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Abstract. The coral reef ecosystem is the most diverse
and productive marine ecosystem in the world. Coral
reefs provide high species diversity which enhances a
community survival rate when the condition of the
environment is changed. Coral reefs are commonly
found widely distributed in depths up to 30m, and
various environmental factors drive different community
compositions. This study examined coral community
structures on shallow reef flats, reef slopes, and underwater
pinnacles in the Western Gulf of Thailand. The field
surveys were conducted at three coral reefs, including Ko
Mattra, Ko Lawa, and Ko Kula and three underwater
pinnacles, i.e., Hin Thong Vo, Hin Jen Talay, and Hin
Ang in Mu Ko Chumphon, using a belt transect method.
The results revealed that the percentages of live coral
cover at most study sites were relatively high (over 50%).
We found a high species diversity of corals at the underwater
pinnacles. The most dominant coral at all three study
sites was Porites lutea. The other dominant corals were
Favites spp., Dipsastraea spp., and Diploastrea heliopora.
This study highlights the importance of underwater
pinnacles in the Gulf of Thailand for their ecosystem
services, particularly providing fishery products and
incomes from tourism.
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1. Introduction

Most coral reefs in the Indo-Pacific can be
divided into four different zones: reef flat,
crest, slope, and back (Bellwood et al., 2017).
Community structure (total cover, intra-zonal
spatial organization, diversity and dominance,
size class distribution) differs in each zone in

response to physical factors combined with
biological interactions (Done, 1982).

The reef flat is a relatively shallow reef zone,
varying about 0.5-1.5 meters in depth. This zone
experiences a wide range of variations in
temperature, salinity, and sediment accumulation.
In addition, due to the occasional exposure to
the air at low tide, corals growth is limited
(Thornborough and Davies, 2011). Reef flats
often show a low level in coral cover and/or
diversity, mostly dominated by a few characteristic
species (Mayer; 1918; Stephenson et al., 1931;
Wells, 1954; 1957; Spencer-Davies et al., 1971,
Morrisey, 1980). Thus, the maximum diversity
of corals in shallow areas, as mentioned above,
depends on wave exposure, slope, and light
(Wells, 1954).

A reef slope is an extending area from the reef
crest that descends into a slope to deeper water. It
is represented by dense coral growth and
diversity. This zone receives illumination is low
due to the increasing depth. In the deeper part
of the slope, the coral cover declines as light
become less available. Coral communities in
this area have diversity and complexity that
generally exceeds that on the reef flats (Sheppard,
1982). Corals on reef slopes usually are much
more subtle than on reef flats (Done, 1982).
Reef slopes generally have appreciable gradients.
Only a few are smoothly continuous or complex
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due to structural variations, usually caused by a
past decrease in sea levels or irregular growth
(Sheppard, 1982).

Underwater pinnacles in the tropical region are
important marine habitats that provide similar
functions and services as coral reefs. The structure
of the underwater pinnacle influences the diversity
and composition of reef-associated organisms.
They hold varied characteristics, which could
be either wholly submerged or exposed over
the surface.

The objective of this study was to examine the
coral community structures on shallow reef flats,
reef slope, and underwater pinnacles in the
Western Gulf of Thailand and provide further
insights on the ecology of these areas. Currents
data are limited.

2. Materials and Methods
2.1 Study sites

This study was carried out on coral reefs with
three different characteristics. The shallow reef
flat and reef slope at Ko Mattra, Ko Lawa, and
Ko Kula, and three underwater pinnacles,
including Hin Thong Wo, Hin Jen Talay, and
Hin Ang were observed (Table 1 and Figure 1)
All study site is located in Mu Ko Chumphon
National Park, Chumphon Province, the
Western Gulf of Thailand.

Table 1. Location of each study site

2.2 Survey methods

Field surveys were conducted on shallow reef
flats (about 0.5-1.5 meter in depth), reef slopes
(about 2-7 meter in depth), and underwater
pinnacles (about 5-12 meter in depth) (Figure 2).
The coral communities were investigated by
SCUBA diving along a permanent belt transect
with three replicates. The substrate cover of live
coral, dead coral, rubble, sand, and algae were
recorded within 50 cm to each side of the line
(English et al. 1997). The coral species were
identified to genus and/or species level if
possible, following Veron (2000). An underwater
camera took photographs for data recheck in
the laboratory

2.3 Statistical analysis

Substrate percentage cover was calculated for
each category as a relative covered area, while
the live coral cover was divided into each
identified taxon, and their respective cover
percentage was estimated and expressed in
percentage. Diversity values were analyzed by
Shannon Wiener’s diversity index (Krebs, 1989)
to characterize the local diversity, to make
comparisons among reef zone. Furthermore,
evenness values were analyzed by the Pielou
index (Pielou, 1966).

Reef zone Study site Location
Ko Mattra 10°24'6.96"N  99°21'5.22"E
Shallow reef flats and Reef slopes Ko Lawa 10°21'43.71"N  99°18'28.39"E
Ko Kula 10°15'35.87"N  99°15'20.99"E
Hin Thong Wo 10°01'14.0"N  99°15'17.0"E
Underwater pinnacles Hin Jen Talay 9°48'09.1"N 99°1822.4"E
Hin Ang 9°5028.1"N 99°14'10.1"E
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Figure 1. Location of each study site

3. Results
3.1 Coral coverage

The results indicated that the percentages of
live coral coverage at most study sites were
relatively high. The highest live coral cover of
shallow reef flat was found at Ko Mattra
(67.50+8.09%), while the lowest one was
found at Ko Kula with (9.67+1.16%). The
highest live coral cover of reef slope was also
found at Ko Mattra (68.11+6.75%), while the
lowest one was found at Ko Lawa (50.70+7.52%).
The underwater pinnacle, Hin Thong Wo,
showed the highest live coral cover
(66.60£9.79%), while the lowest one was
observed at Hin Ang (35.01+4.20%), as
showed in table 2

3.2 Coral species composition

A total of 35 species were recorded in this study.
Coral communities of reef slope showed a high
coral diversity, while the lowest one was observed
at shallow reef flat. The coral Porites lutea was
observed as the most dominated species at all
reef zones. A total of 20 coral species were
observed at reef slopes. The most dominated
coral was P. lutea, along with Pavona decussata,
Goniopora columna, Pavona varians, and
Dipsastraea pallida. A total of 17 coral species
were observed at underwater pinnacles. The
most abundant coral was P. lutea, followed by
G. columna, Favites spp., Dipsastraea spp.,
and Turbinaria mesenterina. The coral species
richness of shallow reef flats was relatively
low because there were only thirteen corals
species at the study sites. The most abundant
coral was P. lutea, followed by Pavona frondifera,
P. decussata, Favites abdita, and G. columna.
(Figure 3).
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Figure 2. Underwater photographs of coral communities at study sites (A) Coral communities of
shallow reef flats, (B) Coral communities of reef slope, and (C) Coral communities of underwater
pinnacles

Table 2 Average percentage cover of live corals, dead corals and other benthic components at the
study sites with a standard deviation

Study sites Live corals Dead corals Rubble Sand Algae Other
MT 67.50+8.09 28.40+3.41  1.00£0.12  1.86+0.22 - 1.24+0.15
ﬁh?"ow reef  Lw 57.42+6.89 24.88+2.98  6.90+0.83  9.05+1.09 - 1.75+0.21
ats
KL 9.67+1.16  5.14+0.62  12.33+148 29.67+356 42.69+5.12  0.50+0.06
MT 68.11+6.75 17.48+452  257+155  11.82+3.40 - 0.02+0.03
Reefslopes LW 50.70+7.52  30.78+1.42  1.87+1.72  9.25+3.76 - 7.40+3.69
KL 57.60+0.85  6.19+4.22  0.02+0.03  30.30+6.20 - 5.89+1.15
TW 66.6049.79  22.79+2.73  0.13+0.22  4.00+1.41 - 6.53+2.99
Underwater ;. 63.88+7.66  24.00+2.88 - 8.52+1.02 - 3.60+0.43
pinnacles
HA 35.01+4.20 52.34+6.28  1.15+0.14  8.94+1.07 - 2.56+0.31

**MT = Ko Mattra, LW = Ko Lawa, KL = Ko Kula, TW = Hin Thong Wo, JT = Hin Jen Talay, HA = Hin Ang
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Figure 3. Composition of coral species at each study site
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3.3 Coral species diversity

Both Shannon Diversity Index and Pielou
Evenness Index results showed the same trend,
in which the highest value was observed at
underwater pinnacles. The values of the
Shannon Diversity Index was ranged between
0.69+0.11-0.99+0.04, and Pielou Evenness
Index was ranged between 0.27+0.02-
0.41+0.06 (Table 3).

Table 3 Shannon Diversity Index and Pielou
Evenness Index value in each reef zone

Study site Shannon Pielou
Diversity Evenness
Index (H’) Index (J°)
Shallow reef 0.72+0.02 0.37+0.06
flats
Reef slopes 0.69+£0.11 0.27£0.02
Underwater 0.99+0.04 0.41+0.06
pinnacles
4. Discussion

The massive coral Porites lutea was the most
abundant coral in the Gulf of Thailand due to
Porites lutea can grow in turbid water and low
salinity (Sakai et al., 1986; Yeemin et al., 2009).
Each part of the coral reef has a different
characteristic. Reef flats experience various
physical stress such as temperature, salinity,
sedimentation, and accumulation, along with
daily exposure to the sunlight when the tide is
low (Brown and Dunne, 2008; Camp et al.,
2018). These physical environmental factors
may limit overall coral growth and development
(Glynn, 1976), which results in this part of a
reef representing low coral richness. In addition,
coral species diversity has increased in a zone
dominated by a single species largely through
non-lethal fragmentation and transportation,
but it has decreased in a zone of most equitable
species distribution (Dollar, 1982).

The coral communities in our study were similar
when compared to other studies in this region.
However, the coral communities of shallow

reef flat at Ko Kula showed a high abundance
of macroalgae similar to the coral communities at
Ko Samui (Yeemin et al., 2009; Sakai et al.,
2018; Sutthacheep et al., 2019). Degraded coral
reefs are frequently associated with changes in
community structure when macroalgae become
the dominant component (Done, 1992; McManus
and Polsenberg, 2004; Norstrom et al., 2009).
Our study exhibits macroalgae-dominated
communities in shallow reef flat at Ko Kula
that macroalgae can restrain the recruitment and
survival of corals (Hughes et al., 2007).

From the results of this study, considering a high
species composition and species diversity in
underwater pinnacle, it can be seen that
underwater pinnacles, which might have the
potential to be an essential spawning, nursery,
and feeding grounds for numerous organisms,
especially for coral recruitment

5. Conclusion

The results of this study have found that live
coral coverage was relatively high at all study
sites. Furthermore, high coral richness was
found at reef slopes followed by underwater
pinnacles. Also, the value of diversity and
evenness index showed the highest value at
underwater pinnacles, which represented the
most diverse communities compared to other
study sites. It can be seen that underwater
pinnacles in the Gulf of Thailand may have an
essential function for the ecosystem services,
particularly providing fishery products and
incomes from tourism.
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