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ABSTRACT
Coral reefs are vital marine ecosystems that support biodiversity and provide
ecological services, yet they face increasing threats from environmental and
anthropogenic pressures. This study aimed to map the distribution and spatial

Online: Aug. 30, 2025 extent of live coral, dead coral, and sandy substrates, determine the percentage

of coral cover, assess coral reef conditions, and analyze water quality

parameters in the Banda Marine Conservation Area, Central Maluku Province,
Indonesia. Data on coral reef distribution were collected using manual on-
screen digitization based on high-resolution satellite imagery, based on the
Lyzenga model combined with field verification using the Underwater Photo
Transect (UPT) method. Coral reef mapping covered four islands: Gunung Api,
Neira, Banda Besar, and Pisang. Results showed live coral coverage of 1.41
hectares, dead coral of 0.12 hectares, and sand of 0.01 hectares. The benthic
composition of BMCA reefs is dominated by live hard corals (53.67%-—
70.47%), with moderate abiotic substrates (19.8%-31.01%), low biotic non-
coral cover (2.13%-20.13%), and minimal dead coral presence (<1%). Live
coral cover percentages were 58.47, 53.67, 70.47, and 61.93% for stations 1
through 4, respectively, with an average live coral cover of 61.13%, categorized
as ‘good’ condition. Water quality parameters measured at four stations
indicated a mean temperature of 28°C, salinity between 30 and 31ppt, pH
values ranging from 6 to 8, and varying current velocity and water clarity
consistent with typical reef environments. These findings highlight the
relatively healthy status of coral reefs at all stations in the Banda Marine
Conservation Area and provide baseline data essential for conservation and
sustainable management efforts.
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INTRODUCTION

Coral reefs are marine invertebrates classified within the phylum Cnidaria and class
Anthozoa, characterized by their calcium carbonate structures. They are among the most
biologically diverse and ecologically significant marine ecosystems, providing vital
services such as coastal protection, fisheries habitat, and sources of livelihood for coastal
communities (Hughes et al., 2017). Although coral reefs occupy only 0.1% of the global
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ocean surface, remarkably, they support approximately 25% of all marine life. These
ecosystems host diverse organisms, including fish, mollusks, annelids, crustaceans,
echinoderms, sponges, ascidians, and other cnidarians. As essential habitats, coral reefs
provide shelter, feeding grounds, spawning sites, and nurseries for many marine species.
Additionally, reefs function as natural coastal barriers, contribute to biopharmaceutical
discovery, support recreational tourism, and provide critical resources for research and
education (Utami & Anggoro, 2021).

Globally, coral reefs are recognized as biodiversity hotspots and play a crucial role in
maintaining the ecological balance of marine environments. Healthy and productive reef
systems are vital for ensuring the sustainability of marine ecosystems, supporting fishery
resources, promoting tourism, and conserving marine biodiversity. To achieve sustainable
management of coral reef resources, it is essential to understand their spatial distribution
and coverage conditions in specific regions (Permatasari et al., 2023). However, coral
reef ecosystems worldwide face severe threats from global stressors such as climate
change and ocean acidification, as well as local pressures including overfishing, coastal
development, and pollution (Eddy et al., 2021).

In Indonesia, the Coral Triangle region harbors one of the world's highest
concentrations of coral biodiversity, making it a priority for marine conservation
initiatives. As the world's largest archipelagic nation, Indonesia possesses immense
biodiversity, particularly in its coastal and marine areas. Coral reefs form one of the most
ecologically significant ecosystems in the region, offering vital protection to shorelines
against wave and current forces (Indrabudi & Alik, 2017). Furthermore, these reefs
provide multiple ecosystem services, including spawning, nursery, feeding, and rearing
grounds for many marine species (Dasmasela et al., 2019).

Specifically, the Banda Islands in Maluku Province contain approximately 15
hectares of coral reef resources, predominantly consisting of fringing reef formations.
Despite their relatively limited area, these reefs support over 300 recorded species of hard
corals, meeting high global diversity standards (Lestaluhu & Wasahua, 2014). Coral
morphology in this region exhibits wide variation, including globose, branching, digitate
plate, compound plate, fragile branching, encrusting plate, foliate, and micro-atoll forms
(Barus et al., 2018). These diverse growth forms are strongly influenced by
environmental factors such as light availability and wave pressure (Schalaefer et al.,
2021). Despite the ecological significance of the Banda reefs, scientific assessments of
their condition remain limited, particularly studies integrating spatial analysis and in situ
ecological data. Recent advancements in remote sensing and reef classification
techniques have enhanced the capacity to monitor coral reef distribution and health over
broad spatial scales (Hedley et al., 2016). Combined with direct field observations, these
tools provide valuable insights for assessing reef conditions and guiding management
priorities.
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Coral distribution across the Indonesian archipelago is uneven. While some regions
show stunted reef development, areas around Sulawesi, Maluku, Sorong, West Nusa
Tenggara, and East Nusa Tenggara are recognized as optimal zones for coral growth
(Ceccarelli et al., 2022). The seas surrounding Sulawesi, in particular, are considered the
global center of coral diversity and are believed to be among the evolutionary origins of
modern coral species (Perenden et al., 2023).

Coral reefs are an invaluable national marine resource given their ecological and
economic importance. Therefore, accurate coral reef distribution and extent mapping are
imperative to inform marine spatial planning and conservation strategies. Indonesia hosts
an estimated 2.5 million hectares of coral reefs, accounting for approximately 14% of the
world's total reef area (Irawan et al., 2017). Nonetheless, coral reef ecosystems face
escalating threats, including thermal stress and widespread bleaching events driven by
global climate change (Sinaga et al., 2023). A 2018 survey by the Indonesian Institute of
Sciences (LIPI) monitoring 1,067 reef sites reported that 36.18% were classified as poor,
34.3% as fair, 22.96% as good, and only 6.56% as excellent (Taofiqurohman et al.,
2021).

Both anthropogenic and natural factors have contributed significantly to the decline
of coral reef health throughout Indonesia (Najmi et al., 2021). In response, advanced
technologies such as remote sensing and satellite imagery have become essential for
assessing reef distribution and condition. These technologies enable efficient, large-scale
monitoring of coral reef ecosystems, especially in remote conservation areas such as the
Banda Marine Conservation Area (Pratama, 2024). Accordingly, this study aimed to
analyze the spatial distribution and condition of coral reefs in the Banda Marine
Conservation Area, Central Maluku Regency, by employing remote sensing technigues to
provide comprehensive baseline data for marine resource management and conservation
planning.

MATERIALS AND METHODS

1.  Study sites and field data collection

Field data collection was conducted at four reef stations in the Banda Sea
Conservation Area (Fig. 1). Station 1: Mangkubatu Beach, Rajawali Village
(4°30'31.5"S, 129°54'30.3"E); Station 2: Batu Panjang Beach, Kampung Baru
(4°30'56.8"S, 129°54'39.0"E); Station 3: Walang Spanciby Village (4°32'45.7"S,
129°54'20.4"E); and Station 4: Gunung Api Island (4°32'06.4"S, 129°53'27.7"E). Coral
reef mapping covered four islands: Gunung Api, Neira, Banda Besar, and Pisang, also
known as Syabhrir.
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The underwater photo transect (UPT) method was used for coral reef assessment,
utilizing underwater photography supported by a digital camera with waterproof housing
(Daud et al., 2021). Supporting tools included scuba equipment, a 50-meter transect tape,
a rectangular photo quadrat frame measuring 58 x 44cm (dimension refers to the inner
frame excluding the PVC pipe thickness), and an underwater camera, as shown in Fig.
(2). A rectangular rather than a square frame was used because it provided a suitable
aspect ratio for underwater photography, maximizing coral coverage in each image while
remaining manageable for divers underwater. At each station, the transect tape was
deployed parallel to the coastline at depths ranging from 5 to 7 meters. Photographs were
taken perpendicular to the seabed at 1-meter intervals. Odd-meter marks were
photographed from the left side, and even-meter marks from the right (Erwin, 2023).
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Fig. 2. Sampling illustration using the UPT method

2. Satellite image acquisition and preprocessing

Satellite imagery used to map the spatial distribution of coral reefs was obtained
from the SAS Planet application, which functions as a free platform to access and
download publicly available basemaps from various providers. For this study, high-
resolution ESRI ArcGIS Clarity imagery (zoom level 16) was retrieved in enhanced
compression wavelet (ECW) format. Although the imagery is limited to true-color (RGB)
bands, corresponding to the red, green, and blue spectral ranges, these bands (2, 3, and 4
in the ESRI basemap nomenclature) are commonly employed for marine habitat analysis
where higher-resolution multispectral satellite data are unavailable. Image preprocessing
involved geometric correction, sharpening, and water column correction using the
Lyzenga method (Pratama, 2024). The corrected imagery was then imported into
ArcMap version 10.5 for further spatial analysis.
3. Reef mapping and field validation

Reef habitats were mapped using manual on-screen digitization based on high-
resolution satellite imagery, complemented by in situ field observations to ensure
accuracy. Areas identified in the field, but not clearly visible in the imagery, were
digitized manually to capture all reef features (Rizal et al., 2022). The spatial extent of
each habitat class (live coral, dead coral, sand) was calculated from the resulting
polygons. This approach combines satellite interpretation with field validation, providing
an accurate representation of reef distribution while avoiding over-reliance on automated
classification algorithms.
4. Image analysis and coral reef mapping

The coral reef distribution maps were produced using ArcMap 10.5 (ESRI, licensed
to Bone Polytechnic of Marine and Fisheries), following a multi-step process that
included the importation of preprocessed satellite imagery, supervised classification with
training data, manual corrections based on field data, and vector map generation of coral
reef areas. This approach enabled efficient identification of coral reef extent and
supported integration with geographic and ecological layers for further interpretation
(Widhiatmoko et al., 2020). The steps are detailed in Fig. (3).
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Satellite Image Data
Downloaded from the SAS Planet Application

Downloaded Image Data

Processed and Integrated with Coral Reef Condition Data
from the Allen Coral Atlas Platform

Image Data and Coral Reef Condition Data
Processed into Coral Reef Distribution and Area Coverage

Resulting Map of the Distribution and Area of Live Coral, Dead Coral,
and Sand in the Banda Marine Conservation Area

Fig. 3. Steps for mapping the distribution of coral reefs

5. Coral Cover Analysis Using CPCe

Quantitative analysis of coral cover was performed using Coral Point Count with
Excel extensions (CPCe), a software tool developed for analyzing benthic images
(Kohler & Gill, 2006; Kase et al., 2019). A total of 30 random points per image frame
were selected for analysis. Each point was categorized based on the benthic component
(live coral, dead coral, rubble, algae, sand, etc.) directly beneath it (Sagai et al., 2017).
The coral cover percentage was calculated using the formula:

points in category number
Coral cover percentage = . X100
points number

6. Coral condition assessment criteria

Coral reef conditions were evaluated based on live coral cover percentages and
were categorized following the Indonesian Ministry of Environment Decree No. 04/2001
(Utami & Anggoro, 2021), as presented in Table (1).

Table 1. Criteria for determining coral reef conditions

Coral Cover (%) Condition Category
0-25 Poor

25-49.9 Fair

50-74.9 Good

75-100 Excellent
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7. Water quality sampling and field procedures

Water quality was measured at each station using simple, low-cost, field methods
that can be replicated. At every station, measurements were taken at the surface (0— 0.5m)
during daytime and outside of rain events. All instruments were rinsed with site water
before use, and values were recorded after readings stabilized.

a)

pH and temperature. A handheld multiparameter meter measured pH and
temperature. The pH sensor was calibrated daily using two-point buffer solutions
(pH 7.00 and 4.00; checked with pH 10.00. The temperature probe was factory-
calibrated and was allowed to equilibrate for 60s before logging.

b) Salinity. Salinity (ppt) was obtained from a handheld salinity/conductivity meter.

c)

The probe was checked with a standard solution (e.g., 35 ppt) at the start of each
field day. Readings were taken after stabilization (30—60 s) with the probe fully
submerged.

Current velocity. Current was estimated using a float-and-stopwatch method
along a measured transect (10 m). A neutrally buoyant float was released at the
upstream marker; travel time to the downstream marker was recorded with a
stopwatch. Velocity (m/s) was computed as distance/time and corrected by a
factor of 0.85 to approximate subsurface flow. Each station had three releases; the
mean was used as the station value.

d) Water clarity. Secchi disk depth (m) was measured on the shaded side of the

boat/platform. The disk was lowered until it disappeared, then raised until it
reappeared; the average of the two depths was recorded as the Secchi depth.
Measurements were avoided near noon glare and intense wave action.

Replication and QA/QC. At each station, duplicate readings were taken for pH,
temperature, and salinity; if duplicates differed by >0.1 pH units, >0.5 °C, or >1
ppt, a third reading was taken and the median reported. Currently, three float trials
have been performed, as noted above. One station per day was repeated as a field
duplicate; relative percent difference <10% (physicochemical) and <20% (current)
was deemed acceptable. All data were logged with station 1D, date/time, GPS, and
operator initials.

Data handling. For each station, the reported value is the mean of replicate
measurements (current = mean of three trials; clarity = average of
disappearance/reappearance). Units are pH (dimensionless), temperature (°C),
salinity (ppt), current (m s '), and clarity (m).
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RESULTS AND DISCUSSIONS

1. Coral reef distribution

The spatial distribution of coral reefs in the Banda Marine Conservation Area
(BMCA) was mapped through manual on-screen digitization of high-resolution satellite
imagery, guided by in situ field observations to ensure accuracy. Distinct zonation
patterns influenced by natural and anthropogenic factors are visible in the resulting map
(Fig. 4). The classification delineated three primary reef categories, including live coral,
dead coral, and sand, with live coral dominating a total area of approximately 1.41
hectares, followed by dead coral (0.12 ha) and sand (0.01 ha). Live coral formations were
predominantly distributed offshore, while dead coral zones were concentrated closer to
the shoreline. This nearshore degradation pattern aligns with previous findings that
attribute coral mortality in such areas to anthropogenic disturbances such as anchoring,
fishing, and sedimentation (Alamsyah et al., 2019).

The reef distribution also reflects the geomorphological and hydrodynamic features
of the Banda Islands, a volcanic archipelago characterized by steep bathymetric gradients.
The dominant reef morphologies observed, fringing reefs and patch reefs, are typical of
island systems where coral growth occurs along the periphery of volcanic landmasses
(Harris et al., 2018). Fringing reefs in the BMCA tend to develop parallel to the
shoreline, especially on the islands' eastern (leeward) side, where reduced wave energy
creates favorable conditions for larval settlement and coral recruitment.

Coral Reefs Distribution
Map of Banda Marine
Conservation Area

Scale 1:50.000 %

LEGEND

B Livecorall4l Ha
B Died coral 0.12 Ha
7 Sand 0.01Ha

Fig. 4. Coral reef distribution map
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Hydrodynamic conditions play a critical role in structuring reef distribution by
affecting several ecological parameters, including coral cover, species diversity,
recruitment success, and benthic community composition. Coral communities on the
leeward side of islands often experience lower current velocities, which promote higher
coral cover, increased species richness, and successful settlement of juvenile corals
(Qamarina et al., 2025). Conversely, windward zones with stronger currents and
elevated sediment transport may reduce coral recruitment, limit growth rates, and
decrease overall biodiversity. Field observations confirmed that areas near river mouths
or those experiencing sediment influx showed reduced coral cover or signs of partial
degradation, highlighting the importance of managing land-based sources of pollution
(De Clippele et al., 2023).

Despite the observed spatial variation in reef health, the overall condition of coral
ecosystems in the BMCA remains relatively intact. The limited coastal development and
low human population in the Banda region may have played a role in mitigating
widespread degradation. However, even in these remote systems, cumulative stressors
such as climate-induced bleaching, illegal fishing, and maritime traffic could pose future
threats if not effectively managed. Therefore, integrating geospatial mapping with
ongoing ecological monitoring is vital for informed conservation strategies. Incorporating
land-sea planning approaches will help protect upstream watersheds while sustaining
marine biodiversity (Carter et al., 2020).

2. Coral composition and ecological structure

The spatial variability in coral reef composition across the four monitoring stations in
the BMCA reflects differences in ecological structure, coral morphotypes, and potential
disturbance history (Fig. 5). The percentage of live coral cover across survey stations
varied significantly, reflecting the heterogeneity of reef health throughout the
conservation area. Apparently, coral reefs at each station are shown in Fig. (6).
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Fig. 6. Visual of coral across the stations. A) Station 1; B) Station 2; C) Station 3; and D)

Station 4.

At Station 1, live coral cover reached 58.47%, with a notable dominance of
mushroom corals (22.73%), a group typically associated with moderately disturbed reef
environments and high sedimentation tolerance (Hoeksema et al., 2019). The presence of
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rare taxa such as Heliopora coerulea (blue coral), albeit at low cover (0.53%), suggests
limited representation of ancient reef-building species, which are often indicators of
stable, low-stress environments (Reaka-Kudla, 2001). The relatively high proportion of
abiotic components (31.01%), primarily sand, and 9.87% biotic non-coral components
(sponges, soft corals), may indicate patchy substrate conditions and intermediate reef
maturity.

Station 2 recorded a slightly lower live coral cover (53.67%) with dominance by
Acropora digitata (16.53%), a fast-growing branching coral often associated with early
successional stages or post-disturbance recovery zones (Darling et al., 2012). The high
contribution of biotic components (20.13%), more than double that at Station 1, suggests
a more complex benthic community structure, possibly linked to niche availability or
lower coral competition. The low representation of Heliopora (0.13%) and substantial
abiotic fraction (25.4%) again indicates a habitat still undergoing colonization and
consolidation.

In contrast, Station 3 showed the highest live coral cover (70.47%), dominated by
foliose coral morphotypes (41.13%), which typically thrive under conditions of moderate
light and water movement and often provide high habitat complexity for reef-associated
fauna. The minimal presence of A. digitata (0.2%) may reflect competitive exclusion or
substrate preferences. Notably, this station had the lowest proportion of biotic
components (2.13%), possibly due to space occupation by live scleractinian colonies, and
an abiotic component of 26.47% (mainly rubble), which may result from historical
breakage events or storm impacts (Erftemeijer et al., 2012).

Station 4, with a live coral cover of 61.93%, was primarily dominated by submassive
Acropora (18.67%), suggesting structural resilience and adaptation to moderate wave
exposure (Veron, 2000). However, this station also exhibited very low percentages of
branching and tabulate Acropora (0.07% each), which are typically more sensitive to
physical damage and bleaching (Loya et al., 2001). The presence of biotic components
(17.87%) and abiotic substrate (19.8%, mostly rubble) points toward a moderately
complex and recovering benthic landscape. The biotic community also benefited from the
use of coral substrates, as these created favorable conditions that attracted a greater
diversity and abundance of coral biota (Faizal et al., 2025).

These patterns reflect site-specific environmental conditions and potentially different
disturbance histories. The observed diversity in morphotypes (branching, foliose,
submassive, and mushroom corals) across stations suggests that BMCA supports a
heterogeneous reef system with high ecological value. According to Rogers et al. (2014),
such structural diversity enhances reef resilience by supporting a wider range of
functional groups and ecological niches.

Furthermore, the varying proportions of dead coral with algae (ranging from 0.4% to
0.93%) remain low at all stations, indicating limited recent mortality and low macroalgal
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overgrowth, two critical indicators of reef degradation (McClanahan et al., 2019). This
reinforces the earlier conclusion that reefs within the BMCA are in relatively healthy
condition, likely due to reduced anthropogenic pressure and possible enforcement of
marine protected area regulations.

3. Coral reef condition assessment

The condition of coral reefs was assessed using live coral cover percentages and
classified according to the Ministry of Environment Decree No. 04/2001, as detailed in
Table (2). The results indicate that the coral reef cover at all four Banda Marine
Conservation Area monitoring stations falls into the "good" category, with live coral
cover percentages ranging from 53.67 to 70.47%. Station 3 recorded the highest cover at
70.47%, followed by Station 4 (61.93%), Station 1 (58.47%), and Station 2 (53.67%).
According to the coral reef health classification by Edinger and Jisk (2000), live coral
cover between 50 and 75% indicates a healthy or "good" reef condition. These findings
suggest that the coral reefs in this region remain relatively intact and ecologically
functional.

The relatively high live coral cover is particularly significant given the broader
context of coral reef degradation in many parts of Indonesia. Studies by Razak et al.
(2022) have emphasized that many reef areas in western and central Indonesia exhibit
coral cover below 50% due to anthropogenic pressures such as overfishing, coastal
development, and destructive fishing practices. In contrast, the Banda Sea region,
including the Banda Islands and Lucipara Islands, has consistently demonstrated healthier
reef ecosystems. Research by Limmon et al. (2023) reported that reefs in the Lucipara
Islands showed medium to high coral cover and substantial fish biomass, attributing this
to the relative isolation of the area and low human impact.

Table 2. Coral reef condition by station according to AIMS (2021)

Station Live coral cover (%) Condition
1 58.47 Good
2 53.67 Good
3 70.47 Good
4 61.93 Good
Mean 61.13 Good

Moreover, coral reef health in remote eastern Indonesia is increasingly recognized as
critical to regional biodiversity conservation. A study by Novriansyah et al. (2023)
emphasized that the reefs of the Banda Sea are part of a biodiversity hotspot within the
Coral Triangle and serve as critical refugia for coral and fish species under climate stress.
This study's relatively high coral cover supports the notion that the BMCA functions as
an ecologically important and resilient marine ecosystem.
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Live coral cover is also a key indicator of reef resilience, particularly in the face of
increasing sea surface temperatures and coral bleaching events. According to studies by
Hughes et al. (2018), reefs with higher initial coral cover and structural complexity tend
to exhibit greater recovery potential following bleaching or disturbance events.
Therefore, the current status of coral reefs in the BMCA represents a valuable natural
capital that must be prioritized for protection and adaptive management.

Continued monitoring and improved spatial data integration are essential to ensure
long-term sustainability. Recent advancements in remote sensing and machine learning
offer promising tools for large-scale coral monitoring (Trudeau et al., 2025). These tools
can enhance the precision of reef mapping and allow for early detection of degradation
trends. However, ecological data must be complemented by governance and community
engagement to support effective conservation strategies.

4. Water quality parameters

Water quality plays a vital role in determining coral reef ecosystems' health,
resilience, and growth potential. Table (3) summarizes the water quality parameters
measured at four Banda Marine Conservation Area (BMCA) stations, including pH,
temperature, salinity, current velocity, and water transparency.

Table 3. Water quality parameters at each station
Station pH Temperature °C  Salinity (ppt) Current (m/s)  Clarity (m)

1 6 28 30 0.15 5
2 6 28 30 0.10 5
3 7 28 31 0.05 5
4 8 28 30 0.12 6

Salinity values across the stations ranged from 30 to 31lppt, slightly below the
optimal range for coral reef development, typically 32— 35ppt (Lyu et al., 2024). The
observed lower salinity levels may be attributed to recent rainfall events, increased
freshwater input, wave dynamics, and wind-driven surface currents that alter local
salinity profiles (Pratama, 2024). Nevertheless, corals tolerate a wider salinity range
between 25— 40ppt, and such conditions can still support coral growth and the survival of
other marine organisms (Patty & Akbar, 2018). The recorded pH levels ranged between
6 and 8, indicating station variability. Although some values fall slightly below the
typical range for seawater (7.5-8.4), especially in offshore environments (Hamuna et al.,
2018), the general pH conditions remain tolerable for coral health. Acidic or basic
conditions may negatively affect marine organisms by interfering with metabolic and
respiratory functions. However, a pH range of 7 to 8.5 is still acceptable for sustaining
coral reef ecosystems and does not indicate acute stress.



3386 Arafat et al., 2025

Water temperature at all four stations was consistent at 28°C, which falls within the
optimal thermal range for coral growth, namely 27— 29°C (Supriyadi et al, 2020).
Rashad et al. (2025) reveal that temperature plays a crucial role in regulating the
spawning timing of corals such as Acropora digitifera and Acropora gemmifera, with
coral reefs being highly sensitive to thermal fluctuations that, when prolonged, can
trigger bleaching events. However, the current readings suggest thermally stable
conditions that support coral calcification and physiological processes. Hamuna et al.
(2018) state that average sea surface temperatures in tropical coral reef zones typically
range from 28 to 31°C. Current velocities varied between 0.05 and 0.15 m/s. These values
fall within the optimal range for coral development, estimated at 0.01- 0.33m/ s
(Pratama, 2024). Moderate water movement facilitates nutrient exchange, sediment
clearance, and oxygenation, which are crucial for coral health. On the other hand,
powerful currents may cause physical damage, whereas stagnant conditions may promote
sediment accumulation and stress.

Water clarity, or Secchi depth, ranged from 5 to 6 meters, meeting the Indonesian
marine water quality standard for coral reef waters, which requires a minimum
transparency of more than 5 meters (Mandey et al., 2022; Minister of Environment
Decree No. 51/2004). Sufficient light penetration is critical for coral symbiotic algae
(zooxanthellae) to conduct photosynthesis. Reduced water clarity often correlates with
increased turbidity, nutrient loading, or sediment resuspension, negatively impacting
coral health and recruitment. Water quality conditions observed at the monitoring stations
in the BMCA were within acceptable and supportive ranges for coral reef growth.
Despite slight deviations in salinity and pH at some stations, the combination of stable
temperatures, adequate light penetration, and favorable current speeds suggests that the
physical environment remains conducive to maintaining a healthy coral reef ecosystem.

CONCLUSION

The coral reefs within the Banda Marine Conservation Area are distributed across
four major islands: Neira, Banda Besar, Gunung Api, and Pisang. Remote sensing
analysis supported by field observations confirmed the presence of extensive live coral
formations, with minor areas of degraded reefs and sandy substrates. Overall, the spatial
distribution and composition of benthic habitats reflect a predominantly healthy reef
system. Field assessments indicated that coral reef conditions across multiple monitoring
stations fall within a favorable ecological category, characterized by substantial live coral
cover and relatively low signs of physical or biological degradation. These conditions
suggest that the coral reefs in the area remain ecologically functional and resilient, with
limited anthropogenic disturbance. The prevailing oceanographic parameters, including
temperature, salinity, pH, and current velocity, were within the optimal range for coral
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reef development as defined by national seawater quality standards. These environmental
conditions contribute positively to the region's health and the sustainability of the coral
reef ecosystems. Maintaining such ecological integrity is essential for sustaining coral
reefs' biodiversity and ecosystem services. Continued protection and adaptive
management strategies are crucial to ensure the long-term resilience of the Banda Marine
Conservation Area, particularly in the face of climate variability and increasing human
pressures.

REFERENCES

Alamsyah, R.; Uspar, U.; Permatasari, A. and Nurfadillah, N. (2019). Distribution
and extent of coral reefs in the waters of Larearea Island using Landsat 8 imagery.
Agrominansia, 4(1): 49-54.

Australian Institute of Marine Science (AIMS). (2021). Annual Summary Report of
Coral Reef Condition 2020/21. AIMS. https://www.aims.gov.au/reef-
monitoring/gbr-condition-summary-2020-2021

Barus, B. S.; Prartono, T. and Soedarma, D. (2018). Environmental influence on coral
reef growth forms in Lampung Bay Waters. Jurnal llmu dan Teknologi Kelautan
Tropis, 10(3): 699-709. DOI: 10.29244/jitkt.v10i3.21516

Carter, A. L.; Wilson, A. M. W.; Bello, M.; Hoyos-Padilla, E. M.; Inall, M. E.;
Ketchum, J. T.; Schurer, A. and Tudhope, A. W. (2020). Assessing
opportunities to support coral reef climate change refugia in MPAs: A case study
at the Revillagigedo Archipelago. Marine Policy, 112: 103769.
https://doi.org/10.1016/j.marpol.2019.103769

Ceccarelli, D. M.; Lestari, A. P. and White, A. T. (2022). Emerging marine protected
areas of eastern Indonesia: Coral reef trends and priorities for management.
Marine Policy, 141: 105091. https://doi.org/10.1016/j.marpol.2022.105091

Darling, E. S.; McClanahan, T. R. and C6te, 1. M. (2012). Life histories predict coral
community disassembly under multiple stressors. Global Change Biology, 19(6):
1930-1940. https://doi.org/10.1111/gcb.12191

Dasmasela, Y. H.; Pattiasina, T. F. and Tapilatu, R. F. (2019). Evaluation of coral reef
conditions on Mansinam Island using the Underwater Photo Transect (UPT)
Method. Median:  Jurnal lImu lImu Eksakta, 11(2): 1-12.
https://doi.org/10.33506/md.v11i2.458.

Daud, D.; Schaduw, J. N. W.; Sinjal, C. L.; Kusen, J. D.; Kaligis, E. Y. and
Wantasen, A. S. (2021). Condition of coral reefs in the Malalayang Beach
Tourism Area, Manado City, North Sulawesi Province, using the underwater
photo transect method. Jurnal Pesisir Dan Laut Tropis, 9(1): 44-52.



https://www.aims.gov.au/reef-monitoring/gbr-condition-summary-2020-2021
https://www.aims.gov.au/reef-monitoring/gbr-condition-summary-2020-2021

3388 Arafat et al., 2025

De Clippele, L. H.; Diaz, L. A.; Andradi-Brown, D. A.; Lazuardi, M. E.; Igbal, M.;
Zainudin, I. M.; Prabuning, D.; Van Hooidonk, R.; Hakim, A.; Agung, F.;
Dermawan, A. and Hennige, S. J. (2023). Evaluating annual severe coral
bleaching risk for marine protected areas across Indonesia. Marine Policy, 148:
105428. https://doi.org/10.1016/j.marpol.2022.105428

Decree of the Minister of State for the Environment Number 51 of 2004 concerning
seawater quality standards.

Decree of the Minister of State for the Environment of the Republic of Indonesia
Number 04 of 2001 concerning standard criteria for coral reef damage.

Eddy, T. D.; Lam, V. W.; Reygondeau, G.; Cisneros-Montemayor, A. M.; Greer, K.;
Palomares, M. L. D.; Bruno, J. F.; Ota, Y. and Cheung, W. W. (2021). Global
decline in capacity of coral reefs to provide ecosystem services. One Earth, 4(9):
1278-1285. https://doi.org/10.1016/j.oneear.2021.08.016

Edinger, E. N. and Risk, M. J. (2000). Reef classification by coral morphology predicts
coral reef conservation value. Biological Conservation, 92(1): 1-13.
https://doi.org/10.1016/S0006-3207(99)00067-1

Erftemeijer, P. L.; Riegl, B.; Hoeksema, B. W. and Todd, P. A. (2012). Environmental
impacts of dredging and other sediment disturbances on corals: A review. Marine
Pollution Bulletin, 64(9): 1737-1765. DOI: 10.1016/j.marpolbul.2012.05.008

Erwin. (2023). Mapping the distribution of coral reefs and coral reef cover in the waters
of South Konawe. Bone Marine and Fisheries Polytechnic Report, 1-15.

Faizal, A.; Rani, C.; Haris, A. and Hidayat, R. (2025). Ecological impact of coral reef
restoration through transplantation following bleaching events in Liukang Loe
Island, Indonesia. Egyptian Journal of Aquatic Biology and Fisheries, 29(4): 703
—715. DOI: 10.21608/ejabf.2025.441422

Hamuna, B.; Tanjung, R. H. R.; Suwito, S.; Maury, H. K. and Alianto, A. (2018).
Study of seawater quality and pollution index based on physico-chemical
parameters in the Waters of Depapre District, Jayapura. Jurnal llmu Lingkungan,
16(1), 35-43. https://doi.org/10.14710/jis.%V.%i.%Y .633-644.

Harris, D. L.; Bridge, T. C. L.; Pomeroy, A. A.; Callaghan, D. P.; Summers, D. M.
and Kench, P.S. (2018). Coral reef structural complexity provides important
coastal protection from waves under rising sea levels. Science Advances, 4(2):
eaa04350. https://doi.org/10.1126/sciadv.aa04350

Hedley, J. D.; Roelfsema, C. M.; Chollett, I.; Harborne, A. R.; Heron, S. F.; Weeks,
S.; Skirving, W. J.; Strong, A. E.; Eakin, C. M.; Christensen, T. R. L.; Ticzon,
V.; Bejarano, S. and Mumby, P.J. (2016). Remote sensing of coral reefs for
monitoring and management: A review. Remote Sensing, 8(2): 118.
https://doi.org/10.3390/rs8020118



3389
Status Assessment of Coral Reefs in the Banda Sea Marine Conservation Area

Hoeksema, B. W.; Giyanto, and Suharsono. (2019). The role of maximum shelf depth
versus distance from shore in explaining a diversity gradient of mushroom corals
(Fungiidae) off Jakarta. Diversity, 11(3): 46. https://doi.org/10.3390/d11030046

Hughes, T. P.; Kerry, J. T. and Simpson, T. (2018). Large-scale bleaching of corals on
the Great Barrier Reef. Nature, 543(7645): 373-377.
https://doi.org/10.1038/nature21707

Indrabudi, T. and Alik, R. (2017). Status of coral reef conditions in Ambon Bay.
Widyariset, 3(1): 81-94. DOI: 10.14203/widyariset.3.1.2017.81-94

Irawan, J.; Sasmito, B. and Suprayogi, A. (2017). Mapping the distribution of coral
reefs using the Lyzenga algorithm method temporally using Landsat 5, 7, and 8
images (Case study: Karimunjawa Island). Jurnal Geodesi Undip, 6(2): 56-62.

Kase, A.; Manembu, I|. and Schaduw, J. (2019). Condition of the coral reefs of
Mantehage Island, North Minahasa Regency, North Sulawesi Province. Jurnal
Pesisir Dan Laut Tropis, 7(3): 208-212. DOI: 10.35800/jplt.7.3.2019.24466

Kohler, K. E. and Gill, S. M. (2006). Coral point count with Excel extensions (CPCe):
A Visual Basic program for the determination of coral and substrate coverage
using random point count methodology. Computers & Geosciences, 32(9): 1259—
1269. https://doi.org/10.1016/j.cage0.2005.11.009

Lestaluhu, A. R. and Wasahua, J. (2014). Economic valuation of coral reef resources in
the Banda Islands, Central Maluku Regency, Maluku Province. Agrikan: Jurnal
Agribisnis Perikanan, 7(1): 25-34. DOI: 10.29239/j.agrikan.7.1.25-34

Limmon, G. V.; Masdar, H.; Muenzel, D.; Shalders, T. C.; Djakiman, C.; Beger, M.;
Jompa, J. and De Brauwer, M. (2023). A cause for hope: largely intact
coral-reef communities with high reef-fish biomass in a remote Indonesian island
group. Marine and Freshwater Research, 74(6), 479-490. DOI: 10.1071/MF22075

Loya, Y.; Sakai, K.; Yamazato, K.; Nakano, Y.; Sambali, H. & van Woesik, R.
(2001). Coral bleaching: the winners and the losers. Ecology Letters, 4(2): 122—
131. https://doi.org/10.1046/j.1461-0248.2001.00203.x

Lyu, Y.; Wang, W.; Zhou, Z.; Geng, Z.; Jia, H.; Lu, C.; Chen, Z.; Deng, W.; Xiong,
X.; Shi, R.; Li, H.; Yang, Z. and Lou, Q. (2024). Evaluation of the ecological
status of shallow-water coral reefs in China using a novel method and
identification of environmental factors for coral decline. Marine Pollution
Bulletin, 201: 116227. https://doi.org/10.1016/j.marpolbul.2024.116227

Mandey, V. K.; Barapadang, B.; Wanimbo, E. and Ayer, P. I. L. (2022). Water
quality and status of coral reef ecosystems in the Coastal Waters of Holtekam
Village, Muara Tami District, Jayapura City. Jurnal llmu Kelautan dan Perikanan
Papua, 5(1): 117-124. DOI: 10.31957/acr.v5i2.2716

McClanahan, T. R.; Darling, E. S.; Maina, J. M.; Muthiga, N. A.; D’Agata, S. and
Jupiter, S. D. (2019). Temperature patterns and mechanisms influencing coral



3390 Arafat et al., 2025

bleaching during the 2016 EIl Nifio. Nature Climate Change, 9(12): 845-851.
https://doi.org/10.1038/s41558-019-0576-8

Najmi, N.; Fazillah, M. R. and Agustiar, M. (2021). The condition of the coral reef
ecosystem in the Malacca Strait Waters, Masjid Raya Subdistrict, Aceh Besar
District. Jurnal Perikanan Tropis, 8: 11-21. DOI: 10.35308/jpt.v8i1.2557

Novriansyah , A.; Huhn, M.; Wicaksono, H.; Senen, B.; Subhan, B.; Fenner, D.;
Madduooa , H. & Dias, P.J. (2023). First observations of coral spawning at
the Banda Islands, Maluku, Indonesia. Biodiversitas 24: 6082-6091. DOI:
10.13057/biodiv/d241129

Parenden, D.; Jompa, J.; Rani, C.; Renema, W. and Tuhumena, J. R. (2023).
Biodiversity of hard coral (Scleractinia) and relation to environmental factors in
turbid waters in Spermonde Islands, South Sulawesi, Indonesia. Biodiversitas, 24:
4521-4529.

Patty, I. S. and Akbar, N. (2018). Conditions of temperature, salinity, pH, and dissolved
oxygen in the coral reef waters of Ternate, Tidore, and surrounding areas. Jurnal
IImu Kelautan Kepulauan, 2(1), 1-10. DOI: 10.33387/jikk.v1i2.891

Permatasari, A.; Yustisia, D.; Alamsyah, R. and Fauzi, I. (2023). Condition of coral
reefs in the waters of Batanglampe Island, Sinjai Regency. Sebatik, 27(2): 651—
656.

Pratama, A. Y. (2024). Distribution and extent of coral reef conditions on Bianci Besar
Island, Bianci Kecil Island, and Yefnawan Island, Raja Ampat Islands, Southwest
Papua Province. Laporan Politeknik Kelautan Dan Perikanan Bone, 1-38.

Qamarina, M. F. N.; Wee, H. B.; Yu, H. P.; Bachok, Z. and Safuan, C. D. M. (2025).
Elucidating hard coral community in tropical coral reefs of Pulau Bidong and
nearby islands, South China Sea. Biodiversitas, 26: 444-457.
https://doi.org/10.13057/biodiv/d260144

Rashad, M. M.; Shaban, W. M. and Abdel-Salam, H. A. (2025). Gametogenesis cycle,
spawning time, and gametes microstructure of two Acroporid species (Acropora
digitifera and Acropora gemmifera) from the Red Sea, Egypt. Egyptian Journal of
Aguatic Biology and Fisheries, 29(4): 471-498. DOIl:
10.21608/ejabf.2025.440927

Razak, T. B.; Bostrom-Einarsson, L.; Alisa, C. A. G.; Vida, R. T. and Lamont, T. A.
(2022). Coral reef restoration in Indonesia: A review of policies and projects.
Marine Policy, 137: 104940. https://doi.org/10.1016/j.marpol.2021.104940

Reaka-Kudla, M. L. (2001). Known and unknown biodiversity, risk of extinction, and
conservation strategy in the sea. The Sustainability of Ocean Resources, 19-33.

Rizal, A.; Siagian, H. and Farahdita, W. (2022). Distribution and condition of coral
reefs in the Kangean Islands. Junal Kelautan Nasional, 16(3): 235-246.



3391
Status Assessment of Coral Reefs in the Banda Sea Marine Conservation Area

Rogers, A.; Blanchard, J. L. and Mumby, P. J. (2014). Vulnerability of coral reef
fisheries to a loss of structural complexity. Current Biology, 24(9): 1000-1005.
https://doi.org/10.1016/j.cub.2014.03.026

Sagai, B.; Roeroe, K. & Manembu, I. (2017). Condition of coral reefs on Salawati
Island, Raja Ampat Regency, West Papua. Jurnal Pesisir dan Laut Tropis, 5(2):
47-52,

Schlaefer, J. A.; Tebbett, S. B. and Bellwood, D. R. (2021). The study of sediments on
coral reefs: A hydrodynamic perspective. Marine Pollution Bulletin, 169: 112580.
https://doi.org/10.1016/j.marpolbul.2021.112580

Sinaga, R. R. K.; Maulid, A. R.; Kurniawan, F.; Roni, S. and Rahma, H. J. (2023).
Health conditions of coral reefs in the Anambas Islands Marine Tourism Park.
Jurnal Akuatiklestari, 6: 85-91.

Supriyadi, S.; Sawiji, A. and Maisaroh, D. S. (2020). The influence of oceanographic
factors and sediment suspension on the growth and mortality of transplanted coral
(Acropora spp.) in Paiton, Probolinggo. Journal of Marine Resources and Coastal
Management, 1(1): 7-16.

Taofiqurohman, A.; Faizal, I. and Rizkia, K. A. (2021). Identification of the health
conditions of the coral reef ecosystem on Sepa Island, Seribu Islands. Buletin
Oseanografi Marina, 10(1): 23-32.

Trudeau, G. A.; Lowell, K. and Dijkstra, J. A. (2025). Coral reef detection using
ICESat-2 and machine learning. Ecological Informatics, 87: 103099.
https://doi.org/10.1016/j.ecoinf.2025.103099

Utami, R. T. and Anggoro, A. (2021). Status of coral reef conditions in Bengkulu
Waters and the Seribu Islands, Jakarta. Jurnal Enggano, 6(1): 188-200.

Veron, J. E. N. (2000). Corals of the World. Australian Institute of Marine Science.

Widhiatmoko, M. C.; Endrawati, H. and Nur Taufiq, S. P. J. (2020). The potential of
coral reef ecosystems for ecotourism development in the Waters of Sintok Island,
Karimunjawa National Park. Journal of Marine Research, 9(4): 374-385.
https://doi.org/10.14710/jmr.v9i4.27801.



