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ABSTRACT

Coral reef ecosystems are important marine ecosystems that provide ecological, economic, and social benefits, but
their condition is increasingly threatened by anthropogenic activities and environmental pressures. Tidung Island is a
marine tourism destination with relatively high human activity, which may affect the condition of its coral reef ecosystem.
This study aimed to assess the condition of coral reef cover and identify the environmental conditions associated with
differences in coral reef conditions around Tidung Island, Thousand Islands, Indonesia. The study was conducted from
May, 14-18 2026 using a quantitative descriptive approach. Coral cover data were collected using the Underwater Photo
Transect (UPT) method at four observation stations, with photographs analyzed using Coral Point Count with Excel
extensions (CPCe). Hydro-oceanographic parameters, including temperature, salinity, water clarity, and pH, were also
measured at each station. The results showed considerable variation in live coral cover among stations. Station 3 had the
highest coral cover at 55.3% and was categorized as good, while Stations 1 and 2 had coral cover of 31.6% and 31.4%,
respectively, and were categorized as moderate. Station 4 had the lowest coral cover at 3.3%, indicating a degraded
condition. The overall average coral cover was 30.5%, indicating that the general condition of coral reefs ranged from
moderate to degraded. Hydro-oceanographic parameters generally fall within a range that supports coral reef development,
with temperatures of 30-31°C, salinity of 30-31%., water clarity of 5-8 m, and a pH of 7. Therefore, anthropogenic
pressures and physical disturbances—particularly tourism, boat moorings, fishing, and maritime transportation—are
suspected to be factors contributing to coral reef degradation, rather than the measured hydro-oceanographic conditions.
These findings highlight the need for better management, reduction of anthropogenic pressures, and more intensive
conservation efforts to support the recovery and sustainability of coral reefs around Tidung Island.
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INTRODUCTION One of the key indicators used to assess the

Coral reef ecosystems are among the tropical health of a coral reef ecosystem is the percentage of live
coastal ecosystems characterized by a very high level of coral cover. This parameter reflects the degree to which
structural complexity and biodiversity, and they play a live coral dominates an ecosystem and can be used to

strategic role in maintaining the balance of the marine determine the condition category of a coral reef, ranging
environment. Coral reefs not only serve as habitats for from degraded to excellent [1, 5]. Therefore, regular

various types of marine organisms but also act as natural monitoring of coral reef conditions is crucial in supporting
protectors of coastlines against erosion, providers of efforts toward the sustainable management and
fishery resources, and key supporters of marine tourism [1, conservation of marine resources.

2]. Thus, the existence of this ecosystem holds significant Tidung Island is one of the islands located in the

ecological, economic, and social value for the South Thousand Islands District, which is divided into two
sustainability of coastal areas and the well-being of parts: Tidung Besar Island and Tidung Kecil Island.
communities. Tidung Besar Island serves as a residential area, while

In recent decades, the condition of coral reefs in Tidung Kecil Island functions as a protected zone. The
Indonesia has shown a trend of significant decline. This residents of Tidung Island have long utilized marine
degradation is caused by various factors, both natural and resources, including the coral reef ecosystem, for various
anthropogenic. Human activities such as unregulated purposes. Additionally, Tidung Island is one of the marine
marine tourism, the use of ship anchors, pollution, and tourism destinations in the Thousand Islands, resulting in
sedimentation are the main causes of physical damage to relatively high levels of human activity along its coastline
coral structures [3, 4]. In addition, global climate change and in its waters. This situation raises the possibility of
also exerts additional pressure through rising sea surface pressure on the coral reef ecosystem on Tidung Island due
temperatures, which can cause thermal stress and to the activities of local residents and tourists [6].
ultimately lead to coral bleaching.
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The level of tourism activity and the use of
marine resources can exert varying degrees of pressure in
different areas around Tidung Island. Areas commonly
used for snorkeling, for example, are more likely to
experience significant physical disturbance compared to
locations with lower levels of human activity. This
situation is evident from the high prevalence of dead coral,
DCA, and rubble. Previous studies have also shown that
several locations on Tidung Island, which are frequently
used for snorkeling, have significant amounts of dead
coral and DCA. Additionally, there are records of the use
of previously environmentally unfriendly fishing gear that
could potentially have a negative impact on coral reef
conditions [7].

Tidung Island, as part of the Thousand Islands, is
an area with a high level of marine tourism activity. These
activities have the potential to put pressure on the coral
reef ecosystem, making it necessary to conduct research to
determine the condition of coral cover and the factors that
influence it. Therefore, this study aims to assess coral reef
health based on the percentage of live coral cover in the
waters surrounding Tidung Island.

METHODS
Time and Place

This study was conducted from May 14 to 18,
2026, in the waters around Tidung Island, the Thousand
Islands, DKI Jakarta Province, Indonesia (Figure-1). The
study site was selected based on the varying levels of
anthropogenic activity, thereby allowing for a comparative
analysis of coral reef ecosystem conditions at several
observation stations with different environmental
characteristics (Table-1).

Coral Reef Monitoring

This study was conducted using a quantitative
descriptive approach. Data on coral cover were obtained
using the Underwater Photo Transect (UPT) method
(Figure-2), which is a systematic underwater visual
documentation method conducted along a transect line to
obtain a representative picture of the condition of the
seabed substrate [8].
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Data were collected from four observation sites
selected based on variations in human activity levels and
aquatic environmental characteristics. At each station, a 50
meter long transect was established on the seafloor.
Photographs were taken at regular intervals of 1 meter
along the transect, resulting in approximately 50 frames at
each station. Thus, the total number of photographs
obtained from the four stations amounted to approximately
200 frames. The camera was positioned perpendicular to
the substrate, with consistent shooting distances and
angles to minimize variations in the field of view and
perspective distortion. Diving teams captured the images
with the camera held perpendicular to the substrate,
maintaining consistent distances and angles to ensure
accurate comparability of the photos. Each photo was then
assigned a sequential number and recorded along with its
capture location to facilitate data analysis and verification.
Each frame was analyzed using the Coral Point Count with
Excel extensions (CPCe) software to determine substrate
and benthic biota categories. In each frame, 30 random
points were used as observation locations to identify
benthic categories in the image. The placement of 30
points in each frame was considered sufficiently
representative to predict the percentage of coverage for
biota and substrate categories [2, 9]

Coral cover was calculated as a percentage
(Table-2) by comparing the number of observation points
with live coral to the total number of observation points,
and then multiplying that result by 100 percent [1].

Table-1. Research location coordinates

Coordinates

Station Locatio_n

Latitude longitude Information

1 5°47'50,75"S 106°30'17,10"E | Tidung Besar
Island

2 5°48'6,89"S 106°30'12,02"E | Tidung Besar
Island

3 5°47'38,33"S 106°29'33,35"E | Tidung Besar
Island

4 5°48'20,82"S 106°31'30,35"E | Tidung Kecil
Island
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Figure-1. Map of the research location
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Figure-2. UPT Method (8)

The values obtained for each subsequent frame
were averaged to obtain a representative value for each
observation station. The condition of the coral reefs was
then categorized based on the classification [10], namely
damaged, moderate, good, and very good.

Table-2. Category of coral cover percentage (10)

Percentage of coral cover Categories
0-249% Poor/damaged
25-49.9% Fair
50-749 % Good
75 —100 % Very good

Table-3. Water quality standards for coral marine life (11)

Parameters Standards
Temperature 28 -30°C
Salinity 30 — 36 %o
Visibility >5m
pH 7.0-8.5

Measurement of Hydro-Oceanographic Parameters

Measurement of hydro-oceanographic parameters
in the water, including temperature, salinity, turbidity, and
pH (Table-3). These parameters are measured directly in
the field to determine environmental conditions that may
affect the growth and survival of coral reefs.

RESULTS AND DISCUSSIONS

The results of the study indicate that the
condition of the coral reef ecosystem on Tidung Island
varies significantly among observation stations. These
variations indicate differences in the level of
environmental pressure, particularly those related to
human activities in the vicinity of the study area [3].

Condition of the Coral Reef at Station 1

According to the classification in Ministerial
Decree No. 4 of 2001, Station 1 has a live coral cover
percentage of 31.6% (Figure-3), placing it in the moderate
category. This value indicates that the coral reef ecosystem
at this site still contains live coral, but its condition is not
yet ideal due to significant environmental pressures.
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Figure-3. Percentage of coral cover at Station 1
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In terms of lifeform composition, the dominance
of Branching Coral (CB) at 17.7% and Branching
Acropora (ACB) at 7.1% indicates that coral growth is still
proceeding well, as these coral types have rapid growth
rates [1]. This also explains why the live coral cover
category remains moderate.

However, the dominance of branching corals
indicates that they are highly vulnerable to environmental
disturbances. Marine tourism, physical disturbances, and
other anthropogenic activities can easily damage the
fragile coral structures [12]. Furthermore, the presence of
Encrusting Corals (CE) at 2.2% and Foliose Corals (CF) at
2.4% indicates different growth forms, although their
abundance remains low. While these types aid in
adaptation to the substrate and enhance habitat
complexity, the low percentages suggest insufficient
biodiversity [13].

Since the proportion of massive coral (CM) at
this site is only 1.5%, it can be concluded that there are
still few coral species that are more resistant to
environmental stress [14]. Conditions at Station 1 indicate
an ecosystem with moderate coral cover, predominantly
dominated by branching corals with low diversity. This
suggests that the coral community has not yet reached a
better condition because existing environmental pressures
are limiting its growth, even though the corals continue to
develop.

Condition of the Coral Reef at Station 2

The results of the substrate cover analysis at
Station 2 show that the percentage of hard coral (HC) is
31.4% (Figure-4), meaning that the condition of the coral
reef falls into the “moderate” category based on Ministry
of Environment Decree No. 4 of 2001. The most dominant
substrate component is Dead Coral with Algae (DCA) at
38.9%, followed by rubble (R) at 10.8%, Sand (S) at 9.2%,
and Fleshy Seaweed (FS) at 8.5%. The dominance of DCA
indicates that most of the coral has died and is now
overgrown with algae, reflecting the presence of relatively
high environmental stress. Furthermore, the high
percentages of DCA and rubble also indicate physical and
ecological disturbances that affect ecosystem stability,
thereby hindering the settlement of new coral larvae [7].
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Figure-4. Percentage of coral cover at Station 2

The live coral cover value of 31.4% indicates that
the coral reef ecosystem at Station 2 still has the capacity
to maintain its ecological functions. This percentage
suggests that despite environmental pressures, natural
recovery processes can still occur if disturbances are
minimized through proper management. This finding
aligns with the study by [7], which states that the coral
reef areas on Tidung Island generally fall into the
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“moderate” category due to the dominance of DCA and
high levels of human activity.

Based on lifeform composition, Station 2 was
dominated by Encrusting Coral (CE) at 15.0%, followed
by Massive Coral (CM) at 5.6%, Branching Acropora
(ACB) at 4.0%, Branching Coral (CB) at 2.4%, and
Foliose Coral (CF) at 2.2%. Meanwhile, other types such
as Mushroom Coral (CMR), Submassive Coral (CS),
Digitate Acropora (ACD), and Heliopora Coral (CHL)
were found in relatively small quantities. The dominance
of encrusting corals indicates a strong adaptive capacity to
stressful environmental conditions, as their growth form—
which attaches to the substrate—makes them more
resistant to currents, waves, and sedimentation.

The high percentage of Massive Coral (CM)
indicates that coral species with strong structures are better
able to withstand physical disturbances and environmental
changes [14]. The presence of Branching Acropora (ACB)
and Branching Coral (CB) suggests that coral growth is
still ongoing, albeit in limited quantities. Overall, the
condition of the coral reef at Station 2 reflects an
ecosystem under moderate stress, with the dominance of
DCA as an indicator of degradation, yet it still possesses
the potential for natural recovery. Therefore, management
of human activities and sustainable conservation efforts
are needed to improve the condition of the coral reef
ecosystem at this location.

Condition of the Coral Reef at Station 3

The results of the coral cover analysis at Station 3
show that the percentage of hard coral (HC) reached
55.3% (Figure-5), placing it in the “good” category
according to Ministerial Decree of the Ministry of
Environment No. 4 of 2001. Compared to other stations,
this value is the highest. In addition to live coral, the
composition includes Dead Coral with Algae (DCA) at
36.8%. Other components, such as rubble, sand, and other
biota, account for a smaller proportion. The high live coral
cover indicates that the ecosystem at this station remains

stable and capable of supporting many important
ecological processes.
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Figure-5. Percentage of coral cover at Station 3
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The high percentage of live coral indicates that
habitat quality at Station 3 is better than at other locations.
The low proportion of rubble and unstable substrate
suggests that the level of physical damage is relatively
low, allowing for healthy coral growth and regeneration.
Although the DCA value remains quite high, the
dominance of live coral indicates that the ecosystem
remains capable of maintaining its ecological balance.
These conditions are believed to be related to the low level
of anthropogenic pressure at this location.
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In terms of lifeform composition, Station 3 was
dominated by encrusting corals (CE) at 22.9% and foliose
corals (CF) at 19.3%. In addition, there were also several
other types, such as submassive corals, branching corals,
and branching Acropora, present in smaller numbers. The
dominance of encrusting corals indicates a strong ability to
adapt to hard substrates and relatively stable water
conditions, while the high abundance of foliose corals
suggests  sufficient light availability to support
photosynthesis.

The diversity of coral growth forms at Station 3
indicates that the ecosystem possesses a high level of
habitat complexity. These conditions support the presence
of various associated organisms and indicate a healthy
ecosystem. Overall, Station 3 reflects a relatively healthy
coral reef ecosystem with high coral cover, low physical
damage, and a diverse range of life forms, making it a
potential control zone for coral reef management and
conservation.

Condition of the Coral Reef at Station 4

The results of the substrate cover analysis at
Station 4 indicate that the condition of the coral reef falls
into the “poor” category, with a live coral (hard coral)
cover percentage of only 3.3% (Figure-6). This value is far
below the threshold for the “moderate” category as
defined by Ministry of Environment Regulation No. 4 of
2001, indicating that the ecosystem at this location has
suffered serious degradation. The low live coral cover
reflects the ecosystem’s diminished ability to perform its
ecological functions optimally.
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Figure-6. Percentage of coral cover at Station 4

The substrate composition is dominated by rubble
at 56.5%, followed by Dead Coral with Algae (DCA) at
23.3% and sand at 13.1%. The dominance of rubble
indicates a high level of physical damage that has caused
coral colonies to fragment into small pieces, typically
triggered by anthropogenic activities such as anchoring
and marine tourism pressure. Furthermore, the high
percentage of DCA indicates that many corals have died
and become overgrown with algae, resulting in
competition for space that hinders the growth of new
corals and slows the ecosystem’s recovery process [7].

Based on lifeform composition, Station 4 exhibits
very low diversity, dominated by massive corals with only
a few encrusting corals, mushroom corals, and submassive
corals present. The absence of branching corals such as
Acropora and other branching corals indicates that
environmental conditions no longer support the growth of
coral species that are sensitive to disturbance. Overall,
these conditions reflect a severely degraded ecosystem
characterized by an unstable substrate, low live coral
cover, and limited lifeform diversity, necessitating more
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intensive rehabilitation and management efforts to support
ecosystem recovery.

Comparison of Coral Cover

When compared to the average value of 30.5%,
only Station 3 had a value above the average, while
Station 1, Station 2, and Station 4 were at or below that
average (Figure-7). This indicates that, in general, the
condition of the coral reefs at the study sites tends to fall
into the “moderate to degraded” category.

Comparison of Coral Cover
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Figure-7. Comparison of coral cover among stations

The differences in live coral cover between these
stations indicate a strong influence of environmental
factors and human activities on the condition of the coral
reef ecosystem. Stations with low anthropogenic pressure
tend to have higher coral cover compared to stations
experiencing high pressure [4]. Therefore, proper
management is essential to reduce pressure on the
ecosystem and improve the overall condition of the coral
reefs.

Hydro-Oceanography Conditions

Measurements of hydro-oceanographic
parameters showed that the temperature ranged from 30—
31°C (Table-4). Although temperatures at Stations 1 and 2
have exceeded the limits set, these conditions remain
within the normal range, as the maximum temperature
tolerable for some types of coral is 39°C [15], salinity 30—
31%o, water clarity is 5-8 meters, and pH is 7 [10]. In
general, these values remain within the range conducive to
coral development. According to [16], coral conditions
ranging from moderate to good are influenced by water
parameters. However, the results of this study indicate that
hydro-oceanographic  factors are not, qualitatively
speaking, the primary cause of ecosystem degradation.
Instead, it is suspected that anthropogenic pressures—such
as tourism, unsustainable fishing practices, and maritime
transport routes—continue to exert an impact [1].

Table-4. Hydro-oceanographic parameters in the waters
around Tidung Island

Parameters | Unit | St.1 | St.2 | St.3 | St4 | Standards
Temperature | °C 31 31 30 30 28 - 30
Salinity %o 31 | 31 | 30 | 30 30-36
Visibility m 5 >5
pH - 7,0-8,5
Depth m 10 5 -
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CONCLUSIONS

The results of the coral reef cover analysis using
the Underwater Photo Transect (UPT) method show that
the condition of coral reefs around Tidung Island varies
considerably among observation stations. Station 3 had the
highest live coral cover, reaching 55.3%, and was
categorized as good, while Station 1 and Station 2 had live
coral cover of 31.6% and 31.4%, respectively, and were
categorized as moderate. In contrast, Station 4 had the
lowest live coral cover at only 3.3%, indicating a degraded
coral reef condition. The overall average coral cover was
30.5%, indicating that the general condition of the coral
reef ecosystem in the study area ranged from moderate to
degraded.

The differences in coral reef conditions among
stations are reflected in the composition of benthic
substrates and coral lifeforms. Station 3 had relatively high
live coral cover, diverse coral growth forms, and low
physical  damage, indicating relatively  stable
environmental conditions. Meanwhile, Station 4 was
dominated by rubble (56.5%) and Dead Coral with Algae
(23.3%), indicating substantial physical and ecological
disturbance. The contrasting conditions among stations
suggest that variations in anthropogenic pressure,
particularly ~ tourism  activities, anchoring, fishing
activities, and maritime transportation, may contribute
substantially to differences in coral reef condition.

The measured hydro-oceanographic parameters
generally remained within ranges that can support coral
reef development. Temperature ranged from 30-31°C,
salinity from 30-31%o, water clarity from 5-8 m, and pH
was 7 at all stations. Although the temperature at Stations
1 and 2 slightly exceeded the water quality standard of 28—
30°C, the measured values were still considered within a
range that can support coral reef development. Therefore,
based on the study results, hydro-oceanographic
conditions were not considered the primary factor
responsible for coral reef degradation. Management and
conservation efforts should consequently focus on
reducing  anthropogenic  pressures and  physical
disturbances to support coral reef recovery and
sustainability around Tidung Island.
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