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Abstract. Isdianto A, Yorarizka PD, Aliviyanti D, Sari SHJ, Yanuar AT, Asadi MA, Setyanto A, Bintoro G, Lelono TD, Atikawati D,
Fathah AL, Putri BM, Supriyadi, Luthfi OM. 2024. Assessing the resilience of coral reefs against macroalgae invasion in the Sempu
Island Nature Reserve, Malang District, Indonesia. Biodiversitas 25: 2877-2887. The living coral cover in the Sempu Strait is known to
be stuck in the range of 37% due to average data from 2009-2016. Several coral diseases have been documented in this region, which
can result in the transformation of coral reefs into algae-dominated communities. This study examines the dynamic interplay between
coral reefs and macroalgae within the marine ecosystems of the Sempu Island Nature Reserve, Malang District, Indonesia. Conducted
across five research stations, our analysis utilized the Underwater Photo Transect (UPT) method, combined with image analysis tools
CPCe and Image-J, and statistical analysis through SPSS. The findings indicate a persistent competition between corals and macroalgae,
exacerbated by sedimentation from port activities and river discharges, and significant nutrient loads from human settlements. The
average living coral coverage varied significantly, with a range from 12% to 53% across the study period, while macroalgae coverage
showed an increase, especially in turf algae. The correlation analysis revealed a 'quite strong' relationship (r=0.783 between coral and
macroalgae coverage, suggesting that increases in coral cover could potentially facilitate macroalgae proliferation under current
environmental conditions. Notably, the study highlighted the critical role of water quality parameters such as temperature, pH, and
salinity, which were within optimal ranges yet facilitated competitive interactions. This research underscores the complexity of coral-
macroalgae relationships and the pressing need for integrated management strategies focusing on water quality and habitat preservation
to ensure the resilience of these critical marine ecosystems.
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INTRODUCTION decline due to fairly various human activities. Coral reefs

in the Sempu Island Nature Reserve, Malang District,

The marine ecosystems in Indonesia are crucial
components of the world's natural heritage, representing the
world's highest marine biodiversity (Unsworth et al. 2018.
Anzani et al. 2019). Coral reefs are one of the most
vulnerable parts to various threats in the marine ecosystem
(Gumbira et al. 2017; Mujahidah et al. 2023). Coral reefs
are distributed in Indonesian waters, with some found
around Sempu Island and on the outskirts of the western
and eastern mainland cliffs. Sempu Island is a natural
reserve located in Sendang Biru, Tambak Rejo Village,
Malang District, East Java, Indonesia with high natural
resource potential (Luthfi 2016). However, the conditions
are among the most vulnerable areas and are continuing to

Indonesia experience several disturbances, ranging from
sedimentation due to port reclamation to the impact of the
El-Nino event in 2009-2010 (Isdianto et al. 2024a), which
caused an anomaly in the sea surface temperature in the
Indian Ocean (Kim et al. 2011), triggering bleaching in the
coral waters of the Sempu Strait (Carballo et al. 2013).
These various events have caused the coverage of living
coral in the Sempu Strait waters to remain stuck at around
37% (average data from 2009 to 2016). However, a study
in 2017 found that the percentage of living coral coverage
in the Sempu Strait is in good condition, ranging from 12%
to 53% (Luthfi et al. 2019b). The low coral coverage in the
Sempu Strait waters is primarily due to sedimentation and
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nutrients that pose a threat to increase coral health and
diseases prevalence in the Sempu Island Nature Reserve,
Malang District, Indonesia (Isdianto et al. 2024b), then
leading to an algae phase shift (Luthfi et al. 2015).
Macroalgae are further categorized based on their
pigmentation, morphology, anatomy, and biochemical
composition into three main groups: Chlorophytes,
Rhodophytes, and Phaeophytes (Ismail et al. 2020). Turf
algae, which is often found competing with coral, is a
collection of small dense multi-specific filaments that have
a size of <10 nm or are mostly dominated by filamentous
algae (Brown and Carpenter 2015). Turf algae has a low
biomass content per area but is able to dominate coral reef
areas in large proportions even on healthy coral reefs
(Diaz-Pulido and McCook 2008). A study in 2014 showed
that in the waters of the Sempu Strait, algae were found at
the Teluk Semut station by 0.64% and at the Watu Meja
station by 3.04% (Luthfi et al. 2018). Based on research in
2017, at the Teluk Semut station, macroalgae with a type of
turf algae accounted for 18%, and at the Watu Meja station,
macroalgae with a type of turf algae accounted for 2%
(Luthfi et al. 2019b). According to a 2018 study by Luthfi
et al. (2019a), there was a rise in the coverage of rock
substrate (RC) to 52% in the Sempu Strait waters. This
increase was attributed to sedimentation by sand and
competition from algae measuring less than 3 cm, which
grew on previously living corals. Rapid growth of macroalgae
can cover and smothering coral reefs, blocking the sunlight
that corals need for photosynthesis and growth.
Sedimentation has detrimental effects on coral by
burying coral polyps, causing them to retract and cease
tentacular actions, ultimately leading to the death of polyps
along the colony edge (Gelais et al. 2016). Additionally,
sedimentation can increase the number of competitors, such
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as algae, and alter the community structure, leading to the
proliferation of algae in coral reefs (Anton et al. 2020). The
decline in the conditions of coral reef coverage in the
waters of the Sempu Strait has been documented in 2017
and 2018. The 2018 study revealed that the coral reef
conditions were categorized as poor due to various threats,
including the presence of macroalgae (Luthfi et al. 2019a).
Furthermore, the aim of this study is to assess the coral reef
ecosystem for potential competition between coral and
macroalgae, where macroalgae as competitors, in Sempu
Strait. The increasing dominance of macroalgae could lead
to significant ecological shifts in the coral reef ecosystem
by leading to a decline in coral diversity and abundance.

MATERIALS AND METHODS

Study area

The research was conducted in December 2022,
February 2023, and April 2023 in the waters of the Strait
Sempu, Malang District, Indonesia. Several types of algae
that generally compete with coral are known to grow
rapidly, such as turf algae which has the fastest growth when
in favorable conditions, such his nutrients-rich waters.
Therefore, three observation periods are sufficient to illustrate
changes in the area of competition between macroalgae and
coral in Sempu Strait. The study was carried out at five
research stations selected through purposive sampling, as
outlined in the book Guidelines for Monitoring Coral Reef
Health developed by Giyanto in 2014. These stations
include Watu Meja, Waru-waru, Banyu Tawar, Jetty, and
Rumah Apung (Figure 1) which each station has unique
characteristics.
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Figure 1. Research stations for coral reefs and macroalgae in the Sempu Island Nature Reserve, Tambarejo, Sumbermanjing, Malang
District, East Java, Indonesia. 1. Jetty Port; 2. Rumah Apung; 3. Banyu Tawar; 4. Watu Meja; 5. Waru-waru



ISDIANTO et al.

Watu Meja, the first station, is located in open water,
the eastmost part of the Sempu Island Nature Reserve,
Malang District, Indonesia, bordering directly with the
Indian Ocean, resulting in strong currents and high waves.
Waru-waru, the second station, is situated in the area of
Sempu Island, attracting tourists who engage in activities
such as fishing, canoeing, and diving, which negatively
impact coral growth due to the presence of broken corals.
Banyu Tawar, the third station, is highly sedimented due to
the flow of rivers from Sempu Island. Jetty Port the fourth
station, is located north of Sempu Island, protected from
open sea waves, but still faces challenges such as port
debris and other ship activities that affect coral growth. The
fifth station, Rumah Apung, is near settlements, leading to
household waste that impacts coral growth (Table 1).

Table 1. Description of locations
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Coral reef and macroalgae data collection

Data collection of coral reefs and macroalgae at each
station was conducted using the Underwater Photo Transect
(UPT) method, as outlined in the Coremap-CTI Coral Reef
Health Monitoring Guide developed by Giyanto in 2014
(Figure 2.A). The method involved using quadrant transects
measuring 100x100 cm, which were further divided into
four smaller squares of 50x50 cm (Figure 2.B). These
quadrants were positioned at each station, located at depths
of 2-6 meters parallel to the coastline and spaced 100
meters apart. Photographs were taken vertically with an
underwater camera placed directly above each quadrant.
Subsequently, the images were analyzed using CPCe
(Coral Point Count with Excel extensions) 4.1 software
(Figure 3) to determine the percentage of coral reef coverage,
and Image-J 1.53r Java 8 was used to assess both coral and
macroalgae coverage (Ludwick et al. 2019).

Station Coordinates Description

Jetty Port 8°26'1.86"S, 112°41'3.22"E This location is a busiest station which has lots of fisheries activities including a
fishing boat docking facility, ship transit, and also offloading area.

Rumah 8°26'13.99"S, 112°40'48.14"E  Located at the western end of the Sempu Strait and directly adjacent to the Indian

Apung Ocean.

Banyu Tawar 8°26'1.35"S, 112°41'19.65"E This location has run off of small river

Watu Meja 8°25'46.12"S, 112°41'51.24"E  This site located in the east and is directly facing the open sea and far from the
influence of anthropogenic activity.

Waru-waru 8°25'48.99"S, 112°41'37.03"E  This location is commonly used as tourist attraction
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Figure 2. Data collection. A. Underwater Photo Transect (UPT) method; B. Quadrant transect
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Figure 3. Data processing using CPCe (Coral Point Count with Excel extensions) 4.1
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Macroalgae identification and competition data
processing

The macroalgae data is visually identified and compared
using the official Algaebase website. This identification is
conducted to determine the genus of macroscopic algae
present, which may compete with coral reefs. Competition
data between coral reef cover and macroalgae cover was
processed using Image-J 1.53r Java 8 software (Figure 4) to
quantify the extent of the competition. Subsequently, the
data was analyzed using SPSS to ascertain the relationship
between the two variables using correlation analysis (Table
2). Correlation analysis is a statistical method used to
estimate the strength of the relationship between two
variables.

Data collection of water quality parameters

The data collection for temperature, salinity, dissolved
oxygen (DO), and pH parameters was gathered from AAQ
1183-IF recordings at depths of 0-5 meters. The data
processing using AAQ 1813-IF involves downloading data
from the probe using the AAQ Rinko ver. 1.05 program,
compiling the data, and then calculating the average for
each parameter at each study station. Current speed data is
obtained from secondary data on the Copernicus website
and then averaged to determine the current speed at each
station. Nitrate and phosphate parameter data were measured
using seawater samples and analyzed in the laboratory
using a spectroscopic photometer. Sedimentation parameters
are determined with the aid of a sediment trap placed next
to the quadrant transect, which is expected to represent the
sedimentation rate at each research station.

Table 2. Correlation coefficient (r)

Correlations coefficient (r) Level
0.80-1.00 Strong
0.60-0.799 Strong enough
0.40-0.599 Medium
0.20-0.399 Slightly weak
0.00-0.199 Weak

Figure 4. Data processing using Image-J 1.53r Java 8
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Sedimentation parameters were carried out by installing
sediment traps at each research station and calculating the
sedimentation rate using (Formula 2) (Barus et al. 2018).

BS
LS = ——
nmr

Where:

LS : sedimentation rate (mg/cm?/day)

BS :dryweight of sediment (mg)

IT  :constant (3.14)

r : radius of the sediment trap circle

n  :number of days

The water clarity parameter was measured using a
secchi disk with three repetitions at each research station
and calculated using (Formula 3).

_dl+d2
- 2

Where:

K : water clarity

dl : depth of Secchi disk when not visible

d2 : depth of the Secchi disk when it starts to appear
again

RESULTS AND DISCUSSION

Water quality parameters

The water quality parameters studied include temperature,
water clarity, pH, salinity, DO, nitrate, phosphate,
sedimentation rate and current speed. Measurement of
water quality parameters was carried out in December 2022,
February 2023 and April 2023 at each research station, to
determine water conditions that influence the growth of
macroalgae and coral (Table 3).

The temperature values at the five study locations are
not much different, with an overall average value of
29.648°C. The optimal temperature for coral growth ranges
between 28-32°C, while the optimal temperature range for
macroalgae growth ranges from 21-32.4°C (Hamzah et al.
2020). Temperature influences the growth rates of both
corals and turf algae. Corals generally thrive in warmer
waters, excessive heat can lead to coral bleaching, a
phenomenon where corals expel the symbiotic algae living
in their tissues, causing them to turn white and potentially
die. On the other hand, turf algae tend to thrive in warmer
temperatures, and their growth can outcompete corals,
especially following coral bleaching events (Hughes et al.
2018).

The average pH conditions of coral and macroalgae in
study locations are ideal for their growth which range from
8.05-8.33 with an average of 8.22. The optimum pH of
coral range is between 7-9. Meanwhile the optimum pH
conditions for macroalgae growth range from 6.8-8.2.
Macroalgae growth rate is inhibited by low pH, and
excessive acidity can be deadly, resulting in a complete
absence of macroalgae reproduction (Hamzah et al. 2020).
Ocean acidification, resulting from low pH levels in water,
not only increases the competitive advantage of macroalgae
over corals but also presents significant consequences for



ISDIANTO et al. — Assessing the resilience of coral reefs in Malang, Indonesia

the ability of reefs to recover and adapt (Harvey et al.
2021). Corals are particularly sensitive to the direct effects
of ocean acidification and can be outcompeted by macroalgae
under acidified conditions (Fu et al. 2022). Under thermal
stress, the competition between corals and macroalgae
becomes more intense, with macroalgae causing detrimental
effects on corals that are similar to the impacts of ocean
warming.

Generally, corals are more sensitive to change in salinity
compared to turf algae. Salinity is important to identify, the
impact of river runoff and rain on coral reefs, because this
is one of the main causes of coral death, especially corals
that are close to river systems (Berkelmans and Jones
2015). The optimum salinity for coral ranges from 33-34
ppt. Meanwhile the optimum value for macroalgae growth
range between 15-38% (Hamzah et al. 2020). Studies have
shown that moderate increases in salinity can benefit turf
algae growth, potentially leading to competition with corals.
However, extreme salinity levels can stress both corals and
algae, affecting their growth and health (Hughes et al.
2017).

Dissolved oxygen plays a significant role in coral cover,
calcification, and overall reef health (Mcclanahan et al.
2021). The value of dissolved oxygen at five stations was
above 5 mg/L, with an average of 6.354 mg/L. This is
considered optimal for coral growth. Reduced dissolved
oxygen concentrations can lead to increased microbial
metabolism, decreased availability of oxygen, and impact
competitive dynamics between corals and macroalgae
(Haas et al. 2014). Turf algae can potentially lead to hypoxia
in coral tissues due to their interactions with corals (Liao et
al. 2019) by increasing microbial oxygen demand from
their exudates. Turf algae have been observed to limit the

Table 3. Water quality parameters
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establishment of canopy algae and the expansion of corals,
potentially leading to shifts in competitive balances favoring
turf algae over corals (Brien and Scheibling 2018).

Water clarity is affected by sedimentation and roughness
thus interfering with the photosynthesis process by corals.
Based on the category of sedimentation by Pastorok and
Bilyard (1985), the sedimentation rate in the Sempu Island
Nature Reserve, Malang District, Indonesia is categorized
as severe-catastrophic by a value of 73.73 mg/cm?/day.
High sedimentation rate enhances water turbidity, which
can reduce incident light and potentially decrease coral
bleaching during thermal-stress events (Asmawi et al.
2020). This relationship suggests that sedimentation, by
inducing turbidity in the water column, may indirectly impact
the growth of macroalgae by disrupting photosynthesis in
corals, leading to coral death and subsequent overgrowth
by algae (Sully and Woesik 2020).

Another water-physical characteristic, such as current,
is important for macroalgae and coral as well, because it
influences the nutrient and oxygen fusion in the water.
Generally, a moderate to strong current is ideal for coral.
Corals in areas with moderate to strong currents tend to
show faster growth rates, higher resilience to environmental
stressors, have been shown to prevent bleaching and
minimize associated mortality (Roche et al. 2018). An
optimal current rate for the growth of macroalgae is 0.2-0.4
m/second (Handayani et al. 2023), this is related to the
ability of macroalgae to maintain their thallus during strong
waves. The current speed in the Sempu Island Nature
Reserve, Malang District, Indonesia ranges from 0.38-0.50
m/s, categorized as moderate speed according to Ramlah et
al. (2015), where this value is optimal for coral and
macroalgae.

Stations
Parameters Unit Jett Rumah Banyu Watu Waru-  Average Criteria*
y Apung Tawar Meja waru

Temperature (°C) 29.58 29.71 29.74 29.43 29.78 29.648 28-32°

Water clarity ~ (m) 2.70 2.19 1.96 2.99 2.38 2444 >52

pH - 8.31 8.05 8.25 8.33 8.16 822 7-85°

Salinity (%o) 32.06 32.16 32.11 32.36 3241 3222 33-34°

DO (mg/L) 6.38 6.36 6.33 6.37 6.33 6.354 >5mg/L?

Nitrates (mg/L) 0.021 0.027 0.010 0.550 0.347 0.191 0.06 mg/L?

Phosphate (mg/L) 0.011 0.019 0.008 0.303 0.287 0.1256 0.015 mg/L?

Sedimentation  (mg/cm?day)  89.27 58.13 61.05 74.73 85.49 73.734  1-10 slight moderate
10-50 moderate-severe
>50 severe-catastrophic

Currentspeed  (m/s) 0.38 0.45 0.47 0.50 0.49 0.458  Slow: 0-0.25 m/s ¢

Moderate: 0.25-0.50m/s
Fast: 0.50- 1 m/s
Very fast: >100 m/s

Notes: Source: 2Indonesian Government (2021), ®Pastorok and Bilyard (1985), °Ramlah et al. (2015). *Standard Based on Indonesian
Government (2021) regulation decree of the Indonesian Government No. 22/2021 about the seawater quality standard for marine biota
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The ability of turf algae to persist under conditions of
elevated nutrients, such as nitrate and phosphate, has been
linked to their competitive advantage over other organisms.
The tolerance of phosphate levels in water varies between
corals and turf algae. Corals are generally sensitive to high
phosphate levels, as elevated phosphates can lead to
increased algal growth, including turf algae, which can
outcompete corals for space and light. This can inhibit
coral calcification and result in coral reef degradation
(Nakajima et al. 2015; Al-Sawalmih 2016). Turf algae, on
the other hand, can tolerate higher phosphate levels and
may even benefit from increased nutrient availability.
Additionally, nitrogen eutrophication specifically promotes
the growth of turf algae in coral reefs, further supporting
their capacity to thrive under nutrient-rich conditions
(Hamzah et al. 2020; Karcher et al. 2020). Excessive algal
growth leads to oxygen depletion in aquatic ecosystems,
which is primarily driven by nutrient enrichment (Sidabutar
et al. 2021).

Living coral coverage percentage

Temporally collecting live coral cover data is important
for monitoring changes in the health of coral reef ecosystems,
identifying coral decline or recovery. Meanwhile, recording
coral growth forms is important to identify potential
threats, one of which is the ability to survive in competition
with macroalgae. According to the result (Figure 5), the
lowest percentage of coral reef coverage was at Watu Meja
Station of 10.28% and the high coral coverage of 18.30% at
the Rumah Apung Station, which belonged to the poor
category according to the Ministry of Environment No. 4
Year 2001.

According to the coral life form data result (Figure 6),
the lowest percentage of live coral cover was obtained at
five stations, and the dominant lifeform is Coral Massive
(CM) with an average of 4.39%. Massive corals, which
have ecomorph forms, play a crucial role in aiding corals to
cleanse themselves from accumulated sediments with the
assistance of current movements (Wanma et al. 2022),
allowing for faster physiological recovery of the reef
(Anggara et al. 2022). Massive corals, such as Porites spp.,
may tolerate high turbidity levels because their hemispherical
shape and smooth surface reject sediment better than other
rougher coral types. Meanwhile, branching corals, such as
Acropora spp., thrive at the handling of sediment because
their rough branch shape helps the coral to easily move
particles and prevent accumulation, which can lead to
smothering (Jones et al. 2019). The ability of corals to
adapt to turbid conditions is further supported by research
indicating that South Atlantic corals have developed critical
features that make them less susceptible to mass coral
bleaching, including a higher tolerance to turbidity and
nutrient enrichment, as well as a dominance of massive
growth forms among species (Mies et al. 2020).

Coral growth form significantly influences the coral's
ability to compete with algal turf. Research by Swierts and
Vermeij (2016) demonstrated that the ability of corals to
outcompete turf algae depends on the growth form of the
coral colony, with encrusting coral form, followed by
massive and upright form to engage in more competitive

BIODIVERSITAS 25 (7): 2877-2887, July 2024

interactions with turf algae compared to coral structures
that grow in branching, plating, or solitary forms. Turf
algae can rapidly overgrow adjacent corals due to their
ability to increase in length and occur in both creeping and
upright growth forms. Previous research has also found that
encrusting corals suffer the least harm from turf algae and
have a higher success rate in competitive interactions with
turf algae compared to other coral growth forms (Liao
2018).

Composition of macroalgae type

Data on macroalgae composition are very important in
the study of competition with corals, as they can identify
macroalgae types that have high growth rates and dominance
potential, thereby enabling the assessment of specific impacts
on the health and sustainability of coral reef ecosystems.
Algae found in the Sempu Island Nature Reserve, Malang
District, Indonesia are turf algae, commonly found growing
on coral surface and Halimeda, which are found in very
small quantities. The description of turf algae and Halimeda
is presented in Table 4. The distribution of turf algae is
most commonly found competing with coral which can
impact coral growth and health. The turf algae coverages
are mapped at each station as shown in Figure 7.
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Table 4. General description of algae found in Sempu Strait, Malang District, Indonesia

Algae found Description

Turf algae found competing with various coral
lifeform (A) Jetty, (B) Banyu Tawar, (C) Rumah
Apung, (D) Watu Meja, (E) Waru-waru. The turf
algae observed grow to only a few centimeters
and cover surfaces such as unhealthy coral, dead
coral, and rocks. They usually found in green
color and shaped like soft filaments.

Genus Halimeda was also found at the Jetty Port
station with an area of 6,04 cm? in April 2023.
Halimeda belongs to the classification of green
macroalgae or Chlorophyta. These macroalgae
can live in shallow waters on hard substrate or
dead coral reefs. However, the Halimeda genus
macroscopic algae were only found sticking to
the rocks of one of the quadrant transect at Jetty's
research station. Macroalgae of the Halimeda
genus have peach-shaped and green-colored
features.
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Figure 7. Distribution of macroalgae that compete with coral each month in the Sempu Island Nature Reserve, Malang District, Indonesia
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According to the result (Table 5), the lowest composition
of macroalgae area in December 2022 was at Jetty station
at 71.14 cm? and the highest was at Banyu Tawar at
7502.33 cm?. The lowest composition of macroalgae area
in February 2023 was at the Jetty station at 589.15 cm? and
the highest at the Banyu Tawar station at 5255.99 cm?. The
lowest composition of macroalgae area in April 2023 was
at the Jetty station at 555.98 cm? and the highest at the
Banyu Tawar station at 5832.24 cm?,

Based on previous research conducted in the waters at
Teluk Semut station at the Sempu Island Nature Reserve,
Malang District, Indonesia, macroalgae were found with
algae turf species of 18% and at the Watu Meja station,
there were macro-algaes with turf algae around of 2%.
Moreover, turf algae are highlighted as one of the most
abundant algal competitors that corals face, playing a
crucial role in initiating algal phase shifts on coral reefs
(Roach et al. 2020). Turf algae are fast-growing, opportunistic
algae that can quickly colonize available substrate on coral
reefs. As they grow, they can outcompete corals for space,
leading to reduced coral growth and survival. Additionally,
turf algae can shade corals, reducing the amount of light
available for photosynthesis, which is essential for coral
health and growth (Connell et al. 2014; Roach et al. 2020).
Turf algae have been identified as one of the most abundant
algal competitors that corals face, playing a crucial role in
initiating algal phase shifts on coral reefs (Wild et al. 2014).
The presence of turf algae can lead to coral tissue damage,
overgrowth, and a decrease in pigmentation, particularly in
contact areas with the algae. Furthermore, the removal of
algal turfs and fleshy macroalgae has been shown to enhance
coral growth (Jorissen et al. 2016).

Based on research in 2017, Halimeda macroalgae were
found at 50% and Padina sp. at 48% at the port site of
Sendang Biru (Bhoke 2017). Halimeda, a tropical macroalga,
is known for its ability to colonize various substrates like
soft bottoms by firmly attaching itself through holdfasts
(Mateo-Ramirez et al. 2022). This attachment mechanism
allows Halimeda to thrive in environments around living or
dead corals and rocks, making it challenging for the current
to displace it. However, Halimeda's ability to withstand
various conditions is evident in its adaptability to rocky
substrates and survival even in dry environments (Aprilia et
al. 2023). The growth of Halimeda macroalgae is influenced
by changes in pH, nutrients, water movement, precipitation,
temperature, salinity, sunlight intensity, substrate type and
depth (Peach et al. 2016).

Table 5. Changes in the area of macroalgae composition (cm?)
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Coral reef-macroalgae competition

The rapid growth of several types of macroalgae can be
a major threat to coral. Understanding the dynamics of
macroalgae-coral competition can identify factors that
influence the growth and distribution of macroalgae and
corals, as well as their impacts on biodiversity and ecosystem
function. Graphic descriptive analysis is presented to
determine the representation of the area of competition
between macroalgae and coral cover. Competition between
coral reefs and macroalgae found in the Sempu Strait
mostly dominated by turf algae type and presented in the
form of an average area of competition (Figure 8).

The competition between macroalgae and coral reefs
found in the Sempu Island Nature Reserve, Malang District,
Indonesia is mostly macroalgae with the type of turf algae
found attached to coral reefs. Overall, the area of coral cover
is higher than macroalgae. The highest average macroalgae
cover was at Banyu Tawar station (6,196.86 cm?) and the
lowest at Jetty Port station (405.4 cm?). The competition
data was then analyzed using correlation analysis to find out
how big the relationship between coral reefs and macroalgae.

Banyu Tawar station has a high level of competition
compared to other stations. Parameters of temperature, pH,
water clarity, salinity, nitrates and phosphate at Banyu
Tawar station belong to the optimal category for macroalgae
growth. The high sedimentation at Banyu Tawar station is
due to the presence of dissolved particles carried by river
streams coming from inside Sempu Island. Sedimentation
can lead to the death of some coral colonies due to coral
polyps being covered with sediments, which can hinder
their feeding and growth processes (Tuttle and Donahue
2022). Additionally, sedimentation can increase the number
of competitors for corals, such as macroalgae, which thrive
faster in stronger currents due to the diffusion of nutrients,
outpacing coral growth (Rogers and Ramos-Scharrén 2022).
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Figure 8. Area of competition between coral reefs and macroalgae
in the Sempu Island Nature Reserve, Malang District, Indonesia

The research station

Month Jetty Rumah Apung Banyu Tawar Watu Meja Waru-waru Average
Des-22 71.14 2588.62 7502.33 830.60 793.84 2357.31
Feb-23 589.15 4553.05 5255.99 2054.65 928.93 2676.35
Apr-23 555.98 4649.14 5832.24 4983.86 1891.19 3582.63
Average 405.42 3930.27 6196.86 2623.04 1204.65
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This imbalance in growth rates can eventually lead to
the degradation of coral reef coverage and diversity levels,
as macroalgae can outcompete corals for space and resources.
The Jetty Port station has had extensive competition
between the macroalgae with the lowest coral reefs over
three periods. The current speed at the Jetty station is 0.38
m/s and the sedimentation rate is 89.27 mg/cm?/day. The
temperature, pH, water clarity, salinity, nitrate and phosphate
parameters at the Jetty station belong to the optimal category
for macroalgae growth. Several types of herbivores, such as
Trochus spp. can control the abundance of algae and
increase the success of coral recruitment. Sea urchin
(Diadema antillarum Philippi 1845) also has a positive
effect on coral recruitment because it can control the
dominant benthos and macroalgae (Nozawa et al. 2020).
Increased density of herbivorous invertebrates such as sea
urchins (Diadema) is associated with reduced macroalgae
cover, which can increase the abundance of young corals
(Edmunds and Carpenter 2001). In addition, D. antillarum
is known to consume and control most macroalgae so that
it can increase substrate cleaning and crustose coralline
algae cover, where crustose coralline algae is an important
factor in the coral recruitment process (Williams 2018).

Watu Meja and Waru-waru stations have a relatively
balanced area of competition between macroalgae and coral
reefs. The parameters of temperature, pH, water clarity and
salinity at the Jetty station belong to the optimal category
for macroalgae growth, but the values of nitrate and
phosphate at these two stations are very high. Nitrate values
in these stations are 0.550 and 0.347 mg/L, respectively.
Nitrate that are more than 0.2 mg/L, potentially cause
eutrophication in the waters and stimulate algae growth and
harm coral reefs. Meanwhile, the phosphate content in the
Watu Meja and Waru-waru are the highest among other
stations with value of 0.303 and 0.287 mg/L respectively,
which can support the survival of macroalgae (Runtuboi et
al. 2023). Studies have shown that the enrichment of water
with nitrogen and phosphorus accelerates eutrophication,
promoting the dominance of cyanobacteria and algae (Ma
et al. 2014). Both phosphate and nitrate enrichment can
lead to the degradation of habitats, favoring fast-growing
ephemeral algae over perennial macroalgae and seagrasses,
oxygen depletion, changes in plankton community, and
further exacerbating the euthrophication process (Picart et
al. 2015; Ostman et al. 2016).

Correlation-regression tests on the relationship between
coral competition and macroalgae are important to understand
the correlation strength between two factors and are useful
in predicting the impact of changes in macroalgae abundance
on coral abundance in the future, which is important for
coral reef conservation strategies. According to Table 6, it
was found that the correlation value (r) between the two
was 0.783, based on the correlation value (r) obtained, the
level of competition relationship between macroalgae and
coral reefs is included in the quite strong correlation (0.60-
0.799). The correlation value is positive (+), which means
that the higher the coral reef cover, the higher the chance of
macroalgae growing on coral reefs (competitors).
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Table 6. Results of the correlation analysis of the competition
between coral reefs and macroalgae

Correlations

Macroalgae  Coral
Macroalgae Pearson correlation 1 763**
Sig. (2-tailed) .001
N 15 15
Coral Pearson correlation 783**
Sig. (2-tailed) .001
N 15 15

Notes: **Correlation is significant at the 0.01 level (2-tailed)

Macroalgae can be a key indicator in finding out the
state of coral reefs in water (Bruno et al. 2014). The
interactions between turf algae and corals are complex and
involve microbial dynamics as well. The microbiota
associated with turf algae play a detrimental role in coral
health, contributing to coral disease and impacting coral-
algal dynamics on reefs (Casey et al. 2014). Studies have
also highlighted the role of herbivores in influencing turf
algae dynamics. Damselfishes, for example, have been
observed to expand their territories by causing white scars
on corals, which are then often covered by turf algae,
weakening the competitive ability of corals (Hata et al.
2020). Research conducted by Bintoro et al. (2023) at the
same location states that the Acanthuridae species are often
found in the Sempu Island Nature Reserve, Malang District,
Indonesia and are the most numerous. This type of fish is
able to help control algae cover on coral. Furthermore, the
availability of open substrate for colonization influences
the cover of turf algae on reefs, demonstrating a complex
interplay of numerous factors regulating turf algae abundance
(Lefcheck et al. 2019).

In conclusion, coral-algae competition is influenced by
various factors, including nutrient availability, herbivory,
and physical disturbances. Nutrient enrichment can favor
the growth of macroalgae, giving them a competitive
advantage over corals. Herbivores, such as fish and sea
urchins, can control macroalgal growth and promote coral
dominance. Physical disturbances, such as storms or human
activities, can also affect the outcome of this competition.
Understanding these factors is essential for effective coral
reef management and conservation, as maintaining a balance
between corals and macroalgae is important for the health
and resilience of coral reef ecosystems.

ACKNOWLEDGEMENTS

This research is independent and carried out with a
team that is highly qualified to collect data in the field
periodically. The author also expresses his gratitude for the
support of the Universitas Brawijaya Fisheries and Marine
Resources Exploration Laboratory, Malang, Indonesia which
has provided support for this research through the equipment
and supplies used.



2886

REFERENCES

Al-Sawalmih A. 2016. Calcium composition and microstructure of coral
Stylophora pistillata under phosphate pollution stress in the gulf of
Adaba. Nat Sci 8 (3): 89-95. DOI: 10.4236/ns.2016.83012.

Anggara DP, Rahardja BS, Suciyono. 2022. Evaluation of three species
coral (Acropora branching) transplantation, case study; Pantai
Tirtawangi Banyuwangi East Java. Page IOP Conf Ser: Earth Environ
Sci 1036: 012110. DOI: 10.1088/1755-1315/1036/1/012110.

Anton A, Randle JL, Garcia FC, Rosshach S, Ellis JI, Weinzierl M, Duarte
CM. 2020. Differential thermal tolerance between algae and corals
may trigger the proliferation of algae in coral reefs. Glob Chang Biol
00: 1-12. DOI: 10.1111/gch.15141.

Anzani L, Madduppa HH, Nurjaya IW, Dias PJ. 2019. Short Communication:
Molecular identification of white sea squirt Didemnum sp . (Tunicata,
Ascidiacea) colonies growing over corals in Raja Ampat Islands,
Indonesia. Biodiversitas 20: 636-642. DOI: 10.13057/biodiv/d200304.

Aprilia DH, Santanumurti MB, Jamal MT. 2023. Diversity, abundance,
and distribution of macroalgae in coastal ecotourism areas-A case
study at Baluran National Park, Situbondo, Indonesia. Pertanika 46:
197-212. DOI: 10.47836/pjtas.46.1.11.

Asmawi S, | MAR, Mahyudin |, Ruslan M. 2020. Protection of turbidity
on reefs along the southeast coast of the Kalimantan during the 2015
El  Nifio. J Wetl Environ Manag 8: 45-62. DOI:
10.20527/10.20527/jwem.v8i1.216.

Barus BS, Prartono T, Soedarma D. 2018. Keterkaitan sedimentasi dengan
persen tutupan terumbu karang di Perairan Teluk Lampung. Jurnal
llmu Dan Teknologi Kelautan Tropis 10: 49-57. DOIl:
10.29244/jitkt.v10i1.18719. [Indonesian]

Berkelmans R, Jones AM. 2015. Salinity thresholds of Acropora spp. on
the great barrier reef. Coral Reefs 31: 1103-1110. DOI:
10.1007/s00338-012-0930-z.

Bhoke MFD. 2017. Profil Struktur Komunitas Makroalga di Beberapa
Lokasi Pantai Sendang Biru Kabupaten Malang Jawa Timur [Doctoral
Dissertation]. Universitas Brawijaya, Malang. [Indonesian]

Bintoro G, Isdianto A, Harahab N, Kurniawan A, Wicaksono AD, Maharditha
R, Fathah AL, Putri BM, Haykal MF, Asadi MA, Setyanto A, Lelono
TD, Luthfi OM, Pratiwi DC. 2023. Reef fish monitoring as a coral
reef resilience indicator in the Sempu Strait, South of East Java,
Indonesia. Biodiversitas 24: 4950-4959. DOI: 10.13057/biodiv/d240938.

Brien JMO, Scheibling RE. 2018. Turf wars: Competition between
foundation and turf-forming species on temperate and tropical reefs
and its role in regime shifts. Mar Ecol Prog Ser 590: 1-17. DOI:
10.3354/meps12530.

Brown AL, Carpenter RC. 2015. Water flow influences the mechanisms
and outcomes of interactions between massive porites and coral reef
algae. Mar Biol 162: 459-468. DOI: 10.1007/s00227-014-2593-5.

Bruno JF, Precht WF, Vroom PS, Aronson RB. 2014. Coral reef baselines:
How?. Mar Pollut Bull 80: 24-29. DOI: 10.1016/j.marpolbul.2014.01.010.

Carballo JL, Bautista E, Nava H, Cruz-Barraza JA, Chavez JA. 2013.
Boring sponges, an increasing threat for coral reefs affected by
bleaching events. Ecol Evol 3: 872-886. DOI: 10.1002/ece3.452.

Casey JM, Ainsworth TD, Choat JH, Connolly SR, Casey JM. 2014.
Farming behaviour of reef fishes increases the prevalence of coral
disease associated microbes and black band disease. Proceed Roy Soc
B: Biol Sci 281 (1788): 20141032. DOI: 10.1098/rspb.2014.1032.

Connell SD, Foster MS, Airoldi L. 2014. What are algal turfs ? Towards a
better description of turfs. Mar Ecol Prog 495: 299-307. DOI:
10.3354/meps10513.

Diaz-Pulido G, McCook LJ. 2008. Environmental Status: Macroalgae
(Seaweeds). Great Barrier Reef Marine Park Authority, Townsville.

Edmunds PJ, Carpenter RC. 2001. Recovery of Diadema antillarum
reduces macroalgal cover and increases abundance of juvenile corals
on a Caribbean reef. Proceed Natl Acad Sci. USA 98: 5067-5071.
DOI: 10.1073/pnas.071524598.

Fu JR, Zhou J, Yang HT, Zhou JL, Zhang YP, Liu L. 2022. Competitive
effects of the macroalgae Caulerpa taxifolia on key physiological
processes in the scleratinian coral Turbinaria peltata under thermal
stress. Res J Life Sci 11: 1-18. DOI: 10.21203/rs.3.rs-1878684/v1.

Gelais ATS, Chaves-fonnegra A, Brownlee AS, Kosmynin VN, Moulding
AL, Gilliam DS. 2016. Fecundity and sexual maturity of the coral
Siderastrea siderea at high latitude along the Florida Reef Tract,
USA. Invertebr Biol 135: 46-57. DOI: 10.1111/ivh.12115.

Giyanto, Manuputty AEW, Abrar M, Siringoringo RM, Suharti SR,
Wibowo K, Edrus IN, Arbi UY, Cappenberg HAW, Sihaloho HF,

BIODIVERSITAS 25 (7): 2877-2887, July 2024

Tuti Y, Zulfianita D. 2014. Coral Reef Health Monitoring Guide.
Page Coremap CTI LIPI. [Indonesian]

Gumbira RWW, Rizkia F, Pribadi TDK, Hidayat MS. 2017. Threat of
blast fishing on coral diversity in Peucang Island National Park,
Indonesia. Ocean Life 1: 26-31. DOI: 10.13057/oceanlife/0010105.

Haas AF, Smith JE, Thompson M, Deheyn DD. 2014. Effects of reduced
dissolved oxygen concentrations on physiology and fluorescence of
hermatypic corals and benthic algae. Peer] 2: 235. DOI:
10.7717/peerj.235.

Hamzah R, Hakim L, Retnaningdyah C. 2020. Evaluation of the quality of
coastal ecosystems in the Spermonde Archipelago using macroalgae
as indicators. J Trop Life Sci 10: 113-122. DOI: 10.11594/jtls.10.02.04.

Handayani SRI, Widhiono I, Widyartini DWIS. 2023. Macroalgae diversity
and its relationship with environmental conditions in polluted waters
of Seribu Islands, Jakarta Bay, Indonesia. Biodiversitas 24 (11): 6279-
6286. DOI: 10.13057/biodiv/d241151.

Harvey BP, Allen R, Agostini S, Hoffmann LJ, Kon K, Summer TC,
Wada S, Hall-spencer JM. 2021. Feedback mechanisms stabilise
degraded turf algal systems at a CO, seep site. Commun Biol 4 (1):
219. DOI: 10.1038/s42003-021-01712-2.

Hata H, Takano S, Masuhara H. 2020. Herbivorous damselfishes expand
their territories after causing white scars on Porites corals. Sci Rep
10 (1): 16172. DOI: 10.1038/s41598-020-73232-8.

Hughes TP, Anderson KD, Connolly SR et al. 2018. Spatial and temporal
patterns of mass bleaching of corals in the Anthropocene. Science 80
(359): 80-83. DOI: 10.1126/science.aan8048.

Hughes TP, Kerry JT, Alvarez-noriega M et al. 2017. Global warming and
recurrent mass bleaching of corals. Nature 543 (7645): 373-377. DOI:
10.1038/nature21707.

Indonesian Government. 2021. Government Regulation Number 22 of
2021 Concerning Implementation of Environmental Protection and
Management. https://peraturan.go.id/id/pp-no-22-tahun-2021.
[Indonesian]

Isdianto A, Amanda SS, Yamindago A, Satrya C, Dewi U, Aliviyanti D,
Luthfi OM, Fathah AL, Atikawati D, Putri BM, Puspitasari ID.
2024a. Water quality impact christmas tree worms (Spirobranchus
spp.) distribution and community structure on hard corals at Sempu
Island Nature Reserve, Malang, Indonesia. J Ecol Eng 25: 175-186.
DOI: 10.12911/22998993/186161.

Isdianto A, Fewila ARIO, Rijal SS, Setyanto A. 2024b. Coral disease
prevalence and compromised health in the Sempu Island Nature
Reserve, Malang District, Indonesia. Biodiversitas 25: 1404-1412.
DOI: 10.13057/biodiv/d250408.

Ismail MM, Alotaibi BS, EL-Sheekh MM. 2020. Therapeutic uses of red
macroalgae. Molecules 25: 1-14. DOI: 10.3390/molecules25194411.

Jones R, Fisher R, Bessell-Browne P. 2019. Sediment deposition and coral
smothering. PLoS One 14: 1-24. DOI: 10.1371/journal.pone.0216248.

Jorissen H, Skinner C, Osinga R, Beer D De, Nugues MM. 2016. Evidence
for water-mediated mechanisms in coral-algal interactions. Proceed
Roy Soc B: Biol Sci 283: 20161137. DOI: 10.1098/rspb.2016.1137.

Karcher DB, Roth F, Carvalho S, El-Khaled YC, Tilstra A, Kirten B,
Struck U, Jones BH, Wild C. 2020. Nitrogen eutrophication particularly
promotes turf algae in coral reefs of the central Red Sea. PeerJ 8:
e8737. DOI: 10.7717/peerj.8737.

Kim W, Yeh SW, Kim JH, Kug JS, Kwon M. 2011. The unique 2009-
2010 El Nifio event: A fast phase transition of warm pool El Nifio to
la Nifia. Geophys Res Lett 38: 1-5. DOI: 10.1029/2011GL048521.

Lefcheck JS, Brandl SJ, Innes-gold AA, Steneck RS, Torres RE, Rasher
DB. 2019. Response: Commentary: Tropical fish diversity enhances
coral reef functioning across multiple scales. Front Ecol Evol 7: 303.
DOI: 10.3389/fev0.2019.00303.

Liao Z, Yu K, Wang Y, Huang X, Xu L. 2019. Coral-algal interactions at
Weizhou Island in the northern South China Sea: variations by taxa
and the exacerbating impact of sediments trapped in turf algae. PeerJ
7:€6590. DOI: 10.7717/peerj.6590.

Ludwick C, Davis S, Burge EJ. 2019. Korallion ecology of coral reefs.
Coast Carolina Stud Coral Reef Ecol 10: 76. DOL:
10.13140/RG.2.2.17741.72160.

Luthfi OM, Akbar D, Ramadhan MG, Rohman M, Wahib NK. 2019a.
Comparative study of living and non-living cover of the bottom
substrate of Sempu Island Waters, Malang Regency using the reef
check method. J Fish Mar Res 3: 127-134. DOIl:
10.21776/ub.jfmr.2019.003.02.1. [Indonesian]

Luthfi OM, Nurmalasari N, Jauhari A. 2015. Growth rate of staghorn
coral (Acropora) on coral garden program at Sempu Nature Reserve
Malang. Res. J Life Sci 2: 152-160. DOI: 10.21776/ub.rjls.2016.002.03.2.



ISDIANTO et al. — Assessing the resilience of coral reefs in Malang, Indonesia

Luthfi OM, Rahmadita VL, Setyohadi D. 2018. Melihat kondisi
kesetimbangan ekologi terumbu karang di Pulau Sempu, Malang
menggunakan pendekatan luasan koloni karang keras (Scleractinia).
Jurnal llmu Lingkungan 16 (1): 1-8. DOI: 10.14710/jil.16.1.1-8.
[Indonesian]

Luthfi OM, Yulianto F, Pangaribuan SPC, Putranto DBD, Alim DS,
Sasmitha RD. 2019b. Basic substrate conditions of Sempu Island
Nature Reserve Waters, Malang Regency. J Mar Aquat Sci 5: 77.
DOI: 10.24843/jmas.2019.v05.i01.p09. [Indonesian]

Luthfi OM. 2016. Coral reef conservation on Sempu Island uses the coral
garden concept. J Innov Appl Technol 2: 210-216. DOI:
10.21776/ub.jiat.2016.002.01.7. [Indonesian]

Ma J, Qin B, Paerl HW, Brookes JD, Wu P, Zhou J, Deng J, Guo J, Li Z.
2014. Green algal over cyanobacterial dominance promoted with
nitrogen and phosphorus additions in a mesocosm study at Lake
Taihu, China. Environ Sci Pollut Res Intl 22 (7): 5041-5049. DOI:
10.1007/s11356-014-3930-4.

Mateo-Ramirez A, Mafiez-Crespo J, Royo L, Tuya F, Castejon-Silvo I,
Hernan G, Pereda-Briones L, Terrados J, Tomas F. 2022. A tropical
macroalga (Halimeda incrassata) enhances diversity and abundance
of epifaunal assemblages in Mediterranean Seagrass Meadows. Front
Mar Sci 9: 886009. DOI: 10.3389/fmars.2022.886009.

Mcclanahan TR, Azali MK, Mcclanahan TR. 2021. Environmental variability
and threshold model’s predictions for coral reefs. Front Ecol Environ
8:778121. DOI: 10.3389/fmars.2021.778121.

Mies M, Francini-filho RB, Zilberberg C, Garrido AG, Banha TNS. 2020.
South Atlantic coral reefs are major global warming refugia and less
susceptible to bleaching. Front Mar Sci 7: 514. DOI:
10.3389/fmars.2020.00514.

Mujahidah K, Ramadani A, Hasan V, Yanti S. 2023. Zeolite-microfragmenting
Media: A potential strategy to accelerate coral growth. Page E3S Web
Conf 374: 00020. DOI: 10.1051/e3sconf/202337400020.

Nakajima R, Tanaka Y, Yoshida T, Fujisawa T, Nakayama A. 2015. High
inorganic phosphate concentration in coral mucus and its utilization
by heterotrophic bacteria in a Malaysian coral reef. Mar Ecol 36: 835-
841. DOI: 10.1111/maec.12158.

Nozawa Y, Lin C-H, Meng P-J. 2020. Sea urchins (Diadematids) promote
coral recovery via recruitment on Taiwanese reefs. Coral Reefs 39:
1199-1207. DOI: 10.1007/s00338-020-01955-1.

Ostman O, Eklof J, Eriksson BK, Olsson J, Moksnes P, Bergstrom U.
2016. Top-down control as important as nutrient enrichment for
eutrophication effects in North Atlantic coastal ecosystems. J Appl
Ecol 53: 1138-1147. DOI: 10.1111/1365-2664.12654.

Pastorok R, Bilyard G. 1985. Effects of sewage pollution on coral-reef
communities. Mar Ecol Prog Ser 21: 175-189. DOI:
10.3354/meps021175.

Peach KE, Koch MS, Blackwelder PL. 2016. Effects of elevated pCO;
and irradiance on growth, photosynthesis and calcification in
Halimeda discoidea. Mar Ecol Progress Ser 544: 143-158. DOI:
10.3354/meps11591.

2887

Picart SS, Butensch JIAM, Artioli Y, Holt LDMSWJ. 2015. What can
ecosystem models tell us about the risk of eutrophication in the North
Sea?. Climat Change 132: 111-125. DOI: 10.1007/s10584-014-1071-x.

Ramlah S, Fajri N El, Adriman. 2015. Physical, Chemical Parameters and
Saphrobic Coefficients (X) as Determinants of Water Quality in The
Senapelan River, Pekanbaru. [Doctoral Dissertation]. Universitas
Riau, Pekanbaru. [Indonesian]

Roach TNF, Little M, Arts MGI, Huckeba J, Haas AF, George EE. 2020.
A multiomic analysis of in situ coral-turf algal interactions. Pro Natl
Acad Sci 17: 13588-13595. DOI: 10.1073/pnas.1915455117.

Roche RC, Williams GJ, Turner JR. 2018. Towards developing a mechanistic
understanding of coral reef resilience to thermal stress across multiple
scales. Curr Clim Chang Rep 4: 51-64. DOI:10.1007/s40641-018-
0087-0.

Rogers CS, Ramos-Scharron CE. 2022. Assessing effects of sediment
delivery to coral reefs: A Caribbean Watershed Perspective. Front
Mar Sci 8: 773968. DOI: 10.3389/fmars.2021.773968.

Runtuboi DYP, Zainuri M, Indrayani E, Mishbach I. 2023. Evaluation of
nitrate, phosphate and ammonia content around BBPIAL pond in
Karang Anyar Village, Tugu District, Semarang. Eur Chem Bull 12:
3942-3955. DOI: 10.48047/ech/2023.12.5.292.

Sidabutar T, Srimarian ES, Cappenberg H, S Wouthuyzen. 2021. An
overview of harmful algal blooms and eutrophication in Jakarta Bay,
Indonesia. Page IOP Conf Ser: Earth Environ Sci 869: 012039. DOI:
10.1088/1755-1315/869/1/012039.

Sully S, Woesik R Van. 2020. Turbid reefs moderate coral bleaching
under climate-related temperature stress. Glob Chang Biol 26 (3):
1367-1373. DOI: 10.1111/gch.14948.

Swierts T, Vermeij MJA. 2016. Competitive interactions between corals
and turf algae depend on coral colony form. PeerJ 4: €1984. DOI:
10.7717/peerj.1984.

Tuttle LJ, Donahue MJ. 2022. Effects of sediment exposure on corals: A
systematic review of experimental studies. Environ Evid 11: 4. DOI:
10.1186/s13750-022-00256-0.

Unsworth RKF, Ambo-rappe R, Jones BL, La YA, Irawan A, Hernawan
UE, Moore AM, Cullen-unsworth LC. 2018. Indonesia’s globally
signi fi cant seagrass meadows are under widespread threat. Sci Total
Environ 634: 279-286. DOI: 10.1016/j.scitotenv.2018.03.315.

Wanma M, Manan J, Loinenak FA, Kolibongso D. 2022. Variations and
condition of coral lifeforms in the coastal area of Rendani Airport.
Jurnal Sumberdaya Akuatik Indopasifik 6 (2): 153-164. DOI:
10.46252/jsai-fpik-unipa.2022.Vol.6.N0.2.214.

Wild C, Jantzen C, Kremb SG. 2014. Turf algae-mediated coral damage in
coastal reefs of Belize, Central America. PeerJ 2: e571. DOI:
10.7717/peerj.571.

Williams SM. 2018. The control of algal abundance on coral reefs through
the reintroduction of Diadema antillarum. Final Report for Puerto
Rico Department of Natural and Environmental Resources. San Juan,
Puerto Rico.



	INTRODUCTION

