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ABSTRACT

Indonesia, as the world’s largest archipelagic state, is home to vast marine biodiversity,
particularly coral reefs that support more than 25% of marine species despite covering less
than 1% of the ocean floor. However, these vital ecosystems are increasingly threatened by
climate-induced stressors such as rising sea surface temperatures and anthropogenic
pressures including pollution, destructive fishing practices, and coastal development. The most
visible manifestation of this crisis is coral bleaching, which compromises reef health and
biodiversity. This study aims to explore the ecological and economic impacts of coral reef
bleaching in Indonesia and propose strategic responses for sustainable marine governance.
Employing a descriptive qualitative approach, the research draws upon peer-reviewed
literature, government reports, and international assessments to analyze the drivers,
consequences, and policy implications of coral bleaching. Findings reveal that elevated sea
temperatures caused by global warming and phenomena like El Nifio have led to mass coral
bleaching events, reducing coral cover, disrupting marine food chains, and impairing
ecosystem services. Socio-economically, the bleaching crisis has diminished fisheries
productivity, reduced marine tourism revenue, and heightened economic vulnerability in
coastal communities. Coral reef degradation also weakens natural coastal defenses, increasing
exposure to storm damage. The study concludes that integrated policy interventions centered
on conservation, community-based management, and climate adaptation are critical for
reversing coral decline. Strengthening marine spatial planning, enforcing sustainable fishing
regulations, and promoting blue economy principles can help safeguard coral reefs and
enhance the resilience of Indonesia’s coastal economy.
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INTRODUCTION

Indonesia, with more than 60% of its vast marine area stretching from Sabang to
Merauke, has a very diverse range of aquatic resources. One example is coral reefs, which
need to be preserved. Coral reefs are one of the marine and coastal ecosystems that play a
crucial role because they have significant ecological and economic values (Spalding et al.,
2001). This high level of value has resulted in coral reef ecosystems being increasingly
threatened, especially due to anthropogenic factors such as pollution, unsustainable fishing
practices, and excessive nutrient enrichment (Wilkinson, 2008). Damaging fishing practices
using non-environmentally friendly gear contribute significantly to reef degradation. Damage
to coral reef ecosystems not only reduces the number and quality of coral reefs, but also
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diminishes populations of other marine organisms that rely on coral habitats (Hoegh-Guldberg
et al., 2007). To maintain the sustainability of coral reef ecosystems, preventive measures
need to be taken through strong policy frameworks focusing on the protection and
management of coral reefs and associated marine biodiversity. Coral reefs are among the
most important marine ecosystems due to their ecological value in supporting biodiversity,
providing habitat for over 25% of marine species despite covering less than 1% of the seafloor
(Burke et al., 2011). While natural factors can contribute to reef damage, human-induced
impacts are often more severe and long-lasting (Hughes et al., 2017).
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Figure 1. Human-Induced Threats and Effects on Coral Reef Ecosystems
Source: Author, 2025

In addition to their ecological functions, coral reefs also play an important role in
coastal economies through tourism, fisheries, and coastal protection. However, over the past
few decades, coral reefs have come under significant pressure from human activities,
particularly as a result of global climate change. The phenomenon of coral bleaching is the
clearest indication of the thermal stress experienced by marine ecosystems. This process
occurs when elevated seawater temperatures cause zooxanthellae the symbiont algae that
live in coral tissue and provide color and energy through photosynthesis to exit coral tissue,
causing corals to lose color and become vulnerable to death. Increasingly frequent and intense
marine heatwaves due to global warming have created huge ecological pressures on coral
reefs around the world (Buanes et al., 2005; Heidkamp & Morrissey, 2019)

Recent studies in 2025 recorded the most extensive global bleaching in the history of
monitoring, with an estimated 84% of all coral reefs in the world affected, spanning the Pacific,
Atlantic, Indian, and Red and Gulf Oceans. This phenomenon is the fourth confirmed mass
bleaching globally, and the second in the last ten years. Rising sea surface temperatures
caused by El Nino and the long-term global warming trend are the main causes of this
ecosystem vulnerability. This represents a serious ecological crisis that requires science-based
interventions and collaboration across countries. The problem requires a multidisciplinary
approach that includes biogeophysical and oceanographic studies, as well as a review of
environmental policies, the blue economy, and community-based adaptation and mitigation
strategies (Eakin et al., 2019).

In this context, this article aims to examine the dynamics of coral reef bleaching from
the perspective of global climate change and conservation policy, and assess the urgency of
strategic interventions to save one of the most important ecosystems on the planet. The
impacts of this phenomenon do not stop at the ecological dimension, but also extend to the
socio-economic aspects of coastal communities. Ecologically, coral bleaching leads to a
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decrease in live coral cover, disrupts the structure of marine communities, and reduces the
diversity of species that depend on coral habitats. The domino effect of this ecosystem
damage is the disruption of trophic networks, reduced reef fish populations, and increased
instability in the marine ecosystem as a whole (Chen et al., 2015; Hughes et al., 2017)

On the socio-economic side, communities who depend on traditional fisheries and
marine tourism for their livelihoods are the most vulnerable victims. Revenues from marine
tourism such as snorkeling and diving decline dramatically along with the destruction of coral
aesthetics and biodiversity. In the long term, degradation of the coastal environment can
exacerbate social inequality and increase the economic vulnerability of coastal communities,
especially in areas that have not yet diversified their economies (Garmestani et al., 2019;
Nayak & Armitage, 2018).

One of Indonesia's natural resources is coral reefs, which are spread across the waters
of eastern Indonesia. Coral ecosystems in general function ecologically as habitat providers,
food sources, breeding sites, growth areas, and spawning grounds for a variety of other
marine organisms, while coral reefs play a role in increasing fisheries productivity and
protecting the coast from various threats such as erosion threats and very strong currents and
waves.This is also evident from Indonesia's waters that dominate The Coral Triangle, which
is the waters in the western Pacific Ocean that contain around 70% of the world's coral reef
species (Al Ismaili et al., 2024; McClanahan et al., 2006).

However, the existence of coral reefs in Indonesia is still threatened by human
activities, resulting in coral reef bleaching. A marine economy based on the blue economy can
be a flagship in increasing Indonesia's income in the future, so as to realize the vision as the
World Maritime Axis. As an archipelagic country, marine sector development should be the
main focus of development policy. Thus, the Government of Indonesia has the opportunity
and responsibility to overhaul the national marine management system in harmony with the
environment.

Coral Reefs have various benefits both for marine ecosystems and for human life in
coastal areas. Coral reef areas under the protection of the Indonesian government are
showing growth. Therefore, it is necessary to implement appropriate measures to avoid the
coral reef bleaching crisis. The main stage in this prevention effort is to monitor coral reefs.
Coral reef monitoring requires a lot of resources: equipment, time, and individuals involved.
Monitoring coral reefs on a regular basis requires more resources. In addition, inspections are
carried out regularly so that conservators can know the condition of the coral reef every day.

Monitoring changes in the tourism market will indicate whether promotion of
alternative tourism activities is necessary to sustain the industry. Local tourism activities, for
example, could be a focus while damaged reefs get a chance to recover. However, it is
important to ensure that coastal development activities do not add to the damage to coral
reefs. More intense attention should be directed to the spatial value of an area, clean beaches,
clear water for water sports activities, and so on. Finding new or alternative dive sites may
also be needed (e.g. with more attractive underwater scenery or abundant fish).

Damage to coral reef ecosystems can be observed from physical damage and
physiological changes. Physical damage that befalls coral reefs containing coral colonies that
have been damaged, branches of colonies that grow after the substrate is destroyed. Damage
to physiological changes in corals includes one of them is faded coral color that occurs due to
bleaching or bleaching, where faded color changes in corals are caused by reduced dye density
and photosynthesis of zooxanthellae on coral polyps. Coral polyps that have separated from
the reef make the coral lose most of its color pigments and soft tissue. This may be due to
the zooxanthellae that supply pigments to the reef also detaching with the coral polyps
themselves.
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METHODOLOGY

This research employs a descriptive qualitative method to analyze the impacts of coral
reef bleaching on Indonesia’s marine ecosystems and coastal economy. This approach is
appropriate for understanding complex environmental phenomena and their socio-economic
implications through non-numerical data (Creswell & Creswell, 2018). The study draws on
secondary data gathered through a comprehensive literature review, including peer-reviewed
journal articles, government reports, international environmental assessments, and marine
policy documents. This method enables a contextual and thematic exploration of coral
bleaching trends and their direct and indirect effects on coastal communities.

Data sources were selected based on relevance, credibility, and recentness (last 10 -
15 years), focusing on publications related to coral reef health, marine biodiversity loss,
climate-induced stressors, and economic vulnerabilities in coastal regions. Literature was
obtained from trusted academic databases (e.g., ScienceDirect, JSTOR, SpringerLink) and
official publications from organizations such as the Intergovernmental Panel on Climate
Change (IPCC), UNEP, and Indonesia’s Ministry of Marine Affairs and Fisheries (KKP). The
literature was analyzed using a content analysis technique to extract recurring themes and
causal linkages (Bengtsson, 2016).

The analysis focused on identifying the key drivers of coral bleaching particularly rising
sea surface temperatures linked to global warming, El Nifio-Southern Oscillation (ENSO), and
anthropogenic stressors (T. P. Hughes et al., 2017). Socio-economic dimensions such as
fisheries decline, reduced tourism revenue, and increased livelihood insecurity were examined
in relation to ecosystem degradation. By synthesizing multi-source qualitative data, this study
aims to support policy recommendations grounded in sustainable marine governance and the
blue economy framework (Satizabal et al., 2020).

RESULTS AND DISCUSSION
1. Coral Bleaching: Causes, Impacts, and the Urgency of Sustainable Coral Reef

Management in Indonesia

A number of research findings show that the condition of coral reefs in Indonesia is
still facing threats. one of the threats caused by human activities is coral bleaching. Pollutants
and excessive energy use cause an increase in sea water temperature and an increase in sea
level. These transformations in ocean conditions have a direct effect on coral bleaching in
Indonesia. In an effort to ensure the sustainability of coral ecosystems, preventive measures
must be implemented to protect coral reefs and the marine organisms around them by
implementing a coral reef management policy through the protection of water areas from
damage.

Cauonary The establishment of regional marine protection sites is one of the policy
options listed in the principles of coastal resource management, where the main objective of
coastal resource management is conservation for sustainable use. The goal is to utilize while
maintaining and conserving the area in an optimal way in accordance with principles that
ensure its sustainability. One of the most important causes of coral bleaching is rising seawater
temperatures, especially in tropical regions where coral reef ecosystems are primarily located.
This phenomenon is often associated with two warm ocean currents, the El Nifio Southern
Oscillation (ENSO) and the Indian Ocean Dipole (I0OD), which result in sea surface temperature
anomalies. A temperature increase of 1-2°C over a short period (usually more than 4 weeks)
is enough to trigger thermal stress in corals.

Global warming, largely caused by human actions (anthropogenic), is significantly
worsening conditions in the oceans. The ocean serves as the largest heat sink on earth,
estimated to absorb about 93% of the temperature increase caused by the greenhouse effect
(Adyasari et al., 2021). This heat buildup results in gradually increasing sea surface water
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temperatures, extending the period of thermal stress experienced by coral reefs, as well as
triggering massive bleaching events, as recorded in the global bleaching events of 1998, 2010,
and 2016.

Various research results show that the state of coral reefs in Indonesia still faces many
serious threats, especially those originating from human activities. One of the most significant
types of pressure that is currently taking place is the phenomenon of coral bleaching. Human
activities such as excessive burning of fossil fuels, deforestation, and waste from industry and
homes have increased greenhouse gas emissions that trigger global warming. As a result, sea
surface temperatures have increased significantly and put heat stress on marine ecosystems,
especially coral reefs.

Loss of Symbiont Algae (Zooxanthellae), a key biological process of coral bleaching is
the loss of microscopic algae symbiotic with coral tissue, referred to as zooxanthellae (genus
Symbiodinium). These algae not only give coral reefs their bright color, but also play an
important role in photosynthesis, supplying up to 90% of the energy needs for corals. When
temperatures rise or changes in water quality occur (such as increased acidity or sediment
buildup), corals experience stress and begin to release zooxanthellae from their tissues. Coral
Reef recovery process, once environmental conditions stabilize, coral reefs can recover and
their bright colors can be seen again.

This happens because coral reefs establish symbiosis with zooxanthellae algae, which
provide color and energy through the process of photosynthesis. When environmental stress
(such as a rise in water temperature) takes place, the coral will expel these algae, causing
bleaching. Factors that cause bleaching include irregularly high seawater temperatures,
excessive ultraviolet light intensity, lack of lighting, high turbidity and sedimentation, disease,
salt content mismatches, and pollution. Bleaching due to climate change is not the only threat
to coral reefs.

Researchers and managers have been concerned for many years about the increasing
impact of human activities degrading the condition of the world's coral reefs (Brown, 1987;
Bryant, 2001; Hodgson, 1999). Historically, coral reefs have been able to withstand periodic
natural disturbances from natural disturbances, excessive predators, and various diseases. It
is actually the continued disturbance from human activities that is more devastating to coral
reefs today. This emphasizes the importance of reducing all direct negative human impacts
as much as possible, giving reefs the best potential to recover from bleaching (Westmacott et
al., 1948).

2. Impact on Marine Ecosystems

The impact of coral bleaching on coral reef ecosystems is very large, apart from the
death of corals on a large scale also affects the level of diversity of natural resources except
environmental pollution, coral bleaching also has a direct impact especially for coastal
economies in the area. Showed that bleaching resulted in coral mortality of about 5-7.5% in
Tejakula, Bali, and reduced the ecological role of the reef as the main habitat for various
marine organisms. This phenomenon damaged the community structure of corals and
macrozoobenthos. In addition to changes in species composition, it also disrupts the
reproduction and regeneration processes of coral reefs. This indicates that bleaching not only
has a visual effect, but also has damaging ecological impacts (Quevedo & Kohsaka, 2024;
Young et al., 2007).

A decrease in reef fish diversity is a particularly important further consequence. In a
study conducted bleaching caused coral mortality of up to 35%, especially in the genus
Acropora and Pocillopora which are habitats for herbivorous and planktivorous fish. As a result,
fish communities lost habitat and food sources, so their numbers decreased significantly. The
loss of these important species causes an imbalance in the marine food chain. A domino effect
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can occur: apex predators such as snappers and barracudas lose food, and reefs lose their
role as biodiversity centers (Rondon et al., 2023).
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Figure 2. Mind Map Impact on Marine Ecosystems
Source: Author, 2025

The mind map titled “Impact on Marine Ecosystems” presents a structured overview
of the extensive consequences resulting from coral bleaching. At the core of the diagram lies
the main topic, from which several crucial aspects branch out, including Coral Mortality,
Biodiversity Loss, Ecological Damage, Socio-Economic Impacts, and a reminder that these
impacts are Not Caused by Pollution. Each of these main branches includes sub-ideas and
related points that elaborate on the specific ecological and social effects. For example, coral
mortality is directly linked to the widespread death of coral species such as Acropora and
Pocillopora, which serve as habitats for many marine organisms. As these corals die, the fish
and invertebrates that depend on them for shelter and food also decline, disrupting the
delicate balance of the reef ecosystem.

Furthermore, the map illustrates how coral bleaching initiates a domino effect that
reaches beyond biology and into human systems. Biodiversity Loss is shown as a result of
habitat destruction, which causes a decrease in herbivorous and planktivorous fish species,
weakening the base of the food chain. Ecological Damage includes changes in species
composition and the disruption of coral reproduction and regeneration, leading to long-term
reef degradation. As a consequence, Socio-Economic Impacts emerge, particularly affecting
communities that rely on marine resources for livelihoods, such as fishing and tourism. By
including a note that these impacts occur independently of pollution, the map underscores the
complexity of coral bleaching as a climate-related issue. Overall, this mind map effectively
communicates how a single environmental stressor can produce far-reaching and interrelated
impacts on marine ecosystems and human communities.

3. Impact on the Coastal Economy

Coral reefs act as natural barriers that absorb the force of ocean waves. Coral
bleaching directly impacts the economic sector of coastal communities, especially those
dependent on fisheries and marine tourism. Coral reef damage reduces the number of reef
fish, so the catch of fishermen is significantly reduced. As the number of fish present on the
reef decreases, the time and operational costs for fishing increase. The community's
dependence on small pelagic fish makes them highly exposed to this ecological crisis. This
affects inconsistent daily income and increased socio-economic vulnerability (Fei et al., 2021;
Gunawan & Samin, 2024). Coral reef bleaching is a real danger to food security in coastal
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areas. Bleached and dead coral reefs decrease the visual appeal of the underwater, causing
tourists to turn elsewhere. This results in a decline in hotel occupancy rates, tour guide
income, and reduced transactions at local micro, small and medium enterprises. These impacts
show that coral destruction threatens the economic stability of ecologically-focused tourism
areas. When coral reefs die, waves hit the coast with greater force, damaging infrastructure,
homes, and community economic wealth.

Decreased coral quality leads to changes in fish spawning locations, requiring
fishermen to sail farther and for longer periods of time. Rising fuel costs, along with declining
catches, led to a sharp drop in profits. As incomes decline, access to education, health and
food among coastal communities is jeopardized. This illustrates the cascading effects of an
environmental crisis and a welfare crisis. The long-term impacts of coral bleaching on coastal
economies also relate to the loss of monetizable conservation value. Coral bleaching destroys
these conservation values, resulting in coastal areas losing income opportunities over a long
period of time.

As income declines, access to education, health and food in coastal communities is
jeopardized. This indicates a chain link between the environmental crisis and the welfare crisis.
Community-focused approaches are key in addressing the economic impacts of coral reef
bleaching. The use of blue economy and community-based conservation has been shown to
strengthen local economic resilience. Programs such as coral reef planting, educational
ecotourism, and sustainable fisheries contribute to the recovery of marine resources while
creating employment opportunities. However, without support from national climate policies
and global emission restrictions, these approaches are reactive and have the potential to fail
at scale. Thus, collaboration between communities, governments, and the scientific
community is essential to systematically and sustainably address the economic losses caused
by coral bleaching.

Redtiizis side __— Marine Tourism
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/
/
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Threatens food
Loses security &
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Figure 3. Mind Map Impact on Coastal Economy
Source: Author, 2025

Visual representation of the multi-dimensional consequences of coral bleaching on
coastal communities. At the core lies the primary issue coral bleaching’s effect on local
economies which branches out into several critical sectors: fishing, marine tourism, socio
economic stability, infrastructure, and community-driven responses. The fishing sector is one
of the most heavily impacted, with the reduction in reef fish populations leading to increased
fishing costs and altered spawning grounds. This results in decreased profitability for local
fishers, many of whom rely on small-scale pelagic fishing. Meanwhile, the decline in coral
quality reduces the visual appeal of underwater ecosystems, directly affecting marine tourism.
As tourist interest wanes, associated sectors such as hospitality, tour guiding, and micro-
enterprises also suffer economically.
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Furthermore, the mind map highlights the broader socio-economic repercussions of
coral reef degradation. Under socio-economic issues, it is evident that coral bleaching
threatens food security, reduces income stability, and leads to the long-term loss of
monetizable conservation value. These interconnected outcomes create a cascading crisis in
coastal welfare, undermining access to essential services like education, healthcare, and
nutrition. However, the diagram also introduces community approaches as a potential
pathway to resilience. Initiatives such as sustainable fisheries management, ecotourism, and
reef restoration serve both environmental and economic functions, offering employment
opportunities and promoting ecosystem recovery. Nevertheless, without alignment with
national climate policy and global emission reduction efforts, these local strategies risk being
insufficient in scale and impact. Thus, the mind map serves as a compelling academic
summary of how environmental degradation translates into socio-economic vulnerability and
highlights the importance of integrated, multi-stakeholder solutions.

CONCLUSION

Indonesia is an archipelago where most of its territory is ocean, stretching from Sabang
to Merauke. Its geographical position between the Indian and Pacific Oceans results in rich
and diverse marine biodiversity, one of which is coral reefs. Coral reefs are one of the most
vital marine ecosystems and have high ecological value in supporting marine biodiversity.
Coral reef ecosystems have significant economic and ecological values, so that utilization must
be in line with protection to achieve balance and sustainability of coral reef ecosystems in
Indonesia. In addition to protecting the coast from the risk of erosion and strong currents and
waves, coral reefs also have other ecological values as habitat providers, food sources,
breeding, growing, and spawning sites for various marine organisms. The economic value of
coral reefs includes providing fisheries resources, including food fish and ornamental fish,
building materials, jewelry, medicinal raw materials, and places for recreation and tourism.
However, coral reefs can feel great pressure from human activities, especially as a
consequence of global climate change.

One example is the phenomenon of coral reef bleaching, which is the most striking
sign of the heat stress experienced by marine ecosystems. The El Nifio-induced rise in sea
surface temperatures and prolonged global warming are major factors making these
ecosystems vulnerable. This signals a profound environmental crisis that requires scientific
intervention and international cooperation. Reef bleaching can have several serious effects on
marine ecosystems and the economy. The impact of coral reef bleaching on the ecosystem is
that it can cause disruptions in the carbon cycle and decrease the effectiveness of
photosynthesis in coastal areas. This decline can worsen the condition of the seafloor, which
becomes exposed and dominated by opportunistic algae. This situation reduces the
sustainable potential of fisheries and other ecosystem services such as coastal protection from
high waves. Damage to coral reefs results in reduced reef fish populations, resulting in
significantly reduced catches for fishers. With fewer fish on the reefs, the time and operational
costs for fishing also increase. The community's dependence on small pelagic fish makes them
particularly vulnerable to this ecological crisis. This has resulted in unstable daily incomes and
increased socio-economic vulnerability. The long-term impacts of coral reef bleaching on
coastal economies are also related to the loss of monetizable conservation value. Coral reef
bleaching undermines that conservation value, causing coastal areas to lose potential revenue
over long periods of time.

Some of the causes of damage to coral reef ecosystems in Indonesia in general can
include fishing practices with environmentally unfriendly or destructive tools such as blasting
and the use of poisons, unsustainable marine tourism activities, pollution due to economic
activities or development on land and in the ocean, agricultural practices and settlements in

Angelina Dwi Susanti, et al. | 33


https://ojs.umrah.ac.id/index.php/jmps

This work is licensed under a Journal of Maritime Policy Science
Creative Commons Attribution e-ISSN: 3063-4245 p-ISSN: 3063-5705
ShareAlike 4.0 International License VOL 2 NO 1 APRIL 2025

CC BY-SA 4.0 ==L 2tiiu i hitps://ojs.umrah.ac.id/index.php/imps

Paolicy Science

the mountains that ignore environmental protection principles that cause sedimentation and
turbidity, and natural factors such as global warming that causes ‘coral bleaching’. In addition
to reducing the number and quality of coral reefs, damage to coral ecosystems also reduces
the population of other organisms in the vicinity. the decline of fishermen who are beneficiaries
who utilize resources around coral reefs such as fish and other benthic organisms is also
affected to meet their daily needs. Resources that have been created need to be preserved
and maintained to avoid severe damage.
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