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Recent Developments:

The Global Coral Reef Monitoring Network (GCRMN) released the seventh edition of its Status of Coral
Reefs of the World: 2025 report, providing the most comprehensive assessment yet of coral-reef conditions
from 1980 to 2024. The assessment draws upon monitoring data from more than 120 countries, territories
and economies.
The report found that global hard coral cover declined by about 9.5% when the 2020–2024 average was
compared with the 1980–2009 reference period. Average hard coral cover fell from around 30.2% to 27.3%,
while the estimated 2024 level stood at about 25.8%.
Major disturbances are now occurring approximately every four to six years in many regions after 2010,
compared with roughly once every decade historically. Consequently, coral reefs are receiving progressively
shorter periods for ecological recovery.
In 2024, about 87% of reefs experienced unprecedented heat stress, while 42.6% experienced heat
stress severe enough to create a risk of widespread bleaching and mortality.
The fourth global mass coral bleaching event, which began in 2023, reached unprecedented levels of heat
stress during 2024 and was considered the most extensive global bleaching episode recorded up to that
period.

What are Coral Reefs?:

Biological Characteristics:

Corals are marine invertebrates belonging to the phylum Cnidaria, the same broad animal group that
includes sea anemones and jellyfish.
Individual corals are composed of numerous tiny organisms called polyps, which secrete calcium carbonate
skeletons around themselves.
Over long periods, colonies of polyps accumulate these skeletal structures and form extensive carbonate reef
ecosystems.
Reef-building corals generally live in association with microscopic photosynthetic algae called
zooxanthellae, which provide energy to corals through photosynthesis and contribute to their characteristic
colours.
Coral reefs occur mainly in shallow, warm and sunlit tropical and subtropical marine environments,
although some coral communities can survive outside these conditions.

Major Types of Coral Reefs:

Fringing reefs develop directly along coastlines and islands, with relatively little separation between the reef
and shore.
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Barrier reefs develop offshore and remain separated from the coast by deeper water or lagoons.
Atolls are ring-shaped reef structures generally surrounding a lagoon and are commonly associated with
subsiding volcanic islands.

Coral Reefs in India:

Major coral-reef ecosystems in India occur around the Gulf of Kachchh, Gulf of Mannar, Lakshadweep,
Andaman and Nicobar Islands and Malvan along the Maharashtra coast.
Lakshadweep is particularly associated with atoll-type coral formations, while the Andaman and Nicobar
Islands contain extensive fringing and other reef formations.
India’s coral ecosystems are important for coastal protection, fisheries, tourism, biodiversity conservation
and the livelihoods of coastal communities.

Ecological and Socio-Economic Significance:

Biodiversity and Ecosystem Services:

Coral reefs occupy only a very small fraction of the ocean floor but support approximately one-quarter of
marine species, making them among the most biodiversity-rich marine ecosystems.
Reefs provide feeding, shelter, nursery, resting and breeding habitats for numerous fish, molluscs,
crustaceans and other marine organisms.
They function as natural coastal barriers by reducing wave energy and helping protect shorelines from
erosion, storm surges and extreme weather events.
Coral reefs support fisheries, tourism and recreation, thereby contributing to food security, employment
and local economies.
Globally, reef ecosystems support the livelihoods and well-being of close to one billion people, particularly
in coastal and island regions.

Coral Bleaching:

Meaning and Process:

Coral bleaching occurs when environmental stress, particularly unusually high sea-surface temperatures,
causes corals to expel the symbiotic algae living within their tissues.
The loss of these algae removes much of the coral's colour and causes the coral to appear white or pale,
while simultaneously reducing an important source of energy.
A bleached coral is not necessarily dead because it can recover if environmental conditions improve and the
symbiotic algae return. However, prolonged or repeated bleaching can result in starvation, disease and
mortality.

Degree Heating Weeks and Heat Stress:

Degree Heating Weeks (DHW) are used to measure the accumulated thermal stress experienced by coral
reefs over time.
Heat stress of approximately 4°C-weeks is associated with significant bleaching, while around 8°C-weeks or
more can produce widespread bleaching and mortality.
The increasing frequency of such heat-stress events is particularly dangerous because reefs may not have
sufficient time to rebuild coral biomass between successive disturbances.

Major Drivers of Coral Reef Decline:

Climate Change and Marine Heatwaves:
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Marine heatwaves are currently the strongest global driver of coral-cover decline because prolonged
temperature anomalies disrupt coral–algal symbiosis and increase bleaching and mortality.
Climate change is increasing the frequency, intensity and geographical extent of marine heatwaves,
converting bleaching from an episodic disturbance into a recurring ecological pressure.

Ocean Acidification:

Increasing atmospheric carbon dioxide absorption by oceans reduces seawater pH and alters carbonate
chemistry.
Lower carbonate-ion availability makes it more difficult for reef-building corals to produce and maintain
their calcium carbonate skeletons.
Ocean warming and acidification therefore operate simultaneously, weakening both coral survival and reef-
building capacity.

Pollution and Sedimentation:

Agricultural runoff, sewage, plastics, heavy metals and other pollutants can reduce coral health and
resilience.
Excess nutrients can promote algal growth, while sediment deposited on reefs can reduce light penetration
and physically smother coral colonies.

Unsustainable Fishing and Physical Damage:

Overfishing can remove herbivorous fish that control algal growth, allowing algae to compete with corals for
space.
Destructive fishing, coral mining, coastal construction, dredging and poorly managed tourism can cause
direct physical damage to reef structures.

Why Shorter Recovery Periods Matter:

Ecological Tipping Risks:

Coral reefs possess considerable ecological resilience, but recovery requires adequate time between major
disturbances.
When bleaching events occur repeatedly before colonies and reef communities recover, coral populations can
progressively decline and be replaced by algae or less complex communities.
The GCRMN assessment indicates that repeated disturbances after 2010 have shortened recovery windows,
increasing the possibility of persistent rather than temporary degradation.
The report found that four of its ten assessed regions showed long-term declines in hard coral cover, four
showed no net change and two showed increases, demonstrating substantial regional variation in reef
resilience.

Conservation and Policy Measures:

Global-Level Measures:

The primary long-term response must be rapid reduction of greenhouse-gas emissions, because local
conservation alone cannot prevent climate-driven marine heatwaves.
Implementation of the Paris Agreement, protection of marine ecosystems and reduction of ocean pollution
should therefore operate together rather than as isolated interventions.
The Global Coral Reef Monitoring Network and the International Coral Reef Initiative provide
important scientific and institutional platforms for monitoring, assessment and coordinated conservation.

India-Specific Measures:
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India should strengthen coral-reef monitoring, early-warning systems and climate-resilient marine protected
areas around vulnerable reef ecosystems.
Conservation strategies should integrate fisheries management, pollution control, coastal-zone regulation
and sustainable tourism.
Restoration initiatives should prioritise scientifically appropriate methods such as coral nurseries,
transplantation and assisted restoration, while recognising that restoration cannot substitute for reducing
the underlying climate stress.
Community participation through coastal livelihood programmes, sustainable fishing practices and
citizen-based reef monitoring can improve conservation outcomes.

Challenges in Coral Reef Conservation:

Climate and Local Stressors:

Coral reefs are simultaneously exposed to global climate stress and local anthropogenic pressures, making
it difficult to isolate or address individual causes.
Even healthy reefs can experience bleaching during extreme marine heatwaves, while pollution and
overfishing can reduce their ability to recover.

Restoration Limitations:

Coral restoration can rebuild local populations but cannot compensate for continuing ocean warming,
acidification and repeated mass bleaching at a global scale.
Conservation therefore requires a shift from isolated restoration projects towards ecosystem resilience and
climate-risk reduction.

Value Addition for UPSC:

Important Facts for Prelims:

GCRMN: Global Coral Reef Monitoring Network.
ICRI: International Coral Reef Initiative.
GCRMN 2025 report: Seventh global assessment of coral reefs.
Assessment period: 1980–2024.
Reference period: 1980–2009.
Global relative decline in hard coral cover: Approximately 9.5%.
Major reef types: Fringing reefs, barrier reefs and atolls.
Major Indian coral regions: Gulf of Kachchh, Gulf of Mannar, Lakshadweep, Andaman and Nicobar
Islands and Malvan.
DHW: Degree Heating Weeks, a measure of accumulated coral heat stress.

Mains Perspective:

The coral-reef crisis demonstrates that climate change is no longer merely an atmospheric or terrestrial
problem but a systemic threat to marine ecosystems, food security and coastal economies.
The central policy challenge is to combine global emission reduction with local ecosystem management,
because coral resilience depends both on limiting thermal stress and reducing additional human pressures.
Conclusion: Protecting coral reefs requires moving from reactive restoration after bleaching events towards
preventive, climate-resilient ocean governance that safeguards biodiversity, coastal protection and the
livelihoods dependent on healthy marine ecosystems.
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