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ABSTRACT

The waters surrounding Tunda Island support coral reef ecosystems ranging from low to moderate condition,
which nevertheless provide essential ecological functions for marine life and coastal communities. Coral reefs are formed
through the deposition of calcium carbonate produced by reef-building corals in symbiosis with Symbiodinium. These
symbiotic algae perform photosynthesis, supplying a substantial portion of the energy required by their coral hosts while
contributing to coral pigmentation and overall reef health. However, coral health is increasingly threatened by
environmental stressors, including rising sea temperatures and declining water quality. This study aimed to assess the
health status of corals at Tunda Island, Indonesia, using the CoralWatch method based on changes in coral tissue
coloration. Data were collected through random surveys at six observation stations distributed around Tunda Island. The
results showed that the coral community was dominated by branching corals (36.8%), followed by boulder (26.1%), plate
(25.7%), and soft corals (11.4%). Coral health assessment indicated that most colonies were under moderate physiological
stress, with color Scores 3 (34.2%) and 4 (54.4%) being the most frequently recorded categories, reflecting reduced
pigmentation and an increased susceptibility to bleaching. These findings provide baseline information for long-term coral
reef monitoring and highlight the importance of sustainable coastal management to reduce environmental stress and
maintain coral reef resilience at Tunda Island.
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INTRODUCTION through coral coloration. Brighter coral coloration
Tunda Island is located in Wargasara Village, generally indicates a lower density of Symbiodinium,

Serang  Regency, Banten  Province, Indonesia, reflecting physiological stress or bleaching [4].

approximately 18 nautical miles from Karangantu Port, Previous studies on Tunda Island have investigated

and covers an area of about 260 hectares. Around 80% of coral reef diversity [5] and evaluated coral reef health
the island's population depends on fishing as their primary based on benthic cover and reef fish biomass [6].
livelihood. In recent years, however, many residents have However, to date, no study has specifically assessed coral
also engaged in tourism-related activities to supplement health based on coral pigmentation (color) on Tunda

their household income. In this context, preserving coral Island. Therefore, this study aims to identify the growth
reefs is essential because they provide critical habitat for forms and evaluate the health status of corals on Tunda
fish and other marine organisms while serving as a major Island using coral coloration as the primary health
attraction for marine tourism, thereby supporting the indicator.

sustainable livelihoods of the local community [1].
Coral reefs are vital marine ecosystems that play an METHODS
important role in maintaining the ecological balance of Study Site

adjacent coastal ecosystems, including seagrass beds and This study was conducted on Tunda Island, Serang
mangroves. However, they are highly sensitive to Regency, Banten Province, Indonesia. Six observation
environmental changes such as temperature fluctuations, stations were established around the island (Figure-1), and
pollution, and anthropogenic disturbances. As a result, their geographic coordinates were determined using a

coral degradation requires a long recovery period and may Global Positioning System (GPS) (Table-1).

lead to habitat loss and disruption of marine ecosystem

functions [2]. Corals obtain energy from carbohydrates Data Collection

produced through photosynthesis by Symbiodinium, Data were collected through random snorkeling
whereas Symbiodinium benefit from the protected habitat surveys. Coral colonies were selected using the kick cycle
provided by the coral and utilize coral metabolic waste as method, in which one complete cycle consisted of one
nutrients for photosynthesis [3]. The abundance of kick of the left leg followed by one kick of the right leg to
Symbiodinium is an important indicator of coral health and determine the distance between sampling points and the
environmental quality and can be assessed visually coral colonies to be observed [7]. Approximately 90 coral
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colonies were assessed at each observation station,
representing several coral growth forms, including
boulder, branching, plate, and soft corals.
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Figure-1. Location of the observation stations

Table-1. Geographic coordinates of the observation

and environmental stress to optimal health. Coral colonies
with color scores of 1-2 were classified as unhealthy,
indicating severe stress and bleaching; scores of 3-4 were
classified as stressed, indicating pale or moderately
stressed corals; whereas scores of 5-6 were classified as
healthy, indicating dark or intense coloration associated
with a higher density of Symbiodinium [4].

RESULT & DISSCUSSION
Water Quality

Overall, the water quality at Tunda Island was
within the acceptable range for coral reef ecosystems
based on the marine water quality standards for marine
biota stipulated in Government Regulation of the Republic
of Indonesia No. 22 of 2021 (Annex VIII). Corals are
highly sensitive to environmental fluctuations; therefore,
parameters such as temperature, pH, salinity, and water
visibility play crucial roles in their survival, growth, and
physiological performance. Significant deviations in these
parameters can adversely affect coral health and reduce

stations growth rates [9]. The complete water quality
Station Latitude Longitude measurements at each observation station are presented in
TKOL -5.81725 106.282287 Table-3.
TKO02 -5.808847 106.294174
TKO3 -5.807769 106.286257 Table-3. Water quality measurements at Tunda Island
TKO05 -5.809051 106.260686 Parameter Station (TK) Avg
TKO6 -5.810339 106.253282 01 02 03 05 06 | 07
TKO7 -5.81350 106.263554 Temperature| 27.6 | 27 28 | 276 | 276| 278|276
Q)
Coral health was assessed using the Coral Health pH 76 | 78 | 76 | 77 | 75| 73 | 76
Chart developed by CoralWatch (Figure-2), which Salinity (%0) 34 35 R 34 | 33| 34 |337
classifies coral condition based on pigmentation (color) Visibility 576 | 577 | 576 | 576 | 5.71| 58 | 58
scores. The Coral Health Chart is a visual monitoring tool (m)

designed to evaluate coral reef health by comparing the
observed coral coloration with a standardized color scale.
This method enables both researchers and the public to
assess coral health rapidly and consistently in the field [8].
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Figure-2. Coral Health Chart
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Table-2. Coral health assessment criteria

Color score Health category
1-2 Unhealthy coral
3-4 Stressed coral
5-6 Healthy coral

Coral health was evaluated using a color scale

ranging from 1 to 6 for each color hue (Table-2). The scale
represents coral conditions ranging from severe bleaching
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According to Government Regulation No. 22 of
2021, the optimal temperature for coral reef ecosystems
ranges from 28 to 30°C. Water temperature at Tunda
Island ranged from 27 to 29°C, with an average of 27.6°C
(Table-3). Although the average temperature was slightly
below the recommended range, it remains suitable for
supporting coral metabolism and the photosynthetic
activity of Symbiodinium living within coral tissues.
Previous studies have reported that optimal temperatures
for tropical marine ecosystems generally range from 28 to
32°C [10], while temperatures of up to 30.6°C at Tunda
Island have also been shown to support normal coral
growth and development [11].

The degree of acidity (pH) plays an important role
in the formation of coral calcium carbonate skeletons. Low
pH conditions can inhibit calcification and increase coral
susceptibility to environmental stress [9]. The measured
pH ranged from 7.3 to 7.8, with an average of 7.6,
remaining within the suitable range of 7.0-8.5 for coral
growth [12]. Ideally, pH values between 7.8 and 8.4
provide sufficient bicarbonate ions required by
Symbiodinium for photosynthesis [13]. However, pH
generally decreases with increasing water depth because of
changes in hydrostatic pressure and dissolved chemical
compounds [12].

Salinity at the observation stations ranged from 32
to 35%., with an average of 33.7%., which is consistent
with the recommended range of 33-34%. specified in
Government Regulation No. 22 of 2021. Slight deviations
were observed at Station 2 (35%o) and Station 3 (32%o). As
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stenohaline organisms, reef-building corals are adapted to
relatively stable salinity conditions within the range of 32—
35%0 [14]. Salinity fluctuations outside this range may
impose osmotic stress, thereby inhibiting coral growth and
reducing overall health [9]. Stable salinity also supports
efficient calcium carbonate deposition for reef formation
[13].

Water visibility ranged from 5.72 to 5.80 m, with
an average of approximately 5.8 m, exceeding the
minimum standard of >5 m for marine biota established by
Government Regulation No. 22 of 2021. Adequate water
visibility allows sufficient light penetration to support
photosynthesis by Symbiodinium. However, excessive
light exposure under certain environmental conditions may
also induce physiological stress and increase the risk of
coral bleaching [9].

Coral Lifeform Composition

Observations identified four coral growth forms:
boulder (massive), branching, plate (tabulate/foliose), and
soft corals. Branching corals were the dominant lifeform at
all observation stations, with the highest proportion
recorded at TK06 (47%) and the lowest at TK05 (29%).
Boulder corals showed considerable variation among
stations, reaching the highest proportion at TK03 (32%)
and the lowest at TK06 (15%). Plate corals were relatively
evenly distributed, accounting for 25-34% of the coral
assemblages across stations, whereas soft corals
represented the lowest proportion overall, particularly at
TKO3 (6%) (Figure-3).

Re;ear:h StaYIion
Figure-3. Percentage of coral lifeforms at each
observation station

The dominance of branching corals across most
observation stations indicates that environmental
conditions at Tunda Island favor rapid coral growth and
high regeneration capacity. Branching corals generally
thrive in waters with high visibility, low turbidity, and
relatively weak currents [15]. In contrast, boulder
(massive) corals, which were more abundant at TK03 and
TKO05, are more tolerant of environmental stress and are
commonly associated with habitats exposed to stronger
currents and wave action. Their predominance at these
stations suggests adaptation to local hydrodynamic
conditions. Previous studies have also reported that
boulder corals tend to dominate areas with strong currents
and higher turbidity because of their greater resistance to
physical disturbance [15].

The relatively high abundance of plate corals at
TKO1 and TKO7 is likely associated with calmer
hydrodynamic conditions. However, plate corals are
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highly susceptible to sedimentation because their broad,
horizontal morphology promotes sediment accumulation
on the colony surface [16]. Excessive sediment deposition
can reduce light availability and inhibit photosynthesis by
Symbiodinium, thereby affecting coral growth and overall
health. Soft corals consistently exhibited the lowest
abundance across all stations, suggesting that
environmental conditions at Tunda Island are more
favorable for reef-building scleractinian (hard) corals than
for soft corals. Previous studies have reported that many
soft coral species are commonly found in shallow waters
at depths of 1-3 m and are particularly sensitive to
sediment accumulation on their substrates [16].
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Figure-4. Overall composition of the identified coral
lifeforms

Overall, branching corals constituted the largest
proportion of the coral community (36.8%) (Figure-4).
Their dominance indicates that environmental conditions
are favorable for rapid coral growth and natural reef
regeneration, particularly in shallow waters with sufficient
light penetration [15]. Boulder corals, recognized for their
tolerance to environmental stress and frequent occurrence
in areas with strong currents and elevated turbidity, further
reflect the ecological stability of the reef ecosystem [15].
Plate corals also contributed substantially to the coral
community and are typically associated with habitats
characterized by moderate light intensity and relatively
calm water movement, although they remain vulnerable to
sedimentation because of their horizontal growth form
[16].

Soft corals accounted for only 11.4% of the total
coral community. This relatively low abundance suggests
that the reef ecosystem has not experienced severe
environmental ~ degradation, such as  excessive
eutrophication or heavy sedimentation, conditions under
which soft corals often become more dominant [16,17].
Overall, the observed lifeform composition indicates that
the coral reef ecosystem at Tunda Island remains relatively
stable, supporting a balanced community of fast-growing
branching corals and more resilient massive corals [18].

Coral Health Assessment

The distribution of coral health scores at each
observation station based on coral coloration is presented
in Figure-5. Score 4 (stressed) was the most frequently
recorded category at all stations, reaching the highest
proportion at TK05 (74%) and accounting for 53-57% of
the observations at TK01, TK02, and TKO03. Score 3
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(stressed) represented the second most common category,
particularly at TK0O6 and TKO07, where the proportions of
Scores 3 and 4 were nearly equal (45-47%). Healthy
corals (Scores 5 and 6) were observed only at TKO1,
TKO02, TKO03, and TKO06, although they accounted for
relatively small proportions (up to 12%). In contrast, Score
2 (unhealthy) was recorded only at TK06 and TK07 (7%),
whereas Score 1 (unhealthy) was observed exclusively at

TKO5 (4%).
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Figure-5. Frequency distribution of coral health scores at
each observation station
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The predominance of Scores 3 and 4 indicates that
most coral colonies were under moderate physiological
stress rather than in optimal condition. The high frequency
of Score 4 suggests that the corals still retained a relatively
sufficient density of Symbiodinium and had not yet
experienced severe bleaching [19]. The occurrence of
healthy scores (5 and 6) at TK01, TK02, TK03, and TK06

indicates favorable local environmental conditions,
including suitable water quality, adequate light
availability, and relatively limited anthropogenic

disturbance. Previous studies have emphasized that coral
health and growth are strongly influenced by microhabitat
environmental conditions [20].

Conversely, the occurrence of Scores 1 and 2 at
TKO05-TKO7, despite water temperatures remaining within
the suitable range (27.6-27.8°C), suggests that some coral
colonies were experiencing severe physiological stress or
the early stages of bleaching. This condition was likely
associated with elevated sedimentation, which can cover
coral surfaces, reduce light penetration, and inhibit
photosynthesis by Symbiodinium [21]. Overall, these
results demonstrate the spatial variability of coral health
across Tunda Island and highlight the usefulness of the
Coral Health Chart as a rapid visual assessment tool for
field monitoring [19].

Coral health at Tunda Island was dominated by the
stressed category (88.6%), followed by healthy (10.1%)
and unhealthy/bleached corals (1.3%). Previous research
reported that live coral cover at Tunda Island averaged
37.53%, classifying the reef as moderately degraded [11].
This condition has been attributed to various
anthropogenic activities, including tourists stepping on
corals in shallow waters and anchor damage caused by
fishing and tourism vessels. Similarly, coral cover has
been reported to be lower in areas with intensive marine
tourism than in less frequently visited locations [22]. Coral
cover across the six observation stations ranged from
2.74% to 50.12%, indicating substantial spatial variation
in reef condition [6].

109

Overall, the distribution of coral health scores was
as follows: Score 1 (0.3%), Score 2 (1.0%), Score 3
(34.2%), Score 4 (54.4%), Score 5 (6.2%), and Score 6
(3.9%) (Figure-6). The dominance of Scores 3 and 4
indicates that most coral colonies were experiencing
moderate stress, as reflected by their slightly pale
coloration. Tunda Island is characterized by intensive
fishing and marine tourism activities, both of which have
the potential to negatively affect coral reef ecosystems.
Similar findings were reported from Bunaken Island,
where coral color scores of 3 and 4 were also dominant,
indicating coral conditions ranging from moderately
stressed to relatively healthy [7]. According to the Coral
Health Chart, higher color scores (5-6) represent healthy
coral colonies, whereas lower scores indicate increasing
levels of bleaching. Likewise, studies conducted on Sepa
Island reported a predominance of Score 4, which was
associated with intensive tourism activities, including dive
training, jetty operations, boat traffic, and sedimentation

[4].
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Figure-6. Overall distribution of coral health scores
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CONCLUSIONS

The results of this study indicate that the overall
water quality in the waters of Tunda Island remains within
the recommended range for coral reef ecosystems, as
reflected by temperature, pH, salinity, and water visibility,
all of which comply with the marine water quality
standards. Despite these favorable environmental
conditions, coral health assessment using the Coral Health
Chart revealed that most coral colonies were categorized
as stressed, with Score 3 and Score 4 accounting for
34.2% and 54.4% of the observations, respectively. In
contrast, only 10.1% of the observed corals were classified
as healthy (Scores 5-6), while 1.3% exhibited unhealthy
or bleaching conditions (Scores 1-2).

The coral community was dominated by branching
corals (36.8%), a growth form characterized by rapid
growth and high regenerative capacity through
fragmentation, enabling efficient recolonization following
disturbance. However, the predominance of branching
corals alone should not be interpreted as evidence of a
healthy reef ecosystem. Previous studies have shown that
branching corals are generally more susceptible to
environmental stressors, including elevated seawater
temperatures, bleaching, disease, sedimentation, and
physical damage caused by wave action. Consequently,
the observed lifeform composition should be interpreted
together with coral health indicators and environmental
conditions. The predominance of stressed coral colonies,
despite generally suitable water quality, suggests that local
anthropogenic pressures, including fishing activities and
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marine tourism, may be contributing to physiological
stress in corals at Tunda Island. These findings highlight

the

need for effective conservation measures and

sustainable coastal management to maintain coral reef
health and prevent further ecosystem degradation.
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