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ABSTRACT: Shallow reef flat corals around the Laem Pan Wa peninsula of South East Phuket have
been subjected to a variety of disturbances over the last 20 years. These include sediment plumes
from dredging in 1987; elevated sea water temperatures in 1991, 1995, 1997 and 1998; and lowered sea
level in 1994 and 1997–98. The increase in sea temperatures have caused no marked coral mortality
and therefore have had little impact on coral communities of the reef flats. In the cases of dredging
and lowered sea level in 1997–98 there was extensive coral mortality and both coral cover and species
diversity declined. However recovery, over a 1–3 year period, was marked on all those reef flats
dominated by massive corals. The reasons for this rapid recovery were that partial mortality, rather
than total mortality, allowed subsequent repair of massive species while successful recruitment and
survival of juvenile corals in the period 1996–2000 contributed to increased cover and diversity in
recent years. Sectors of reef flat which have not recovered from the lowered sea level in 1997–98 are
those which were previously dominated by branching acroporid corals. Their total mortality, in a
sheltered reef setting, has led to a substrate covered in mobile rubble which has not fostered successful
recruitment and survival of juvenile corals. While there have been no changes in community structure
of reef flats dominated by massive corals, areas dominated by branching species have been
transformed into rubble banks and it is likely that full recovery here will take many years.

INTRODUCTION
Although coral reef monitoring is now more
extensively executed than ever before in the history
of reef research (Wilkinson, 1998; 2000) there
are relatively few long-term studies of coral
communities where reefs have been regularly
surveyed by the same methods for over a period
of 15 years or more (Connell, 1997; Connell et al.,
1997; Hughes and Connell, 1999). Where they
exist, such long-term studies are of special value,
particularly given the concerns of reef scientists
about the potential impacts of climate change and
other anthropogenic influences on the survival of
coral reef ecosystems worldwide (HoeghGuldberg, 1999).
In the present study, which documents 20
years monitoring of the shallow reefs of Laem
Pan Wa, there have been a variety of natural and

anthropogenic disturbances. These include
dredging for a deep-water port in 1986–87 (Brown
et al., 1990; Clarke et al., 1983); elevated sea
temperatures which caused extensive coral
bleaching in 1991 and 1995 (Satapoomin, 1993;
Brown et al., 1996) and two anomalously low sea
levels associated with Indian ocean dipole events
in 1994 and 1998 (Chambers et al., 1999; Webster
et al., 1999). The latter are ocean-atmosphereland interactions in the Indian Ocean which occur
primarily as a result of a reversal in sea temperature
gradient between east and west basins of the Indian
Ocean. During this process there is substantial
warming in the western basin of the Indian Ocean
where the thermocline is lowered and upwelling
reduced. In contrast, sea level is depressed in the
eastern Indian Ocean and the position of the
thermocline is raised with resultant enhancement
of upwelling.
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Figure 1. Map of the study site at Phuket Island, showing locations of sites A, B, and C.

Shallow reef coral communities are
susceptible to changes in sedimentation levels
(Dodge and Vaisnys, 1977; Bak, 1978; Pastorak
and Bilyard, 1985; Rogers, 1990) and also to the
damaging effects of elevated temperature/
irradiance interactions (Glynn, 1993; Brown, 1997;
Fitt et al., 2001) and aerial exposure (Mayer, 1914;
Glynn, 1968; Yamaguchi, 1975; Loya, 1976; 1990;
Cubit et al., 1986). Not surprisingly, the shallow
reefs of Laem Pan Wa have reflected these
disturbances variously in terms of changes in coral
cover and species diversity. In this paper we look
at the way reefs have responded to both
anthropogenic and natural changes and also at their
ability to recover from these disturbances over
different time scales.

MATERIALS AND METHODS
Field sampling
The shallow reef flats of south east Ko
Phuket have been described in detail elsewhere
(Brown et al., 1986; Scoffin et al., 1992;
Chansang et al., 1999) so only brief descriptions
will be given here. The reefs on the south east
tip of Phuket Island are characterised by wide
reef flats which extend up to 200 m from the
shore where they terminate in a shallow forereef extending to a depth of 5 m. The reef flats
are quite diverse with over 30 scleractinian coral
species represented (Brown and Holley, 1984).
They are dominated by massive coral species
(mainly Porites and faviids) with colonies of
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branching Acropora aspera and A. pulchra
dispersed between them. The reef slope is
dominated by large Porites heads, some up to 5 m
in diameter. The upper surfaces of large colonies
may be smooth or hummocky with prominent
knobs having up to 30 cm relief (Scoffin et al.,
1992).
Reef transects at two sites (A and C) (Fig. 1)
have been monitored almost annually since 1979
while transects at site B have been monitored since
1983 using permanently marked 10 m long
transects, placed parallel to the shore to provide
measures of coral cover and diversity by plotless
line techniques (Brown et al., 1996). All
conspicuous benthic life forms underlying the
transect lines have been monitored over the last
20 years but since cover by organisms, other than
corals (i.e., macroalgae, soft corals, ascidians and
sponges), generally constitutes less than 5% of
total cover, reference is made only to scleractinian
corals in this paper. Parameters measured along
transect lines included cover of each coral species
and total number of colonies of each species. Site
A comprises 12x10 m transects, Site B 17x10 m
transects and Site C 12x10 m transects, with
transects spaced at 10 m intervals from the inner
shore to the outer reef flat.
The reef slope has been monitored at Site C
only on an annual basis from 1997 to present. Four
25 m long permanently marked transects are
surveyed parallel to the reef front at a depth of
2.5 m below chart datum in the same manner as
that described for reef flats above.
Sea level anomalies
Anomalies in monthly mean sea level were
extracted from the tidal record of Ko Taphao Noi
tide gauge station located 2.5 km from the study
site. Monthly mean sea levels were computed from
the hourly sea level records held at the University
of Hawaii/ National Oceanographic Data Center
Joint Archive for Sea level for the period January
1993 to December 1998. Anomalies were
computed by comparing these monthly values with
the monthly means for the entire data set record
from 1940 to 1998 (n = 58). Sea level anomalies
were also obtained from the TOPEX POSEIDON

altimeter satellite records from January 1993 to
March 1999. TOPEX POSEIDON observations
are made every 6 km along a ground track
approximately 150 km west of Phuket (7º 47' N 97º
3' E and 7º 50' N 97º 4' E). Data were kindly
provided by Dr. Chambers after processing and
filtering as described in Chambers et al. (1999).
Statistical analysis of ecological data
Changes in coral cover and species diversity
over time were analysed using Repeated Measures
ANOVA followed by Tukey Kramer
Multicomparison tests. The Shannon and Weaver
index of diversity H'c was computed (H' = –Σpi
log e p i ) on the basis of cover following
Loya (1972).
RESULTS
Environmental factors
The surveyed reef sites have been subject to
a sequence of environmental disturbances over the
study period. These include exposure to sediment
plumes from dredging in 1986–87 at two sites (A
and B); elevated sea temperatures in 1991, 1995,
1997 and 1998 at all sites and anomalously low
tides in 1994 and 1997–98 at all sites. Many corals
bleached as a result of loss of algae and/or their
pigments during elevated sea temperatures during
May 1991 and 1995 but no bleaching was recorded
in 1997. In May 1998 very limited bleaching was
noted although sea temperatures were higher than
previous events in 1991 and 1995 (but see Dunne
and Brown, 2001).
The sea level anomalies recorded at reef sites
(Fig. 2) show a good match between the ‘in situ’
and remotely recorded offshore locations, apart
from two positive anomalies in early 1994 and
1997 inshore. Large negative sea anomalies of –20
and –30 cm are obvious in late 1994 and late 1997,
respectively. Negative sea-level anomalies in 1994–
95 extended over an eight month period from May
1994 to February 1995 whereas the more ten
months from August 1997 to June 1998.
Ecological data – Reef flats
Plots of coral cover on the inner, mid and

64
Phuket mar. biol. Cent. Res. Bull.

Figure 2. Sea level anomalies for Ko Taphao Noi tide station (2.5 km from study sites – shown as
monthly means) and from TOPEX/POSEIDON satellite altimeter records at two stations.
Table 1. Results of Tukey Kramer Multicomparison
Tests for coral cover on mid-reef flat Site A, 1983–
2000 (*p < 0.05; **p < 0.01; ***p < 0.001; NS not
significant)

Table 2 Results of Tukey Kramer Multicomparison
Tests for coral cover on outer reef flat Site A, 1983–
2000 (* p<0.05; ** p<0.01, *** p<0.001; NS not
significant)

Date

1987

1990

1998

Date

1987

1990

1998

1983
1986
1987
1988
1990
1991
1992
1993
1994
1995
1997
1998
1999
2000

**
***
–
***
***
***
***
*
NS
NS
*
NS
NS
NS

***
**
***
NS
–
*
*
***
***
***
***
***
***
***

***
***
NS
–
***
***
***
**
NS
*
**
–
NS
NS

1983
1986
1987
1988
1990
1991
1992
1993
1994
1995
1997
1998
1999
2000

NS
NS
–
NS
**
NS
**
NS
NS
NS
NS
NS
NS
NS

*
*
**
*
–
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
*
*
NS
*
NS
NS
NS
NS
–
NS
NS
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Figure 3. Mean percentage coral cover (±standard error) on inner, mid and outer reef flats at sites A,
B and C over time.

outer reef flats over time are shown in Fig. 3.
There were significant variations over time
(Repeated Measures ANOVA, P < 0.0001) for mid
and outer reef flats only at all three sites with
significant differences between certain years
(Tables 1–6). At site A the differences between
years were reflected in comparisons of 1987, 1990
and 1998 with other years for both mid and outer
reef flats. At site B the differences between years
were demonstrated in comparisons of 1987, 1997
and 1998 with other years for the mid-reef flat
and between 1987, 1988 and 1998 and other years
for the outer reef flat. At Site C comparison of
the years 1988 and 1998 with certain other years
showed marked differences in both mid and outer
reef flats. Interestingly the outer reef flats of both

Sites B and C showed highly significant
differences between 1998 and almost all other
years. It is on the outer reef flats where the
greatest demise of corals took place in both 1987
(at sites A and B) and in 1997–98 (at all sites) but
it is at these locations where the greatest recovery
has also taken place in years following the
disturbances.
In terms of coral diversity (H'c) (Fig. 4) at
Site A there was significant variation during the
study period (Repeated Measures ANOVA,
p < 0.0001) with differences between 1987 and
1997 (p < 0.05); between 1987 and 1999
(p < 0.05); between 1987 and 2000 (p < 0.01);
and between 1998 and the following years 1997,
1999, 2000 (p < 0.05). At Site B there was also
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Table 3. Results of Tukey Kramer Multicomparison
Tests for coral cover on mid-reef flat Site B, 1983–
2000 (*p < 0.05; **p < 0.01; ***p < 0.001; NS not
significant)

Table 5. Results of Tukey Kramer Multicomparison
Tests for coral cover on mid-reef flat Site C, 1983–
2000 (*p < 0.05, **p < 0.01, ***p < 0.001; NS not
significant)

Date

1987

1997

1998

Date

1988

1998

1983
1986
1987
1991
1992
1993
1994
1995
1997
1998
1999
2000

*
NS
–
NS
NS
NS
NS
NS
**
NS
NS
NS

NS
**
**
**
NS
NS
NS
*
–
***
**
NS

NS
NS
NS
NS
NS
**
NS
NS
***
–
NS
NS

1983
1987
1988
1990
1991
1992
1993
1994
1995
1997
1998
1999
2000

*
NS
–
NS
**
*
*
NS
NS
NS
***
***
***

NS
NS
***
***
NS
NS
NS
NS
***
***
–
NS
NS

Table 4. Results of Tukey Kramer Multicomparison
Tests for coral cover on outer reef flat Site B, 1983–
2000 (*p < 0.05; **p < 0.01; ***p < 0.001; NS not
significant)

Table 6. Results of Tukey Kramer Multicomparison
Tests for coral cover on outer reef flat Site C, 1983–
2000 (*p < 0.05; **p < 0.01; ***p < 0.001; NS not
significant)

Date

1987

1988

1998

Date

1988

1998

1983
1986
1987
1988
1991
1992
1993
1994
1995
1997
1998
1999
2000

NS
NS
NS
*
NS
NS
NS
NS
NS
NS
*
NS
NS

NS
NS
NS
–
*
NS
***
***
***
NS
***
**
NS

***
*
***
***
***
***
NS
**
*
***
–
**
***

1983
1987
1988
1990
1991
1992
1993
1994
1995
1997
1998
1999
2000

NS
NS
–
NS
NS
NS
NS
NS
NS
NS
***
*
NS

*
*
*
***
**
**
***
***
***
***
–
NS
**
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Figure 4. Mean diversity index (H'c) (±standard error) at Sites A, B and C over time.

significant variation in H'c over time (Repeated
Measures ANOVA, p < 0.01) with differences
between 1986 and 1987 (p < 0.05), and between
1986 and 2000 (p < 0.05). Similar variation in
diversity over time was also shown at Site C
(Repeated Measures ANOVA, p < 0.01) where

differences were noted between 1998 and the
following years 1983, 1988, 1991, 1993, 1994 and
1997 (p < 0.01).
Ecological data– Shallow reef slope
Variation in total coral cover, coral cover of
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Figure 5. (A) mean percentage coral cover (±standard error) (B) mean percentage cover of different
coral growth forms (±standard error) and (C) mean diversity index (H'c) (±standard error) on the
shallow reef slope Site C over time.
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Figure 6. View of the reef edge at Site C in June 1991 showing bleached apical surfaces of upper reef
slope Porites colonies aerially exposed at low water.

different coral growth forms as well as the
diversity index on the shallow reef slope at Site C
over time is shown in Figure 5. There were no
statistical differences over time in all parameters
due mainly to the high within-site variability.
DISCUSSION
In terms of overall patterns of coral cover
and diversity there are clear indications that 1998
was unusual. In this year coral cover and/or
diversity were reduced at all sites. During 1997–
98 sea level was significantly depressed for over
10 months. Such climatic events not only increase
the time of aerial exposure of reef flat corals but
also alter the times of day when they are exposed.
Normally the inner reef flat at Phuket would be
exposed for up to 4 h on a low spring tide (Ditlev,
1978) with the period of aerial exposure being
restricted to early in the morning and from midafternoon onwards. Conditions in late 1997 to mid
1998 were particularly stressful for shallow water
corals with reef flats being aerially exposed at
midday (Phongsuwan unpubl.) during the dry

season when solar radiation was maximal. As a
result there were dramatic declines in both coral
cover and species diversity on the reef flats,
particularly on the outer reef flat where corals are
less well adapted to physical stresses than inshore
corals. There was also an indication that the
shallow reef slope corals were also affected by
the negative sea level anomaly. The demise of reef
slope corals may have been due to solar bleaching,
with corals being exposed to exceptionally high
levels of irradiance when covered by only a few
centimetres of water at midday (Brown et al.,
1994), or alternatively it may have been the result
of aerial exposure of apical surfaces of corals on
the upper slope (Fig. 6).
Sea level depressions have been connected,
in earlier work, to the extensive mortality of reef
flat organisms (Mayer, 1914; Glynn, 1968;
Fischelson, 1973; Yamaguchi, 1975; Loya, 1976,
1990; Cubit et al., 1986) though there is little
discussion of recovery times in the literature. In
the case of Eilat in the Red Sea, where there were
anomalously low sea levels in 1970, there was a
rapid recovery of the reef flat within 3 years which
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a

b

c
Figure 7. Views of the outer reef flat at Site C; a) during the bleaching event of 1991 with extensive
areas of bleached Acropora aspera in the foreground; b) in 1992 showing recovery of A. aspera
stands; and c) in 2000 showing the loss of extensive Acropora cover, the reef now appears dark
brown because most of the coral substrate is dead and covered by algal growth.
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was ascribed to massive corals showing only partial
mortality, rather than total colony mortality, and
also to a subsequent high recruitment of juvenile
corals (Fischelson, 1973). At Phuket recovery
after the 1997–98 negative sea level anomaly was
also rapid at Sites A and B on the mid and outer
reef flats with coral cover returning to pre-1998
levels after approximately 3y. At these sites, as at
Eilat, initial mortality of dominant massive corals
was partial, rather than total and successful
recruitment of juveniles followed the 1997–98
event (Brown et al., 2002). Interestingly, at Site
C the mid and outer reef flats have not showed
such a rapid recovery pattern. The reason for this
probably lies, in part, in the community structure
of this reef flat which prior to 1998 was
dominated in the mid portion by extensive Acropora
aspera stands while on the outer reef A. pulchra,
A. digitifera, A. humilis and A. hyacinthus were
conspicuous. While many of these corals survived
the bleaching events of 1991, and 1995 they did
not survive the 1997–98 negative sea level
anomaly (Fig. 7). Since 1998 the extensive stands
of acroporids in the mid reef area have been
transformed into coral rubble which has remained
‘in situ’ because of the relatively sheltered setting
of the reef (Brown and Holley, 1984). Since the
reef substrate is very unstable there has been little
or no successful coral recruitment. In contrast,
on the outer reef flat eroded plates of
A. hyacinthus have shown successful recruitment
of numerous faviid species in recent years. While
many of the acroporids are known to be able to
survive physical stresses such as storms and
hurricanes through fragmentation (Smith and
Hughes, 1999) very few living fragments were
found on the reef in 1999. Small acroporid
fragments are known to have a high mortality
(Bak and Criens, 1981; Knowlton et al., 1981;
Cox, 1992) while for A. hyacinthus fragmentation
does not appear to be an important life history
trait. Future successful recruitment of acroporids
to site C will depend on stabilisation of substrate
in the mid reef flat and successful colonisation
of available substrate by planulae from

neighbouring reefs. An additional factor affecting
site C is sedimentation due to its proximity to an
increasingly busy ship channel. Comparing
current sedimentation levels (Phongsuwan
unpubl.) with those recorded almost 20 years ago
(Brown et al., 1986) it appears that values have
increased at least three fold in recent years.
Other key years in the 20 year history of the
reef flats have been 1987 and the period 1988–
90 as revealed by coral cover and species
diversity patterns. Both coral cover and diversity
declined in 1987 when sediment plumes from
dredging affected reef flats at sites A and B
(Brown et al., 1990; Clarke et al., 1993) while
in 1988–90 coral cover reached maximal values
at all sites, probably as a result of a period of
relative stability in sea level around the calculated
mean for 1979–92 (Scoffin et al., 1997).
Remarkably, the extensive bleaching events of
1991 and 1995 had no marked effect on the reef
community structure at any site (Dunne and Brown,
2001; Brown et al., 2002).
Overall, both man-made (dredging) and
natural (negative sea level anomaly) disturbances
have led to significant coral mortality on the
sheltered shallow reef flats around the Laem Pan
Wa peninsula. Where reefs have been dominated
by massive corals there has been rapid recovery
from both types of disturbance but where
branching corals dominated sectors of the reef
there has been no recovery from lowered sea level
in 1997–98. Clearly in this reef setting corals are
physiologically resilient (Brown et al., 2002) but
there are limits to this resilience and where it is
exceeded (as in the case of branching acroporids)
recovery may take many years.
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