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Abstract. Aunurrahman, Anggoro S, Saputra SW, Muskananfola MR. 2024. Coral reef condition Kepala Jeri Island, Batam, Riau
Islands, Indonesia. Biodiversitas 25: 2820-2827. Understanding the actual condition of vulnerable coral reef ecosystems such as Kepala
Jeri Island (Indonesia) is critical to enabling appropriate management planning. This research aimed to identify current coverage,
observe the condition of the coral ecosystem, and identify the species composition of coral reefs in Kepala Jeri Waters. Data collection
includes the spatial distribution, actual condition, and species composition of the coral ecosystem on Kepala Jeri Island, Riau Islands,
Indonesia. Using an algorithm-based classification, we analyzed the spatial distribution of coral reefs from Landsat 8 OLI imagery. The
study used Landsat OLI 8 images from the US Geological Survey (USGS) and observed the data using a line intercept transect. We
obtained the actual coral conditions and species composition through field observation. The results revealed a total distribution of
239.67 ha of coral reef ecosystem in the surrounding area of Kepala Jeri Island. Unfortunately, the coral reef on Kepala Jeri Island was
in poor condition, with an approximate living coral coverage of only 5-29.33%. Compared to other locations, we found the sand cover to
be the highest, ranging from 28.33 to 51.67%. We also found that the seagrass bed had invaded the coral ecosystem, suggesting a
reduced or absent population of halos grazers. Only the western and northern sides of Kepala Jeri Island exhibit adequate coral diversity
despite discovering 26 coral species. Even though 26 coral species were found on Kepala Jeri Island, only the western and northern sides
have adequate coral diversity. The findings suggest that the coral reef ecosystem on Kepala Jeri Island is under severe degradation,
while the risk of further degradation remains. Therefore, human intervention is absolutely important to improve the coral reef ecosystem

on Kepala Jeri Island, ensuring its sustainability.
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Abbreviations: USGS: United States Geological Survey, OLI: Operational Land Imager, SI: Similarity Index

INTRODUCTION

Coral reefs are an essential ecosystem in coastal areas.
Only tropical and temperate regions can host coral reef
ecosystems (Kusumoto et al. 2020). Geographically, most
coral reefs are located between latitudes 30°N and 30°S
(Hochberg and Gierach 2021). According to the World
Population Review (2024), several countries with the largest
coral coverage include Indonesia (17.95%), Australia
(17.22%), the Philippines (8.81%), and France (5.02%).
The presence of macroinvertebrates is closely related to the
health of the surrounding coral reefs. If coral reefs are healthy,
macroinvertebrates will exist in that environment (Marsuki
et al. 2013). The most recent bleaching event in Indonesia
happened in 2015 and 2016. However, not all of Indonesia
was severely impacted. In this case, only a few places had a
mostly stable coral cover, and some even saw a small
increase (Razak et al. 2024).

Unfortunately, the change in environmental conditions has
forcefully put nature under pressure. Coral reefs worldwide
face massive environmental pressures (Hughes et al. 2017).
Several causes, such as climate change, overfishing, habitat
destruction, and pollution, are the main drivers of coral reef
decline (Eddy et al. 2021). According to Price et al. (2019),
coral tends to move to higher latitudes due to global

warming issues, with declining coverage in tropical areas
and increasing coverage in temperate areas. According to
Souter et al. (2021), global coverage of hard coral declined
from 33.3% to 28.8% between 2009 and 2018, representing
13.5% of total hard coral coverage. Severe coral reef
damage is found in many locations, such as the Great
Barrier Reefs (De'Ath et al. 2012), the Philippines
(Licuanan et al. 2019), Mexico (Rioja-Nieto and Alvarez-
Filip 2019), Australia (Pisapia and Pratchett 2014), and
Indonesia (Williams et al. 2019). Unfortunately, the decline
of coral reefs is not only affecting the coverage but also the
diversity (Clements and Hay 2019).

Coral belongs to the group invertebrates, consisting of
four groups: scleractinian corals, octocorals, sponges, and
ascidians (O'Brien et al. 2020). Coral inhabits coastal areas
within the depth range of <1 to 85 m, with a dominant
distribution at depths <10 m (MacDonald et al. 2016; Glasl
et al. 2017). Coral reefs are always in symbiosis with
zooxanthellae (Stambler 2017). Typically, coral requires a
good environment to survive and grow accordingly (Gust et
al. 2014). Coral growth requires appropriate environmental
conditions, including salinity, temperature, turbidity, total
suspended solid concentration, and the absence of oil film
(Girard and Fisher 2018).
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Coral reefs provide various environmental services, and
coral species composition is crucial in safeguarding the
shoreline, seagrass beds, and mangrove forests (Schoonees
et al. 2019). The existence of coral reefs enables waves to
break before reaching the coastline, significantly reducing
their force. Coral reefs also promote marine fish diversity
(Komyakova et al. 2018). According to Limmon et al.
2020, there are approximately 4,350 coralfish species in
Indonesia and the Philippines alone.

The environmental services provided by the coral
ecosystem are a key aspect that supports the livelihood of
most communities on small islands. Small island
communities strongly depend on coastal resources,
especially coral fish (Watson et al. 2016). Therefore, the
degradation of the coral ecosystem would disrupt the
community's survivability. Some disasters are believed to
be more likely to destroy coral reefs that are far apart or
have different current patterns (Gilmour et al. 2013). The
coral reef's size and form, the water current's speed, and the
local hydrodynamics can all change how long coral larvae
stay in one place (Doropoulos and Babcock 2018). Given
the ecological significance of coral reefs, we should not
overlook their declining coverage. Coral reefs are
important because they serve as a biodiversity pool as well
as support for fish stocks. The decline of coral reef extent
has caused a decline in fish catches of up to approximately
60% since 1950, despite increased fishing efforts and a loss
of coral reef-associated biodiversity of up to approximately
63% (Eddy et al. 2021). The current cover greatly
influences the condition of coral reefs in the surrounding
area; this is very important to pay attention to determine the
species composition of coral reefs (Lubis et al. 2018a).
According to scientific studies, several ocean currents
patterns along the coasts of several Indonesian islands have
changed a lot in the last few decades. Scientists have
observed a significant increase in current cover,
particularly during specific periods of the year. Therefore,
many scientists link this phenomenon to global climate
change (Eddy et al. 2021). This affects how plankton and
other marine creatures move and their abundance. Coral
reefs are also worsening, with fewer coral communities
appearing everywhere. The main reasons for the
deterioration of coral reef ecosystems in Indonesia are
believed to be coral bleaching, sedimentation, and human
actions (Dutton et al. 2000). The decline in coral reef cover
and diversity is a global problem beyond Kepala Jeri
Island. Since 1980, various factors such as rising sea
surface temperatures, ocean acidification, pollution, and
human activities like overfishing and physical damage have
led to the loss of around 50% of the world's coral reefs, and
the rate of destruction continues to increase (Eddy et al.
2021).

Kepala Jeri Island is an island in Batam City on the
western side of Batam Island. Geographically, Kepala Jeri
Island is located approximately 6.5 nm from Batam Island.
Even though Kepala Jeri Island is not close to Batam
Island, the impact of industrial activities in Batam still
reaches the island. Regular monitoring of the ecological
conditions of coral reefs, such as species composition and
percentage of live coral cover, is essential to identify
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changing trends and threats that may occur in the coral reef
ecosystem on Kepala Jeri Island. Furthermore, the
measurement and analysis of ocean current patterns
surrounding coral reefs can offer insights into the
hydrodynamics impacting crucial processes like nutrient
supply, larval recruitment, and growth. This knowledge can
serve as a foundation for efficient management and
ensuring the sustainability of coral reefs in the area. There
needs to be more information about the current condition of
coral reefs in developing management strategies for the
coral ecosystem (Comte and Pendleton 2018). Given the
importance of Kepala Jeri Island and the alarming state of
the oil spill, it is critical to understand its actual condition,
particularly its coral ecosystem. This research aimed to
identify current coverage, observe the condition of the
coral ecosystem, and identify the species composition of
coral reefs in Kepala Jeri Waters, Riau Islands, Indonesia.

MATERIALS AND METHODS

We researched Kepala Jeri Island, Batam City;
therefore, we collected relevant information for coral
spatial analysis and field observation data. The United
States Geological Survey (USGS) provided Landsat OLI 8
images used in the study and so, acquired on 12 February
2022. We conducted field observation on the opposite side
in April 2023. The study utilized a line intercept transect as
an observational technique to verify the accuracy of the
coral reef distribution map generated through spatial
analysis. We established four survey stations on Kepala
Jeri Island to collect relevant data on the condition of the
coral reefs, and the transect spanned a length of 50 meters.
We distributed the sampling stations around Kepala Jeri
Island, including stations A (western), B (northern), C
(southern), and D (eastern), to represent the condition from
all four sides of the island. The parameters observed for the
coral coverage survey included coral life form coverage
and species composition.

We analyzed spatial data to determine the distribution
and coverage of coral reefs on Kepala Jeri Island. We
carried out the data analysis using a digital number
reanalysis algorithm. We used the (B3+B4)/(B3+B2)
algorithm to detect the coral ecosystem. B2, B3, and B4 of
the Landsat 8 OLI imagery represent the visible lights,
including blue (B2), green (B3), and red (B4). We then
classified using the newly developed digital number to
identify coral coverage. We quantify each pixel into a
digital number (DN) using the image's spectral information
to facilitate image classification. The coverage classes
resulting from the analysis include coral reefs, seagrass
beds, sand, and water columns, as shown in Table 1.

We conducted a descriptive analysis of coral coverage
and species composition. Furthermore, coral composition
was analyzed for the similarity index. The analysis aimed
to comprehend the ecological relationship between stations
better. The similarity index was analyzed using Jaccard's
formula as follows:
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S =—— % 1009
a+b+c % %
Where:

Sl : similarity index (%)

a :number of coral species found in both locations

b : number of coral species found only in the first
location

¢ : number of coral species found only in the second
location

RESULTS AND DISCUSSION

Coral coverage and distribution

The coral reef ecosystem on Kepala Jeri Island covers
an area of 239.67 ha; it surrounds the island at various
distances from the coastline and varies in thickness. Coral
reefs on Kepala Jeri Island are available at a depth of 1-10
m. Thus, the coral reef ecosystem on Kepala Jeri Island has
diverse characteristics related to its area, distance from the
coastline, and depth.

Table 1. The classification for shallow water

Coverage Digital Number (DN) range
Water column <0.83

Coral reef 0.83-0.895
Seagrass bed 0.895-0.925

Sand >0.925
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Coral coverage is highest on the island's western side,
while the southern side has the lowest (Figure 1). The
approximate coverage of coral reefs on the northern,
western, eastern, and southern sides of Kepala Jeri Island is
95.27 ha, 108.95 ha, 29.77 ha, and 5.68 ha, respectively.
Sand and seagrass also cover the shallow-water ecosystem
and coral reefs (Figure 1).

Coral reef condition

Despite significant coverage, Kepala Jeri Island's coral
reef ecosystem must be in better condition. The living coral
coverage is quite low, with an approximate proportion of
only 5 to 29.33%. The sand dominates the coral ecosystem,
covering 28.33-51.67% (Figure 2) (Putra et al. 2018).
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Figure 1. Comparison of coral reef coverage in Kepala Jeri Island
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Figure 2. Spatial distribution coral reef ecosystem in Kepala Jeri Island, Belakang Padang, Batam City, Riau Islands, Indonesia
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The general coral reef on Kepala Jeri Island is under
severe disturbance, the coral reefs have low coverage and
keep losing their suitable habitat. The field observation
result confirms the invasion of seagrass into the coral reef
ecosystem (Figure 3).

Species composition

Field observation revealed that Kepala Jeri Island is
home to 26 distinct coral species. However, we anticipate a
substantial species distribution, and the species makeup
exhibits significant variation. Table 2 shows the detailed
coral species availability at each sampling station.

Almost half of the coral species available on Kepala
Jeri Island grow on the island's western side (Table 2). The
species availability in other stations could have been
higher, especially on the southern and eastern sides of the
island. The coral coverage at each station could potentially
influence the species' availability. We performed a
correlation study to determine the connection between the
extent of coral coverage and the abundance of coral
species. Investigations revealed an important relationship
between the extent of coral cover and the number of
species on Kepala Jeri Island. This analysis produced a
correlation coefficient of 0.998, indicating a strong
relationship between coral cover and species abundance.
Therefore, the greater the coral cover available, the greater
the possibility of coral species being present, and vice
versa.

Differences in the availability of coral species raise
questions regarding the similarity of species composition
between stations. Therefore, we conducted a more in-depth
analysis using the Jaccard method to determine the
similarity index. Table 3 shows that the similarity matrix
on coral species differed less between sampling stations.
Based on the analysis, the highest species similarity was
only 14.29% between stations A (western) and C
(southern). We found no species similarity between stations
C (northern) and D (eastern). The low species similarity
between observation stations on Kepala Jeri Island
indicates that coral species have different habitat
suitability.
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Table 2. Species composition of the coral reef in Kepala Jeri
Island, Batam City, Indonesia

Species Station

A B C D
Acanthochaetetes wellsi 1
Acropora digitifera 1 1
Acropora sp. 2
Amphimedon sp. 1
Astreopora myriophthalma 1
Cymbastella sp. 1 1
Euplacella sp. 2
Favia stelligera 2 1 1
Goniastrea actinata 1
Haliclona koremella 1
Heliopora coerulea 1
Lendenfeldia complex 1
Lobophyllia cf corymbosa 1
Luffariella metachromia 1
Macrodactyla doreensis 1
Mycale lampra 1
Pachyseris rugosa 1
Padobacia sp. 1
Pavona cactus 1
Pavona decussata 1
Platygyra sp. 1 2
Pocillopora danae 1
Porites cylindrica 1 1
Porites nigrescens 1
Sarcophyton sp. 1
Turbinaria peltata 1
Total 13 11 3 5

Note: A: Western, B: Northern, C: Southern, D: Eastern

Table 3. Similarity matrix of coral species composition between
observation stations in Kepala Jeri Island, Batam City, Indonesia

Station A (Western) B (Northern)  C (Southern)
B (Northern) 4.35%

C (Southern) 14.29% 7.69%

D (Eastern) 12.50% 6.67% 0.00%

Figure 3. Coral reef actual condition in Kepala Jeri Island, Batam City, Indonesia (scale: 1:5 with a ruler): A. Goniastrea actinata; B.
Favia stelligera; C. Euplacella sp.
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Discussion

This study investigates the condition of coral reefs,
species composition, and current patterns in Kepala Jeri
Island, Batam, Riau Islands, Indonesia. The results show
that coral reefs are an important component in the coastal
areas of Kepala Jeri Island, especially on this small island
(Kench et al. 2014; East et al. 2018). Coral growth that
exceeds the sea surface causes reef bleaching and decay,
eventually forming sandy land after a long time (Stoddart
and Steers 1977). As a result (Lesser 2004), coral
ecosystems coexist on most small islands, including Kepala
Jeri Island.

The findings reveal that coral is a living organism that
naturally grows and extends as long as suitable habitat is
available (Takao et al. 2015). On Kepala Jeri Island, the
coral growth contributes to land development and provides
important ecosystem services. Coral reefs allow waves to
break before they reach the land, reducing erosion risk
(Kim et al. 2020; Escudero et al. 2021). Moreover, the calm
waves that resulted from this process change the likelihood
of sedimentation in the nearshore areas (Pomeroy et al.
2021).

However, the results indicate that Coral Reef Island,
including Kepala Jeri Island, is considered one of the most
vulnerable ecosystems (East et al. 2018). Coral reefs
typically grow in an oceanic environment with good water
quality (Wenger et al. 2016; MacNeil et al. 2019). The
study found that several key parameters for coral reef
degradation, such as temperature, salinity, turbidity, and
the concentration of total suspended solids, can lead to a
disturbance in coral growth (Ennis et al. 2016; Tanzil et al.
2019; Asmawi et al. 2020). Environmental factors such as
temperature, salinity, and water quality can contribute to
the poor condition of the coral reef ecosystem on Kepala
Jeri Island. Global climate change has caused sea surface
temperatures to rise, which can lead to coral bleaching.
Furthermore, unstable salinity levels and decreased water
quality due to pollution can also suppress the growth and
resilience of coral reefs. However, we must also consider
human factors such as overfishing, physical damage
resulting from human activities, and sedimentation from
development activities in coastal areas as the primary
causes of this problem. These parameters are typically
under control on small islands like Kepala Jeri Island on
small islands like Kepala Jeri Island, and these parameters
are typically under control because anthropogenic activities
that could change environmental conditions are unavailable
or very limited (Vercelloni et al. 2019).

The vulnerability of coral ecosystems on small islands
is increasing (van Hooidonk et al. 2016; Riniwati et al.
2019), including small islands in Batam City, particularly
Kepala Jeri Island. According to the study findings, live
coral coverage was only 5-29.33%. This result is lower
than the previous study, which covered 37.87+2.59%
(Bachtiar et al. 2023). It is very important to monitor the
condition of coral reefs in the Riau Islands; this can reduce
the vulnerability level, including in the entire Riau Islands
region (Lubis et al. 2018b).
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The research aims to examine the coral ecosystem's
health and determine what kinds of coral reefs are in the
water around Kepala Jeri Island. Western islands have the
most coral cover, while southern islands have the least,
according to the study. Additionally, people think the oil
spill from Singapore's Tuas Harbor affects the health of the
coral reefs on Kepala Jeri Island. Hartuti et al. (2023)
reported waste oil activity is often seen in the water
surrounding Batam during the northwest monsoon season,
which spans from November to April. The oil spill at Tuas
Harbor can potentially spread to all surrounding waters,
including Batam and Kepala Jeri Island. Unfortunately, this
will make the area's coral reef environment worse.

Regarding geography, Kepala Jeri Island is next to Tuas
Harbor to the south, and oil spills can occur on this island
during a northwest typhoon. Furthermore, Xu and Chua
(2016) stated the northern monsoon quickly cleaned up oil
spills from Tuas Harbor, which could have polluted the
water around Kepala Jeri Island. Unfortunately, the
industrial activities on Batam Island, the main island in
Batam City, and the location of most industrial activities
can impact the surrounding islands negatively (Fahrullah et
al. 2018). Therefore, there is a possibility that the pollution
will eventually reach Kepala Jeri Island. Apart from
industrial activities, various ships use Batam's waters as
cruise lines; the neighboring country, Singapore,
experiences high ship traffic in the Singapore Strait (Kang
et al. 2021); this changes the risk of an oil spill event.

According to the research findings, about half of the
coral species on Kepala Jeri Island grow on the island's
western side. Unfortunately, species availability at other
stations was lower, especially on the southern and eastern
sides of the island. A correlation analysis found a
significant positive relationship (r=0.998) between coral
coverage and species abundance, indicating that the greater
the coral coverage, the more coral species are likely to exist
(Pan et al. 2023). However, the coral reef ecosystem on
Kepala Jeri Island could be in better condition, with living
coral coverage as low as 5 to 29.33% (Lee et al. 2019;
Yeemin et al. 2024).

This study revealed that oil spills from the Tuas Port in
Singapore may contribute to the degradation of coral reefs
on Kepala Jeri Island. Oil films can promote sedimentation
by binding suspended and dissolved sediments, increasing
their depositions (Pan et al. 2023). There is also much
seagrass in the coral reef ecosystem, which suggests that
seagrass is moving into the coral habitat. The reason is that
the disturbances have made the sand halos that normally
separate the two ecosystems disappear (Steiner and
Willette 2015; Ruiz-Abierno and Armenteros 2017;
Winters et al. 2020; Sutrisno et al. 2021). This rapid change
in the coastal environment has promoted seagrass
expansion into the coral reef areas, further contributing to
the degradation of the coral reef ecosystem on Kepala Jeri
Island.

Declining populations of grazing species or accelerated
seagrass growth often cause seagrass invasions into coral
ecosystems. Coral-associated seagrass grazers are common
in coral reefs to keep seagrass from growing too much in
the coral ecosystem. This creates halos and spaces between
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the seagrass and coral ecosystems (Bilodeau et al. 2022).
However, ecological disturbances, such as increased
turbidity and sedimentation rates, may reduce or even
eliminate these grazers. According to Ong et al. (2024), the
clustered coral ecosystem has a reduced or absent
population of sand halos.

The present study found the highest coral cover in the
present study, the highest coral cover on the island's
western side, while the southern side had the lowest. The
estimated coral reef coverage on the northern, western,
eastern, and southern sides of Kepala Jeri Island is 95.27
ha, 108.95 ha, 29.77 ha, and 5.68 ha, respectively. Given
the current state of the coral reef ecosystem on Kepala Jeri
Island, further coral degradation is possible; an increased
sedimentation rate most likely causes this degradation.
Additionally, one of the ecological roles of seagrass is
sediment trapping (Barcelona et al. 2023). Seagrass is a
natural ecosystem between the coral reef and shore areas,
both with and without mangrove ecosystems (Akhand et al.
2021). Seagrass sediment trapping should reduce the
sediment supply to the coral ecosystem. Regrettably,
seagrass also dominates the coral ecosystem on Kepala Jeri
Island. Therefore, there is a potential that sediment trapping
will also occur in coral ecosystems, causing further
disturbance to coral reefs.

Our research findings demonstrate the need for
interventions to improve control of seagrass development,
particularly in coral reef ecosystems. Without intervention,
the Kepala Jeri Island coral reef will likely no longer exist.
The extension of seagrass, combined with the absence of
halo grass, would result in coral reef burial (Harborne et al.
2006). Seagrass beds eventually cover the coral ecosystem
(James et al. 2023).

The coral ecosystem on Kepala Jeri Island spans an area
of approximately 239.67 ha, with the island's western side
exhibiting the largest coral coverage. In contrast, the
southern side displays the smallest. The coral reef
ecosystem is typically in poor condition, where living coral
coverage only accounts for 5-29.33%. Moreover, the sand
coverage has surpassed coral reef coverage in Kepala Jeri
Island, accounting for 28.33-51.67%, while seagrass has
started invading the coral ecosystem. On Kepala Jeri
Island, there are 26 coral species. The species disperse
across the entire island, with the western region boasting
the highest number of species. Jaccard's similarity analysis
showed a weak relationship between stations, with a
similarity index between 0.00% and 14.29%. The
correlation analysis revealed a strong relationship between
the number of coral species and the extent of the coral
ecosystem. Our research findings regarding the condition
of the coral reef ecosystem on Kapal Jeri Island, which has
quite low live coral cover (only around 5-29.33%), align
with the trend of decreasing coral reef conditions reported
in various previous studies in Indonesia and other tropical
regions. Furthermore, the diversity of coral species on
Kepala Jeri Island is relatively low, with only 26 species
identified, which suggests similarities with the coral reef
degradation observed in similar locations. Furthermore, the
low level of coral species similarity across research stations
on Kepala Jeri Island suggests a non-uniform distribution
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of species, potentially due to local and regional factors
influencing the coral reef ecosystem in the region.

Human activities such as coastal development, tourism,
and pollution can potentially contribute to the degradation
of the coral reef ecosystem on Kepala Jeri Island through
physical damage, sedimentation, chemical pollution, and
overfishing. Understanding and addressing these impacts is
critical to effective regional coral reef conservation and
management efforts. Next, we cannot overlook the impact
of climate change and ocean acidification on coral reefs.
Rising sea temperatures, ocean acidification, and extreme
weather events pose significant threats to the health and
condition of coral reefs in the surrounding area of Kepala
Jeri Island. These factors can cause coral bleaching,
reduced calcification, and increased disease susceptibility,
all of which contribute to the decline of reef ecosystems.

Finally, it's essential to address arguments suggesting
that the observed degradation of the coral reef ecosystem
on Kepala Jeri Island could be part of a natural reef cycle.
While natural processes certainly play a role in reef
dynamics, human intervention has significantly accelerated
the degradation of coral reefs worldwide. By addressing
unsustainable human activities and implementing effective
conservation measures, we can work towards mitigating the
impact of human intervention on coral reef ecosystems. By
considering these factors and engaging in meaningful
discussions, we can better understand the complex
interactions between human activities and natural processes

and work towards sustainable management and
conservation practices for coral reef ecosystems.

Reducing coral reef cover and diversity can
significantly impact local marine ecosystems and

communities. Coral reefs are a habitat for various species
of fish, invertebrates, and other marine organisms, so
degradation of this ecosystem can threaten biodiversity,
reduce fisheries productivity, and disrupt the ecological
balance of coastal areas. We can implement several
specific interventions to improve the coral reef ecosystem
on Kepala Jeri Island, such as rehabilitating coral reefs by
transplanting healthy coral fragments and controlling
destructive human activities like overfishing and waste
disposal. Integrated management of coastal and marine
areas involving all stakeholders is also important for the
region's sustainability of coral reef ecosystems.
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