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REPEATED CORAL BLEACHING IN THE ANDAMAN SEA, THAILAND,
DURING THE LAST TWO DECADES
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ABSTRACT: Widespread coral bleaching on the Andaman Sea coast of Thailand was first
documented in 1991, and has subsequently recurred in 1995, 1998, 2003 and 2010. Since 1990,
permanent transects at sites throughout the Andaman Sea have been used to monitor changes in
coral cover and species. In this paper, data from 12 sites in three groups of reefs in different
geographical locations is presented; Phuket Island and Phiphi Island (both near-shore reefs) and
Surin Island (offshore reefs). Based on this data, the bleaching events can be grouped into mild
(1998), moderate (1991, 1995, 2003), and severe (2010). In each case, bleaching occurred in
May when sea surface temperatures (SST) reached their annual maximum and exceeded 30.4
o
C. The occurrences of mild and moderate bleaching have resulted in fluctuations in both live
coral cover and species diversity, together with changes in dominant species at certain sites. In
2010, severe bleaching drastically reduced both live coral cover and species diversity at all sites
with the exception of Ao Patong and Racha-E (Phuket Island group). Since then, there has been
some recovery of certain species, together with recruitment of Acropora spp. and some other
genera. The severity of the 2010 bleaching, in terms of its effects on coral reefs, appears to be
equivalent to the 1998 bleaching in the western and central Indian Ocean.
Certain species were highly susceptible to bleaching (Acropora spp., Lobophyllia hemprichii,
Merulina ampliata, Hydnophora rigida, Porites lutea, P. rus, P. nigrescens, P. stephensoni,
Pectinia spp., Pavona clavus, P. varians, Fungia spp., Montipora aequituberculata, M.
crassituberculata), whilst a few species (Diploastrea heliopora, Heliopora coerulea, Pavona
decussata) showed resistance. There was also variation in bleaching susceptibility within species
at different study sites during different years. Additionally, reefs along the Andaman Sea coast of
Thailand are subject to pronounced cool water upwelling in some years, particularly at offshore
locations; as a consequence, the timing of bleaching on the Andaman Sea reefs is not uniform.
Key questions now centre on how frequent and severe such widespread bleaching will be
in the future and whether the Andaman Sea reefs possess the resilience to survive more frequent
and extreme events.
INTRODUCTION
Coral bleaching is a phenomenon in which
symbiotic zooxanthellae (and/or their pigments) are
lost from coral host tissue (e.g. Hoegh-Guldberg
& Smith 1988, 1989; Glynn et al., 1993; Brown
et al., 1995; Baker et al., 2008). Several factors
have been shown to contribute to coral bleaching,
including elevated sea temperature, excess shade,
disease, increased light, sedimentation, pollution,
and changes in salinity (Brown and Ogden, 1993).
In a recent review Baker et al., (2008) highlighted
the high variability in interspecific bleaching

susceptibility, coral mortality, and also reef
recovery in studies selected from around the world.
Over the last two decades, mass coral bleaching
events have been frequently reported, being
primarily attributed to elevated sea temperature and
solar radiation (e.g. Hoegh-Guldberg and Salvat,
1995; Hoegh-Guldberg, 1999; Baker et al., 2008;
Brown and Dunne, 2008). Such events raise
concerns about the future of reefs especially after
the global bleaching event of 1998. Following the
latter Hoegh-Guldberg (1999) predicted that for
many reefs, including those around Phuket,
widespread bleaching could become an annual
event in future years.
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In Thai waters, extensive bleaching was reported
for the first time from Phuket Island in1991
(Tudhope et al., 1991; Satapoomin, 1993). A
second bleaching event on reefs at Phuket Island
was reported in 1995 (Brown et al., 1996).The
current report documents repeated coral bleaching
in Thai waters of the Andaman Sea over the last
two decades. These bleaching events occurred in
1991, 1995, 1998, 2003, 2005, 2007 and 2010
with different degrees of intensity. This study
discusses 1) the extent of bleaching, 2) affected
coral species and their sensitivity, 3) resultant
mortality following bleaching and 4) the extent of
reef recovery.
MATERIALS AND METHODS
Study sites
Reefs of the Andaman Sea in Thai waters
have been mapped and studied in detail, especially
reefs around Phuket (Chansang et al., 1985;
Chansang et al., 1999). Three reef groups from
different geographical locations, where permanent
monitoring stations had been established, were
selected to reflect changing coral reef conditions
following bleaching events. These are the Phuket
Island group, the Phiphi Island group and the Surin
Island group (see Fig.1). In the Phuket Island
group, there are 5 study sites, namely Hae-N
(98.3757o E, 7.7471o N) , Aeo-NW (98.4008o E,
7.7656o N), Lone-E (98.3901o E, 7.7818o N), Ao
Patong (98.2665o E, 7.9237o N), and Racha-E
(98.3782o E, 7.6083o N). The first 4 sites are
located close to the mainland and thus receive
substantial sedimentation, with underwater
visibility around 5-15 m. These reefs are typically
shallow, with a depth range of 5-12 m. Racha Island
is located further offshore in deeper water, close
to the continental shelf. Consequently there is less
influence from the mainland, with water visibility
is at around 15-20 m. The reefs at Racha Island
extend to a depth of about 15-20 m. The second
area, the Phiphi Island group, is located in the outer
part of Phang-nga Bay, approximately 30 km from
the mainland. Although the Phi Phi Islands are
limestone karst islands, the physical environment
and reef structure are generally similar to the

shallow reefs of the Phuket area but with less
terrestrial runoff. Thus, these sites have better
underwater visibility and the reefs can extend to
depths of 15-20 m. There are 3 study sites in the
Phiphi Island group, namely Ao Tonsai (98.7699o
E, 7.7234 o N), Ao Yongkasem (98.7627 o E,
7.7443o N) and Ao Lolana (98.7634o E, 7.7661o
N). The Surin Island group is located in an offshore area close to the border with Myanmar at
the edge of the continental shelf. Here the reefs
extend to greater depths, with a maximum depth
of 30 m, in clear waters with a visibility of about
22-28 m. There are 4 study sites at this location,
namely Ao Mayai (97.8977o E, 9.4246o N), Park
Front (97.8750o E, 9.4139o N), Ao Tao (97.8812o
E, 9.3922o N) and Ao Mai-ngam (97.8579o E,
9.4393o N). The location of all study sites is shown
in Figure 1.
Monitoring methods
Permanent transect sites for reef
monitoring throughout the Andaman Sea have been
set up since 1980 (Chansang, 1984), with a change
of monitoring methods being implemented during
the ASEAN-Australia Cooperative Programme on
Marine Science (Chansang et al., 1989). The 100
m line intercept method (Dartnall and Jones, 1986)
was employed to assess the status of coral
communities at each study site, particularly on the
reef edge or upper reef slope within a depth range
of approximately 1-5 m (at Lowest Low Water
[LLW]). The tidal range in the study area is about
3 m during spring tides. A slight adaptation of the
monitoring method was made in order to improve
data collection as described in Phongsuwan and
Chansang (1992). The absolute length of living
coral species and other categories (such as sponge,
sea anemone, macroalgae, etc.) which intersected
or underlaid the measuring tape was recorded.
Corals intercepted by the transect line were
measured and identified to species (or at least
genus) and their appearance was recorded into 4
categories: (1) normally coloured live corals; (2)
completely bleached (white or very pale
luminescent colour) live corals; (3) partly bleached
(partly white on colony or slightly pale) live corals,
and (4) dead colonies due to bleaching (inferred
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from standing dead colony which had a white
skeleton, sometimes slightly covered by
filamentous algae). Percentage cover of coral
species and other categories were calculated
relative to the 100 m long transect. All transect
lines were marked permanently with iron rods for
long-term repeated monitoring. Sea surface
temperature (SST) was recorded using
temperature data loggers – initially using a Hugrun
Seamon-mini (precision thermistor; resolution

0.025oC, accuracy better than ± 0.05 oC) but later
in 2010 by the HOBO Pendant Temperature/Light
Data Logger Onset Corporation; resolution 0.1oC,
accuracy ± 0.54 oC). The SST data loggers were
installed at approximately 5 m depth on the
southeast part of Phuket Island and at about 10 m
depth on the east coast of Surin Island. The
frequency of data logging was every hour.

Figure 1. Map showing the study sites at 3 geographical locations: Phuket island group, Phiphi Island
group and Surin island group.
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RESULTS
Occurrence of coral bleaching events and likely
causes
Extensive coral bleaching was recorded
in 1991, 1995, 1998, 2003 and 2010 with different
levels of bleaching intensity depending on the year
in question; mild (1998), moderate (1991, 1995,
2003), and severe (2010). In 2005 and 2007 coral
bleaching was noted but they were mild events
and geographically restricted. Detailed data for
bleached corals in the near-shore areas were
available from 7 sites, Hae-N, Aeo-NW, Lone-E,
Racha-E, Ao Tonsai, Ao Yongkasem and Ao Lolana.
Observations on damage and recovery from
bleaching in 1991, 1995 and 1998 at Surin Island
sites were inferred from data collected in the years
before and after bleaching events, while in 2010
pre-bleaching data were collected a few weeks
before bleaching, and post-bleaching data were
collected at the end of 2010.
Sea surface temperature of near-shore islands
SST from the Phuket Island station
(southeast part of Phuket Island), located at the
pier of the Phuket Marine Biological Center, has
been recorded during 1991 – 1995, 1997 -1998
and in 2010, and is used here to reflect SST of the
nearshore environment. At the time of peak annual
SST (April/May), the monthly mean SST in
bleaching years for which there is a record (1991,
1995, 1998 and 2010) was higher in each case
than the average SST of non-bleaching years (1992,
1993, 1994, and 1997; maximum at 30.34oC in
May) (Fig. 2). In the bleaching years, the monthly
mean SST reached a peak of 31.0oC (in April),
31.02oC (in May), 31.01oC (in May), and 31.74 oC
(in May) in 1991, 1995, 1998 and 2010
respectively. Bleaching in 2010 was the most
extensive event ever recorded in the Andaman Sea.
The sea surface temperature around the reefs was
higher than 30.0oC continuously from the end of
March until the end of June and gradually dropped
to 29.0oC at the end of July (Fig. 2).
Using the available SST data for the
bleaching years 1995, 1998 and 2010, the years

were ranked according to the number of days in
which mean daily SST exceeded 30.34oC and on
the highest monthly mean SST during the year
(Table 1). In 2010 when bleaching was most
severe, there were 95 days >30.34oC; followed
by 65 days in 1995 (moderate bleaching) and 55
days in 1998 (mild bleaching).
Sea surface temperature of offshore islands
SST data from the data logger installed
on the reef on the east coast of Surin Island are
available for 1998 (no data from January to
March), 2004 (non-bleaching year) and 2010. The
monthly mean SST reached a maximum value in
the dry season of 29.83oC in May 1998, 30.06oC
in April 2004 and 31.24oC in May 2010 (Fig. 3).
In contrast to reefs in the western Indian
Ocean, bleaching in 1998 was more random and
of lower intensity by comparison to other years.
It occurred on shallow near-shore sites and on
some shallow reefs at off-shore sites. The deep
off-shore sites close to the continental shelf, e.g.
Surin Island, were not affected. At these locations
sea surface temperatures from the end of 1997 to
early 1998 appeared from dive records and the
Seamon-mini data logger to be highly variable and
lower than usual due to strong upwelling in the
Andaman Sea during the Indian Ocean Dipole
(IOD) in 1997/1998 (Webster et al., 1999) (Fig.
4).
Intensity of bleaching damage in the Phuket
Island and Phi Phi Islands Groups
In 1991 the percentage of bleached corals
(partially bleached and completely bleached, relative
to total live cover before bleaching) from 3 sites
(Hae-N, Lone-E and Racha-E) varied between 22–
51%. In 1995 bleaching was 37-77% from 5 sites
(Hae-N, Aeo-NW, Ao Tonsai, Ao Yongkasem, Ao
Lolana), whilst in 1998 data was only available at
Hae-N where bleaching was 25%. In 2003 at 3
sites (Hae-N, Ao Tonsai, Ao Yongkasem) bleaching
varied 43–88% and in 2010 at four sites (Hae-N,
Lone-E, Aeo-NW, Racha-E) 84–99%. Although
there was slight variation in bleaching intensity
between sites in 1991, 1995, 1998, and 2003, the
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Figure 2. Monthly mean SST recorded in the Phuket area (~5m depth) in selected years between
1991-2010. The average monthly SST of the non-bleaching years (1992-1994 and 1997) is also
shown.
1991;
1995;
1998;
2010;
x
average for nonbleaching years

Figure 3. Comparison of temperatures at ~10m depth on the reef on the east coast of Surin Island
); 2004 (non-bleaching year) (
); and 2010 (
).
in 1998 (
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Figure 4. Sea temperatures on the upper reef slope at ~10m depth at Surin Island during April-July
1998
bleaching severity was similar across all study sites
in 2010. However, it should be noted that there is
no bleaching data available for sites at Patong.
Because it was not possible to monitor all
sites in every bleaching year, the data from HaeN, the most frequently monitored site, was used
for inter-year comparisons. The least bleaching
occurred in 1998, followed by 1995, 1991 and
then 2003, whilst in 2010 bleaching was the most
severe. (Fig. 5).
Bleaching susceptibility of coral species
To assess the susceptibility of corals to
bleaching, the ratio of bleached (partially and
completely bleached) to unbleached coral cover
for each species was used. Combining the results
from all transects over all bleaching year, (involving
a total of 47 coral species), it was clear that
Acropora spp., Lobophyllia hemprichii, Merulina
ampliata, Hydnophora rigida, Porites lutea,
Porites rus, Porites nigrescens, Porites
stephensoni, Pectinia spp., Pavona clavus, Fungia
spp., Montipora aequituberculata, M.
crassituberculata and Pavona varians were all
sensitive species, although some were clearly more
sensitive than others e.g. Acropora spp. > Porites
spp.
There was variation in bleaching
susceptibility of the same species at different study
sites and in different years which may be due to
variation in environmental parameters such as
SST, turbidity, wave intensity, current flow and
temperature tolerance within species. To remove

some of the between-site variability only results
from the most frequently monitored site at Hae-N
were analysed for 5 dominant species: P. lutea,
Acropora spp. Montipora aequituberculata,
Merulina ampliata, Lobophyllia hemprichii (Table
2). The bleaching susceptibility of P. lutea was
generally similar in 1991, 1995 and 2003 (moderate
bleaching years), lower in 1998 (mild bleaching)
and very high in 2010 (severe bleaching). For
Acropora spp. susceptibility was greatest in 2010,
high in 1991, and low in 1998 and 2003.
Combining transect data with observations
of corals outside permanent transects at all study
sites, it was clear that almost no colonies of
Diploastrea heliopora, Heliopora coerulea and
Pavona decussata bleached, with the exception
of 2010 when some Diploastrea heliopora were
partially bleached. However these three species are
not dominant species at most sites except at Ao
Patong and Racha-E.
Changes in coral cover over the last two
decades (1990-2010)
Long-term monitoring of permanent
transects at different reef sites since 1991 shows
considerable variability in percentage live coral
cover over time (Figs. 6 A, B, C). Between
1990-2010 the major disturbances were the
anomalous SST events which led to coral bleaching
(indicated by arrows on Figures). Another potential
significant environmental factor was the Sumatran
tsunami in December 2004, however, this caused
no damage to any of the permanently marked
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transect sites. Additionally, human disturbance in
the form of recreational use of the reefs at some
particular locations has been steadily increasing
since the early 1990s whereas commercial fishing
on reefs with destructive gears has declined
significantly. These factors imply that bleaching
has been the main cause of coral mortality during
this period. Variations in bleaching mortality may
be due to local environmental variability as well as
sensitivity of different dominant coral species at
each site. For the 1991 bleaching event, data is
available for temporal comparison only for the
inshore Phuket area. The reduction in live coral
cover ranged from 5.6-19.2 % at Hae-N, Lone-E,
and Aeo-NW, but there was no change in live cover
at Racha-E. In 1995, live coral cover decreases
ranged from 3.7-12.8% at Hae-N and Aeo-NW,
and 2.5-5% at Ao Tonsai and Ao Yongkasem, with
no change in cover at Ao Lolana. At Hae-N live
coral cover decreased by 5.1% in 1998 but showed
no change in 2003. In 2010, the decreases in live
coral cover at the Phuket Island sites were 12.949.2%; whilst at all Phi Phi Island sites decreases
in coral cover were 9.9-57.9% and at Surin Island
sites 37.4-74.0%. It seems that the bleaching
events have not drastically affected live coral cover
of reefs in general over the last two decades, with
the exception of the most severe event in 2010.
For Surin Island sites, there was no detailed
data available during the bleaching in 1991, 1995,
1998 and 2003. As a result a comparison of data
collected in 1990 and 1993 was made to indirectly
assess the impact of the 1991 bleaching event,
data collected in 1993 and 1998 were used to
assess the 1995 bleaching, and data collected in
1998 (before the bleaching season) and 1999/2000
were used to assess the effects of the 1998
bleaching. Fig. 6-c shows changes in live cover
from 1990 to 2010 for the reefs of Surin Island.
All sites showed a high bleaching impact in 2010.
In 1991 and 1995 impacts were restricted to one
site at Park Front, and there were no impacts at
any site in the vicinity of Surin Islands in 1998.

Mortality of bleached corals was calculated from
the decrease in live coral cover consequent on
bleaching. This figure was then converted into
percentage mortality relative to the total bleached
coral cover. Only results from Phuket Island and
Phi Phi Island groups are available (Table 3). The
values vary widely, both temporally and spatially,
ranging from 0 to 99%. Mortalities in 1991, 1995,
1998 and 2003 were moderate, with mortality
between 0 and 66.7% (mean percentage mortality
= 24.5%), whereas mortality in 2010 ranged from
between 44.2% and 99.0% (mean = 68.3%).
The coral communities at many of the
study sites have altered over time, with some
showing considerable change in species
composition.
A total of 47 species were recorded on
transects from all sites. Table 4 lists 38 species
which were represented by 5 or more colonies
per transect, together with an estimate of their
percentage mortality in each bleaching event.
Mortality is assessed at different levels,. level 1
(1-24%), level 2 (25-49%), level 3 (50-74%) and
level 4 (75-100%). Most coral species on
permanent transects survived the bleaching and
showed mortality levels 1-2 during the moderate
and mild bleaching years of 1991, 1995, 1998 and
2003, with the exception of Montipora spp.
(encrusted form) at Lone-E in 1991 and Hae-N in
1995 which had a very high mortality (level 4)
which was also reflected in Table 3.
For the 2010 bleaching event, most
species showed very high mortality (level 4) with
some exceptions. Generally P. lutea showed
mortality level 2. Fungia echinata and F. repanda
exhibited low mortality and Diploastrea heliopora,
Pavona explanulata and Goniopora fruticosa
showed no mortality. Leptastrea sp. showed a
highly variable mortality ranging from zero to level
3.

Mortality of bleached corals

The coral communities at many of the
study sites have changed over time, with some
showing considerable change in species
composition. Selected examples include marked
changes in species composition in the dominant

Bleached corals may die if they are unable
to tolerate the high temperature stress or can
recover when SST subsequently decreases.

Change of coral species composition during the
last two decades.
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Figure 5. Percentage cover of normally coloured, partially and completely bleached coral (relative
to total live coral cover prior to bleaching) at 7 sites from near shore sites (Phuket Island and Phi
Phi Island).
completely bleached;
partially bleached;
normally coloured.
Table 1. Showing number of days that SST was over 30.34 oC and the monthly maximum SST in each
bleaching event (note: no data available from January to March 1991, and in 2003).
Bleaching event

Number of days
Monthly Maximum SST
that SST was over 30.34o c

1995
1998
2010

65 days
55 days
95 days

31.02o c (in May)
31.01o c (in May)
31.74o c (in May)

Table 2. The ratios of the percentage cover of bleached to non-bleached colonies of dominant coral
species at Hae-N. * represents all colonies bleached..
species

1991

1995

1998

2003

2010

Porites lutea
Acropora spp.
Montipora aequituberculata
Merulina ampliata
Lobophyllia hemprichii

0.28
1.88
0.14
*
*

0.22
1.15
0.29
*
38.50

0.05
0.52
0.02
0.02
133.80

0.27
0.42
0.11
8.57
*

22.43
*
7.93
*
*

Table 3. Percentage mortality of bleached corals (relative to total cover of bleached coral at each site)
at the near-shore study sites. (-) represents no data available.
sites

1991

1995

1998

2003

Hae-N
Lone-E
Racha-E
Aeo-NW
Ao Tonsai
Ao Yongkasem
Ao Lolana

14.5
66.7
4.1
-

42.1
8.5
12.4
15.7
0

50.9
-

0
8.2
0
-

2010
64.5
99.0
44.2
46.3
94.9
62.0
-
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Figure 6. Percentage cover of live coral (%LC) over time A) Phuket Island group B) Phi Phi Island
group C) Surin Island group. Bleaching events are shown by white arrows.
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Figure 6. (continued)
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species (Porites lutea, P. rus and Acropora spp.),
and the persistence and increase in live cover of
bleaching tolerant species, e.g.. Diploastrea
heliopora and Heliopora coerulea (Fig. 7-A and
B). The cover of Porites lutea, which is the major
reef building coral in the Andaman Sea
(Phongsuwan and Chansang, 1992), fluctuated
over time but seems likely to survive the 2010
bleaching (Fig. 7-B-D-E). Acropora spp. another
major reef builder, recovered well after earlier
disturbances but cover was severely reduced in
the 2010 bleaching (e.g. at Ao Yongkasem Fig.7B). At many sites P. rus replaced Acropora spp.
following an outbreak of Acanthaster planci but
subsequently increased despite moderate bleaching
events. Acropora spp. cover at Ao Mai-ngam (Fig.
7-D) and Ao Tao (Fig. 7-E) fluctuated over time,
but this genus finally disappeared after the 2010
bleaching. At the Park Front site in the Surin
Islands, mortality of Acropora spp. was very high
during the 1991 bleaching, with Porites rus
gradually replacing the Acropora community over
time (Fig. 7-C). At the same site, P. rus was
drastically depleted following the 2010 bleaching.
At Ao Tao, the cover of P. rus increased in earlier
years (Fig. 7-D), but was then severely reduced
following the 2010 bleaching. At Ao Patong,
Diploastrea heliopora cover was stable (Fig. 6A), whilst Heliopora coerulea fluctuated over time
but survived the 2010 bleaching (albeit with
reduced cover). At Ao Yongkasem, D. heliopora
cover increased slightly over time (Fig. 7-B).
Changes in coral species at permanent
transect sites
For both near-shore reefs (Phuket and Phi
Phi Island groups) and off-shore reefs (Surin Island
group), the number of coral species on permanent
transects varied considerably prior to the 2010
bleaching when there was then a marked reduction
(Fig. 8). For example, at Ao Patong in 1990 there
were 28 species but by 2004 this had almost
doubled to 53. These marked fluctuations were
generally due to changes in non-dominant species,
with acroporids being responsible for large changes
in species numbers at some sites, e.g. at Ao Tao
where acroporids increased from 9 species in 1998

to 18 species by 2006. After the 2010 bleaching
event the number of species per transect decreased
by an average of 43.7% (range 16.7-60%) at all
sites except Ao Patong. The die back of bleaching
susceptible Acropora spp. in 2010 resulted in a
particularly marked reduction in species numbers
at Ao Yongkasem and Ao Mai-ngam, whilst at Ao
Patong, where there are strong currents and the
dominant species are less susceptible to bleaching,
the reduction in numbers was small. Reefs of the
Surin Islands were uniformly affected by the 2010
bleaching both in reductions of live coral cover
and number of species.
DISCUSSION
Environmental drivers of bleaching in the
Andaman Sea
The first observations of widespread coral
bleaching in the Andaman Sea date from 1991. In
comparison, widespread and severe bleaching had
already occurred several years earlier in the IndoPacific, notably during the 1988 El Nino, when
reefs in the western Indo-Pacific and particularly
in Indonesia (Brown and Suharsono, 1990)
bleached.
Both increased SST and solar radiation are
known to be the principal drivers of widespread
bleaching (Brown, 1997; Coles and Jokiel, 1978;
Fitt, et al., 2001). In the Andaman Sea, the months
of March and April, at the end of the dry Northeast
Monsoon, are characterized by high air
temperatures, clear skies and low wind speeds.
SST increases from December onwards each year,
reaching a maximum in May (Fig. 2), when any
bleaching generally occurs. May also usually marks
the change to the Southwest Monsoon (rainy
season), when air temperatures start to fall and
the skies become cloudy, and the combined
pressures of SST and solar radiation start to
decline.
Brown et al. (1996) have proposed a SST
‘bleaching threshold’ of 30.11oC (monthly mean)
for the offshore waters around Phuket, which is
equivalent to 30.41 oC at our inshore stations
(Dunne, pers com). Our temperature data from a
near-shore reef at Phuket during the 1990s,
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Figure 7. Changing community structure at selected sites showing percentage cover of key species
(P. lutea
; P. rus
; Acropora spp.
; Diploastrea heliopora
; Heliopora coerulea
)
over time and through bleaching events which are indicated by white arrows. A) Ao Patong B) Ao
Yongkasem C) Park Front D) Ao Tao and E) Ao Mai-gnam
demonstrate that the average annual maximum SST
was 30.34oC in May for the non-bleaching years
(Fig. 2). In each of the bleaching years, SST
exceeded 30.41oC during this month suggesting
that this might be a threshold of inshore SST for
bleaching to occur in this part of the Andaman
Sea. Furthermore, the intensity of bleaching for
the years 1995, 1998 and 2010 for which a full
temperature record exists also appears to be related
to both the maximum monthly mean SST and the
number of days that the temperature exceeded
30.34oC (Table 1).
Brown et al. (1996) and more recently
Tanzil et al. (2009) have also reported a long-term
decadal increase of ~ 0.126 oC in SST in the
Andaman Sea at Phuket. What effect this may have

on the bleaching thresholds reported here is not
yet clear, since the bleaching intensity/ temperature
relationship over the last two decades appears as
yet to be a simple one. In addition, it is not known
how other environmental stressors, e.g. solar
radiation, have varied between years and how these
may have influenced the bleaching patterns.
Nonetheless, it might be presumed that when
inshore monthly mean SST exceeds 30.34 oC
widespread bleaching is likely to occur.
Such bleaching is not restricted to sub tidal reefs.
Broad intertidal reefs are widespread in protected
bays in the Andaman Sea and are luxurious in their
growth (Ditlev, 1978; Brown and Holley, 1984;
Chansang et al,. 1985; Phongsuwan, 1986;
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Tudhope and Scoffin, 1994; Chansang et al.,
1999). Long term monitoring on these reef flats
around SE Phuket indicate that the main drivers
of bleaching are solar radiation (Brown et al.,
1994); and the combination of elevated temperature
and solar radiation (Brown et al., 2000; Brown et
al., 2002a). Bleaching of intertidal reefs was noted
as a result of elevated SST in 1991, 1995, 1997
and 1998; and during lowered sea levels in 19971998 which was the consequence of IOD (Brown
and Phongsuwan, 2004; Brown et al., 2011), and
then again in 2010 (Brown and Phongsuwan, in
this volume). Interestingly, although intertidal corals
bleached in the nineties and in 2003 and 2005 there
was no subsequent major coral mortality and
change to the community structure (Brown et al.,
2002; Brown, pers com) This is in stark contrast
to the situation in 2010 when there were high
mortalities among intertidal species (Brown and
Phongsuwan, in this volume).
Incidence of bleaching and other disturbances
in the Andaman Sea
Coral bleaching is considered to have been
a major disturbance in the Andaman Sea over the
last two decades. Prior to 1990, natural
disturbances in the region were storm damage
during the southwest monsoon season and large
scale Acanthaster outbreaks in the 1980 s
(Chansang et al., 1986; Phongsuwan, 1991;
Phongsuwan and Chansang, 1992; Chansang and
Phongsuwan, 1993). These outbreaks impacted
coral species composition especially for
populations of Acropora spp. at many sites
throughout the Andaman Sea, with Porites rus
replacing Acropora spp. as the dominant coral
species. Storm damage is also a major cause of
reef destruction, and during the 1980s reef surveys,
it was quite common on reefs on the western sides
of offshore islands such as Ao Mai-ngam, in the
Surin Islands (Fig. 7-D) and was frequently
mistaken by sport divers as attributable to dynamite
blasting damage. Despite the severe impact of the
2004 Indian Ocean tsunami on coastal communities
and the scale of human casualties, damage to coral
reefs was restricted to only a few reef sites on the
mainland coast and parts of reef communities in

channels among islands groups (Phongsuwan et
al., 2006; Satapoomin et al., 2006).
The results presented here demonstrate
that these reefs can recover from mild and
moderate bleaching although changes occur to the
coral communities. Phase shifts to macro-algal
dominance have not been observed, except between
2000 – 2002 at Park Front site (Surin Island) where
dense growths of Padina sp. smothered dead
corals. The main concern is the effect of the severe
bleaching of 2010 which has drastically reduced
both live coral cover and species diversity on most
reefs with the exception of reef sites at Patong
(Fig. 6 Fig. 7A and Fig. 8) and Racha-E (Fig. 6
and Fig. 8).
Spatial variation in bleaching sensitivity
The mass global coral bleaching in 1998
is considered to be one of the most severe on
record (Hoegh-Guldberg, 1999) and was most
devastating for the reefs of the western and central
Indian Ocean (Wilkinson, 2000; Ateweberhan et
al., 2011). The event was not so serious on the
Andaman Sea coast due to cold water masses
moving onto the reefs in late 1997 - an effect which
was produced during the Indian Ocean dipole
(IOD) of that year (Webster et al., 1999) and
which lasted until early 1998 (Fig. 4). The Andaman
Sea is subject to large amplitude internal waves,
generated by tidal movements over shallow
topography near the Andaman Islands and Nicobar
Islands arc, which propagate eastwards (Osborne
and Burch, 1980; Roder et al., 2011). At the edge
of the continental shelf these internal waves may
break generating turbulent bores which introduce
cold water masses to coastal waters that are rich
in nutrients and which increase coastal water
productivity (Nielsen et al., 2004; Janekarn et al.,
2008). During the IOD in 1997/1998 this upwelling
was strongly intensified. The effect was more
marked around islands close to the shelf edge, such
as at Surin, Similan and Racha Islands where it
reduced temperature stresses on corals.
In 1991 and 1995, severe bleaching
effects were evident in large sheltered bays at Surin
Island (e.g. at the site Park Front) which have
poor circulation, whereas reefs on the west coast
(Ao Mai-ngam) and nearby islets, which were
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exposed to wave action and upwelling were not
affected. Acropora corals in wave exposed
locations survived these two bleaching years. The
waves cause improved mixing of water which
dissipated heat (West and Salm, 2003; Baker et
al., 2008) and also induced transfer of harmful
oxygen radicals away from coral colonies
(Nakamura and van Woesik, 2001). In contrast
during the 2010 bleaching all sites were equally
affected by high SST and water circulation
appeared to have little mitigating influence with
the reef at Ao Mai-ngam being as highly impacted,
with complete loss of acroporids, as the reefs on
the east.
Cold water upwelling occurs only on the
eastern shore of the Andaman Sea. In 1998, reefs
in the western and central Indian Ocean suffered
from severe bleaching when compared to reefs
elsewhere (Wilkinson, 1998). Massive cold water
intrusion in 1997 is known to have caused
extensive damage to reefs along the western coast
of Sumatra and subsequent algal blooms. Some
mild bleaching was also reported on reefs in the
Adang-Rawi Island group in southern Andaman
Sea in May 1998 (Phongsuwan et al., 2001). No
extensive damage to reefs in other parts of the
Andaman Sea was reported, however.
The intensity of photosynthetically active
radiation (PAR) on coral inversely correlates with
reef depth unlike water temperature which is
relatively stable throughout the water column.
Nevertheless, corals living in shallow areas would
have a greater chance of bleaching since the
combined stresses of PAR and sea temperature
are greatest in shallow depths. Interestingly, it
was noted that corals below 6 m depth at Surin
Island rarely bleached in 1991 and 1995. A
comparison between reefs which have similar
topography, e.g. reefs at Surin Island and Similan
Island, has shown that bleaching extended to
deeper depths in the Similan Islands, where the
water clarity was greater (Phongsuwan, 1998)
highlighting the damaging interaction between
elevated SST and irradiance.
Slack water during high SST, especially
on shallow reefs, is another factor that influences
bleaching (e.g. Williams and Bunkley-Williams,
1990). Under these conditions penetration of PAR
is higher and as a result corals are likely to be

more affected. Dustan (1982) reported that at 03m depths, under calm conditions, light levels
would be 2-4 times greater than in rough seas.
Species- specific bleaching susceptibility and
subsequent mortality of coral species
In general, bleaching in 1991, 1995 and
2003 occurred with a similar intensity, affecting
roughly half of the live coral cover. Bleached corals
can recover in some cases when SST decreases
to normal levels. Coral bleaching is generally based
on observations of change in coral coloration which
may not reflect the real status of coral/
zooxanthellae relationship, since bleached corals
may still have some zooxanthellae in their tissues
(Jokiel and Coles, 1990). Brown, et al. (1995)
reported that bleached coral may have 20-50% of
the normal zooxanthellae complement embedded
deeply in the tissue. At different sites bleaching
intensities differ due to variation in species
composition and local environmental parameters.
When results from Hae-N are considered through
the first 3 bleaching periods (1991, 1995, and
1998), it is obvious that the bleaching intensity of
the first two events was similar but in the third
event the intensity was much lower (Fig.4). This
result may be explained, in part, by a change in
species composition which in turn has produced
an alteration in bleaching susceptibility. A. formosa
(one of the most bleaching susceptible species)
was abundant during the bleaching event in 1991
and 1995 while in 1998 this acroporid was already
sparse before the bleaching occurred. Higher
mortality of the bleached reef occurred in 1998
and was due to high mortality (42%) of P. lutea
which was the dominant species, while in 1991
and 1995 P. lutea recovered with no damage to
the colonies (see Table 4). P. lutea was also
unaffected in the 2003 bleaching, while in the 2010
bleaching, its percentage mortality was 44.6%.
Overall mortality of bleached corals was apparently
low in the 2003 bleaching event. This was due to
the early onset of the south west monsoon (data
recorded by Phuket Meteorology Office), with
subsequent reductions in SST, increased
cloudiness and hence decreased light penetration.
In this study, the ratio of bleached coral
cover to normal coral cover provides an indication
of the sensitivity of species to bleaching. This ratio
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Figure 8. Numbers of coral species over time at all study sites between 1990-2010. White arrows
indicate bleaching events.
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Table 4. Mortality levels of bleached coral species at inshore sites during bleaching events of 1991,
1995, 1998, 2003 and 2010. Sites where corals suffered 1-24% mortality indicated by superscript 1;
those suffering 25-49% mortality indicated by superscript 2; those suffering 50-79% mortality by
superscript 3 and those suffering 75-100% mortality by superscript 4. Coral species at sites with
superscript 0 showed no mortality. Only species represented by 5 or more colonies per transect are
shown.

Acropora formosa
Acropora hyacinthus
Acropora nobilis
Acropora latistella
Acropora palifera
Acropora sp.1
Acropora grandis
Montipora spp. (encrust form)
Montipora aequituberculata

1991

1995

1998

Hae2,
Racha1
Hae1
Racha1

Hae 0, Tonsai2 Hae2

Lone4
Lone4
Lone4

Montipora crassituberculata
Montipora digitata
Astreopora myriophthalma
Porites lutea

Hae1, Lone0

Hae0

Hae , Aeo ,
Lone1,

Hae , Tonsai , Hae
Aeo1, Lolana0,
Yongkasem1

Porites nigrescens

Aeo 2 ,
Racha-ya0i
Aeo 0 ,
Lone1,
Racha0
Racha0

Aeo1, Tonsai 0 Tonsai 1

0

1

0

Hae

1

2

Yongkasem1

Cyphastrea sp.

Yongkasem1,
Lolana0
Yongkasem3,
Lolana0
Yongkasem3,
Lolana1
Hae1, Lolana3 Hae1

Favia pallida

Racha

1

Hae3
Hae0, Aeo1

Yongkasem0
Hae0,
Hae2, Lone3,
2
Tonsai ,
Racha2, Aeo2
0
Yongkasem Tonsai 2,
Yongkasem2,
Lolana1
Aeo4, Tonsai 4

Aeo1, Tonsai2, Tonsai1
Lolana0

Lone0

Goniastrea pectinata

Hae3
Hae4, Lone4,
Yongkasem4
Lone4
Racha2

0

Leptastrea sp.

Pocillopora damicornis
Psammocora contigua
Symphyllia radians
Lobophyllia hemprichii
Fungia fungites

Lone4, Aeo4,
Tonsai 4
Yongkasem4

Lone2

Hae4
Hae1

Porites lobata
Goniopora fruticosa
Diploastrea heliopora

2010

Hae3
Hae3

Hae2
Lone4
Hae0, Lone2

Porites rus

2003

Tonsai 4,
Lolana4
Racha2
Yongkasem0 Yongkasem0
Yongkasem0,
Lone0
Racha0, Hae2,
Lone3, Lolana1

Hae3

Yongkasem
Yongkasem1
Hae2
Hae2
Hae0, Aeo2, Hae4
Tonsai 3,
Lolana2,
Yongkasem0

0

Lone4, Racha4
Racha2
Lolana4

Hae0
Yongkasem0 Hae3
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Table 4. Mortality levels of bleached coral species at inshore sites during bleaching events of 1991,
1995, 1998, 2003 and 2010. Sites where corals suffered 1-24% mortality indicated by superscript 1;
those suffering 25-49% mortality indicated by superscript 2; those suffering 50-79% mortality by
superscript 3 and those suffering 75-100% mortality by superscript 4. Coral species at sites with
superscript 0 showed no mortality. Only species represented by 5 or more colonies per transect are
shown. (continued).
1991

1995

Fungia repanda
Fungia echinata
Herpolitha limax
Pavona varians
Pavona clavus
Pavona explanulata
Coeloseris mayeri
Pectinia alcicornis
Echinophyllia echinata
Physogyra litchtensteini
Merulina ampliata

1998

0

Lolana ,
Yongkasem0
Racha0
Lone2

Yongkaem0

2003

Yongkasem2 Yongkasem1
Yongkasem1 Hae1 ,
Yongkasem0
Yongkasem0
Hae4

Yongkasem1
0

Yongkasem0
Racha3
Lone4, Tonsai4
Aeo 4

0

Hae , Racha
Lone2
Aeo 3
Aeo 0
Lolana1
Hae1
Hae0, Aeo1, Hae2
Yongkasem2

varies both between different species and sites.
Corals which have high growth and high metabolic
rates are sensitive to bleaching in general (HoeghGuldberg and Salvat, 1995). Our findings also
showed higher bleaching sensitivity in fast growing
corals such as Acropora spp. and Porites rus by
comparison to slower growing massive species
such as P. lutea. For example, at Ao Tonsai in the
1995 bleaching, ratios for Acropora spp., P. rus
and P. lutea were 8.2%, 8.0% and 0.2%
respectively.
In this study, we found Diploastrea
heliopora, Heliopora coerulea and Pavona
decussata were bleaching resistant. D. heliopora
and H. coerulea usually grow abundantly at a
certain locations where there is good water
circulation. Ao Patong was dominated by these two
species with some P. rus, a bleaching sensitive
species, also present. As a result of this species
composition the severe bleaching in 2010 caused
only a moderate reduction in coral cover. At other
sites, not described in this study, where D.
heliopora and/or H. coerulea were dominant and
formed a monospecific zone, there was little
damage as a result of the 2010 bleaching. One

2010

Hae0

Aeo 4 ,
Yongkasem4

possible reason contributing to the bleaching
resistance of the three forenamed species is that
they harbour clade D zooxanthellae (La Jeunesse
et al., 2010; La Jeunesse, pers com) which are
known to be particularly thermo-tolerant
In addition, experience-mediated
tolerance contributes to the variation in bleaching
susceptibility among reef corals (Brown et al.,
2000). In the 2010 bleaching event, partially
bleached P. lutea exhibited a remarkable pattern
of bleaching. In these colonies the apical surfaces
were usually normally coloured while the sides
were either pale or white. Such a bleaching pattern
differed from that of earlier years when apical
surfaces were pale or white and the sides of the
colonies normally coloured. As P. lutea hosts
primarily only one algal clade (C15) in the Andaman
Sea, and indeed in the entire Indo-Pacific, (La
Jeunesse et al., 2010) it seems unlikely that this
bleaching pattern is dependent on ‘shuffling’ or
‘switching’ of algal symbionts. It is possible that
apical parts of colonies had acclimatised to high
solar radiation which resulted in resistance to
temperature/light stresses in 2010. It was also
noted in 2010 that where P. lutea dominated shallow
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reef flats and reef edges these colonies were more
resistant to bleaching compared to those on the
upper reef slope. Acclimatization and adaption to
high solar radiation and high temperature on the
shallow reef may account for these observations.
In studies of bleaching events elsewhere
bleaching has caused a decrease in coral diversity
in some cases (McClanahan, 2001) while in others
biodiversity was not affected (Fisk and Done,
1985). Based on our long-term monitoring,
bleaching at our study sites resulted in fluctuations
in species diversity over time. Diversity can be
maintained by new recruits, recovery from
bleached fragments, and spatial replacement of
corals underneath a canopy of other species. The
reef has a three dimensional structure and when a
species on the top layer dies, then other species
restricted to the lower layer will be recorded on
the transect in the next assessment. For example
in 1991, the number of coral species recorded at
Hae-N was 36 while 7 months later 45 species
were recorded on the same transect. Each one of
the newly recorded species was a well established
colony rather than a new recruit and lived below
the former coral canopy. At other locations, such
as Park Front and Ao Mayai, a change in species
dominance was more obvious. Here a range of
Acropora spp. almost disappeared from the shallow
depths (down to 6 m) as a result of earlier bleaching
events and were subsequently replaced by P. rus
(Fig. 7-C).
Considering the data for Hae-N, live coral
cover declined by 22.3% between 1995 and 1998
(Fig. 6-A) but there is no known causative agent
for such a decline. Coral species which were
markedly affected included Acropora spp. and
Montipora spp., the cover of each decreasing by
about 11%. Predation by Acanthaster planci was
a possible cause. Although the major outbreak of
the latter in the Andaman Sea was over by the
1990s, some aggregations of A. planci in this
vicinity were reported by sport divers. When
considering the fate of dominant species and
bleaching susceptible species at Hae-N in the 1998
bleaching, it was surprising to find that Porites
lutea had decreased by 42% from its original cover,
although only 5.3% of the species had bleached.
Likewise, only 1.9% of Merulina ampliata cover

bleached but 28.6% of the cover was lost as a
result of post-bleaching mortality. Bleaching can
certainly weaken corals which may lead to their
delayed mortality (Brown and Phongsuwan, in this
volume). Hae-N is a popular tourist destination
especially for snorkeling and physical impacts from
recreational use as well as increasing pollution
could impede recovery from bleaching.
For near-shore reefs such as those on
Phuket Island, factors affecting their recovery
include the coral composition, and the effects of
current flow, turbidity and human impacts. Nearshore reefs which are naturally subjected to the
influence of runoff during the southwest monsoon
are quite tolerant of water turbidity. Reef sites at
Lone Island and along the southeast coast of
Phuket Island have been subjected to increasing
sediment loads over recent time and thus coral
cover has generally declined. The situation is similar
for the inner part of Patong Bay which has been
subjected to urban discharges. At Hae Island,
impacts from recreational use have also caused
reef degradation. Under these circumstances
recovery from natural disturbances is generally
much reduced. However, other reefs in turbid
environments show a high rate of recovery,
particularly of Acropora spp. when sufficiently high
wave energy conditions exist to support this genus.
The special case of severe bleaching in 2010
During a survey of the impact of coral
bleaching in the Andaman Sea in 2010, many more
sites than those presented in this paper were
surveyed. From an overall analysis of 48 sites
ranging from the northern sector of Thai waters
near the Myanmar border to the southern Andaman
Sea near the Malaysian border and from extensive
manta tow surveys throughout the region
(Department of Marine and Coastal Resources,
2011), it was apparent that the impact of coral
bleaching was higher in the northern region. This
observation might be due to several factors such
as the greater dominance of more temperature
tolerant P. lutea on southern reefs compared to
northern reefs (personal observation) and the fact
that SST in the southern Andaman Sea was not
as high as that in the north as shown in the NOAA
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satellite image (Fig. 2c in Khokiattiwong and Yu,
in this volume). Observations at 12 sites in the
Adang-Rawi Archipelago (representing the
southern reefs) revealed that percentage mortality
of P. lutea ranged from 4% to 41% (average 19.7%
±sd 11.7%), while in the northern reefs, at 9 sites,
the percentage mortality ranged from 27% to 73%
(average 45.9 ±sd 13.6%).
Although the mortality of Acropora spp.
was extremely high throughout northern and
southern regions in the 2010 bleaching, juvenile
acroporids and other coral genera (less than 5 cm
in diameter) had already appeared on the reefs in
the surveys carried out in December 2010
(Thongtham, pers com). From studies in the
Andaman Sea (Chanmethakul 2002; Kongjandtre
et al., 2010) many faviid corals spawn during
February – April, with acroporids spawning during
August to November (Chanmethakul, 2002). The
juveniles found during the surveys in December
2010 were possibly aged between 6-12 months
and appeared to have survived the bleaching much
better than adult colonies. Similar results involving
superior survival of juveniles compared to adults
have also been noted in both Belize (Mumby, 1999)
and southern Japan (Loya et al., 2001; van Woesik
et al., 2004).
P. rus was another species which was
severely impacted in the same way as acroporid
corals. However, there was an exception, P. rus at
depths below 15 m on offshore sites was only
partially killed. While many P. rus colonies were
killed in shallow waters, tiny living irregular-shaped
tissue remnants were commonly left in shaded
parts of coral colonies. Should such remnants
continue to grow then they might enhance the
recovery of impacted reefs.
The extent and severity of bleaching in
the Andaman Sea in 2010 is comparable to the
severe bleaching in the western and central Indian
Ocean in 1998, though some of these reefs have
recovered well (e.g. the Seychelles and the Chagos
Archipelago) (Smith et al., 2008; Sheppard et al.,
2008), and reefs in the Gulf of Thailand which
were also severely bleaching in 1998 have also
shown good recovery (Yeemin et al., 1998; Yeemin
et al., 2009). Recovery of some coral species in
the Andaman Sea, together with new recruitment

of Acropora spp. has already been observed
following the 2010 bleaching (Thongtham, pers
com), but it remains to be seen what the longterm impacts may be.
CONCLUSIONS
In conclusion, reefs of the eastern shore
of the Andaman Sea have been subjected to repeated
large scale bleaching several times in the last two
decades. Based on maximum SST and duration of
exposure, bleaching in 1998 is considered to have
been mild, while, bleaching in 1991, 1995, and
2003 was moderate with severe bleaching being
recorded in 2010. In 2005 and 2007 bleaching on
a few reefs was observed but no significant damage
was found subsequently. Reefs which have been
damaged by repeated bleaching show dynamic
changes over time. The nature of these changes
appears to be site specific depending on both
physical and biological factors. Reefs at near-shore
sites are mostly subject to human disturbances and
have in the past recovered from bleaching with
the exception of Hae-N which is increasingly
affected by tourism. Other reefs in turbid
environments such as Aeo-NW and Lone-E show
an ability to recover from bleaching, particularly
by the regeneration of Acropora spp.. Porites lutea
which is the major building block of reefs in the
Andaman Sea has suffered from moderate to
severe bleaching, in previous bleaching events but
it does appear to have the ability to recover.
Diploastrea heliopora, Pavona decussata, and
Heliopora coerulea are species which are resistant
to repeated bleaching. The severe bleaching in 2010
has had a major impact on the reefs of the northeastern Indian Ocean and much greater
understanding of oceanographic processes and
biological responses is needed if we are to model
the fate of these reefs in future years.
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