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‘ ABSTRACT ’ Coral reefs, often referred to as the “rainforests of the sea,” are among the most biodiverse ecosystems on Earth. At the

heart of this diversity are marine invertebrates, which include a vast array of taxa such as mollusks, echinoderms,
crustaceans, sponges, and cnidarians. These organisms play pivotal roles in nutrient cycling, bioerosion, and reef construction and maintenance.
However, coral reefs are in rapid decline due to anthropogenic stressors such as climate change, ocean acidification, pollution, and overfishing.
This review explores the intricate ecological relationships between marine invertebrates and coral reefs, highlighting the functional significance
of invertebrate biodiversity in maintaining reef resilience and health. It discusses key threats to these organisms, including coral bleaching,
disease outbreaks, and habitat degradation. The review synthesizes findings from recent ecological studies, physiological experiments, and long-
term monitoring programs to present a comprehensive understanding of the feedback loops that either stabilize or destabilize reef ecosystems. In
particular, the interactions between invertebrate herbivores and coral-algal dynamics are examined, as they are central to coral recruitment and
reef recovery. The paper concludes with an analysis of current conservation practices, including marine protected areas (MPAs), assisted
evolution, and reef restoration efforts, while identifying gaps in research that must be addressed to ensure the future of coral reef ecosystems. This
review underscores the urgent need for integrated, ecosystem-based approaches to conservation that prioritize the symbiotic roles of marine
invertebrates in sustaining coral reef health.
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INTRODUCTION

Coral reefs are among the most biologically diverse and economically
significant ecosystems on the planet. As complex, highly productive
environments, they are critical to maintaining marine biodiversity,
supporting food webs, and providing ecosystem services. However,
coral reefs are under extreme threat from both natural and
anthropogenic stressors, including climate change, ocean
acidification, pollution, and overfishing. In particular, marine
invertebrates, which form a significant part of coral reef communities,
are experiencing declines due to these factors. This review focuses on
the health of marine invertebrates within coral reef ecosystems, their
ecological roles, threats, conservation strategies, and emerging
research directions.

Ecological Roles of Marine Invertebrates in Coral Reef
Ecosystems

Invertebrate Group Ecological Role

Sponges Filter feeding, water filtration, nutrient
cycling

Corals Reefbuilding, habitat provision

Mollusks Grazing, bioerosion, prey base

Echinoderms Sediment turnover, algae control
Marine invertebrates play indispensable roles in maintaining the
ecological integrity and functionality of coral reef ecosystems. Despite
their taxonomic diversity, many invertebrate species are ecologically
convergent in terms of their contributions to biogeochemical cycling,
trophic regulation, and habitat engineering. Understanding these
functional roles is critical for predicting ecosystem responses to
disturbance and guiding conservation efforts.

1.1 Habitat Formation and Reef Construction

Although reef-building corals (order Scleractinia) are the primary
architects of coral reefs, numerous invertebrate taxa contribute to the
construction, stabilization, and maintenance of reef frameworks.
Calcareous sponges, serpulid polychaetes, bryozoans, and mollusks
such as giant clams (Tridacna spp.) and vermetid gastropods contribute
secondary calcium carbonate structures that enhance habitat
complexity (Glynn & Manzello, 2015). Crustose coralline algae
(CCA), although not animals, interact synergistically with
invertebrates by cementing reef substrates and facilitating larval
settlement, particularly for coral recruits (Harrington etal., 2004).

1.2 Trophic Regulation and Algal Control
Herbivorous marine invertebrates play a pivotal role in controlling
algal proliferation, which can otherwise smother corals and impede

their growth. Notable grazers include sea urchins (e.g., Diadema
antillarum), herbivorous gastropods (e.g., Trochus spp., Turbo spp.),
and amphipods that graze on turf algae (Mumby et al., 2006).
Historical declines in herbivore populations, such as the Diadema die-
off in the Caribbean during the 1980s, have led to phase shifts in reef
ecosystems where macroalgae dominate, resulting in reduced coral
cover and recruitment (Lessios, 1988).

1.3 Nutrient Cycling and Water Filtration

Filter-feeding invertebrates such as sponges, ascidians, and bivalves
contribute significantly to nutrient cycling and water filtration on coral
reefs. Sponges, in particular, act as nutrient pumps, absorbing
dissolved organic matter (DOM) and releasing inorganic nutrients that
can be utilized by primary producers, including symbiotic
zooxanthellae within corals. This “sponge loop” plays a crucial role in
retaining energy within oligotrophic reef systems (De Goeij et al.,
2013). Additionally, bivalves and tunicates help maintain water clarity
by removing suspended particles, thereby enhancing light penetration
for photosynthetic organisms (Newell, 2004).

1.4 Bioerosion and Substrate Renewal

Certain invertebrates are responsible for bioerosion, a natural process
that breaks down calcium carbonate substrates and contributes to reef
sediment production. Boring sponges (Cliona spp.), lithophagine
bivalves, and sipunculan worms excavate coral skeletons and dead reef
structures (Perry et al., 2014). While bioerosion may appear
destructive, it plays a vital role in creating settlement spaces for coral
larvae and preventing reef overgrowth by massive coral forms.
However, excessive bioerosion, especially under stressed conditions,
may weaken reef structures and compromise ecosystem resilience
(Tribollet & Golubic, 2005).

1.5 Mutualisms and Symbiotic Interactions

Coral reefs are hotspots of symbiotic relationships, many of which
involve marine invertebrates. The most well-known is the mutualism
between reef-building corals and their endosymbiotic dinoflagellates
(Symbiodiniaceae), which provides corals with energy via
photosynthesis (Muscatine & Porter, 1977). Beyond this, invertebrates
like cleaner shrimp (Lysmata spp.) provide ectoparasite removal
services to fish, while crabs in the family Trapeziidae protect coral
colonies from predators such as crown-of-thorns starfish (Acanthaster
planci) (Stella et al., 2011). These interactions enhance survival,
growth, and overall reeffitness.

Threats to Coral Reef Invertebrates and Ecosystem Health
Despite their critical roles, marine invertebrates and the coral reef
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ecosystems they support are increasingly threatened by a suite of
anthropogenic and natural stressors. These pressures operate at local,
regional, and global scales, often with synergistic effects that
accelerate reef degradation and compromise invertebrate diversity and
function.

Crustaceans

Sponges

Echinoderms

Corals

Mollusks

Figure 1: Relative Roles of Marine Invertebrates in Coral Reef
Functions

2.1 Climate Change and Ocean Warming

The most pressing global threat to coral reef health is climate change,
primarily through increased sea surface temperatures. Marine
invertebrates, like their coral counterparts, are highly sensitive to
thermal stress. Elevated temperatures have been associated with
widespread coral bleaching events, during which corals expel their
symbiotic zooxanthellae, leading to decreased growth rates, increased
disease susceptibility, and mortality.

Invertebrates such as echinoderms and mollusks exhibit thermal limits
as well, with reproductive failures, decreased calcification, and
population collapses observed in thermally stressed habitats
(Przeslawski etal., 2008).

Notably, climate-induced disturbances have led to shifts in species
dominance. For example, heat-resistant but ecologically less
beneficial invertebrate species may replace more functionally
significant taxa, altering ecological dynamics and resilience potential
(Hoegh- Guldbergetal., 2007).

2.2 Ocean Acidification

Ocean acidification (OA), resulting from increased atmospheric CO:
absorption by seawater, decreases the availability of carbonate ions
required for calcification. This negatively affects the structural
integrity of calcareous invertebrates such as corals, mollusks,
echinoderms, and crustaceans. Laboratory and field studies
demonstrate that OA reduces growth, weakens shells and
exoskeletons, and impairs larval development in numerous reef-
associated invertebrates (Kroeker et al., 2013). As these organisms are
key reef builders or grazers, OA may disrupt both reef structure and
function.

Furthermore, OA interacts with other stressors. For example,
weakened shells increase susceptibility to predation, and reduced
larval viability compromises recruitment and population persistence
(Byrneetal.,2011).

2.3 Overfishing and Trophic Cascades

Overfishing, particularly of herbivorous invertebrates and their
predators, disrupts ecological balances on coral reefs. The removal of
predatory fish can lead to mesopredator release, including invertebrate
predators such as starfish, which may overpopulate and decimate coral
cover. The crown-of-thorns starfish (Acanthaster planci) is a prime
example, where outbreaks linked to predator decline and nutrient
enrichment have devastated reefs across the Indo- Pacific (Birkeland
and Lucas, 1990).

In some regions, direct harvesting of invertebrates for consumption,
the aquarium trade, or traditional medicine (e.g., sea cucumbers,
mollusks) has led to localized extinctions and ecosystem shifts
(Andersonetal.,2010).

2.4 Pollution and Eutrophication

Coastal pollution from agricultural runoff, sewage, and industrial
discharge introduces excess nutrients, heavy metals, and toxic
compounds into reef environments. Eutrophication can fuel algal
blooms that compete with corals and reduce oxygen levels, impacting
invertebrate survival and reproduction. Heavy metals and
microplastics accumulate in the tissues of filter-feeding invertebrates,
such as sponges and bivalves, leading to physiological stress,
reproductive inhibition, and increased mortality (Wright etal., 2013).

Sedimentation from coastal development and deforestation smothers
benthic habitats, affecting sessile and slow-moving invertebrates. Fine
sediments clog feeding apparatuses, reduce light penetration (affecting
photosymbionts), and can lead to reef smothering.

2.5Invasive Species and Disease

Invasive species such as the lionfish (Pterois volitans) in the Caribbean
and Indo-Pacific seastars can alter invertebrate communities by
predation or competition. Invasive algae can also outcompete native
species and reduce biodiversity.

Emerging diseases among marine invertebrates are increasingly
reported. For example, sea star wasting disease has decimated
populations of key echinoderms, while coral disease outbreaks are
often associated with microbial shifts influenced by temperature and
pollution (Harvell et al., 1999). Many of these diseases are poorly
understood, highlighting a gap in monitoring and diagnostic
capabilities

2.6 Synergistic and Feedback Effects

These threats rarely act in isolation. Instead, they produce complex
interactions and feedback loops. For example, bleaching and mortality
reduce coral cover, which lowers habitat complexity and leads to
invertebrate population declines. The loss of herbivores exacerbates
algal overgrowth, further inhibiting coral recruitment—a feedback
loop that perpetuates reef degradation.

Such synergistic effects demand multi-stressor experimental
approaches and integrative management to effectively safeguard coral
reefbiodiversity and function.

Symbiotic Relationships and Functional Diversity in Coral Reefs
Coral reefs represent some of the most complex and symbiotically
enriched ecosystems on Earth. The functional diversity of reef-
associated marine invertebrates is not only a product of evolutionary
radiation but also of intricate mutualistic, commensal, and parasitic
relationships that enhance ecosystem resilience and productivity.
Understanding the diversity and function of these relationships is
essential for appreciating the full extent of coral reef health and its
dependency on invertebrate interactions.

3.1 Coral-Symbiodiniaceae Symbiosis: The Foundational
Mutualism

The hallmark of coral reef symbiosis is the relationship between
scleractinian corals and photosynthetic dinoflagellates in the family
Symbiodiniaceae. This mutualism provides up to 90% of the coral's
energetic requirements via translocated photosynthates (Muscatine
and Porter, 1977). In return, the coral offers a protected environment
and access to metabolic waste products like CO, and nitrogenous
compounds.Functional diversity within the Symbiodiniaceae is
crucial to coral adaptability. Different clades exhibit varying
tolerances to temperature, light, and nutrient availability. Coral species
capable of hosting multiple symbiont types exhibit greater resilience to
thermal bleaching (Baker et al., 2004). However, symbiont shuffling or
switching following stress events may not always compensate for
functional losses, especially when host specificity constrains symbiont
diversity.

3.2 Microbial and Invertebrate Holobionts

Beyond Symbiodiniaceae, corals are associated with diverse microbial
communities— including bacteria, archaea, fungi, and viruses—that
together form the coral holobiont. These microbes contribute to
immunity, nutrient cycling, and structural integrity (Rohwer et al.,
2002). Similarly, marine invertebrates such as sponges host rich
microbial consortia involved in nitrogen cycling, DOM processing,
and secondary metabolite production.

Functional redundancy within these microbial assemblages may buffer
host invertebrates against environmental changes. However, shifts in
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microbiome composition due to stress or pollution can lead to
dysbiosis, predisposing hosts to disease or reducing functional
performance.

3.3 Symbiotic Crustaceans and Coral Defense
Invertebrate-invertebrate symbioses are also common. Trapeziid and
alpheid crabs, along with snapping shrimps, live within coral branches
and defend their hosts against predators like Acanthaster planci and
vermetid gastropods. In return, these symbionts gain shelter and
nutritional access to coral mucus or tissue (McKeon etal., 2012).

This mutualism enhances coral survival and growth, especially under
high predation pressure. Moreover, some crabs show preferential
associations with coral species that provide optimal refuge, indicating
alevel of ecological selection that shapes reef community structure.

3.4 Cleaner Invertebrates and Fish Symbioses

Cleaner shrimp (e.g., Lysmata amboinensis, Stenopus hispidus)
engage in mutualistic interactions with reef fishes by removing
ectoparasites and dead tissue. These cleaning stations are biodiversity
hotspots, reducing parasite loads and improving fish health and fitness
(Becker and Grutter, 2004). Such interactions contribute indirectly to
coral health by maintaining functional fish populations that regulate
algal cover and bioerosion.

Cleaner invertebrates display complex behavioral patterns, including
species-specific dance displays and partner fidelity, which optimize
client cooperation and reduce cheating.

3.5 Parasitism and Commensalism

Not all associations are mutually beneficial. Many marine
invertebrates serve as hosts to parasitic isopods, copepods, and
nematodes, which can impair host fitness and growth. Commensal
relationships, such as those between polychaetes and corals or between
pea crabs and bivalves, offer shelter without obvious harm or benefit to
the host. These associations,though less studied, are important for
understanding niche exploitation and resource partitioning on reefs.

3.6 Functional Trait Diversity and Ecosystem Resilience

The resilience of coral reefs to disturbance is strongly linked to
functional trait diversity among marine invertebrates. Traits such as
feeding strategy, mobility, reproductive mode, and symbiotic capacity
determine how species respond to environmental change and influence
ecosystem processes like primary production, nutrient cycling, and
bioturbation.

Functional redundancy—where multiple species share similar
roles—can buffer reefs against biodiversity loss. However, the
selective extinction of functionally unique species (e.g., key
bioeroders or filter feeders) can disproportionately affect ecosystem
function, even if overall species richness appears intact (Mouillot et
al.,2014).

Climate Change, Ocean Acidification, and Disease Dynamics in
ReefInvertebrates

The rapidly intensifying impacts of global climate change have placed
coral reefs among the most endangered ecosystems on the planet.
Reef-associated marine invertebrates, which constitute the bulk of reef
biodiversity and functionality, are increasingly vulnerable to the
cascading effects of rising sea temperatures, ocean acidification (OA),
and the proliferation of marine diseases. These stressors are not only
disrupting ecological balances but are also impairing physiological
and reproductive functions at the species level.

4.1 Ocean Warming and Thermal Stress on Invertebrates

Rising sea surface temperatures (SSTs) driven by global warming are a
primary driver of coral bleaching events. These temperature anomalies
also exert direct physiological stress on invertebrates. Many reef-
associated taxa such as echinoderms, crustaceans, and mollusks
display narrow thermal tolerance windows (Pértner, 2001). Above-
threshold temperatures disrupt protein synthesis, enzyme function,
and oxygen transport—ultimately leading to systemic failure.

Thermal stress can impair reproductive cycles, as seen in reduced
gamete viability and delayed larval development in sea urchins and
gastropods (Byrne, 2011). Changes in spawning cues, timing
mismatches with plankton blooms, and larval dispersal failures
threaten population maintenance and connectivity.

Moreover, temperature-induced stress can alter predator-prey
dynamics. For example, warm water accelerates the metabolism and
reproductive rates of invertebrate predators like Acanthaster planci,
exacerbating their impact on coral populations (Uthicke etal., 2009).

4.2 Ocean Acidification and Calcification Impairment

Ocean acidification, caused by the absorption of anthropogenic CO, by
seawater, has significant implications for marine calcifiers. The
reduction in carbonate ion concentration lowers the saturation state of
calcium carbonate minerals such as aragonite and calcite, which are
essential for the skeletal formation of corals, mollusks, crustaceans,
and echinoderms.Experimental studies have shown that OA reduces
calcification rates, skeletal density, and shell integrity in a range of
invertebrates (Kroeker et al., 2010). This not only compromises
structural support but also increases susceptibility to predation and
physical damage.

Larval stages are particularly vulnerable. For instance, pteropods and
bivalves exhibit malformed or incomplete shell development under
acidified conditions, leading to high mortality rates (Waldbusser et al.,
2015). These impacts may cascade into recruitment bottlenecks and
long-term population declines.

4.3 Synergistic Effects of Warming and Acidification

The interaction between thermal stress and acidification exacerbates
physiological disruption. For example, combined exposure leads to
additive or even multiplicative declines in growth, calcification, and
survival in reefinvertebrates (Harvey etal., 2013). These dual stressors
also affect behavior; acidified water alters sensory perception and
predator avoidance responses in crustaceans, making them more
vulnerable in complex reef environments.

Such synergistic interactions can also impair mutualistic relationships.
For instance, coral hosts under stress may alter their mucus
composition, affecting microbial symbionts and associated
invertebrates that rely on this microhabitat for nutrients or protection.

4.4 Emerging Diseases in Reef Invertebrates

Rising temperatures and environmental stress have also facilitated the
emergence and spread of marine diseases. Warmer waters promote
pathogen virulence and extend their geographical ranges. Coral
diseases such as white syndrome, black band disease, and skeletal
eroding band are increasingly linked to microbial shifts facilitated by
warming and eutrophication (Sato etal., 2009).

Marine invertebrates, too, are facing rising disease pressures. Sea star
wasting disease has devastated populations of keystone echinoderms
along the Pacific coast, disrupting reef predator-prey balances and kelp
forest dynamics (Hewson et al., 2014). Sponge diseases, including
tissue necrosis and biofilm overgrowth, are on the rise in Caribbean
and Indo- Pacific reefs.

Importantly, many of these diseases are not well-characterized due to a
lack of diagnostic tools, pathogen-specific markers, and long-term
monitoring data. The microbiome-host interaction framework offers a
promising avenue to understand disease onset and resilience
mechanisms in reef invertebrates.

4.5 Adaptation and Plasticity in the Face of Change

Despite the challenges, some reef invertebrates demonstrate
remarkable phenotypic plasticity and adaptive potential. Trans-
generational acclimation in sea urchins has been shown to partially
offset acidification impacts in larvae (Dupont et al., 2013). Some corals
can shuffle symbionts to more thermally tolerant clades, enhancing
their survival during bleaching events.Epigenetic mechanisms and
microbiome flexibility are emerging areas of interest in predicting
invertebrate resilience. However, the capacity for adaptation is
species-specific and often insufficient to match the pace and magnitude
of current environmental change.

Conservation, Restoration, and Future Research Directions for
Coral Reef Invertebrates

With the accelerating decline of coral reef ecosystems, the
conservation of marine invertebrates—both for their intrinsic
biodiversity and their functional contributions to reef health—has
become a central priority in marine ecology. Protecting and restoring
these invertebrate populations is critical not only for sustaining coral
reefs but also for preserving the millions of people who rely on reef
services for food, livelihood, and coastal protection. This section
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explores current conservation approaches, restoration strategies, and
areas requiring future research to enhance the resilience of coral reef
ecosystems.

5.1 Marine Protected Areas (MPAs) and Invertebrate Conservation
Marine Protected Areas (MPAs) have emerged as one of the most
widely implemented tools for reef conservation. Properly designed
and enforced MPAs have been shown to increase biomass, species
richness, and reproductive outputs of many marine invertebrates,
especially commercially targeted groups like lobsters, sea cucumbers,
and giant clams (Mumby etal.,2007).

However, the effectiveness of MPAs depends on factors such as size,
connectivity, compliance, and the inclusion of critical invertebrate
habitats like mangroves, seagrass beds, and reef flats. Moreover, many
MPAs still focus disproportionately on fish and corals, often neglecting
cryptic and sessile invertebrates that play key functional roles.

Networked MPAs that facilitate larval dispersal and genetic exchange
across regions are particularly beneficial for species with planktonic
larval stages. Long-term monitoring of invertebrate populations
within and beyond MPA boundaries is crucial to assess effectiveness
and adaptively manage these areas.

5.2 Reef Restoration and Invertebrate Reintroduction
Restoration initiatives are increasingly incorporating marine
invertebrates as functional agents. Coral gardening and micro-
fragmentation techniques often rely on associated invertebrates such
as grazers (e.g., urchins, chitons) and bioeroders (e.g., boring sponges,
worms) to maintain substrate balance and prevent algal overgrowth
(Laddetal.,2019).

Sea urchin restocking programs, particularly involving Diadema
antillarum, have shown promise in the Caribbean, where their decline
contributed to algal dominance following coral mortality (Carne et al.,
2018). Similarly, reseeding efforts for giant clams and sea cucumbers
are aiding in the restoration of nutrient cycling and sediment
stabilization.

Technological advancements such as 3D-printed reef structures,
underwater robotics for larval deployment, and biocementation using
microbial calcium carbonate offer new avenues for integrating
invertebrate function into restoration practices.

5.3 Community Involvement and Indigenous Knowledge
Involving local communities, particularly Indigenous peoples and
traditional reef users, enhances conservation success. Community-
based reef management (CBRM) programs in regions such as the
Pacific Islands and Southeast Asia have successfully combined
traditional ecological knowledge (TEK) with modern science to
sustainably manage invertebrate fisheries and protect breeding
grounds (Aswani etal., 2007).

Participatory mapping, reef guardianship, and rotational harvesting
systems help ensure compliance and long-term stewardship.
Incorporating TEK into restoration efforts also provides nuanced
understanding of invertebrate seasonality, habitat preferences, and
ecosystem interactions.

5.4 Policy Frameworks and International Cooperation

Global policy frameworks such as the Convention on Biological
Diversity (CBD), the Sustainable Development Goals (SDGs), and the
Convention on International Trade in Endangered Species (CITES)
have provisions for reef and invertebrate conservation. However,
enforcement and integration with national-level fisheries, climate, and
development policies remain inconsistent.

There is a growing push to expand the list of invertebrates under
international protection (e.g., coralliid octocorals, sea cucumbers) and
to enhance monitoring and reporting mechanisms using environmental
DNA (eDNA), autonomous sensors, and Al-assisted image
recognition.

Cross-border collaboration is critical for managing migratory or
widely dispersed invertebrate species and ensuring genetic flow
between reef systems. Efforts such as the Coral Triangle Initiative
exemplify how regional cooperation can enhance research, policy
alignment, and enforcement.

5.5 Research Priorities and Emerging Frontiers

Despite their importance, many marine invertebrates remain under-

studied, particularly cryptic and soft-bodied taxa. Future research

priorities should include:

*  Genomic and transcriptomic studies to identify adaptive traits and
stress-response pathways in reef invertebrates.

*  Microbiome-invertebrate interactions, focusing on how microbial
communities mediate host health, disease resistance, and
environmental resilience.

« Functional trait mapping across invertebrate groups to model
ecosystem processes and predict responses to environmental
stress.

«  Experimental evolution and epigenetics, particularly under multi-
stressor conditions, to understand the limits of invertebrate
plasticity and adaptation.

* Socio-ecological modeling that integrates invertebrate data into
fisheries management, reef tourism, and climate adaptation
strategies.

Furthermore, interdisciplinary approaches that merge molecular
biology, ecology, oceanography, and social sciences are necessary to
holistically address the complexities of invertebrate roles in reef
ecosystems

CONCLUSION

In conclusion, coral reefs, as some of the most diverse and productive
ecosystems in the world, are facing unprecedented threats from
human-induced climate change. The increasing frequency of
temperature anomalies and ocean acidification, coupled with the
spread of new diseases, has caused alarming declines in coral and
marine invertebrate populations. These invertebrates are not only
integral to the ecological balance of coral reef systems but also play
critical roles in maintaining the resilience of these habitats against
external stresses.

The adaptive capacity of marine invertebrates is limited, and while
some species may demonstrate phenotypic plasticity or resilience, the
rate of environmental change outpaces their evolutionary responses.
As such, comprehensive conservation efforts that include the
establishment of well-managed Marine Protected Areas, targeted
restoration initiatives, and effective policy frameworks are essential to
safeguarding these species.

Future research should focus on understanding the complex
interactions between environmental stressors and the adaptive
mechanisms of invertebrates, with an emphasis on genomics,
epigenetics, and microbiome interactions. Furthermore, the
integration of community-based management approaches and the
inclusion of indigenous knowledge are critical in fostering sustainable
conservation practices. As we move forward, a collaborative and
interdisciplinary approach to coral reef and marine invertebrate
conservation is necessary to mitigate the loss of these irreplaceable
ecosystems and ensure their long-term survival
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