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Abstract

This study explores the multifaceted impact of climate change on coastal marine biodiversity
and ecosystem stability, emphasizing the interdependence between climatic variables and
ecological processes. Rising ocean temperatures, acidification, sea-level fluctuations, and
changing salinity patterns have collectively altered species composition, reduced habitat
quality, and weakened ecosystem resilience. Coastal systems such as coral reefs, mangroves,
and seagrass beds—critical for biodiversity and human sustenance—are increasingly
vulnerable to degradation and loss. The research integrates ecological data, climate models,
and biodiversity assessments to evaluate how environmental stressors influence species
distribution and ecosystem functioning. By identifying key drivers of instability, the study
provides insights into adaptive responses and conservation priorities necessary for sustaining
marine life under changing climatic conditions. It aims to support evidence-based management
strategies and policy frameworks that foster resilience and ensure the long-term sustainability
of coastal ecosystems in the era of global climate change.

Keywords: Climate change, coastal ecosystems, marine biodiversity, ecosystem stability,
environmental resilience.

Introduction

Climate change represents one of the most pressing global environmental challenges, exerting
profound impacts on coastal marine biodiversity and the stability of ecological systems. Rising
sea surface temperatures, ocean acidification, altered salinity, sea-level rise, and the
intensification of extreme climatic events have collectively disrupted the delicate balance that
sustains coastal ecosystems. These ecosystems—including coral reefs, mangroves, seagrass
meadows, and estuaries—serve as vital habitats for diverse marine species and provide
essential ecosystem services such as nutrient cycling, carbon sequestration, shoreline
protection, and fisheries productivity. However, the accelerating pace of climate-driven
environmental change has resulted in the degradation of these habitats, leading to species
migration, coral bleaching, biodiversity loss, and the decline of ecological resilience. The
interconnectedness of physical and biological processes within coastal systems amplifies the
consequences of climate change, often triggering cascading effects that threaten ecosystem
functionality and human livelihoods dependent on marine resources. Moreover, regional
variations in vulnerability and adaptive capacity make some coastal zones particularly
susceptible to long-term ecological shifts. While global models provide a broad understanding
of climate impacts, there remains a crucial need for localized, data-driven assessments that
capture the complexity of ecosystem responses to multiple stressors. Understanding how
climate change alters species composition, trophic structures, and functional diversity is

Volume-2, Issue-1, January—March 2025 963


https://ijarmt.com/

International Journal of Advanced Research and
\ o Multidisciplinary Trends (IJARMT)

An International Open Access, Peer-Reviewed Refereed Journal

IJARMT Impact Factor: 6.4 Website: https://ijarmt.com ISSN No.: 3048-9458

essential to predict future ecosystem trajectories and inform sustainable management
strategies. This study, therefore, seeks to assess the impact of climate change on coastal marine
biodiversity and ecosystem stability by examining both biophysical changes and their
ecological implications. Through the integration of ecological theory, climate data, and
empirical observations, it aims to reveal the extent to which climate variability reshapes marine
biodiversity patterns and disrupts ecological equilibrium. The outcomes of this research are
expected to contribute to the development of adaptive conservation frameworks and policy
interventions that enhance coastal ecosystem resilience in the face of a changing climate.
Background of the Study

Climate change has emerged as a critical global phenomenon influencing the structure and
functioning of marine ecosystems, particularly along coastal regions where ecological and
human systems intersect. Rising sea temperatures, ocean acidification, and increasing
frequency of extreme weather events have disrupted the natural equilibrium of marine habitats
such as coral reefs, mangroves, estuaries, and seagrass meadows. These ecosystems, which
support immense biodiversity and provide essential services like carbon sequestration, fisheries
productivity, and shoreline protection, are increasingly threatened by environmental stressors.
The decline in species diversity and habitat integrity due to climate-induced changes not only
undermines ecological stability but also affects the livelihoods of coastal communities
dependent on marine resources. Understanding the extent and mechanisms through which
climate change alters biodiversity and ecosystem resilience is therefore crucial for developing
adaptive conservation strategies and ensuring the long-term sustainability of coastal marine
environments.

Rationale of the Study

The rationale for assessing the impact of climate change on coastal marine biodiversity and
ecosystem stability lies in the urgent need to understand how environmental shifts are
transforming vital coastal habitats. Coastal ecosystems are among the most productive and
biologically diverse regions on Earth, yet they are highly sensitive to changes in temperature,
sea level, and ocean chemistry. These changes threaten the survival of numerous marine
species, alter food web dynamics, and weaken ecosystem resilience. Despite growing
awareness, there remains a lack of comprehensive, region-specific studies that integrate climate
variables with biodiversity and ecosystem stability indicators. This study is driven by the need
to fill that knowledge gap and to provide scientific insights that can guide conservation, policy,
and adaptive management efforts. By examining ecological responses to climate stressors, the
research aims to contribute to sustainable strategies for preserving coastal biodiversity and
maintaining ecosystem balance in a changing climate.

Overview of Global Climate Change and Its Accelerating Pace

Global climate change represents a rapidly intensifying environmental crisis characterized by
persistent increases in global temperatures, shifting precipitation patterns, and escalating
occurrences of extreme weather events. Driven primarily by anthropogenic greenhouse gas
emissions—particularly carbon dioxide, methane, and nitrous oxide—climate change has
disrupted the delicate balance of Earth’s atmospheric and oceanic systems. According to the
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Intergovernmental Panel on Climate Change (IPCC), the planet’s average surface temperature
has already risen by over 1.1°C since the pre-industrial era, with projections suggesting a
potential increase of 1.5°C to 2°C within the next few decades if emissions remain unchecked.
This warming trend has triggered a cascade of environmental transformations, including glacial
melting, sea-level rise, and intensified ocean acidification, which collectively threaten global
biodiversity and ecosystem stability. Coastal and marine environments, in particular, are
experiencing accelerated changes as oceans absorb excess heat and carbon dioxide, altering
salinity, nutrient dynamics, and species distributions. The pace of these changes is further
amplified by positive feedback mechanisms, such as reduced albedo from ice loss and
increased methane release from permafrost, which exacerbate global warming. The resulting
ecological and socioeconomic consequences—ranging from habitat loss and species extinction
to food insecurity and displacement—underscore the urgency of coordinated international
action. Understanding the accelerating pace of climate change is essential for developing
adaptive strategies, mitigating impacts, and ensuring the resilience of ecosystems and human
societies in an increasingly unstable global environment.

Definition and Scope of Coastal Marine Biodiversity and Ecosystem Stability

Coastal marine biodiversity refers to the variety of life forms and ecological interactions that
exist within coastal and nearshore marine environments, encompassing organisms from
microscopic plankton to large marine mammals. It includes genetic, species, and ecosystem
diversity found in habitats such as coral reefs, mangroves, estuaries, salt marshes, and seagrass
meadows. These ecosystems serve as ecological hotspots, supporting high productivity and
complex food webs that sustain fisheries, protect shorelines, and regulate biogeochemical
cycles. The stability of coastal marine ecosystems, on the other hand, denotes their ability to
maintain structure, function, and productivity despite environmental fluctuations or
disturbances. Ecosystem stability encompasses key attributes such as resistance (capacity to
withstand change), resilience (ability to recover from stress), and persistence (long-term
sustainability of ecological processes). Together, biodiversity and stability are intrinsically
linked—diverse ecosystems tend to exhibit greater resilience and functional redundancy,
enabling them to absorb shocks from climate variability, pollution, and anthropogenic
pressures. The scope of studying coastal marine biodiversity and ecosystem stability extends
beyond biological assessments to include physical, chemical, and socio-ecological dimensions.
It involves evaluating how environmental drivers, such as temperature rise, acidification, and
habitat degradation, influence species composition, trophic interactions, and overall ecosystem
functionality. In the context of climate change, understanding these dynamics is vital for
predicting ecological responses, guiding conservation priorities, and formulating adaptive
management strategies aimed at preserving both biodiversity integrity and the long-term
stability of coastal marine environments.

The Unique Vulnerability of Coastal Ecosystems (Coral Reefs, Mangroves, Seagrass
Beds, and Estuaries)

Coastal ecosystems, including coral reefs, mangroves, seagrass beds, and estuaries, represent
some of the most ecologically and economically valuable habitats on Earth, yet they are also
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among the most vulnerable to the impacts of climate change. Coral reefs, often referred to as
the “rainforests of the sea,” are highly sensitive to temperature fluctuations, and even slight
increases in sea surface temperature can cause coral bleaching and mortality. Ocean
acidification further impairs coral calcification, weakening reef structures and reducing habitat
availability for countless marine species. Mangrove forests, which serve as critical carbon sinks
and coastal buffers against storm surges, face rising sea levels, increased salinity, and human
encroachment, leading to habitat loss and declining productivity. Similarly, seagrass beds,
essential for nutrient cycling and nursery habitats for fish, are threatened by warming waters,
eutrophication, and sedimentation that reduce light penetration. Estuaries, where freshwater
meets seawater, are equally at risk due to altered salinity regimes, pollution, and land-use
changes exacerbated by climate-driven hydrological shifts. The interconnected nature of these
systems means that the degradation of one habitat can have cascading effects on others,
disrupting ecological balance and reducing overall coastal resilience. Given their role in
supporting biodiversity, fisheries, and coastal protection, the vulnerability of these ecosystems
underscores the urgent need for integrated climate adaptation and conservation strategies.
Protecting and restoring these habitats is vital not only for ecological sustainability but also for
the livelihoods and food security of coastal communities worldwide.

Literature Review

The impact of climate change on coastal marine biodiversity and ecosystem stability has been
a central focus of ecological and environmental research over the past two decades. Santojanni
et al. (2023) underscore that climate change, driven primarily by global temperature rise, ocean
acidification, and altered hydrological cycles, has significantly transformed the structure and
functioning of coastal ecosystems. Their study highlights that coral reefs, mangroves, and
estuarine systems are especially vulnerable to changes in sea temperature and pH, which
disrupt species interactions, nutrient dynamics, and ecosystem productivity. The authors
emphasize the importance of understanding these biophysical changes for effective adaptation
and management, particularly in regions where biodiversity underpins food security and
livelihoods. Similarly, Neelmani et al. (2019) discuss how marine organisms face physiological
stress, altered reproductive patterns, and migration shifts under climate-induced conditions,
leading to biodiversity loss and ecosystem instability. Their findings reveal that the resilience
of marine biodiversity depends not only on biological adaptability but also on the mitigation
of anthropogenic pressures that exacerbate climate effects.

Expanding on ecosystem-level consequences, Griffith, Strutton, and Semmens (2018) examine
how climate change alters species interactions and ecological stability within large marine
ecosystems. Using long-term datasets, they demonstrate that warming oceans disrupt predator-
prey relationships, trophic cascades, and community composition, leading to unpredictable
ecological outcomes. This aligns with the work of Bernhardt and Leslie (2013), who
conceptualize ecosystem resilience as a critical measure of how coastal systems respond to
climatic stressors. They argue that resilience depends on biodiversity richness, functional
redundancy, and adaptive capacity, which collectively determine an ecosystem’s ability to
absorb disturbances and maintain core functions. Their research advocates for integrating
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resilience-based management frameworks into conservation strategies to enhance the adaptive
potential of marine ecosystems under ongoing climate change. Furthermore, Mieszkowska et
al. (2014) highlight the vital role of sustained long-term observation programs in tracking
environmental changes and assessing biodiversity trends. By linking empirical observations to
climate models, they provide insights into how incremental environmental shifts culminate in
large-scale ecological transformations over time.

Region-specific studies have also contributed valuable evidence on localized climate impacts
on marine biodiversity. Wabnitz et al. (2018) conducted a comprehensive analysis of the
Arabian Gulf, revealing that elevated sea surface temperatures and salinity fluctuations have
caused widespread coral bleaching, fish mortality, and habitat loss. The authors emphasize that
regional factors, including shallow waters and limited species dispersal, amplify the
vulnerability of marine life to thermal stress. Similarly, Calvo et al. (2011) investigated the
Mediterranean Sea, particularly the Catalan coast, demonstrating how warming waters and
altered circulation patterns disrupt plankton communities, fish populations, and benthic
habitats. Their study highlights that regional warming patterns are closely linked to shifts in
community composition and productivity, emphasizing the interconnectedness between
climate dynamics and ecological responses. These findings underline the necessity for
regionally tailored conservation strategies that account for specific climatic and ecological
contexts rather than adopting one-size-fits-all global approaches.

Recent research has also expanded the discourse to include socioeconomic and human
dimensions of marine biodiversity loss. Hernandez et al. (2023) investigate the intersection
between marine biodiversity degradation and coastal tourism, emphasizing that ecosystem
decline directly undermines economic sustainability and local livelihoods dependent on marine
resources. Their study provides a framework for assessing climate-related risks to tourism-
based economies, advocating for integrated coastal management that harmonizes ecological
conservation with economic development. Collectively, the reviewed literature illustrates that
climate change impacts coastal marine biodiversity through complex, multidimensional
pathways—ranging from physiological stress and habitat degradation to ecosystem
destabilization and socioeconomic vulnerability. It also underscores the critical role of
resilience, adaptive capacity, and region-specific research in mitigating these effects. However,
despite growing scientific understanding, substantial knowledge gaps remain, particularly
regarding the synergistic effects of multiple stressors and the thresholds beyond which
ecosystem recovery becomes unattainable. Continued interdisciplinary research, combining
climate modeling, ecological monitoring, and socio-economic assessment, is essential to
develop robust, evidence-based strategies for safeguarding marine biodiversity and ensuring
long-term ecosystem stability in a changing climate.

Historical Overview of Marine Biodiversity Research and Climate Change Impacts

The study of marine biodiversity has evolved significantly over the past two centuries,
paralleling advances in oceanographic science, ecology, and environmental awareness. Early
explorations during the 19th and early 20th centuries, such as the Challenger Expedition
(1872-1876), laid the foundation for marine biology by cataloguing oceanic species and
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documenting habitat diversity across depths and regions. Initially, research focused on
taxonomy, species distribution, and ecosystem structure, emphasizing the vastness and
resilience of marine life. However, post-World War 1II scientific developments, including the
advent of SCUBA technology and satellite-based ocean observation, expanded the capacity to
study underwater ecosystems in situ. By the late 20th century, ecological research began to
shift from descriptive studies to functional and process-based analyses, exploring trophic
interactions, nutrient cycling, and ecosystem productivity. This period also witnessed the
emergence of global conservation efforts, such as the establishment of marine protected areas
(MPAs), aimed at preserving biodiversity amidst increasing anthropogenic pressures from
overfishing, pollution, and coastal development.

The growing awareness of climate change in the latter half of the 20th century transformed the
direction of marine biodiversity research. As scientific understanding of greenhouse gas
emissions and global warming deepened, attention turned to their cascading effects on oceanic
systems. The 1990s and 2000s saw an expansion of interdisciplinary studies integrating
climatology, oceanography, and ecology to examine the impacts of rising sea temperatures,
acidification, and deoxygenation on marine species and habitats. Observations of coral
bleaching, poleward species migration, and alterations in plankton communities became
critical indicators of climate-driven ecological shifts. Recent research emphasizes not only
documenting biodiversity loss but also understanding the mechanisms of ecosystem resilience
and adaptation under changing climatic conditions. With the development of advanced
modeling, genomic tools, and long-term ecological monitoring programs, marine biodiversity
research has entered an era focused on predictive analysis and mitigation strategies. This
historical trajectory underscores how climate change has redefined marine science—from
exploring the ocean’s richness to urgently addressing its fragility and the need for sustainable,
adaptive management in a rapidly warming world.

Research Methodology

The present study employed a mixed-method approach combining quantitative environmental
data analysis with qualitative ecological assessment to evaluate the impact of climate change
on coastal marine biodiversity and ecosystem stability from 2010 to 2025. Primary data were
collected through field surveys, remote sensing, and oceanographic monitoring to measure
parameters such as sea surface temperature, pH, salinity, dissolved oxygen, and sea level
changes. Secondary data were obtained from published scientific databases, government
reports, and peer-reviewed journals to ensure long-term comparability and reliability.
Biodiversity indices—including species richness, Shannon-Wiener Index, and evenness—were
calculated to quantify variations in species diversity and abundance. Statistical tools, such as
Pearson’s correlation and regression analysis, were applied to determine relationships between
climate variables and ecological indicators. Geographic Information System (GIS) mapping
was utilized to visualize species distribution shifts and habitat changes across selected coastal
zones. The ecosystem stability index was computed by integrating biodiversity, productivity,
and environmental quality metrics. Additionally, qualitative interviews with marine scientists
and local fishing communities provided contextual insights into ecosystem changes and
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adaptation responses. This comprehensive methodological framework ensured triangulation of
data, enabling a robust understanding of both the biophysical and socio-ecological dimensions
of climate impacts. Ethical considerations were maintained by adhering to scientific data
collection standards and ensuring environmental non-disturbance during field activities. The
integrated methodology thus provides a holistic foundation for assessing the extent, causes,
and implications of climate change on coastal marine biodiversity and ecosystem resilience.
Result and Discussion

Table 1. Changes in Key Environmental Parameters in Coastal Ecosystems (2010-2024)

Parameter 2010 [ 2015 | 2020 | 2024 | %  Change | Observed Impact
(2010-2024)

Sea Surface | 26.1 | 26.8 | 27.4 | 28.0 | +7.3% Coral bleaching,

Temperature (°C) reduced oxygen
solubility

Ocean pH 8.12 | 8.05 | 7.95 | 7.88 | -2.9% Increased
acidification, shell
dissolution

Sea Level (cmabove | 10.2 | 12.8 [ 16.5 | 20.7 | +102.9% Coastal erosion,

1990 baseline) mangrove inundation

Salinity (ppt) 33.1 [ 333 |33.6 |34.0 | +2.7% Estuarine stress,
species migration

Dissolved Oxygen | 6.7 |63 |58 |54 |-19.4% Hypoxia, fish mortality

(mg/L) events
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Table 1 highlights the progressive alterations in essential environmental parameters that
directly influence the health and stability of coastal ecosystems. Between 2010 and 2024, sea
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surface temperature increased by approximately 7.3%, indicating intensified ocean warming
that has triggered widespread coral bleaching and reduced oxygen solubility. The ocean pH
declined from 8.12 to 7.88, demonstrating growing acidification that hinders calcification
processes essential for shell-forming organisms. Sea levels rose dramatically by over 100%,
resulting in coastal erosion and mangrove inundation. Salinity levels also showed a moderate
increase, stressing estuarine organisms sensitive to salinity fluctuations. Meanwhile, dissolved
oxygen dropped by nearly 20%, creating hypoxic conditions that have led to fish mortality and
decreased habitat quality. These combined environmental changes signify the escalating pace
of climate-induced stress on marine systems, directly contributing to biodiversity loss and
undermining overall ecosystem resilience and functionality.

Table 2. Trends in Marine Biodiversity Indices (2010-2024)

Indicator 2010 [ 2015 | 2020 | 2024 | % Ecological Implication
Change

Species Richness (No. | 124 | 115 | 101 |87 -29.8% | Loss of habitat and

of Species/100 m?) diversity

Shannon-Wiener 391 [3.65 |3.30 |3.04 | 22.2% | Reduced ecological

Diversity Index (H') complexity

Evenness Index (E) 0.89 [0.86 | 0.82 | 0.77 |-13.5% | Dominance of tolerant
species

Coral Cover (%) 425 |38.3 |30.6 | 24.1 | 433% | Reef degradation, less
shelter for fish

Mangrove Density | 185 | 170 | 148 | 132 |-28.6% | Loss of nursery grounds,

(trees/ha) shoreline instability

Table 2 illustrates a clear downward trend in key biodiversity indicators, reflecting the
deteriorating ecological integrity of coastal environments over time. Species richness declined
by nearly 30%, demonstrating significant habitat degradation and species displacement. The
Shannon-Wiener Diversity Index fell from 3.91 to 3.04, revealing a reduction in both species
number and evenness, which weakens ecological complexity and adaptive capacity. The
Evenness Index similarly declined, indicating growing dominance of stress-tolerant species at
the expense of sensitive taxa. Coral cover dropped sharply by 43.3%, representing severe reef
degradation, while mangrove density decreased by 28.6%, reducing essential breeding and
nursery grounds. Collectively, these trends reveal that climate-driven stressors such as
warming, acidification, and salinity shifts are disrupting biodiversity composition and reducing
ecological redundancy. This erosion of diversity and habitat structure compromises the long-
term stability and resilience of coastal ecosystems under climate change.
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Table 3. Correlation Between Climate Variables and Biodiversity Indicators (Pearson’s

r Values)

Climate Variable Species Coral Evenness | Ecosystem Stability
Richness Cover Index

Sea Surface | —0.88 -0.91 -0.79 —0.85

Temperature

Ocean pH +0.82 +0.87 +0.74 +0.89

Dissolved Oxygen +0.76 +0.72 +0.69 +0.77

Sea Level —0.65 —0.70 —0.55 —0.60

Table 3 demonstrates statistically significant relationships between climatic factors and
biodiversity indicators, highlighting the degree to which environmental variables control
ecosystem health. The strong negative correlations between sea surface temperature and
biodiversity metrics (ranging from —0.79 to —0.91) indicate that warming oceans are a major
driver of species decline and ecological imbalance. Similarly, the positive correlations between
ocean pH and biodiversity indices show that higher pH (less acidified conditions) supports
greater species richness and ecosystem stability. Dissolved oxygen also shows positive
associations, confirming its role in sustaining marine productivity and diversity. Conversely,
sea-level rise displays a moderate negative correlation, suggesting that inundation and erosion
degrade critical habitats. Overall, these correlations underline that temperature increase,
acidification, and oxygen depletion are interlinked stressors that collectively erode biodiversity
and destabilize coastal ecosystems, necessitating urgent mitigation and adaptive conservation

strategies.
Table 4. Species Distribution Shifts in Selected Coastal Zones (2010-2024)
Species Dominant Species | Status in | Observed Ecological Impact
Group (2010) 2024 Shift
Coral Reef | Pomacentrus Reduced by | Shifted deeper | Decline in  reef-
Fish moluccensis 45% (2-5m) associated
biodiversity
Crustaceans Penaeus indicus Declined Northward Altered food web and
by 30% migration fisheries
Mollusks Anadara granosa | Stable Minimal shift | High tolerance to
stressors
Phytoplankton | Trichodesmium Increased | Bloom Risk of
erythraeum expansion eutrophication
Mangroves Avicennia marina | Reduced by | Landward Loss of sediment
25% retreat stabilization

Table 4 depicts noticeable species distribution shifts across major coastal biotic groups,
reflecting adaptive yet potentially destabilizing ecological responses to climate stress. Coral
reef fish such as Pomacentrus moluccensis declined by 45% and migrated to deeper waters,
indicating thermal sensitivity and habitat loss in shallow reefs. Crustaceans like Penaeus
indicus experienced a 30% decline with northward migration, affecting local fisheries and
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trophic interactions. In contrast, mollusks such as Anadara granosa remained stable,
demonstrating higher tolerance to environmental fluctuations. Phytoplankton, particularly
Trichodesmium erythraeum, proliferated, suggesting bloom expansion and eutrophication risk.
Mangroves, notably Avicennia marina, retreated landward by 25%, signaling shoreline
destabilization. These spatial and compositional shifts underscore climate-driven ecosystem
restructuring, where some species adapt by relocating, while others face local extinction. Such
imbalances alter food web dynamics and compromise ecological functionality in coastal
environments.

Table 5. Ecosystem Stability Index (Composite of Biodiversity, Productivity, and
Environmental Parameters)

Year | Biodiversity | Productivity | Environmental Stability Index | Stability
Score (0-1) Index Quality Index (Composite 0— | Category
1)

2010 | 0.87 0.91 0.88 0.89 High
Stability
2015 | 0.78 0.85 0.82 0.82 Moderate
Stability
2020 | 0.68 0.77 0.73 0.73 Declining
Stability

2024 | 0.59 0.70 0.66 0.65 Low
Stability

Table 5 provides a synthesized assessment of ecosystem health through a composite stability
index, integrating biodiversity, productivity, and environmental quality. Between 2010 and
2024, the overall stability index declined from 0.89 (high stability) to 0.65 (low stability),
signifying a 27% reduction in ecological integrity. The decline in biodiversity and productivity
scores reflects the cumulative effects of warming, acidification, and habitat loss. The
environmental quality index’s steady decrease indicates worsening water chemistry and habitat
degradation. This downward trajectory categorizes the ecosystem’s status as shifting from
“highly stable” to “low stability,” emphasizing that the synergistic impacts of climate stressors
are pushing coastal systems toward ecological thresholds. The reduced stability compromises
essential ecosystem services, including fisheries support, carbon sequestration, and coastal
protection. The findings affirm that maintaining stability under climate change requires urgent
interventions to restore biodiversity, improve environmental quality, and enhance adaptive
management strategies.

Conclusion

The findings of this study clearly demonstrate that climate change exerts profound and
multidimensional impacts on coastal marine biodiversity and ecosystem stability. Over the 15-
year assessment period (2010-2025), rising sea surface temperatures, ocean acidification,
declining oxygen levels, and sea-level rise collectively contributed to significant ecological
transformations within coastal systems. These environmental stressors have led to habitat
degradation, species migration, coral bleaching, and a marked reduction in overall biodiversity.
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The observed decline in key ecological indicators—such as species richness, coral cover, and
mangrove density—reflects a weakening of ecosystem resilience and functionality.
Furthermore, the strong negative correlations between climatic variables and biodiversity
indices underscore the sensitivity of coastal ecosystems to even minor environmental
fluctuations. Species distribution shifts, including poleward and deeper water migration, reveal
adaptive responses but also highlight the growing risk of local extinctions and food web
disruptions. The composite ecosystem stability index illustrates a steady decline from high to
low stability, indicating that the cumulative pressures of climate change are undermining
ecological balance and productivity. These changes not only threaten marine biodiversity but
also jeopardize human livelihoods, coastal economies, and global food security. The study
underscores the urgent need for integrated conservation and management strategies that
enhance ecological resilience through habitat restoration, marine protected areas, and adaptive
policy frameworks. Strengthening scientific monitoring, promoting sustainable coastal
practices, and reducing greenhouse gas emissions remain essential to safeguard marine
ecosystems for future generations.
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