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Abstract 

Background: The Indian Sundarbans is a globally important mangrove socio-ecological system characterised by 

seemingly constant regional forest totals with the erosion of adjacent reserve forests, deteriorating vegetation 

health indices, salinity-induced compositional alterations, and ongoing livelihood pressures. Approach: This 

research amalgamated evaluations from the Forest Survey of India, a remote-sensing dataset spanning 2000-

2020, government reports on tigers and animals, documentation of protected areas, and contemporary peer-

reviewed studies. Descriptive statistics, absolute and relative change, compound annual growth rate, coefficient 

of variation, and a clearly exploratory trend estimate were computed. Spatial units and updated baselines were 

maintained independently. Outcomes: The mangrove coverage in West Bengal rose from 2,097 km² in 2013 to 

2,119.16 km² in 2023, reflecting a decade-long compound annual growth rate of 0.11%. Conversely, delineated 

core and buffer mangroves had a reduction of 58.0 and 51.8 km², respectively, from 2000 to 2020, but transition-

zone mangroves expanded by 81.2 km². The newly implemented transition-zone cover compensated for just 74.0% 

of the contiguous core-buffer area loss. Salt-resistant communities proliferated, low-salinity communities 

diminished, and satellite vegetation metrics revealed extensive adverse health patterns. The tiger population 

increased from 70 in 2010 to 100 documented animals in 2022; yet, this favourable trend does not diminish 

concerns over habitat quality and conflict threats. In conclusion, the evaluation of conservation efficacy need to 

include habitat location, connectivity, species composition, ecological state, and community exposure instead of 

only focusing on total mangrove area. Essential measures include safeguarding erosion fronts, managing 

hydrology and sediment, implementing climate-resilient restoration, recovering species, controlling pollutants, 

and ensuring equitable co-management with quantifiable ecological results. A yearly spatially explicit 

biodiversity dashboard need to include reserve-zone acreage, canopy health, coastline location, focal-species 

survey intensity, aquatic biodiversity metrics, and household vulnerability using consistent definitions. 

 

Keywords: Indian Sundarbans; mangrove habitat; biodiversity decline; salinity; remote sensing; tiger 

conservation; adaptive management 

 

1. Introduction 



ISSN: 2249-7196 

IJMRR/July-September 2026/ Volume 16/Issue 3/165-178 

Dr. Anukul Ch. Mandal / International Journal of Management Research & Review 

166 
 

The Sundarbans is more than just a forest area; it represents a tide-influenced deltaic environment where 

mangrove flora, estuarine waterways, mudflats, diverse animals, fortified communities, fisheries, agriculture, and 

cultural traditions create an interconnected system. The Indian segment encompasses the western region of the 

Ganges-Brahmaputra-Meghna delta and includes the Sundarbans Biosphere Reserve, Sundarbans National Park, 

Sundarban Tiger Reserve, wildlife sanctuaries, reserve forests, and highly populated transitional islands. Its global 

classifications recognise exceptional biological significance; nonetheless, these classifications do not mitigate the 

biophysical instability of a low-lying delta or the developmental limitations faced by countless inhabitants. 

Conservation assessment must consequently differentiate between legal safeguarding and ecological stability, 

while regarding biodiversity results as the consequences of both natural processes and human frameworks 

(UNESCO Man and the Biosphere Programme, 2025; UNESCO World Heritage Centre, 2025; Ramsar Sites 

Information Service, 2025). 

Mangroves concurrently sustain terrestrial, freshwater, estuarine, and marine life. Their canopies provide 

nesting and roosting environments; root structures establish nursery areas for fish and crustaceans; tidal streams 

accommodate dolphins, crocodiles, turtles, and aquatic birds; and the forest matrix supports the Bengal tiger and 

its prey. The area serves as a blue-carbon repository and has a natural role in mitigating coastal hazards. These 

functions rely on factors beyond only the existence of trees. The breadth of the forest, its age distribution, species 

diversity, tidal interchange, sediment height, salinity conditions, and landscape connectedness influence whether 

a region functions as a robust ecosystem or a constrained, pressured plantation. Global evaluations therefore 

underscore the importance of condition, fragmentation, and ecological context in conjunction with area-specific 

objectives (Food and Agriculture Organization of the United Nations, 2020; Global Mangrove Alliance, 2024; 

Worthington et al., 2020). 

Recent findings provide an ostensibly conflicting scenario. Evaluations by the Forest Survey of India 

indicate a little net growth in the mangrove coverage in West Bengal throughout the ten-year period concluding 

in 2023. A comprehensive remote-sensing analysis of the Indian Sundarbans revealed significant degradation of 

the adjacent core and buffer forests from 2000 to 2020, along with some compensatory increases in populated 

transition areas, a transition to salt-tolerant species, and extensive decline in vegetation metrics. These results are 

not mutually exclusive since they use varying categorisation methods, geographical parameters, resolutions, and 

ecological interpretations. A recently established riverside strip and a deteriorating mature island may equally 

influence a state-level area total, although offering markedly distinct habitat, carbon, and food-web roles (Forest 

Survey of India, 2021, 2024; Samanta et al., 2021). 

The analytical challenge is hence one of ecological assessment. Cumulative forest cover may obscure 

the locations of gains and losses, the connectivity of newly formed vegetation to animal habitats, the succession 

of plant groups, and the enhancement of canopy conditions. An escalation in a flagship species may occur 

concurrently with increased spatial congestion, salinity pressure, prey unpredictability, and disputes at the 

boundaries between forests and villages. This study assesses biodiversity preservation using a multifaceted 

framework that connects habitat size, habitat quality, species indicators, disturbance factors, and management 

capabilities. The main geographical emphasis is on the Indian Sundarbans, whereas data from Bangladesh is used 

only for contextual comparison and is never integrated with Indian findings. 
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2. Context of the Study and Issue Identification 

The Indian Sundarbans include a patchwork of conservation and mixed-use areas. Core zones disallow 

resource extraction, buffer zones allow some activities, and transition islands include communities, agriculture, 

marketplaces, transportation routes, aquaculture facilities, and tourist amenities. This zoning establishes a 

deliberate gradient of safeguarding; nonetheless, natural processes transcend all administrative borders. Saline 

water infiltrates agricultural fields after the collapse of embankments; fishermen navigate tidal waterways; tigers 

and crocodiles navigate the boundaries between forest and water; pollutants flow downstream; and cyclones 

modify both animal habitats and human reliance on forest resources. Governance should therefore integrate the 

management of tiger reserves, biosphere reserve goals, disaster risk mitigation, rural advancement, public health, 

and coastal engineering, rather than considering biodiversity as an isolated forestry concern (Ministry of 

Environment, Forest and Climate Change, 2021, 2022, 2023, 2024, 2025). 

The primary conservation dilemma is that the environment faces ongoing stresses and sudden 

disturbances. Progressive forces include relative sea-level elevation, land subsidence, sediment scarcity, channel 

displacement, salinisation, temperature increase, and changes in seasonal precipitation. Sudden disturbances 

include intense cyclones, storm surges, levee failures, and rapid coastal erosion. Anthropogenic influences include 

the harvesting of fish, crabs, honey, fuelwood, and other resources; urban sprawl; maritime transport and vessel 

movement; unprocessed trash; plastic pollution; and the transformation of low-lying terrain. These operators 

engage with one another. Cyclone destruction may diminish agricultural revenue, escalate indebtedness, and 

compel families to rely more on forest-based employment, whilst deteriorated mangroves may provide inadequate 

nursery environments and diminished physical safeguarding. Climate and biodiversity threats are hence 

interdependent rather than cumulative (Intergovernmental Panel on Climate Change, 2021, 2022; United Nations 

Environment Programme, 2023; World Bank, 2021). 

 

3. Survey of Existing Literature 

Global mangrove studies have transitioned from basic deforestation assessments to examining 

fragmentation, disturbances, and ecological roles. Goldberg et al. (2020) discovered that anthropogenic mangrove 

loss decreased in several areas, whereas losses attributable to natural phenomena and climate change gained 

significance. Bryan-Brown et al. (2020) shown that fragmentation may escalate even with little alterations in total 

area, diminishing inner habitat and modifying edge exposure. Biophysical classifications further illustrate that 

mangroves in river-influenced, tide-influenced, carbonate, and desert environments cannot be restored using a 

uniform approach (Worthington et al., 2020). These observations are pertinent to the Sundarbans, where erosion, 

sediment transport, freshwater accessibility, and cyclone vulnerability fluctuate significantly across short 

distances. 

Samanta et al. (2021) provide the most comprehensive current evaluation of the Indian Sundarbans' 

extent, predominant genera, and satellite-derived health from 2000 to 2020. The findings indicate a loss of 110 

km² from core and buffer reserve forests, a gain of 81 km² in transition zones, a net reduction of around 29 km², 

and significant adverse trends in NDVI and EVI, particularly on islands facing the sea. The compositional signal 

has comparable significance: Ceriops, Avicennia, and Excoecaria saw an increase, whereas Sonneratia-Heritiera 

and mixed assemblages saw a decrease. This trend aligns with a shift towards cultures that exhibit greater salt 
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tolerance. Sievers et al. (2020) categorised the Indian Sundarbans mangrove environment as Endangered 

according to the IUCN Red List of Ecosystems, but also noting factors that inspire cautious hope, such as its 

protected status, management expertise, and potential for restoration. 

The geomorphic literature elucidates why just planting trees cannot stabilise the system. The survival of 

mangroves relies on the equilibrium between the rise in relative sea level and the increase in surface elevation due 

to mineral silt deposition, organic matter generation, and root buildup. Becker et al. (2020) highlighted the 

significance of subsidence and fluctuations in water levels across the broader delta, while Bhargava and Friess 

(2022) demonstrated that historical shoreline behaviour significantly influences future vulnerability to retreat. 

Coastal protection analyses emphasise that mangroves engage with waves, currents, sediment, and terrain instead 

than acting as immovable barriers (Menéndez et al., 2020; Krauss &Osland, 2020; van Hespen et al., 2023; Amaral 

et al., 2023). Biodiversity management should thus include hydrology and geomorphology. 

Monitoring at the species level provides an alternative viewpoint. The sanctioned estimates of tigers in 

the Sundarbans rose from 70 in 2010 to 76 in 2014, 88 in 2018, and reached 100 distinct photo-documented tigers 

in 2022. This is a positive conservation result; nonetheless, the study fails to assess prey abundance, health, genetic 

interchange, or secure habitats outside camera grids. The yearly report for the 2024-25 Sundarban Tiger Reserve 

documents about 150 bird species and over 31,900 bird observations during a three-day festival event, with 13 

species classified as endangered in the State of India's Birds evaluation. It documents 213 firsthand observations 

of saltwater crocodiles throughout around 1,168 km of transects and ongoing conservation breeding and release 

efforts for the Critically Endangered northern river terrapin. These findings indicate ongoing surveillance while 

also revealing that methods, seasonal variations, and effort differ among species (Qureshi et al., 2023; State of 

India's Birds Partnership, 2023; Sundarban Tiger Reserve, 2025; International Union for Conservation of Nature, 

2024). 

Modern conservation theory underscores the need of involvement and equitable distribution. Rigorous 

safeguards may be compromised when families encounter unstable employment, losses from cyclones, or are 

barred from rightful entitlements. Research on livelihoods in the Indian Sundarbans reveals a significant reliance 

on climate-dependent agriculture, fishing, forest gathering, and low-wage informal employment, whereas studies 

on ecotourism suggest that income diversification is feasible only when communities possess substantial control 

over the value chain (De & Das, 2021; Samal& Dash, 2023). Investigations on human-tiger interactions reveal 

how urban expansion and proximity to forest edges influence danger (Dhar & Mondal, 2023). The Kunming-

Montreal Global Biodiversity Framework is significant at the local level not only as a goal for areas but also as a 

pledge to preserve ecological integrity, restoration, engagement, and fair benefit distribution (Convention on 

Biological Diversity, 2022). 

 

4. Research Deficiency 

This research is driven by three deficiencies. Initially, formal reporting of forest areas and ecological 

remote sensing are often analysed separately, resulting in unwarranted assertions of either restoration or 

deterioration. Secondly, trends in species are often reported without associating them with habitat location, 

vegetation status, disturbances, or the extent of survey efforts. Third, management options are often enumerated 

without a clear linkage between stressors, ecological processes, interventions, and quantifiable results. An 
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analytical synthesis is required that clarifies these connections and considers inconsistent bounds and updated 

baselines as sources of uncertainty instead of just technical annotations. 

Consequently, the research refrains from creating a unified biodiversity index from disparate findings. It 

employs a dashboard methodology: several variables are analysed together, each within its inherent geographical 

and temporal context. This method is not as visually straightforward as a single composite score, although it is 

more justifiable for a fluctuating delta where an improvement in one metric may align with a decline in another. 

 

5. Methods and Materials 

A hybrid quantitative-qualitative secondary data methodology was used. The timeframe for current 

evidence is from 2020 to 2025, augmented with historical data necessary for trend analysis or to provide baselines 

prior to 2020. The main unit of analysis was the Indian Sundarbans Biosphere Reserve together with its constituent 

zones. The totals for West Bengal state, district totals, tiger reserve observations, biosphere reserve observations, 

and transboundary estimates were maintained as distinct entities. The results from Bangladesh were used only in 

the literature study when they elucidated regional dynamics; they were not aggregated quantitatively with Indian 

data. 

Investigations included sanctioned governmental archives, conservation area documentation, UNESCO 

and Ramsar listings, the IUCN Red List, and scholarly journal databases. Utilise search terms that include 'Indian 

Sundarbans' or 'Sundarban Biosphere Reserve' with mangrove coverage, habitat degradation, fragmentation, salt 

levels, erosion, rising sea levels, biodiversity, tigers, crocodiles, terrapins, avifauna, pollution, restoration efforts, 

and community conservation initiatives. The evidence matrix further included the policy and monitoring 

framework detailed in five successive annual reports from the Ministry of Environment, Forest and Climate 

Change (2021-2025), along with evaluations from the Forest Survey of India, the 2022 tiger status report, and the 

2024-25 reserve annual report. 

Inclusion required a verifiable institutional or peer-reviewed reference, a recognisable year or research 

timeframe, a specified geographical unit, and adequately transparent methodologies to comprehend the stated 

figure. Exclusions included anonymous websites, replicated figures, values appropriated without an original 

source, and statistics that conflated Indian and Bangladeshi areas without disaggregation. Subsequent to a 

subsequent Forest Survey report amending the 2021 baseline, the updated comparison was documented 

independently from the initial 2021 published figure. Absent values remained unaddressed; no interpolation took 

place. 

Quantitative variables extracted comprised mangrove area, canopy-density classification where 

applicable, core-buffer-transition area, genus assemblage area, vegetation-index trend proportions, tiger 

population estimates, avian observations, crocodile transect efforts and sightings, protected-area metrics, and 

conservation status of selected species. The calculated metrics included absolute change, percentage change, 

yearly absolute change, compound annual growth or decrease rate, coefficient of variation, and replacement ratio. 

The equation for percentage change is 100 × (final - initial) / initial; the Compound Annual Growth Rate (CAGR) 

is calculated as 100 × [(final / initial)^(1/years) - 1]. The computations were performed in Python using pandas, 

NumPy, and SciPy. 
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A linear slope was derived from the six chosen Forest Survey data spanning 2013 to 2023, although it 

was regarded as a descriptive trend estimate instead of a confirmatory regression due to changes in categorisation 

techniques and the 2021 baseline. No p-value was determined for that sequence. Likewise, no causal relationship 

was determined between tiger populations and forest expanse: the observations vary in methodology, frequency, 

and ecological significance, rendering a four-point correlation statistically tenuous. This limitation adheres to the 

notion that statistical complexity cannot offset the lack of comparability in data. 

 

6. Results 

Table 1. Major biodiversity components and ecological functions of the Indian Sundarbans 

Component Illustrative elements 
Principal ecological 

functions 
Key pressures 

Mangrove vegetation 
24 true mangrove taxa; 

genus-level assemblages 

Primary production, 

carbon storage, shoreline 

formation, habitat 

structure 

Salinity change, erosion, 

cyclones, fragmentation 

Terrestrial mammals 

Bengal tiger, fishing cat, 

spotted deer, wild boar, 

otters 

Predation, herbivory, 

trophic regulation, seed 

and nutrient pathways 

Habitat contraction, prey 

change, conflict, 

disturbance 

Aquatic mammals 
Ganges river dolphin, 

Irrawaddy dolphin 

Upper-trophic regulation 

and indicator of river-

estuary condition 

By-catch, vessel traffic, 

noise, water-quality 

change 

Reptiles 

Saltwater crocodile, 

northern river terrapin, 

olive ridley turtle, snakes 

Apex predation, 

scavenging, aquatic-

terrestrial linkage 

Nesting loss, by-catch, 

collection, conflict 

Birds 

Resident and migratory 

waterbirds, raptors, 

kingfishers 

Dispersal, predation, 

nutrient transfer, wetland-

condition indication 

Roost disturbance, 

mudflat loss, pollution 

Fish and invertebrates 
Estuarine fish, shrimp, 

crabs, molluscs, benthos 

Nursery production, food-

web support, household 

livelihoods 

Overharvest, juvenile 

catch, contamination, 

hydrological change 

Source: Synthesised from STR (2025), UNESCO (2025), IUCN (2024), SOIB (2023), and Samanta et al. (2021). 

Table 1 summarises the biodiversity components that must be conserved as an interconnected system. 

The forest supports true mangroves and associated plants, apex and mesopredators, aquatic mammals, reptiles, 

waterbirds, fish, crustaceans, and benthic organisms. Ecological functions extend from nursery habitat and 

nutrient exchange to shoreline formation and carbon storage. Threats are correspondingly cross-system: salinity 

affects vegetation and freshwater-associated fauna; erosion removes both forest area and nesting or denning 

substrate; pollutants move through food webs; and extraction pressure alters prey and nursery resources. 
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Table 2. Selected Forest Survey of India mangrove-cover observations for West Bengal 

Assessment year Mangrove cover (km²) Change from 2013 (km²) Change from 2013 (%) 

2013 2,097.00 +0.00 +0.00 

2015 2,106.00 +9.00 +0.43 

2017 2,114.00 +17.00 +0.81 

2019 2,112.00 +15.00 +0.72 

2021 2,113.77 +16.77 +0.80 

2023 2,119.16 +22.16 +1.06 

Source: FSI (2021, 2024). Derived decade CAGR = 0.11% per year; descriptive six-point slope = 1.89 

km²/year. The 2023 report uses a revised 2021 baseline, so adjacent-report differences require caution. 

 

Figure 1. West Bengal mangrove cover in selected Forest Survey assessments, 2013-2023 

Source: Author analysis of FSI (2021, 2024). Values are state-level totals and do not measure habitat condition. 

The official state-level series in Table 2 rose from 2,097 km² in 2013 to 2,119.16 km² in 2023, an absolute 

increase of 22.16 km² and a ten-year CAGR of 0.11% per year. The six-point descriptive slope was approximately 

1.89 km² per year. The 2021 report classified 994.31 km² as very dense, 692.02 km² as moderately dense, and 

427.44 km² as open mangrove, totalling 2,113.77 km² under the then-published baseline. South 24 Parganas 

contained 2,083.82 km², demonstrating the concentration of the state's mangrove resource. The 2023 report 

subsequently used revised 2021 values; this methodological break means that the decade-scale gain is more 

reliable than a naive subtraction between unrevised and revised adjacent reports. 

Table 3. Mangrove-area change by biosphere-reserve zone, 2000-2020 

Zone 2000 (km²) 2020 (km²) 
Absolute 

change (km²) 
Change (%) 

CAGR 

(%/year) 

Core 903.2 845.2 -58.0 -6.42 -0.33 

Buffer 1084.7 1032.9 -51.8 -4.78 -0.24 

Transition 86.2 167.4 +81.2 +94.20 +3.37 

Total 2074.1 2045.4 -28.7 -1.38 -0.07 
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Source: Samanta et al. (2021); author calculations. Transition-zone gain replaced 74.0% of the combined core-

buffer loss by area. 

Zone-specific remote sensing gives a different and ecologically sharper signal (Table 3 and Figure 1). 

From 2000 to 2020, core mangrove declined from 903.2 to 845.2 km², a loss of 58.0 km² or 6.42%. Buffer 

mangrove declined from 1,084.7 to 1,032.9 km², a loss of 51.8 km² or 4.78%. Transition-zone mangrove increased 

from 86.2 to 167.4 km², a gain of 81.2 km² or 94.20%. Total mapped mangrove decreased by 28.7 km². The gain 

outside the contiguous forest replaced only 74.0% of core-buffer loss by area, and it did not necessarily replace 

equivalent habitat quality, age, width, or connectivity. 

 

Figure 2. Change in dominant mangrove assemblage shares, 2000 and 2020 

Source: Author chart from genus-level areas reported by Samanta et al. (2021). Categories represent dominant 

assemblages, not complete species richness. 

Vegetation composition changed materially (Figure 2). Ceriops-dominated assemblages increased from 

22.1% to 26.3% of mapped mangrove area, Avicennia from 20.5% to 22.3%, Excoecaria from 12.2% to 13.6%, 

and Phoenix from 2.9% to 3.3%. In contrast, combined Excoecaria-Ceriops assemblages declined from 25.9% to 

20.9%, Sonneratia-Heritiera from 5.3% to 3.9%, Aegialitis from 7.7% to 7.1%, and mixed mangroves from 3.4% 

to 2.7%. The result is not a simple loss of diversity, because classes represent dominant assemblages rather than 

complete species inventories; nevertheless, contraction of low-salinity-associated communities indicates 

ecological reorganization consistent with salinization and altered freshwater supply. 

Condition indicators reinforced the compositional evidence. In the 2000-2020 analysis, 23% of Landsat 

NDVI pixels and 40% of Landsat EVI pixels showed negative winter trends. Monthly MODIS analysis found 

negative trends in 73% of NDVI pixels and 81% of EVI pixels. The much larger MODIS shares partly reflect 

differences in spatial and temporal resolution, so the percentages should not be pooled. Their common direction 

is more important: declining vegetation performance was widespread and especially evident on sea-facing, central, 

eastern, and northeastern forest areas. Area stability therefore cannot be assumed to imply physiological health. 

Table 4. Focal wildlife and plant-community conservation signals 

Indicator/taxon Reported signal Period or effort Interpretive caution 

Bengal tiger 

70, 76, 88, and 100 

detected/estimated 

individuals 

2010, 2014, 2018, 2022 
Methods and confidence 

intervals differ; 
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Indicator/taxon Reported signal Period or effort Interpretive caution 

abundance is not habitat 

quality 

Saltwater crocodile 213 direct sightings 
~1,168 km transect, Dec 

2024-Feb 2025 

Final population 

assessment was pending 

in the annual report 

Avifauna 

>150 species; ~31,900 

birds; 13 threatened 

species 

Three-day survey, 

January 2025 

Event-based survey; 

effort and season affect 

detection 

Northern river terrapin 

Assurance colonies, 

breeding and tracked 

releases 

Ongoing programme; 

releases reported in 2022 

Ex-situ success requires 

long-term survival and 

habitat security 

Low-salinity assemblages 

Sonneratia-Heritiera share 

declined from 5.3% to 

3.9% 

2000-2020 remote 

sensing 

Dominant-class change is 

a proxy, not a direct 

species census 

Vegetation health 

Negative trend in 73% 

NDVI and 81% EVI 

MODIS pixels 

Monthly analysis, 2000-

2020 

Resolution differs from 

Landsat; percentages 

should not be pooled 

Sources: Qureshi et al. (2023), STR (2025), SOIB (2023), IUCN (2024), and Samanta et al. (2021). 

 

Figure 3. Percentage change in selected habitat and wildlife indicators 

Source: Author calculations from Samanta et al. (2021) and Qureshi et al. (2023). Periods differ and bars 

should not be interpreted as a common index. 

The selected wildlife evidence in Table 4 presents mixed outcomes. Official tiger estimates increased by 

42.86% between 2010 and 2022, equivalent to a CAGR of 3.02% per year. The 2024-25 reserve report recorded 

213 saltwater crocodiles directly along about 1,168 km of survey transect, more than 150 bird species during a 

concentrated festival survey, and continued northern river terrapin breeding and releases. Figure 3 places these 
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positive signals beside core and buffer habitat declines. The contrast is central to interpretation: species-specific 

management can improve detection or abundance even while the physical habitat matrix is changing, but long-

term persistence still depends on space, prey, water quality, and connectivity. 

The focal-species assessment identifies the Bengal tiger, fishing cat, Ganges river dolphin, Irrawaddy 

dolphin, smooth-coated otter, northern river terrapin, king cobra, and olive ridley turtle as conservation priorities, 

while the saltwater crocodile remains ecologically important despite a lower global threat category. These taxa 

occupy different parts of the land-water continuum and respond to different pressures. A tiger strategy centred 

only on terrestrial forest would miss fishery and prey dynamics; a dolphin strategy would fail without vessel-

speed, by-catch, and water-quality controls; terrapin recovery requires nesting substrate, hydrological 

connectivity, and transboundary tracking. 

Table 5. Priority biodiversity-management actions and measurable outcomes 

Priority action Implementation indicator 
Ecological outcome 

indicator 
Time horizon 

Protect erosion fronts and 

low-salinity refugia 

Mapped priority reaches; 

development restrictions 

Annual shoreline position; 

survival of refugial 

assemblages 

1-5 years 

Climate-smart restoration 

Area hydrologically 

reconnected; mixed native 

planting 

Five-year survival, width, 

elevation gain, natural 

recruitment 

3-10 years 

Integrated species recovery 
Taxon-specific plans and 

repeatable effort 

Abundance/encounter rate, 

breeding success, mortality 

and by-catch 

Annual to 10 years 

Aquatic pollution and vessel 

control 

Waste reception, speed 

zones, net rules 

Plastic density, contaminant 

levels, by-catch and 

disturbance 

1-5 years 

Community co-management 

and safety 

Benefit agreements, 

training, equipment 

Reduced unsafe exposure; 

equitable income and 

participation 

1-5 years 

Unified biodiversity 

dashboard 

Common metadata and 

annual public report 

Comparable trends across 

habitat, species and 

livelihoods 

Immediate and annual 

Source: Author synthesis aligned with CBD (2022), MoEFCC annual reports (2021-2025), STR (2025), and 

IUCN/UNESCO guidance. 
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Figure 4. Driver-effect-response framework for biodiversity conservation 

Source: Author-developed conceptual synthesis. 

 

7. Discussion 

The principal discovery is that the stability of regional coverage conceals spatial substitution. Mature, 

continuous core and buffer mangroves have been diminished, although narrower transition-zone forests have 

proliferated by cultivation and natural regrowth. Both alterations are significant, however they are not 

environmentally substitutable. Uninterrupted woodlands have extensive inner zones, intricate stream systems, and 

less human interference. Vegetation in transition zones may reinforce banks, enhance local connectedness, provide 

alternatives for fuelwood, and sustain avian species or aquatic nurseries; yet, it may also be younger, narrower, 

more fragmented, and susceptible to pollution or deforestation. A conservation ledger that assigns equal credit to 

each square kilometre would exaggerate the replacement value and diminish the assessment of natural capital loss. 

The second discovery indicates that composition and condition provide preliminary alert data. The 

proliferation of more salt-tolerant groups may indicate community-level adaptation, however it may also reflect a 

decline in freshwater impact and a reduction in habitat niches linked to fewer salt-tolerant organisms. 

Deteriorating vegetation-index patterns indicate stress prior to the observable loss of canopy in land-cover maps. 

Management need to monitor salinity, elevation, canopy health, regeneration, and species diversity at designated 

observation sites and remote-sensing pixels. The ecological aim is not to immobilise the forest in a historical 

condition, which may be unfeasible due to climate change, but to maintain functional variety and allow for 

landward or lateral adaptation. 

The tiger trend exemplifies the need of expert interpretation for successful conservation efforts. An 

increase from 70 to 100 observed individuals is significant and indicates ongoing protection, surveillance, and 

habitat management for prey. The Sundarbans tiger population is limited by a salty, fragmented environment 

susceptible to cyclones, and heightened density may exacerbate competition or interaction at boundaries if 

available habitat diminishes. Flagship recovery should thus be accompanied by prey monitoring, health 

surveillance, habitat quality evaluation, genetic analysis, and conflict mitigation. This method circumvents two 

contrasting mistakes: overlooking a legitimate conservation benefit or interpreting it as proof that the broader 

ecosystem is stable. 
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Aquatic biodiversity warrants equivalent analytical consideration. A significant portion of the 

Sundarbans consists of water, and the vitality of fish, crabs, prawns, dolphins, crocodiles, turtles, and birds is 

contingent upon the hydrology of the creeks and the quality of the water. Boundaries of terrestrial protected areas 

do not inhibit by-catch, acoustic disturbances, plastic movement, petroleum pollution, or alterations in freshwater 

flow. Integrated conservation necessitates the supervision of fisheries, secure navigation, seasonal sanctuary 

zones, garbage disposal at jetties, and the surveillance of salinity, dissolved oxygen, nutrients, and pollutants. 

These measures also bolster livelihoods, since the degradation of nursery habitats directly diminishes family 

earnings. 

The results align with international studies indicating a reduction in direct deforestation, however a rising 

significance of erosion, climatic extremes, and fragmentation. They further substantiate the Red List of 

Ecosystems assertion that legislative safeguards do not eradicate the danger of collapse. The most tenable 

assessment is that the Indian Sundarbans is neither consistently recuperating nor uniformly deteriorating. It is 

experiencing a redistribution and ecological restructuring, accompanied by concurrent local advancements, 

declines, and management achievements. Policy should be created to accommodate such diversity. 
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