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Abstract

Mangrove ecosystems function as critical coastal buffer systems that provide ecological, physical, and socio-economic
benefits. However, increasing anthropogenic pressures have accelerated mangrove degradation, particularly in vulnerable
coastal regions such as Muara Gembong, Bekasi. This study aims to analyze the ecological functions of mangroves,
identify the drivers and dynamics of degradation, and assess their implications for coastal vulnerability using a qualitative
Systematic Literature Review (SLR) based on the PRISMA framework. A total of 1,860 records were initially identified,
with 160 studies selected for final synthesis after a rigorous screening process. The results indicate that mangroves play
a crucial role in supporting biodiversity, regulating nutrient cycles, storing blue carbon, and attenuating wave energy while
stabilizing shorelines. However, these functions have significantly declined due to land-use conversion, particularly for
aquaculture, along with socio-economic pressures and environmental dynamics. This degradation has increased coastal
vulnerability, manifested in erosion, tidal flooding, and reduced community resilience. This study demonstrates that mangrove
degradation is a multidimensional socio-ecological process and proposes an integrated analytical framework linking ecological
functions, degradation dynamics, and coastal vulnerability. This framework provides a conceptual foundation for strengthening
sustainable coastal management strategies in tropical regions.

Keywords

coastal buffer system; coastal vulnerability; mangrove degradation; mangrove ecosystem; Muara Gembong

1. INTRODUCTION

Mangrove ecosystems are among the most productive and
ecologically significant coastal systems. Alongi (2008) em-
phasized that mangroves exhibit high primary productivity
and resilience, enabling them to support environmental
stability and human livelihoods. These ecosystems func-
tion as natural coastal buffers by reducing wave energy,
preventing shoreline erosion, and protecting inland areas
from extreme coastal hazards. In addition, mangroves play
a crucial role in supporting biodiversity as nursery and
feeding grounds for various marine organisms, while also
contributing significantly to global carbon sequestration
through blue carbon storage (Barbier et al., 2011; Donato
etal., 2011).

Globally, mangroves have been recognized as essential
nature-based solutions for climate change mitigation and
coastal resilience. According to Friess et al. (2019), despite
their ecological importance, mangrove ecosystems continue
to experience significant degradation due to anthropogenic
pressures, particularly land-use change and coastal devel-

opment. In Southeast Asia, including Indonesia, mangrove
deforestation rates remain among the highest in the world,
largely driven by aquaculture expansion, urbanization, and
resource exploitation, as reported by Giri et al. (2011).

In Indonesia, mangrove degradation has become a crit-
ical environmental issue, especially in densely populated
coastal regions such as Java. One of the most affected areas
is Muara Gembong, located in Bekasi Regency, West Java.
This region is characterized by extensive mangrove ecosys-
tems along the northern coast, which historically played a
vital role in maintaining coastal stability. However, over the
past decades, the area has experienced substantial land-use
changes, particularly the conversion of mangrove forests
into aquaculture ponds. Rahmawati et al. (2018) reported
that such land conversion has significantly reduced man-
grove coverage, while spatial analysis using remote sensing
also indicates a continuous decline in mangrove extent in
Muara Gembong (Pratama et al., 2022).

The consequences of these changes are reflected in the
increasing intensity of shoreline dynamics and environmen-
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tal degradation. Coastal erosion, seawater intrusion, and
land loss have been widely documented in Muara Gem-
bong, causing both ecological damage and economic losses
for local communities. Alimuddin and Aryanti (2020) high-
lighted significant shoreline changes in this region, while
Nugraha et al. (2019) demonstrated that land-use changes
have directly influenced shoreline shifts and coastal in-
stability. Furthermore, mangrove ecosystems in this re-
gion have undergone dynamic spatial transformations in-
fluenced by both natural processes and human activities,
reflecting complex interactions between environmental and
socio-economic drivers (Meizwar and Tarya, 2024).

In addition to their ecological importance, mangrove
ecosystems provide substantial socio-economic benefits
through ecosystem services that directly support coastal
communities. These include provisioning services such as
fisheries resources, regulating services such as coastal pro-
tection and climate regulation, as well as supporting ecolog-
ical processes that sustain productivity. Barbier et al. (2011)
emphasized the high economic value of coastal ecosystem
services, indicating that mangroves contribute significantly
to both environmental sustainability and local livelihoods.

In the context of Muara Gembong, the degradation of
mangrove ecosystems has been closely associated with de-
clining environmental quality and reduced economic pro-
ductivity. The loss of mangrove cover has contributed to
increased coastal abrasion and environmental vulnerability,
which in turn affect aquaculture systems and settlement
stability (Suryadi et al., 2021). In many cases, these en-
vironmental changes are directly linked to the decline of
ecosystem services that previously supported coastal com-
munities.

Moreover, mangrove degradation in Muara Gembong
cannot be separated from broader socio-ecological dynam-
ics. Coastal communities that depend heavily on aquacul-
ture and natural resources are increasingly vulnerable to
environmental changes and declining ecosystem services.
Rahman and Samadi (2024) noted that this condition has
led to reduced productivity of aquaculture systems and
increased vulnerability of coastal settlements, thereby high-
lighting the urgency of understanding mangrove systems
through an integrated perspective.

However, existing studies remain fragmented, often
isolating ecological, physical, and socio-economic dimen-
sions, resulting in a limited understanding of mangrove
systems as integrated coastal resilience frameworks. De-
spite the growing body of research, most studies still focus
on specific aspects such as spatial change, biodiversity, or
socio-economic impacts, without adequately linking these
dimensions into a unified analytical perspective. This frag-
mentation limits the ability to fully capture the complex-
ity of mangrove systems, particularly in highly dynamic
coastal regions such as Muara Gembong.

Therefore, this study aims to analyze the ecological func-
tions of mangroves as coastal buffer systems and to identify
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the dynamics and drivers of degradation in Muara Gem-
bong, Bekasi. The novelty of this study lies in its integrative
system-based approach, which links ecological functions,
degradation dynamics, and coastal vulnerability within a
unified analytical framework. This approach provides a
more comprehensive understanding of mangrove systems
and offers a conceptual foundation for strengthening sus-
tainable coastal management strategies.

2. EXPERIMENTAL SECTION

2.1 Study Design

This study employed a qualitative approach using a Sys-
tematic Literature Review (SLR) to synthesize and critically
analyze existing knowledge on the ecological functions of
mangroves and the dynamics of their degradation, partic-
ularly in Muara Gembong, Bekasi. The SLR method was
selected because it enables a systematic, transparent, and re-
producible evaluation of scientific literature across multiple
sources. To enhance methodological rigor, the review pro-
cess followed a structured protocol to ensure transparency
and reproducibility. As emphasized by Snyder (2019), lit-
erature review methodologies play a crucial role in struc-
turing and advancing knowledge within a research field.
In addition, systematic reviews are widely recognized as
an effective approach for integrating findings from diverse
studies (Xiao and Watson, 2019).

Muara Gembong is located in the northern coastal re-
gion of Bekasi Regency, West Java, and is characterized by
lowland coastal morphology, estuarine systems, and exten-
sive mangrove ecosystems. The area is part of the Citarum
River delta and directly borders the Java Sea, making it
highly dynamic and vulnerable to coastal processes such as
abrasion, sedimentation, and tidal flooding. These charac-
teristics make Muara Gembong a representative study area
for analyzing the ecological functions of mangroves and
their role as coastal buffer systems under environmental
pressure.

The geographical location of the study area is presented
in Figure 1, which illustrates the administrative bound-
aries and coastal characteristics of Muara Gembong. The
map was developed by the authors to provide a clear vi-
sualization of the study area, based on general geographic
references and supported by previous spatial analyses of
mangrove ecosystems in the region, such as Suryadi et al.
(2021), which offer detailed information on land use and
coastal conditions.

Through this approach, the study aims to provide a
comprehensive understanding of the relationships between
mangrove ecological functions, degradation processes, and
coastal vulnerability within a specific local context.

2.2 Literature Search Strategy

The literature search was conducted systematically using
several scientific databases, including Google Scholar,
Scopus-indexed journals, and national journals indexed
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Figure 1. Study area map of Muara Gembong, Bekasi
Regency (developed by the authors based on general
geographic references and previous studies such as
Suryadi et al. (2021)).

in SINTA. The search strategy involved combinations of
keywords such as “mangrove ecosystem”, “coastal buffer sys-
tem”, “mangrove degradation”, “Muara Gembong”, *Bekasi
coastal”, and “land-use change mangrove”.

Boolean operators (AND, OR) were applied to refine
the search results and improve the relevance of retrieved
publications. To ensure the currency of the data, the search
was limited to studies published within the last 10-15 years
(2010-2025). According to Xiao and Watson (2019), a well-
defined search strategy is essential to minimize bias and
ensure comprehensive coverage of relevant literature.

2.3 Inclusion and Exclusion Criteria

To ensure the quality and relevance of the selected literature,
predefined inclusion and exclusion criteria were applied
throughout the selection process. The inclusion criteria con-
sisted of peer-reviewed journal articles, conference proceed-
ings, and official reports that are directly related to man-
grove ecosystems, coastal protection, and environmental
degradation, particularly within Indonesia or comparable
tropical coastal regions.

On the other hand, non-scientific publications such as
opinion articles, blogs, and non-peer-reviewed sources were
excluded. Studies lacking methodological clarity, irrelevant
topics, and duplicate records were also removed from the
dataset. This filtering process is essential to ensure that only
reliable and scientifically valid sources are included in the
review (Snyder, 2019).
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2.4 Literature Selection Process
The selection of literature followed a structured procedure
adapted from the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) framework. Mo-
her et al. (2009) stated that PRISMA enhances transparency
and reproducibility in systematic reviews by providing a
standardized process for study selection.

The process began with the identification stage, where
a broad set of publications was collected from the selected
databases. This was followed by the screening stage, in
which titles and abstracts were reviewed to eliminate irrel-
evant studies. Subsequently, during the eligibility stage,
full-text articles were assessed based on the predefined in-
clusion criteria. Finally, the inclusion stage resulted in the
selection of studies that met all criteria for further analysis.

The overall selection process is illustrated using a
PRISMA flow diagram (Figure 2), which presents the num-
ber of records at each stage, including identified, screened,
excluded, and included studies.

Records identified through database searching

Google Scholar (n = 1,162)
Scopus (n = 422)
SINTA-indexed journals (n = 276)

Total (n = 1,860)

Records removed before screening

Duplicate records removed
» (n = 442)

v

Records after duplicates removed
(n=1418)

Records excluded after title
and abstract screening

= Irrelevant to topic
(n=1,012)

v

Full-text articles assessed
for eligibility
(n = 406)

Full-text articles excluded
with reasons (n = 246)

= Not focused on mangrove
ecosystems / coastal areas (n = 98)

= No data or unclear methodology
(n=74)

= Not in Indonesia or comparable
tropical regions (n = 56)

» Review/opinion articles (n = 18)

k.

Studies included in
qualitative synthesis
(n=160)

(e ) (o) (o) (s )

1 I
: Note: The numbers in each stage indicate the number of records/studies. i

i
| The final dataset consisted of 160 studies that met all inclusion criteria '
| and were included in the systematic review, !
] Il

Figure 2. PRISMA Flow Diagram of the Literature
Selection Process

2.5 Data Extraction

Following the selection process, relevant data from the
included studies were systematically extracted and orga-
nized into several key categories. These categories included
study location, ecological functions of mangroves, drivers
of degradation, environmental and socio-economic impacts,
and management strategies.
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This structured extraction process ensures consistency
in comparing findings across different studies and enhances
the reliability of the synthesis. As noted by Snyder (2019),
systematic data extraction is a critical step in ensuring the
validity of literature review results.

2.6 Data Analysis
The extracted data were analyzed using a thematic analysis
approach, which involves identifying, classifying, and in-
terpreting recurring themes across the literature. Braun and
Clarke (2006) highlighted that thematic analysis is a flexi-
ble yet rigorous method for analyzing qualitative data and
identifying meaningful patterns. In this study, the literature
was categorized into several major themes, including;:

(1) ecological functions of mangroves,

(2) their role as coastal buffer systems,

(3) drivers and patterns of degradation,

(4) impacts on coastal vulnerability, and

(5) management and sustainability strategies.
Through this approach, the study provides an integrative
understanding of the interconnections between mangrove
ecological functions, degradation processes, and coastal
vulnerability, thereby supporting the development of sus-
tainable coastal management strategies.

3. RESULTS AND DISCUSSION

3.1 Ecological Functions of Mangroves

Mangrove ecosystems perform complex and multidimen-
sional ecological functions that are essential for maintaining
coastal environmental stability. Alongi (2008) emphasized
that mangroves are among the most productive ecosystems
in tropical coastal regions, characterized by high primary
productivity and efficient nutrient cycling. These character-
istics enable mangroves to support a wide range of ecologi-
cal processes that sustain both marine and terrestrial life, as
also highlighted in recent global assessments of mangrove
ecosystems (Friess et al., 2019).

One of the most important ecological roles of mangroves
is their function as critical habitats for various coastal and
marine organisms. Mangrove forests provide spawning,
nursery, and feeding grounds for fish, crustaceans, and
mollusks, thereby contributing significantly to coastal bio-
diversity and fisheries productivity. Barbier et al. (2011)
highlighted that the structural complexity of mangrove
root systems enhances habitat heterogeneity, which sup-
ports diverse biological communities. In this context, man-
groves serve as ecological connectors between terrestrial
and marine ecosystems, facilitating energy flow and species
interactions.

In addition to their role as habitats, mangroves are fun-
damental in regulating biogeochemical cycles, particularly
carbon and nutrient cycles. Organic matter derived from
mangrove litter undergoes decomposition processes, pro-
ducing detritus that becomes a primary food source for
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aquatic organisms. This process strengthens trophic link-
ages within coastal ecosystems and enhances overall ecosys-
tem productivity. As noted by Alongi (2008), the efficiency
of nutrient recycling in mangrove systems is a key factor
contributing to their ecological resilience.

Mangroves also play a strategic role in climate change
mitigation through their capacity to store large amounts
of carbon, commonly referred to as blue carbon. Donato
et al. (2011) demonstrated that mangrove ecosystems store
carbon not only in above-ground biomass but also in below-
ground sediments, making them one of the most carbon-
rich ecosystems globally. This carbon storage function con-
tributes significantly to reducing atmospheric greenhouse
gas concentrations and highlights the importance of man-
groves in global climate regulation.

From a physical ecological perspective, mangroves con-
tribute to sediment trapping and shoreline stabilization.
Their dense root structures reduce water velocity, allowing
suspended particles to settle and accumulate. This process
supports land formation and helps maintain coastal geo-
morphology. In many coastal regions, including Muara
Gembong, these functions are crucial in counteracting ero-
sion and maintaining ecological balance, as also reflected in
studies of coastal ecosystem services (Barbier et al., 2011).

In the local context of Muara Gembong, the ecological
functions of mangroves are particularly significant due to
the region’s high environmental pressure. The presence
of mangroves supports fisheries productivity and protects
coastal ecosystems from degradation. However, spatial
analysis indicates that changes in mangrove coverage di-
rectly influence ecosystem stability in the region. Suryadi
et al. (2021) reported that the reduction of mangrove areas
has weakened ecological functions and increased environ-
mental vulnerability, particularly in coastal zones experi-
encing intense land-use pressure.

Overall, the findings of this study indicate that man-
groves are not merely ecological components but repre-
sent integrated functional systems that regulate coastal dy-
namics. Their ecological roles are interconnected within a
broader socio-ecological framework, thereby emphasizing
the importance of mangrove conservation and sustainable
management in maintaining long-term coastal resilience.

3.2 Mangroves as Coastal Buffer Systems
Mangroves play a crucial role as natural coastal buffer sys-
tems by attenuating wave energy and protecting shorelines
from erosion. Alongi (2008) noted that the structural com-
plexity of mangrove vegetation, particularly their dense
root systems, enables them to act as physical barriers that
reduce hydrodynamic forces before they reach inland ar-
eas. This buffering capacity is essential in minimizing the
impacts of coastal hazards such as storm surges and tidal
waves.

The effectiveness of mangroves in reducing wave en-
ergy has been widely documented in coastal engineering
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studies. Mazda et al. (2006) demonstrated that mangrove
forests can significantly decrease wave height and energy,
depending on vegetation density, species composition, and
forest width. In many cases, wave energy can be reduced
by more than 50% as it passes through dense mangrove
stands. This function highlights the importance of main-
taining sufficient mangrove coverage to ensure optimal
coastal protection.

In addition to wave attenuation, mangroves contribute
to shoreline stabilization through sediment trapping pro-
cesses. Their root systems slow down water flow, allowing
suspended sediments to settle and accumulate, thereby pro-
moting land formation and reducing coastal erosion. Bar-
bier et al. (2011) emphasized that this sediment retention
capacity is a key ecosystem service that supports coastal
geomorphological stability and enhances resilience against
environmental changes.

From a broader perspective, mangroves are increasingly
recognized as part of nature-based solutions for coastal pro-
tection and climate adaptation. According to Friess et al.
(2019), mangroves provide cost-effective and sustainable
alternatives to artificial coastal defenses, such as seawalls
and breakwaters. Unlike engineered structures, mangroves
offer multiple co-benefits, including biodiversity conser-
vation, carbon sequestration, and support for local liveli-
hoods.

In the context of Muara Gembong, the role of man-
groves as coastal buffer systems is particularly significant
due to the region’s high exposure to coastal hazards. The
northern coast of Bekasi has experienced severe shoreline
changes and abrasion over the past decades. Alimuddin
and Aryanti (2020) reported substantial coastline retreat in
several areas, indicating increased vulnerability of coastal
zones. The degradation of mangrove ecosystems in this
region has reduced their capacity to function as effective
natural barriers.

Furthermore, the conversion of mangrove areas into
aquaculture ponds has weakened the structural integrity of
coastal ecosystems, thereby increasing susceptibility to ero-
sion and tidal flooding. Nugraha et al. (2019) showed that
land-use changes in Muara Gembong have directly influ-
enced shoreline dynamics, leading to increased instability
of coastal areas. In many cases, the loss of mangrove vegeta-
tion has resulted in the disappearance of natural protection
systems that previously mitigated coastal risks.

Suryadi et al. (2021) also highlighted that the decline
in mangrove coverage in Muara Gembong is closely asso-
ciated with increased environmental vulnerability, partic-
ularly in low-lying coastal areas. Without sufficient man-
grove protection, coastal communities are more exposed
to the impacts of wave action, flooding, and land degra-
dation. These findings reinforce the critical importance of
mangroves as frontline defenses in coastal systems.

Overall, the findings indicate that mangroves function
not only as ecological components but also as dynamic
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coastal protection systems that integrate physical, biologi-
cal, and socio-economic processes. Their ability to reduce
wave energy, stabilize shorelines, and support ecosystem
resilience underscores their strategic role in sustainable
coastal management, particularly in vulnerable regions
such as Muara Gembong.

3.3 Drivers and Dynamics of Mangrove Degradation
Mangrove degradation is a complex and multifactorial
process driven by both anthropogenic and natural factors.
Friess et al. (2019) highlighted that human activities remain
the dominant driver of mangrove loss globally, particu-
larly through land-use change, aquaculture expansion, and
coastal development. In many tropical regions, these pres-
sures have led to rapid declines in mangrove coverage,
altering ecosystem structure and function.

One of the primary drivers of mangrove degradation is
the conversion of mangrove forests into aquaculture ponds.
This practice has been widely documented as a major cause
of mangrove loss in Southeast Asia, including Indonesia.
Giri et al. (2011) reported that large-scale land conversion
has significantly reduced global mangrove extent, partic-
ularly in coastal regions undergoing rapid economic de-
velopment. In the context of Indonesia, similar patterns
have been observed, where mangrove areas are often trans-
formed into shrimp ponds and other aquaculture systems
due to economic incentives.

In Muara Gembong, land-use conversion represents
the most significant driver of mangrove degradation. Rah-
mawati et al. (2018) documented extensive changes in man-
grove land use, with large portions of forested areas con-
verted into aquaculture ponds. This transformation has
been further confirmed by spatial analyses, which indi-
cate a continuous decline in mangrove coverage over time
(Pratama et al., 2022). As a result, the ecological integrity of
the mangrove ecosystem has been severely compromised.

In addition to direct land conversion, socio-economic
factors also play a critical role in driving mangrove degra-
dation. Coastal communities in Muara Gembong are highly
dependent on aquaculture and fisheries for their liveli-
hoods, which often leads to unsustainable resource utiliza-
tion. According to Rahman and Samadi (2024), economic
pressures and limited alternative income sources encourage
the expansion of aquaculture into mangrove areas, thereby
accelerating degradation processes.

Natural factors also contribute to mangrove degrada-
tion, although their effects are often exacerbated by human
activities. Coastal dynamics such as sea-level rise, tidal
fluctuations, and sediment transport influence the stability
and distribution of mangrove ecosystems. However, when
combined with anthropogenic disturbances, these natural
processes can lead to accelerated ecosystem decline. As
noted by Alongi (2008), the resilience of mangrove systems
is highly dependent on their ability to adapt to changing
environmental conditions, which is often constrained under
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degraded conditions.

The dynamics of mangrove degradation in Muara Gem-
bong are characterized by continuous spatial and temporal
changes. Nugraha et al. (2019) demonstrated that land-use
changes have significantly influenced shoreline dynamics,
resulting in increased coastal instability. These changes
are not static but occur over time, reflecting the interac-
tion between environmental processes and human inter-
ventions. In many cases, areas that have experienced severe
degradation show limited natural recovery due to altered
environmental conditions.

Furthermore, the degradation process often creates a
feedback loop that reinforces environmental vulnerability.
The loss of mangrove vegetation reduces the system’s ca-
pacity to protect the coastline, leading to increased erosion
and land loss. This, in turn, further limits the potential for
mangrove regeneration, creating a cycle of degradation that
is difficult to reverse. Such feedback mechanisms highlight
the interconnected nature of ecological and socio-economic
systems in coastal environments.

In the case of Muara Gembong, the combination of an-
thropogenic pressures and environmental dynamics has
resulted in a highly vulnerable coastal system. The de-
cline in mangrove coverage has not only affected ecological
functions but also increased the exposure of coastal commu-
nities to environmental risks. These findings emphasize the
need for integrated management approaches that address
both the drivers and consequences of mangrove degrada-
tion.

Overall, the results indicate that mangrove degradation
is not a single-factor phenomenon but a dynamic process in-
fluenced by complex interactions between human activities
and natural systems. Understanding these drivers and their
interactions is essential for developing effective strategies
to mitigate degradation and promote sustainable coastal
management.

This study confirms that mangrove degradation in
Muara Gembong follows a coupled socio-ecological feed-
back mechanism, where land-use change, environmental
degradation, and socio-economic pressures interact recur-
sively, reinforcing coastal vulnerability over time.

3.4 Impacts on Coastal Vulnerability in Muara Gembong
Mangrove degradation has direct implications for increas-
ing coastal vulnerability, particularly in low-lying coastal
areas such as Muara Gembong. Friess et al. (2019) empha-
sized that the loss of mangrove ecosystems reduces natu-
ral coastal resilience by weakening the capacity of coastal
landscapes to buffer waves, erosion, and flooding. In this
context, mangroves function not only as ecological habi-
tats but also as natural infrastructure that protects coastal
settlements and economic activities.

In Muara Gembong, the decline of mangrove coverage
has been closely associated with shoreline instability and
coastal abrasion. Alimuddin and Aryanti (2020) reported
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that shoreline changes in Muara Gembong indicate a high
level of coastal dynamics and environmental vulnerability.
This condition is further reinforced by Nugraha et al. (2019),
who demonstrated that land-use changes, particularly man-
grove conversion, have influenced shoreline dynamics and
increased coastal instability in the area.

The impacts of mangrove degradation are not limited to
physical coastal processes but also extend to socio-economic
dimensions. The loss of mangrove protection increases the
exposure of aquaculture ponds, settlements, and commu-
nity infrastructure to tidal flooding, erosion, and seawater
intrusion. Barbier et al. (2011) highlighted that the decline
of coastal ecosystem services can reduce the capacity of
coastal communities to maintain livelihood security and
environmental stability.

In the local context, coastal communities in Muara Gem-
bong are highly dependent on fisheries and aquaculture
activities, making them vulnerable to environmental degra-
dation. Rahman and Samadi (2024) noted that degrada-
tion of mangrove areas has affected the potential develop-
ment of mangrove-based ecotourism and local economic
resilience. Therefore, coastal vulnerability in Muara Gem-
bong should be understood as a combined result of eco-
logical degradation, land-use pressure, and socio-economic
dependence. The field condition of Muara Gembong, as
shown in Figure 3, illustrates the relationship between man-
grove degradation and coastal vulnerability. The visual
evidence supports the literature synthesis by showing how
degraded coastal landscapes may reduce natural protection
functions and increase exposure to environmental hazards.

Figure 3. Field condition of Muara Gembong coastal area
showing mangrove degradation and coastal vulnerability
(documented by the authors, 2026).

Overall, the findings indicate that mangrove degrada-
tion in Muara Gembong contributes to a multidimensional
form of coastal vulnerability. The reduction of mangrove
cover weakens ecological functions, increases physical ex-
posure to coastal hazards, and affects the socio-economic re-
silience of coastal communities. These conditions highlight
the need for integrated coastal management that combines
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mangrove rehabilitation, land-use control, and community-
based adaptation strategies.

3.5 Integrated Perspective and Implications for Sustain-
able Coastal Management

These findings collectively highlight the importance of a
systems-based perspective in understanding mangrove de-
gradation and coastal vulnerability. The synthesis of find-
ings from this study demonstrates that mangrove ecosys-
tems in Muara Gembong function as interconnected socio-
ecological systems, where ecological processes, physical
coastal dynamics, and human activities interact in com-
plex ways. Friess et al. (2019) emphasized that mangroves
should not be viewed merely as isolated ecological compo-
nents, but as integral elements of coastal resilience systems
that provide multiple ecosystem services simultaneously.

From an ecological perspective, the results confirm that
mangroves play a fundamental role in maintaining biodi-
versity, regulating nutrient cycles, and supporting coastal
productivity. These ecological functions are closely linked
to their physical role as coastal buffer systems, which re-
duce wave energy, stabilize shorelines, and mitigate envi-
ronmental risks. As highlighted by Barbier et al. (2011), the
value of mangroves lies in their multifunctionality, where
ecological and physical processes jointly contribute to coastal
protection and sustainability.

However, the findings also reveal that the degradation
of mangrove ecosystems in Muara Gembong is driven by a
combination of anthropogenic pressures and environmental
dynamics. Land-use conversion, particularly for aquacul-
ture, remains the dominant driver of degradation, as also
observed in other tropical coastal regions (Giri et al., 2011).
In the local context, studies by Rahmawati et al. (2018)
and Pratama et al. (2022) indicate that continuous changes
in mangrove coverage have significantly altered coastal
ecosystem functions, leading to increased vulnerability.

The impacts of these changes are evident in the increas-
ing exposure of coastal areas to environmental hazards,
including erosion, tidal flooding, and land loss. In Muara
Gembong, this vulnerability is further exacerbated by socio-
economic dependence on coastal resources. Rahman and
Samadi (2024) noted that limited livelihood alternatives and
economic pressures contribute to unsustainable resource
use, thereby reinforcing the cycle of degradation and vul-
nerability.

These findings highlight the need for an integrated
coastal management approach that simultaneously address-
es ecological, physical, and socio-economic dimensions. Ac-
cording to Alongi (2008), the resilience of mangrove ecosys-
tems depends not only on natural processes but also on
effective management strategies that incorporate human in-
teractions with the environment. In this regard, ecosystem-
based management and community-based approaches are
essential for restoring and sustaining mangrove functions.

The novelty of this study lies in its integrative analytical
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framework, which links ecological functions, degradation
dynamics, and coastal vulnerability within a unified per-
spective. Unlike previous studies that tend to focus on a
single aspect, this study synthesizes multiple dimensions
to provide a more comprehensive understanding of man-
grove systems in Muara Gembong. This integrated perspec-
tive allows for a deeper interpretation of how ecological
degradation translates into socio-economic vulnerability
and environmental risk.

Furthermore, this study contributes to the growing body
of knowledge on mangrove ecosystems by emphasizing
the importance of local context in understanding global
environmental issues. While global studies provide general
insights into mangrove functions and degradation, the case
of Muara Gembong illustrates how these processes manifest
at the local scale, influenced by specific socio-economic and
environmental conditions.

Overall, the results underscore that sustainable coastal
management in Muara Gembong requires a holistic ap-
proach that integrates mangrove conservation, land-use
regulation, and community participation. By addressing
both the drivers and impacts of degradation, such an ap-
proach can enhance coastal resilience and support long-
term environmental sustainability.

3.6 CONCLUSION

Mangrove ecosystems in Muara Gembong play a critical
role as ecological and physical coastal buffer systems that
support biodiversity, regulate environmental processes, and
protect coastal areas from erosion and flooding. However,
this study reveals that their functions have been signifi-
cantly weakened due to continuous degradation driven
primarily by land-use conversion and socio-economic pres-
sures.

The findings demonstrate that mangrove degradation
in Muara Gembong is a dynamic process shaped by the
interaction between anthropogenic activities and natural
coastal processes, resulting in increased coastal vulnerabil-
ity. The loss of mangrove cover not only disrupts ecological
functions but also reduces the capacity of coastal systems
to mitigate environmental risks, thereby affecting the re-
silience of local communities.

This study contributes an integrated perspective by link-
ing ecological functions, degradation dynamics, and coastal
vulnerability within a unified framework. Such an ap-
proach provides a more comprehensive understanding of
mangrove systems compared to conventional single-aspect
analyses.

Therefore, sustainable coastal management in Muara
Gembong requires an integrated strategy that combines
mangrove conservation, land-use regulation, and commun-
ity-based approaches. Strengthening these aspects is essen-
tial to restore ecosystem functions, reduce coastal vulnera-
bility, and ensure long-term environmental sustainability.
This study provides a conceptual foundation for transform-
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ing mangrove management from sectoral approaches to-
ward integrated socio-ecological resilience strategies.
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