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A B S T R A C T   

The Sundarbans, a natural shield on earth, is one and only place that has many noteworthy environmental and 
geographical values with breathtaking natural beauties. Near the Sundarbans area, proliferation of aquaculture 
in this delta contributes appreciably to the national economy. Although aquaculture has become a means of daily 
livelihood, this sector is nevertheless threatened by a complex of climate change impacts. Cyclones, rising 
temperatures, rising sea levels, coastal flooding, and erosion make coastal farming difficult. As a panacea, the 
Sundarbans can play a critical role in preserving coastal aquaculture. As noticed, forests have high potential to 
recover from unusual consequences of climate change. Practicing safe aquaculture should be opted to refrain 
from endangering the Sundarbans. This review addressed various climate change impacts on coastal farming and 
identified the capabilities of the Sundarbans to protect coastal aquaculture from calamitous impacts. Findings 
show clues for researchers to analyze problems, consequences, and mitigations.   

1. Introduction 

In December 2022, the United Nations reached a broad, sweeping 
agreement on ocean conservation for the maintenance of marine 
biodiversity. This multilateral, global treaty is the culmination of about 
nine years of complex negotiations (Sasmito et al., 2023), and the 
resultant documentation (UN General Assembly, 2023) emphasizes 
coastal ecosystems that figure prominently in the physical protection of 
land/sea interfaces, while serving as nurseries for a range of marine 
organisms. Mangroves act as an interface between marine and terrestrial 
habitats, serving numerous ecosystem services, including carbon cap
ture, but a mangrove deforestation trend continues to threaten coastal 
and ocean ecosystems (Adegboyega et al., 2019; Mukherjee et al., 2014). 
Coastal development for agriculture and aquaculture has resulted in 
heavy degradation of mangrove forests (Richards and Friess, 2016), and 
the conservation and restoration of mangrove ecosystems is critically 
important. Destructive early aquaculture practices led to acute 
mangrove deforestation, underscoring the need for sustainable farming 

practices and ecologically sensitive patterns of land use (Thomas et al., 
2017). 

The Sundarbans is a mysterious reservoir of natural beauty that holds 
the world’s largest mangrove forest with an area of 10,000 km2 along 
Bangladesh’s and India’s coastal borders (Aziz and Paul, 2015). 
Bangladesh has about six thousand square kilometers of the total area, 
and the rest is in India (Ishtiaque and Chhetri, 2016; Giri et al., 2007). 
The Sundarbans, located in the delta of the Ganga, Brahmaputra, and 
Meghna rivers, were designated a UNESCO World Heritage Site in 1997 
(Alam and Mohammad, 2018; Das and Mandal, 2016; Rahman and 
Asaduzzaman, 2010; Islam and Gnauck, 2008; Gopal and Chauhan, 
2006). The soothing and pleasant environment of the Sundarbans has 
unique environmental and ecological features: season, rainfall, tem
perature, humidity, water pH, water salinity, water flow, tides, soil 
salinity, cyclone and so on (Hoq, 2008; Biswas et al., 2007). As can be 
seen, there are four seasons: i. pre-monsoon, ii. monsoon, iii. post- 
monsoon, and iv. dry winter (Hoq, 2008). In general, this forest envi
ronment comprises rainfall ranging from 1600 to 2000 mm, fluctuating 
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from west to east; temperature ranges from higher (26–34 ◦C) to lower 
(12–25 ◦C); humidity 70 to 80 %; pH 6.5 to 8; and water salinity ranges 
from low (0–5 ppt) to moderate (5–18 ppt) to high (>18 ppt) in different 
parts of the Sundarbans (Mondal and Debnath, 2017; Neogi et al., 2016; 
Hoq, 2008; Islam and Gnauck, 2008; Biswas et al., 2007). Water flow in 
the rivers of the Sundarbans mainly originates from the Ganges- Padma 
via the Gorai-Madhumati and the lower Meghna via the Swarupkathi- 
Kocha rivers (Hoq, 2008). These river sediments deposited and formed 
the delta, which qualifies the Sundarbans as the world’s largest 
mangrove forest (Islam and Wahab, 2005; Islam, 2003). During May to 
June and October to November, cyclonic storms occur in the Sundarbans 
(Hoq, 2008). The Sundarbans is considered one of the most complex and 
delicate ecosystems in the world (Islam, 2019; Islam et al., 2018; Ghosh 
et al., 2016) and is highly vulnerable to climate change. 

The Sundarbans mangrove ecosystem supports the nation’s rich 
aquatic biodiversity, where 53 pelagic fish species and 124 demersal fish 
species, 20 species of shrimp, 8 species of lobster, 7 species of crab, and 
42 species of mollusks are found (Habib et al., 2017; Dasgupta et al., 
2017; Ishtiaque and Chhetri, 2016; Ghosh et al., 2015; Minar et al., 
2013; Rahman and Asaduzzaman, 2010; Giri et al., 2007; Gopal and 
Chauhan, 2006; Islam, 2003). The ecosystem of the Sundarbans is highly 
generative owing to its open system, interconnected upstream with the 
land and downstream with the sea (Sharmin et al., 2021; Ghosh et al., 
2015; Hoq, 2008; Kathiresan and Bingham, 2001). Nutrients are pri
marily derived from upstream catchments or through tidal flooding, 
while organic materials are transported seaward (Chakraborty, 2011). 
The Sundarbans is an important food source, shelter, and nursery for 
many species (Roy et al., 2012; Adeel and Pomeroy, 2002). For these 
climatic and ecological reasons, the coastal area of the Sundarbans is 
highly suitable for aquaculture (Afroz and Alam, 2013; Hossain, 2001). 
The opportunity for coastal aquaculture expansion is accompanied by 
socio-economic benefits, including the provision of food, improved 
nutrition and health, and the generation of income and employment 
(Das and Mandal, 2016; Hasanuzzaman et al., 2010; Adeel and Pomeroy, 
2002). Around the mangrove areas, most of the culture fisheries are 
shrimp farms (Kabir et al., 2019; Azad et al., 2009; Adeel and Pomeroy, 
2002). Various crustaceans and mollusks are also being cultivated on the 
mud flats (Islam, 2003). Crabs are rich in variety, with many species 
occupying coastal estuaries or brackishwater habitats (Hoq, 2008). In 
Bangladesh, the export-oriented shrimp culture is primarily confined to 
coastal aquaculture areas. Shrimp farming is rapidly burgeoning in the 
Sundarbans area. In the 2021–2022 fiscal year, Bangladesh earned US$ 
407.25 million from frozen export shrimp products (EPB, 2022). 
Different districts like Bagerhat, Khulna, Satkhira, and others in the 
Khulna division covered 146,212 ha for Bagda and 65,871 ha for Galda 
farming (DoF, 2022). Bagda and Galda production from these farms 
were 54,290 metric tons and 47,900 metric tons, respectively (DoF, 
2022). More than 50 % of the post-larvae of black tiger shrimp and >90 
% of the post-larvae of freshwater shrimp are collected from wild 
sources (Azad et al., 2009). Besides this due to disease outbreaks in 
shrimp culture, mud crabs fattening has become popular (Islam, 2018; 
Nandi et al., 2016). Crab fattening started in the first half of the 1990s in 
Bangladesh. The most preferable area is the Bagerhat district, which 
includes 1400 crab ponds (Islam, 2018), but coastal crab culture is most 
severely vulnerable to climate change (Sharmin et al., 2021; Islam et al., 
2020). Extreme saline water logging due to increasing sea levels as a 
result of climate change made the coastal area unsuitable (Sharmin 
et al., 2021; Dasgupta et al., 2016; Haque, 2006). Temperature fluctu
ation is a consequence of climate change working as an influencer to 
cause natural calamities such as cyclone Sidr which damaged 26 % of 
forest (Rahman et al., 2010). In addition, even slightly increased envi
ronmental temperatures have a range of disruptive impacts on fish 
physiology (Shahjahan et al., 2022) reproduction and larval develop
ment (Ashaf-Ud-Doulah et al., 2021), thereby causing extensive damage 
of ecosystem. Similarly, salinity changes can be highly disruptive to 
developing larval and juvenile fishes (for example, see Hossain et al., 

2021). In spite of these difficulties, coastal aquaculture has grown at a 
moderate pace. For these reasons, we need to conduct this study to know 
the core challenges faced by climate change disasters and their solu
tions. In addition, this review will also investigate the key role of the 
Sundarbans in protecting coastal aquaculture from the earth’s ever- 
changing climate. 

2. Methodology 

This paper is based on a review of published literature and focuses 
mainly on appropriate strategies for the Sundarbans to resist climate 
change and its effects on coastal aquaculture. From the public domain 
and official websites of several governmental agencies, many potential 
sources of literature, reports, information, and available scientific data 
were identified and reviewed in order to write this review paper. In 
addition, some information was collected from the Bangladesh Fisheries 
Research Institute (BFRI) library. Sundarbans, climate change, and 
coastal aquaculture were used as keywords for finding relevant litera
ture. After collecting all the relevant data, they were analyzed by 
applying the Critical Literature Review (CLR) method to perceive all the 
related and most significant information that is relevant to the objectives 
of this paper (Sakib et al., 2021; Saunders et al., 2009). 

Overall, in this Critical Literature Review (CLR) method, firstly, we 
have done topic formulation and secondly, we have studied various 
published literature (journal articles, books, reports, and conference 
papers). Thereafter, we have gone into the third step, where we selected 
appropriate lessons and did comparisons and determinations among the 
selected information. Finally, we have extracted the final results that 
delivered all the related information about this topic and fulfilled the 
objectives of this manuscript (Fig. 1). 

3. Results and discussion 

3.1. Influential factors for climate change 

In the current state of our civilization, climate change has come to be 
an urgent issue. Worldwide climate parameters have drastically 
changing compared to patterns observed as recently as fifty years back 
(Chen et al., 2007). Such a dramatic change in climate certainly poses a 
substantial threat to nature. There are some key factors that are pro
voking to climate change (Fig. 2). These climate change drivers are 
categorized as either man-made issues and natural events (Sorvali et al., 
2021; Swim and Whitmarsh, 2018; Khanom, 2016; Stern and Kaufmann, 
2014; Mitra, 2013; Mitchell et al., 2006; Pielke Jr, 2004). The most 
common natural factors are volcanic activity, El Niño -Southern Oscil
lation (ENSO), wildfires and so on. In general, releasing carbon dioxide 
owing to volcanic activity is about 130–230 million tons per year, which 
is gradually warming the world and changing the climate (Nda et al., 
2018). Another strong climate driver is the El Nino-Southern Oscillation 
or ENSO. It originates in the tropical area of the Pacific Ocean, in where 
water oscillates between warm (El Niño) and cold (La Niña) and its 
negative consequences have already been felt by the world (Nda et al., 
2018; Tung and Zhou, 2013; Compo and Sardeshmukh, 2010; Joseph 
and Nigam, 2006; Harley et al., 2006). ENSO’s water is warm, it’s called 
an El Niño and it brings less rainfall or drought in Australia, Indonesia, 
and other neighboring countries, whereas quite opposite weather in 
South America, such as heavy rainfall (McPhaden et al., 2006). About 
90 % of carbon dioxide discharges from wildfires and contributes as one 
of the potential greenhouse gases to the environment (Xi-Liu and Qing- 
Xian, 2018). 

Climate change is mainly caused by manmade factors such as 
releasing greenhouse gases like carbon dioxide (CO2), nitrous oxide 
(N2O), fluorinated gases (CFC), methane (CH4), and others (Maulu et al., 
2021; Kweku et al., 2017). Among the greenhouse gases, CO2 is a highly 
potential candidate for being responsible for climate change (Ollila, 
2012; Solomon et al., 2010). Carbon dioxide emissions account for 77 % 
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of total greenhouse gas emissions (Jalota et al., 2018). Carbon dioxide 
gas is produced in different human activities viz. emitting smoke from 
motor vehicles, burning petroleum to run mills and factories, using CFC 
to produce and pack commercial products, operating nuclear power 
plants, burning wood and coal to make bricks, etc. (Chatterjee, 2017; 
Kweku et al., 2017; Yazdi and Shakouri, 2010). The agricultural sector is 
also responsible for substantial greenhouse gas emissions, accounting 
for 32 % of total greenhouse gases (Jalota et al., 2018). As a result, our 
atmosphere has been polluted by a massive load of CO2 gases, and our 
climate has been changing. Apparently, these consequences provoke 
global warming, which leads to an ultimate change in temperature, 
evaporation and precipitation rates (Manabe, 2019; Kais and Islam, 
2019; Mousavi et al., 2011). 

In Bangladesh, fossil fuels are the primary source of energy different 
industries for industrial production, transport, household consumption 
and other activities. Brick kilns have been contributing to increases in 

greenhouse gas emissions by the annual combustion of 2.2 million tons 
of coal (Khandker et al., 2022). By 2030, projected greenhouse gas 
emissions are expected to be 72.34 % in the energy sector, 2.68 % in the 
cement and fertilizer industries, 13.44 % in agriculture and livestock, 
and 7.55 % in the waste sector (MoEFCC, 2021). Bangladesh’s current 
contribution to global greenhouse gas (GHG) emissions is negligible, 
coming in at just 0.4 % (The World Bank, 2022). This nation’s expanding 
population may result in higher costs for fossil fuels, which are ulti
mately to blame for climate change (Bell and Masys, 2020). 

3.2. Vulnerable coastal aquaculture 

In the world, all life and motionless objects are suffering from the 
scary consequences of climate change as hydrological cycles are badly 
affected by climate change impacts (Atilgan et al., 2023). In continua
tion of this, coastal aquaculture has severely harmed and destroyed by 

Fig. 1. A flowchart of Critical Literature Review (CLR) method.  

Fig. 2. Drivers responsible to change climate.  
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climate change (Fig. 3). Climate change enhances environmental 
disturbance such as atmospheric temperature augmentation, imbalance 
meteorological events, high tidal waves, sea level rise, coastal flooding, 
soil erosion, cyclones which push coastal aquaculture at stake (Maulu 
et al., 2021; Ghosh, 2018; Islam et al., 2017; Chaudhuri et al., 2015; 
Dastagir, 2015; Ghimire and Vikas, 2012; Rosa et al., 2012; McLeod and 
Salm, 2006). High temperatures make ocean water more acidic, which 
may finally affect coastal animal farming (Ahsan and Brandt, 2015; 
Doubleday et al., 2013; Dupont et al., 2010). In fact, temperature vari
ations interrupt and can alter normal physiological activities of aquatic 
animals including fish (Allison et al., 2009; Hughes et al., 2003; Somero, 
2002). Shrimp growth is hampered due to declining essential nutrients 
in the water of ponds with hot atmospheres (Harley et al., 2006). A 
report revealed that 85.42 % of shrimp farmers mentioned shrimp dis
ease, deterioration of water quality, oxygen depletion, and disfigure
ment and discoloration of shrimp in their farms due to rising 
temperatures (Islam et al., 2019a). Similar research identified shifting 
fish breeding seasons and declining feeding activity as the temperature 
fluctuated (Islam et al., 2016). Likewise, others also reported that fish 
growth, abundance, and nutrition are drastically affected by the change 
in climate (Ficke et al., 2007; Jobling, 1997). 

Dissolved oxygen level fluctuates with increasing temperature. That 
causes harmful algal blooms to occur more frequently. There are also 
parasitic disease outbreaks and an imbalance in the dissolved CO2 level 
that can be lethal to fish (Islam et al., 2019b; Chatterjee, 2017). While 
increasing the sea surface temperature of the Bay of Bengal, phyto
plankton growth was being influenced, which shifted planktonic com
munity structure in the direction of harmful algal blooms, causing them 
to become a source of infectious bacterial diseases (Jutla et al., 2011). 
Seemingly, climate change becomes a potential threat to coastal com
munities because of the gradually rising sea level (Mondal and Haque, 
2018; Payo et al., 2016). An approximate 45 cm rise in sea level by the 
end of the twenty-first century will lead to the destruction of 75 % of the 
Sundarbans coastal area (Sultana and Anwar, 2021). Many parts of the 
coastal area are inundated by saline water and, these phenomena do 
displace fishing accommodations, bring down the onrush of fresh water, 
and altering soil salinity when sea level rises (Sarker et al., 2020; Islam 
et al., 2019b; Islam et al., 2016; Khanom, 2016; Ghimire and Vikas, 
2012; Mousavi et al., 2011). In addition, Coastal aquaculture can be 

affected by increases or reductions in rainfall, which can lead to reduced 
primary productivity by disrupting photosynthesis in pond eutrophica
tion (Ahmed and Glaser, 2016). 

The frequent attack of cyclones on coastal areas is being induced by 
changing our climate (Sen, 2020; Youdon, 2020;). In each year, around 
eight storms originate from the Bay of Bengal with wind speeds of 63 
kmhr− 1 or higher (Sen, 2021). Thirteen years ago, cyclone Aila ravaged 
the coastal communities of Khulna and Satkhira districts in 2009, and 
another devastating cyclone Sidr inflicted massive destruction on 
Bagerghat, Barguna, Patuakhali, and Pirojpur districts in 2007 (Mondal 
and Haque, 2018; Kabir et al., 2016). In addition, Sidr and Aila storms 
impaired or washed away most of the shrimp farms in the most southerly 
part of Bangladesh (Kais and Islam, 2018; Mallick et al., 2017). Due to 
Sidr, soil salinity in coastal areas is being partially increased but soil on 
the landmass was greatly damaged by the storm Aila (Islam et al., 2016). 
A sudden change in salinity may impact the breeding season, thereby 
reducing the availability of post-larvae of fish and shrimp from the wild, 
threatening the sustenance of established populations as well the 
availability of juveniles for aquaculture purposes (Ahmed and Diana, 
2015a; Hossain et al., 2021). When a natural disaster occurs and the 
environment degrades, disease spreads rapidly, resulting in a huge 
mortality rate of aquaculture farm animals in different coastal areas (Paz 
et al., 2007). Mandal et al. (2019) and Rahman and Rahman (2015) 
discovered that potential cyclones for instance, Sidr (2007), Nargis 
(2008), Aila (2009) and Mahasen (2013) destroyed nearly USD 1700, 
10,000, 553, and 200 million, respectively, worth of crops. 

Coastal flooding is usually caused by cyclones that induce environ
mental pollution of coastal areas with various harmful industrial sub
stances (Rahman et al., 2010). A shortage of natural food and dissolved 
oxygen occurs in response to turbid water flow into the farm just after a 
cyclone attack (Ahmed and Diana, 2015b; Roy et al., 2011). The pro
posed coal-fired Rampal Power Station, which was planned to establish 
on land 14 km north of the Sundarbans at Rampal Upazila in Bagerhat 
district of Bangladesh, was anticipated to further damage this unique 
mangrove forest (Aziz and Paul, 2015). In the future, hot water and fly 
ash will be mixed into coastal land through high tides and coastal in
undations. Besides, highly hazardous elements are trace elements, and 
those are also highly toxic but are unable to undergo auto- 
biodegradation or be absorbed by sediments due to cyclonic events 

Fig. 3. A schematic diagram of adverse effects on coastal aquaculture.  
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(Ranjan et al., 2018; MacFarlane and Burchett, 2001). Potentially haz
ardous substances such as heavy metals accumulate in places like water, 
soil, and plants where they endanger the environment’s health because 
they are not biodegradable (Topaldemir et al., 2023). Similarly, organic 
pesticides accumulate in aquatic ecosystems and can inflict damage 
throughout aquatic communities for an extremely prolonged duration 
(Islam et al., 2022). Moreover, these elements have been found in tissues 
of many species and caused intense cellular damage inside their muscles 
(MacFarlane and Burchett, 2001). 

The ecologically delicate and vulnerable nature of coastal wetlands 
can be fortified against environmental damage to some degree by careful 
planning and sensible environmental engineering. Mangrove protection 
and restoration are responsive to ecosystem management in and around 
the tidal zone, for example the establishment of plant/bivalve commu
nities with a positive history of enhancing mangrove community 
restoration (Gagnon et al., 2020). Reef-building bivalves provide a range 
of ecosystemic services including beneficial physical, water-quality, and 
community structure enhancements; these promote diversification in 
the plant and animal communities that they support and protect, and 
can help protect biodiversity and ensure thriving and growing coastal 
ecosystems (Ysebaert et al., 2019). 

3.3. Combating climate change 

A considerable quantity of carbon dioxide is absorbed by the world’s 
forests and tends to lessen climate change (Palmer, 2021; Zeng et al., 
2020; Griscom et al., 2017; Buditama, 2016; Pendleton et al., 2012; 
McLeod and Salm, 2006). To confront the effects of climate change, trees 
in the forest are one of the most potential parts (Scheidel and Work, 
2018). Trees assimilate extra carbon dioxide and protect coastal areas 
from the excess wind pressure of cyclones (Fargione et al., 2021; Bastin 
et al., 2019; Nave et al., 2019). 

Among various forests in the world, mangrove forests have super 
powers in fighting against climate change by curbing carbon dioxide 
(Barua et al., 2010). Mangroves are very effective for sinking and storing 

carbon (Sidik et al., 2018; Alongi, 2014; McLeod et al., 2011; Bobbink 
et al., 2006). Mangroves dissipate wave energy along the coast and act as 
natural preventers against storms, floods, and erosion (Alongi, 2008; 
Mazda et al., 2007). 

The Sundarbans, a world’s largest mangrove forest, can act as a 
strong protector in combating against climate change impacts (Fig. 4). 
At first Golpata tree which is growing in the coastal area of the Sun
darbans fighting against natural disaster (Sen, 2021). The trees of the 
Sundarbans have a high tolerance capacity against extreme wind orig
inating from cyclones. Sundari and Baen trees have high resistance 
powers to resist even 11,000 psi loads (Sen, 2021). Sundarbans have an 
enormous capacity for sucking up CO2 and other greenhouse gases and 
storing large amounts of carbon, which helps to keep slowing in 
changing climate (Ghimire and Vikas, 2012). It plays a key role as a 
shock absorber and protects against high tidal waves by slowing the 
movement of water, trapping sediments, and stabilizing waves and 
flooding (Sen, 2021). 

3.4. Sundarbans’ complaints 

Worldwide, the mangroves foster coastal aquaculture and protect it 
from adverse impacts of climate change. However, this coastal aqua
culture has become a potential gradual threat to the mangroves. Now, 
despite having economic potentialities, coastal aquaculture has come to 
under the canopy of controversy. Coastal farming has widespread 
damaging effects on the Sundarbans because of its unplanned and un
regulated using systems. The inflow of chemicals, nutrients, and pol
lutants from coastal aquaculture farms has very destructive effects on 
mangroves (Ahmed and Glaser, 2016). Besides, carbon emissions have 
increased and resulted in the loss of mangrove forests due to coastal 
aquaculture (Ahmed and Glaser, 2016). Valiela et al. (2001) reported 
that world mangrove forests have lost 38 % for shrimp culture and 14 % 
for other forms of coastal territories. Therefore, so many countries have 
restricted to replace mangroves by unplanned shrimp farms (Ahmed and 
Glaser, 2016). Also, Chokoria Sundarban has been entirely damaged for 

Fig. 4. Significant roles of the Sundarbans against impacts of climate change.  
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the exclusive farming of shrimps in Bangladesh (Iftekhar and Islam, 
2004). As documented, a huge area of the Sundarbans has already been 
cleared for shrimp farming. Besides, shrimp post larvae are being sup
plied from wild habitat to the shrimp farms without even thinking about 
the sustainability of resources and rapid loss of the mighty Sundarbans 
(Rahman et al., 2010). 

Among all of the world’s mangrove forests, Bangladesh is home to 3 
% of them (Ahmed et al., 2017). The Sundarbans mangrove forest is 
highly feasible for shrimp farming due to its ecological value. Shrimp is 
among the leading frozen export items in Bangladesh, earning sub
stantial foreign currency. It also helps to meet the growing population’s 
demand for protein. More or less 10,000 ha of the Sundarbans have been 
lost in accounts of shrimp farming (Ahmed et al., 2017). To turn man
groves areas into shrimp farms, various trees are being cut down. This 
increased blue carbon emission and also mangrove soil became the 
massive carbon store. As a result, the climate has changed and the 
mangrove ecosystem has been disrupted. 

Farmers inject high doses of antibiotics into shrimp farms. Among 
those, some antibiotics have undesirable impacts on the mangrove 
environment, such as killing of beneficial microbes, fish, crustaceans, 
and benthic organisms (Paul and Vogl, 2011). Every day, a huge amount 
of waste water from aquafarms is flushed into the mangrove environ
ment, contributing environmental pollution. These antibiotics and 
chemicals have ecotoxicological effects which can create prolonged 
toxicity on living organisms in the environment (Yuksel et al., 2021). 
Moreover, some of these chemicals have carcinogenic effects on human 
body too (Yuksel et al., 2022). Similarly, to the situation in Bangladesh, 
mangrove forests in Indonesia (55 %), The Philippines (67 %), Thailand 
(84 %), Vietnam (37 %), and Mexico (30 %) have been damaged by 
shrimp farming (Hossain et al., 2013). 

3.5. Mitigation measures 

Fighting climate change is urgent for human existence. It is serious 
objection for human to be maintained climate change at a certain rate or 
level (Zhao et al., 2023). Some principles and scientific knowledge can 
be adopted for this purpose (Creutzig et al., 2023). The Sundarbans 
mangrove forest is analogous to a mother’s womb for the coastal com
munities of southern Bangladesh. For saving the Sundarbans, possible 
initiatives may be taken to protect our mighty mangrove forest (Fig. 5). 

A sustainable management approach is required to adopt and implement 
for the conservation of the Sundarbans (Islam and Bhuiyan, 2018). 
Afforestation is a valuable solution to conserve the Sundarbans (Khair
nar et al., 2019). Mangrove afforestation and reforestation are increas
ingly recognized as essential components of forward-looking coastal and 
wetland engineering efforts (Sasmito et al., 2023; Sen, 2021; Alam and 
Collins, 2010). Conserved and replenished mangroves provide an 
extensive assortment of ecosystem services, including but not limited to 
carbon sequestration and the provision by tree roots, trunks, and 
branches of suitable habitat for open-water and other aquatic animals 
(Sunyowati et al., 2016). These are enormous sources of bacteria that 
process leaf litter into detritus, helping the proper balance and func
tionality of coastal food webs (Kathiresan and Bingham, 2001; Nagel
kerken et al., 2008). IUCN-Bangladesh has recently initiated a pilot 
project to propagate and plant mangrove trees (Iftekhar and Islam, 
2004). 

Planned adaptation is required to fight against climate change im
pacts on the Sundarbans (Danda et al., 2019; Mustafa Saroar et al., 2019; 
Woodson et al., 2019; Morecroft et al., 2019; Miller et al., 2018; Islam 
and Shafie, 2017; Abedin and Shaw, 2013; Berrang-Ford et al., 2011; 
Ford et al., 2011). Various scientific master plans are required for 
implementing sustainable adaptation strategies as climate change im
pacts are heterogeneous crises (Liu and Masago, 2023). Coastal areas are 
affected by the increasing salinity range. So, the coastal people should 
plant salinity tolerant tree species and farm salinity tolerant fish species. 
It also makes sure to increase freshwater flow from upstream, which may 
help reduce the extent of salinity in rivers (Hassan et al., 2019; Hoq, 
2008). Coastal embankments and other infrastructure must be built and 
maintained properly (Mallick et al., 2011; Yazdi and Shakouri, 2010). 
Though infrastructure is needed to reduce the risk of flood, erosion, and 
shelter for people, it also has some negative impacts on the Sundarbans 
ecosystem (Auerbach et al., 2015; Takagi et al., 2015). Therefore, 
planned infrastructure and resettlement are very important when 
considering the permissible limit of the forest environment (Sarker et al., 
2020; Schuerch et al., 2018). Devising well-balanced coastal land-use 
plans and maintaining sustainable limits in the harvesting of forest re
sources are a must (Islam and Wahab, 2005). Regular monitoring should 
be done in order to control pollution and regulate sustainable forest 
management (Islam and Bhuiyan, 2018). 

People should stop being dependent on wild stock for shrimp post- 
larvae, instead producing good-quality, high-resistance, and specific 
pathogen-free post-larvae in indoor hatcheries (Kabir et al., 2019). 
Public and private sectors should work together to boost this activity for 
conserving the Sundarbans (Keus et al., 2017; Karim et al., 2016). Or
ganizations should participate spontaneously to enhance the hatchery 
sector, which will ultimately increase the seed production of all coastal 
aquaculture species (Keus et al., 2017). Moreover, they can arrange 
advanced training for farmers on better pond management and to pro
mote good quality fish seed, specific pathogen free shrimp post-larvae, 
the breeding of crab and a pure source of live food that are needed for 
hatchery operations (Keus et al., 2017). This kind of initiative will 
reduce bycatch during collection of shrimp larvae, helping to preserve 
rich biodiversity within the mangrove ecosystem. Crustaceans such as 
mangrove crabs contribute meaningfully to carbon and nitrogen cycles 
within these ecosystems (Tongununui et al., 2021). 

The local people of the Sundarbans are fully dependent on this forest. 
Many have been consuming the resources of the Sundarbans without 
fully comprehending forest conservation measures, facts, or the impor
tance of the mangroves (Islam and Bhuiyan, 2018). By reducing this 
dependency, restoration of Sundarbans may take place. Some efforts 
have focused on diversifying the livelihood of the local people by relo
cating their homes and business activities with financial and technical 
support (Islam and Bhuiyan, 2018). Organizations and local dwellers 
should come forward to save the Sundarbans and reduce the intensity of 
climate change impacts (Islam and Bhuiyan, 2018; Aheto et al., 2016; 
Moser and Ekstrom, 2010; Iftekhar and Islam, 2004). Fig. 5. Possible approaches to save the Sundarbans.  
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The world moves faster with the latest technologies; thus, stake
holders should be aware of more advanced tools to protect the Sun
darbans by resisting its rapid changes and degradation, including some 
that use satellites (Halder et al., 2021; Giri et al., 2007). Data can be 
extracted from satellite images for further analysis for long-term moni
toring of the Sundarbans (Halder et al., 2021). In India, some studies 
were carried out using Landsat satellite data to know the spatio- 
temporal variation in the Sundarbans for a period of about 30 years, 
whereas another research effort was conducted in Bangladesh and India 
to know its degradation and deforestation status as changing over the 
decades (Halder et al., 2021; Giri et al., 2007). Thus, hazard maps, time 
series data and socio-economic data are very helpful for management 
decision to get a suitable solution to climate change challenges (Crespi 
et al., 2023). Apparently, spatial planning is the most fundamental 
multiple climate change risks analyzer for identifying hazards to cope 
with them in applying adaptation tactics (Liu and Masago, 2023). 

However, natural disasters are the main cause of the degradation of 
the Sundarbans (Islam and Bhuiyan, 2018). Natural calamities cannot be 
stopped fully but their damage can be reduced to some extent by 
anticipatory planning to curb the intensity of climate change (Gopal and 
Chauhan, 2006). Public awareness must be increased, and frequent 
campaigns such as “Save the Sundarbans” should be disseminated 
among the stakeholders of the forest (Islam and Bhuiyan, 2018). 

Recently, Indonesia was recognized by the United Nations with a 
special award for progressive efforts at the restoration of its mangrove 
forests (see Sasmito et al., 2023; Murdivarso et al., 2015). It is an 
example for all countries to save mangroves. Indonesia has taken some 
steps to ensure that a semi-permeable sea wall consists of natural ele
ments, producing a protective deadfall for mud and sediments. In the 
course of time, soil will deposit at the root of the mangrove and prevent 
overflow. When the mangrove trees’ roots bind deeply, this will prevent 
erosion. This method is more successful than simply planting trees. Also, 
their specialists have helped to build up shrimp farms and improve 
sustainable operations adjacent to mangroves. 

4. Conclusion 

Coastal area is most suitable for coastal aquaculture because of its 
soil, water and climate have different physical, chemical, biological and 
environmental attributes. But coastal aquaculture has been being faced a 
lot of threats due to climate change. Over time, there have been sig
nificant changes to the climate. The main contributors to climate change 
include both anthropogenic and natural forces. Different disasters like 
sea-level rise, less rainfall, salinity intrusion, coastal flooding, tidal 
surge, cyclones are finally damaged the coastal aquaculture. To over
come these problems, strong defenses against climate change and its 
impacts are provided by forests. Also, the Sundarbans has unique abil
ities to combat any natural disasters brought on by climate change. So, 
our top focus is the Sundarbans because it shields us from the ravages of 
climate change. The Sundarbans can be safeguarded in a variety of ways. 
Undoubtedly, it has stood as a safeguard between the coastal district and 
fierce winds during the danger of natural disasters. It is already proven 
that the mangrove forest has contributed largely to reduce the severity 
of the effects of climate change. Therefore, in order to regulate sus
tainable forest management and control pollution, regular monitoring 
should be carried out. By giving the local people financial and technical 
support to relocate their homes and businesses, their income source can 
be diversified. Besides, increased public awareness is necessary, and 
stakeholders in the forest should be informed on a regular basis about 
campaigns like “Save the Sundarbans”. Reforestation is a beneficial 
strategy for protecting the Sundarbans. Also, coastal aquaculture near 
the Sundarbans needs to adapt to climate change by employing a variety 
of visionary methods. 
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