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ABSTRACT: Sea temperature is one of the most important parameters influencing marine organisms
in the tropics. There is high inter-annual variation in sea surface temperature (SST) in the Bay of
Bengal with two maxima each year.  High SSTs normally occur in April and October which are the
transition monsoon periods with the highest temperatures being recorded in April. During the last
decade, high SSTs occurred in 2003-2005 with particularly high values (around 32ºC)  in 2010.  Coral
bleaching was noted during these high SST years especially in 2010 which was the most severe mass
coral bleaching ever recorded on the Andaman Sea coast of Thailand. Observations of SST in coastal
waters and in the Central of Bay of Bengal appear to match each other quite well. The inter-annual
variation of SST in the Bay of Bengal could be influenced by large scale oceanographic processes in
the Indian Ocean such as the Indian Ocean Dipole (IOD) and El Nino.

INTRODUCTION

It is well known that ocean temperature
has significant impacts on marine organisms in
the tropics where many species are living close to
their thermal maximum.  The seasonal and inter-
annual variations of sea surface temperature (SST)
in the Bay of Bengal and Andaman Sea are closely
related to oceanographic processes influenced by
air-sea interactions (Narvekar and Kumar, 2006).
The Thai coastal waters bordering the Andaman
Sea are also influenced by other oceanographic
processes, such as internal waves, which bring
bottom waters characterised by low temperature,
low dissolved oxygen, low pH and high salinity
and nutrients to the shore. The greatest influence
of internal waves is normally experienced during
the early part of the year with internal wave
intensity varying on an inter-annual basis.  For
example,  in early 2007 there was a strong influence
of internal waves on coastal waters. The
phenomenon caused widespread plankton blooms,
fish mortality (mainly demersal species), and large
areas of dead soft coral in Thai coastal waters on
the Andaman Sea coast.

The general pattern of sea surface
temperature (SST) in the Bay of Bengal (BoB) is
different from the Arabian Sea and South China
Sea, even though they are located at approximately
the same latitude. In BoB there are two SST peaks

in a year, which occur during the monsoon
transition periods in April and October.  The highest
SST normally occurs around April, which
corresponds well with the onset of the southwest
monsoon (climatologically towards late April or
early May) over the Bay of Bengal (Liu, 2009; Jiang
and Li, 2011; Li (pers. com). But 2010 was very
unusual in this respect. The summer monsoon
onset over the BoB was surprisingly delayed until
late May and a significant positive SST anomaly
(SSTA) resided in the central BoB and Andaman
Sea from April to late May, resulting in the highest
SST record during the last decade (Figs. 1a-b and
Fig.6). This marked thermal effect is likely to have
been the main cause of mass coral bleaching in
the Andaman Sea. Coral bleaching was first
identified in the second week of April 2010 with
the first coral mortalities noted by the end of May,
though bleaching in some species continued for
several months with consequent delayed mortalities
(see Brown and Phongsuwan in this volume).
Brown et al. (1996) noted that the occurrence of
coral bleaching in the Andaman Sea coincided with
a high SST (monthly average) value exceeding
30.1°C (in May).

The purpose of this paper is to present
the observations of sea surface temperature (SST)
and sub-sea surface temperature (SSST) in the
Andaman Sea during 2010. The SST pattern
throughout 2010 in both the central part of the
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Figure 1. Daily time series of (a) wind vectors, (b) Sea Surface Temperature (SST; 1 m depth), and
(c) Salinity (PSU; 1 m depth), during period 2008 to 2010 measured by RAMA Array at location (90°E,
12°N) (RAMA: Research Moored Array for African-Asian-Australian Monsoon Analysis and prediction)

a

     b

     c
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Bay of Bengal and the waters of Thailand’s
Andaman Sea coast is summarized. Possible
mechanisms influencing the anomalous high SST
are also discussed.

MATERIAL  AND METHODS

The three major sources of SST and SSST
data in the central part of BoB and Andaman Sea
in this study were obtained from;

(a) The daily SST data of the central part
of Bay of Bengal collected by the RAMA Buoy,
which is operated by the Research Moored Array
for African-Asian-Australia Monsoon Analysis and
Prediction (RAMA) Programme, and which is
located at 12°N and 90°E. The in situ SST was
measured at noon each day. The buoy also
measures other oceanographic parameters such as
sea temperature and salinity profiles (from the
surface to 300 meters depth), current velocity and
direction profile as well as meteorological data
above water.

(b) The high resolution satellite for SST
[Advance Very High Resolution Radiometer
(AVHRR)- Advance Microwave Scanning
Radiometer (AMSR)] at a location of 12°N and
90°E and its images over the BoB obtained from
NOAA-Office of Ocean and Atmospheric Research
(OAR)-Earth System Research Laboratory (ESRL)
through the Indian National Centre for Ocean
Information Service (INCOIS), India;

(c) The SSST from the offshore island
chain along the Andaman Sea coast of Thailand
was measured at different depths on selected reefs
using a temperature logger (Onset Computer
Corporation, USA, Model Tidbit V2 Temp). The
logging interval was 20 minutes.

RESULTS AND DISCUSSION

SST Pattern in the Bay of Bengal and Andaman
Sea:

Buoy measurements (RAMA Buoy at
location of 90°E and 12°N) revealed the evolution
of ocean conditions from 2008 to 2010 in the
central BoB. Two SST peaks are clearly identified
in April and October (Fig.1b). It is also noted that
the SST peak is normally associated with low sea

surface salinity preconditioning (Figs.1b-c). The
distribution of low salinity water, driven by the
surface circulation, is a very unique process in
the BoB (Wu et al., 2007). The mean, maximum,
and minimum SST in the central BoB, obtained
from the RAMA buoy, during 2008-2010 is shown
in Table 1. The NOAA OI daily SST at its peak
date (determined from the buoy data) from 2008
to 2010 is also shown for the BoB and Andaman
Sea (Fig.2). Results show a continuous increase
in SST from 2008 through to 2010.

Once the northeast monsoon relaxes, the
surface circulation brings fresh water from the
northern tip of the BoB and Andaman Sea to the
southern parts of the region. The consequent low
salinity dramatically changes the upper ocean
stratification by forming a shallow mixed layer.
This then favors a rapid SST increase in the central
BoB and Andaman Sea. Hence the surface
circulation adjustment, in response to the relaxation
of the winter monsoon, plays a critical role in
shaping the SST pattern.

Fig.2 shows that the SST in the central
BoB and Andaman Sea in 2010 is significantly
higher than that in 2008 and 2009. Unusually this
extremely high SST (over 32°C) lasted for more
than one month in 2010. Thus, it is not surprising
that severe mass coral reef bleaching occurred in
the Andaman Sea at this time.

Sub-sea surface temperature (SSST) in costal
of Thai’s waters

Schmidt (pers. com) measured the sub-
sea surface temperature (at 7 m depth) on the west
and east coasts of Similan Island (Island No.4)
from March 2007 to March 2008 and found that
the maximum temperature occurred in late April
2007. Values of just above 30°C were recorded
for a few days before decreasing to below 30°C
over the period of observation.  She found that
the SSST fluctuated differently on the east and
west coast of the island. On the west coast
(especially during the early months of the year),
SSST was more highly variable than on the east, a
result which is attributed to direct exposure to
internal waves originating in the Andaman Sea.

Observations of SSST in the Andaman Sea
(by the authors) in offshore waters on the Thai
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Table 1. SST in the central part of Bay of Bengal (mean, maximum, and minimum of SST) form
oceanographic data buoy (RAMA Programme) during 2008-2010.

Year Mean (°C) Max (°C) Min (°C)

2008 28.66 30.31 26.97
2009 28.95 31.06 27.07
2010 29.19 32.45 27.30

Figure 2. NOAA OI daily SST satellite images of (a) mid April-2008, (b) mid May-2009, and (c) mid
May-2010.  The highest SST of each year was obtained from data from RAMA Buoy in Figure 1.
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Figure 3.  Seawater temperature was monitored at different water depths on the reef at offshore
islands on the Andaman Sea coast of Thailand during 2010 (by authors).
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coast from the north to south of Phuket during
2010 revealed a similar temperature pattern at all
sites.  The highest temperature peak occurred in
mid to late May 2010. The temperature rose to >
30°C during mid-March and mid-June, when the
highest temperature was around, or in excess of
32°C (Fig.3), with two temperature peaks, the
highest in May and the lower one in October.  The
temperature patterns in coastal areas and offshore
islands in the Andaman Sea, and in the central part
of the Bay of Bengal were similar (Figs.4a-c),

implying a relationship between the heating of the
Andaman Sea and the central of Bay of Bengal.
SST from Oceanographic data buoy and
Satellite data

Brown et al. (1996) showed that coral
bleaching in the Phuket area of the Andaman Sea
normally occurs when SST exceeds a threshold
of about 30.1°C. Since 1990, there have been
several years with reported coral bleaching, with
more severe bleaching occurring in 1991 and 1995.
These were surpassed by the bleaching event in

Figure 4. Comparison of SST of RAMA buoy at 12°N and 90°E and SSST from 3 sites in Andaman
Sea.
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Figure 5. Comparison of SST from RAMA buoy and NOAA High Resolution AVHRR AMSP (from
satellite image) at the same position (12°N 90°E) in the Bay of Bengal, showing high correlation
between these two data sets.
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2010, which was the worst on record on the
Andaman Sea coast of Thailand (Phongsuwan and
Chansang- this volume).  Data are available from
the oceanographic data buoy in the central part of
the Bay of Bengal for the last three years, together
with information from high resolution satellite
images (NOAA high resolution SST AVHRR
AMSP) over the last decade. The SSTs from
NOAA high resolution SST show high correlation
(r2 = 0.9545) with the measurements from the
RAMA Oceanographic Buoy (Fig.5).  The SST
from the NOAA high resolution satellite could
therefore be used to reflect the SST in the central
of the Bay of Bengal over the last decade as shown
in Figure 6.  This Figure shows high inter-annual
variations of SST in the central of Bay of Bengal.
High SSTs occurred during 2003 to 2005 and there

were reports of coral bleaching in some specific
areas of the Andaman Sea (Rajasuriya et al., 2004;
Krishnan et al., 2011; Phongsuwan and Chansang
– this volume).  The highest SST with the longest
duration occurred in 2010, with resultant very
severe coral bleaching.

CONCLUSIONS

The annual cycle of SST in the central
Bay of Bengal normally exhibits a bimodal pattern.
The first and highest SST peak occurs in April-
May, which coincides with the Indian Ocean
summer monsoon onset. The second lower peak
is in October. The coral bleaching events along
the Andaman Sea coast of Thailand occur in April
and May, implying a close relationship between

Figure 6. Daily SST temperature in the central part of the Bay of Bengal (12°N 90°E) during the last
decade showing marked interannual variation of SST with moderately high SST values in  2003-2005
and extremely high values in 2010.
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the SST annual cycle and coral bleaching. From
March to early June in 2010, SST in the central
BoB and Andaman Sea reached its highest for a
decade (about 32°C), and is believed to have been
the main cause of the very severe mass coral
bleaching recorded in the Andaman Sea. Since SST
measurements in coastal waters are consistent with
the data from the oceanographic RAMA buoy, as
well as the NOAA high resolution satellite data,
the buoy data in the central BoB and satellite data
at a larger scale are valuable tools in defining the
SST anomalies in the Andaman Sea. The satellite
data showed high inter-annual variations of SST
in both the BoB and Andaman Sea. This monitoring
information can assist in the early warning of coral
bleaching events. The large scale SST variation in
the BoB and Andaman Sea is the result of complex
local air-sea interactions, with likely impacts from

other large scale processes such as the Indian
Ocean Dipole and El Nino.
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UNEXPLAINED  ERRORS  IN  HADISST 1.1.
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ABSTRACT: In 2010, coral bleaching at Phuket, Thailand was accompanied by monthly mean
sea temperatures that were elevated above a proposed bleaching threshold of 30.11oC for four
months from March to June. This extended warm period was accurately identified in both
HadSST2 and IGOSS sea surface temperature datasets, but not the HadISST1.1 data which
consistently under-recorded the true temperature by up to 1.38oC. HadISST1.1 also failed to
differentiate between the 2010 hiatus and the same period in 1998, when less severe but widespread
bleaching occurred. In both cases, had the HadISST1.1 data been relied upon to predict or
explain the bleaching severity it would have produced an incorrect result. Although the error
may only be a one-off event, nonetheless it highlights the caution that should be exercised when
using remotely sensed, temperature datasets, even from seemingly reliable and trusted sources.

Keywords: Sea temperature, coral bleaching

INTRODUCTION

Global sea temperature datasets are widely
used in the scientific community for examining
long term trends and temperature fluctuations and
how these relate to biological observations of the
marine ecosystem. One such observation is that
of coral bleaching which has long been correlated
with abnormally high sea temperatures, both in
terms of peak temperature and duration (Coles and
Brown, 2003) and for which, one of the present
datasets (HadISST 1) has been used previously
(Sheppard and Rayner, 2002). Each dataset has a
different mix of data source (e.g. measurements
from ships or buoys, and/or satellite radiometer)
and processing (e.g. simple quality control checks
or more sophisticated interpolation techniques) and
at different geographical scales (e.g. 1 degree
latitude and longitude grid, or 5 degree grid) but
the basic presumption exists that for a particular
location, the pattern and magnitude of observed
fluctuations should be similar if the data is to be
taken as an accurate record.

In April 2010, one of the most severe and
widespread records of coral bleaching occurred
in Phuket, Thailand (see other papers in this issue)

and extended throughout the area to the Andaman
Islands in the west (Krishnan et al., 2011)). This
was largely considered to be a function of elevated
sea temperatures, prior to and at the time of
bleaching. This paper compares the records of sea
temperature for a 7 month period (Jan – July 2010)
from three widely available datasets (HadISST 1.1,
HadSST2 and IGOSS) together with in situ
thermistor temperature data. Patterns in the
temperature rise and magnitude in 2010 are
contrasted to 1998 when the last widespread coral
bleaching occurred.

MATERIAL  AND  METHODS

Monthly mean sea temperature was
obtained from three datasets, two from the UK
Meterological Office Hadley Centre (HadISST1.1,
and HadSST2) and one from the Integrated Global
Ocean Services System Products Bulletin
(IGOSS). The HadSST2 data was for a 5 degree
grid square (95o–100oE, 5o–10oN), and for
HadISST 1.1 and IGOS a 1 degree grid square
(98o–99oE, 7o–8oN) (Fig. 1).
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HadISST1.1 (http://badc.nerc.ac.uk/view/
badc.nerc.ac.uk__ATOM__dataent_hadisst or
http://www.hadobs.org/)

The HadISST1.1 dataset contains
reconstructed monthly mean sea surface
temperature (SST) data from 1870 to present on
a 1 degree latitude and longitude grid. Data are
from the Met Office Marine Data Bank (MDB)
which from 1982 onwards also includes satellite
measurements (Advanced Very High Resolution
Radiometer – AVHRR) received through the Global
Telecommunications System (GTS). The MDB is
part of the International Comprehensive Ocean-
Atmosphere Data Set (ICOADS) (Woodruff,
2001). The data are reconstructed using a two
stage reduced-space optimal interpolation (RSOI)
procedure, followed by the superimposition of
quality-improved gridded observations onto the
reconstructions to restore local detail (Horton et
al., 2003).

HadSST2  (http://badc.nerc.ac.uk/view/
badc.nerc.ac.uk__ATOM__dataent_11704341770613707

or http://www.metoffice.gov.uk/hadobs/
hadsst2/)

The HadSST2 dataset replaces the Met
Office Historical Sea Surface Temperature dataset
(MOHSST6) which has been used for earlier
studies at Phuket (e.g., Brown et al. (1996)) from
which a putative coral bleaching threshold of
30.11oC was established. It is a monthly mean
global field of SST on a 5 degree latitude and
longitude grid from 1850 to the present. The data
are taken from ICOADS from 1850 to 1977 and
then from the NCEP-GTS from 1998 to present,
and consist of measurements from ships and
buoys. The data are neither interpolated nor
variance adjusted, but data are quality checked to
reject spurious readings (Rayner et al., 2006).

IGOSS nmc Reyn_SmithOIv2 monthly sst:
Sea Surface Temperature data
(http://iridl.ldeo.columbia.edu/SOURCES/
.IGOSS/.nmc/.Reyn_SmithOIv2/.monthly/
.sst/)

The IGOSS data consists of monthly 1
degree SST fields derived by linear interpolation
of the weekly optimum interpolation version 2 fields

Figure 1. 5 degree (green) and 1 degree (red) grid squares for sea temperature datasets for Phuket,
Thailand. Image courtesy of Google Earth ©.
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to daily fields, then averaging the daily values over
a month (Reynolds et al., 2002). Data is from in
situ and satellite SST with the satellite data adjusted
for biases using the method of Reynolds (1988)
and Reynolds and Marsico (1993).

In situ thermistors
For the period 1997-98 data was obtained

from a thermistor (Betatherm Corp 2Kohm, Delta
T Devices DL2 logger 4 wire LFW1 input card)
situated at the Cape Panwa Hotel jetty
(98.411285oE, 7.807681oN). In 2010 a temperature
logger (Sensus Ultra) was situated approximately
200 metres to the northwest of the jetty. Both
sensors were sited at about 1 metre depth below
chart datum and recorded at 30 minute intervals
and were cross calibrated to the same calibrated
precision mercury-in-glass thermometer (Zeal
BS1900 SR6/34C 16-34oC by 0.05oC – NAMAS
Calibrated 1996).

Statistical analysis
The temperature differences between the

3 datasets and the thermistor recording for 2010
were compared using the REGW-F multiple
comparison procedure (Welsch, 1977) after
checking for homoscedasticity and normality. Data
for 1998 were homoscedastic but non-normal and
a Kruskal-Wallis test and Dunn’s multiple
comparisons were used.

RESULTS  AND  DISCUSSION

In both 1998 and 2010, the monthly mean
sea temperature recorded by thermistors peaked
in May (Fig. 2). In 2010 the temperature was
consistently higher than in the corresponding
month from 1998 by up to 1.32oC in March and
1.22oC in May. In both years, the temperature
exceeded the putative bleaching threshold of
30.11oC (Brown et al., 1996). The higher sea
temperature recorded in 2010 is consistent with
the increased severity of the coral bleaching
observed in 2010 compared to 1998
(Phongsuawan and Chansang this issue).

When the three SST datasets were
examined for 1998, they were found to track the
thermistor record within the range + 0.85oC to -

0.43oC from January to July, and + 0.06oC to -
0.43oC for the months of April and May (Figures
3 and 4).

In 2010 for the corresponding period,
although the HadISST1.1, HadSST2 and IGOSS
datasets show a similar pattern to the thermistor
record of warming and cooling with peak
temperatures in May (Fig. 5), the temperature
differential for the HadISST1.1 data was
consistently larger than for the HadSST2 and
IGOSS data (Fig. 6) with the HadISST1.1. data
recording a temperature up to 1.38oC lower than
the thermistor record in April 2010.

Although all three datasets recorded lower
SST than the thermistor for most months of 2010,
the HadISST1.1 temperature was significantly
lower than both the HadSST2 and IGOSS
temperature across the period (Table 1) suggesting
that the data were unreliable. By comparison, in
1998 there were no significant differences between
the three datasets (Kruskal-Wallis p = 0.42).

The unreliability of the HadISST1.1 data
during the 2010 bleaching months cannot be easily
identified and has been dismissed as “an unfortunate
blip in HadISST1.1 near Phuket” by the Hadley
Centre (N.A. Rayner pers. comm.). However,
further investigation of the HadISST1.1 data
averaged over the 25 grid squares corresponding
to the larger 5 x 5 degree grid of the HadSST2
data reveal that the same errors persist, and indeed,
the average for the 5 x 5 degree grid gives
temperature values that are in most months (apart
from April) very slightly lower than those for the
1 x 1 degree grid square (Figure 7), although these
differences are less than 0.1oC in most cases.
Furthermore, the error cannot simply be explained
as a difference between bulk SST from ships and
buoys (HadSST2 data) and blended data sets
which incorporate satellite measurements of the
‘skin’ SST, such as HadISST1.1 and IGOSS, given
that the errors were only present in HadISST1.1,
and were also not a characteristic of the 1998
period in any of the datasets. Whether or not the
method of reconstruction used in computing the
HadISST1.1 data could have given rise to the error
is also not known. In an earlier use of the HadISST
1.1 data for coral bleaching, Sheppard and Rayner
(2002) noted that the use of HadISST1.1 for “local
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Figure 3. Monthly mean sea surface temperature in 1998 from the HadISST1.1, HadSST2 and IGOSS
datasets and thermistor record.

Figure 2. Monthly mean sea surface temperature from thermistors near the Cape Panwa jetty, Phuket,
Thailand, for 1998 and 2010. Bleaching threshold of 30.11oC shown by blue line.
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Figure 4. Difference between thermistor record and HadISST1.1, HadSST2 and IGOSS datasets -
1998.

Figure 5. Monthly mean sea surface temperature in 2010 from the HadISST1.1, HadSST2 and IGOSS
datasets and thermistor record.
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Figure 6. Difference between thermistor record and HadISST1.1 HadSST2 and IGOSS datasets -
2010.

Figure 7. Difference between SST in 1 x 1 degree grid centred on Phuket and 5 x 5 degree grid for
HadISST1.1 dataset in 2010.
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Table 1. Summary statistics for difference between data sets and thermistor record Jan-Jul 2010.
(Initial ANOVA F test significant, p = 0.05, F statistic 4.414, critical value = 3.682)

Data Mean Std error REGW-F F statistic Critical value of F at α = 0.05
difference comparison

HadISST 1.1 0.855 0.148
HadSST2 0.426 0.112 HadISST 1.1 5.55 4.54
IGOSS 0.355 0.123 HadISST 1.1 7.54 4.54

HadSST2 0.15 4.54

time series, stretches the dataset to its limits” but
nonetheless endorsed its use across the full
spectrum of temperature ranges encountered in
the tropics. It would appear that in this instance
its limitations have been revealed.

How critical is the error in the HadISST1.1 data?
If each dataset is compared for the two bleaching
years, 1998 and 2010, a pattern emerges for the
HadSST2 and IGOSS data, with 2010 being
consistently warmer than 1998 over a prolonged
period (Fig. 8). On this basis the temperature data
are consistent with the far more severe coral

Figure 8. Combined plot of SST for 1998 and 2010 for the three datasets.

bleaching that was observed. By contrast, the
HadISST1.1 data does not differentiate between
the two years and would provide no evidence for
the hypothesis that the difference in bleaching
severity could be attributed to the temperature
regime. Clearly this is erroneous given the
conclusive evidence from both the in situ
thermistor record and also the two other datasets
and is a cause for concern, particularly since there
is no obvious explanation. In particular, it highlights
the need to rigorously cross-check sources of data
even when these are from seemingly reliable and
trusted sources, and emphasises the need for
accurate in situ calibrated temperature recorders.
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ABSTRACT: An extreme bleaching event in 2010 in the Andaman Sea caused considerable coral
mortality on intertidal reef flats around the south east tip of Phuket, Thailand, which are dominated
by poritid and faviid corals. Declines in overall coral cover on the mid-outer reef flats of
approximately 40% were noted over a 10 month period with stands of Acropora dying within 7
weeks of initial bleaching while many massive corals showed partial mortality by 7-15 weeks
and full colony mortality between 15-44 weeks. The greatest whole colony mortality was evident
in Acropora aspera followed by Goniastrea aspera> Coeloseris mayeri> Favites abdita>
Goniastrea retiformis  and Platygyra daedalea. The susceptibility to bleaching-induced mortality
of G. aspera, which is widely regarded as a hardy coral, is noteworthy as is the delayed whole
colony mortality of all the massive coral colonies in this study.

INTRODUCTION

There have been relatively few studies
where the mortality of bleached corals has been
followed over an extended time frame (Baird and
Marshall 2002; McClanahan 2004) though there
have been several brief references to delayed coral
mortality following bleaching. Glynn (1990)
reported that following the 1982-83 bleaching event
in the eastern Pacific the massive coral Porites
panamensis retained colouration for 2-3 months
after other mainly branching species bleached but
then died 7 months after the initial bleaching. On
the Great Barrier Reef some colonies of the
massive coral, Platygyra daedalea, which
bleached in 1998 took up to between 4-10 months
to die after initial bleaching compared with
branching Acropora hyacinthus where over 80%
mortality was noted within 10 weeks of the onset
of bleaching (Baird and Marshall 2002).

Species differences in bleaching
susceptibility and patterns of mortality have long
been noted (Brown and Suharsono 1990; Gleason
1993; Marshall and Baird 2000) with branching
corals commonly being more severely affected
than massive poritids and faviids during bleaching
events.  In addition, branching corals generally have

high rates of whole-colony mortality and relatively
little partial mortality following bleaching while
massive species show low levels of whole colony
mortality and significant tissue loss through partial
mortality (McClanahan et al 2009). In the case of
P. daedalea from the Great Barrier Reef
proportionately more tissue was lost as a result of
partial mortality  (44%) during the 1998 bleaching
than was lost from whole colony mortality (34%)
of Acropora millepora (Baird and Marshall 2002).
As McClanahan et al (2009) point out, from a
population perspective P. daedalea was more
severely affected than the branching A. millepora,
a result that rather conflicts with the accepted
pattern of species susceptibilities.

In the present study advantage was taken
of a particularly severe bleaching event in the
Andaman Sea in 2010 to evaluate patterns of
bleaching, partial and full-colony mortality in both
branching and massive corals on intertidal reef flats
on the south east tip of Phuket on the west coast
of Thailand. The study was carried out over a 12
month period after initial bleaching was noted in
late April 2010 – a time scale which allowed the
fate of many of the massive corals, which
dominate the reef flats in the area, to be
comprehensively assessed.
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MATERIALS  AND  METHODS

Detailed accounts of the study site on the
SE tip of Phuket island have been published
elsewhere (Brown et al 1990; Scoffin et al 1992;
Brown et al 2002a) and so only very brief
reference will be given here. Data were collected
from a reef flat in Ao Tang Khen Bay which has
been named as site A in previous publications
(Clarke et al 1993; Brown et al 2002a). At this site
four permanently marked 10m long transects have
been regularly photographed since 1987. These
transects (9, 11,14 and 15) are parallel to the shore
and are located at 90, 110, 140 and 150m distances
respectively from the shore-line on the outer reef
flat. For the purpose of this study belt transect
(10m x 0.6m) photographs were taken in March
2010 before bleaching commenced and then again
at the onset of bleaching on  May 1st, and
subsequently on  May 14th, June 11th, August 10th

2010 and then again on March 20th and May 15th

2011. Percentage living cover was calculated from
measuring tapes placed along the transect line on
the photographs. In addition the bleaching/mortality
status of between 14-40 colonies of different
scleractinian coral species, which dominate the reef
flats, were tracked over a 10 month period. The
species included Acropora aspera (n = 28 colonies);
Goniastrea retiformis (n = 28); Platygyra daedalea
(n = 40); Coeloseris mayeri (n = 19) and Favites
abdita (n = 14). The bleaching/mortality status of
40 colonies of Goniastrea aspera on the inner reef
flat was also assessed on the dates shown.
Although Porites lutea was a dominant species on
the reef flat its irregular and anastomosing growth
form in this habitat meant that it was impossible
to easily define individual colonies and so this
species could not be included in the bleaching/
mortality assessment though it was clearly one of
the most resilient corals on the reef. The extent of
colony bleaching was classified according to
Gleason (1993) where the relevant categories for
this study were 0-10% bleached, 11-50% bleached,
51-99% bleached, 100% bleached and dead. Two
additional categories were added to this scale
namely 10-50% partial mortality and 51-99% partial
mortality of massive coral species.

RESULTS

Percentage coral cover on all photo-
transects combined declined logarithmically
(ln[cover]=a+be-time adjusted r2 =0.67 p<0.0001)
from March 2010 to March 2011 (Fig. 1) with
live coral cover continuing to fall up to 35 weeks
after initial bleaching was noted. Considering the
colonies of dominant coral species that were
tracked throughout the year it is clear that A.
aspera and C. mayeri very quickly succumbed to
100% bleaching within one week of initial bleaching
being noted (Fig. 2). Total colony mortality was
then evident in A.aspera 7 weeks after initial
bleaching while 75% of C. mayeri showed signs
of partial mortality at this time. After 44 weeks
71% of C. mayeri colonies had completely died.
G. retiformis, F. abdita and G. aspera showed
similar bleaching patterns in the early stages of
the study with all colonies appearing 100%
bleached after 7 weeks. This appearance was
followed by considerable partial mortality between
weeks 15- 44 in G. retiformis and F. abdita and
43% and 57% of colonies showing whole colony
mortality respectively by week 44. The majority
of G. aspera colonies remained 100% bleached for
at least 7 weeks and possibly beyond. However,
by 15 weeks 10% of the colonies had died and the
remainder showed 51-99% partial mortality. By 44
weeks the majority of colonies of this species had
died. P. daedalea appeared to be relatively resistant
to bleaching in that at no measuring point were all
colonies recorded as 100% bleached though
considerable partial mortality of this species was
noted by week 15. However, at this time several
colonies (21% of the total monitored) began to
recover their colouration. By 44 weeks after initial
bleaching 46% of P. daedalea colonies were noted
as dead.

DISCUSSION

The very severe bleaching event
experienced by corals in the Andaman Sea, where
sea temperatures exceeded 32oC for 7 weeks (see
other papers in this issue) and where cumulative
heat stress was reported that exceeded 5 degree
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Figure 1. Logarithmic plot of coral cover decline on permanent phototransects between March 2010
and May 2011.

other papers in this issue) and where cumulative
heat stress was reported that exceeded 5 degree
heating weeks (http://www.osdpd.noaa.gov/PSB/
EPS/SST/climohot.html), led to early mortality in
branching corals but a delayed mortality (4-10
months after bleaching) in several massive species.
In the present study sea temperatures dropped to
normal values in August 2010 and thereafter into
2011 (see Tanzil this volume). In addition, no
marked sea level depressions were noted during
this period (R.P.Dunne – pers comm.) which might
have contributed to coral mortality. Hence, it may
be concluded that the observed delayed mortalities
were a result of the earlier bleaching event rather
than subsequent environmental disturbances.
Patterns of delayed coral mortality mirror those
of Baird and Marshall (2002) and McClanahan
(2004) highlighting how mortality estimates of a
bleaching event are strongly influenced by the time
of sampling.

As in earlier work, the lack of any partial
mortality in Acropora species contrasted with
extensive partial mortality in massive species (Baird

and Marshall 2002). P. daedalea showed some
resistance to bleaching when compared with other
faviids though estimates of final colony mortality
were very similar to those of G. retiformis which
showed greater bleaching susceptibility 3 weeks
after bleaching was noted. While other studies have
shown that massive species are generally less
susceptible to bleaching events than branching
corals (Brown and Suharsono 1990; Marshall and
Baird 2000; McClanahan et al. 2004) there is
clearly a hierarchy of bleaching susceptibility
within massive species. The present study
highlights the bleaching susceptibility and generally
high colony mortality of C. mayeri, F. abdita and
G. aspera when compared with P. daedalea and
G. retiformis as well as the considerable levels of
partial mortality exhibited by all massive species
at 15 weeks.

Of particular interest was the marked
demise of the faviid G. aspera which is one of the
highest living corals on the intertidal reef and a
coral which might have been anticipated to be a
survivor because of its demonstrated tolerances
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Figure 2.  Proportion of colonies of six species in various categories (ranging from normally coloured
100% bleaching and 10-50% mortality 100% mortality) when noted on five occasions between May
2010 and March 2011. A. Acropora aspera B. Goniastrea aspera C. Coeloseris mayeri D. Favites
abdita E. Goniastrea retiformis F. Platygyra daedalea.
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described G. aspera as a ‘winner’ during the
bleaching of 1998 in Japan because of its increased
abundance following the event. However, Stillman
(2003) and Somero (2005) have suggested that it
is likely that upper inter-tidal species are probably
the most susceptible to increases in habitat
temperatures compared with species lower on the
shore because of their limited acclimation abilities
(Stillman 2002). The acclimation potential of G.
aspera remains unknown but it is possible that the
severe bleaching of 2010 was energetically too
costly (Anthony et al 2009) for a species already
living in highly marginal conditions. Such a result
offers a potentially intriguing insight into the relative
physiological tolerances of scleractinian corals and

suggests that further work is needed on those
species which appear to be resistant to
environmental stress yet suffer higher mortality
than lower shore congeners during an extreme
bleaching event.
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ABSTRACT: This paper reports the results of an initial follow-up investigation on the growth
characteristics and bleaching susceptibility of the massive coral Porites lutea, together with an
examination of the differences in growth rates between severely bleached (all virtually white in
colour) and partially bleached (pale) colonies following the extensive seawater warming and
bleaching event around Phuket in 2010. Prior to bleaching (Dec 2008–Nov 2010), linear extension
and polyp density did not differ between colonies which later suffered severe compared to
partial bleaching. In the post-bleaching period (Jun 2010–Jan 2011), linear extension rates were
significantly reduced in both partially and fully bleached corals, compared with pre-bleaching
values. Linear extension fell dramatically by 27.6% (± SE 3.0%) in severely bleached compared
to 7.2% in partially bleached (± SE 5.8%) colonies.

INTRODUCTION

In late April of 2010, the coral reefs
around Phuket, South Thailand suffered a
widespread and severe seawater temperature
bleaching event. Shallow water (~2–3m at mid-
tide) instantaneous hourly temperatures
occasionally reached  >33 ºC, well above the
average summer maximum of 31 ºC (Tudhope et
al., 1992), with warming extending for ~7 weeks
between April–June around Phuket (Fig. 1). The
effects of such bleaching events on scleractinian
corals – ranging from reduced growth rates,
biomass, photosynthetic rates, reproductive output,
to total mortality – have previously been extensively
documented (see review in Baker et al., 2008).
The response to bleaching events can vary greatly
between coral taxa, with ‘sensitive’ types (e.g.
Acropora, Pocillopora) widely reported to suffer
from significant mortality rates while more
‘resilient’ ones (e.g. Diploastrea, Porites) show
high survival and recovery rates (Baird and
Marshall, 2002, McClanahan and Maina, 2003,
Baker et al., 2008). However, susceptibility to
bleaching within taxa is less well documented, with
such intraspecific differences in response attributed
to the possibility of varying assemblage/s of

symbiotic zooxanthallae hosted, or genetic variation
(by the coral animal and/or its symbiotic
zooxanthallae) (Jokiel and Coles 1990; Glynn et
al. 2001).

During the 2010 bleaching episode,
varying degrees of bleaching between adjacent
colonies of Porites lutea within the same reef were
noted, similar to earlier observations by Tudhope
et al. (1992) during the extensive bleaching event
of 1991 at Phuket. It has since been found that
P.lutea around Phuket almost specifically hosts the
clade C15 zooxanthallae (LaJeunesse et al., 2010),
leading to the possible rationale that the variation
in bleaching seen may be due to differences in
micro-environment, or is perhaps genetically
controlled by either host and/or algal symbionts.
Tudhope et al. (1992) had speculated a possible
relationship between the large variation in growth
rates between adjacent massive Porites colonies,
as an expression of genetic variation or colony
‘health’ and bleaching susceptibility. Tudhope et
al. (1992) found no significant differences in
growth characteristics between bleached and
unbleached colonies during pre-bleaching years,
though they noted from qualitative observations
of alizarin stain uptake that unbleached corals were
growing faster than extensively bleached corals
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during the bleaching event. The present paper
represents a preliminary follow-up investigation of
growth characteristics and bleaching susceptibility

of the massive coral P. lutea, as well as an
examination of the differences in growth rates

Figure 1. Instantaneous hourly measurements of shallow sea temperatures (depth 2–3m at mid-
tide) at three sites around Phuket, South Thailand – Yam Yen (07°48.16'N, 098°24.17'E), Koh Hae
(07°44.47'N, 098°22.24'E) and Koh Racha Yai (07°36.42'N, 098°22.14'E)

between severely bleached and partially bleached
colonies following the bleaching.

MATERIALS  AND  METHODS

A total of 20 Porites lutea colonies were
tagged within the bleaching period in 11–14 Jun
2010, and later sampled between 26–30 Jan 2011
from three reefs around Phuket – Yam Yen (YY),
Koh Hae (KH), and Koh Racha Yai (KR) (Fig. 2).
At each site, colonies in a size range of ~1–2m
diameter and at a depth of ~2–3m were randomly
selected from a stretch of reef 30–50m wide. A
5cm diameter core was taken from the top of each
colony for analysis of growth characteristics. Of
the 20 colonies, 10 were severely bleached
(virtually all white in colour) and 10 were partially
bleached (evenly pale; scoring 2–3 out of 6 against
the CoralWatch coral health chart; Siebeck et al.
2008). Subsequent microscopic examination of
corallite structure revealed two colonies that were
grossly different from the rest and these were
excluded from further analyses. Several of the
colonies (2 of the severely and 3 of the partially
bleached) had previously been stained with Alizarin
red S on 25 Jan 2009, and provided a suitable
reference to validate the fluorescence banding

pattern used here to delineate growth increments.
Linear extension rates were obtained using similar
techniques described in Tudhope et al. (1992) for
the ‘normal’ growth period Dec 2009–Nov 2010
(pre-bleaching period) and the 8–month period
post-bleaching in Jun 2010–Jan 2011 (post-
bleaching period).

Statistical analyses
An unbalanced 2-way analysis of variance

(ANOVA) was used to detect differences in pre-
bleaching and post-bleaching linear extension rates
between bleaching groups (severely vs. partially)
and across study sites. Between group differences
for polyp density, and pre- to post-bleaching
percentage change in linear extension were
examined using two-tailed T-tests. Assumptions
of normality and homogeneity of variance of data
were investigated using the Kolmogorov-Smirnov
and Bartlett’s tests respectively. The Ryan F-test
(Welsch, 1977) was used to investigate any post-
hoc differences.

RESULTS

All linear extension data sets met the
assumption of homogeneity of variance, but some
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Figure 2. Location of the study reefs around Phuket, South Thailand – Yam Yen (YY), Koh Hae (KH)
and Koh Racha Yai (KR)
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data were non-normal. Given the robustness of
ANOVA to this latter assumption (Underwood,
1997), it was decided to continue to use a 2-way
ANOVA. For the pre-bleaching linear extension
rates, there was no interaction between bleaching
group and site treatments (F[2,12]=2.89, P=0.94);
extension rates between the severely and partially
bleached colony groups did not differ
(F[1,12]=0.095, P=0.76); whilst between study sites,
KR had a lower extension rate compared to YY or
KH, which did not differ from one another
(F[2,12]=5.39, P=0.021, Ryan F-test P<0.05). Post-
bleaching, there was again no interaction
(F[1,6]=2.68, P=0.15) with the severely bleached
colony group suffering significantly lower
extension rates compared to the partially bleached
group (F[1,6]=16.03, P=0.007). Site differences in
extension rates remained (F[2,6]=6.67, P=0.03) but
post-hoc comparisons were not possible due to
the limited sample numbers for some of the data.
The percentage change in average monthly linear
extension rates from pre- to post-bleaching was
significantly larger (–27.6 ± SE 3.03%) in the
severely bleached colony group (two-tailed T-test
T=–3.81, P<0.01) compared to the partially
bleached (–7.2 ± SE 5.8%) (Table 1). Polyp
densities did not vary significantly between
bleaching groups (two-tailed T-test T=0.10,
P=0.92).

Monitoring carried out in Sept. 2010
showed that all colonies at KR and KH and partially
bleached colonies at YY had regained colour ~3
months post-bleaching, though most were still
considered pale (score of 3–4 on the CoralWatch
coral health chart) compared to their ‘normal’
coloration (score of 5). Severely bleached colonies
at YY still showed patches of white. No whole
colony mortality was observed at this stage, with
partial mortality of up to 30% noted only at YY. By
Jan 2011, 80% of the 20 colonies tagged survived,
of which ~44% showed no significant mortality
(<5%) (Table 1). All 4 colony deaths reported
occurred at YY.

DISCUSSION

The current study found a significant
difference in the post-bleaching linear extension

rates of severely (1.13 ± 0.06cm) vs. partially
bleached colonies (1.47 ± 0.29cm) that is consistent
with previous observations of adverse effects of
bleaching on skeletogenesis (Goreau and
Macfarlane 1990;, Leder et al., 1991; Tudhope et
al., 1992; Mendes and Woodley, 2002). Although
post-bleaching linear extension rates for the current
study were obtained by averaging an 8-month
period, we assume that rate of extension through
a ‘normal’ year is linear and have no reason to
believe that the measured decrease in growth rate
post-bleaching is an artifact of changing linear
extension rates through an annual cycle of growth.
Tudhope et al. (1992) reported calcification to have
all but ceased during a 3-week period immediately
following the 1991 bleaching event around Phuket.
During the Caribbean-wide bleaching event of
1987–1988, Goreau and Macfarlane (1990) and
Leder et al. (1991) both reported a two-thirds
reduction in the extension rate of bleached colonies
of Montastraea annularis compared to unbleached
colonies in Jamaica and Florida respectively.
Mendes and Woodley (2002) reported a similar
trend during the 1995–1996 bleaching events
around Jamaica, with a reduction in extension rates
of ~40%.

The current study found similar results
to those of Tudhope et al. (1992) in that there
were no significant differences in linear extension
rates in the pre-bleaching period between colonies
which subsequently showed 100% or partial
bleaching. The lack of relationship between growth
characteristics and bleaching susceptibility might
be partly attributed to the generally resilient nature
of massive Porites species to bleaching, which has
been observed to resist bleaching better and suffer
significantly less bleaching-induced mortality
compared to other species (Gleason, 1993; Hoegh-
Guldberg and Salvat, 1995; Baird and Marshall
2002, McClanahan and Maina 2003, Baker et al.,
2008). The present study reports a colony death
rate of only 20% for the P. lutea sampled, all of
which occurred at YY – the most turbid of the 3
study sites and one which was subject to high
sedimentation (Scoffin et al., 1992; Tanzil et al.,
2009). Additionally, as of Jan 2011, all remaining
live colonies had regained ‘normal’ colouration
with coral tissue growing over dead surfaces. This
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high survival rate of P. lutea following bleaching
could perhaps be negating any selection pressure/
s for colonies of particular growth characteristic/
s.

The lack of sensitivity of growth
characteristics as an indicator for bleaching
susceptibility can also be seen in the disparity
between the degree of reduction in linear extension
and degree of bleaching. Fitt et al. (2000) showed
that bleached corals would need to lose >50% of
their zooxanthallae in order to appear visibly pale.
Despite potentially suffering significant loss in
zooxanthallae, post-bleaching extension rates of
the pale colonies examined in the current study
are not markedly different from ‘normal’ years,
reduced only by an average of ~7% compared to
the ~28% decrease seen in severely bleached
colonies (Table 1). Previous studies have also
documented a similar lack of sensitivity in linear
extension and polyp density of massive Porites to
other environmental stresses, such as
eutrophication and sedimentation (Dodge and Brass

1984, Brown et al. 1990, Chansang et al. 1992,
Edinger et al. 2000). Although the current study
was not able to account for variation in all growth
characteristics (e.g. bulk density, derived
calcification, corallite morphology) between the
severely and partially bleached groups across pre-
and post- bleaching periods, we can conclude that
linear extension rates and polyp densities are not
sensitive enough parameters to be suitable
indicators of bleaching susceptibility and stress.
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FOLLOWING  THE  2010  BLEACHING
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ABSTRACT: During 2008 - 2009 preliminary surveys on coral disease were conducted at 40
stations from 18 islands throughout the Andaman Sea along the coast of Thailand.  The belt
transect method was employed to quantify the occurrence of coral diseases. The data indicated
that 90% of the surveyed reefs showed 5 categories of disease, i.e., White Syndrome (WS),
Ulcerative White Spot (UWS), Focal Bleaching (FB), Non-Focal Bleaching (NFB) and Pink Spot
(PS). The PS was the most prevalent syndrome, i.e., it occurred in about 95% of sites visited.
Other categories were rare. After the bleaching event in 2010, especially in some areas of
Similan Islands and Surin Islands, the UWS syndrome on Porites lutea appeared to have increased.
In addition, the PS was still the most prevalent disease.

INTRODUCTION

Coral disease has become a phenomenon
that has been widely reported from coral reefs
around the world within the last 30 years (Green
and Bruckner 2000; Porter et al, 2001; Weil et al,
2002; Sutherland et al, 2004). In areas such as
the Caribbean, where coral disease outbreaks were
noted as early as 1980, important coral genera such
as Acropora suffered significant damage,
particularly from White Band Disease (Aronson
and Precht, 2000). Damage to these major reef
building corals has the potential to change an
ecosystem from one dominated by corals to one
dominated by macro-algae (Hughes, 1994;
Aronson and Precht, 2000; Porter et al., 2001;
Gardner et al., 2003; Sutherland et al., 2004).
Both White Band Disease and Black Band Disease
have been reported in the Caribbean, and the Indo-
Pacific (Rützler et al, 1983; Antonius, 1985;
Edmunds, 1991; Kuta and Richardson, 2002). The
first study of coral diseases in the Andaman Sea
was published in 2008. Three categories of diseases
were identified, namely: White Syndrome, Pink
Line Syndrome and Black Band Disease (Kenkel,
2008). However, our understanding of the
incidence and spread of coral disease on reefs in
Thailand is still very limited. In 2010 corals in the
Andaman Sea suffered the most severe bleaching
event so far reported in Thai waters. This

preliminary study focuses on the occurrence of
disease in the major reef building coral in the region,
Porites lutea, following the 2010 bleaching event.

MATERIAL  AND  METHODS

In this study, belt transects measuring 2m
by 20m were laid on surveyed reefs. Three
transects per site were deployed. The number of
colonies of Porites lutea – categorized into normal
colonies and diseased colonies - were recorded.
Diseases were identified based on the Indo-Pacific
Underwater ID Card (Roger et al., 2008).  Percent
of disease was calculated as follows:
[(number of diseased colonies) / (number of total
surveyed colonies)] x 100

Two offshore locations were selected in
Thai waters in the Andaman Sea – the Surin Islands
and the Similan Islands (Fig. 1). An initial study
was carried out in 2008 in the Similan Islands and
a further study after the bleaching in 2010. In the
Surin Islands an initial study was carried out in
2009 with a follow up study in 2010. In addition,
in the Similan Islands 100 diseased colonies
affected by Ulcerative White Spot (UWS), were
tagged in November 2010. Then 50 colonies at
Ba-Ngu Island and western Similan Island were
monitored 2 months later.
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Figure 1. Map of the study sites in Surin and Similan Islands.

RESULTS  AND  CONCLUSIONS

During 2008-2009 disease occurred at 16
stations out of 17 surveyed, with 5 categories i.e.
White Syndrome (WS), Ulcerative White Spot
(UWS), Focal Bleaching (FB), Non-Focal
Bleaching (NFB) and Pink Spot (PS) (Fig. 2). The
PS exhibited the greatest prevalence both in the
Similan Islands and Surin Islands. There was about
16.4% and 8.5%, respectively at these locations
(Table 1). While for UWS, values of 3.6% in the
Similan Islands and 0.8% in the Surin Islands were
recorded. After the 2010 beaching event, values
for UWS appeared higher in both areas with 4.8%
recorded in the Similan Islands and 22.3% in the
Surin Islands. Other diseases were still categorized
as rare. In addition post-bleaching, the PS was
still the most prevalent disease.  Preliminary results
of monitoring of individual colonies show that there
was little visual change in the colonies with all
remaining alive and intact (Fig. 3).

There are many factors that contribute
to disease including temperature, water pollution,
overfishing, water depth, coral diversity,
concentrations of orthophosphate and nitrite
(Jackson et al., 2001; Kuta and Richardson, 2002;
Szmant, 2002). Elevated temperature is a likely
significant factor in causing an increase in disease
in many areas (Kushmaro et al., 1998; Rosenberg
and Ben-Haim, 2002; Jones et al., 2004; Bruno et
al., 2007; Selig et al., 2006). Several reviews
speculate that there has been an increase in many
categories of coral disease since the 1990s (Green
and Bruckner, 2000; Porter et al., 2001; Jones,
2004; Sutherland et al., 2004; Willis, 2004).
Although there have been few reports on UWS it
does appear it results in coral tissue loss
(Raymundo et al., 2003). The present study was
carried out over a limited time period; nevertheless
it does provide a valuable base-line. Continued
monitoring is planned to follow the tagged colonies
and other corals on the belt transects in order to
understand more about the impacts of the various
diseases described above.
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Figure 2. Five categories of coral diseases found in the Andaman Sea:
a) Pink Spot (PS): Pink colored lesion may be swollen or thickened: Pigmentation may form lines,
bumps, spots, patches or irregular shapes. b) White Syndromes (WS): Irregular white lesion shape,
with a sharp demarcation between normal tissue and bare skeleton. c) Non-Focal Bleaching (FB):
Irregular shape lesion with border between bleached area and tissue with typical coloration being often
discrete d) Focal Bleaching (FB): Circular white lesion, or annular margins <3cm diameter e) Ulcerative
White Spot (UWS): Circular white spot <1cm diameter. Disease description developed from the Indo-
Pacific Underwater ID Card (Roger et al., 2008).
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Figure 3. Comparison of development of Ulcerative White Spot on Porites lutea between December
2010 and February 2011 in two colonies shown in upper and lower parts of Figure.
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Surin Is   2009 7 247 90.7 0.8 0.0 0 0 8.5
Surin Is   2010* 6 292 68.2 22.3 0.3 0 0 9.2

.* after bleaching event



61

Edmunds P. J. 1991. Extent and effect of black band disease on a Caribbean reef. Coral Reefs 10:161–
165.

Gardner T. A, I. M. Côte, J. A. Gill, A. Grant and A.R. Watkinson. 2003. Long term region-wide
declines in Caribbean corals. Science 301: 958-960.

Green E.P. and A.W. Bruckner. 2000. The importance of coral disease epizootiology for coral reef
conservation. Biol. Conserv. 96: 347-361.

Hughes T.P. 1994. Catastrophes phase shifts and large scale degradation of a Caribbean coral reef.
Science. 65: 1547-1551.

Jackson J.B.C., M.X. Kirby, W.H. Berger, K.A. Bjorndal, L.W. Botsford, B.J. Bourque, R.H. Bradbury,
R. Cooke, J. Erlandson, J.A. Estes and others. 2001. Historical overfishing and the recent
collapse of coastal ecosystems. Science 293: 629–638.

Jones R. J., J. Bowyer, O. Hoegh-Guldber and L. L. Blackal. 2004. Dynamics of a temperature-related
coral disease outbreak. Mar. Ecol. Prog. Ser. 281: 63–77.

Kenkel C. D.  2008.  Coral disease: baseline surveys in the Andaman Sea and Gulf of Thailand. Phuket
mar. boil. Cent. Res. Bull. 69: 43-53. 

Kushmaro A., E. Rosenberg, M. Fine, Y. Ben-Haim and Y. Loya. 1998. Effect of temperature on
bleaching of the coral Oculina patagonica by Vibrio shiloi AK-1. Mar. Ecol. Prog. Ser. 171:
131–13.

Kuta K.G. and L. L. Richardson. 2002. Ecological aspects of black band disease of corals: relationships
between disease incidence and environmental factors. Coral Reefs 21: 393–39.

Porter J. W, P. Dustan, W. C. Jaap, K. L. Patterson, V. Kosmynin, O. W. Meier, M. E. Patterson and
M. Parsons. 2001. Patterns of spread of coral disease in the Florida Keys. Hydrobiologia. 460:
1–24.

Raymundo L. J. H., C. D. Harvell and T. L. Reynolds. 2003. Porites ulcerative white spot disease:
description, prevalence, and host range of a new coral disease. Dis. Aquat. Org. 56: 95–104.

Rützler K., D. L. Santavy and A. Antonius. 1983. The black band disease of Atlantic reef corals. PSZN
I: Mar. Ecol. 4: 329–358.

Roger B., B. L. Willis, L. J. Raymundo, C.A. Page and E. Weil. 2008. Underwater Cards for Assessing
Coral Health on Indo-Pacific Reefs. Queensland . 26 p.

Rosenberg E. and Y. Ben-Haim. 2002. Microbial diseases of corals and global warming. Environ.
Microbiol. 4: 318-326.

Selig E.R., C. D. Harvell, J. F. Bruno, B. L. Willis, C. A. Page, K. S. Casey and H. Sweatman. 2006.
Analyzing the relationship between ocean temperature anomalies and coral disease outbreaks
at broad spatial scales. In Coastal and Estuarine Studies XX, American Geophysical Union, 1-
18.

Sutherland K. P., J. W. Porter and C. Torres. 2004.  Disease and immunity in Caribbean and Indo-
Pacific zooxanthellate corals.  Mar.  Ecol. Prog. Ser. 266: 273-302.

Szmant, A.M. 2002. Nutrient enrichment on coral reefs: Is it a major cause of coral reef decline?
Estuaries 25: 743–766.

Weil E., I. Urreiztieta and J. Garzón-Ferreira. 2002. Geographic variability in the incidence of coral and
octocoral diseases in the wider Caribbean. Proc. 9th Int. Coral Reef Symp. Bali. 2: 1231–1237.

Willis B. L., C. A. Page and E. A. Dinsdale. 2004.  Coral disease on the Great Barrier Reef. In: Rosenberg
E, Loya Y, editors. Coral Health and Disease. Berlin: Springer-Verlag. pp. 69–104.



Phuket  mar.  biol. Cent. Res. Bull.
62



Phuket  mar. biol. Cent. Res. Bull. 71: 63–70 (2012)

RECOVERY  STATUS  OF  SCLERACTINIAN  CORALS  AND  ASSOCIATED  FAUNA  IN
THE  ANDAMAN  AND  NICOBAR  ISLANDS

J.S. Yogesh Kumar  and C. Raghunathan
National Coral Reef Research Institute, Zoological Survey of India – ANRC,

Haddo, Port Blair, Andaman & Nicobar Islands, India – 744102
 E-mail:  coralyogeeth@gmail.com

ABSTRACT: Percentage coral cover, number of species and colonies of hermatypic corals and associated
fauna in each of the 20 sites were recorded throughout the year from July 2009 to March 2011.
Percentage coral cover was evaluated from LIT (Line Intercept Transect) data as well as underwater
photography at each of the study sites.  Evaluation of the collected data showed that the maximum live
coral cover was at North Andaman (17.5 %) followed by the Nicobar Islands (15.4 %), Middle Andamans
(14.8 %) and South Andaman (14 %). Compared to the 2010 data, maximum recovery of live corals
was reported at North Andaman (7 %) and minimum in Nicobar regions (0.6 %). Maximum bleaching
was reported in North, South and Middle Andaman Islands whereas least bleaching was noted in the
Nicobar Islands.

INTRODUCTION

The Andaman and Nicobar Islands, located
in the Bay of Bengal between latitudes    60 45' N
to 130 41' N and longitudes 920 12' E to 930 57' E,
are rich in biodiversity. They are one of the few
key biodiversity regions of the world surrounded
by fringing coral reefs characteristic of the
Southeast Asian region, and are the most diverse
reef areas of the Indian subcontinent (Pillai, 1983).
They have an area of about 12,000 sq. km.
consisting of reef lagoons, coral banks, reef slopes
and reef flats (Wilkinson, 2002) of which, an area
of 733.12 sq. km. has been designated as
‘protected area’ under the Wild Life (Protection)
Act of 1972 (Dorairaj and Soundararajan, 1987).

 Coral reefs provide food, building material
and shoreline protection for people living near them
and also promote tourism. They typically grow in
relatively clear waters. The health of coral reefs
deteriorated recently throughout the world due to
various natural and anthropogenic causes (Hughes,
1994; Wilkinson, 1998, 2000, 2002, 2004;
Bellwood et al., 2004). Land use practices such
as overgrazing as well as industrial and coastal
development increase the supply of sediment to
near shore areas where most coral reefs develop,
creating stressful conditions that may ultimately
lead to the death of corals (Rogers, 1990;
Buddemeier and Hopley, 1998; Fortes, 2000).

High concentrations of suspended
sediment can reduce the coral growth rate (Dodge
et al., 1974; Dodge and Vaisnys, 1977; Hubbard
and Scature, 1985; Edmunds and Spencer-Davies,
1989), decrease net productivity (Rogers, 1979;
Edmunds and Spencer-Davies, 1989) and induce
coral stress (Van Katwijk et al., 1993). Suspended
sediments can also be a vector for the introduction
of nutrients, toxic substances and heavy metals
into reefs that can cause stress or kill corals
(Dickson et al., 1987; Souter et al., 1993; Bastidas
et al., 1999). Climatic changes lead to an increase
in the sea surface temperature, a critical factor
affecting the well-being of the symbiotic
association between host animals like hard corals,
giant clams, soft corals and sea anemones with
algal symbionts (Buddemeier et al.,2004).
Although corals can often recover from bleaching,
they will die if the stress is extreme or prolonged
(Wilkinson, 1998).

In this study, the percentage of coral
cover, number of species and colonies of
hermatypic corals and associated fauna in each
site were recorded throughout the year from July
2009 to March 2011. Percentage coral cover was
evaluated from LIT (Line Intercept Transect) data
as well as underwater photography at each of the
study areas. During the survey, changes were
observed in the hermatypic corals and associated
fauna in each site. Based on the data obtained, the
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bleaching and recovery status of corals at all the
study areas are presented.

MATERIALS  AND  METHODS

Coral reef communities were monitored
at four regions of the Andaman and Nicobar
Archipelago i.e. North, South and Middle Andaman
as well as the Nicobar Islands. Twenty permanent
monitoring sites covering a total quadrat area of
500 m2 were selected in each of the study islands
under the National Coral Reef Research Institute
(NCRI) project from July 2009 till date (Table.1).
Quadrats having a minimum area of 1 m2 were
divided into a uniform grid of 100 segments as
followed by Greig-Smith (1983). The survey was

carried out by SCUBA diving at depths ranging
between 5 m to 30 m. Transects of 20 m length
were laid along the reef area at permanent
monitoring plots and depending on the size of the
reefs, 8 to 12 transects were laid  at each study
site of each island. The percentage cover of each
life form category was then calculated following
the method of English et al. (1997). The difference
between the data obtained in 2010 and 2009 gave
the percentage of bleaching mortality and the
difference between the data obtained in 2011 and
2009 gave the percentage of recovery at the
permanent monitoring sites of each island.

   Total length of category
Percentage cover = -------------------------------  x  100
                                     Length of transect

Table 1. Permanent monitoring sites in the Andaman and Nicobar Islands

S.No Study sites Geographical location

North Andaman

1 Ross Island Lat. 13018.167' N; Long. 930 04.261' E
2 Smith Island Lat. 13018.406' N; Long. 930 04.207' E
3 Ariel Island Lat. 13016.093' N; Long. 930 02.433' E
4 Lamia Island Lat. 13012.879' N; Long. 930 05.516' E
5 North Reef Island Lat. 12056.084' N; Long. 920 57.345' E

South Andaman

6 Rut land Island Lat. 11029.456' N; Long. 920 36.889' E
7 Tarmugli Island Lat. 11034.138' N; Long. 920 33.836' E
8 Bell Island Lat. 11034.095' N; Long. 920 33.841' E
9 Chester Island Lat. 11035.233' N; Long. 920 34.688' E
10 Twins Island Lat. 11023.773' N; Long. 920 33.097' E

Middle Andaman

11 Quaiter Island Lat. 12020.323' N; Long. 920 54.529' E
12 Long Island Lat. 12021.749' N; Long. 920 55.410' E
13 North Passage Lat. 12018.121' N; Long. 920 55.718' E
14 Karmatang Lat. 12051.322' N; Long. 920 56.050' E
15 Interview Island Lat. 12059.125' N; Long. 920 42.981' E

Nicobar islands

16 Champion Island Lat. 08001.718' N; Long. 930 32.728' E
17 Trinket Island Lat. 08003.352' N; Long. 930 34.102' E
18 Kamorta Lat. 08002.145' N; Long. 930 33.117' E
19 Katchal island Lat. 08000.002' N; Long. 930 24.362' E
20 Munak island Lat. 07059.806' N; Long. 930 29.852' E
21 Car Nicobar Lat. 09008.310' N; Long. 920 49.879' E
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RESULTS

The results of the line intercept transect
studies conducted from July 2009 to March 2011
for all the 20 permanent monitoring stations in the
four regions (North, South and Middle Andaman,
and Nicobar) were as follows:

As in the 2009 survey, North Andaman
had the highest percentage of live coral, dead coral
and dead coral with algae; Middle Andaman was
rich in rubble and sponges; South Andaman was
rich in other associated fauna and the Nicobar
Islands had abundant dead coral (Table 2, Fig. 1).

During the period of coral bleaching
(March – June 2010), a rapid survey was carried
out. The corals of South Andaman were the most

bleached (both partially and completely); followed
by that of North Andaman, Middle Andaman and
the Nicobar Islands (Table 3, Fig. 2).

The 2011 (January - March) results
showed that maximum live coral cover was at
North Andaman followed by the Nicobar Islands,
Middle Andaman and South Andaman. There
appeared to be some recovery of live corals at
North Andaman but very limited recovery in the
Nicobar Islands (Table 4, Fig. 4).

DISCUSSION

There was serious coral bleaching in the
Andaman and Nicobar Archipelago in 2010 and

Figure 1. Live coral cover at different study sites before bleaching (July 2009 – Feb 2010)
A-LIT method coral reef survey and Photo Documentation
B-Pocillopora woodjonesi Vaughan, 1918
C-Acropora divaricata (Dana, 1846)
D- Seriatopora hystrix Dana, 1846
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by 2011 most of the corals were dead and some
of the dead corals were covered with algae (Fig.
3).

Earlier, severe coral bleaching (65% to
80%) in the Andaman and Nicobar Islands had
taken place in 1998 during the months of May and
June due to the rise in seawater surface temperature
(Pet-Soede et al., 2000). After that in 2002 and
2005, 20 to 40% of corals in these islands were
bleached as indicated by the reports of
Soundararajan (2002) and Damroy et al. (2006).
The highest live cover at this time was reported in
the Nicobars (73.5%) followed by Outram Island
in South Andaman (67.3%) and North reef in North
Andaman (72.7%)  (Rajasuriya et al., 2002).
Subsequently the bleaching status of corals in 2010
was reported for the South Andaman region
(Krishnan et al., 2011)

Compared to previous reports, the
bleaching event of 2010 was the most severe ever

reported from the Andaman and Nicobar Islands
as shown by our LIT data (Figs. 1-4). Presently
corals show the highest maximum live coral cover
at North Andaman (17.5%) followed by the
Nicobar Islands (15.4 %), Middle Andamans
(14.8%) and South Andaman (14.3 %). In 2011
maximum recovery of live corals was reported at
North Andaman (7%) and least recovery in the
Nicobar Islands (0.6%). Maximum bleaching was
reported at North, South and Middle Andaman while
fewer corals bleached in the Nicobars. Coral
mortality may be the result of the stresses of high
temperatures, and the combined stresses of high
irradiance, salinity changes, turbid water and
exposure during extreme low tides. The levels of
temperature stress experienced by corals described
in this study exceed the values known to cause
major coral mortality (Coles and Jokiel, 1978;
Brown, 1997; Hoegh-Guldberg, 1999; Strong et
al., 2000; IPCC, 2001; WWF, 2004).

Figure 2. Coral cover at different study sites during bleaching (March – June 2010)
A-Bleached massive coral reef beds
B-Bleached branching coral reef beds
C- Acropora palifera (Lamarck, 1816)
D- Acropora valenciennesi (Milne Edwards and Haime, 1860)
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Table 2. Percentage of live corals, rubble and associated fauna in 2009 - 2011 at different survey sites
in the Andaman and Nicobar Islands.

(%) of North Andaman South Andaman Middle Andaman Nicobar
Cover

2009 2010 2011 2009 2010 2011 2009 2010 2011          2009 2010  2011

LC 48.3 10.5 17.5 42.6 11.5 14.8 39.8 11.6 14.3 29.8 14.8 15.4
 PB 0 17.2 9.4 0 17.3 12.3 0 13.3 13.1 0 12.2 11.4
 CB 0 11.6 10.3 0 13.1 10.9 0 9.1 11.1 0 16 10
 SC 7.9 7.8 5.1 7 7.2 6.2 6.6 7.9 6.5 4.3 5.9 6.1
 DC 5.2 14.9 20.3 13 14 17.9 14.6 14.6 16.6 21.7 17.2 17.7
DCA 4.6 4.6 9.9 3.3 4.2 8.5 3.1 5.4 6.7 1.5 3.6 7.5
SP 5.8 6.4 5.4 5.3 6.3 5.4 6.4 4.7 5 4 5.6 4.8
R 2.3 1.9 1.8 0 1.2 1.7 1 1.5 1 0 1.1 1.9
 RB 10.4 10 3.7 9 9.6 3.9 15.3 13.4 7.6 18.4 4.2 5.9
SD 8.2 6.2 10.6 11.3 6.6 11.5 8.3 10.8 10.4 13.9 11.8 12.1
OT 7.3 8.9 6 8.5 9 6.9 4.9 7.7 7.7 6.4 7.6 7.2

Live Corals (LC), Partially Bleached (PB), Completely Bleached (CB), Soft Corals (SC), Dead Corals
(DC), Dead Coral with Algae (DCA), Sponges (SP), Rocky bottom (R), Rubble (RB), Sand (SD),
Others (OT).

Figure 3. Dead coral and dead coral with algal cover at different study sites after bleaching
              (July – December 2010)
A, C, D – Coral bleached with algae cover
B- Dead corals
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Table 3. Percentage of partially and completely bleached corals in 2010 at different survey sites  in the
Andaman and Nicobar Islands.

SURVEY SITES IN 2010 (March–June)
PERCENTAGE

North Andaman Middle Andaman South Andaman     Nicobar group

Partially Bleached Coral 17.2 % 13.1 % 17.3 % 12.2 %
Completely Bleached Coral 11.6 % 9.1 % 13.1% 16 %

Figure 4. Recovered live corals at different study sites following bleaching (January - March 2011).
[A - Symphyllia valenciennesii Milne Edwards and Haime, 1849, B - Platygyra acuta Veron, 2000,
C - Scolymia vitiensis Bruggemann, 1877, D - Lobophyllia hemprichii (Ehrenberg, 1834), E - Leptoria
phrygia (Ellis and Solander, 1786), F - Herpolitha limax Houttuyn, 1772, G - Galaxea fascicularis
(Linnaeus, 1767), H - Favites pentagona (Esper, 1794), I - Caulastraea furcata Dana, 1846,
J - Astreopora myriophthalma (Lamarck, 1816), K - Acropora loripes (Brook, 1892), L - Acanthastrea
regularis Veron, 2002]
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Table 4. Percentage coral recovery in 2011 at different survey sites in the Andaman and Nicobar
Islands
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ABSTRACT: During two surveys of the mushroom coral fauna of Koh Tao, a total of 20
species was recorded. The first survey (June 2010) was during a coral bleaching event caused
by elevated seawater temperatures. Bleaching in mushroom corals appeared to be depth-dependent
at the deepest sites with less bleaching occurring below 20 m depth. Some fungiid species, like
Ctenactis echinata, appeared to be less susceptible to bleaching than others. This species was
affected very little and was represented by regularly coloured individuals among many bleached
specimens of other mushroom coral species. Few corals of Fungia fungites showed bleaching
on the shallow reef flats but many were bleached on the slopes. During the second survey
(February 2011), Koh Tao’s mushroom coral fauna appeared to have recovered and no trace of
thermal bleaching was visible anymore.

Key words: Coral bleaching, Gulf of Thailand, Koh Tao, mushroom corals, recovery

INTRODUCTION

Marine biodiversity studies in South East
Asia tend to focus on the Coral Triangle, the centre
of maximum marine species richness, which is
based on high species numbers of reef corals
(n>500) recorded in marine ecoregions (Veron et
al. 2009). Marine ecoregions consist of coastal
areas with a more or less uniform and unique flora
and fauna (Spalding et al. 2007). This focus on
the Coral Triangle may distract attention from
surrounding coral reef areas, which are expected
to be poorer in species, although many of these
have not been investigated well enough to be certain
about their position outside the Coral Triangle
(Hoeksema 2007,Hoeksema et al. 2010, Hoeksema
in press). Moreover, also within the Coral Triangle
not all marine ecoregions are likely to be surveyed
optimally for their coral fauna compositions,
because they may vary in size and accessibility.

An alternative approach for comparing
species richness patterns among coral reef areas
is by the selection of a model taxon as a proxy, in
order to determine its species composition in
various areas by integrating field surveys and the
study of museum collections. The field surveys
need to indicate which species are present or
absent by means of the roving diver technique
(preferably by the same observers) and the
application of species richness estimators to
indicate the reliability of the data (Hoeksema and
Koh 2009). In addition, museum collections may
reveal past occurrences of disappeared species,
which would not have been revealed during the
field surveys but which are also of biogeographical
relevance (Hoeksema and Koh 2009, Van der Meij
et al. 2009, 2010, Van der Meij and Visser 2011;
Hoeksema et al. 2011). Such disturbances may
be human-induced, such as pollution near big
cities, increased sediment influx though river
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discharge and dredging (Brown and Holley 1982;
Brown et al. 1990, 2002; Chansang et al. 1992;
Cleary et al. 2006, 2008; Hoeksema and Koh 2009)
or an effect of climate change, such as coral
bleaching as a result of elevated seawater
temperatures (Brown and Suharsono 1990;, Glynn
1993; Brown et al. 1996; Brown 1997; Fitt et al.
2001). Eventually, the geographical distribution
ranges of the model species group may become
clearly determined, which would provide insight
into which factors cause species range overlaps
and, consequently, areas of high species
concentrations. Information obtained by the
analysis of species presence/absence patterns,
which may lead to historical and ecological factors
determining species richness (Hoeksema 2007),
would not likely become available by comparing
species counts of large ecoregions.

A model group used for such a study on
presence/absence patterns is the scleractinian
family Fungiidae, also known as the mushroom
corals. Much information is already available on
these coral species with regard to their
biogeography, phylogeny and ecology (Hoeksema
1989, 1990, 1991a, 1991b, 2012; Hoeksema and
Moka 1989; Hoeksema and Dai 1991; Gittenberger
et al. 2011).

One of the areas outside the Coral Triangle
selected for an inventory of mushroom coral
species is Koh Tao, in the western Gulf of
Thailand, which can be considered as the
innermost part of the Sunda Shelf (Sudara et al.
1991). As for many other areas in the Gulf of
Thailand and the South China Sea, little information
is available in English on the species composition
of the scleractinian communities of Koh Tao,
which are much affected by sedimentation and
wave action (Yeemin et al. 1992, 1994). The
present study was aimed at obtaining a detailed
species account of all Fungiidae present here. At
the planned time of the first survey (June 2010)
most of the mushroom corals appeared to be
affected by coral bleaching (Hoeksema and
Matthews 2011).

Koh Tao relies upon the health of its reef
to sustain the islands popularity as a diving
destination (Sudara and Yeemin, 1994; Piprell and
Boyd 1995; Yeemin et al. 2006). During 2010,

many reef areas around Koh Tao experienced 95%
coral bleaching, with a 78% mortality on parts of
some reefs, such as Chalok Baan Kao (Chad Scott,
pers. comm.; site 14 in Fig.1). Koh Tao’s
community is active in the conservation and
preservation of its reefs, for which species
composition information is invaluable in order to
assess the status of any species.

MATERIAL  AND  METHODS

Reefs and coral assemblages around Koh
Tao were surveyed 25-30 June 2010 (during coral
bleaching) and 17-26 February 2011 (after
recovery from bleaching) with the help of SCUBA
for the occurrence of mushroom coral species
using the roving diver technique (see Hoeksema
and Koh 2009). Each site (Fig.1) was surveyed
for 50-60 minutes; each dive with its species record
counts as a sample unit. Some sites were visited
more than once allowing control for sample
variation. During the first period (2010), notes
were made at the dive sites with regard to which
three species were the most dominant in showing
bleaching and whether this was depth-related.

The species composition of mushroom
corals assemblages for both 2010 and 2011 was
analyzed for species richness with the help of
EstimateS 8.2.0 (Colwell 2009). The species
richness estimators resulting from the analysis are
presented as species accumulation curves in which
the sample order has been randomized and the
values have been averaged (means and standard
deviations are given for each sample number).
They are extrapolated to indicate the total species
richness (observed and expected) of the surveyed
area. A reliable measure for species richness is
obtained when the curves of the species richness
estimators become asymptotic (the mean values
flatten out), minimal standard deviations are
obtained (approaching or reaching 0), and observed
and expected values equal. Used species richness
indicators based on incidence (presence/absence)
data are Chao2 (an incidence-based species
richness estimator), ICE (an incidence-based
coverage estimator), Sobs (the observed species
numbers) and Unique values (Colwell 2009).
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Figure 1. Map of Koh Tao (after Chansang et al. 1999) indicating mushroom coral survey sites (50-
60 minutes as sample unit) visited in 2010 and 2011, based on names used by local dive operators: 1
Chumpon Pinnacle (1x 2010); 2 “No Name” (1x 2010); 3 Twin Peaks (2x 2010); 4 Red Rock (3x
2010); 5 Nang Yuan Pinnacle (1x 2010); 6 Japanese Garden (2x 2010); 7 Mango Bay (1x 2010); 8 Hin
Wong Pinnacle (1x 2010, 1x 2011); 9 Laem Thian Pinnacle (1x 2010); 10 Laem Thian Bay (1x 2011);
11 Shark Island (2x 2010, 1x 2011), 12 Sail Rock (1x 2011); 13 Aow Taa Cha (1x 2011); 14 Chalok
Baan Kao (1x 2011); 15 Southwest Pinnacle (2x 2010, 1x 2011); 16 Pottery Pinnacles (1x 2010, 1x
2011); 17 Sairee Beach (1x 2010); 18 White Rock (2x 2010, 1x2011). Insert: position of Koh Tao in
the Gulf of Thailand.
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RESULTS

The mushroom coral fauna of Koh Tao
A total of 20 mushroom coral species was

observed during both surveys, 19 in 21 samples
in 2010 without Lithophyllon undulatum and 19
in 9 samples in 2011 without Podabacia
motuporensis (Table 1). The record of two
specimens of Cantharellus jebbi (Fig. 2A) is
remarkable. It can easily be confused with the
encrusting coral Cycloseris mokai, a very common
species at Koh Tao (Fig. 2B). Another rare species
is L. undulatum with only three observations, all
in 2011. Most species were relatively well
represented at all sites, which therefore appeared
to have rather homogeneous species compositions.
Danafungia scruposa and Pleuractis moluccensis
were represented in all 30 samples, whereas
Cycloseris mokai, Fungia fungites, Herpolitha
limax, and Pleuractis granulosa were each only
lacking once. Their absence was only recorded at
site 12 (Sail Rock), which does not offer much
suitable substrate for mushroom corals and
therefore only four species were recorded here.
One of the pinnacles, site 16 (Pottery), also showed
some low species numbers (12 and 13). The
highest species number (18) was recorded at sites
4 (Red Rock), 8 (Hin Wong Pinnacle), and 18
(White Rock). Several sites with large, high-
density mushroom coral fields (Sites 3, 10, 13,
14) showed species numbers varying between 15
and 17.

The total number of 20 species recorded
for Koh Tao appears to be very reliable according
to the species richness analysis with the help of
EstimateS 8.2.0 (Fig. 3). The observed number
of species (Sobs) and both species richness
estimators (Chao2 and ICE) all reach asymptote
value 20 with standard deviations 0, while the
number of unique species (species represented by
a single record) is also 0, indicating that it is not
likely that any species has been overlooked. This
implies that mushroom coral species not observed
are very likely absent.

Occurrence of bleaching in mushroom corals
and their recovery

Bleaching occurred in almost all
mushroom coral species but not with the same

frequency. Ctenactis echinata appeared to be
exceptional by showing no bleaching among many
whitened corals of other species (Hoeksema and
Matthews 2011). Several species showed bleaching
but were not among the three most dominant
bleaching species per site, such as Danafungia
horrida, D. scruposa and Lithophyllon repanda
with DB percentage 0 (Table 2). In some species
bleaching appeared to be very common, i.e.,
Ctenactis crassa, Herpolitha limax and Fungia
fungites, with DB percentages 90, 52, and 48,
respectively.

At many of the shallow dive sites, with
reef slopes not reaching deeper than 20 m,
bleaching was very common among mushroom
corals (e.g. sites 3, 6, 7, 17, 18). Individuals of
Fungia fungites on the upper slopes (3–8 m deep)
were predominantly bleached, while bleaching
among those on the shallow reef flats (<3 m deep)
was less common and frequently in only a part of
the coral individual. At the deepest sites (with depths
>20 m ), bleaching was less prominent below limits
varying between 20 and 25 m, depending on the
site (e.g. sites 1, 4, 11, 15). In the February 2011
survey no trace of the bleaching was seen (Fig.
4).

DISCUSSION

According to the present study, the
mushroom coral fauna of Koh Tao consists of 20
species (Table 2), 11 of which have been recorded
earlier in a report on corals in museum collections
from the Gulf of Thailand with special reference
to Koh Tao and adjacent Koh Nang Yuan (Jiravat
1985; see also Putchim et al. 2002): Ctenactis
crassa (as Herpetoglossa simplex), C. echinata (as
Fungia echinata), Cycloseris costulata (as F.
scabra), Danafungia scruposa (as F. corona),
Fungia fungites, Herpolitha limax (also recorded
as H. weberi), Pleuractis granulosa (as F.
granulosa), P. paumotensis (as F. paumotensis),
Podabacia crustacea, Polyphyllia talpina, and
Sandalolitha robusta. This list of earlier mushroom
coral records is a result of less selective collecting
than the present one.

In comparison to the Coral Triangle and
the center of mushroom coral diversity (see
Hoeksema 2007), the fungiid fauna of Koh Tao is
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Figure 2. Close-up photographs of mushroom corals at Koh Tao. A. Specimen of Cantharellus jebbi,
an attached mushroom coral species, which is usually monostomatous (with one mouth), representing
the westernmost record for this species so far (Site 14, 23 February 2011). The dead spot may be
caused by a predatory Drupella snail, which appeared to be very abundant at this site.  B. Specimen of
Cycloseris mokai, which can easily be confused with C. jebbi, but differs by growing polystomatous
corolla (forming many more mouths) (Site 3, 19 February 2011). Scale bars: 1 cm.

Figure 3. Species richness analysis of the mushroom coral fauna of Koh Tao with the help of EstimateS
8.2.0. (Colwell 2009): Chao2 is an incidence-based species richness estimator), ICE is an Incidence-
based Coverage Estimator, Sobs represents the Observed species numbers) and Unique values indicate
species only encountered once.
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Figure 4. Site 3 (Twin Peaks) during the bleaching event (A; 29 June 2010) and after the recovery
(B; 20 February 2011).
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less rich in species. Many species-rich reef areas
are situated in the proximity of deep oceanic basins,
like in eastern Indonesia (Hoeksema 1989;
Hoeksema and Moka 1989). Koh Tao is situated
on a shallow shelf sea bottom that became drained
of seawater during the Last Glacial Maximum (18-
21 ka BP), when the seawater surface had
regressed to a level that was almost 120 m lower
than at present (Voris 2000; Sathiamurthy and Voris
2006). Consequently, the Gulf of Thailand, as part
of the Sunda Shelf, ceased to exist as a sea until it
became submerged again (11.5 ka BP), but then
the seawater level was still 50 m lower than now
(Sathiamurthy and Voris 2006). The 30-m depth
contour around Koh Tao (Fig. 1) became flooded
10,200 yrs ago and only 6,000 yrs ago did the sea
reach its present level. This implies that the coral
communities around Koh Tao are very young.

Therefore they may not have become as
rich in species, while habitat diversity is not as
high as in reef areas with nearshore-offshore
gradients varying from coastal to oceanic
(Hoeksema 2007, 2012).

The mushroom coral fauna of Koh Tao is
very similar to that of Singapore with a total of 19
species. Because Singapore is not so far away,
the resemblance in mushroom coral fauna is not
surprising. However, four mushroom coral species
may have become lost in Singapore as a result of
human-induced disturbances (Hoeksema 2009;
Hoeksema and Koh 2009). Heliofungia
actiniformis (Quoy and Gaimard, 1833) and
Podabacia kunzmanni Hoeksema, 2009, were
abundant in Singapore but could not be found in
Koh Tao. Ctenactis albitentaculata Hoeksema,
1989, is one of the species previously occurring
in Singaporean waters, but it could not be found
there again during recent surveys and also not in
Koh Tao during the present survey. Koh Tao, on
the other hand, has records of Cantharellus jebbi,
which are the most westward so far compared to
previous observations (Hoeksema 1993, 2008).

Koh Tao’s first major coral bleaching
event occurred in 1998 (Wilkinson 1998, Yeemin
et al. 2006, 2009) while fisheries and growth in
tourism and recreational activities (mostly by
anchor-inflicted damage) also have become
increasing threats to the coral reefs here since the
1980s (Piprell and Boyd 1995, Yeemin et al. 2006).
Since no extensive coral species records or
collections appear to have been made before 1998
(compare Jiravat 1985), there is insufficient base-
line information available on Koh Tao’s coral fauna.

Therefore, we do not know whether
species that are presently absent at Koh Tao, ever
occurred here but may have become locally extinct
(Hoeksema et al. 2011). The extensive fields of
free-living mushroom corals observed at some
sites around Koh Tao are remarkable with regard
to their size and coral density. More research on
the population dynamics of mushroom corals is
needed here to find an explanation for their dense
cover at these locations.

Bleaching in the mushroom coral fauna
of Koh Tao occurred as a massive event in 2010.
It is interesting that different species of mushroom
corals show different bleaching susceptibilities and
that within populations variable bleaching could
be observed along depth gradients and in different
reef zones (Hoeksema and Matthews 2011), which
also was recorded in the Thousand Islands off
Jakarta (Hoeksema 1991a). The 2010 bleaching
event was not long-lasting and apparently did not
affect the mushroom coral fauna of Koh Tao
because no clear change in species composition
could be discerned in February 2011.
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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.

Key words: coral bleaching, mortality, Kut Island, Gulf of Thailand

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 (Hoegh-
Guldberg 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 May-
September, 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 belt-
transects 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 Mean square F p

Two-way ANOVA test
Time 1 1244.173 2062.489 <0.001*
Location 2 1846.644 3061.216 <0.001*
LocationxTime 2 143.766 238.323 <0.001*
residual 12 .603
Total 18

Scheffe’s F test p
Kralang versus Prao <0.001*
Kralang versus Phak Waeng <0.001*
Prao versus Kralang <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.
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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.



Phuket  mar.  biol. Cent. Res. Bull.
88

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.
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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



Phuket  mar.  biol. Cent. Res. Bull.
90

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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ABSTRACT: We examined the survival of juvenile coral colonies following the 2010 coral
bleaching event at eight study sites in the Similan Islands, the Andaman Sea. Density of juvenile
corals differed significantly between time, location and major genera. The lowest bleaching
impact on juvenile coral colonies was recorded at Christmas Point Rock, a deep study site (20-
25 m) on the west of the Similan Islands. Most juvenile coral colonies of Pavona spp., Diploastrea
heliopora, Leptastrea spp. and Cyphastrea spp. were the least impacted. There was also high
survival of juvenile coral colonies of Goniastrea spp., Fungia spp., Acropora spp. and Porites
spp. and large coral colonies (>5 cm diameter) of Dendrophyllia micranthus, Fungia fungites
and Porites lutea.  The findings of this study suggest  a high potential for coral recovery at
temporarily closed diving sites because of the large number of juvenile colony survivors.  It is
necessary to implement science-based management plans for marine protected areas to cope
with climate change and anthropogenic disturbances.

Key words: Coral bleaching, Andaman Sea, Similan Islands, juvenile colony, survival

INTRODUCTION

Coral bleaching is recognized as a stress
response that has many causes, however large
scale events are mainly caused by prolonged
periods of high seawater temperatures (Brown
1997; Hoegh-Guldberg 1999).  Coral bleaching
events have been reported with increasing
frequency on coral reefs around the world (Glynn
1996; Wilkinson 2008; Burke et al., 2011).  Before
2010, there have been two recorded incidences of
extensive intertidal and sub-tidal coral bleaching
in the Andaman Sea, in 1991 and 1995. Both
bleaching events occurred in May at the time of
maximum seasonal sea surface temperature (SST).
Mean monthly SSTs for May reached 30.27 °C in
1991 and 30.28 °C in 1995. (Brown et al. 1996).

Substantial loss of live coral cover due to
coral bleaching events has occurred on many coral
reefs during the past decades (e.g. Goreau et al.,
2000; Sheppard et al., 2002; McClanahan et al.,

2004). It is claimed that most corals will not adapt
rapidly enough to cope with the predicted rate of
rise in SST from various climate-change models
which forecast that SSTs will exceed the present
thermal tolerance of corals by the year 2020; and
coral bleaching is predicted to occur annually in
30–50 years time (Hoegh-Guldberg 1999; but see
Baird and Maynard 2008). However, coral species
are variously susceptible to bleaching and certain
environmental factors, such as irradiance, can
influence the outcome of SST anomalies that cause
coral bleaching and possible subsequent mortality
(Mumby et al., 2001; Coles and Brown 2003;
McClanahan and Maina 2003). Consistent
differences in susceptibility among taxa have
resulted in community-structural shifts on
Okinawan reefs due to an increase in the relative
abundance of less susceptible massive and
encrusting species (Loya et al., 2001).

A better understanding of survival of
juvenile coral colonies would improve our ability
to predict the prospects for coral recovery from
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the impacts of coral bleaching events as well as
interpretation of spatio-temporal variability in coral
community structure (Connell et al., 1997;
Knowlton 2001).  In Okinawa the density and
species composition of juvenile coral colonies
were affected by anomalously high SSTs in the
summers of 1998 and 2001 (Bena and van Woesik
2004). The survival of coral recruits is determined
by both biotic and abiotic factors, e.g.,
competition, predation, diseases, temperature,
salinity and water flow (Bak and Engel 1979;
Dustan and Johnson 1998; Nakamura and van
Woesik 2001; Fox 2004).  The present study aimed
to examine the impact of the SST anomaly in 2010
on survival of juvenile coral colonies in the Similan
Islands, 60 km off southern Thailand in the
Andaman Sea.

MATERIALS  AND  METHODS

In December 2009, prior to the bleaching
event, eight permanent study sites were established
on the coral reefs of the Similan Islands. There
were at: 1) Ao Lek, Miang Island (N 8°33'56.56''
E 97°38'20.22''), 2) Ao Nua, Payu Island (N
8°35'39.49'' E 97°38'19.76''), 3) Ao Numchai,
Bangu Island (N 8°40'33.81'' E 97°38'45.20''),  4)
Hin Muanduew (N 8°34'17.7'' E 97°38'46.60''),
5) East of Eden, Payu Island (N 8°35'23.16" E
97°38'31.33"), 6) West of Eden, Payu Island (N
8°35'45.27" E 97°38'6.13"), 7) Ao Faiwab, Similan
Island (N 8°38'15.87" E 97°39'12.36") and 8)
Christmas Point Rock, Bangu Island (N
8°40'54.03" E 97°38'28.35")  (Fig. 1). The coral
reefs at Ao Lek, Ao Nua and Ao Numchai are in
the shallow areas, 6-10 m in depth while the others
are deeper, 20-25 m in depth.  At each study site,
the number of visible juvenile coral colonies (1-5
cm diameter) was measured in three permanent
belts-transects (10x1 m2 for each). All juvenile coral
colonies were identified to genus. Live coral cover
was also recorded in each belt-transect and hard
corals (>5 cm diameter) were identified to species
level. Two HOBO data loggers (UA-002-64) were
installed at Ao Nua (shallow reef, 10 m depth) and
Ao Faiwab (Deep reef, 23 m depth) in April 2010.
The seawater temperatures were recorded hourly.
The initial coral bleaching in the Similan Islands

occurred in April-May 2010 (Yeemin et al., 2010).
The study periods were December 2009 (before
bleaching) and November 2010 (after bleaching).

The juvenile coral abundance and large
coral colony data were tested for normality and
homogeneity of variances and were transformed
using a square root function. A three-way ANOVA
was used to test the influence of time, location
and major genera (Montipora, Acropora,
Pocillopora, Porites) on the number of juvenile
colonies. The coverage of adult coral colonies was
analyzed by a two-way ANOVA. Where significant
differences were established, Tukey HSD was
employed to determine which group(s) differed.

RESULTS

The peaks of high seawater temperatures
recorded from data loggers at Ao Nua (shallow
reef) and Ao Faiwab (deep reef) were 33.3 °C and
32.5 °C respectively, in May 2010 (Fig. 2).

Density of juvenile corals differed
significantly between time, location and major
genera (Fig. 3, Table 1). The lowest bleaching
impact on juvenile coral colonies was recorded at
Christmas Point Rock, a deep water study site on
the west coast of the Similan Islands. High mortality
of juvenile coral colonies was observed at Ao
Faiwab, Ao Nua and Hin Muanduew as a result of
bleaching in 2010.

In terms of taxonomic trends, most
juvenile coral colonies of Pavona spp., Diploastrea
heliopora, Leptastrea spp. and Cyphastrea spp.
were least impacted by the bleaching event. There
was also high survival of juvenile coral colonies
of Goniastrea spp., Fungia spp., Acropora spp.
and Porites spp. However, there was relatively low
survival of Pocillopora spp., Favites spp. and
Montipora spp. No juvenile coral colonies of
Seriatopora hystrix, Stylophora pistillata, Merulina
spp., Australomussa rowleyensis, Platygyra spp.
and Echinopora spp. were recorded following the
coral bleaching event (Table 2).

For large coral colonies (>5 cm diameter),
live coral cover differed significantly between time
and location (Fig. 4, Table 3). High survival was
recorded for Dendrophyllia micranthus, Fungia
fungites and Porites lutea. We infer that the coral
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Figure 1. Map of study sites at Similan Islands, the Andaman Sea
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Figure 2. Seawater temperatures during April 2010-May 2011 at a shallow reef (Ao Nua, Payu
Island) and a deep reef (Ao Faiwab, Similan Island)

Figure 3. Density of juvenile coral colonies (± SD) at each study site in December 2009 and November
2010
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Figure 4. Live coral cover of large colonies (± SD) at  each study site in December 2009 and November
2010

Table 1. Results of three-way ANOVA and Tukey HSD test examining the influence of time, location
and major genera (Montipora, Acropora, Pocillopora, Porites) on the number of juvenile coral. The
data were square root transformed. Only significant differences are shown in the comparisons between
genera and sites.

Source of variation df Mean square F p

Three-way ANOVA test

Time 1 321.833 21.021 <0.001*
Location 7 100.559 6.568 <0.001*
Genera 3 379.069 29.693 <0.001*
Time×Location 7 10.332 0.675 0.638
Time×Genera 3 35.672 2.330 0.021*
Location×Genera 21 38.732 2.530 <0.001*
Time×Location×Genera 21 18.113 1.183 0.636
residual 128 15.317
Total 191
GENERA COMPARISONS:
Tukey HSD test p
Montipora vs Acropora <0.001*
Montipora vs Pocillopora <0.001*
Montipora vs Porites <0.001*
Acropora vs Porites <0.001*
Pocillopora vs Porites <0.001*
SITE COMPARISONS:
Ao Lek vs Ao Faiwab 0.033*
Ao Lek vs Christmas Point Rock <0.001*
Ao Nua vs West of Eden 0.031*
Ao Nua vs Ao Faiwab 0.005*
Ao Nua vs Christmas Point Rock <0.001*
Hin Muanduew vs Christmas Point Rock <0.001*
East of Eden vs Christmas Point Rock 0.018*
Ao Faiwab vs Ao Nua 0.005*
Christmas Point Rock vs West of Eden 0.441
Christmas Point Rock vs Ao Faiwab 0.791
*Significant difference (P<0.05)
df: Degree of freedom
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Table 2. Comparisons of juvenile coral abundance among coral taxa before and following the bleaching
event. Means are given ± SD

Juvenile corals/m2

Change (%)
December 2009 November 2010

Pavona spp. 0.713±0.081 0.713±0.253    0
Diploastrea heliopora 0.112±0.031 0.112±0.033    0
Leptastrea spp. 0.402±0.063 0.412±0.083    0
Cyphastrea spp. 0.424±0.012 0.424±0.053    0
Goniastrea spp. 0.682±0.089 0.639±0.083 14.28
Fungia spp. 1.018±0.211 0.843±0.113 20.00
Acropora spp. 2.441±0.209 1.829±0.073 25.00
Porites spp. 5.217±0.299 3.812±0.321 26.92
Galaxea spp. 0.242±0.019 0.121±0.023 50.00
Lithophyllon spp. 0.514±0.079 0.231±0.053 60.00
Favia spp. 0.466±0.089 0.213±0.033 60.00
Pseudosiderastrea tayami 0.286±0.011 0.097±0.023 66.66
Psammocora spp. 0.616±0.069 0.224±0.083 66.66
Pocillopora spp. 3.511±0.129 0.917±0.023 74.28
Favites spp. 0.911±0.125 0.108±0.033 88.88
Montipora spp. 1.212±0.407 0.189±0.063 96.66
Seriatopora hystrix 0.323±0.049         0  100
Stylophora pistillata 0.511±0.049         0  100
Merulina spp. 0.995±0.019         0  100
Australomussa rowleyensis 0.121±0.019         0  100
Platygyra spp. 0.124±0.031         0  100
Echinopora spp. 0.113±0.031         0  100

Table 3. Results of two-way ANOVA and Tukey HSD test examining the influence of time and location
on live coral cover of adult coral colonies. The data were square root transformed. Only significant
results are shown for the Tukey HSD test.

Source of variation df Mean square F p

Two-way ANOVA test
Time 1 78.839 3319889.522 <0.001*
Location 7 6.801 28636.830 <0.001*
Location×Time 7 1.495 6295.333 <0.001*
residual 32 .000
Total 48

Tukey HSD test p
East of Eden vs Christmas Point Rock 0.031*
*Significant difference (P<0.05)
df: Degree of freedom
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Table 4. Comparisons of live coral cover among coral taxa before and following the bleaching event.
Means are given ± SD

Species Live coral cover (%)
                                    Change (%)

December 2009         November 2010

Dendrophyllia micranthus 0.275±0.042 0.272±0.011 3.57
Fungia fungites 0.040±0.011 0.038±0.011 6.25
Porites lutea 6.178±0.247 5.761±0.522 6.62
Galaxea fascicularis 0.060±0.011 0.040±0.011 20.00
Porites lobata 0.050±0.011 0.045±0.011 20.00
Porites nigrescens 0.121±0.011 0.089±0.011 26.80
Hydnophora microconos 0.100±0.031 0.073±0.011 27.50
Pachyseris rugosa 0.125±0.042 0.093±0.023 30.00
Symphyllia recta 0.050±0.011 0.035±0.011 30.00
Goniopora lobata 0.504±0.094 0.346±0.045 31.26
Montipora digitata 0.323±0.033 0.191±0.023 40.69
Physogyra lichtensteini 0.075±0.011 0.043±0.011 43.33
Montipora tuberculosa 0.075±0.011 0.043±0.011 48.33
Montipora monasteriata 3.350±0.122 1.723±0.211 48.58
Montipora aequituberculata 6.613±0.452 2.435±0.534 63.17
Pocillopora meandrina 0.275±0.023 0.098±0.011 64.54
Montipora undata 0.160±0.045 0.050±0.011 68.75
Acropora subulata 0.050±0.011 0.014±0.001 72.50
Acropora palifera 0.625±0.062 0.150±0.011 76.00
Porites rus 2.154±0.371 0.450±0.023 79.11
Pocillopora eydouxi 1.065±0.623 0.220±0.011 79.34
Porites monticulosa 1.625±0.082 0.283±0.075 82.61
Acropora cytherea 2.400±0.131 0.401±0.011 83.28
Acropora humilis 0.101±0.063 0.013±0.001 87.65
Symphyllia agaricia 0.350±0.028 0.033±0.001 90.71
Acropora latistella 0.200±0.011 0.014±0.001 93.12
Acropora microphthalma 0.725±0.054 0.015±0.001 97.93
Porites cylindrica 1.313±0.062 0.010±0.001 99.24
Acropora clathrata 1.600±0.082 0.008±0.001 99.53
Montipora peltiformis 0.605±0.011          0 100
Montipora turtlensis 0.201±0.028          0 100
Acropora horrida 0.052±0.011          0 100
Acropora  elseyi 0.551±0.028          0 100
Acropora florida 0.103±0.023          0 100
Acropora nobilis 0.551±0.045          0 100
Acropora millepora 0.153±0.011          0 100
Acropora hyacinthus 0.101±0.023          0 100
Acropora robusta 0.161±0.011          0 100
Acropora muricata 0.452±0.022 0 100
Acropora divaricata 0.175±0.015 0 100
Acropora  echinata 0.252±0.015 0 100
Acropora longicyathus 1.325±0.331 0 100
Acropora austera 0.092±0.015 0 100
Acropora gemmifera 0.042±0.015 0 100
Pocillopora verrucosa 0.051±0.015 0 100
Pocillopora damicornis 0.022±0.015 0 100
Seriatopora hystrix 0.202±0.024 0 100
Pavona explanulata 0.081±0.015 0 100
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Figure 5.  Ao Faiwab, Similan Island following the coral bleaching event; A) Mortality of Acropora
assemblage , B) A surviving juvenile colony of Acropora

species that were most susceptible to bleaching
were  Acropora latistella, A. microphthalma,
Porites cylindrica, A. clathrata, Montipora
peltiformis, M. turtlensis, A horrida,  A.  elseyi,
A. florida, A. nobilis, A. millepora, A. hyacinthus,
A. robusta,  A. muricata, ,  A. divaricata,  A.
echinata, A. longicyathus , A. austera, A.
gemmifera, Pocillopora verrucosa, P. damicornis,
Seriatopora hystrix and Pavona explanulata (Table
4).

DISCUSSION

The present study shows that the highest
survival of juvenile and large coral colonies was
recorded at the Christmas Point Rock, on the west
side of Similan Islands.  This agrees with
Saenghaisuk and Yeemin (2011) who reported
more severe coral bleaching impacts on the east
sides of the Similan Islands. The islands are
exposed to large amplitude internal waves which
lead to a reduction in seawater temperature on the
west side of the islands (Roder et al., 2010). We
also frequently observe strong currents at the
Christmas Point Rock. Therefore, this may partly
explain high survival of corals at this study site
due to high water flow rates and passive diffusion
with Nakamura and van Woesik (2001) reporting
that coral colonies growing in high water-flow
habitats are more resistant to a combination of high
SSTs and high irradiance.

 Our findings are consistent with those
of Loya et al. (2001) who reported a high survival
of small Acropora colonies on certain reef sites
but an almost complete mortality of large Acropora
colonies during the 1998 coral bleaching event in
Okinawa.  Juvenile coral colonies are more resistant
to a combination of high SST and high irradiance
compared with larger coral colonies because
passive diffusion rates are more rapid for juvenile
coral colonies (Nakamura and van Woesik 2001;
Bena and van Woesik 2004).  Juveniles are often
found in cryptic habitats where they are more likely
to be sheltered from direct irradiance. Juvenile
coral colonies of Acropora also contain high
concentrations of fluorescent proteins which have
photo-protective properties (Salih et al., 2000;
Papina et al., 2002).  A high concentration of
photo-protective proteins in planulae and juvenile
coral colonies may facilitate survival during this
stage as well as during coral bleaching events (van
Woesik 2000; Bena and van Woesik 2004).

Since in this study juvenile coral colonies
were directly observed with the naked eye their
abundance may have been underestimated. If we
apply fluorescence census techniques (Piniak et
al., 2005; Baird and Selih 2006; Schmidt-Roach
et al., 2008) we will probably find more surviving
juvenile corals at sites in the Similan Islands. We
suggest that the following corals have a high risk
of local extinction at the Similan Islands, based on
survivorship of juvenile and large coral colonies
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following the bleaching event: Seriatopora hystrix,
Stylophora pistillata, Merulina spp.,
Australomussa  rowleyensis, Platygyra spp.,
Echinopora spp. and Porites cylindrica.

The diving sites at Ao Faiwab and East of
Eden have been temporarily closed in order to build
resilience and to enhance coral recovery
(Saenghaisuk and Yeemin 2011). The findings of
this study suggest a high potential for coral
recovery at these diving sites because of the large
number of surviving juvenile coral colonies.
Scientists and national park managers should work
closely with tourist companies and other
stakeholders in order to consider scenarios of coral
bleaching impacts and coral reef ecosystem
responses. It is necessary to implement science-

based management plans for marine protected areas
to cope with climate change and anthropogenic
disturbances.
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ABSTRACT: In April-June 2010, a thermal anomaly developed in the Andaman Sea and in the
Gulf of Thailand.  Subsequently, mass coral bleaching occurred.  To monitor the health of the
reefs and changes in reef communities, permanent line transects that have been established
since 2007, using a Reef Check method, were used to survey composition of substrates,
abundances of indicator fishes, and invertebrates. Two study sites, Racha Yai Island located in
the Andaman Sea and Koh Tao located the Gulf of Thailand were selected.  The results showed
that following the bleaching event, coral mortalities at Racha Yai and Koh Tao were 42.33% and
72.17%, respectively.  Unlike Racha Yai Island, at Koh Tao, small and medium size classes of
Tridacna spp. (<30 cm) were not found in the 2011 survey, while the abundance of parrotfish
appeared to decrease with no sightings in 2011.

Key Words: bleaching, coral mortality, Gulf of Thailand, Andaman Sea, long-term survey

INTRODUCTION

During the past five years, bleaching
incidents have occurred within specific localities
in Thailand (Wilkinson, 2008; Chavanich et al.,
2009).  For example, in June 2006 and 2007, mass
bleaching of soft corals was first reported at
Chonburi Province, the upper Gulf of Thailand
(Chavanich et al., 2009).  However, in April-June
2010, a warm water anomaly developed in the
Andaman Sea and in the Gulf of Thailand.  The
highest temperature measured in the upper Gulf
of Thailand was 33.9°C (personal observations).
Subsequently, mass coral bleaching occurred both
in the Gulf of Thailand and in the Andaman Sea
(Hoeksema and Matthews, 2011; Department of
Marine and Coastal Resources, unpublished data).
Bleaching of live coral populations in the Gulf of
Thailand and in the Andaman Sea ranged between
30-95% depending on sites (Hoeksema and
Matthews, 2011; Department of Marine and
Coastal Resources, unpublished data). The 2010

bleaching was expected to be more severe than
the 1998 bleaching event since more coral morality
occurred after the 2010 bleaching (Department of
Marine and Coastal Resources, unpublished data).
Temperature is a major contributing factor to coral
bleaching, and this is exacerbated by high
irradiance during thermal anomalies (Brown,
1997).  Other factors such as salinity, and
anthropogenic factors can also lead to bleaching
of corals (Hoegh-Gulberg and Smith, 1989; Brown,
1997).   Areas in the region such as the Andaman
and Nicobar Islands were also affected by the
bleaching in 2010 (Krishnan et al., 2011).

Bleaching events may lead to coral
mortality, and subsequently altered reef community
structure (Bellwood et al., 2006; Pratchett et al.,
2008). This paper investigated the effect of mass
bleaching on corals and reef organisms at selected
permanent monitoring sites in the Gulf of Thailand
and in the Andaman Sea using long-term data
collected between 2007-2011.
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MATERIALS  AND  METHODS

Two study sites were selected based on
the availability of Reef Check long-term data.  One
was Scuba Cat Bay, Racha Yai Island located in
the Andaman Sea (07°36'26.3"N, 98°22'39.2"E)
and the other was Mango Bay, Koh Tao in the Gulf
of Thailand (10°07'33.3"N, 99° 50'09.9"E).
Permanent line transects that have been established
since 2007 using the Reef Check method (Hodgson
et al., 2006) were employed to monitor the health
of the reefs and changes of reef communities, and
this included surveys of substrate composition,
abundance of indicator fishes, and invertebrates.
In addition, the proportion bleached area on each
coral colony was observed using visual estimation.
The data were collected each year in each study
site from 2007-2011.  At Scuba Cat Bay, the data
were collected during June of each year except in
2007 where the data were collected during
September.  At Mango Bay, the data were collected
in October 2007, October 2008, July, 2009, July
2010, and January 2011.

RESULTS

The results from the long-term surveys
showed that the percentage of hard coral cover
appeared to decline sharply after the 2010 mass
coral bleaching event from 53.75 ± SE 1.19 % to
31 ± SE 10.23 % at Scuba Cat Bay, Racha Yai
Island and from 71.87 ± SE 1.54 % to 20 ± SE
6.30 % at Mango Bay, Koh Tao (Fig. 1).  Coral
mortality following the bleaching at Scuba Cat Bay
and Mango Bay, which was calculated based on
the percentage loss of hard coral cover, was 42%
and 72%, respectively.  Overall 94-96 % of the
coral colonies at both study sites experienced
extensive bleaching. The average proportion of
bleaching on each colony at the two sites was
between 92 and 97%.

From the 5-year surveys, the abundance
of fish varied year by year (Fig. 2).  However, at
Mango Bay, the number of parrotfish appeared to
have decreased since 2009, and no parrotfish were
found in 2011 while at Scuba Cat Bay, a number
of parrotfish were still observed in 2011 (Fig. 2)
The results from the surveys of invertebrate

abundance at Scuba Cat Bay showed no effects
from the bleaching. The abundance of each
invertebrate type was variable depending on the
year in question (Fig. 3). Yet, at Mango Bay, the
number of the sea urchins (Diadema spp.) and
giant clams (Tridacna spp.) appeared to decrease
in 2011 (Fig.3, Fig. 4).  In addition, small and
medium size classes of Tridacna spp. (<30 cm)
were not found in the 2011 survey at Mango Bay
(Fig. 4).

DISCUSSION

High sea water temperatures between 30-
34°C were recorded during April-June 2010 in the
Gulf of Thailand and the Andaman Sea (Krishnan
et al., 2011; Department of Marine and Coastal
Resources, unpublished data).  The preliminary
surveys by the Department of Marine and Coastal
Resources, Thai universities, and non-
governmental organizations showed widespread
coral bleaching both in the Gulf of Thailand and in
the Andaman Sea (Department of Marine and
Coastal Resources, unpublished data).

From the Department of Marine and
Coastal Resources, unplublished data, Acropora
spp. and Pocillopora spp. were the most
susceptible corals to the bleaching and more than
90% of these coral colonies bleached. In this study,
Acropora spp. and Pocillopora spp. also bleached
extensively, and most colonies were fully bleached.
This is typical of most major coral bleaching events
where fast growing branching species tend to be
most susceptible (Baird and Marshall, 2002;
McClanahan et al., 2004).  A relationship between
bleaching and water depth was observed for
mushroom corals, with  a species-specific effect
being noted at Koh Tao (Hoeksema and Matthews,
2011).  High levels of bleaching occurred at 20 m
depth or less (Hoeksema and Matthews, 2011).
The sensitivity to bleaching and the mortality after
the bleaching varies among coral species depending
on their size and their resilience (Obura, 2001;
Obura, 2005; Bellwood et al., 2006).  From the
present surveys, bleaching not only occurred on
hard corals, but also on reef organisms associated
with symbiotic zooxanthellae, such as giant clams.
The young populations of giant clams seemed to
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Figure 1.  Average percent cover of substrates from 2007-2011 at Scuba Cat Bay, Racha Yai Island
and Mango Bay, Koh Tao. Means ± SE are shown.
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Figure 2.  Abundance of indicator fish species (individuals per 100 m2) from 2007-2011 at Scuba Cat
Bay, Racha Yai Island and Mango Bay, Koh Tao. Means ± SE are shown.
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Figure 3.  Abundance of reef invertebrate organisms (individuals per 100 m2) from 2007-2011 at
Scuba Cat Bay, Racha Yai Island and Mango Bay, Koh Tao. Means ± SE are shown.
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Figure 4.  Abundance of giant clams (Tridacna spp.) in each size class at Scuba Cat Bay, Racha Yai
Island and Mango Bay, Koh Tao. Means ± are shown.
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be affected by the bleaching.  Small and medium
size classes of Tridacna spp. were not found in
the 2011 survey at Mango Bay (Fig. 4).

Reduction in live coral cover can also
affect reef fish populations (Feary et al., 2007).
The susceptibility to live coral loss varied between
fish species (Jones and Syms, 1998).  Feary (2007)
showed that coral habitat specialist fish species
had low levels of migrations between degraded and
live corals.  In addition, obligate specialist
corallivorous fish showed the highest decline in
their populations when coral mortality occurred
(Graham, 2007).  From the present study, the
abundance of parrotfish at Mango Bay appeared
to decrease after 2009, and no parrotfish were
found in 2011 at Mango Bay after the 2010
bleaching event while parrotfish at Scuba Cat Bay
were still observed.  In addition, Pratchett et al.
(2006) showed that abundance of Chaetodon
butterflyfishes declined after coral bleaching.
However, in this study the butterflyfish seemed to
be unaffected by the reduction in live coral cover
(Figs. 1 and 2).  Butterflyfishes that are facultative

and non-coral feeders are likely to be less affected
by the decline of live coral cover (Pratchett et al.,
2006).

This study aimed to evaluate changes in
reef communities over time and in particular post
the 2010 bleaching.  More in-depth studies and
long term monitoring are needed to determine the
recovery of the reef communities after the
bleaching.  In addition, more studies on the effect
of bleaching on reef organisms, other than the hard
corals, will help in understanding the outcome of
the bleaching event on population dynamics of
other key organisms in the reef ecosystem.
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THAILAND’ S  RESPONSE  PLAN  ON  THE  2010  CORAL  BLEACHING

Nalinee Thongtham and Niphon Phongsuwan

Phuket Marine Biological Center, P.O. Box 60, Phuket 83000, Thailand

ABSTRACT: The 2010 coral bleaching in Thai waters was first observed in the Andaman Sea in
the last week of April 2010. By the middle of May widespread bleaching had occurred in many
reef areas, and corals started dying in June. However, some corals (mostly Porites lutea) started
recovering in July. The Department of Marine and Coastal Resources (DMCR), Ministry of
Natural Resources and Environment, took immediate action by prompting concerns among
various agencies and sectors regarding the current bleaching event. They hosted several meetings
to discuss the bleaching situation and established a committee that incorporated relevant agencies,
in order to achieve solutions and an action plan regarding the current bleaching and future
climate change impacts. The DMCR also established a network of academic institutions to
study the impacts of bleaching on corals, monitor the conditions and recovery of coral reefs
after bleaching, integrate research schemes to identify resilient areas, and assist management
responses to coral bleaching in the future.

INTRODUCTION

Coral reefs in Thailand experienced
extensive bleaching in 1991, 1995 and 1998.
Phongsuwan and Chansang (this volume) revealed
that the severity of coral bleaching events in 1991
and 1995 were moderate in the Andaman Sea, while
in 1998 the bleaching event in the Gulf of Thailand
was severe. Coral bleaching also occurred in
Thailand in 2003, 2005, 2007 but these were
relatively mild events. In the past, the response of
the DMCR and some academic institutions was to
monitor the status and recovery of affected coral
reefs. Results were compiled but these were neither
fully taken into account in formulating any
management plan nor disseminated to the public.

2010 BLEACHING SITUATION IN THAILAND
In summer of 2010, sea water

temperatures along the Andaman Sea coast of
Thailand had increased and met the bleaching
threshold of 30.1 °C (sensu Brown, 1997) around
the last week of March. The temperatures rose to
31 °C in early April and rose further to 33.5 °C
during the first week of May (Fig. 1). The high
light intensity during summer was another factor

that added to the severity of the ensuing coral
bleaching (Brown, 1997; Fitt et al., 2001).
Bleaching was first noted in the Andaman Sea in
Acropora corals at Phi Phi Don Island in the third
week of April 2010 (Fig. 2). By mid-May extensive
coral bleaching had occurred in many reef areas
in the Andaman Sea and many of the bleached
corals started dying in June. Some corals (mostly
Porites lutea, one of the most dominant corals in
Thai waters) started to regain their normal color
in July. The data from Phuket Marine Biological
Center (PMBC) revealed that the damage of corals
due to bleaching varied greatly among localities.
For example, in the northern portion of the
Andaman Sea of Thailand (at Surin and Similan
islands) an average of 75% of living corals died
due to the bleaching, while about 25% mortality
was noted in the southern parts of the Andaman
Sea (Adang-Rawi islands) (Phuket Marine
Biological Center, 2011). In the Gulf of Thailand
the impact also varied. In the upper east part of
the Gulf, around 60-80% of living corals were
impacted, while in the southern part the impact
was much lower (Center of Excellence for
Biodiversity of Peninsular Thailand, Prince of
Songkla University, 2011).
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Figure. 1 Graph indicating anomaly in water temperature during April-June 2010, which resulted in
widespread coral bleaching in Phuket and adjacent areas. (Data from Lalita Putchim, pers. comm.)
                            Threshold temperature for coral bleaching in the Andaman Sea, 30.1 ºC
                             (sensu Brown,1997)

                  A  Bleaching was first observed in Acropora coral in the third week of April 2010.
B Widespread bleaching in many reef areas was observed in mid-May 2010.
C Bleached coral started dying in June 2010.
D More than 50% of living corals died because of bleaching but some of the

                            bleached coral (mostly Porites lutea) started to recover in July 2010.

Figure. 2   First 2010 bleaching in the Andaman Sea was noted in Acropora corals in a reef (A) and
on a coral floating nursery (B) near Phi Phi Don Island. The photos were taken on 22nd April 2010.

RESPONSE PLAN OF THE DEPARTMENT OF
MARINE AND COASTAL RESOURCES
(DMCR) ON CORAL BLEACHING 2010.

In May 2010, a researcher from PMBC
who first observed the bleaching posted the
phenomenon at Phi Phi Don Island on the website,
http://pantip.com/café/blueplanet/topic /E9246200/
E9246200.html. Responses from website users

indicated that severe coral bleaching was also
observed in other areas. Subsequently, 2 meetings
were arranged as informal side events during the
2nd Asia Pacific Coral Reef Symposium (APCRS)
and Thailand Marine Science Congress in Phuket
at the end of June, with participation of researchers
and/or representatives from DMCR, Department
of National Marine Park (DNP) and academic
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institutions. The meetings addressed bleaching and
discussed a direction for closer cooperation among
various agencies. The participants agreed to
standardize their data collection and supply the
collected data using the same template. The data
were then compiled and used for initial assessment
on the extent and impact of current bleaching.
Dissemination of  information was also established
in the form of a diary, entitled “Memo from the
Sea 2011, Bleaching… a whitening threat”, which
was distributed to diving tour operators, media
members, researchers, and the general public, in
order to create public awareness and stimulate all
concerned sectors to take appropriate action
regarding the situation.

In September 2010, the DMCR appointed
a committee in order to seek ways to mitigate the
impacts of coral bleaching, to enhance reef
recovery, as well as to identify and protect the
reefs for resilience to climate change. Comprising
22 people, the committee consisted of executive
officials from the DMCR and the DNP, researchers
from DMCR and 9 universities (i.e.Burapha
University, Chulalongkorn University, Kasetsart
University, King Mongkut’s Institute of Technology
Ladkrabang, Mahidol University, Prince of Songkla
University (Had Yai and Phuket campus),
Ramkamhaeng University, and Rajchabhat Phuket
University), and representatives from international
organizations (e.g. IUCN), NGOs (e.g. Save Our
Sea) and the private sector (e.g. Chevron Thailand
Exploration and Production Co., Ltd.). The
committee was given the remit to suggest research
directions, formulate management and restoration
plans for the reefs affected by the 2010 bleaching,
and provide support for cooperation between
researchers and organizations involved in coral
research and conservation.

As an outcome of the committee meetings,
a position paper (Center of Excellence for
Biodiversity of Peninsular Thailand, Prince of
Songkla University, 2010). was made and
distributed to relevant organizations. The paper
contained a number of key points as the following:

1. A report on the impact of bleaching in
2010 on coral reefs, coastal habitats, and ecological
and socio-economic functions of coral reefs.

2.  Recommendations and guidelines on
how to mitigate the impacts of coral bleaching,

and to enhance reef recovery and resilience to
climate change by:

2.1 Decreasing the impact of tourism
activities on the reefs by establishing  proper zoning
with respect to the levels of use and the types of
diving activity, and creating suitable rules for
different groups of coral reef user (e.g. tourists,
boat operators, local fishermen).

2.2 Creating development and
management plans in order to decrease sediment
run-off. Measures should also be put into place
for controlling coastal development and preventing
soil erosion.

2.3 Prevention and strict enforcement of
illegal fishing in national park boundaries and other
marine protected areas.

2.4 Closing down some coral reef areas
to remove any human activities or usage. It was
noted that some coral reef areas require strict
protection, such as certain areas in national parks
that are heavily visited by tourists.

2.5 Building new or supplemental diving
sites (i.e. artificial reefs) at suitable locations as a
means to reduce the pressure from diving activities
and usage on natural coral reefs.

2.6 Enhancing the resilience of coral reef
ecosystems by supporting research and proper
management (e.g. increasing the effectiveness of
Marine Protected Area management, using  public
participation and modification of laws/regulations
to suit the present situation).

2.7 Establishing a task force to push
forward implementation and evaluation of the coral
reef management plan/policy.

3. Establishment of an urgent policy that
should be implemented within 1-6 months, as
follows:

3.1 Monitoring coral reefs in the areas
which have never been surveyed since 2010
bleaching, particularly in marine national park areas
(i.e. Surin Islands, Similan Islands, Nopparattara
Beach-Phi Phi Islands, Lanta Islands, Chao Mai
Beach, Petra Islands, Tarutao Islands, Chang
Islands and Samet Islands).

3.2 Implementing strict enforcement of
rules and regulations of national park management
plans that are already in place.

3.3 Conducting research to understand the
natural processes of reef recovery, the possible
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obstructions to reef recovery, and mechanisms to
accelerate reef recovery.

3.4 Building knowledge and understanding
of residents, tourists, business operators, and
anyone who benefits from coral reefs in order to
increase awareness of coral bleaching and its
impacts. To achieve this, a public relations
campaign, aimed at encouraging diving business
operators to pursue environmental friendly diving
and increasing public participation in coral reef
conservation, should be created.

4. Identification of obstacles to coral reef
management and conservation in Thailand so that
concerned organizations can take appropriate
action to improve the situation.

5. Identification of reef areas that need to
be managed urgently to minimize the impact of
coral bleaching, particularly for the areas where
jurisdiction exists. Altogether 30 sites within 6
marine national parks were proposed (i.e.
Nopparattara Beach-Phi Phi Islands (5 sites), Surin
Islands (10 sites), Similan Islands (5 sites), Tarutao
Islands (6 sites), Chao Mai Beach (2 sites) and
Petra Islands (2 sites)).

6. Proposing research topics as a guideline
for academic institutes, in particular how to cope
with bleaching in the short, intermediate and long
terms (e.g. the processes and factors that build or
erode reef resilience; recovery of coral reef
ecosystems after bleaching; new research to
explore the development of novel metrics for
monitoring important processes such as rates of
herbivory, coral recruitment and connectivity; the
resilience of coral reefs as linked social-ecological
systems; the human dimension of coral reefs).

DMCR’S ACTIVITIES IN RESPONSE TO
BLEACHING 2010

Since the position paper was distributed
to relevant organizations for consideration and
approval, the DMCR urged the DNP to proclaim
temporal closure of some diving reef sites in marine
national parks. Such a measure was considered
as an effective means to minimize the adverse
impact of bleaching and also to enhance coral
recovery after bleaching. The DNP responded to
the request by closing 15 reef sites in 7 marine
national parks from January 2011. The DMCR also
provided updated information regarding the

bleaching situation to the governors of coastal
provinces so that they could set up some specific
policies for proper management of their reef areas.

The DMCR produced many kinds of
media, such as books, posters, brochures, and
advertising programs for both TV and radio, to
enhance capacity building  and raise awareness
among the public about bleaching facts and related
matters (e.g. what is coral bleaching, how to
minimize its impact on corals, and how to promote
coral recovery, etc.)

The PMBC and three other marine and
coastal research centers under the DMCR are
principal organizations that conducted monitoring
and assessment on the ecological impacts of
bleaching and the recovery of corals after
bleaching, both in the Andaman Sea and the Gulf
of Thailand. Moreover, PMBC is the focal point
for cooperation among coral researchers from
various research centers and academic institutes,
and for the development of coral reef research
program. Recently, a meeting focusing on the reef
resilience concept was held to develop methods
and parameters to be used for the identification of
resilient reefs. Those areas are extremely important
and in need of proper management because of their
potential, at least theoretically, for withstanding the
adverse impact of future bleaching. The DMCR
also facilitated the funding provided by private
sectors to support research activities and
awareness raising campaign on marine
conservation. For example, research on coral
sexual propagation in the Gulf of Thailand which
was launched recently, was supported by Thai Oil
Public Co., Ltd., and a TV documentary on
bleaching was produced with support from
Chevron Thailand Exploration and Production Co.,
Ltd. Chevron also provided funding, via the DMCR
for the post bleaching surveys, being carried out
by various universities.

The DMCR updated a national master plan
on coral reefs and which is now passed on to the
process of ministerial approval before further
implementation throughout the country.

SUMMARY
Although the coral bleaching in 2010

caused widespread damaging impacts to
Thailand’s coral reefs, particularly in the northern
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portion of the Andaman Sea, it served as an
opportunity for binding cooperation among many
organizations from both governmental and private
sectors. The DMCR, as the focal point for
assessment and monitoring of ecological impact

of bleaching on coral reefs and coral recovery,
succeeded in formulating management policy and
strategies that will help concerned agencies to
prepare for mitigating the impacts of coral
bleaching in the future.
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A  NEW  SPECIES  OF  STAGHORN  CORAL,  ACROPORA  SIRIKITIAE  SP. NOV.
(SCLERACTINIA:  ASTROCOENIINA:  ACROPORIDAE)  FROM  WESTERN  THAILAND
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ABSTRACT: A new coral species Acropora sirikitiae sp. nov. is described from western Thailand
(Andaman Sea) and named in honour of Her Majesty Queen Sirikit, Queen Regent of Thailand.
Distinguishing features of the new species include an arborescent growth mode and large radial corallites
that vary in shape from distal to basal locations on branches. Diagnostic characters of the new species
place it within the Acropora divaricata species group but it is the first species of the group to have an
indeterminate growth mode. The species is common on the Andaman Sea reefs extending along Thailand’s
western coastline, from the region of the Adang-Rawi island group in the south to the Surin Islands in
the north. The new species, plus others newly recorded from Thailand during surveys reported in this
paper, bring the number of Acropora and its sister genus Isopora in Thailand to 68.

INTRODUCTION

The genus Acropora (Oken, 1815) is a
diverse and abundant member of coral
assemblages on Thailand’s reefs (Ditlev, 1980;
Phongsuwan, 1994; Sudara & Yeemin, 1997 and
work reported in this paper). This genus has the
greatest species diversity of any reef-building coral
genus worldwide, having around 150 living species,
distributed in the Indo-Pacific and Caribbean region
(Wallace, 1999; Veron, 2000), as well as numerous
fossil species throughout the world (Wallace 2008).
Acropora was revised from Australia in the late
20th century (Wallace, 1978; Veron and Wallace,
1984), these providing the basis for the
interpretation of 23 species from Tarutao National
Park in the Andaman Sea by Phongsuwan (1994).
Acropora kosurini was described from the northern
Andaman Sea in the same year (Wallace, 1994).
At least six new species records for Thailand were
added by a revision of Acropora worldwide by
Wallace (1999): A. glauca, A. hoeksemai, A.
indonesia, A. solitaryensis, A. turaki and A.
brueggemanni (now Isopora). A full survey of
Acropora from the Gulf of Thailand was made by
Chankong (2006). Genus Isopora, comprising at

least five species, has been removed from Acropora
(Wallace et al., 2007), and this decision impacts
two Thailand records of Acropora: I. palifera and
I. brueggemanni.

As well as making a significant
contribution to the biodiversity of Thailand’s reefs,
Acropora provides an indicator of impact of
potential stressors such as tsunami and coral
bleaching due to elevated sea temperatures, as its
species, particularly those living in shallow reef
locations, are often impacted (Sudara and Yeemin,
1997; Brown and Phongsuwan, 1998;
Phongsuwan and Chansang, in this volume).
Efforts to restore or restock species of Acropora
after such events, as well as following more
chronic depletion by anthropogenic influences,
have the potential to become an important part of
the management regime for Thailand’s reefs
(Putchim et al., 2008).

In this paper we describe a new species,
which, although abundant on reefs of the Andaman
Sea, has until now gone without description. It is
our honor to name this species in celebration of
the 80th birthday of Her Majesty Queen Regent
Sirikit. We also update the records of Acropora
from Thailand’s waters, based on a survey of this
genus in the Andaman Sea and Gulf of Thailand.

Key words: Cnidaria, Anthozoa, Andaman Sea, Indian Ocean, coral reefs.
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MATERIALS  AND  METHODS

Specimens described in this paper were
collected during fieldwork conducted by the
authors in 2002 to document the biodiversity of
Acropora throughout Thailand. Thirty-seven sites
were surveyed, 21 in western and 16 in eastern
Thailand. This paper also draws on observations
and collections by the second author on reefs in
the Andaman Sea, Thailand over a 25 year period.

The holotype and 11 paratypes are
deposited in the Worldwide Acropora Collection
at the Museum of Tropical Queensland, Australia
(MTQ), and three paratypes are deposited in the
Phuket Marine Biological Center, Thailand (PMBC).
Specimens were examined by light and electron
microscopy. Types of A. sirikitiae were examined
using a Wild Leitz microscope with eyepiece
graticule and photographed using a Nikon E-30
with a 35 mm macro lens. Scanning Electron
Micrographs (SEM) were taken at the Advanced
Analytical Centre at James Cook University.
Additional information on the new species is
derived from Phongsuwan (1994). Terminology
and measurements used are as described in Wallace
(1978), Veron and Wallace (1984), and Wallace
(1999).

RESULTS  AND  DISCUSSION

A total of 61 species of Acropora were
recorded from Thai waters during the study: all
61 were recorded from Andaman Sea reefs and
33 of these species were also recorded from the
Gulf of Thailand (Appendix 1). The records from
this survey add the following species, not
previously recorded from Thailand: A.
abrolhosensis, A. loisetteae, A. striata and A.
sukarnoi. In addition, two species of genus Isopora,
previously known as Acropora, were recorded
from the Andaman Sea (Appendix 1). With the
addition of the records in the collections of PMBC
and those of Chankong (2006), the total Acropora
and Isopora species recorded from Thai waters
now totals 68 (with a further two species tentatively
identified (“cf”). (Appendix 1).

Amongst the species recorded from the
Andaman Sea was a previously unknown species
of Acropora, which is the new species described

below. This new species was recorded from 12
of 21 Andaman Sea sites, and no specimens were
found in the Gulf of Thailand. It has an arborescent
growth form, that is, branching involves
indeterminate growth, not resulting in a
symmetrical colony or forming a pre-determined
colony shape. Because this form is seen in several
common Acropora species and it is common for
several arborescent species to co-occur in suitable
environments (see Wallace, 1999), it is possible
that the species was previously confused with
known species in field studies.  This arborescent
species has distinctive corallites and skeletal
microstructure that align it with members of the
A. divaricata group. Other members of this group
are A. clathrata, A. kosurini, A. solitaryensis and
A. hoeksemi as well as A. divaricata, all of which
occur in the Andaman Sea. All these species have
a determinate growth mode, by which the colony
grows to a more or less symmetrical shape
(Wallace, 1999, p.149). A. sirikitiae sp. nov. thus
introduces a novel characteristic to the species
group, having indeterminate growth.

A. sirikitiae sp. nov. has recently been
observed as one of the many Acropora species
impacted by the 2004 Tsunami (Fig. 2c, E. Turak
pers. comm.) and by a high temperature coral
bleaching event in 2010 which affected the
Andaman Sea and many other locations in the
Indian Ocean (Environmental News Service,
2010; Phongsuwan and Chansang, in this volume).
Acropora species are often the dominant corals in
reef environments (Wallace, 1999) and are
vulnerable to such environmental impacts (e.g.
Carpenter et al., 2008. A. sirikitiae sp. nov. may
be particularly vulnerable to extinction given its
restricted geographic distribution, which presently
appears to be western Thailand.  Mitigating human-
induced environmental impacts will help to reduce
such risks and ensure the future of Thailand’s rich
coral reefs.

SYSTEMATICS

Family Acroporidae Verrill, 1901
Genus Acropora Oken, 1815

Acroporidae that are ramose, rarely
massive or encrusting, branching with a single the
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axial corallite that forms axis of  a branch and
opens at its tip; more numerous radial corallites
budded from the branch tip; radial corallites
connected by light, reticulate, spinose, costate or
pseudocostate coenosteum which is also the wall
of the axial corallite; columella and dissepiments
absent.
Occurrence.—Paleocene to Recent.

The Acropora divaricata group
Radial corallites open nariform with

thickened outer walls and wide open, round,
oblique or dimidiate openings (sometimes all within
a colony), evenly sized or in mixed sizes;
coenosteum throughout reticulate with forked or
simple spinules (from Wallace, 1999). Species in
this group occur exclusively or mostly subtidally.

Acropora sirikitiae sp. nov.
Figures 1, 2

Material examined: Holotype. MTQ: G55364
Thailand,  Huyong Is. (Similan No. 1), 7°29' N
97°39' E, depth 5 m, coll. C.C. Wallace and P.
Muir, date 27.ii.2002.
Paratypes. MTQ: G55352 Thailand, Tachai Is.
9°3.5' N 97°49.2' E, depth 10 m, coll. C.C. Wallace
and P. Muir, date 1.iii.2002; G55353 Thailand,
Racha Yai Is., North Bay 7° 36' N 98°22' E, depth
11 m, coll. C.C. Wallace and P. Muir, date
22.ii.2002; G55357 Thailand, Hae Is., 7°44.7' N
98°22.8' E, depth 5 m, coll. C.C. Wallace and P.
Muir, date 23.ii.2002; G55362 Thailand, Huyong
Is. (Similan No. 1), 7°29' N 97°39' E, depth 12
m, coll. C.C. Wallace and P. Muir, date 27.ii.2002;
G55382 Thailand, South Surin Is., 9°24.3' N
97°52.8' E, depth 8 m, coll. C.C. Wallace and P.
Muir, date 2.iii.2002; G55389 Thailand, North
Surin Is. 9°28.4' N 97°51.9' E, depth 8 m, coll.
C.C. Wallace and P. Muir, date 3.iii.2002; G55392
Thailand, South Surin Is., Mai-ngam Bay, 9°27.8'
N 97°51.2' E, depth 14 m, coll. C.C. Wallace and
P. Muir, date 3.iii.2002; G55393, Thailand,  South
Surin Is., Mai-ngam Bay, 9°27.8' N 97°51.2' E,
depth 14 m, coll. C.C. Wallace and P. Muir, date
3.iii.2002; G59316 Thailand, South Surin Is., Pac
Kard Bay, 9°22.6' N 97°52.6' E, depth 11 m, coll.
C.C. Wallace and P. Muir, date 3.iii.2002; G55394
Thailand, South Surin Is., Pac Kard Bay, 9°22.6'

N 97°52.6' E, depth 11 m, coll. C.C. Wallace and
P. Muir, date 3.iii.2002; G63005 Thailand, North
Surin Is. 9°28.4' N 97°51.9' E, depth 8 m, coll.
C.C. Wallace and P. Muir, date 3.iii.2002.
PMBC: “PMBC26816” Thailand Racha Yai Is.,
North Bay 7° 36' N 98°22' E, depth 11 m, coll.
C.C. Wallace and P. Muir, date 22.ii.2002;
“PMBC26817” Thailand, South Surin Is., Mai-
ngam Bay, 9°27.8' N 97°51.2' E, depth 6 m, coll.
C.C. Wallace and P. Muir, date 3.iii.2002;
“PMBC26818”  Thailand, Tachai Is. 9°3.5' N
97°49.2' E, depth 14 m, coll. C.C. Wallace and P.
Muir, date 1.iii.2002.

Description: Skeletal characteristics of holotype

Corallum. Portion of an open arborescent colony:
greatest length of specimen 245 mm, greatest width
195 mm. Branching primary only; maximum
branch diameter 18 mm; maximum branch length
without further branching 75 mm; branches taper
towards tips and curve in various directions;
branches round in cross-section, with a flattened
base.

Corallites. Axial corallites exsert up to 2.5 mm;
outer diameter 2.20 – 2.55 mm, inner diameter
1.03 – 1.14 mm. Calices round, primary septa
present up to 1/3 R, directives just discernable,
some to all secondary septa present, to less than
1/4 R. Radial corallites towards branch tips: tubular,
emerging at angle from the branch and mostly not
touching; towards middle area of branch tubular,
appressed; at base of branches: tubular appressed
and laterally flattened; openings rounded to oval;
primary septa present up to 1/2R, some to all
secondary septa present, to less than 1/4R. Some
radial corallites face downwards on the branch;
others have a second smaller radial emerging from
their outer wall.

Coenosteum. On radial corallites: dense
arrangement of simple to forked spinules, mostly
in rows; between radials, dense arrangement of
simple to forked spinules, with more dense
arrangement and some anatomosing, especially
towards basal areas.
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Figure 1. Acropora sirikitiae sp. nov. A Holotype MTQ G55364 from Similan Is., whole specimen; B
close-up of branch tip of holotype; C electron micrograph of holotype showing coenosteum between
radial corallites; D electron micrograph of branch tip of holotype showing axial and radial corallites  E
Paratype G55393 from South Surin Is. whole specimen; F Holotype G55364 close-up of basal area of
branch, showing slightly flattened, appressed radial corallites. Scale Bars: A, E 5cm; B, F 1cm; C
100µm; D 1mm;
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Figure 2. Acropora sirikitiae sp. nov. in situ: A Paratype MTQ G55393 showing arborescent formation;
B Paratype MTQ G55392, showing cascading   arborescent formation; C Partially bleached colony
east Ko Chi Is., NW Thailand (9°28.499N, 97°54.386E), four months after the 2004 Tsunami.



Phuket  mar.  biol. Cent. Res. Bull.
122

Diagnosis (based on characters of holotype and
variation seen in paratypes):

Branching arborescent; branch diameter 12-18
mm; branch length variable up to 75 mm; branches
round in cross-section, tapering towards tips; some
curving or sinuous. Axial corallites outer diameter
1.45-2.55 mm; inner diameter 0.61-1.14 mm;
primary septa all or most present to ½ R; secondary
septa some to all present to 1/4R. Radial corallites
mostly all of similar size, about 50% touching;
tubular, with round to oval opening, exert near
branch tips, becoming appressed and then flattened
towards base of branch. Coenosteum: dense
arrangement of simple to forked spinules, mostly
in rows on radial corallites; similar coenosteum
between radials, with more dense arrangement of
spinules and spinules sometime laterally flattened,
and some anastomosing, especially towards basal
areas.

Variations: Some colonies or parts of colonies
have branches considerably finer than those of the
holotype, and coenosteum may be less calcified,
with spinules less densely arranged. On these and
some other specimens, and even parts of
specimens, the second cycle of septa may be
reduced to not visible: an example is given in the
paratype illustrated in Fig. 1 E and F.

Field appearance: Colony arborescent, extending
up to three or more metres in diameter, branch
thickness variable, branches sometimes sinuous;
colony sometimes appears to cascade down a reef
slope. Colour most commonly cream, yellow,
yellow-brown or brown (Fig. 2).

Habitat: Found subtidally on reef slopes and shoals
or rocky reefs. Often locally abundant and
occurring with other arborescent Acropora species.

Etymology: This species is named to honour the
80th year of Her Majesty Queen Regent of
Thailand, Somdetch Phra Nang Chao Sirikit Phra
Baromma Rajini Nath, who has supported
biodiversity and conservation of Thailand’s reef
and improved the lives of poor fishermen of
Thailand by her restoration project providing
artificial reefs in Thai waters.
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Appendix 1 Species of Acropora and Isopora recorded from Thai waters. X = recorded by this study
(MTQ collection); P = recorded in PMBC collection; C = recorded by Chankong (2006)

Species Andaman Sea Gulf of Thailand

A.abrolhosensis X P
A.abrotanoides X P
A.aculeus X P X C
A.acuminata X P X
A.anthocercis X P
A.aspera X P X
A.austera X P X
A.carduus X P
A.cerealis X P C
A.clathrata X P
A. cf. copiosa C
A.cytherea X P C
A.dendrum X P X C
A.digitifera X P X C
A.divaricata X P X C
A.donei X P
A.echinata X P
A.elseyi X P X
A.exquisita C
A.florida X P X C
A.gemmifera P C
A.glauca X P X
A.grandis X P X C
A.granulosa X P
A.hoeksemai X P
A.horrida X P
A.humilis X P C
A.hyacinthus X P X C
A.indonesia X P X
A.intermedia X P X C
A.kosurini X P
A.latistella X P C
A.listeri X P
A.loisetteae X P
A.longicyathus X P C
A.loripes X P X
A.lovelli P C
A.lutkeni X P X
A.microclados X P
A.microphthalma X P X C
A.millepora X P X C
A.monticulosa X P
A.muricata X P X C
A.nasuta X P X C
A.nana P C
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Appendix 1 (Continued).

Species Andaman Sea Gulf of Thailand

A.palmerae X P
A.polystoma X P X
A. cf. prostrata C
A.pulchra X P
A.robusta X P X C
A.rudis X P
A.sarmentosa C
A.samoensis X P X C
A.secale X P X C
A.selago X P C
A.sirikitiae sp. nov. X P
A.solitaryensis X P X C
A.spicifera X P X
A.striata X P
A.subglabra X P X
A.subulata X P X C
A.sukarnoi X P
A.tenuis X P X C
A.turaki X P
A.valenciennesi X P X C
A.valida X P X C
A.vaughani X P
A.verweyi X P X C
I.brueggemanni X P
I.palifera X P

TOTAL 66 45

TOTAL THAILAND(excluding “cf.”)                              68
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