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ABSTRACT: The impact of elevated water temperatures in May-August 2010 on coral
assemblages at Kut Island, in the eastern Gulf of Thailand was assessed by quantifying the
changes of live coral cover before and after the 2010 bleaching phenomenon at three study
sites. The coral mortality as a result of the bleaching varied significantly among the three study
sites. Corals at Ao Kralang had the highest percentage mortality (45%) whereas Ao Phrao had
the lowest (26%), the latter site being subject to relatively high water-flow. Substantial differences
in mortality were found among coral taxa. Fungiids showed the lowest percentage mortality
(<5%) while all observed colonies of Montipora spp., Acropora spp. and Pocillopora damicornis
completely died. Recovery of these corals will depend on recruitment from neighboring reefs
where some surviving colonies were observed.
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INTRODUCTION
As an impact of climate change, seawater
temperatures around the world are predicted to
increase, potentially causing more frequent and
severe mass coral bleaching events (HoeghGuldberg 1999; Hughes et al., 2003; Smith et al.,
2008; Burke et al., 2011). Most corals that contain
zooxanthellae bleach when stressed, with different
species showing varying susceptibilities to elevated
seawater temperatures. In many cases, obvious
changes in coral community structure have been
documented. Patterns of susceptibility of different
coral species to bleaching have been reported from
various studies, but can vary within and among
regions as well as within and among reef sites
(Hoeksema 1991; Loya et al., 2001; Baird and
Marshall 2002; McClanahan et al., 2004; Penin et
al., 2007; Hoeksema and Matthews 2011).
Branching growth forms of Acropora, Porites,
Pocillopora and the hydrocoral Millepora are often
most likely to bleach and have high subsequent
mortality rates while encrusting and massive
species of Poritidae and Faviidae are more resistant

to bleaching. The difference in susceptibilities of
the different coral taxa leads to changes in their
relative abundance following a mass bleaching
phenomenon, or even replacement of highly
susceptible and abundant coral species by other
benthic organisms, such as macroalgae, sponges
and sea anemones (Brown and Suharsono 1990;
Chen and Dai 2004; McClanahan et al., 2007;
Hughes et al., 2007; Baker et al., 2008).
Understanding the resilience and response
of coral communities to mass coral bleaching event
requires long-term and large-scale studies of
community structure before and after coral
bleaching. Some coral species are susceptible to
bleaching and subsequent full colony mortality but
others show only partial colony mortality. The
consequences of sub-lethal effects, such as slower
growth rates and lower fecundity have been
documented (Harriott 1985; Meesters and Bak
1993; Ward 2000; Baird and Marshall 2002; Smith
et al., 2008). Coral recovery from bleaching is
influenced by multiple biological and environmental
factors, such as supply of planulae from healthy
reefs and the effect of additional disturbances
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(Brown and Suharsono 1990; Obura 2005;
Wooldridge 2009).
In this study, we observed coral colonies
at three study sites during a long-term monitoring
program at Kut Island, Trat Province, in the
eastern Gulf of Thailand. The island is being
developed into an ecotourism destination of
Thailand. The first extensive coral bleaching event
in the Gulf of Thailand occurred in 1998 (Yeemin
et al., 1998). The mass coral bleaching in MaySeptember, 2010 severely affected coral
communities in the eastern Gulf of Thailand
(Yeemin et al., 2010; Sutthacheep et al., 2010).
The reef communities were surveyed before and
after the 2010 mass bleaching event to
quantitatively compare patterns of coral mortality
among the study sites and coral taxa.
MATERIALS AND METHODS
This study was conducted at Kut Island,
an ecotourism destination in Trat Province, in the
eastern Gulf of Thailand (Fig. 1). Three study sites
were selected, i.e., Ao Kralang (N 11°35'10.2'' E
102°35'41.1''), Ao Phrao (N 11°35'29.0'' E
102°33'30.4'') and Ao Phak Waeng (N 11°45'00.6''
E 102°32'41.3''). Ao Kralang is located on the
southeast coast of the island. The coral community
exists in relatively strong currents and turbid
conditions at 3-5 m depth. Ao Phrao is located on
the southwest side of the island and the coral
community is developed on a rocky substrate at
6-8 m in depth. Ao Phak Waeng is located on the
northwest side of the island and the coral
community is developed approximately 100 m
away from the shore. It experiences relatively clear
water at 8-10 m in depth and has the highest live
coral cover compared to the other sites.
At each study site, five permanent belttransects of 10x1 m2 were used in which all visible
coral colonies were counted and identified to
species level, if possible, and furthermore their
coverage was quantitatively estimated. Quadrats
(1 m x 1 m), sub-divided into 100 squares of 100
cm2, were positioned along the transect. The
surveys were conducted before and after the
bleaching event, April 2010 and February 2011,
respectively. Coral colonies were classified as
healthy (without apparent bleaching and

subsequent mortality), or as those suffering partial
or complete mortality as a result of the bleaching.
Two-way repeated measures ANOVA was used to
test the influence of location on change of live
coral cover over time following the coral bleaching
phenomenon. Where significant differences were
established, Scheffe’s test was employed to
determine which groups differed (Table 1).
The anomalies of seawater temperature
at the study sites were derived from the NOAA/
NESDIS Coral Bleaching HotSpot Model (Fig. 2).
RESULTS
The coral mortality following the 2010
bleaching event varied significantly among the
three study sites (Fig. 3, ANOVA, P<0.05). Corals
at Ao Kralang had the highest mortality (45%)
whereas Ao Phrao had the lowest (26%). At Ao
Kralang, Porites lutea was the most abundant coral
species before and after the bleaching event though
its mortality following the bleaching was 48%.
Pavona decussata, P. frondifera, Acropora
millepora and Galaxea fascicularis were also
common corals. Their percentage mortality after
the bleaching was 28, 10, 100 and 71 %,
respectively. All colonies of Montipora spp.,
Acropora millepora and Pocillopora damicornis
at this study site died because of the bleaching
(Fig. 4).
At Ao Phrao, Diploastrea heliopora was
the most dominant coral species before and after
the bleaching event though it suffered 16%
mortality as a result of bleaching. Other corals such
as Porites lutea, Symphyllia recta, Galaxea
fascicularis, Favia favus, Favites abdita,
Platygyra daedalea and Symphyllia agaricia
suffered 72, 11, 40, 13, 4, 50, and 25% mortality,
respectively. All colonies of Acropora cytherea, A.
formosa, A. millepora and Pocillopora damicornis
died as a result of bleaching (Fig. 5).
At Ao Phak Waeng, Porites lutea was the
most dominant coral species before and after the
bleaching although it suffered 37% mortality as a
result of the event. Other common coral species
were
Pavona
decussata,
Astreopora
myriophthalma, Echinopora lamellosa and
Goniastrea pectinata and with percentage
mortalities of 46, 38, 82 and 31, respectively. All
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Figure 1. Location of three study sites at Kut Island, the eastern Gulf of Thailand
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Table 1. Result of two-way ANOVA and Scheffe’s F test examining the effect of time and location on
live coral coverage
Source of variation

df

Two-way ANOVA test
Time
Location
LocationxTime
residual
Total

1
2
2
12
18

Mean square

Scheffe’s F test
Kralang versus Prao
Kralang versus Phak Waeng
Prao versus Kralang

1244.173
1846.644
143.766
.603

F

2062.489
3061.216
238.323

p

<0.001*
<0.001*
<0.001*

p
<0.001*
<0.001*
<0.001*

*Significant difference (P<0.05)
df: Degrees of freedom

Figure 2. Seawater temperature anomalies derived from the Coral Bleaching HotSpots Model (NOAA/
NESDIS, 2010)
colonies of Acropora formosa, A. valenciennesi
and Pocillopora damicornis died after the bleaching
event (Fig. 6).
Substantial differences in mortality after
the bleaching event were found among coral genera
and species (Figs. 7, 8). Fungiids (Fungia spp.,
Herpolitha limax and Lithophyllon mokai) showed

the lowest mortality (<5%) while all colonies of
Montipora spp., Acropora spp. and Pocillopora
damicornis completely died. High percentages of
coral mortality (70-85%) were recorded in Pectinia
lactuca, Hydnophora exesa and Echinopora
lamellosa.

87

Figure 3. Percentage live coral cover at each location in 2010 and 2011. Means ±SE shown; replicates
of belt transects per study site = 5.

Figure 4. Percentage live coral cover of each coral taxon at Ao Kralang in 2010 and 2011. Means ±SE
shown; replicates of belt transects per study site = 5.
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Figure 5. Percentage live coral cover of each coral taxon at Ao Phrao in 2010 and 2011. Means ±SE
shown; replicates of belt transects per study site = 5.

Figure 6. Percentage live coral cover of each coral taxon at Ao Phak Waeng in 2010 and 2011. Means
±SE shown; replicates of belt transects per study site = 5.

89

Figure 7. Mortality of selected coral taxa after the 2010 bleaching event (pooled data from the three
study sites). Means ±SE shown; replicates of belt transects per study site = 5.

Figure 8. Coral colonies at the study sites after the bleaching event; A. Healthy colony of Diploastrea
heliopora, B. Living Fungia sp., C. Partial mortality in Porites lutea, D. Dead Acropora assemblage
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DISCUSSION
The coral bleaching event in 2010 at Kut
Island corresponded to a period of anomalous
seawater surface temperatures during May-August
(NOAA/NESDIS Coral Reef Watch 2010). Coral
communities in the Gulf of Thailand were
previously affected by the mass coral bleaching
event in 1998 (Yeemin et al., 1998), but their
recovery following the disturbances at several
locations has been documented (Yeemin et al.,
2009). The results of the present study indicate
that the 2010 coral bleaching phenomenon was
more severe than that in 1998 at Kut Island. The
overall recorded coral mortality following the 2010
event at the three study sites varied between 26
and 45%.
The lowest percentage of coral mortality
following the bleaching event was observed at Ao
Phrao where relatively high water-flow prevails.
Nakamura and van Woesik (2001) have stated that
spatial differences in coral mortality following
bleaching phenomena may, in part, be the result
of differences in water-flow rates that induce
varying rates of passive diffusion. The results of
the present study agree with those of Penin et al.
(2007) who demonstrated highly variable in
bleaching intensity at small spatial scales. Such
effects were partly explained by interactive effects
of various environmental factors such as
hydrodynamic conditions, differential adaptation
and/or acclimatisation of the coral/algal symbiosis.
In this study, Montipora spp., Acropora
spp. and Pocillopora damicornis were the most
susceptible to bleaching. These coral taxa were
reported as the losers on Okinawan reefs (Loya et
al., 2001). Recent studies at several reef sites in
the Indo-Pacific showed that branching coral
species were among the first to bleach and
subsequent mortality (Yamazato 1981; Fisk and
Done 1985; Glynn 1988; Brown and Suharsono
1990; Hoegh-Guldberg and Salvat 1995; Sheppard
1999; McClanahan 2000; Edwards et al., 2001).
These observations support the conclusions of
Loya et al. (2001) who showed that colony
morphology affects bleaching vulnerability and

subsequent coral mortality. Branching corals are
the most susceptible to bleaching-induced mortality
while massive and encrusting coral species are
more likely to survive bleaching events. Pectinia
lactuca, Hydnophora exesa and Echinopora
lamellosa also showed high percentages of
mortality at Kut Island. We found that the Fungiidae
showed the lowest percentage of mortality in the
present study but this family was not included in
the ‘winner’ group of Loya et al. (2001).
All colonies observed at Kut Island of
Montipora spp., Acropora spp. and Pocillopora
damicornis died during the bleaching event and no
juvenile colonies were recorded afterward
(Yeemin, unpublished data). Therefore recovery
of these coral species will depend on recruitment
from neighboring reefs, such as Mak Islands and
Rang Islands, about 8 and 16 km west of the study
sites, where some surviving colonies of Acropora
were observed.
Kut Island is anticipated to be a potential
ecotourism site for Thailand and its coral
communities are among the most valuable
resources in this context. It is impossible to protect
corals from global warming impacts but we should
attempt to maintain their resilience (Hughes et al.,
2003). Additional local anthropogenic stressors
that increase coral mortality, reduce growth rates
of corals and promote growth of competitors, such
as sedimentation from coastal development and
destructive fishing activities, must be reduced.
Appropriate management strategies and long-term
monitoring are needed to sustain coral communities
in the Gulf of Thailand, particularly in the face of
greater exploitation and future climatic change.
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