bay of Bengal water using 
remote sensing data. Indian  J.  Mar.  Sci.  37(3):  256–266.  URL:  
http://hdl.handle.net/123456789/2047.

Sarma, V. V., & Aswanikumar, V. (1991). Subsurface chlorophyll maxima in the 
northwestern Bay of Bengal. Journal of plankton research, 13(2), 339-352.

Simbolon, D., Silvia, S., & Wahyuningrum, P. I. (2013). Pendugaan Thermal Front 
dan Upwelling sebagai Indikator Daerah Potensial Penangkapan Ikan di Perairan 
Mentawai (The Prediction of Thermal Front and Upwelling as Indicator of 
Potential Fishing Grounds in Mentawai Water). Marine Fisheries: Journal of 
Marine Fisheries Technology and Management, 4(1), 85-95.

Solanlki, H. U., Dwivedi, R. M., Nayak, S. R., Jadeja, J. V., Thakar, D. B., Dave, 

H. B., & Patel, M. I. (2001). Application of Ocean Colour Monitor chlorophyll and 
AVHRR SST for fishery forecast: Preliminary validation results off Gujarat coast, 
northwest coast of India. 

Solanki, H. U., Mankodi, P. C., Dwivedi, R. M., & Nayak, S. R. (2008). Satellite 
observations of main oceanographic processes to identify ecological associations 
in the Northern Arabian Sea for fishery resources exploration. Hydrobiologia, 
612(1), 269-279.

Solanki, H. U., Mankodi, P. C., Nayak, S. R., & Somvanshi, V. S. (2005). 
Evaluation of remote-sensing-based potential fishing zones (PFZs) forecast 
methodology. Continental shelf research, 25(18), 2163-2173. 

Zheng, Z., Wu, Z., Chen, Y., Guo, C., & Marinello, F. (2022). Instability of remote 
sensing based ecological index (RSEI) and its improvement for time series 
analysis. Science of The Total Environment, 814, 152595.



BIMRAD Journal, Volume 4, Issue 1, 2023 50

Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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Introduction

 Bangladesh has one of the largest marine ecosystems in the southern part 
of the country, the ‘Bay of Bengal (BoB)’. It is home to almost 475 types of fish 
(UNB, 2019). The BoB marine fish catch covers a big part of the foreign currency. 
Bangladesh earned $532 (Tk. 57853.00) by exporting fish and fishery products 
during the FY 2021-22 (Export Promotion Bureau Bangladesh, 2022). About 3.6 
million hectares of coastal land constitute nearly 25% of the geographical area. 
According to the 2011 Bangladesh Population Census (BPC), about 25% of the 
country's total population lives in the coastal region (Peralta-Brichtova et al., 
2021). The marine area, which covers almost 1,18,813 km2, is a source of 
livelihood for this huge portion of the country's population (Islam, 2022). We 
know that among all other marine resources, marine fisheries are one of the 
Bangladesh's most important and popular sources of life and livelihood.

 Marine fisheries cover all valuable marine living organisms, including 
plants and animals, with commercial importance. Marine ecosystems are the saline 
body of water with unique biotic (living) and abiotic (nonliving) factors. However, 
the marine environment changes and affects the ecosystem and its components due 
to different natural and artificial stressors. When living organisms are within an 
ecosystem, they are influenced and affected by the ecosystem's physical, chemical, 
and biological parameters. So, fishes are in the water; their life cycle and activities 
are controlled by the standard parameters of all the physical, chemical and 
biological factors of that body of water.
 
 Generally, Chl-a concentration is an important issue in ocean ecosystem 
management and relevant research (Rehage et al., 2019). Along with this, in the 
aquatic ecosystem, the food web is a compulsory component where green primary 
producers are at the root of the food web. When the water is greenish, the green 
productivity indicates that the area is good for fish and other organisms as the 
primary food phytoplankton are available there (Singh et al., 2012). On the 
contrary, the temperature is a factor that determines the growth of phytoplankton 
and, ultimately, the Chl-a concentration within the water system. Dissolve Oxygen 
(DO) is also relevant to Chl-a, SST, and shoreline distance (Dworak et al., 2009). 
Oceanic factors supporting the parameters would explain the oceanic environment 
and food resource availability in an ecosystem (Patel et al., 2001). Chl-a pigment 
concentration is a convenient index of phytoplankton biomass (Patel et al., 2009). 
SST is an important factor that influences phytoplankton growth and dissolves 
oxygen availability (Nayak et al., 2008). In situ Chl-a and dissolved oxygen 

concentration provide a measure of enhanced biological production area, while 
SST provides information to explain oceanic environment suitability for the 
production of those parameters (Somvanshi et al., 2005). Using both parameters 
would improve our understanding of the physical and biological processes of the 
oceans (Snaith et al., 2001), which will finally explain the availability of fishery 
resources within the system (Patel et al., 2001).

 Fishermen usually determine the catch zone by looking at the foam or 
ripples on the sea surface and the birds flying on the sea surface for food (Ritika, 
2022). The abundance of fish in an area can also be predicted based on the 
oceanographic conditions of the waters (Muchlisin et al., 2015). The location of 
waters with high Chl-a content can indicate rich fish biomass as the area is rich in 
feeding substances (Wahyuningrum & Simbolon, 2013). Meanwhile, SST is one 
factor that affects the life of organisms in the ocean because the SST can affect the 
metabolism and reproduction of organisms in the sea. So, each type of fish has a 
different tolerance to SST for survival (Setiawan et al., 2022).

 It is well known that climate change and pollution is the main influencer 
that can change or alter the standard parameters within the ocean ecosystem, and 
this is happening worldwide (Fenger, 2009). The oceans have taken up 93 percent 
of the warming created by humans since the 1970s (IUCN, 2016). Global climate 
change is responsible for sea-level rise, surface temperature, ocean heating, ocean 
acidification, coastal flooding, salinity intrusion, etc. Warming of ocean water and 
dumping of continuous pollution substances alter the water quality parameters like 
dissolved O2, dissolved CO2, Salinity tolerance level, pH level, and SST that, 
directly or indirectly affect the marine biodiversity (Alava, 2019). Many studies 
were conducted in the BoB either to explain  Chl-a in different parts of the BoB or 
the relation of Chl-a with other parameters within the ecosystem. Most are done 
using satellite images. A study was done on the seasonal and annual variation in 
Chl-a in the shelf region of the northern part of the BoB using MODIS-Aqua data 
(Rouf et al., 2020) where Chl-a & SST were found inversely related in both annual 
and seasonally. Another study was carried on about the subsurface chlorophyll in 
the northwestern BoB (Sarma et al., 1991). The concentration of Chl-a in northern 
coastal BoB using Landsat-8 OLI and Sentinel-2 MSI Sensors (Poddar et al., 
2019). One research study was conducted on Chlorophyll variability in the Bay of 
Bengal and its relation with ENSO (Annapurna et al., 2021). A scientist observed 
inter-annual and Decadal Variability of SST over the BoB (Rahman et al., 2011). 
The study showed a correlation between Phytoplankton Biomass (Chl-a) and 
Nutrients with the Catch Per Unit Effort in the PFZ Forecast Areas of northern 

BoB during simultaneous validation of the winter fishing season (Dutta et al., 
2016). The scientist has already pronounced that the coastal and marine fisheries 
of the BoB provide a salient feature of the available information and resource 
availability to identify future research and management needs (Islam, 2003). Fish 
are considered a dynamic aquatic and renewable resource that can be estimated 
and forecasted through habitat consideration. In a real scenario, the Bay of Bengal 
and its surrounding regions are among the least researched regions in the world, 
although having a significant potential for future stock growth (Islam, 2003).

 No study has been made to identify a potential fishing zone in the northern 
BoB based on in-situ Chl-a, SST, and shoreline distance data. At the age of severe 
pollution and other natural calamities, the condition of BoB should be examined to 
draw a salient feature on the fishing potentiality. The present study, therefore, 
aimed to investigate the concentration of Chl-a to SST and shoreline distance to 
identify the fishing potentiality in the northern BoB in the present era of climate 
change and other environmental stressors.

Material and Method

Study Area

 The BoB is a large area, and 200 nm of EEZ is under Bangladesh's 
jurisdiction. The research has selected the northern part of the BoB to describe 
fishing potentiality in that area. The area has been selected based on the priority of 
fisheries resources as it contains-

 • Marine Reserve-South Patches Ground 
 • Marine Reserve-South of South Patches Ground
 • Marine Reserve-Middle Ground
 
 As still Bangladesh fishermen mostly cover up to rarely 100km distance 
and 80m depth, the present research has been comprised up to 112km (60nm) 
distance from the nearest shoreline, and a maximum of 130m depth has been covered.
 
 The locations of this study area included the northern part of the BoB 
started from Latitude 22°11ˊN to Latitude 20°51ˊN and Longitude 91°50ˊE to 
Longitude 89°41ˊE covering most of the sea area. The total area has been classified 
into 10 rectangular blocks. The following latitudes and longitudes identify the 
blocks-

Data Collection

 Based on the latitudes and longitudes, the sample has been collected from 
50 stations covering the study area. Then blocks were drawn as A1, A2, A3, A4, 
A5, A6, A7, A8, A9, A10 and each square-shaped block area covered a total of 400 
sq. nm. The data of Chl-a and SST used in this study has been collected in 3 
consecutive years from 2020-2022 within the same months’ Feb-March 
consideration, and the same sampling sites were maintained. As DO is not our 
primary consideration, it has been collected for only 2022 of February for 
cross-checking of the result. The sampling months have been selected considering 
the weather pattern and sea conditions. For Chl-a analysis and temperature 
determination, sea surface (10cm depth) water sample has been used.
 
 The Chl-a was analyzed in the laboratory using the DR6000, a direct 
reading spectrophotometer, at 664 nm and 750 nm wave length. For Chl-a 
determination, a water sample was collected from the sea, using a 20 cm diameter 
pot. Then the required amount of water samples was preserved in the plastic bottles 

in the refrigerator for further laboratory analysis. In laboratory, the collected water 
samples were filtered by the filter papers (Whatman 47 diameter). The filter papers 
were dissolved in 10 ml acetone and kept overnight, then centrifuged (Denlay 
centrifuge, model BS-400) for 30 minutes at 1000 rpm and made ready for the 
analysis of Chl-a. The DR6000, a direct reading spectrophotometer, at 664 nm and 
750 nm wave length was used to determine Chl-a by following Vollenweider’s 
equation.
 
Chl-a concentration/ Chl-a (µg/L) = (11.9*(A664- A750) *V*1000)/L *S 

Where,

A664  = the absorbance at 664nm 
A750 = the absorbance at 750nm 
V     = the acetone extract in ml

L     = the length of cell in cm2
 
S     =  the volume in ml of sample filtered

SST, along with DO, has been measured using a multimeter.  The temperature was 
measured directly from the sampling area.

Data Analysis

 Data of each block has been put into excel, and the average data have been 
counted to determine the chl-a of each block with SST and distance from the 
shoreline to get the productivity and suitability of each block for fish. The map 
(chart) used for this research is the Admiralty Chart 90. For pictorial presentation, 
both manual and Computer Aided Design Software were used.

Result

 The determination of Chl-a, SST, and shoreline distance has been shown 
in Table 2. 

 The result shows that Chl-a ranges from 3.16 to 6.15 mg/l, and the SST ranges 
from 22.45 to 25.88°C in the Feb and March sampling time frame. The sampling 
blocks cover the distance from 0.0 to 60 nm during this research.
 
 The result explained that the northern part of the BoB is excellent in 
condition. The minimum Chl-a 3.16 mg/l indicates a productive fishing area of the 
northern BoB. On the contrary, maximum Chl-a 6.15mg/l does not indicate 
eutrophication as eutrophication may occur when the Chl-a concentration is 
>15mg/l in any water body. So, the above-mentioned research area ranging Chl-a 
concentration from 3.16 to 6.15 mg/l indicates a highly productive fishing area in 
the northern BoB. Relation among Chl-a, SST, and shoreline distance has been 
presented in Figure 1.

The trend of Chl-a to SST and shoreline distance has been shown. The result 
projected that there is an inverse relationship between Chl-a and SST. In the case 
of shoreline distance, it has also shown negative relation with Chl-a concentration, 

which means Chl-a concentration decreases with increasing SST and shoreline 
distance. So, the defined blocks can be described as considering fishing 
potentiality, A1>A2>A3>A4>A5>A7>A8>A9>A10 (A6 is exceptional with 
sharply decreased low Chl-a value 3.16) and has been shown in Figure 2.

Result Validation

 Relation among shoreline distance (nm), SST (°C), Chl-a (mg/l), and DO 
(mg/l) has been shown in Figure 3.

This DO data has been taken only for the year 2022 in April in the same sampling 

sites. The DO data shows that with increasing Chl-a concentration, DO has also 
increased. The DO has decreased with increasing shoreline distance and sea 
surface temperature. So, the DO concentration follows the trend of Chl-a 
concentration (Figure 3). The Chl-a concentration of block A6 that breakdown the 
sequential trend has followed the continuity of DO concentration with other blocks 
which can be a sampling error.

Discussion

 It has been studied that SST value in the range of 29–31°C, and the range 
of Chl-a value 0.28-0.43 mg/L can be used as an indicator of good fishing ground 
(Purba, 2020). The Mackerel tuna has optimum Chl-a concentration ranging from 
0.2-0.4 mg/l at 29-30.5°C (Harahap et al., 2020). Preferred range of Indian 
Mackerel (Rastrelliger kanagurta) was 30.75 ± 0.21°C for SST and 0.31 ± 0.10 
mg/m for Chl-a (Nurdin et al., 2013). So, the present study that found Chl-a 
concentration ranges from 3.25-6.15mg/l indicates a good fishing potentiality in 
the mentioned research area at SST ranging from 22.45 to 25.88°C. 

 Many studies show SST, shoreline distance, and Chl-a fluctuations 
inversely proportional correlation. Many studies revealed low Chl-a 
concentrations with high SST and vice versa (Rao, 2016). Some studies found that 
the average Chl- a concentration is high during winter (October-December) and 
low in summer (June) (Narayana, 2016). Low SST (26°C) and river runoff from 
the major rivers are linked to the high Chl-a (Noor, 2020). In this northern region, 
higher river discharge was seen between July and September.

 In contrast, higher Chl-a concentration was seen between September and 
November, demonstrating the critical effect of river discharge. In the BOB river 
runoff is less in winter and maximum in the monsoon. Between October and 
December, the BoB experiences several storms that bring nutrient-rich 
subterranean water to the surface, enhance blooms, and ultimately contribute to 
producing high Chl-a concentrations (Sarangi et al., 2008). The northern BoB shelf 
region with the lowest Chl-a concentration was discovered during the 
pre-monsoon season (March–May). It happened due to a progressive rise in SST 
(the specific relationship between Chl-a concentration and SST is discussed in the 
following section) and a fall in wind speed (Nagamani et al., 2013). It has been 
established that the Chl-a concentration and SST have a weakly inverse 
relationship. In the Northern BoB, the current study likewise discovered a negative 
association trend between Chl-a and SST. Chl-a has been reduced with increasing 

SST, possibly due to the above-discussed phenomenal association in the northern 
BoB. 

 Various factors influence sea surface temperature (SST), such as river 
runoff, differential cooling and heating rates, continental air masses, near-shore 
ocean currents, and upwelling. Upwelling refers to the upward movement of cold, 
nutrient-rich water from the deep ocean layers to the surface. This process 
replenishes coastal waters, leading to cooler SST near the shoreline compared to 
offshore waters (Krezel et al., 2005).

 The high upwelling activity near the shoreline promotes greater 
phytoplankton (Chl-a) production compared to offshore regions. Consequently, 
our study's findings align with this logic, as we observed a decrease in Chl-a 
concentration with increasing distance from the shoreline. This suggests that near 
the shoreline, where SST is cooler, there is higher productivity. Previous research 
conducted along the coasts of Washington, Oregon, and California supports this, as 
it revealed that due to upwelling and wind action, SST along the coast was several 
degrees cooler than offshore waters.

 Therefore, our study's results, which demonstrate a decrease in Chl-a 
production with increasing shoreline distance and SST, are consistent with 
previous findings and support a logical relationship between these factors. 

 The NASA Sea-viewing Wide Field-of-View Sensor image revealed a 
close relationship between the physical and chemical ocean processes like 
temperature differences and nutrient upwelling that happens near coastlines and 
influences ocean plant life. Planktonic growth is higher in coastal areas than in the 
open ocean (NASA Earth Observatory, 2023). High chlorophyll mainly occurs 
near the coast, e.g., near Somalia and Oman, and their values generally decrease 
with offshore distance (Marinello et al., 2022). However, it has been proved that 
during summer months the chlorophyll variations could be explained mainly by 
the frequent upwelling events, whereas during winter months, high chlorophyll 
concentration near the coast depends on river discharges (Dias et al., 2013). 
Following the above perceptions may be the supporting logic of the present study 
that found Chl-a concentration near the coast and that SST has increased with 
increasing shoreline distance.

Conclusions

 BoB is a large marine area with highly valuable commercially important 

marine species. However, the fisher has very little knowledge of the overall 
productivity of productive marine areas as there is very few research yet on BoB 
fisheries' potentiality. The present research has been designed to identify the 
fishing potentiality of the Northern BoB, considering the most important factors 
Chl-a, SST, and shoreline distance. The research found that the northern part of the 
BoB is highly productive. Nevertheless, the considered factors indicate that the 
most important biological components are yet within the optimum level that 
supports a highly productive water area. The level of Chl-a >0.3mg/l indicates that 
the Northern BoB supports very good commercially important marine fisheries.   
But the further intensive study with more parameters and covering the whole water 
area is needed to suggest the commercial fishing zone in the BoB as a whole and 
the study can develop finally a fishing apps on the live fishery data on the fishing 
potentiality of the target fishing area in the BoB.
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