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Abstract

Coastal ecosystems including mangroves, coral reefs, salt marshes,
seagrass beds, and estuaries are among the most productive
and biologically diverse environments on Earth. They provide
essential ecosystem services such as shoreline protection, carbon
sequestration, nursery habitat for marine organisms, and support
for fisheries and human livelihoods. However, coastal systems face
serious threats from human activities and climate change, including
habitat degradation, pollution, overfishing, and sea level rise. This
article reviews the ecological structure, key functions, and major
challenges facing coastal ecosystems and highlights conservation
strategies essential to sustain their integrity and services.
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Introduction

Coastal ecosystems occupy the interface between land and sea and
encompass a variety of habitats that are shaped by dynamic physical,
chemical, and biological processes. These systems are characterized
by high productivity, structural complexity, and strong biological
interactions, supporting diverse communities of plants, invertebrates,
fish, and birds. Examples include mangrove forests that thrive in
tropical intertidal zones, salt marshes in temperate shores, seagrass
meadows in shallow subtidal areas, coral reefs in warm oligotrophic
waters, and estuarine systems where freshwater and saltwater mix.

Coastal ecosystems deliver a wide range of ecosystem services
critical for environmental health and human well-being. They act
as natural coastal defenses, attenuating wave energy and reducing
erosion; serve as nursery grounds for many commercially important
fish species; sequester significant amounts of carbon in sediments and
biomass; and support local livelihoods through fisheries, tourism, and
recreation [1].

Ecological Structure and Functions of Coastal Ecosystems

Mangroves are salt-tolerant woody plants found in tropical and
subtropical intertidal zones. Their complex root structures stabilize
sediments, reduce coastal erosion, and enhance water quality by
trapping pollutants. Mangroves also provide habitat for a wide range
of organisms, including juvenile fish, crustaceans, and migratory
birds. Reefs also protect shorelines from wave impact and contribute
to tourism and fisheries. However, they are highly sensitive to thermal
stress, ocean acidification, and pollution. Seagrasses are submerged
flowering plants that form meadows in shallow coastal waters. They
stabilize sediments, enhance water clarity, and support detrital food
webs. Seagrass beds are important feeding grounds for endangered
megafauna such as dugongs and sea turtles and act as significant
carbon sinks [2].

Salt marshes are intertidal wetlands dominated by salt-tolerant
grasses and herbs. They play key roles in nutrient cycling, sediment
trapping, and carbon storage, and provide habitat for migratory
birds and juvenile fish. Estuarine systems support high productivity,
nutrient cycling, and serve as crucial nurseries for many marine
species. Despite their ecological importance, coastal ecosystems are
under threat from a combination of human and environmental drivers:
Coastal development for urbanization, agriculture, and tourism has
resulted in widespread destruction of mangroves, seagrass beds, and
wetlands. Land reclamation, dredging, and shoreline hardening alter
natural hydrology and habitat structure [3].

Nutrient runoff from agriculture and wastewater contributes to
eutrophication, leading to hypoxia and harmful algal blooms that
can decimate coral reefs and seagrass meadows. Plastic pollution and
toxic contaminants further impair habitat quality and wildlife health.
Overfishing, destructive fishing methods (e.g., bottom trawling),
and bycatch reduce fish stocks and disrupt trophic structures,
compromising ecosystem resilience. Global warming increases sea
surface temperatures, leading to coral bleaching events and shifts in
species distributions. Sea-level rise inundates coastal wetlands and
alters salinity regimes in estuaries. Ocean acidification weakens coral
skeletons and disrupts calcifying organisms. Effective conservation
of coastal ecosystems requires integrated, science-based approaches:
Establishing MPAs and no-take zones can safeguard critical habitats,
replenish fish stocks, and enhance biodiversity. Connectivity among
MPAs supports species migrations and genetic exchange [4].

EBM considers ecological interactions and cumulative impacts
on coastal systems, aligning conservation with sustainable resource
use and human livelihoods. Active restoration of mangroves,
seagrasses, and salt marshes — through reforestation and sediment
enhancement — can recover ecosystem functions and enhance carbon
sequestration. Blue carbon initiatives integrate climate mitigation
with habitat protection. Reducing nutrient and sediment inputs from
land through better agricultural practices, wastewater treatment,
and land-use planning improves coastal water quality and ecosystem
health.Incorporating sea-level rise scenarios and climate resilience
into coastal planning helps protect infrastructure and ecosystems
from future impacts. Early warning systems for coral bleaching and
storm surge protection strategies bolster resilience [5].

Conclusion
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