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ABSTRACT

The Optimal coral reefs are distributed in shallow waters between 0 and 30 m deep, influenced by the hydro-oceanographic variability
of the waters. Globally, corals are distributed in various forms of water predominantly found in the Coral Triangle region. This study
aims 1o examine the spatial distribution of coral biodiversity in the Tidore Isiand Waters. This study was conducted in the Tidore
Island Waters at three research stations, namely Tugulufa Station, Toloa Station and Tanjun Konde Station. This study analyzed
the spatial distribution of coral and the relationship between coral biodiversity and the hydro-oceanographic conditions of the Tidore
Island waters. The results showed that the highest coral diversity was found at Toloa Station, with the largest area being the Acropora
tabulate coral life form. Acropora coral species were found throughout the research location, with the highest percentage of cover found
at Toloa Station. Temperature and salinity variables are the main characteristics in the three research locations. Temperature has a
role and main characteristics in Toloa Station. The spatial distribution of Acropora corals is related to temperature and salinity

DOI: 10.13170/ depik.0.0.47445 variability.

Introduction

Optimal coral reefs are distributed in shallow
waters between 0 and 30 m deep, influenced by the
hydro-oceanographic variability of the waters. The
physical and chemical variability of the waters,
namely temperature, salinity, and dissolved oxygen,
affect coral growth, optimally occurring at depths of
10 m and 30 m (Monreal ¢/ al, 2022). Seawater
temperature puts great pressure on coral reefs in
shallow waters (Van ¢z @/, 2022). Annual variations in
total  nitrogen, dissolved  oxygen, salinity,
temperature, and chlorophyll affect the growth and
development of coral reefs in shallow waters between
1 m and 5 m (Avendano e a/, 2019). Spatial
variations in coral cover are correlated with
temperature variations. High coral cover (>50%) is
related to a highly variable temperature distribution
(Rogers ¢f al., 2010). The distribution of corals in the
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South China Sea is influenced by temperature
variability, photosynthetically active radiation,
current velocity, and dissolved nitrate and oxygen (i
et al., 2024).

Coral reef ecosystems are important to study
because they have a very large role and function for
the sustainability of coastal and marine ecosystems
and human survival. It is a provider of various
economically important species for the fulfillment of
human protein. Coral reefs are beneficial for human
life, especially coastal protection, fisheries habitats,
and tourism (Guldberg ¢z 2/, 2019). Coral reefs play
an important role in global marine biodiversity and
provide important ecosystem services (Bonelli ¢7 a/,
2024).

Globally, corals are distributed in various forms
of water, predominantly found in the Coral Triangle
region. Indonesia is the epicenter of the coral triangle
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with high coral distribution (Miller ¢ a/., 2021). Corals
are distributed in the South China Sea area; 31,360
km?2 is an area suitable for coral growth based on the
environmental conditions of its waters (i ¢/ al,
2024). Geographic scale determines the pattern of
spatial distribution estimates of coral diversity. The
Western Indian Ocean is predicted to have a higher
level of species diversity when compared to the Indo-
Pacific coral triangle area (Kusumoto ¢ a/., 2020).

The highest coral biodiversity is found in 14
Indo-Pacific ecoregions. The highest is found in the
Raja Ampat Waters, Sulawesi Sea, and Halmahera
Island Waters (Veron, 2011). The theory of statistical
diversity estimation uses species presence records
and completeness of sampling (coverage) to predict
diversity in terms of species richness, dominance, and
evenness. The spatial pattern of diversity estimation
depends on the geographic scale.

The western Indian Ocean is estimated to have
the most coral species, with greater diversity than in
the Indo-Pacific Coral Triangle (Kusimoto ez al,
2020). the Pacific Ocean includes the South China
Sea to the west coast of Western Australia and the
Panama Coast to the southern coast of the Gulf of
California. Coral grows well in the Indo-Pacific
region to reach approximately 80 genera. Natural
factors that cause coral to grow well in the western
Indo-Pacific. Acropora in the Caribbean Sea consists
of only 3 species, while in the Pacific Ocean it
consists of around 80 species. While the Porites
genus in the Caribbean has 3 species and 20 species
for the Indo-Pacific Sea (Suharsono, 2008).

The condition of the coral reef ecosystem in
Indonesia is experiencing degradation along with the
dynamics of waters, climate change conditions, and
anthropogenic activities. The current condition of
coral reefs in Indonesia is in the category of very
good 5%, good 20%, sufficient 35%, and poor 35%.
The condition of these coral reefs is greatly
influenced by various pressures that cause damage to
the coral reef ecosystem. This pressure occurs as a
result of various human and natural activities. Fish
bombing activities, water pollution by industrial and
household waste, climate change, rising sea levels,
high sedimentation, ocean acidity, and rising sea
surface temperatures are the main factors driving
ecological change (Giyanto ¢z a/, 2017).

Coral reefs are currently in danger, changing
drastically in composition or being damaged. This
happens because of human impacts, ocean
acidification, and the biggest threat of increasing
water temperatures. These ecological changes are
then responded to by various organisms, including
coral reefs. The choice is to adapt to changes in
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existing environmental conditions; if unable to adapt,
then they will die. This will have an impact on the
degradation of coral biodiversity in the waters. The
condition of coral reefs in a body of water is greatly
influenced by the condition of the aquatic
environment or oceanography.  Geographical
location also affects the condition of coral reefs; this
is related to the dynamics of climate change that
contributes to coral reef damage (Creswella ¢ 4/,
2017).

Climate change is one of the natural factors
that impact coral reefs. Southeast Asian coral reefs
have the highest level of biodiversity for marine
ecosystems in the world. Indonesia has 12.5% of the
world's total coral treef area (+ 58,000 km+).
Indonesia is in the wotld's coral triangle. North
Maluku is one of the waters in Indonesia that is
included in the world's Coral Triangle Area
(Susiloningtiyas ez al., 2018).

The waters of Tidore Island are located in the
world's coral triangle area (Coral Triangle) in a
tropical region that is geographically close to the
equator so that it has the potential for a rich coral reef
ecosystem. Tidore Island is located in the North
Maluku archipelago, which is dominated by small
islands. Tidore Island is a volcanic island, formed
from volcanic activity that slowly emerged from the
seabed to the surface (Bengen ¢ o/, 2012; Mutaqin e/
al, 2021; Angkotasan ¢ al, 2022). Island
morphogenesis and the process of island formation
contribute to the distribution of coral biodiversity.
Volcanic islands generally have fringing reefs with
high levels of coral biodiversity (Tomascik e/ al,
1996).

Various studies on coral biodiversity in
relation to the hydrocenoagraphic conditions of
small island waters have been conducted by several
previous researchers. Kusumoto ez a/. (2024) studied
the global distribution of coral diversity: biodiversity
knowledge gradients related to spatial resolution.
Predicting the highest coral species diversity is in the
Western Indian Ocean. Veron (2011) studied the
spatial distribution of corals in the Coral Triangle
ecoregion. DeVantier and Turak (2017) studied
species richness and relative abundance of reef-
building corals in the Indo-West Pacific. It was found
that as many as 627 coral species were found in the
Indo-Pacific region, 224 of which were found in the
Halmahera ecoregion. Mujiyono and Oktaviani
(2021) conducted a study on the world's coral
triangle: benefits, problems, and efforts. Stated that
the coral triangle area is the epicenter of the world's
marine biodiversity in the Indo-Pacific. Previous
studies on the spatial distribution of coral diversity
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have not fully explained the influence of hydro-
oceanographic variability on the spatial distribution
of coral diversity in each region. On this basis, this
study raises the novelty of research related to the
relationship between hydro-oceanographic variability
and the spatial distribution of coral diversity in the
waters of Tidore Island.

Coral biodiversity studies related to
oceanographic conditions on Tidore Island are very
important to see the spatial distribution of coral
biodiversity. This data and information are important
to be a preference in monitoring the impact of
climate change and anthropogenic activities on the
degradation of coral biodiversity in the waters of
Tidore Island. This study needs to be carried out
periodically to collect time series data. Thus, valid
information will be collected and become an
important part in compiling a scenario for managing
coral reef ecosystems in the waters of Tidore Island.
This study aims to examine the spatial distribution of
coral biodiversity in the waters of Tidore Island.

Materials and Methods
Location and time

This research will be conducted for 8
months, starting from March to November 2024.
The research location is in the waters of Tidore
Island, namely in the waters of Tugulufa (Station 1),
Toloa (Station 2), and Tanjung Konde (Station 3).
The location of data collection can be seen on the

following research location map:

PETA LOKASI PENELITIAN
DISTRIBUSI SPASIAL BIODIVERSITAS
KARANG DI PERAIRAN PULAU TIDORE

A
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@ Stasiun Penelitian
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Figure 1. Research site in Tidore Island

Sampling

Coral reef data collection uses diving
equipment (SCUBA), a 50 x 50 cm quadrant, and
other supporting equipment for underwater
recording. Coral data collection uses the Underwater
Photo Transect (UPT) method based on guidelines
from Giyanto (2013). The line transect method is
carried out by stretching the transect (meter) parallel
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to the line. The transect is placed along 50 m at a
depth of 5 m, 10 m, and 15 m, which is a permanent
transect. After the transect is placed, coral
observations are then carried out.

The tools and materials needed in
oceanographic data collection are the Weather
Quality Checker to measure temperature, salinity,
pH, DO, and turbidity variables in situ. Computer to
download and process data. ODV software to
process data.

Data Collection Method Observations are
carried out at each point by placing a 50 x 50 cm
quadrant (distance between quadrants 1 m) along the
transect line as far as 50 m. Each quadrant was
photographed using an underwater camera to analyze
the distribution of coral life form cover percentage
and coral diversity along the transect line. Data were
distributed at depths between 5 m, 10 m, and 15 m
with varying bottom topography. The results of the
quadrant photos were then analyzed using the Coral
Point Count with Excel Extensions (CPCe) software.
The collection of quadrant photos that have been
analyzed using CPCe will be the database in further
analysis related to the distribution of coral between
locations, between stations, and between depths.
Oceanographic data consists of temperature, salinity,
pH, DO, and turbidity. The data collection process
was carried out directly in the field (in situ) using the
Water Quality Checker. For the purpose of analyzing
the spatial distribution of temperature and salinity,
temperature and salinity data were also downloaded
from the website http://marine.copernicus.cu/.

Data analysis

Coral data analysis is divided into two,
namely coral ecological index analysis and coral
morphological structure analysis. Each part has its
own analysis method; the description of the analysis
method of the two parts is as follows: a. Coral species
diversity ecological index analysis Based on the taxa
names obtained for each frame, the coral diversity
value can be known, such as the number of species
(S), the Shannon diversity index wvalue = H
"(Hutcison, 1970).

x .

S () ()
o= Zi ((N) i (N))
Description :
H' = Diversity Index
ni = frequency of presence of species;

Coral Cover Presentage Analysis
This method is an application of sampling,
where the population is all coral biota and substrates
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contained in the photo, while the samples are
randomly selected points in the photo. The data
recorded are only coral biota and substrates that are
right at the point position that has been randomly
determined by the CPCe software. Furthermore, the
percentage value of cover for each category of coral
biota and substrate can be estimated based on the

formula:

Total coverage of category =

Number of points in category

Number of random points

x 100%

With the criteria for coral cover percentage according
to Maduppa and Zamani (2011), namely:

- Coral cover percentage of 0

categorized as poor
- Coral cover percentage of 25 - 49.9% is
categorized as Fair
- Coral cover percentage of 50
categorized as Good
- Coral cover percentage of 75 - 100% is

categorized as Very good

Principal Component Analysis

24.9% 1s

74.9% 1s
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Analysis of the Relationship between
Oceanographic Factors and Coral Biodiversity. A
study on the relationship between oceanographic
factors and the spatial distribution of coral
biodiversity in the waters of Tidore Island using the
Principal Component Analysis (PCA) approach (R
Theam, 2021).

Results
Species composition

Corals in the waters of Tidore Island were
found distributed at depths of 5 and 10 meters at
three research stations, namely ST 01 Tugulufa, ST
02 Toloa, and ST 03 Tanjung Konde. These three
stations have different bottom topographies; ST 01
and ST 02 have sloping topographies or reef flats,
while ST 03 is a reef slope.

Based on the results of the study, it was found
that the Acropora genus coral was dominantly found
on the sloping bottom topography, namely in ST 01
Tugulufa and ST 02 Toloa, while Porites coral was
dominantly found on the reef slope or reef slope ST
03 Tanjung Konde (Table 1). The results of the study
can be seen in the table below:

Table 1. Spatial Distribution of Coral Life Forms

Percent Cover Coral (%) in Site Research

No Genus
ST01 TJKSm ST01 TJK10m ST02 TGFS5m ST02 TGF 10m ST03 TOL 5m
1 Acropora 3,68 2,32 0,68 0,32 22,56
2 Tubastrea 0,08 0,00 0,00 0,00 0,00
3 Leptoseris 1,82 0,60 0,00 0,00 0,32
4 Pavona 0,40 0,00 0,64 0,78 0,00
5 Montipora 1,86 1,14 0,64 0,00 3,20
6 Leptoria 2,20 2,24 0,00 0,00 0,00
7 Stylocoeniella 2,10 0,00 0,00 0,00 0,08
8 Leptastrea 1,68 0,00 0,00 0,00 0,00
9 Cycloseris 0,08 0,12 0,00 0,00 0,24
10 Madracis 0,56 0,62 0,00 0,00 0,00
11 Echinopora 0,00 0,16 0,00 0,00 0,24
12 Hydnophora 0,00 0,16 0,00 0,00 0,00
13 Pachiseris 0,00 1,30 0,00 0,00 0,00
14 Turbinaria 0,00 0,80 2,44 0,00 0,16
15 Echinophyllia 0,00 0,80 0,00 0,00 0,00
16 Platygyra 0,00 1,28 0,00 0,00 0,00
17 Galaxea 0,00 0,76 0,08 0,16 2,64
18 Cyphastrea 0,00 1,40 0,00 0,24 0,00
19 Fungia 0,00 0,16 2,52 2,92 0,24
20 Acanthastrea 0,00 0,32 0,00 0,00 0,00
21 Porites 0,00 8,40 0,00 2,66 0,40
22 Pocilopora 0,00 0,72 0,00 1,30 0,00
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23 Scapophyllia 0,00 0,00 0,08 0,00 0,00
24 Merulina 0,00 0,00 0,00 1,36 0,00
25 Turbinaria 0,00 0,00 0,00 1,20 0,00
26 Goniastrea 0,00 0,00 0,00 1,36 0,24
27 Astreopora 0,00 0,00 0,00 0,24 0,00
28 Favia 0,00 0,00 0,00 0,32 0,24
29 Favites 0,00 0,00 0,00 0,76 0,00
30 Anacropora 0,00 0,00 0,00 1,60 0,00
31 Seriatopora 0,00 0,00 0,00 6,16 0,00
32 Coeloseris 0,00 0,00 0,00 0,24 0,00
33 Ctenactis 0,00 0,00 0,00 0,16 0,00

The results of the analysis showed that 33
genera were found in the Tidore Island Waters at
three research stations. At STO1 Tanjung Konde
station, we found 22 genera, with the highest
percentage of coverage being the genus Porites at
8.40%. At ST02_Tugulufa we found 20 genera, of
which the genus Seriatopora was the one with the
highest percentage of coverage at 6.16%. The
number of genera found at ST03 Toloa was 12
genera. At this station, the genus Acropora had the
highest percentage of coverage at 22.56%.

The table above shows that corals from the
genus Porites with the Coral Massive (CM) life form
type are dominantly found in ST 01 Tanjung Konde
and ST 02 Tugulufa. Corals from the genus Acropora
with the Acropora Tabulate (ACT) life form are

found dominantly at Toloa station with a percentage
cover value of 22,56% (Figure 2). These waters tend
to be calm and have gentle topography.
Hidro-Oceanography Condition in Tidore
Island Waters

The waters of Tidore Island are the waters of
a small island located in the epicenter of the Maluku
Sea. Thus, these waters are directly influenced by the
oceanographic dynamics of the Maluku Sea,
Halmahera Sea, Banda Sea and the Pacific Ocean.
Based on the results of the study, it was found that
the temperature, salinity and pH conditions are still
in good and optimal conditions for the growth and
development of coral reefs. Oceanographic data can
be seen in the Table 2 :

25

20 18,7106

15

12,014
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I Illj.ill

STO1_TJK5m  STO1_TJK 10m

0

Coral Percent Cover

10,2206

STO2_TGF 5m

m Soft Coral
W Acropora
22,56
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Figure 2. Bar Chart of Coral Percentage in Tidore Island Water
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Table 2. Data of Oceanography Variable

Station Name Temperature | Salinity | DO | pH | Visibility
ST01_Tj Konde 26,52 30,03 | 9,16 | 7,64 25
ST02_Tugulufa 26,47 29,71 9,2 | 7,63 24
ST03_Toloa 26,71 28,57 | 9,01 | 7.8 25

The water conditions on Tidore Island are
also very dynamic when viewed in July and January
2024. Based on the results of the analysis of spatial
distribution data on temperature and salinity using
data from www.marinecopernicus.eu processed
using ODV software (IFigure 3), it shows that the
temperature in July is higher than the temperature in
January.

Juli  thetso @ depth=first
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0 i 07 25 2075
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Figure 3. Spatial Distribution of Temperature in
the Maluku Sea and Tidore Island

Based on the results of field data collection in
the table above, it was found that the seawater
temperature at the three research stations ranged
between 29°C and 31°C. This means that the water
temperature at the three data collection locations is
still in the good and optimal category for the
sustainability of coral life.

Based on the results of field data collection in
the table above, it was found that the sea water
temperature at the three research stations ranged
between 29°C - 31°C. This means that the water
temperature at the three data collection locations is
still in the good and optimal category for the
sustainability of coral life.

The highest salinity was found at ST 03
Tanjung Konde station at 34.2 in January and 33.88
in July (Figure 4). However, if we look at the salinity
data, the three stations are still in the optimum water
salinity ~ conditions for coral growth and
development.
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Figure 4. Spatial Distribution of Salinity Variables in
the Maluku Sea and Tidore Island

The results of the analysis of the relationship
between coral reef conditions and oceanographic
conditions can be seen in the vector matrix image of
the results of the analysis with exclestat using
Principal Component Analysis (PCA) in Figure 5.
Relationship between Spatial Distribution and
Hydro-Oceanographic Conditions

The relationship between coral variables as
biological variables or living things and physical and
chemical variables of waters as environmental
variables or habitats where they grow is very
important to observe. Based on the results of
research at the three stations, it shows that the
highest percentage of hard coral cover in Toloa
waters with the highest oceanographic variable is
temperature. ~ However, all the  observed
oceanographic variables still show good and
optimum conditions for coral life.

The results of the principal component analysis
at the three research locations showed that the genera
Acropora, Monitpora, Galaxea, and Echinopora had
significant correlations with the variables pH,
temperature, and water brightness. While porties,
soft coral, and sponge had significant correlations
with dissolved oxygen.
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Variables (axes F1 and F2: 66,65 %)
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Figure 5. Principal Compenent Analisys Result

Discusion

Different bottom topography will contribute
to the potential for differences in the spatial
distribution of coral in waters. Branching corals are
predominantly found in waters with flat topography
(reef flats), while massive corals and encrusting corals
are predominantly found on reef slopes (Angkotasan
et al., 2023).

Differences depth also affect the
distribution pattern of corals in waters. Corals are
distributed in shallow to mesophotic waters between
depths of 5 m and 100 m. Coral taxa show
heterogeneity in size structure, with significant
differences between depths, morphological growth
forms, and species. Branching and corymbose corals
are more common in shallow waters, while
encrusting and laminar forms cover most of the
mesophotic corals (Kremer ¢ a/, 2020).

Differences in slope gradient indicate different
forms of coral growth, where on a slope gradient of
90° the most common form of coral growth is
encrusting, while on slope gradients of 55° and 43° it
is generally dominated by massive growth forms
(Reskawati e al., 2022).

Differences in depth also affect the
distribution pattern of corals in the waters.
According to Kremer e al (2020), corals are
distributed in shallow waters to mesophotic waters
between 5 m and 100 m depths. Coral taxa show

in
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heterogeneity in size structure, with significant
differences between depths, morphological growth
forms, and species. Branching and corymbose corals
are motre common in shallow waters, while
encrusting and laminar forms cover most of the
mesophotic corals.

Corals of the genus Acropora are found
distributed in shallow waters in the waters of Pahat
Island. The distribution of Acropora corals is found
in waters with a gentle bottom topography (Arafat ¢/
al., 2020). The types of corals found in the outermost
location are dominated by crustal corals, while in the
deepest location they are dominated by branching
corals, namely Acropora, Pocillopora, and Montipora
(Siringoringo 7 al., 2019). Recently, new species of
hard corals (Order Scleractinia) were recorded in
Indonesia. Genus Acropora has been identified as
having about 114 species in the world, of which 91
species in Indonesia (Yafie ¢/ al., 2022).

The direct effects of the light environment are
often cited as the primary factor influencing growth
patterns of Acropora corals. Light intensity or
changes in spectral profile play a significant role in
larval settlement under most environmentally
realistic settings but may under more extreme or
artificial settings (Richard et al., 2021). Echinopora
corals have a strong relationship with variable light
intensity and the primary colony gradient. Having
leaf plates acts as a solar light trap, which also adjusts
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its primary gradient to optimize light capture (Iwase
¢t al., 2008).

Conclusion
The results of this study produced four
conclusions. First, the coral genus Proites has the

highest percentage of coral cover in the waters of

Tidore Island at the three research stations. Second,
the coral genus is spatially distributed on different
bottom topographies. The genera Porites and
Acropora are predominantly found on reef flats,
while the coral genus from the coral encrusting life
form is predominantly found on reef slopes. Third,
the environmental conditions of the waters, namely
temperature and salinity, in the three research
locations were higher in July (the southeast season)
than in January (the northwest season). Fourth, the
variables of temperature and salinity are the main
characteristics in the waters of Tidore Island.
Temperature has a significant positive effect on the
coral genus Acropora and porites, while current has
a significant effect on coral encrusting.
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