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Abstract. Coral reef ecosystems and reef-fish communities underpin essential ecosystem services in
tropical seas, particularly for small-island ecotourism. Lihaga Island in North Sulawesi, Indonesia, is
experiencing increasing ecological pressure as marine ecotourism expands, highlighting the need for
integrated ecological assessments to support sustainable management. This study evaluates coral reef
condition, reef-fish assemblages, and the presence of hawksbill turtles to assess their implications for
sustainable ecotourism management. Field surveys were conducted from August to September 2023 at two
marine stations surrounding the approximately 8-hectare island, quantifying live and dead coral cover,
coral life-form composition, and reef-fish species richness and abundance using underwater visual census
and benthic surveys, supported by multivariate analyses and spatial visualization. The coral reefs exhibited
moderate overall condition, with mean live coral cover of 38.58 percent and dead coral cover of 40.32
percent. A total of 1,152 reef fishes representing 15 families and 72 species were recorded, dominated by
Pomacentridae, Labridae, and Chaetodontidae. The presence of the Critically Endangered hawksbill turtle
(Eretmochelys imbricata) indicated the persistence of functional nesting habitat. Sites with higher live
coral cover supported greater reef-fish diversity, demonstrating strong ecological coupling between habitat
complexity and community structure. The findings indicate that habitat degradation, shifts in trophic
composition, and spatial overlap between tourism activities and turtle nesting zones pose risks to long-
term ecosystem stability. Adaptive spatial zoning, visitor regulation, and ecologically informed
governance are therefore essential to support sustainable small-island ecotourism at Lihaga Island.

disturbance and anthropogenic pressures (Wilson et al.,
2006 [2]. The community composition and structure of
reef fish reflect coral habitat quality and disturbance

1 Introduction

Indonesia’s coastal zones and small islands harbor

exceptional marine biodiversity, notably coral reef
ecosystems that serve as primary habitats for a wide
array of reef fish. Lihaga Island in Likupang, North
Minahasa, North Sulawesi Province, possesses
substantial potential for marine ecotourism and forms
part of the Likupang Kawasan Strategis Pariwisata
Nasional (KSPN), a super-priority destination promoted
by the central government Ministry of Tourism and
Creative Economy. Positioned within the Coral
Triangle, the global epicenter of marine biodiversity,
and in a country that holds one of the world’s largest
coral reef areas but faces increasing degradation, Lihaga
represents an ecologically strategic site whose
conditions require urgent scientific assessment (Bawole,
2024 [1)).

Reef fishes are key indicators of coral reef
conditions because of their sensitivity to environmental
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intensity, including overfishing, shifts in coral cover,
and intensive tourism. Accordingly, assessing reef fish
diversity and abundance is essential for understanding
ecosystem dynamics and for providing a scientific basis
for sustainable management.

Despite its strong tourism appeal, Lihaga Island
remains data-poor with respect to coastal biological
resources, particularly in reef fish communities. Rising
visitor numbers, coupled with suboptimal area
governance, pose significant ecological pressures on
coral ecosystems and the species that depend on them.
Baseline studies on reef fish diversity and abundance
can offer an initial appraisal of Lihaga’s ecological
condition and inform evidence-based policy for area
management (Bawole, 2024 [1]).

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (https://creativecommons.org/licenses/by/4.0/).
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The central challenge is the scarcity of
comprehensive ecological baseline data on reef fish
communities on Lihaga Island (Coloay et al., 2022 [3),
which are crucial for spatial zoning, marine tourism
management, and conservation efforts. Without a clear
understanding of community structures and species-
specific vulnerabilities, ecotourism development risks
precipitating habitat degradation that runs counter to
sustainability principles (Bawole, 2024 [4]).

This research was further motivated by the high
dependence of local communities on marine ecosystem
services and the potential for conflict between tourism
development and natural resource conservation.
Conversely, scientifically informed and sustainably
managed ecotourism can enhance community well-
being while safeguarding ecosystems. Therefore, this
study aimed to analyze the integration of coral reef
ecosystems and reef fish communities and to evaluate
the implications for sustainable marine ecotourism
management on Lihaga Island.

The novelty of this study lies in providing up-to-date
empirical data on coral and reef fish conditions at a site
designated as a national super-priority tourism area yet
underexamined ecologically. In contrast to earlier work
that focused largely on formal conservation areas or
long-established tourism destinations, this study centers
on a rapidly intensifying, relatively new tourism setting.
Methodologically, it integrates ecological statistical
analysis with spatial visualization to resolve fine-scale
patterns of reef fish distribution and community
structure, an approach rarely applied in local-scale
studies such as that of Lihaga Island. These findings are
expected to contribute meaningfully to the scientific
literature and serve as a practical reference for
policymakers and coastal tourism managers.

2 Study area, methods, and data

analysis

2.1 Study area

This study was conducted in the coastal waters of
Lihaga Island, East Likupang District (Kecamatan
Likupang Timur), North Minahasa Regency (Kabupaten
Minahasa Utara), and North Sulawesi Province,
Indonesia (Figure 1). Lihaga Island is a small,
uninhabited island with a total land area of
approximately 8 ha and forms one of the flagship
marine tourism destinations within the Likupang super-
priority development area. The island is characterized
by white-sand beaches, clear shallow waters, and
benthic substrates dominated by hard and soft corals,
reflecting generally favorable biophysical conditions for
snorkeling and diving activities.

Field surveys were conducted from August to
September 2023 at two marine observation stations
located around the island. These stations represent coral
reef ecosystems exposed to increasing tourism pressure.
while maintaining relatively high coral cover and reef -
fish diversity. Therefore, the site is ecologically and

practically  significant for  generating baseline
information on biophysical conditions and for informing
the evidence-based management of tropical marine
ecosystems.
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Fig. 1. Study area map.

2.2 Research Design and Data Sources

This study adopted a descriptive-quantitative design
using an ecosystem study approach, focusing on two
principal components: coral reef cover and reef-fish
communities (Bawole et al., 2024[4]; Coloay et al,,
2022 [3]). The fieldwork consisted of direct, in situ
surveys, with primary data collected using standard
marine ecology protocols validated across prior studies.
This study was designed to integrate biophysical data
from coral reef ecosystems and reef-fish communities as
the basis for formulating a sustainable marine
ecotourism management strategy for Lihaga Island,
North  Sulawesi. The design synthesizes three
complementary scientific sources that jointly strengthen
the ecological approach to spatial analysis and carrying-
capacity-based management.

The first source is Bawole et al. (2024 [4]), which
highlights the spatial variation in reef-fish communities
by coral substrate type, including branching, massive,
foliose, encrusting, and submassive forms. Data were
collected using the Underwater Visual Census (UVC)
method, with fish transects aligned directly to coral
substrate transects. This configuration enableds rigorous
testing of the spatial relationships between fish habitat
preferences and substrate characteristics. These findings
indicate that reef-fish distributions are not random but
depend significantly on specific coral structures. These
results provide a methodological foundation for overlay
mapping between coral habitat zones and reef-fish
community distributions and are highly useful for
planning conservation zoning and ecologically informed
limited-use tourism areas.

The second source, Coloay et al. (2022 [3]),
provides quantitative data on the abundance and
diversity of reef fish at several observation points on
Lihaga Island. This article reports species counts,
Shannon—Wiener diversity values (H'), and community
structure by orders and dominant families such as
Pomacentridae, Labridae, and Chaetodontidae. It also
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identifies indicator species that reflect ecological
conditions and presents dominance patterns used to
assess community stability. These data are pertinent for
testing ecosystem health and community fluctuations
under natural and anthropogenic pressures and will be
instrumental in determining the carrying capacity of
marine tourism areas.

The third source is Bawole’s thesis (2024 [1]),
which, although centered on social-ecological systems,
provides measurable biophysical data of direct
relevance to ecological analysis. It includes information
on live coral cover by lifeform categories using the
Line-Intercept Transect (LIT) and Underwater Photo
Transect (UPT) methods, as well as seabed substrate
composition such as dead coral, sand, and rubble. These
data were used to assess ecosystem integrity within each
habitat zone without incorporating social variables or
enabling the development of ecological zoning based on
coral cover and dominant substrate conditions. Using
this approach, habitat zones can be grouped into
conservation, sustainable use, and restoration zones on a
scientific basis that reflects their actual ecological
capacity.

2.3 Data Analysis: Integrating Coral Reef and
Fish Communities

Data from these three sources were analyzed to examine
the linkages between coral reef structure and reef-fish
communities on Lihaga Island. Substrate information
(life form categories, percent cover, and seabed
condition) was coupled with the fish community
structure (abundance, diversity, dominance, and habitat
preference) to identify spatial patterns of ecological
significance. The analysis aimed to detect ecological
hotspots, defined as areas with high coral complexity
and significant reef-fish diversity, which are critical
protection zones and limited-use areas.

2.4 Implications for Marine Ecotourism

Management

Integrated analysis of coral substrate condition and reef-
fish community structure has direct implications for
managing marine tourism zones. Identifying areas with
high diversity, optimal coral cover, and dominance of
indicator species can support the designation of non-
extractive core conservation zones that are accessible
only for non-destructive activities such as limited
snorkeling, scientific monitoring, or environmental
education.

Zones that remain recoverable or exhibit moderate
pressure can be designated as restoration areas with
strict management and limited use. Conversely, areas
dominated by sand or rubble and characterized by low
fish diversity can be allocated to higher-intensity
tourism or supporting facilities, without compromising
the core ecological functions of the area.

3 Results

3.1 Coral Reef Structure and Characteristics

The coral reef ecosystem in the waters of Lihaga Island
exhibits conditions that vary among the survey stations.
On average, live coral cover reached 38.58%, dead coral
cover accounted for 40.32%, and the remaining 21.11%
comprised other biota such as sand, sponges, and
additional substrates. According to the criteria
established by the Indonesian Ministry of Environment
Decree No. 04/2001 and the classification of Gomez
and Yap (E. D. Gomezet al, 1988 [6]), this status falls
within the moderate category, that is, live coral cover
between 25% and 50% (Figure 2).

At Station 1, reef conditions can be considered fairly
good, with live coral cover of 60.07% dominated by
branching coral (CB), indicating a complex habitat that
provides an important three-dimensional structure for
the shelter and residency of diverse marine organisms
(Alvarez-Filip et al., 2011 [5]). Branching growth forms
are known to play a crucial role by offering protection
and refuge for small fishes and enhancing the diversity
of associated organisms (Darling et al., 2012 [6]).

Fig 2. Habitat grouping based on coral life-form composition

Conversely, at Station 2 there was a marked decline,
with live coral cover only 17.08% and dead coral
dominating up to 46.48%. The dominant life form at
this station is massive coral (CM), typically more
tolerant of environmental stressors such as
sedimentation and elevated temperatures (Loya et al.,
2001 [7]), though characterized by slow growth. The
high proportion of dead coral and other substrates
indicates habitat degradation, potentially driven by
anthropogenic  pressures such as uncontrolled
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snorkeling, coral bleaching, physical damage from
anchoring or strong currents.

The cluster analysis results indicated four habitat
groups based on coral life-form composition (Figure 2).
Group 1 is characterized by Acropora branching (ACB),
coral mushroom (CMR), and coral massive (CM),
representing relatively stable and diverse habitat
conditions. Group 2 is dominated by rubble (RB), that
is, fragmented dead corals usually produced by physical
or mechanical disturbances. This aligns with Brown and
Dunne (B. E. Brownet al.,1988 [10]), who noted that
rubble-dominated areas signal high ecological stress,
such as tropical storms, mass tourism activities, and
fishing gear impacts.

Group 3 showed the influence of sand (S) and dead
coral with algae (DCA), indicating a transitional phase
toward more open, algal-dominated benthos. Such
composition tends to reduce the carrying capacity of
coral habitats for associated species (Hughes et al., 2010
[8]). Group 4 comprises CB and RB, reflecting habitats
under pressure yet still maintaining structurally
important branching forms. The dominance of rubble
(RB) in several groups is a strong indicator of physical
damage that is likely associated with anthropogenic
pressures. Marine tourism activities such as snorkeling,
unsupervised diving, and the use of anchors in reef areas
frequently cause coral fragmentation, and coral
bleaching driven by ocean warming under global
climate change can exacerbate these conditions, as
reported by Hughes et al. (2017 [9]) in their global
assessment of mass bleaching.

From a management perspective, the predominance
of branching corals at Station 1 suggests a strong
potential for designating a conservation zone centered
on structurally complex habitats that can support high
reef-fish diversity. In contrast, the conditions at Station
2 indicate the need for rehabilitation and tighter controls
of tourism activities. This is important given the
evidence that declines in coral habitat quality directly
affect the diversity and abundance of reef-fish species.

Overall, the analysis of coral reef structure and
characteristics on Lihaga Island underscores the
importance of implementing ecotourism zoning,
conducting periodic monitoring based on ecological
indicators (life forms, rubble, and algal cover), and
educating visitors to avoid direct contact with coral
substrates. These strategies can bolster long-term
ecosystem resilience while supporting sustainable
ecotourism potential.

3.2 Reef-Fish Community

Surveys at two stations around Lihaga Island recorded a
total of 1,869 reef-fish individuals comprising 79
species, 50 genera, and 19 families (C. G. Coloay, et al.,
2022 [3]). Pomacentridae (damselfishes) dominated in
numerical abundance across stations, particularly
Chromismargaritifer. Overall, the reef-fish abundance
was high, averaging 1.780 individuals m? Functional
groupings followed standard practices, namely non-
target ornamental fish (major), target fish for

consumption, and indicator taxa of ecosystem
conditions. Major fishes dominated numerically, where
indicator taxa such as Chaetodon suggested that coral
reef condition remained reasonably good. The shannon
diversity index (H') exceeded 3.0, indicating a diverse
and stable assemblage. The evenness (E) was relatively
low (< 0.75), reflecting uneven species distribution. The
dominance (C) was low, indicating the absence of
extreme single-species dominance and a broadly
balanced community. This community structure not only
reflects biodiversity status but also serves as a key
ecological indicator for assessing coral reef health.

3.2.1 Taxonomic composition

The reef-fish community on Lihaga Island exhibits a
relatively balanced trophic configuration that still
reflects a functional food-web system. The distribution
of trophic groups is an important indicator of coral reef
ecosystem stability and its potential resilience to
ecological disturbances. Herbivores dominate the
assemblage at approximately 29.63 percent, comprised
primarily of Acanthuridae (surgeonfishes) and Scaridae
(parrotfishes). This group plays a vital ecological role in
maintaining hard-coral dominance by grazing epilithic
algae that compete with coral larvae during recruitment.
As noted by (Hughes et al., 2010 [8]), herbivore
dominance is a key indicator for preventing phase shifts
from healthy coral reefs to algal-dominated states.
Globally, robust herbivore communities have been
positively associated with post-disturbance reef
recovery.

Omnivores accounted for pproximately 27.78
percent of the community. Species in this category
display high dietary flexibility, which reflect diverse
food resources and habitat conditions that support cross-
trophic interactions. A substantial omnivore component
is often linked to structurally complex ecosystems that
are capable of sustaining dynamic food webs (Mouillot
et al, 2014 [10]). Small carnivores constitute
approximately 19.44 percent and play an important role
in regulating the populations of small invertebrates and
juvenile fishes. Their presence indicates intermediate
levels of predation, which help stabilize community
dynamics. This group includes species from Lutjanidae
and Serranidae. which act as mesopredators,
maintaining community balance by controling lower
trophic populations (Wilson et al., 2006 [2]).

Planktivores comprise approximately 13.89 percent,
primarily from Pomacentridaec and Caesionidae, which
feed on plankton in the water column. This group
signals vertical connectivity between the benthic and
pelagic realms and indicates adequate primary
productivity. Planktivores are frequently associate with
branching corals. which provide protection and optimal
foraging opportunities (Mouillot et al., 2014 [10]). Top
predators, functioning as apex carnivores, represented
only 9.26 percent of the community, with principal
representation from Serranidae such as Epinephelus spp.
The low biomass of apex predators warrants serious
attention because this group governs thecommunity
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structure through trophic cascade effects. Declines in
apex predators are a common symptom of overfishing
and habitat degradation Graham et al., 2006 [12]) and
often indicate that a system is beginning to lose
ecological integrity.

Overall, the trophic structure of the reef-fish
community on Lihaga Island depicts a generally well-
balanced system, with each trophic group contributing a
relatively proportional measure. This constitutes an
important asset for ecosystem-based conservation and
management because functional food webs tend to
confer greater resistance to disturbances such as coral
bleaching, overfishing, and eutrophication. The trophic
composition, characterized by dominant herbivores and
omnivores alongside a low proportion of apex predators,
suggests that core reef functions remain operative but
that pressure is mounting on upper trophic levels. This
may indicate early-stage selective overfishing, whereby
large predators are preferentially removed or disturbed
by tourism and fisheries.

Comparable conditions have been documented at
other Indonesian marine tourism sites, such as Wakatobi
and Raja Ampat, where intensive fishing and excessive
tourism have reduced apex-predator biomass, ultimately
undermining the stability of reef-fish communities. At
Lihaga, species diversity and overall trophic structure
remain generally favorable: however, the low
proportion of apex predators calls for stricter
management of fishing and tourism practices to ensure
the long-term sustainability of coral reef ecological
functions.

3.3 Hawksbill Turtle Eretmochelys Imbricata

Lihaga Island plays an important ecological role as a
nesting site for the hawksbill turtle (Eretmochelys
imbricata), a species listed as Critically Endangered by
the TUCN. Although tourism activities in the area are
spatially segregated, the delineation of ecological
boundaries remains indicative rather than explicit
(Figure 3). Management currently indicates only the
general locality of nesting without establishing physical
markers or clearly defined protection zones in the field.
There are no parameters or markers on the sandy
substrate to denote actual nesting points, leaving these
sensitive areas vulnerable to disturbance by visitors,
particularly during peak tourist seasons. All tourism
operations at the Lihaga Beach Club, including
packaged recreational activities, are fully controlled by
site management without any formal coordination
mechanism with environmental authorities or competent
conservation agencies.

The absence of technical guidance and specific
regulations for protecting nesting habitats has a
substantial potential for ecological disturbance.
Research on turtle populations and behavior within the
LihagaGangga island cluster remains limited. The most
recent, (P. Arunde et al., 2018 [21]), addressed the
socio-economic consumption of turtle meat on Gangga
Island and underscored low community awareness of
the species’ conservation status. A decade later, there

has been no follow-up work monitoring nesting habitat
sustainability, population dynamics, or hatchling
success in the sea. This situation reveals a substantial
data gap between the expansion of marine tourism and
the protection needs of legally protected species, which
serves as an indicator of coastal ecosystem health.

Photo Capture Points and Shooting Angles §»
Beach Tourism Activity Areas

Hawksbill Turtle Nesting Sites ||l

g

100 N

Fig 3. Zoning map of tourism activities, hawksbill turtle
(Eretmochelys imbricata) nesting locations on Lihaga Island,
and visual field documentation of beach conditions.

One practice that has emerged in the area is paid
hatchling-release events, priced at approximately
Rp50,000 per individual. Although promoted as
participatory ~ conservation, recent peer-reviewed
literature on high-impact outlets, such as Marine Policy
and the Journal of Sustainable Tourism, indicates that
commercialized turtle releases can shift conservation
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from evidence-based protection toward symbolic,
revenue-oriented activities. Hatchlings released without
regard to appropriate timing, location, and
environmental conditions are at risk of magnetic-
navigation disorientation, the primary mechanism
enabling adults to return to natal beaches to the nest.
Consequently, fee-based releases may jeopardize the
future reorientation success of adult turtles and create
moral hazard, where conservation is converted into a
tourism commodity. To ensure ecological sustainability,
such activities should be redirected toward scientifically
grounded, collaborative conservation models that
integrate local actors, tourism managers, and competent
conservation authorities.

3.4 Integration of Coral Reef and Fish
Communities

Coral reef ecosystems and fish communities are tightly
coupled and mutually influential. On Lihaga Island,
linkages between benthic habitat structure and reef-fish
assemblages indicate an ecosystem that remains broadly
stable, although signs of degradation are evident at
several stations. Integrating analyses of these two
components provides a holistic view of ecosystem
health and prospects for sustainable ecotourism
management. High live coral cover (60.07 percent),
dominated by branching corals (CB), supports high reef
fish diversity, particularly within Pomacentridae.
Branching forms confer vertically and horizontally
complex structures that supply refuge, spawning sites,
and food for small and juvenile fishes (Alvarez-Filip et
al., 2011 [5]; Darling et al., 2013 [6]), which explains
why Pomacentridae accounts for 38.14 percent of all
individuals in Lihaga.

Conversely, sites dominated by massive corals (CM)
with low live cover (17.08 percent) reflected limited
structural complexity and reduced capacity to support
diverse reef-fish communities. Although CM can
tolerate environmental stressors (Loya et al., 2001 [7]),
its simpler architecture provides fewer microhabitats,
leading to diminished fish abundance and diversity
(Komyakova et al., 2013 [3]). Cluster analysis and PCA
delineate four habitat groups based on life-form
composition, underscoring the direct influence of
habitat structure on fish distributions (Bawole et al.,
2024 [1]). For example, Group 1, dominated by ACB,
CMR, and CM, is associated with more diverse fish
assemblages, whereas Groups 2 and 4, dominated by
RB and CB, indicate pressured habitats that maintain
potential refugia for select species Rubble (RB), often
generated by tourism activities, anchoring, or bleaching,
signals habitat degradation that threatens the ecological
function of reefs as fish habitat. Multiple studieshave
reported that increasing rubble dominance significantly
reducess reef-fish density and diversity, especially
among species reliant on complex coral architecture.

The trophic composition, with herbivores at 29.63
percent, omnivores at 27.78 percent, and planktivores at
13.89 percent, indicates that core ecosystem functions

remain intact. However, the low proportion of large
carnivores (9.26 percent) as apex predator indicates
pressure on upper trophic levels, which may destabilize
the ecosystem over time. Linking habitat structure and
fish communities is also essential for designing
ecotourism zone Areas with high live coral cover and
complex structure should be designated as conservation
or limited-use zones, whereas rubble- and DCA-
dominated areas should be prioritized for habitat
rehabilitation through coral transplantation and substrate
restoration. This study provides a holistic understanding
of the coupling between the physical and biological
condition of coral habitats and the structure of reef-fish
communities on Lihaga Island by synthesizing
complementary ecological datasets (Table 1). The
analysis emphasizes spatial and temporal patterns in live
coral cover and the abundance and functional
composition of reef fish as ecological responses to
tourism pressure. The three data sources offer mutually
reinforcing strengths and coverage, enabling the
identification of ecological dynamics relevant to area
management.

Recent international assessments over the past five
years have demonstrated that coral bleaching has
become a recurrent and intensifying disturbance across
North Sulawesi, placing the region among the emerging
thermal-stress hotspots. In the western pacific. High-
resolution satellite reconstructions and in situ
monitoring indicate that the 2020, 2021, and 2023
marine heatwaves produced prolonged Degree Heating
Weeks (DHW) capable of inducing moderate to severe
bleaching in branching taxa such as Acropora and
Pocillopora. Sully et al. (2022[12]) reported that
bleaching prevalence exceeded 40 percent across
several North Sulawesi sites during peak temperature
anomalies, while McClanahan et al. (2023[21])
identified the region as experiencing compressed
recovery intervals due to the increasing frequency of
heatwaves, thereby elevating the probability of colony-
level mortality.

Complementary analyses showed that hydrodynamic
variability strongly influences bleaching severity, with
leeward reef zones in Bunaken, Bangka, and Likupang
exhibiting higher thermal retention and, consequently,
higher bleaching prevalence. Together, these findings
highlight the escalating climatic threat to North
Sulawesi’s coral ecosystems and reinforce the urgency
for climate-responsive management that integrates local
anthropogenic pressures with basin-scale thermal-stress
dynamics. Integrated analysis of coral cover and reef-
fish community structure at Lihaga Island indicates that
complex habitats, particularly branching corals, are
pivotal for maintaining healthy, balanced fish
assemblages.  Habitat  deterioration driven by
anthropogenic pressure degrades fish communities,
most notably at the upper trophic level. Consequently,
an ecosystem-based management approach that
explicitly accounts for coral—fish linkages is essential to
safeguard both the ecological functioning and the
economic viability of this marine ecotourism area.
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Tabel 1. Integrated matrix of coral reef ecosystems and reef-fish communities on Lihaga Island
Ecosystem Ecological Key findings at Integration with reef-fish | Implications for sustainable
component indicator Lihaga communities ecotourism

Coral reefs

Live coral cover

(%)

Core zone: 51.4%,
use zone: 38.1%

Prioritize core-zone
conservation for scuba sites

Higher cover — more
complex habitat —
increased fish diversity

Presence of
indicator corals
(Acropora,
Montipora)

Dominant in
shallow zones

Suitable for educational
snorkeling

These taxa support
juvenile fishes and
feeding grounds

Dead coral and
rubble

High in use zones
(23.7%)

Rehabilitate these areas to
improve aesthetics and

Negative correlation with
herbivore diversity

ecotourism

Reef fishes Richness Total 74 species, 19 | Highest richness in Serves as an indicator of

(number of families structurally complex underwater tourism appeal

species) coral areas

Herbivorous High in no-take Grazing keeps algae low | Protection needed to

fish abundance | zones — promotes coral growth | maintain ecosystem

(Acanthuridae, balance

Scaridae)

Carnivores and | Declining in use Decline signals Intensify patrols and visitor

indicator taxa zones anthropogenic pressure education

(Lutjanus,

Serranidae)
Coral—fish Trophic Dominant Coral structure shapes Zoning aligned with coral—
integration composition of | herbivores trophic distributions and | fish linkages raises tourism

fish community | (29.63%) and fish ecology effectiveness

omnivores
(27.78%)

Social—- Tourism and More intensive in Physical disturbance to Introduce tourism zoning
ecological boating activity | use zones corals and shy fishes and guide training
interactions

Local
knowledge and
participation

Emerging in nearby
communities

Participatory monitoring
supports biodiversity
data

Engage residents in
guiding and conservation

3.5 Implications for Ecotourism Governance

The integrated assessment of coral reef structure and
reef-fish communities on Lihaga Island provides a
strong scientific basis for implementing ecosystem-
based governance in the development of sustainable
marine ecotourism. The presence of branching corals
with high structural complexity, together with diverse
and balanced fish assemblages, constitutes a critical

ecological asset that should be safeguarded through
adaptive and participatory management.

Lihaga Island also serves an important ecological
function as a nesting site for the hawksbill turtle
(Eretmochelys imbricata), a species listed as Critically
Endangered by the IUCN. The overlap between nesting
habitats and tourism areas necessitates integrated
management. Which balances ecological priorities with
tourism economics. Establishing special protection
zones with clear physical boundaries in nesting areas is
a priority to prevent visitor disturbance, particularly at
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night and during the nesting season, which is consistent
with the principles for protecting critical ecosystems
established in PERMEN KP No. 31/PERMEN-
KP/2020[15].

Technical guidelines for sea turtle conservation are
needed to regulate nest monitoring, scientifically
grounded standards for hatchling-release activities, and
restrictions on tourism in sensitive areas. To ensure
effective planning and oversight, site management
should be implemented through a collaborative co-
management mechanism involving tourism operators,
local governments, conservation  organizations,
academics, and local communities. Paid hatchling
release events should be reoriented into non-commercial
conservation education programs, with the timing and
locations determined by scientific assessment.

Tourism-use zoning is the first principal step. Areas
with high live coral cover, particularly around Station 1,
should be designated as conservation or limited-use
zones. These zones should be shielded from mass
snorkeling and diving which risk damaging corals.
Conversely, areas with greater degradation, such as
those dominated by rubble and DCA, should be directed
toward rehabilitation and education, including coral
restoration via transplantation or artificial substrates.
Second, structured and continuous visitor education was
essential. This includes prohibitions on fish feeding,
training in low-impact snorkeling and diving etiquette,
and information on the key role of herbivorous fishes in
controlling algal growth in coral reefs. Several studies
have shown that direct visitor education can reduce
destructive behavior in marine tourism areas.

Third, the routine monitoring of reef-fish
communities is integral to site management. Shannon
diversity (H') and dominance (D) indices can serve as
biological indicators for evaluating the effectiveness of
zoning and rehabilitation. A declining proportion of
apex predators, such as large carnivores, should trigger
timely responses, including curbing fishing pressure and
regulating tourism in specific areas. Fourth, local
community engagement is pivotal for ensuring
conservation-oriented ecotourism. Capacity building
through certified guide training and empowerment in
community-based monitoring can create economic
incentives while strengthening the stewardship of
natural resources. Similar models in Wakatobi and Raja
Ampat have reduced conflicts conflicts of use and
enhanced sustainability.

The presence of indicator taxa, including members
of Pomacentridae, together with high ecological index
values, strengthens the scientific evidence for
developing Lihaga Island as a conservation-oriented
marine ecotourism area. An approach that integrates
conservation, education, and community participation
will improve the site’s competitiveness regionally and
internationally, aligning with SDG 14 on life below
water.

To address the overlap between tourism activities
and the hawksbill nesting habitat in Lihaga, integrated
management is required to balance ecological and
economic interests. A key recommendation is to

establish special protection zones for nesting beaches
with clear physical boundaries to prevent visitor
disturbance, particularly at night and during the nesting
season, wiich is consistent with PERMEN KP No.
31/PERMEN-KP/2020[15]. Technical guidance should
also be developed to govern nest monitoring, science-
based standards for hatchling releases, and limits on
tourism in sensitive areas. To strengthen coordination,
area management should proceed through a
collaborative co-management forum involving tourism
operators, local governments, conservation bodies,
academics, and local communities. This forum can
serve for planning, oversight, and the development of a
conservation-based code of conduct for marine tourism,
ensuring that economic activity proceeds without
compromising ecological functions.

Paid hatchling-release activities should be reframed
as non-commercial conservation education with
schedules and locations determined by scientific
appraisal. Revenues should be allocated for
conservation actions, turtle population monitoring, and
habitat rehabilitation. Reinforced, regular ecological
monitoring is crucial for assessing turtle population
status and the effectiveness of protection zones,
providing at the basis for adaptive management
consistent with PERMEN KP No. 31/PERMEN-
KP/2020[15]. These efforts should be accompanied by
enhanced ecological awareness and capacity among
communities and operators through training, the
provision of visitor education materials, and community
involvement in beach surveillance. With consistent
policy implementation and formal oversight by
competent authorities, Lihaga Island can become a
model for sustainable marine tourism that integrates
protected-species conservation with responsible spatial
use.

4 Conclusion

Integrated ecological data from Lihaga Island
demonstrate a clear linkage between coral reef
conditions, reef fish community structure, and the
presence of hawksbill turtles as indicator species. Coral
reefs exhibited moderate overall health, with a mean
live coral cover of 38.58 persen, ranging from high
structural complexity at Station 1 (60.07 persen) to
substantially degraded conditions at Station 2 (17.08
persen). These habitat differences correspond directly to
reef-fish assemblages, in which 1.152 individuals
representing 15 families were recorded, dominated by
Pomacentridae  (38.14  persen), Labridae, and
Chaetodontidae, with a declining proportion of apex
predators at sites where rubble and dead coral are
prevalent.

Lihaga’s sandy beaches also support the nesting of
the Critically Endangered hawksbill turtle, with
recorded nest traces indicating active, though
vulnerable, reproductive activity that depends on the
undisturbed shoreline habitat. The concurrence of
declining coral integrity, shifts in trophic structure, and
spatial overlap between tourism zones and nesting areas
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underscores the need for adaptive, zoning-based
management. Overall, the findings reveal that Lihaga’s
ecological resilience hinges on maintaining structurally
complex coral habitats, safeguarding reef-fish diversity,
and protecting hawksbill nesting beaches from
anthropogenic disturbances. Integrating these elements
through periodic quantitative monitoring (coral cover,
fish diversity indices, predator proportions, and hatching
success) provides at scientific foundation for marine
ecotourism policies that balance conservation goals with
economic development in super-priority destinations
such as Likupang.
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