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Abstract

The first global risk assessment of coral reef ecosystems has found all fully assessed, shallow-
water (photic) coral reef ecosystems are at an extremely high risk of ecological collapse in the next
50 years. This Critically Endangered risk assignment under the Red List of Ecosystems (RLE)
applies to 122 of the 127 coral reef ecosystems (ecoregions) and was assessed by regional expert
teams, combining global datasets with local monitoring data and knowledge. The primary driver of
risk is the frequency of marine heatwaves, projected to exceed tolerable limits within 50 years,
even under a moderate climate scenario (IPCC SSP2-4.5). Even ecoregions that have shown
resilience to warming and retained a relatively intact balance of corals, algae, and fish are at
extremely high risk due to the elevated frequency of projected marine heatwaves.

The outlook is alarming, yet much of the risk stems from projected changes that have yet to fully
materialise, providing a critical window to scale up conservation and climate efforts. A Critically
Endangered outcome is an early warning that calls for an urgent response. This assessment
provides an evidence base for policy on coral reef ecosystems. It identifies the need for clear and
urgent actions that stakeholders can take to reduce risks to reefs and support their recovery at
global, national, and local scales. The data and results can be used to strengthen legal protection
for threatened ecosystems, reporting under the Kunming-Montreal Global Biodiversity Framework,
and building climate resilience in dependent coastal communities. Importantly, this assessment
highlights the urgent need for drastic emissions reduction. If coral reef ecosystems are to persist
as we know them, strong local management and restoration must be underpinned by efforts to
contain global warming as close as possible to 1.5°C.

Introduction

The first comprehensive, standardised, global risk assessment of coral reef ecosystems is
complete, finding that all fully-assessed shallow-water coral reef ecosystems are at an
extremely high risk of ecological collapse in the next 50 years. Coral reefs are integral for
people, economies and biodiversity around the world, but the scientific evidence indicates a
grim outlook (Bozec et al., 2025; Emslie et al., 2024; Intergovernmental Panel on Climate
Change (IPCC), 2022; Mellin et al., 2024; Zeng et al., 2025), which demands urgent and strong
actions to remedy their decline. Just as risk assessments have successfully informed
measures that have rescued endangered species, they have the power to do the same for
ecosystems.

This article places the critically endangered status of the world’s coral reef ecosystems in
context and outlines the urgency and scale of action required to safeguard them. The first-
ever Global Red List of Coral Reef Ecosystems provides a policy-relevant foundation to drive
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progress on emissions reductions, local stressor and sustainable reef management and
stronger legal protection for threatened ecosystems.

The Red List of Ecosystems — Purpose and Principles

Assessing ecosystem collapse risk acts as an early warning that an ecosystem is in trouble to
prompt action before the worst outcomes occur. The RLE provides a scientifically rigorous,
repeatable, and standardised classification of this risk, from ‘Least Concern’ to ‘Collapsed’
based on symptoms of ecosystem decline. The threatened categories of Vulnerable,
Endangered or Critically Endangered, respectively indicate increasing risks of collapse.

For coral reefs, collapse can result directly from lost area (e.g. through landfilling), but more
generally, through continuous degradation due to disease, overharvesting, or a persistent
change in environmental conditions. A collapsed coral reef is characterized by extremely low
coral cover, richness and diversity, and is typically accompanied by a phase shift toward
dominance by organisms such as turf and fleshy algae, or filter-feeding invertebrates — it has
transformed into a different ecosystem type (Fig. 1). Various regional and ecoregional RLE
assessments (Bland et al., 2017; Keith et al., 2013; Obura et al., 2022; Uribe et al., 2021) have
set the stage to deliver global coverage of the collapse risk of all photic coral reef ecosystems.

STAGES OF DEGRADATION OF A CORAL REEF

CO ii EH vu iﬁ
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Figure 1. Stages of degradation of a coral reef ecosystem and associated risk classifications
(CO — Collapsed, CR — Critically Endangered, EN — Endangered, VU — Vulnerable, NT — Near
Threatened, LC — Least Concern).

Unlike species extinction, which is final, some ecosystems may recover from collapsed states,
so long as their native biodiversity persists somewhere and the pressures that drove them to
collapse are effectively mitigated (Keith et al., 2015). For example some coral reefs in the
Seychelles have demonstrated natural recovery after collapsing at local scales from
disturbance events like bleaching (Robinson et al., 2019). However, this takes many years of
undisturbed conditions and ecosystem composition and diversity may not fully return to its pre-
collapse state. Recovery is also not guaranteed: in the Western Galapagos Islands, coral reefs
lost almost all their corals (about 95% mortality) during the 1982—-83 EI Nifio, and have since
failed to recover. It is the only ecoregion already classified as Collapsed in this global
assessment.

Interpreting the results of an RLE — an ecosystem perspective

It is important to stress that this assessment does not provide a reef-scale classification. The
RLE takes an ecosystem perspective to capture trends, patterns and risks at a broader spatial
scale. The ecosystem scale means that although fine-scale variation feeds into the risk
assessment, the final status relates to the ecosystem as a whole, not to individual reefs or
component species. In this assessment, key differences in biodiversity and environmental
conditions resulted in coral reefs being split into 127 different ecosystems (or ecoregions), of
which all reef ecosystems are Critically Endangered, with the exception of four with insufficient
data for assessment and one that has already collapsed. The RLE also considers a range of
factors and timeframes that could place an ecosystem at risk of collapse including the current
and historic conditions, as well as future changes. Therefore, an ecosystem could still be
relatively healthy today but still be at high risk because its environmental conditions are
predicted to change drastically in the future.

Across all assessed ecoregions, the key driver of risk is the frequency of marine heat waves,
which is projected to increase to beyond limits considered tolerable in the next 50 years under
a moderate climate scenario (SSP2-4.5). This trend has already begun and the rate of
warming is accelerating. 91% of coral reef ecoregions are already threatened (24% Critically
Endangered, 42% Endangered and 25% Vulnerable) based on observed trends in heat stress
and declines in corals, algae and fish. The scale and severity of coral bleaching during the
third and fourth mass global bleaching events (in 2014-16 and 2023-25, respectively) were
unprecedented (Eakin et al., 2026; NOAA NESDIS, 2026), and there is now the threat of the
‘super’ El Nifio already approaching peak levels at the time of publication (Dinneen, 2026).

From Risk Signal to Response

Reframing Threatened Status to enable action

The alarming outlook for coral reefs due to climate change may create a sense of
disengagement, fatalism, or policy paralysis. But a Critically Endangered or Endangered risk
assessment outcome is not a death sentence, and rather a call to action at the highest level
of urgency. Our assessment shows that much of the risk is driven by projected change(s) that
have not yet fully materialised, and this provides a critical window to scale up conservation
and climate efforts.
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Beyond the headline categories, the assessment compiles reef maps verified and refined by
each regional team, together with monitoring data, heat-stress analyses and projections for
every coral reef ecoregion. Conservation and management efforts should leverage this wealth
of data and diagnostics, alongside site-level and short-term assessment or predictions about
resilience and bleaching response for effective decision making.

Management Responses in Threatened Ecosystems

The value of the RLE lies in the decisions and actions it enables and supports at various scales
(Table 1) and across different stakeholders (Table 2). This includes:

Climate action: With a cohesive global picture, this assessment tells us clearly that the
environment that coral reefs inhabit is becoming increasingly hostile around the world due
to climate change. It offers more evidence for the urgent transformative change required
to keep global warming to 1.5°C and minimise the chances of complete coral reef loss
(Intergovernmental Panel on Climate Change (IPCC), 2022; United Nations Environment
Programme, 2026). This means the window for effective action is narrowing, and the
cost of inaction is rising each year. Even ecoregions that have so far shown resilience to
warming and a relatively intact balance of corals, algae and fish, such as the Northern Red
Sea, Papua New Guinea, West Kiribati and Bermuda, are at extremelyhigh risk, because
without climate mitigation, projected warming is so extreme that it is uncertain whether
corals can survive such uncharted stress levels.

Climate projections are too coarse in spatial resolution to capture localised features such
as thermal refuges and resilient coral communities. If warming is effectively mitigated, even
by a fraction of a degree, it can provide any pockets of resilient reefs the best chance to
retain relatively high ecological integrity. Identifying and protecting these ‘bright spots’
should be a priority as these reefs will be critical to the persistence and recovery of
threatened ecosystems (Greiner et al., 2022; Lin & Cinner, 2026; Zawada et al., 2026).

Conservation: Although local actions are no substitute for climate change mitigation, and
ultimately rely on it, they can buy time while greenhouse gas emission reduction takes its
delayed effect. Climate impacts are often exacerbated by more localised stressors such
as runoff of polluted, eutrophic or turbid waters, overfishing, invasive species or disease
outbreaks (Donovan et al., 2021). The compounding effects of these local stressors can
be mitigated, enhancing reef resilience by strengthening and expanding Marine Protected
Areas (MPAs), improving fisheries management, reducing land-based pollution, and
controlling invasive species.

Restoration: Active coral and reef restoration (fragmentation, coral gardening, larval
seeding), substrate stabilisation, and emerging approaches such as assisted gene flow
and assisted evolution can support restoring ecological function and processes (Anthony
et al., 2020; Chan et al., 2023; Yanovski & Abelson, 2019). However, restoration at scale
remains challenging and resource-intensive, with ecological outcomes uncertain, and
therefore should complement, not substitute actions that address the root causes of
decline (Hein et al., 2021; Mula et al., 2025; Vardi et al., 2021). Priorities should target
ecoregions where biotic degradation of corals is high, but algae remain naturally low,
herbivorous fish populations are well protected (Criterion D of the RLE), and ecoregions
that have to date shown relative resilience to warming (sub-criterion C1 of the RLE).
Approaches must focus on restoring ecosystems in addition to species objectives and be
holistic to educate, empower and economically-support local communities, as well as
enhance research and knowledge (Knoester et al., 2023).
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- National biodiversity policy: This global assessment was built from the bottom-up by
regional expert teams, who combined global datasets with local monitoring data and
knowledge, giving regions ownership of the results. In Australia, Brazil and some South
Asian countries, it can already serve as a national assessment to be directly applied by
governments in legal and policy instruments (Bland et al., 2019; Keith et al., 2023). In
addition, the RLE is adopted as a headline indicator (A.1) of the Kunming-Montreal GBF,
meaning this assessment directly supports national reporting obligations under the
Convention on Biological Diversity (Nicholson et al., 2024). In other regions, it provides the
foundation for national assessments as the methodology, data frameworks, and regional
context are already established, as has been done in the Western Indian Ocean (Gudka
et al., 2024). Importantly, it also shows where monitoring data are missing, and where
investment is required nationally to fill these gaps. The global assessment should therefore
be seen as a catalyst and context for national assessments, making them faster, cheaper,
and more policy relevant.

- Regional and global applications: The global assessment helps to identify
transboundary priorities that require coordinated international responses. Trans-boundary
and national risk results should support updates of resolutions in regional biodiversity and
ocean conventions like UNEP Regional Seas, as well as national policy and legislation to
prioritise action and protection of coral reefs. The global assessment provides a consistent
standard for international reporting and comparison to target priority areas, and can be
updated as new data emerge, national assessments are completed, or conditions change.

- Coastal and social resilience: Two collateral priorities follow the warning issued by our
risk assessment results. First, protection of other coastal and marine ecosystems, such as
seagrasses and mangroves, must be strengthened, along with sustainable fisheries
management. This will help retain coastal resilience and ecosystem services as much as
possible as they diminish from coral reefs. Second, large-scale investment is needed to
build climate adaptation and resilience in the coastal people that depend on coral reefs.
This includes establishing and formally recognising community-managed areas as Other
Effective Area-based Conservation Measures (OECMs), and ensuring that support is
delivered fairly and equitably, with local rights, knowledge and leadership at the centre of
decision-making (Jonas et al., 2024).

Table 1. Policy and Management actions informed by various aspects of the Red List of
Ecosystems (RLE) assessment of coral reefs, organised by scale (global, regional, national,
local), with the key actors responsible for implementing each action.

Global Advocate for emissions Governments, Global picture showing
reductions, loss and damage UNFCCC conditions becoming
mechanisms and adaptation negotiators, funders | increasingly hostile for
finance reefs; emissions as the

primary lever

Global Raise the profile of coral reefs Scientists, IUCN, Consistent global
and build political and public will NGOs, media assessment and risk
categories
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Scale Action Actors Informed by RLE
Regional | Update resolutions in regional Regional bodies, Regional risk results
conventions (e.g. UNEP Regional | member states
Seas) to prioritise reefs and other
threatened ecosystems
Regional | Coordinate responses to Neighbouring Transboundary risk
transboundary priorities countries, regional patterns across ecoregions
bodies
Regional | Direct resilience investment to Funders, regional Ecoregion-level risk
high-risk/high value regions organisations categories
National | Conduct national RLE Government Global assessment as a
assessments agencies, national starting point building on
scientists the global methodology and
data
National | Embed threatened ecosystems in | Governments, Risk category of
policy and legislation to afford legislators ecosystems within national
higher protection boundaries
National | Report on national obligations Environment RLE as GBF headline
under the CBD Kunming-Montreal | ministries/ CBD indicator
GBF Parties
National | Strengthen protection of less Governments, High collapse risk as early
climate-sensitive ecosystems coastal and fisheries | warning of declining reef
(seagrasses, mangroves) and agencies services
fisheries management
Local Expand and strengthen MPAs, Site managers, local | Criterion D (high integrity
reduce land-based pollution and authorities sites)
other local stressors
Local Invest in climate adaptation and Governments, High collapse risk as early
resilience of dependent coastal funders, warning of declining reef
communities development services
agencies,
conservation
practitioners
Local Identify and protect thermally Site managers, Criterion D (biotic
tolerant, well-connected or scientists degradation — areas with
resilient reef areas high coral cover); Sub-
criterion C1 (relative
resilience to warming)
Local Active restoration (e.g. coral Restoration Criterion D (biotic

gardening, larval seeding),
alongside action on root causes

practitioners,
communities, Dive
industry

degradation, with low algae
and protected herbivores);
Sub-criterion C1
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Local Establish and formally recognise Local communities, High-risk regions and
community-managed areas as governments, NGOs, | dependent communities
OECMs, with fair and equitable Dive industry
support
Conclusion

While confirming a universally high-risk prognosis for coral reef ecosystems worldwide, the
first global Red List of coral reef ecosystems signals clear and imperative pathways for risk
reduction and recovery. It is a rich source of information for exploring finer-scale trends, the
drivers of risk and where action is most needed. Alongside complementary tools such as
GCRMN, site-level resilience assessments, and coral species red lists, this RLE provides a
globally consistent, policy-relevant foundation that has until now been missing from reef
conservation.

The assessment underscores the need for local management interventions, even in the most
threatened ecosystems; the question is not whether to act, but how to act most effectively
given the risk profile each region faces. Last, but most importantly, this assessment highlights
the urgent need for drastic emissions reduction. If the coral reefs of today are to persist as we
know them, strong local management and restoration must be underpinned by efforts to
contain warming as close as possible to 1.5°C.

Table 2. Key stakeholder groups and how they can interpret and apply the results of a Red
List of Ecosystems (RLE) assessment for coral reefs

Audience ' How to Use the RLE Results ' Specific Applications

National Biodiversity Strategy
and Action Plans (NBSAPs);
national environmental
legislation; MPA network design
and expansion; GBF headline
indicator A.1 reporting; national
RLE assessments

International biodiversity reporting
National obligations; designate and prioritise
governments threatened ecosystems in national
policy and legislation;

Regional fisheries and
biodiversity bodies (e.g.,
ROPME, SPREP, PERSGA);
UNEP Regional Seas
Conventions; transboundary
MPA planning;

Identify transboundary priorities;
coordinate management; Update
resolutions in regional conventions
to increase/prioritise threatened
ecosystems

Regional bodies
and conventions

. . Site prioritisation, fundraising,
. Target restoration and conservation o .
Conservation . o threat-specific conservation
investment. Use the RLE criteria to

NGOs diagnose which threats drive risk programmes, ewdence-bgsed
fundraising and advocacy;
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Audience

How to Use the RLE Results

Local managers
and coastal
communities

Reduce local pressures; strengthen
community-based management

' Specific Applications

Small-scale fisheries co-
management, no-take areas,
pollution control, Other Effective
Area-Based Conservation
Measures (OECMs)

Dive tourism
industry

Communicate reef status; support
stewardship;

Reef health communication,
sustainable tourism certification;
market critical status and
unique biodiversity to increase
business

Funders and
philanthropy

Allocate resources to highest-risk,
highest-value reefs

Grant prioritisation, impact
metrics; support national
assessment

Private sector

Assess and disclose nature-related
risks associated with reef-
dependent operations; Avoid or
mitigate impacts to endangered
ecosystems; align with emerging
nature-positive frameworks

Task Force on Nature-related
Financial Disclosures (TNFD);
Science Based Targets for
Nature (SBTN); environmental
impact assessment; sustainable
supply chain management

Scientists

Identify data gaps; contribute to
future assessment cycles

GCRMN data contribution,
national RLE assessments

Educators and
communicators

Create awareness about reef
decline for public audiences

Responsible science
communication
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