
Coral reef degradation in the Indian Ocean.
Status reports and project presentation 2000.

Item Type Report

Publisher CORDIO & SAREC, Stockholm University

Download date 19/05/2023 14:54:52

Link to Item http://hdl.handle.net/1834/309

http://hdl.handle.net/1834/309


– 51 –

This summary is a synthesis of reports from Pet-Soede
et.al., Zahir and Rajasuriya & Karunarathna presented
in this volume. All numbers in the text refer to the
project list below.

The reefs of South Asia, including Maldives, Sri
Lanka and India were severely affected by the bleaching
event of 1998, with subsequent mortality of ranging be-
tween 50% and 100%. Surveys of these reefs conducted
during 1999 and at the beginning of 2000 recorded some
coral recruitment, but many areas still show no signs of
recovery.

INDIA
The reefs of the Gulf of Mannar were severely affected
by mortality of coral during 1998. Post bleaching sur-
veys on the coral reefs of the 21 islands in the Gulf show
the mean cover of coral is approximately 26%. However,
there is considerable variation between reefs with the
cover of live coral ranging between 0% and 74%. In ad-
dition to reef-building corals, sea anemones and octocor-
als (soft corals) also bleached as a result of the increased
sea temperatures that prevailed during 1998. Subse-
quently, a decrease in biodiversity of these reefs has been
reported. Furthermore, extensive beach erosion on some
islands was reported.

Initial assessments of recovery processes in Lack-
shadweep Islands during 1999 indicate the cover of live
coral has increased to 15% to 20 % compared with the
5% to 10% reported immediately after the bleaching
event. Infrastructure and capacity needed for continua-
tion of the work are being created (1).

South Asia - Summary
DAN WILHELMSSON
CORDIO – South Asia, c/o SACEP, Colombo, Sri Lanka

Early reports from the Andaman and Nicobar Is-
lands indicated 80% of all corals bleached. However, the
extent of post bleaching mortality has not been estab-
lished.

Results of a study of the socio-economic importance
of reef fisheries in India (3), suggested that, despite the
relative unimportance of India’s reef fisheries at present,
the increasing demands for food caused by burgeoning
coastal populations and overexploitation of coastal shelf
areas will increase the pressure on India’s coral reefs to
provide food and economic well-being to these coastal
and island populations.

MALDIVES
Results of monitoring of the reef tops conducted during
1999 show that the cover of live coral has not increased
since the post bleaching surveys conducted in 1998 and
remains at approximately 2%. At present, the cover of
live coral is 20 times lower than that recorded before the
bleaching event. However, re-colonisation of fast grow-
ing branching corals has been recorded, indicating that
reef recovery processes are underway. Furthermore, on
some reefs coralline algae are abundant providing po-
tential areas for coral recruitment. Nevertheless, despite
these reasons for hope, it is clear that the reefs of Mal-
dives were seriously affected by bleaching and subse-
quent mortality of coral and will require many years to
recover.

In addition to biophysical monitoring of the reefs,
studies were conducted to determine the spatial and
temporal patterns of coral recruitment in Maldives (4).
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Initial results suggest that there is potential for the
degraded reefs of Maldives to recover through the in-
flux of coral planulae from surviving colonies elsewhere.
Also, the degree of erosion and changes in the topo-
graphic complexity of these reefs are being assessed fol-
lowing the extensive coral mortality in Maldives (5).

The CORDIO program has also trained staff at the
Marine Research Centre in Maldives responsible for
conducting the CORDIO activities. The training fo-
cussed on general survey methods including taxonomic
identification of major reef biota and on specific proto-
cols for conducting assessments of recruitment and ero-
sion of reefs.

Considering the importance of reef related tourism
in Maldives, a survey was conducted to evaluate the po-
tential economic impacts on the national economy of
Maldives from declines in tourism resulting from
bleaching induced degradation of coral reefs (6). Con-
sidering the importance of reef related tourism in Mal-
dives, a survey was conducted to evaluate the potential
economic impacts in the Maldives from tourism due to
degradation of coral reefs (6). Results suggest that, al-
though not severely, the tourism industry was adversely
affected by the coral mortality in the Maldives (see
Westmacott et al., this volume).

The distribution of coral reefs in the South Asia
region of the Indian Ocean. More detailed maps
are provided illustrating areas of particular
interest.
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SRI LANKA
Most shallow coral reef habitats in Sri Lanka were se-
verely damaged as a result of coral bleaching in 1998.
Surveys conducted between June 1998 and January 2000
(7) revealed that many of the dominant forms of reef
building corals in the shallow coral habitats have been
destroyed. Invasive organisms such as tunicates, coralli-
morpharians and algae now dominate the dead coral
reefs. Furthermore, the dead coral patches were rapidly
inundated by sediment thus preventing re-colonization
of coral larvae. Also, in every area surveyed thus far, ex-
cept Trincomalee in the northeast, the hydrocoral,
Millepora spp., which was once common, appears to be
completely absent. However, despite the destruction of
corals in shallow water (< 8 m), corals growing in deep-
er waters (> 10 m) have recovered from bleaching al-
most completely providing a source for new recruits and
reef recovery.

Recovery of bleached corals in shallow reef habitats
has been extremely low and has been hindered by fur-
ther damage to the reef structures by uncontrolled and
destructive human activities. Even the marine protected
areas in Sri Lanka are largely unmanaged and increas-
ing human activities within these protected areas con-
tinue to degrade their condition. Considering the
present condition of the reefs and the inevitability of fu-
ture anthropogenic impacts, the prospects for reef recov-
ery are poor.

The impact on fishes by the loss of live hard corals is
clearly visible in the decreased abundance of several spe-
cies of fish that depend on live corals for food (e.g. Cha-
etodonts). However, it is less obvious in fish populations
in deeper water that are less dependent on live corals for
their survival. Nevertheless, it is expected that the re-
duction in cover of live hard coral will directly affect the
fishery potential of reefs through habitat degradation
and loss thus, having an adverse impact on the income
of coastal communities.

At present, a study is being conducted to determine
the socio-economic impacts of degradation of the coral
reefs of Sri Lanka, focusing on the demersal and orna-

mental fisheries and reef related tourism (8). Building
on these results, another project is planned to investigate
the prospects of providing alternative livelihoods for de-
pendants on coral reefs (9).

In addition, CORDIO, with assistance from Nation-
al Aquatic Resources Research & Development Agency
(NARA), has begun training students of Eastern Uni-
versity in the basic techniques of coral reef monitoring,
with the aim of developing the local capacity to under-
take such monitoring. The training includes coral and
fish taxonomy, LIT (Line Intercept Technique) and
data analysis.

PROJECT LIST
India
Country co-ordinator: M.V.M. Wafar
Institute: National Institute of Oceanography
1. Recovery and monitoring of the reefs.
2. Assessment of the effects of coral mortality on reef

communities.
3. Socio-economic effects on local populations and

tourism.

Maldives
Country co-ordinator: Hussein Zahir
Institute: Marine Research Centre
1. Reef recovery processes: Evaluation of succession

and coral recruitment in the Maldives
2. Assessing bioerosion and its effects on reef structure

following a bleaching event in the Maldives.
3. The economics of coral reef deterioration with speci-

al reference to bleaching.

Sri Lanka
Country co-ordinator: Arjan Rajasuriya
Institute: National Aquatic Resources Research & De-
velopment Agency
1. Impacts of coral bleaching on reef communities.
2. Monitoring and assessment of socio-economic aspects

of coral bleaching and degradation in Sri Lanka.
3. Develop alternative livelihoods for people dependent

on coral reef resources.
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ABSTRACT
Most shallow coral reef habitats in Sri Lanka were se-
verely damaged as a result of coral bleaching in 1998.
Surveys conducted between June 1998 and January 2000
revealed that many of the dominant forms of reef build-
ing corals such as Acropora spp., Pocillopora spp. and
Echinopora lamellosa in shallow habitats have been de-
stroyed. Montipora aequituberculata and Porites rus were
only marginally affected. Overall, recovery of bleached
corals among shallow reef habitats has been poor. Inva-
sive organisms such as tunicates, corallimorpharians and
algae now dominate these dead coral reefs. Despite
some mortality attributable to bleaching, corals growing
in deeper water (> 10 m) have recovered successfully.

Uncontrolled and destructive human activities are
widespread and continue to cause damage to reef habi-
tats. Even the marine protected areas in Sri Lanka are
unmanaged and increasing human activities within
these protected areas continue to degrade their condi-
tion. This may directly impact fish populations and the
fishery potential of these reefs thus, having an adverse
impact on the income of coastal communities. Further-
more, infestations of Crown-of-thorns starfish are still a
major problem for recovering coral reefs on the north-
west and east coasts of Sri Lanka. Considering the
present condition of the reefs and the inevitability of fu-
ture anthropogenic impacts, the prospects for reef recov-
ery are poor. This report presents the current status of

reef habitats at selected locations around Sri Lanka two
years after the bleaching event of 1998 and discusses the
implications of their lack of management in the context
of reef recovery.

INTRODUCTION
In Sri Lanka three major types of reef habitats have
been classified based on the dominant forms of sub-
strate. These are coral, sandstone and rock habitats
(Swan, 1983; Rajasuriya & De Silva, 1988; Rajasuriya et
al., 1995). The most extensive coral reefs in Sri Lanka
occur in the north-western coastal and offshore waters.
These are patch reefs dominated by Acropora, Montipora
and Echinopora. The majority of other coral reef habi-
tats in Sri Lanka are situated close to the shore. Abun-
dant coral growth and large mono-specific stands of
common reef building corals are limited to a depth of
about 10 m. In these shallow waters the dominant reef
building corals belong to the Acroporidae, Pocillopori-
dae, Faviidae and Poritidae. Also, offshore from both
the east and west coasts coralline habitats occur at
depths of approximately 20 m. However, because of the
depth at which these habitats occur, they support only
sparse populations of corals. In addition, sandstone and
rocky habitats are extensive and support a diverse coral
fauna and many associated species (Rajasuriya & De Sil-
va, 1988; Rajasuriya et al., 1995). The diversity of hard

Post-bleaching status of the coral
reefs of Sri Lanka
ARJAN RAJASURIYA and CHAMINDA KARUNARATHNA
National Aquatic Resources Research and Development Agency, Colombo, Sri Lanka
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corals in Sri Lanka is relatively high, with 183 species
from 68 genera recorded (Rajasuriya & De Silva, 1988;
Rajasuriya, 1994).

In Sri Lanka coral reefs are important for the fisher-
ies industry, coastal protection and tourism. However,
the overall condition of reefs is poor due to damage
caused by various human activities and natural causes
such as the Crown-of-thorns starfish (De Bruin, 1972;
De Silva, 1985; Rajasuriya & De Silva, 1988; Öhman et
al., 1993; Rajasuriya et al., 1995). The primary anthropo-
genic activities causing degradation of coral reefs are
mining of coral from nearshore reefs, use of destructive
fishing practices, uncontrolled harvesting of reef biota,
pollution and siltation resulting from deforestation and
other improper land-use activities. Also, the Crown-of-
thorns starfish (Acanthaster planci) has been one of the
major natural causes of reef damage on the north-west-
ern and eastern coasts of Sri Lanka (De Bruin, 1972; Ra-
jasuriya & Rathnapriya, 1994; Rajasuriya et al., 1995; Ra-
jasuriya & Wood, 1997). In addition, the bleaching event
in 1998 caused severe mortality among corals in shallow
water (Rajasuriya & White, 1998; Rajasuriya et al., 1999).

The history of coral reef management in Sri Lanka
is poor. Management actions have been initiated from
time to time depending on the importance of manage-
ment issues. In the past, such issues have been coral
mining in the sea, exploitation of species and destructive
fishing methods. However, actions taken to control
these have been limited mainly to the introduction of
new regulations under existing ordinances or parlia-
mentary acts. Ground level action to actually protect
coral reef resources have been largely unsuccessful (De
Silva, 1985; Rajasuriya et al., 1995; De Silva, 1997a; Da-
yaratne et al., 1997).

The reef monitoring programme of the National
Aquatic Resources Research and Development Agency
(NARA) has documented the status of reefs in Sri Lan-
ka since 1985 and has contributed to national level ac-
tion plans for the protection of coral reefs and their re-
sources. At present, funding from the national govern-
ment, Sida/SAREC Marine Science Programme and

CORDIO (Coral Reef Degradation in the Indian
Ocean) support coral reef monitoring and conservation
activities of NARA. As one of the activities within the
CORDIO programme, NARA has initiated a study to
determine the impact of coral mortality on the marine
ornamental fishes of Sri Lanka. Data describing collec-
tions and exports are being collected from the marine
ornamental fish traders and the Sri Lanka Customs De-
partment in order to identify any major changes in the
ornamental fishery as a result of the coral bleaching
event in 1998.

SITE SELECTION AND SURVEY METHODS
Survey sites were selected from reef sites monitored pe-
riodically by NARA. Information provided by orna-
mental fish divers concerning specific sites on the east
coast was also taken into consideration when selecting
sites. In addition, the depth of water was considered im-
portant as corals and other zooxanthellate organisms
close to the surface were affected more by bleaching
than organisms in deeper waters. The depth of all shal-
low coral reef habitats selected ranged between 0 m and
10 m and deeper coral and other habitats were situated
between 10 m and 40 m. A total of 21 locations were
surveyed between June 1998 and February 2000 (Table 1
and Figure 1).

Two sites (Hikkaduwa and Weligama) were selected
on the southern coast to obtain photographic records of
bleaching and to determine the post-bleaching status of
selected reef building corals. Numbered plastic tags
were attached to these colonies and each colony was
photographed once every two weeks. The status of each
reef was determined by recording the benthic organisms
on 50 m Line Intercept Transects (LIT) and within
quadrats of 1 m2 (English et al., 1997). Belt transects
measuring 50 m x 5 m were used to determine the abun-
dance of reef organisms and associated fish communities
(English et al., 1997). Surveys were conducted using
snorkel and S.C.U.B.A.. In addition, the manta-tow
technique was also used for rapid surveys in order to ob



– 56 –

tain information such as the presence of live corals,
Crown-of-thorns starfish and damaged areas.

Neither the LIT nor quadrat method was used on
reefs deeper than 25 m due to the time constraints im-

posed by the no-decompression limits of S.C.U.B.A.
diving. These deeper reef sites were surveyed mainly to
ascertain the status of individual coral colonies and de-
termine the diversity of coral, fish and other reef species.

Table 1. Locations and reef sites surveyed as part of NARA’s /CORDIO national monitoring programme.

Site Location and name of reef (Reef site) App. distances Depth range (m) Type of habitat
No. from shore (Km)

1 Bar Reef Marine Sanctuary (Shallow reefs) 2 –8 0 – 10 coral
2 Kandakuliya (Kudawa reef) 1 – 1.5 0 - 3 coral
3 Kandakuliya (Diyamba reef) 2 – 4 10 - 22 sandstone & coralline
4 Negombo (Negombo Suda) 19 18 - 22 coral
5 Colombo (Pitagala) 10 20 - 25 coral
6 Colombo (Gigiripita) 15 20 - 30 coral
7 Colombo (Palagala) 1 9 – 11 sandstone & coralline
8 Colombo (Vatiya reef) 4 25 - 30 sandstone & coralline
9 Moratuwa (Itipandama) 1.5 8 - 12 sandstone & coralline
10 Moratuwa (Bodhigala) 2.5 20 - 23 sandstone & coralline
11 Panadura (Rudigegala) 3 13 - 17 sandstone & coralline
12 Hikkaduwa N. R. (reef lagoon) fringing reef 0 – 3 coral
13 Hikkaduwa (Supercoral reef) 0.3 – 0.4 7 - 13 coral & rock
14 Hikkaduwa (Kiralagala) 5 27 - 35 rock
15 Rumassala (Galle) fringing reef 0 - 5 coral
16 Unawatuna (Welladewale reef & Diyamba reef) fringing reef 0 - 6 coral
17 Weligama (Kapparatota reef) fringing reef 0 – 3 coral
18 Great Basses Reef 11 2 – 30 rock, sandstone & coralline
19 Kalmunai, Batticoloa 1 – 8 2 - 42 coral & sandstone
20 Trincomalee (Elephant island & Chapel rocks) 0.5 – 0.8 18 - 30 rock
21 Trincomalee (Pigeon Islands) 1.5 0 – 10 coral & rock

Plate 2. Infestations of corallimorpharians at Pigeon Island, Trincomalee.
Photo: Nishan Perera, Sri Lanka Sub Aqua Club.

Plate 1.  Corallimorpharians overgrowing live coral.
Photo: Nishan Perera, Sri Lanka Sub Aqua Club.
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Figure 1. Distribution of coral reefs and post bleaching status of se-
lected coral habitats in Sri Lanka.
Source: Coral Reef Research Programme, NARA

RESULTS
Status of investigated reef sites
Bar Reef Marine Sanctuary
Areas investigated in the Bar Reef Marine Sanctuary
were limited to the coral habitats and intermediate habi-
tats with sandstone and limestone. These were the shal-
low reef flats, shallow patch reefs and the adjacent areas

Table 2. Percentage cover of substrate recorded from surveys con-
ducted during 1999 at selected coral reef habitats in Sri Lanka.

Location          Depth      Live          Dead     *Other

Bar Reef   0–8 m 0 87.5 12.5
Colombo+ 15–22  m 6.0 32.0 62.0
Hikkaduwa 0–4 m 7.0 57.0 36.0
Negombo+ 15–22  m 14.4 21.0 64.6
Weligama 0–4 m 28.0 47.0 25.0
Pigeon Island 0–5 m 40.0 9.0 51.0

Source: NARA. 1999
* Soft coral; Sand; Rock; Algae & Coral rubble
+ Offshore habitats deeper than 10 m

to a depth of approximately 12 m. Live coral cover
amongst the shallow reefs has been reduced to nearly
0%, while the amount of dead coral has increased to
87.5% (Table 2). In previous studies conducted at the
same locations (1993 & 1994) the percentage of live coral
was 78.5% (Table 3). Coral bleaching in 1998 has result-
ed in near complete mortality of branching and tabulate
species of Acropora and the foliose coral Echinopora
lamellosa, which were the dominant species in shallow
areas previously.

Surveys conducted in late 1998 and 1999 revealed
that shallow coral patches that were completely over-
grown by two species of filamentous algae (Bryopsis
spp). Also, a number of specimens of A. planci were re-
corded in the survey area. Although their abundance
was low, the few starfish present can cause serious dam-
age to the few surviving corals and new coral recruits.
The surviving species of coral within the shallow areas
were Echinopora lamellosa, Galaxea fascicularis, Favia
spp., Favites spp., Pavona varians, Pocillopora verrucosa
and Acropora spp.. Corals below 10 m had recovered
completely by the end of 1998 (Table 4).

In shallow coral habitats there was a drastic reduc-
tion in the number of reef fish that were present prior to
bleaching. This was particularly evident in the popula-
tion of butterfly fish (Chaetodontidae). In recent surveys
only nine specimens of Chaetodon trifasciatus, which was
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Pigeon island

Jaffna

Gulf of
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the most abundant species of butterfly fish prior to
bleaching, were recorded from a total of seven transects.
Furthermore, none of the rare butterfly fishes (Chaeto-
don bennetti, C. semeion and C. unimaculatus) were ob-
served and only one specimen of Chaetodon octofasciatus
was recorded. Öhman et al. (1998) stated that more than
90% of all chaetodontids in the shallow coral areas of the
Bar Reef were corallivores. Therefore, the loss butterfly
fish can be directly attributed to the loss of living corals.
An increase in the numbers of herbivores was not evi-

dent although turf and filamentous algae were abun-
dant on these reefs. Feeding on Bryopsis spp. by any of
the herbivores was not observed.

Although large areas of living corals have been lost,
much of the reef structure was intact even in late 1999
and, as a result, some of the predators and larger herbiv-
ores that use the reef structure for ambush and refuge
remained. However, an increase in coral rubble was evi-
dent in 1999 indicating that some of the reef structure
has been weakened and is gradually deteriorating.

Table 4. Status of reef sites surveyed between June 1998 and January 2000.

Site Location and name of reef (Reef site) Depth Status of habitats
No. range (m)

1 Bar Reef Marine Sanctuary (Shallow reefs) 0–10 Highly degraded, now covered by algae Live coral less than 1%
2 Kandakuliya (Kudawa reef) 0–3 Acropora branching corals recovering
3 Kandakuliya (Diyamba reef) 10–22 Most bleached corals have recovered
4 Negombo (Negombo Suda) 18–22 Most bleached corals have recovered
5 Colombo (Pitagala) 20–25 Most bleached corals have recovered
6 Colombo (Gigiripita) 20–30 Most bleached corals have recovered
7 Colombo (Palagala) 9–11 Most bleached corals have recovered
8 Colombo (Vatiya reef) 25–30 Most bleached corals have recovered
9 Moratuwa (Itipandama) 8–12 Most bleached corals have recovered
10 Moratuwa (Bodhigala) 20–23 Most bleached corals have recovered
11 Panadura (Rudigegala) 13–17 Most bleached corals have recovered
12 Hikkaduwa N. R. (reef lagoon) 0–3 Highly degraded, Live coral is 7%. Heavily silted
13 Hikkaduwa (Supercoral reef) 7–13 Most bleached corals have recovered
14 Hikkaduwa (Kiralagala) 27–35 Mainly  Ahermatypic corals
15 Rumassala (Galle) 0–5 Highly degraded, Live coral about 10%
16 Unawatuna (Welladewale reef & Diyamba reef) 0–6 Highly degraded, Live coral is almost 0%
17 Weligama (Kapparatota reef) 0–3 Partially recovered live coral
18 Great Basses Reef 2–30 No bleaching was observed
19 Kalmunai, Batticoloa 2–42 Last surveyed in Sep. 98, highly bleached, present condition not known
20 Trincomalee (Elephant Island & Chapel rocks) 18–30 Mainly Ahermatypic corals
21 Trincomalee (Pigeon Islands) 0–10 No bleaching was observed

Table 3. Percentage cover of live coral before and after bleaching at selected shallow coral reef sites in Sri Lanka.

Location Pre-bleaching (Year) Post-bleaching (Year) Depth (m)

Bar Reef 78.5%   (1993 & 1994)   0% (1999) 0–5
Hikkaduwa 47.2%   (1997)   7% (1999) 0–3
Unawatuna 47.1%   (1997)   0% (2000) 0–7
Weligama 92%      (1997) 28%  (1999) 0–2

Source: Rajasuriya et al. (1998 a & b)
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Kandakuliya
Most of the nearshore reef at Kandakuliya was buried by
sand due to beach erosion along the northern shore of the
Kandakuliya village. The offshore reef (Kudawa reef),
located approximately 1 km from the shore, possessed
living branching Acropora formosa and Acropora spp. in
late 1998 indicating that these corals had recovered rela-
tively rapidly following bleaching. Also recorded from
this reef were large Porites domes and other massive cor-
als of the family Faviidae. Dead patches were observed
on some of the large Porites domes, but it was difficult to
determine whether this mortality was a consequence of
bleaching in 1998 or from other causes such as feeding by
A. planci. Corals on the sandstone habitats in deeper wa-
ter (~18 m) were in good condition.

The shallow coral reefs were degraded even prior to
bleaching due to the use of destructive fishing tech-
niques such as bottom set nets (Öhman et al., 1993). As a
result, fish abundance was relatively low compared with
Bar Reef. However, fish were abundant below 12 m in
the sandstone and limestone habitats. A reduction of the
fish population in these habitats was not apparent. This
is probably because the majority of fish in sandstone-
limestone habitats are not highly dependent on live cor-
als and therefore, were not affected by the bleaching.

Negombo
The main reef site at Negombo is located approximately
19 km west of the lagoon outfall. The shallowest part of
the reef is at a depth of 15 m and consists primarily of
Porites domes that attain a diameter of approximately 5
m. Many of these domes had patches of dead coral but it
was not possible to ascertain the cause of these dead
patches. No bleached corals were seen in early 1999 and
live corals were in good condition. However, an increase
in the amount of filamentous algae on coral rubble and
dead coral was recorded in early 1999.

A reduction in the abundance of fish was not evident
although the use of damaging fishing gear such as bot-
tom set nets is a major threat to the corals and other reef
building organisms (Rajasuriya & Wood, 1997). The

most abundant species were Acanthurids (Naso hexacan-
thus and Acanthurus mata). The Negombo reef also sup-
ports many less abundant ornamental fish species, par-
ticularly the long-nose butterfly fish (Forcipiger longiros-
tris) and Chaetodon madagascariensis which are relatively
rare in other areas of the West Coast.

Colombo
Four reef sites (Pitagala, Gigiripita, Vatiya and Palagala)
were investigated. ‘Pitagala’ and ‘Gigiripita’ Reefs have
coral habitats similar to Negombo Reef but they are
smaller in size and are located approximately 10 km to
15 km offshore at depths between 18 m and 35 m. Both
reefs contain similar habitats and support primarily me-
dium sized Porites domes (1.5 m - 2 m diameter), and
colonies of Symphyllia sp., Pocillopora sp., encrusting
species of Montipora, Echinophyllia, Acanthastrea and
small Faviid colonies. Also present are small (0.5 m),
scattered colonies of Acropora spp. All living coral colo-
nies were healthy in late 1999.

Vatiya Reef is located approximately 4 km offshore
at a depth of 27 m to 30 m. This reef consists of sand-
stone and old limestone slabs. Living corals are mainly
encrusting and laminar growth forms. Bleaching was
observed in 1998 but recent surveys indicated that all
corals had recovered completely.

Palagala Reef lies approximately 1 km offshore. The
reef structure is similar to that of Vatiya Reef where live
coral is sparse. Almost all large colonies were bleached
in 1998, but have since recovered. Recent investigations
in early 2000 revealed that most soft corals (Dendroneph-
thya sp.) have bleached, probably indicating the influ-
ence of other stresses since this reef is closer to shore and
may be affected by the influx of fresh water and pollu-
tion during rainy periods. However, similar bleaching
of Dendronephthya sp. was observed in 1997, raising the
question of whether bleaching of soft corals is an indica-
tor of overall changes in the environment?

Moratuwa and Panadura
Moratuwa and Panadura Reefs are mainly sandstone
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and old limestone mixed among rocky habitats. The av-
erage cover of live coral ranged between 10% and 15%
although small areas (< 100 m2) supported coral cover
approaching 40%. The dominant corals were encrust-
ing, massive and laminar forms. Almost all corals were
bleached in 1998 but have since recovered.

Hikkaduwa Nature Reserve
This shallow coral reef once supported extensive areas
of branching Acropora spp. but was completely de-
stroyed by bleaching. Live coral cover was 7% in 1999
due to the recovery of several colonies of Porites, Gonias-
trea, Favites and Favia. Colonies of Montipora aequitu-
berculata were not affected by the bleaching in 1998.

The abundance of butterfly fish has been reduced
considerably due to loss of live branching and tabulate
Acropora spp. The most common species Chaetodon tri-
fasciatus has declined from five individuals per transect
(Öhman et al., 1998) to less than three individuals in
post bleaching studies. At present, the Hikkaduwa Reef
lagoon is highly degraded by sedimentation and the loss
of live corals. Many corals are now buried under sand
and the exchange of water has also been restricted by
the accumulation of silt in one of the passages at the
southern end of the coral patch. Dead branching corals
were beginning to break up into coral rubble by late
1999. De Silva (1997b) reported that the abundance of
calcareous alga Halimeda sp. had increased to a level
where it was impeding the growth of live coral and was
also contributing to the increased sedimentation. This
species continues to be a problem within the reef lagoon.

A coral and rock habitat just outside the southern
boundary of the protected area supports coral in good
condition. However, this area is relatively deep (~10 m)
and therefore, the recovery of these corals is similar to
those on other reefs at similar depths. The dominant
coral genera were Favia, Favites, Plesiastrea, Goniastrea
and Echinophyllia.

Rumassala Reef
The condition of the Rummassala Reef was similar to

Hikkaduwa Reef but more colonies of coral survived
following the bleaching event because of their location
in deeper water (6 m – 8 m). Colonies of Porites rus,
which was the dominant species in shallow water, was
not bleached in 1998.

Sedimentation at Rummassala Reef was high and
the general appearance of corals was poor and compara-
ble to those corals in the Hikkaduwa Reef lagoon. How-
ever, healthy corals belonging to the families of Mussi-
dae and Pectiniidae were found on the rocks close to the
watering point on the Rumassala headland.

Unawatuna
Coral bleaching in 1998 has destroyed almost all living
corals at Unawatuna. Surveys carried out in January
2000 determined that only colonies smaller than 1 m in
diameter are alive. Species of coral recorded were Porites
sp. Pocillopora eydouxi, Acropora sp. and Favites abdita
but generally the cover of live coral was negligible. This
strongly contrasts against investigations conducted in
1997 that reported cover of live coral of 47.1% (Table 3).
Fish abundance was extremely low. Only one specimen
of the butterfly fishes Chaetodon citrinellus, Chaetodon
decussatus and Chaetodon trifascialis was recorded.

Local tourism is a major threat to the reef at Unawa-
tuna. Trampling of the coral by reef-walkers, removal
of corals for souvenirs and increasing numbers of glass
bottom boats threaten the recovery process of this reef.

Weligama
All corals at Weligama were severely bleached except
Montipora aequituberculata and Psammacora contigua
which were only marginally affected and had recovered
completely by the end of 1998. In some parts of the reef,
colonies of Acropora formosa recovered after being
bleached for up to five months. All other corals includ-
ing Pocillopora verrucosa, P. eydouxi P. damicornis,
branching and tabulate Acropora spp. and the hydrocor-
al Millepora were totally destroyed. Parts of the reef that
died after the bleaching are now covered in Halimeda
sp. and filamentous algae. Despite this, corals located in
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shallow water (0 m – 3 m) on the reef at Weligama ex-
hibited the greatest recovery of any corals surveyed in
shallow water anywhere in Sri Lanka (28%)(Table 2).
Prior to bleaching the cover of live coral was as high as
92% (Table 3). With the loss of live corals there was a
marked reduction in the numbers of fish, particularly
butterfly fish. Also, extensive damage was being caused
to the reef by the indiscriminate catching of ornamental
species by snorkel divers using crow bars to chase fish
into ‘moxy nets’ which are similar to small cast nets
(Öhman et al., 1993).

Great Basses Reef
Great Basses Reef is not a true coral reef but a combina-
tion of rock, sandstone and old limestone on which iso-
lated colonies of coral grow. Coral bleaching was not re-
corded from Great Basses Reef. Recent surveys indicat-
ed that hermatypic corals were healthy.

The recent increase in the harvesting of chanks and
ornamental fish may have an adverse impact on the fau-
na of this area. Great and Little Basses Reefs have also
been identified for protection within a marine protected
area.

Kalmunai
Widespread bleaching was recorded from the east coast
around Batticoloa. The areas surveyed were located
around Kalmunai, which is about 20 km south of Batti-
coloa. Surveys conducted in September 1998 revealed
that the entire shallow coral reef was bleached and also
that colonies of Gonipora stokesi and Leptoseris papyracea
situated at a depth of 42 m were bleached. The present
condition of these reefs is not known due to inaccessibil-
ity.

Trincomalee
The sites investigated at Trincomalee included the Pi-
geon Islands and Elephant Island. Corals at both loca-
tions were not bleached. Investigations were carried out
in late 1998 and on five occasions during 1999. The coral
reefs of Pigeon Island were completely destroyed by
outbreaks of A. planci during the 1970’s and early 1980’s

but have since recovered. Branching and tabulate spe-
cies of Acropora were the dominant corals. However,
some parts of the reef where coral rubble was present
have been invaded by corallimorpharians that have sub-
sequently begun to encroach upon an area supporting
live colonies of Acropora (Plates 1 & 2).

OBSERVATIONS OF CORAL RECRUITMENT
Settlement of new corals was observed in most sites.
However, these colonies were very small and may take
several years to grow into larger colonies that can sus-
tain the structure of the reef. The most common newly
recruited species were Galaxea fascicularis, Acropora for-
mosa, A. valida, Acropora spp., Pavona varians, Pocillopora
eydouxi, P. damicornis, P. verrucosa, Echinopora lamellosa,
Favia spp., Favites spp. and Goniopora spp..

DISCUSSION
These studies have revealed that whilst living corals
within the top 5 m of water were damaged severely, cor-
als deeper than 8 m to 10 m have recovered well. Also,
in some locations, colonies of the branching coral Acro-
pora formosa recovered approximately five months after
they initially bleached. The hydrocoral Millepora spp.
has been almost completely lost from the areas that were
affected by the bleaching. The initial bleaching response
of soft corals and some sponges was similar to that of
hard corals. However, soft corals and sponges recovered
more rapidly than hard corals.

Bleaching of hard corals has been observed in the
past (1980’s and early 1990’s), particularly in tabulate
Acropora hyacinthus and Acropora cytherea. However,
such bleaching did not draw significant attention as it
usually occurred only in single colonies within large are-
as of healthy reef. Similarly, bleaching of soft corals
(Dendronephthya sp.) was observed in 1997 on an off-
shore reef off Colombo.

The impact on fishes caused by the loss of live hard
corals was clearly visible in the reduction in abundance
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of several species of fish associated with live corals, espe-
cially butterfly fishes (Chaetodontidae). However,
changes in fish communities were less obvious in habi-
tats below 8 m to 10 m where live coral cover is normal-
ly low and the species of fish are not totally dependent
on live corals in their immediate habitat. Nevertheless,
links in the food chain and also recruitment of juveniles
between shallow water coral habitats and offshore deep-
er habitats could result in a reduction in fish abundance
and species diversity. Immediately after bleaching some
species, such as the Gobiodon citrinus, were completely
absent from habitats that were once dominated by
branching Acropora spp.. However, G. citrinus was re-
corded at Weligama Reef after some of the bleached
branching corals had recovered in late 1998.

Although recovery of damaged reefs was observed,
it is clear that good management practices are needed in
order to improve the condition of reef habitats in Sri
Lanka. As reported by Rajasuriya et al. (1995) and De
Silva (1985; 1997a; b) management of human activities is
poor. As a result, destructive fishing methods such as
blast fishing and the use of bottom set nets and moxy
nets to catch ornamental species and uncontrolled har-
vesting of resources is widespread. Within the last few
years, initiatives in management actions have attempted
to control coral mining in the sea, protect individual
species from export and have declared several new regu-
lations and a licensing system under the fisheries ordi-
nance. Furthermore, education and awareness building
has been a priority of the Special Area Management
(SAM) of Coral Reefs at selected locations. Unfortunate-
ly, such initiatives have not produced the desired results
because of difficulties and problems in management and
the situation in marine protected areas (De Silva, 1985;
1997a; Rajasuriya et al., 1995; 1999).

Lack of proper management will have serious long-
term implications for the recovery of reef resources, par-
ticularly when reefs have been highly degraded by
bleaching. It is important to think in terms of ecosystem
conservation rather than protection of individual spe-
cies. Furthermore, if the reefs are going to recover and

survive in the long-term, it is vital that existing laws and
regulations are implemented impartially within the
present framework of laws and regulations.

ACKNOWLEDGEMENTS
We wish to thank the Chairman and the Director Gen-
eral of NARA, Dr. Olof Linden of Sida/SAREC Marine
Science Programme and Coordinator of CORDIO pro-
gramme and Mr. Dan Wilhelmsson, Regional Coordi-
nator for South Asia CORDIO programme for their
support for coral reef research and monitoring. We also
wish to thank Dr. Malik Fernando, Mr. Nishan Perera
and other members of the Sri Lanka Sub-Aqua Club for
participating in the surveys, Reef Check and for provid-
ing information. The support given by Mr. Darrel Fryer
and the ornamental fish collectors is also acknowledged
in providing logistical support in the field as well as in-
formation on coral bleaching and impact on marine life.

REFERENCES
English, S., Wilkinson, C. & Baker, V. (eds.) 1997. Survey Manual for

Tropical Marine Resources, 2nd Edition. Australian Inititute of Marine
Science. ASEAN-Australia Marine Science Project. 390 p.

De Bruin, G.H.P. 1972. The  ‘Crown of Thorns’ starfish  Acanthaster
planci (L.) in Ceylon. Bull. Fish. Res. Stn. Sri Lanka (Ceylon) 23: 37-41.

De Silva, M.W.R.N. 1985. Status of the Coral Reefs of Sri Lanka. Proc. 5th
Int. Coral Reef Congress, Tahiti, 6: 515-518.

De Silva, M.W.R.N. 1997a. Trials and Tribulations of Sri Lanka’s First
Marine Sanctuary – The Hikkaduwa Marine Sanctuary. In: Vineetha
Hoon (ed.) Proc. of the Regional Workshop on the Conservation and
Sustainable Management of Coral Reefs. No. 22, CRSARD, Madras. pp.
99-116.

De Silva, M.W.R.N. 1997b. A new threat to the coral reefs of the
Hikkaduwa Marine Sanctuary. Tropical Coasts 4: 16-19.

Dayaratne, P., Lindén, O. & De Silva, M.W.R.N. 1997. The Puttlam/
Mundel Estuarine Sysytem and Associated Coastal Waters. A report on
environmental degradation, resource management issues and options for
their solution. NARA, NARESA, Sida. 98p.

Öhman, M.C., Rajasuriya, A., & Lindén, O. 1993. Human Disturbances
on Coral Reefs in Sri Lanka: A Case Study. Ambio 22: 474-480.

Öhman, M.C, Rajasuriya, A. and Svensson, S. 1998. The Use of
Butterflyfishes (Chaetodontidae) as Bio-indicators of Habitat Structure
and Human Disturbance. Ambio, 27: 708–716.



– 63 –

Rajasuriya, A & De Silva, M.W.R.N. 1988. Stony corals of the fringing
reefs of the western south-western and southern coasts of Sri Lanka.
Proc. 6th Int. Coral Reef Sym., Australia 3: 287-296.

Rajasuriya, A & Rathnapriya, K. 1994. The Abundance of the ‘Crown-of
Thorns’ Starfish Acanthaster planci (Linné, 1758) in the Bar Reef and
Kandakuliya Areas and Implications for Management.(Abs.). Paper
presented at the Second Annual Scientific Sessions of the National
Aquatic Resources Agency, Sri Lanka.

Rajasuriya, A. 1994. Three Genera and Twelve Species of Stony Corals
New to Sri Lanka (Abs.). Paper presented at the Second Annual
Scientific Sessions of the National Aquatic Resources Agency (NARA), Sri
Lanka.

Rajasuriya, A., De Silva, M.W.R.N. & Öhman, M.C. 1995. Coral Reefs of
Sri Lanka; Human Disturbance and Management Issues. Ambio 24:
428-437.

Rajasuriya, A. & White, A.T. 1995. Coral Reefs of Sri Lanka: Review of
Their Extent, Condition and Management Status. Coastal Management
23: 77-90.

Rajasuriya, A. & Wood, E. 1997.  Coral Reefs in Sri Lanka: Conservation
Matters. Marine Conservation Society and National Aquatic Resources
Research and Development Agency, 14p.

Rajasuriya, A. & White, A.T. 1998. Status of Coral Reefs in South Asia. In
Wilkinson, C.R. (ed.). Status of Coral Reefs of the World: 1998.
Australian Institute of Marine Science, 184p.

Rajasuriya, A. Öhman, M.C. & Svensson, S. 1998a. Coral and Rock Reef
Habitats in Southern Sri Lanka. Ambio 27: 723-728.

Rajasuriya, A., Öhman, M.C. & Johnstone, R.W. 1998b. Coral and
Sandstone reef-habitats in north-western Sri Lanka : patterns in the
distribution of coral communities. Hydrobiologia 362: 31-43.

Rajasuriya, A., Maniku, M.H., Subramanian, B.R. & Rubens, J. 1999.
Coral Reef Ecosystems in South Asia. In: Linden, O. & Sporrong, N.
1999.(eds.) Coral Reef Degradation in the Indian Ocean, CORDIO &
SAREC. pp.11-24.

Swan, B. 1983. An Introduction to the Coastal Geomorphology of Sri Lanka.
National Museums of Sri Lanka. 182 p.



– 64 –

Figure 1. The reef area of Maldives with each survey site illustrated.

INTRODUCTION
A pilot reef monitoring study was conducted in 1998 to
assess the extent of coral bleaching in the Maldives. The
aims of this monitoring exercise were:
1. To quantitatively document the post-bleaching sta-

tus of the shallow-water coral communities on the
reefs of the north, central and southern regions of
Maldives.

2. To estimate bleaching-induced coral mortality by
comparing data yielded by the pilot survey with data
from previous surveys, especially those sites for
which historical data are available.

METHODS AND SURVEY LOCATIONS
Site Selection
The reef area of Maldives is enormous and the resources
available for monitoring it are small. Reefs that would
provide a description of the current post-bleaching sta-
tus of the coral communities throughout Maldives were
selected. The sampling sites were chosen in the follow-
ing region (Figure 1):
• Haa Dhaal (north and a regional development target)
• Male (east central with intensive tourism and other

commercial activities)
• Ari (east central with intensive existing tourism de-

velopment)
• Vaavu (south central with a community-based integra-

ted island resource management project underway).
• Addu-Gaaf Alif (south and a regional development

target)

Status of the coral reefs of Maldives
after the bleaching event in 1998
HUSSEIN ZAHIR
Marine Research Centre, Ministry of Fisheries Agriculture and Marine Resources, Male, Maldives
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In each of these regions three reefs were selected ensur-
ing that reefs that had been surveyed in the recent past
were included thus providing baseline data against
which data obtained from this study could be compared.

Because virtually all of the previous studies were
conducted on the reef top and for logistical efficiency, all
of the quantitative surveys conducted in this pilot study
were conducted on the reef top also. Surveys were also
confined to inner reefs within the atolls because this is
where past surveys had been conducted and also because
the surge caused by oceanic swells ensures that working
in shallow water on outer reefs is usually impossible.

SURVEY METHOD
On each surveyed reef, data from three line intercept
transects of 50 m (English et al., 1997) were recorded in
areas near the location of past survey sites and where
physical conditions such as wave action permitted. Oc-
casionally, when it was judged efficient to do so, a 50 m
long line point insect transect was used. Surveys of the
same sites were repeated in 1999 as part of an ongoing
monitoring programme to assess the status of the reefs
and to compare the results with those of the post bleach-
ing study. It is anticipated that these sites will become
permanent monitoring sites and will be surveyed annu-
ally to provide an insight to the processes of reef recov-
ery especially after the bleaching in 1998.

RESULTS
A summary of post-bleaching data shows that the mean
cover of live coral was 2.1% and ranged between 1.0%
and 3.1% among the different atolls surveyed (Table 1)
which is comparable to MRS Reef Check estimates of
1.7% (Table 2). This is in stark contrast with pre-bleach-
ing levels of 46.5% (Table 2) and 37.4% (Table 3) (Figure
2). Although the cover of live coral is uniformly low,
there is a suggestion of slight difference among atolls.
Members of the family Acroporidae, excluding Astre-
opora, were rarely seen on the reef top, whereas poritids

Table 1. Summary data from transects surveyed between August and
October, 1998. Estimates for each reef comprises three transect sur-
veys which are pooled to calculate the aggregate estimates.

Regions surveyed          Reef Number         Aggregate

                                  1              2    3

Vaavu Atoll
Mean % cover 2.8 1.3 4.7 2.9
Standard deviation 0.92 0.42 1.69 1.82
No. of transects 3 3 3 9

Ari Atoll
Mean % cover 0.5 2.1 0.2 1.0
Standard deviation 0.38 2.03 0.28 1.36
No. of transects 3 3 3 9

Haa Dhal Atoll
Mean % cover 0.4 1.6 0.8 1.0
Standard deviation 0.49 0.19 0.94 0.75
No. of transects 3 3 3 9

Addu & Gaaf Atolls
Mean % cover 3.9 4.3 1.0 3.1
Standard deviation 1.81 2.54 0.24 2.21
No. of transects 3 3 3 9

North & South
Male Atolls
Mean % cover 1.4 5.3 1.0 2.6
Standard deviation 0.82 3.21 1.09 2.71
No. of transects 3 3 3 9

All Transects,
All Atolls 2.1
Mean % cover 2.06
Standard deviation 45
No. of transects n=45

and agariciids, despite suffering high mortality, have
survived best.

Results from the 1999 surveys show that the mean
cover of live coral is 1.9% and ranges between 0.33%
and 3.04% among the atolls surveyed (Table 4). These
results are compared with those of the post bleaching
study and are shown in figure 3.
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Table 2. Reef Check data showing 1997 and 1998 coral cover at three permanent transect sites. Source: Marine Research Centre.

Reefs                         1997  Transect Estimates                                                       1998  Transect Estimates

                               Ta          Tb           Tc           Td         Mean       SD            Ta            Tb            Tc           Td         Mean        SD

Patch Reef, Vaavu 60.0 57.5 65.0 47.5 57.5 7.36 0.0 0.0 0.0 0.0 0.0 0.0
Thuvaru 22.5 22.5 22.5 45.0 28.1 11.25 0.0 0.0 0.0 0.0 0.0 0.0
Maduvvaree 70.0 50.0 50.0 45.0 53.8 11.09 10.0 7.5 0.0 2.5 5.0 4.56
Grand Mean 46.5 1.7
SD 16.39 3.43

Table 3. Estimates of live hard coral cover prior to bleaching. Source: Marine Research Centre and Naeem et al., 1998.

     Transects
Reef                                  Atoll             Date                    1       2       3      4      5      6     7       8

Gan Addu 29/09/97 60.0 45.0 57.5 30.0 35.0 22.5
Khoodhoo Gaaf Alifu 15/04/98 22.5 42.5 35.0 50.0 12.5 22.5 22.5 45.0
Bandos N. Male 05/05/98 28.4 45.1 38.8 36.7
Udhafushi N. Male 29/06/98 51.5 26.4
Kudahaa N. Male 30/06/98 45.1 30.0
Rasfari N. Male 01/07/98 44.5 48.5
Embudhu Finolhu Far S. Male 05/07/98 31.0 44.3

Grand Mean 37.4
SD 12.05

Figure 2. Estimates of live hard coral cover prior to and after the
bleaching event plotted as mean bounded by upper and lower 95%
confidence intervals. Pilot post-bleaching data from pilot project field
work. Various pre-bleaching data from Coral Reef Research Unit, Riyaz
et al. (1998). Rchk = Reef Check data (Hussein, et al., 1998) from MRC
Reef Check surveys in August 1997 (pre-bleaching) and August 1998
(post-bleaching).
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DISCUSSION
The post bleaching study data show that only a small
amount of live coral cover (~ 2%) remains on the reef
tops surveyed. Qualitative observations made by many
other people in other parts of the country are consistent
with these quantitative surveys and lead to the conclu-
sion that this is the general condition of reef tops
throughout Maldives. Surveys conducted before and
during the bleaching event indicate that live coral cover
was approximately 20 times greater prior to the event.
Although quantitative data describing the abundance of

Table 4. Summary data from transects surveyed from April to June
1999. Estimates for each reef comprise three transect surveys which
are aggregated to calculate the aggregate estimates.

Regions Surveyed Aggregate

Vaavu atoll
Mean percent cover 2.37
standard deviation 1.29
Number of transects 8

Haadhaal atoll
Mean percent cover 0.33
standard deviation 0.41
Number of transects 9

Ari atoll
Mean percent cover 1.62
standard deviation 2.18
Number of transects 9

Addu/Ga. Atoll
Mean percent cover 2.28
standard deviation 1.92
Number of transects 6

N/S Male atoll
Mean percent cover 3.04
standard deviation 2.67
Number of transects 9

All Transects (5 regions)
Mean percent cover 1.931
standard deviation 2.047
Number of transects 41

Figure 4.  Settlement and recruitment of fast growing acroporid spe-
cies indicates that natural recovery is occurring.

Acropora and Pocillopora prior to bleaching are unavaila-
ble, it is well known that they were common. Indeed,
Acropora was often the dominant coral on many reefs.

Repeated surveys of the same sites six months later
indicated the cover of live coral remained very low at all
sites. Indeed, each site surveyed, with the exception of
Ari Atoll and North / South Male, possessed less live
coral one year after the bleaching event than it did im-
mediately after indicating subsequent mortality of corals
and negligible recovery. Furthermore, it is suspected
that Ari and Haa Dhal Atolls were affected more than
the other regions surveyed and the low level of coral
cover was consistent with consecutive sampling.

Despite the grim picture painted by these data, the
survey team has observed new coral recruits at all sites.
Re-colonisation of fast growing branching growth
forms were observed ten months after the bleaching
event, indicating that reef recovery processes were al-
ready underway (Clark et al., 1999). Several observa-
tions bode well for the recovery of these reefs. For ex-
ample, many of the new recruits belonged to the genus
Acropora which was the genus most seriously affected by
the bleaching in 1998 (Figure 4-5). In addition, on some
reefs encrusting coralline algae are abundant (Figure 6)
providing potential areas for coral settlement and re-
cruitment and in some regions (e.g. Haa Dhaal) large
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Acropora tables that were believed to be dead are re-
generating live tissue indicating prolonged recovery of
some species of coral.

The impacts of the 1998 bleaching event will not be
fully understood for some time. However, it is clear that
reefs will be modified as a result of this bleaching event.
In the short term (< 5 years), reefs formerly dominated
by branching species will be dominated by non-living

Figure 5. Acropora was the genus of coral that was perhaps the most
severely affected by the bleaching event of 1998.

Figure 6.  Coralline algae (pink areas) have been implicated as being
an important promoter of settlement of coral larvae. The abundance
of coralline algae on the reefs of Maldives indicates that settlement and
recovery of these reefs will not be hindered by the unavailability of su-
itable substrate.

Figure 7. An increase in the size of populations of grazing herbivores
brought about by greater abundance of algae following the 1998 bleach-
ing event could increase the rate of erosion of the reef framework.

substrate supporting only a low percentage cover of liv-
ing corals of which the majority will be massive species.
The consequences of bleaching for the reef framework
will largely depend on the transport and fate of calcium
carbonate (CaCO3) fragments. Where reef disturbance
is severe, boring and grazing organisms may remove
CaCO3 faster than primary frame-builders can add to it
(Figure 7). Such biogenic processes will determine
whether the integrity of the reef structure will be com-
promised.
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INTRODUCTION
The major reef formations in India are restricted to the
Gulf of Mannar, Palk Bay, Gulf of Kutch, Andaman
and Nicobar Islands and the Lakshadweep Islands
(Hoon, 1997; Wilkinson, 1998) (Figure 1). Each area,
particularly the Gulf of Mannar, faces specific problems
resulting from anthropogenic influences such as high
fishing pressure (trawls), high sedimentation from poor
upland and coastal agriculture practices, and high levels
of pollution. Furthermore, the reefs of Lakshadweep
and Nicobar Islands are considered the most polluted in
the Indian Ocean because the seas around them serve as
major routes for oil tankers (Bakus, 1994).

STATUS OF CORAL REEFS
The bleaching event in 1998 affected the coral reefs of
India to various extents, with Andaman and Nicobar Is-
lands suffering the greatest mortality of coral (up to
80%) followed by the Lakshadweep (43% - 87%) and the
reefs of the Gulf of Mannar (an average of 60%). The
corals of the Gulf of Kutch were less affected (<30 %),
which could be due to a greater tolerance of higher sea
temperatures resulting from their occurrence in the ex-
treme arid conditions in the north-west of India (Wafar,
1999).

The status of the coral reefs of India
following the bleaching event of 1998
LIDA PET-SOEDE1, MOHIDEEN WAFAR2, K. VENKATARAMAN3, P.T. RAJAN3 and
DAN WILHELMSSON4

1Independent Consultant & Institute of Environmental Studies, Free University Amsterdam, the Netherlands
2National Institute of Oceanography, Dona Paula, Goa, India.
3Zoological Survey of India, Marine Biological Station, Chennai, India.
4CORDIO – South Asia, c/o SACEP, Colombo, Sri Lanka

Surveys carried out by Marine Biological Station,
Zoological Survey of India, on the coral reefs of the 21
islands of the Gulf of Mannar during 1998 and 1999
(Venkataraman, unpublished report), revealed that the
area was severely affected by post bleaching mortality
and a number of reefs are considered to be in a critical
condition. Results show that the mean cover of coral
was approximately 26% (Figure 2) and ranged between
0% and 74%. Also, sea anemones and octocorals were
affected by the bleaching and a decrease in the biodiver-
sity of these reefs was reported. Further, several areas
were covered with algae to a large extent.

Initial assessments of recovery of corals on six of the
Lakshadweep Islands conducted during October and
November 1999 indicated an increase in cover of live
coral from between 5% and 10% immediately after
bleaching to between 15% and 20%. Additional esti-
mates of recovery will be obtained from permanent
transects laid at Kadamat Island in February and
March, 2000.

The condition of the reefs of Andaman and Nicobar
Islands ranged from poor (~10% live coral cover) at Lit-
tle Andaman to good (~70% live coral cover) at Middle
Andaman (Sastry, 1998). Early anecdotal reports indi-
cated 80% of corals in Andaman and Nicobar Islands
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Figure 1. Coral reef areas of India.
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Figure 2. Benthic cover types recorded from the reefs of the Gulf of
Mannar. Sorce: Venkataraman, unpublished report.
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bleached, but the extent of post bleaching mortality has
not been established. Although some qualitative obser-
vations report bleaching and some coral mortality at
several reefs, quantitative data are not available primari-
ly because line transects performed last season did not
specifically record bleached areas.

THE IMPORTANCE OF REEF FISHERIES IN
INDIA
When discussing the importance of reef fisheries for a
country, it is important to distinguish between its im-
portance in providing food, foreign currency and em-
ployment. In India, the reef fishery is not very impor-
tant in terms of total fish landings or earnings when
compared to other fishing sectors such as the demersal
fishery in the shallow coastal areas or the tuna fishery
around islands of Lakshadweep. Most Indian fishers
make their living from either the pelagic fisheries, the
prawn trawl fishery or the small-scale demersal fishery.
However, the focus of India’s fisheries are likely to
change due to increasing demand from foreign markets
for high quality reef fish such as grouper and snapper
and also because of over capitalisation and exploitation
of coastal shelf areas. So whereas reefs are hardly con-
sidered important for the fishery at present they may be-
come so.
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The low relative contribution of reef fish to the total
marine fish landings (Figure 3) illustrates how India,
with its limited area of coral reefs, does not exploit its
reef fish resources as much as other densely populated
coastal areas of the world (e.g. Indonesia). Reasons for
this are:
1. Most reefs are found in regions that are lightly popu-

lated such as Andaman and Nicobar Islands.
2. There is a high demand for large pelagic fish such as

mackerel and tuna at both domestic and export mar-
kets and, as a consequence, the fishery in large reef
areas such as Lakshadweep focuses on these large
pelagic species rather than reef fish.

However, it is feared by the fishers Andaman and Nico-
bar Islands that fishers from the Gulf of Mannar, who
are faced with declining fish catches in their own wa-
ters, will increasingly turn their attention toward the
waters surrounding these remote islands. Furthermore,
since 1969 there has been a significant increase in the
relative importance of reef fish to the total landings in-
dicating that the pressure on reef fish resources is likely
to increase.

Figure 3. Trends in total fish landings and composition for India bet-
ween 1969 and 1993.

Mainland India
The total value of fish exported from India was estimat-
ed at more than 500 million US$ in the early1990’s. This
is an enormous increase from the 5 million US$ that was
exported in 1951 (Anonymous, 1995). Although this can
be explained, in part, by the greater number of fish
landings, the most significant factor is the drastic in-
crease in the value of fish. Between 1990 and 1995, the
value of 1 ton of fish at Goa state has increased three
fold from 0.3 million Rs to 1.1 million Rs (CMFRI,
1995). Of India’s coastal states, Tamil Nadu and Kerala
produce the largest landings of perches which, accord-
ing to CMFRI, includes true reef fish species such as
rock cods, snapper, emperors (“pig-face breams”),
threadfin breams and other perches (Sivaraj et al., 1992).
For India, threadfin breams contribute most to the over-
all catch (Kumaran & Gopakumar, 1986). Of the reef ar-
eas, the largest catches, in terms of absolute biomass, are
reported from the Gulf of Mannar and are more than an
order of magnitude higher than the next most produc-
tive region, the Lakshadweep Islands. Andaman and
Nicobar Islands produce the least of all Indian reef areas
in absolute figures. The coastal shelf fishery in Gulf of
Mannar produces mostly small pelagic fish such as sar-
dines (25%) and few true reef species. In monetary
terms, the prawn trawl fishery is most important. How-
ever, its damaging effects to the coastal habitats consti-
tute a major threat to sustained exploitation of demersal
resources in this area. Moreover, the large by-catch of
these trawl fisheries has caused a decline in catches in
other fisheries. Whereas the total landings for India in-
creased by a factor of 1.5 between 1969 and 1979, land-
ings for the oceanic states increased by a factor of 3.2
(Lakshadweep) and 4.2 (Andaman & Nicobar) during
the same period.

Lakshadweep Islands
Of the 36 islands that comprise Lakshadweep only 10
are inhabited by nearly 11 000 people. The largest con-
tributions to annual fish landings of this region come
from Agatti (1400 tons) and Suheli (800 tons), mostly be
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cause of their tuna pole and line fishery (Pillai et al.,
1986). A census conducted during 1987 determined that
approximately 235 mechanised and 488 non-mechanised
boats operated by a total of 3750 fishers (56% full-time,
39% occasional and 5% part-time) worked the waters
surrounding Lakshadweep (Sivaraj et al., 1992). Of the
mechanised boats, 49% were used for pole and line fish-
ing, 45% for troll line fishing and 6% for long line fish-
ing. In Lakshadweep Islands, tunas that were caught
with pole and line gear contributed between 50% and
65% to the total landings between 1969 and 1979, fol-
lowed by sharks and rays (10%) which were mainly
caught with long lines. Total landings of fish almost
doubled between 1979 and 1988 from 3831 tons to 6809
tons (Sivaraj et al., 1992) and the relative contribution of
tunas increased to 86% between 1980 and 1988 due to
progressive mechanisation of the fishery and an in-
creased number of pole and line operations. Gears that
are used inshore in lagoons include shore seines (11% of
total landings), gill nets (3% of total landings), harpoons
(2% of total landings) and cast nets (1% of total land-
ings). Reef fishing with hand lines (5% of total landings)
takes place mostly from June - September when the
tuna fishing is poor. Nevertheless, catches of perch rang-
es second in importance (5%) for the period between
1980 and 1986. These catches are mostly locally con-
sumed (Kumaran & Gopakumar, 1986). During the
tuna season, some demersal species are caught for live
bait for the tuna fishery, but their importance in the live
bait catches is small (5% - 10%) as they are less preferred
as bait than Spratelloides (45%)(Pillai et al., 1986).

Andaman and Nicobar Islands
The entire area of the Andaman and Nicobar Islands
was estimated to be 8249 km2 (Anonymous, 1996a), of
which 78% falls under the Andamans District. Anda-
man and Nicobar Islands are comprised of 348 islands
situated in the Bay of Bengal and a channel of 150 km
wide separates the two districts. Only 27 of the 324 is-
lands of the Andaman district are inhabited and 13 of
the 24 islands in the Nicobar district are inhabited (Al-

fred et al., 1998). The chain of reefs along the west side
of Andaman and Nicobar Islands are mostly barrier
reefs and are richer than those along the east side where
there are mostly fringing reefs (Anonymous, 1996b).

There are 45 fishing villages and 57 fish landing cen-
tres that fall under the Andaman and Nicobar adminis-
tration (Anonymous, 1996b). The maximum sustainable
yield of the region has been estimated at 161 000 tons of
fish per year. Approximately11 000 people depend upon
the fishery for their income, most live at South Anda-
man (38%) and Car Nicobar (19%) (Table 1). Around
2240 fishers have a licence. There are 140 mechanised
boats, 102 motorised boats and 1568 non-motorised
boats. Fish landings increased 12% between 1991 and
1995 from 22 674 tons to 25 477 tons with a total value of
some 16.7 million US$ (Figure 4). Most fishers operate
gillnets (1038 units of gear) and hook and line (900
units). Less important are cast nets (612 units), shore
nets (45 units) and anchor nets (35 units). Seventy per-
cent of the total production is sold fresh and 9% is fro-
zen. Sardines are most important in the catch biomass
(12%) followed by perches (7%).

At present, only a small proportion of the total fish-
ing effort focuses on reefs. Most fishing occurs in the
coastal shallows or in open water (driftnets). The most

Table 1 Number of fishers in Andaman and Nicobar islands in 1995.
Source: Directorate of Fisheries Andaman and Nicobar islands.

Region Fishers

South Andaman 4 237
Car Nicobar 2 111
Diglipur 901
Mayabunder 827
Hutbay 800
Rangat 792
Katchal 415
Havelock 330
Campbellbay 322
Billiground 190
Neil Island 77
Kamorta 60
Total 11 062
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valued fish in the commercial fishery is Spanish Mack-
erel (Scomberidae), which sells at 80 Rs. per kg (1 US$ =
42 Rs). Reef fish such as Epinephelus spp. are caught
with hook and line but sold cheaply (~ 40 Rs. per kg).
The majority of the fishers are involved in small-scale
hook and line or gill net fishing and there are eight larg-
er scale boats engaging mainly in bottom trawling. Av-
erage monthly incomes for fishers at Andaman Islands
are low and fluctuate between 816-1225 RS and 7866-
10200 Rs with expenditures ranging between 845 and
2800 Rs per month (Dam Roy & Dorairaj, 1998). The
average catch per unit effort (CpUE) per day during the
peak seasons varies between 8 kg and 75 kg. Women
also participate in fishery related activities and their av-
erage incomes depend on the type of activity conducted.
Those involved in the collection of clam shells earn
three times as much as those involved in net making,
fish drying or prawn peeling (Sivaraj et al., 1992).

Although coral reef fisheries are not yet very impor-
tant to Andaman and Nicobar Islands, they are being
threatened by poaching of marine organisms by Bur-
mese, Indonesians and Thais. This is a serious problem
that is not easily controlled due to the large geographic
extent of the islands. However, the most serious threats
to the reef environment, as perceived by Andaman and
Nicobar environmentalists, concern proposed develop-
ments for the near future. The airstrip is being extended

to enable international planes to land, tourism is being
developed and forest cut to accommodate a growing
population of mainly mainland Indian people that are
looking for jobs and cleaner environments.

Other man induced threats to the reefs include the
level of siltation during the monsoon period and the lev-
el of pollution from agricultural chemicals. Although
dive tourism is seen as a threat by most of the Andaman
and Nicobar environmentalists, currently it occurs only
during the calm weather season from October to Febru-
ary and very locally. There are only two dive schools
that certify PADI open water divers at their home reef.
At present, most diving on the reefs of Andaman and
Nicobar is done from live aboard vessels. It is not clear
how frequently these operations visit the reefs and, as
yet, neither the local people nor local government bene-
fits from this type of tourism expenditure. The Anda-
man and Nicobar government has been reluctant to al-
low any development especially when there is fear of
negative effects to the environment. This basic conser-
vation intent is strong yet the question is whether it is
strong enough to keep outsiders out and maintain the
near pristine condition of the reefs.
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CORDIO activities were conducted in seven of the In-
dian Ocean Islands namely, Comores, Madagascar,
Mauritius, Mayotte, Réunion, Rodregues, and Sey-
chelles. On each island biophysical and socio-economic
assessments were conducted which have strengthened
the annual monitoring of the reefs and collected baseline
data for the socio-economic monitoring. In addition, a
rapid assessment of the risk posed to island communities
of ciguatera poisoning caused by potential increases in
abundance of ciguatoxin producing dinoflagellates fol-
lowing bleaching was carried out. This study will even-
tually be expanded to encompass sites throughout the
CORDIO region. Finally, as a record, a digital photo-
graphic database of the monitoring sites has been devel-
oped for the Island region. The results of these studies
are summarised here and included in this document as
separate more detailed reports.

COMOROS
Coral reefs surveyed in Comoros exhibited only around
10% coral mortality from the bleaching. Live coral cover
remained high (36% - 40%) and dead coral comprised
approximatley 47% of the substrate (Quod & Bigot, this
volume). The reef supports both fisheries and tourism.
The fisheries remains a small supplier of food to the
country but provides employment for a large proportion
of the population. In Comoros, reef-based tourism is an
important component of a rapidly expanding tourism
industry (Westmacott et al., this volume).

MADAGASCAR
The coral reefs of Madagascar were not particularly af-
fected by the increased sea temperatures recorded in
1998. At the survey site, live coral cover was over 40%
and only 14% of the 55% dead coral cover was thought
to be due to coral bleaching (Quod & Bigot, this vol-
ume). Overfishing is a critical issue affecting these reefs.
Reef fisheries contribute 43% of Madagascar’s total fish
catch and are an important source of food and also for-
eign earnings (Westmacott et al., this volume).

MAURITIUS
The reefs of Mauritius were not adversely affected by
the bleaching event in 1998. The reefs are heavily uti-
lised and are facing other threats at present. They sup-
port an extensive fishing industry with the lagoonal
catch increasing. Most tourists who visit the island will
be involved at some stage of the vacation with reef-relat-
ed activities. (Westmacott et al., this volume).

MAYOTTE
Most coral communities in Mayotte suffered from the
bleaching. Live coral cover on the reef flats was low (4%
- 6%) while on the deeper slopes it ranged between 20%
and 28% (Quod & Bigot, this volume). As with corals in
the lagoons of reef in the southern Seychelles (Teleki et
al., this volume), corals in the lagoon of Mayotte were
less affected than those on adjoining reef flats and ap-
peared to be adapted to fluctuations in water tempera

Indian Ocean Islands – Summary
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ture. Tourism on Mayotte is a rapidly expanding indus-
try and most tourists come from France and Réunion Is-
land (Westmacott et al., this volume)

RÉUNION, FRANCE
Réunion was not severely affected by the bleaching and
those colonies affected are now showing signs of recov-
ery. Live coral cover at the survey sites is reported to be
in the region of 30% - 40% (Quod & Bigot, this volume).
Tourism in Réunion contributes 8% to the national
economy. However, only a small proportion of this can
be directly related to the reefs. Demersal fish landings
form the major part of the fisheries at 68% (Westmacott
et al., this volume).

RODREGUES
Little is known at present about the state of the reefs of
Rodregues. The demersal fisheries provide little overall
food for the island but are an important source of em-
ployment. Tourism at present is small scale with only
two dive facilities on the island and few hotels. Howev-
er, this is expanding rapidly (Westmacott et al., this vol-
ume).

SEYCHELLES
The coral reefs of Seychelles were possibly the worst af-
fected by the 1998 bleaching event. Live coral cover of
the Seychelles granitic islands have been reduced to less
than 10% on most reefs and signs of recovery are slight

with low recruitment and 35% of the sites showing no
recruitment at all (Turner et al., this volume). This has
led to the breakdown of the reef infrastructure and is
likely to result in gradual erosion of the beaches. From
the socio-economic point of view, these areas are the
most heavily utilised by tourists. Although only 7% of
the tourists visiting Seychelles dive, all participate in
some sort of reef-based activity, whether it be snorkel-
ling or only utilising the beaches. Fishing in Seychelles,
is an important industry, the major investment being in
the pelagic fisheries (Westmacott et al., this volume).
The lagoonal reefs in the outer islands appeared to have
adapted to fluctuations in temperatures and faired rela-
tively well, while the branching colonies of the shallow
reefs were severely affected (Teleki et al., this volume).
Recovery from the bleaching in Aldabra is underway as
many corals suffered only partial rather than total mor-
tality (Teleki et al., this volume)

At all the sites affected by the coral bleaching, the
gradual breakdown of the reef is being seen. This will
have a negative affect on the invertebrates and fish that
utilise the reef structure for shelter. Careful monitoring
of this breakdown and recovery as well as changes in the
anthropogenic impacts will enable managers to make
better informed decisions on how to cope with the con-
sequences of the coral bleaching. The state of the reefs
and the importance of reef fisheries and reef-based tour-
ism can be seen in more detail in the reports indicated in
this summary.
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INTRODUCTION
The status of coral reefs in the granitic islands of the
Seychelles archipelago has been assessed by two inde-
pendent surveys following the mass mortality caused by
the 1997/98 bleaching event. Engelhardt (2000), work-
ing in collaboration with the Seychelles Department of
Conservation surveyed 15 sites located mainly on the
north west coast of Mahe during November and De-
cember 1999. During January 2000, Turner, Klaus,
Hardman and West, working in collaboration with the
Seychelles Marine Park Authority, surveyed 46 reef sites
mainly to the east of Mahe, including Ste Anne, Ile
Moyenne, Ile Cerf, Cousine, Praslin, Curieuse, La
Digue, Grand Soeur and Felicite. Reefs around the gra-
nitic islands are shallow and rarely exceed 15 m depth.

Both surveys aimed to assess reef structure over the full
depth range, with corals identified to genus and species
where possible, and assessed reef recovery by recording
new colonies believed to have established since the
bleaching event.

METHODS
Engelhardt surveyed 11 sites at a fine scale along the
north west coast of Mahe, from Lighthouse to Baie Beau
Vallon, with three additional sites at Conception Island,
Moyenne Island, Beacon Island and Marianne Island to
the east (Figure 3, open stars). Two 50 m x 5 m belt
transects were employed at each site, at an oblique angle
from a depth of 1-2 m to 15 m. Coral community struc-
ture was sampled in two 10 m x 1.2 m sub-transects by

The reefs of the granitic islands
of the Seychelles
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Figure 2.  High coral mortality on reef slope, Baie Ternay, 2000.Figure 1. Reef slope at Baie Ternay 1994.
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recording coral taxa in size classes 2-15 cm, 16-30 cm,
31-50 cm, 51-75 cm and >75 cm diameter. Coral cover
was assigned to 10% range categories. Estimates of sea
urchin densities within 250 m2, level of sedimentation by
a visual technique on disturbed sediment, and percent-
age cover of coralline algae were also recorded.

Turner, Klaus, Hardman and West used a rapid site
assessment technique to assess reef composition and
health over approximately one-hectare (100 m x 100 m)
areas at 46 sites across the granitic islands (Figure 3,
closed stars). It was not possible to survey northwestern
exposed coasts during this period due to the monsoon. A
two-tier approach was employed using a visual assess-
ment of reef development and benthic cover combined
with a taxonomic inventory. Sixty to 120 minutes were
allowed for each survey, depending on whether snorkel-
ling or S.C.U.B.A. was required. A team of four survey-
ors swam in a ‘zigzag’ pattern across the area, each with
a specific: visual
recording, video
recording, and
photography.

The visual re-
corder described
the state of reef
development as
(a) reefs with ex-
tensive flats (b)
reefs with moder-
ate flats (c) reefs
with no flats but
with carbonate ac-
cretion (incipient
reefs) (d) coral
communities de-
veloped on non-
reefal rock, sand
or rubble. A six
point index was
used for percent-
age cover and

abundance and was applied to live cover, substrate type
and abundance of organisms (0 = Absent 0% 0 individu-
als; 1 = Rare <1% cover or 1 individual; 2 = Occasional
1-10% or 2-10 individuals; 3 = Frequent 11-30% or 11-
20 individuals; 4 = Common 31-50% or 21-50 individu-
als; 5 = Abundant 51-75% or 50-100 individuals; and 6 =
Superabundant 76-100% or >100 individuals). Live cov-
er was categorized as hard coral, dead standing coral,
soft coral, turf algae, macro algae and other. Substratum
categories used were hard substrate, continuous pave-
ment, substratum in blocks >1 m, blocks <1 m, uncon-
solidated rubble, sand and silt. Organisms were identi-
fied to genus or species wherever possible. Coral colo-
nies were classed by size into 1-10 cm, 11-25 cm, 26-50

Figure 3. Sites surveyed in Seychelles granitic islands, by Engelhardt in
November December 1999 (open star), and Turner et al., January 2000
(closed star).

Ile Cerf
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cm, >50 cm classes, and the percentage of colonies dam-
aged was recorded using the six-point scale. The
number of coral recruits (colonies 1-10 cm in diameter
or height) in the 100 m x 100 m area was recorded. Vid-
eo records were made for archive and for cover analysis
by random point counts, with frequent 360 degree scans
to record reef development. Photography was used to
confirm identification and record habitat structure.

PRELIMINARY RESULTS
Since the surveys have only recently been completed,
preliminary results providing an overview are given,
rather than site-specific information.

Living hard coral cover
Both surveys reported low percent cover of live hard
corals. Engelhardt recorded 0% - 5% live coral cover at
80% of sites (n = 15) and a maximum of 0% - 10% at
20% of sites. Turner et al. recorded 1-10% living coral
cover at 81% of the sites (n = 46) with a maximum of 31-
50% at just two sites (Figure 4a). Many of the living cor-
als displayed partial mortality. Dead standing coral was
present at all sites with 100% cover at some (Figure 4b),
and unconsolidated rubble was present at most, occa-
sionally reaching 51% - 75% cover (Figure 4c). Live
hard coral was mostly massive and sub-massive colonies
of the coral genera Porites, Acanthastrea, Goniopora,

Figure 4. The proportion of the 46 reef sites surveyed in the Seychel-
les granitic islands during January 2000, which exhibited (a) percent co-
ver classes of living hard coral, (b) dead standing coral and (c) uncon-
solidated rubble.

Figure 5.  Reef reduced to dead standing coral and rubble at
Cousine.

Diploastrea, and Physogyra, usually occurring towards
the bottom of the reef slopes. Branching and tabular
Acropora and branching Pocillopora were either dead
standing or reduced to rubble at most sites, especially
along the upper reef slopes (Figure 5-6). The zoanthids
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Figure 6. Unconsolidated branching Acropora rubble at St Pierre,
Curieuse.



– 80 –

Figure 7: Coral families, genus and species recorded as dead standing, surviving and recruiting recor-
ded during January 2000 survey of the granitic island reefs of the Seychelles.

FAMILY GENUS SPECIES DEAD SURVIVING & RECRUITS &
STANDING  REMNANT  JUVENILES

CORAL SPECIES

Zoanthus, Palythoa and Protopalythoa, and corallimor-
pharian anemones grew on dead standing coral and
consolidated rubble at the top of reef slopes and in la-
goons, together with red and green calcareous algae.
The soft corals Sarcophyton, Lobophyton and Sinularia
grew on hard substrates on the lower reef slopes.

Coral diversity
Species diversity of hard corals was low at all reef sites
surveyed across the granitic islands. Engelhardt record-
ed a maximum of 10 families and 15 genera of hard cor-
als (at Lighthouse), while Turner et al., recorded a maxi-

mum of 13 families, 30 genera, and 49 species (at Port
Launay Marine National Park) and a median of 5 fami-
lies, 8 genera and 10 species per site. Other marine Na-
tional Parks faired less well, although Turner et al.,
found 9 families, 21 genera and 31 species at Coral Gar-
dens Curieuse, 10 families, 15 genera and 28 species at
Baie Ternay, and just 2 families 2 genera and 2 species
living at Ile Coco Marine National Park. Some species
were represented by just one colony in all surveys. Cor-
als species recorded as dead standing, surviving, and re-
cruiting are summarised in Figure 7.

SCLERACTINAN CORALS

POCILLOPORIDAE POCILLOPORA Pocillopora damicornis ✓ ✓ ✓

Pocillopora eydouxi ✓ ✓

Pocillopora meandrina ✓ ✓

Pocillopora verrucosa ✓ ✓ ✓

STYLOPHORA Stylophora pistillata ✓ ✓

ACROPORIDAE MONTIPORA Montipora aequituberculata ✓

Montipora danae ✓

Montipora efflorescens ✓

Montipora informis ✓

Montipora tuberculosa ✓

Montipora venosa ✓

Montipora verrucosa ✓

ACROPORA Acropora sp. ✓ ✓ ✓

Acropora cf. cerealis ✓

Acropora clathrata ✓

Acropora cytherea ✓

Acropora cf. danai ✓ ✓ ✓

Acropora cf. digitifera ✓

Acropora cf. divericata ✓

Acropora cf. formosa ✓ ✓

Acropora cf. humilis ✓
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Acropora cf. hyacinthus ✓

Acropora cf. longicyathus ✓

Acropora cf. nasuta ✓

Acropora cf. valida ✓

ASTREOPORA Astreopora gracilis ✓

Astreopora myriophthalma ✓

PORITIDAE PORITES Porites sp. ✓ ✓ ✓

Porites australensis ✓

Porites cylindrica ✓

Porites lobata ✓

Porites lutea ✓

Porites solida ✓

Porites rus ✓

GONIOPORA Goniopora sp. ✓ ✓ ✓

Goniopora columna ✓

Goniopora lobata ✓

Goniopora minor ✓

Goniopora savignyi ✓

Goniopora stokesi ✓

ALVEOPORA Alveopora allingi ✓

Alveopora fenestrata ✓

Alveopora verilliana ✓

SIDERASTREIDAE SIDERSATREA Siderastrea savignyana ✓ ✓

PSAMMOCORA Psammocora contigua ✓ ✓

Psammocora digitata ✓

AGARICIIDAE PAVONA Pavona cactus ✓

Pavona clavus ✓

Pavona explanulata ✓

Pavona maldivensis ✓

Pavona varians ✓ ✓

Pavona venosa ✓ ✓

LEPTOSERIS Leptoseris fragilis ✓

Leptoseris explanata ✓

Leptoseris mycetoseroides ✓

FAMILY GENUS SPECIES DEAD SURVIVING & RECRUITS &
STANDING  REMNANT  JUVENILES

CORAL
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FAMILY GENUS SPECIES DEAD SURVIVING & RECRUITS &
STANDING  REMNANT  JUVENILES

CORAL

GARDINEROSERIS Gardineroseris planulata ✓ ✓

FUNGIIDAE CYCLOSERIS Cycloseris sp. ✓ ✓ ✓

DIASERIS Diaseris sp. ✓ ✓ ✓

FUNGIA Fungia sp. ✓ ✓ ✓

Fungia fungites ✓ ✓ ✓

HERPOLITHA Herpolitha limax ✓ ✓

HALOMITRA Halomitra pileus ✓ ✓

OCULINIDAE GALAXEA Galaxea astreata ✓ ✓

Galaxea fasicularis ✓ ✓

PECTINIIDAE ECHINOPHYLLIA Echinophyllia aspera ✓

OXYPORA Oxypora lacera ✓

MUSSIDAE ACANTHASTREA Acanthastrea echinata ✓ ✓

LOBOPHYLLIA Lobophyllia corymbosa ✓ ✓

Lobophyllia hemprichii ✓ ✓

SYMPHYLLIA Symphyllia recta ✓

MERULINIDAE HYDNOPHORA Hydnophora microconos ✓ ✓

MERULINA Merulina ampliata ✓

FAVIIDAE FAVIA Favia sp. ✓ ✓

Favia favus ✓

Favia pallida ✓

Favia stelligera ✓

FAVITES Favites sp. ✓ ✓ ✓

Favites abdita ✓

Favites complanata ✓

Favites flexuosa ✓

Favites halicora ✓

Favites pentagona ✓

GONIASTREA Goniastrea australensis ✓

Goniastrea aspera ✓

Goniastrea edwardsi ✓

Goniastrea pectinata ✓

Goniastrea retiformis ✓ ✓

PLATYGYRA Platygyra daedalea ✓ ✓
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FAMILY GENUS SPECIES DEAD SURVIVING & RECRUITS &
STANDING  REMNANT  JUVENILES

CORAL

42 GENERA OF SCLERACTINIAN CORALS (FROM A PREVIOUSLY REPORTED 55 GENERA)

109 SPECIES (PRELIMINARY LIST) PREVIOUSLY REPORTED 143 (Land, 1994)

4 GENERA NON-SCLERACTINIAN CORALS

LEPTORIA Leptoria phrygia ✓

OUOPHYLLIA Oulophyllia crispa ✓

MONTASTREA Montastrea sp. ✓

Montastrea annuligera ✓

Montastrea magnistellata ✓

Montastrea cf. curta ✓

Montastrea cf. valenciencis ✓

PLESIASTREA Plesiastrea versipora ✓

DIPLOASTREA Diploastrea heliopora ✓ ✓

LEPASTREA Leptastrea inaequalis ✓

Leptastrea purpurea ✓

CYPHASTREA Cyphastrea chalcidicum ✓

Cyphastrea microphthalma ✓

Cyphastrea serialia ✓

ECHINOPORA Echinopora gemmacea ✓

Echinopora cf. hirsutisima (?) ✓

Echinopora lamellosa ✓ ✓ ✓

CARYOPHILLIDAE PHYSOGYRA Physogyra lichtensteini ✓

DENDROPHYLLIDAE TURBINARIA Turbinaria patula ✓

DENDROPHYLLIA Dendrophyllia sp ✓

TUBASTREA Tubastrea sp ✓

NON-SCLERACTINAN CORALS

MILLEPORIDAE MILLEPORA Millepora sp. ✓

HELIOPORIDAE HELIOPORA Heliopora coerulea ✓

TUBIPORIDAE TUBIPORA Tubipora musica ✓

STYLASTERIDAE DISTICHOPORA Distichpora sp. ✓



– 84 –

Coral recruitment
Engelhardt and Turner et al., observed variable levels of
coral recruitment. Based on mean densities of size class-
es of corals, Engelhardt reported more small (2 cm - 15
cm) corals than larger corals at all sites. Highest densi-
ties of over 200 small corals per 24 m2 area were record-
ed at two sites (Conception Island and Marianne Island),
and low densities were recorded on the central reefs of
the north west coast of Mahe (e.g. 6 small corals per 24
m2). Branching Acropora and Pocillopora recruits showed
a more patchy distribution with none at 46% (7 of 15) of
sites, 175 per 24 m2 at Marianne Island and an average
of <20 per 24 m2 at other sites. Turner et al., recorded no
branching Acropora or Pocillopora recruits (classed as be-
ing 1-10 cm in size) at 35% (16 of 46) sites, and only 17%
(8) of sites had >20 recruits per 100 m x 100 m area.
Those sites with highest recruitment were the more
sheltered sites, while exposed sites showed low or no re-
cruitment (Figure 8). Recruits were observed settled on
limestone pavement, dead standing coral and rubble.
Many recruits exhibited damage and scars from abra-
sion, breakage, fish and urchin grazing (Figures 9-11).

Figure 8.  The proportion of sites with recruits of branching Acropora
and Pocillopora (1-10 cm colony size) in 100 m x 100 m areas, recorded
during January 2000.

0 recruits

1 recruits

2–10 recruits

11–20 recruits

> 20 recruits

Figure 11. Recruit on unconsolidated substrate and vulnerable to
abrasion.

Figure 9. Recruit on consolidated substrate.

Figure 10. Recruit vulnerable to predation by urchins.
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DISCUSSION
The coral reefs of the Seychelles granitic islands have
suffered severe degradation during the two-year period
following the 1997/98 mass coral bleaching event, and
signs of recovery are slight. Live coral cover has been re-
duced to less than 10% on most reefs around the inner
islands, and partial mortality of colonies is high. Al-
though hard coral cover was rarely 100% before mass
mortality, this still represents a major reduction from
the 35-80% hard coral cover typical of reef slopes e.g.
Baie Ternay, (TMRU, 1996) and 25-40% hard coral cov-
er typical of patch reefs e.g. Coral Garden, Curieuse
(TMRU, 1997). In common with many other reefs
throughout the Indian Ocean region, the massive and
sub-massive corals survived the mass mortality, particu-
larly Porites, Goniopora, Acanthastrea and Diploastrea.
Branching and tabular Acropora and branching Pocillo-
pora were mostly dead and are now either standing or
reduced to rubble. However, care is required in assess-
ing rubble, since broken Acropora is a common compo-
nent of these reefs (Braithwaite, 1971; Rosen, 1971).
There is no indication that reefs further away from the
main islands of Mahe and Praslin faired any better, and
conversely more remnant corals were recorded from
lower reef slopes in turbid water, especially around the
main island of Mahe (such as Beau Vallon Bay and adja-
cent to the harbour on Mahe). Dead standing coral is
brittle and is reduced to rubble at exposed sites where it
remains largely unconsolidated, becoming mobile in
storm waves causing abrasion. Calcareous algae, zoan-
thids and corallimorpharians are binding rubble in shal-
low waters in sheltered sites.

A total of 109 species and 42 genera of scleractinian
corals were recorded from granitic island sites during
the January 2000 survey (although some species were
represented by only one colony), compared to 143 spe-
cies in 55 genera listed for the whole Seychelles archipel-
ago (granitic and coralline islands combined, including
deep sites) by Sheppard (1998). The 13 genera not found
during the January 2000 survey were Heteropsammia,
Trachiphyllia, Euphyllia, Catalaphyllia, Seriatopora, Ana-

cropora, Stylaraea, Anomastrea, Cosinarea, Pachyseris, My-
cedium, Cynarina, and Caulastrea. The coral diversity for
the granitics is comparable with those of surveys con-
ducted prior to the mass mortality event. TMRU (1996)
recorded 31 genera and 69 species from the Baie Ternay
area of Mahe, and 36 genera and 84 species from Cu-
rieuse (TMRU, 1997). The Dutch Tyro expedition re-
corded 37 genera and 109 species from the Seychelles
Plateau around Mahe (van der Land, 1994). Thus, the
preliminary results presented here indicate that most
species of corals have survived somewhere in the region,
but that diversity at most sites is low (median 8 genera,
10 species). This finding has important implications on
the probability of future recruitment from within the
region.

To date, two years after the mass mortality event, re-
cruitment to the degraded reefs is patchy and low, with
35% of the sites surveyed showing no recruitment. In
particular, recruitment is low for fast growing Acropora
and Pocillopora (<20 recruits per hectare at most sites)
that used to dominate the reefs. Recruitment that has
occurred is greatest on more sheltered reefs in bays and
may be related to suitable consolidated substrate. Re-
cruits are vulnerable to fish and urchin predation and to
breakage, abrasion and removal during storms. There is
an urgent requirement to monitor recruitment and sur-
vival and to protect surviving species that may be repro-
ducing sexually and providing new sources of coral lar-
vae.

The Seychelles granitic island reefs appear to have
experienced one of the greater mass mortalities of corals
in the Indian Ocean following the 1997/98 bleaching
event, probably because they are mostly shallow (<15 m
depth). Reef structure is breaking down, and this may
expose island shores to erosion during storms, as has oc-
curred at La Digue. The Marine National Parks of the
Seychelles, once the most diverse reefs, have been badly
degraded and will require even greater protection if
they are to recover. Fishing gear, boat anchors and espe-
cially sedimentation and siltation from coastal develop-
ment activities continue to place many of these recover
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ing reefs at risk. There may need to be a reassessment of
the management of Marine National Parks to afford
greater protection to larger areas.
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INTRODUCTION
There are 74 coralline islands in the Southern Sey-
chelles, from which representative reefs have been se-
lected for this report, comprising an atoll (Alphonse), a
raised platform island (St Pierre), a carbonate bank
(Providence-Cerf) and a drowned atoll (Cöetivy) (Fig-
ure 1). Aldabra Atoll is treated in a separate section in
this publication (see Teleki et al., this volume).

Qualitative observations of reef morphology, coral
community composition and reef health in the southern
Seychelles were made between March and May 1998
(Southern Seychelles Atoll Research Programme -
SSARP), February and March 1999 (Thalassi/Shoals of
Capricorn Expedition) and November 1999 (Aldabra
Marine Programme – AMP). These observations were
supplemented by quantitative descriptions of coral com-
munities at 48 sites at four study locations. Twenty-five
meter long transects were set out at water depths, where
possible, of 5 m, 10 m, 15 m and 20 m. Transects were
surveyed using both a line point intercept method and
digital videographic imagery which was subsequently
analysed using point sampling to generate estimates of
benthic cover. Digital stills of individual coral species
were obtained from each site for taxonomic inventory
purposes.

ALPHONSE ATOLL
Alphonse Atoll (9°0' S, 52°45' E), situated at the south-
ern end of the Amirantes Ridge, is a small (24 km2) atoll
located 415 km south of Mahé (Figure 1). The peripher-
al reefs enclose a simple dish-like lagoon, reaching

depths of approximately 10 m at its centre. Alphonse has
recently undergone extensive development to establish a
hotel complex comprising 24 guest chalets and a
number of staff quarters. Previously the island support-
ed a small number of Seychellois (<10) involved with
the production of copra from the coconut trees which
until recently formed the dominant land cover.

The fore-reef is characterised by a rocky pavement,
with low relief spur-and groove topography immediate-
ly seaward of the reef flat margin. The fore-reef slope
ranges in width between 50 m and 150 m and extends
from a depth of 5 m to 15 m. Below this a steep slope or
drop-off with exposed rock surfaces and accumulations
of coral rubble extends below 15 m to 20 m. Coral cover
rises from less than 30% in shallow water to over 40% at
intermediate depths before declining again at 20 m wa-
ter depth. The reef community was dominated by Pocil-
lopora spp., Acropora spp. and Stylophora spp. with wide-
ly spaced large colonies of Pavona spp. and Porites spp.
In some areas of the outer reef evidence of monospecific
stands of the blue octocoral Heliopora coerulea were
present. Of the 39% coral cover on the outer reef slopes
at Alphonse Atoll, 74% was recorded as being bleached
or recently dead (Figure 2).

Bleaching and mortality patterns were observed to
be different according to depth, reef zone and exposure.
In March, 65% of corals at 10 m depth were bleached or
recently dead whereas the equivalent figure at 15 m was
73% (Figure 3). In the subsequent five weeks prior to
the second repeat survey, the percentage of normal cor-
als at 10 m declined by over one third, to 22%, and the

Reef systems of the islands of the
southern Seychelles
KRISTIAN TELEKI and TOM SPENCER
Cambridge Coastal Research Unit, Department of Geography, University of Cambridge, UK
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Figure 1. Coral reefs of the southern Seychelles. a)
Alphonse Atoll; b) St Pierre; c) Providence – Cerf;
and d) Cöetivy Island.
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percentage of dead corals almost doubled, to 64%. By
contrast, at 15 m water depth, the bleaching episode ap-
peared resolved by May, leaving either dead corals or
corals which appeared to have recovered from bleaching
(Figure 3). In the long term, the overall impact of this
bleaching episode is likely to be greater in shallow wa-
ter, with a proportion of the 14% of bleached corals at 10

m in May 1998 being added subsequently to the stock of
dead coral substrate.

Many of the corals in the lagoon would be accus-
tomed to regular inundation from abnormally high sea
surface temperatures and less likely to have suffered a
bleaching event. Localised upwelling along the eastern
(windward) side of the Atoll was observed in 1999 and
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appeared to be a common occurrence creating a temper-
ature differentiation of approximately 3º C - 6º C. This
phenomenon could have mitigated the impact of the
anomalous 1998 sea-surface temperatures which caused
the widespread coral bleaching.

A year after the bleaching event (February - March
1999) the shallow (8-15m) outer slope, was dominated
by dead coral and coral rubble composed of substantial
quantities of dead branching coral. The dead coral sur-
faces on the NW and SW slopes were dominated by the
reticulate, foliaceous, green alga Microdictyon. Observa-
tions in November 1999 showed that this cover has per-
sisted although the alga has been substantially grazed.
Pocilloporid and acroporid recruits (3-5 cm diameter)

Figure 3. Coral condition over time at Alphonse Atoll at a) 10 m and
b) 15 m water depth for March and May 1998 survey periods.

were observed in November 1999 but these were very
few. The largest cover percentage of live coral was
found in the NE and SE spur and groove zone (<5 m
depth) where extensive monospecific stands of Porites
nigrescens were dominant.

St. Pierre
St Pierre (9°19' S, 50°43' E) is a small (2 km2) raised reef
island, 250 km south of Alphonse Atoll (Figure 1). It
consists of Late Quaternary reef limestone, approxi-
mately 5 m above present sea level. St. Pierre was previ-
ously extensively quarried for island phosphates (Gar-
diner, 1926-36; Stoddart, 1967), but is currently unin-
habited.

Coral communities on the western/northwestern,
leeward side of the island are found in water depths of
less than 20 m and within 100 m - 200 m of the shore-
line; offshore of this point, substrate angle increases rap-
idly, forming a steep slope to 90m in places. Before the
bleaching event, leeward reefs were characterised by a
typical coral cover of ca. 60% in which Pocillopora spp.,
Acropora spp. and Millepora spp. were dominant. By
contrast, the south-eastern, windward coast has a low
angle slope which only steepens at 20 m to 30 m water
depth, 1 km - 2 km offshore. Coral cover was lower
(50%) and dominated by Millepora spp. (particularly
Millepora tenella) with low percentage cover of Acropora
spp. and Pocillopora spp. Substrate cover by coral rubble
(23%), bare rock (19%) and Halimeda sands (12%) was
correspondingly greater than on leeward coasts.

At a within-island scale, there is some evidence to
suggest that levels of bleaching in 1998 were mediated
by aspect. From the data assembled for St. Pierre at 15
m water depth, bleaching impacts were lower (77%
bleached or recently dead) on windward coasts than on
leeward coasts (87% bleached or recently dead). This
may be due to greater water movement on more ex-
posed reefs, perhaps operating through localised wind-
driven upwelling of deeper, cooler waters along wind-
ward island margins. A similar pattern to that of Al-
phonse was seen at St. Pierre where coral colonies found
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Figure 2. Coral condition by location.
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year following the bleaching event, has been rapidly col-
onised by fleshy macroalgae, encrusting coralline algae
and other invertebrate species such as bryozoans, tuni-
cates, hydroids and zooanthids. The structural integrity
and three-dimensional complexity of the reef has been
maintained. However, it is vulnerable to weather in-
duced physical forces. If physical degradation processes
do give rise to unconsolidated rubble fields, then coral
larval settlement, growth and survival, and recovery of
the reef system will be impaired.

Providence-Cerf
The Providence - Cerf (P-C) Bank lies 40 km to the east
of St. Pierre and occupies an area of 300 km2 (Figure 1).
The Bank is 40 km long and varies between 1 km and
10 km wide and is orientated in a N-S direction. The
surface of the Bank is characterised by extensive sea-
grass beds, subtidal sand channels and, in places, tidal
flats and sandbanks which dry at low tide. The land
area of the bank covers 2.3 km2 (Stoddart, 1984). The is-
land of Providence (9°15' S, 51° E) occupies the north-
ern extremity of the bank and supports small-scale fish-
ing operations and copra production, while a series of
smaller sand cays form the uninhabited Cerf islands at
its southern margin.

in the 10 m - 20 m depth range appeared to be in a more
advanced stage of bleaching-related mortality than those
in the shallower 3 m to 10 m depth range. In addition, at
windward sites, many of the smaller massive (e.g. Favia
pallida) and encrusting coral colonies displayed no evi-
dence of bleaching in spite of the high general levels of
incidence at these locations (Figure 4).

In February 1999 the shallow slopes (5 m - 15 m) of
St. Pierre on the leeward side (NW) with a low gradient
(10º) recorded up to 95% mortality in branching corals
(Acropora spp. and Pocillopora spp.). Mortality was less
on the windward side where coral rubble, probably a re-
sult of high levels of hydrodynamic activity, was com-
mon. Massive, sub-massive and encrusting species dis-
played partial and sporadic mortality in all sites sur-
veyed here. The deep slope substrate (20 m - 25 m) in
the N and NE, was mainly composed of sand and rub-
ble, but 1 m tall Tubastrea micrantha trees grow every 1
m - 2 m. Also at this depth were live and recovered colo-
nies of Pachyseris, Pectinia, Lobophyllia, Pocillopora,
Millepora, Acropora and Porites.

Coral recruits (<2 cm diameter) were evident in
February 1999 on both the windward and leeward
coasts, sitting within and on the dead, but intact,
branching coral matrix. This matrix, in the intervening

Figure 4.  Susceptibility to bleaching by different coral growth forms: summary of all survey sites in the Southern Seychelles.
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At the Bank’s northern and southern limits, cliffed
and bio-eroded bedrock surfaces with minimal living
coral cover are characteristic in water depths between 5
m and 25 m. At intervening sites along the western side
of the Bank more gently shelving sub-tidal slopes are
typical. Sand, bedrock and rubble substrates account for
over 60% of the bottom type on the Bank and Bank
margins. A further 20% of substrates are characterised
by dense beds of Thalassodendron ciliatum (Selin et al.,
1992) within which small colonies of Stylophora pistillata
are common. Coral communities are localised and ac-
count, on average, for only 6% of substrate cover. On
both the Bank margin and within the deeper channels
on the Bank itself, species of the coral genera Pocillopo-
ra, Acropora, Porites and Favia are present. In 1998, 81%
of the coral cover was recorded as being bleached or re-
cently dead (Figure 2). Soft corals accounted for approx-
imately 2% of substrate cover, of which 76% showed tis-
sue necrosis. Soft coral communities that had already
died were marked by large bare patches which re-
mained following their disintegration.

Coëtivy
Cöetivy is a narrow, elongate island (9 km long and
0.25-1.6 km wide) located 300 km southeast of Mahé
and 50 km south of the Seychelles Bank, making it the
eastern most island in the Seychelles territory and its
EEZ (Figure 1). Anthropogenic presence on Cöetivy has
increased following the construction of a prawn farm in
1992-93, though impact is localised to the vicinity of its
outfall pipes. In 1996, a small-scale fin-fishery was initi-
ated to meet the needs of the inhabitants and to export
fish products to Mahé. It is not known whether present
fish populations and the degraded reef can support cur-
rent levels of fishing.

The coral communities of Cöetivy once displayed a
high degree of structural and species variability on each
side of the island, forming a fringing reef 100 m - 500 m
offshore. The southern extent of the reef continues to
approximately 3.5 km beyond the end of the island pro-
ducing a wide shallow (2 m - 4 m) body of water where

the reef is dominated by a few remaining live colonies of
Heliopora and dead Acropora spp. (primarily of a tabular
morphology). The substrate varied from one dominated
by sand/rubble to what was once 80-100% coral cover-
age.

In February 1999, coral mortality was close to 95% at
all sites on the western (leeward) side of the island.
Large, and once luxuriant, monospecific stands of
branching and tabular Acropora spp. are now dead, with
Platygyra spp. the dominant live coral. Most of the coral
matrix was still structurally intact and even the most
heavily encrusted and overgrown table corals showed a
low incidence of microbioerosion. Massive corals had
patches of live tissue, though these were being over-
grown by adjacent algal communities.

In February 1999, coral recruits of 5 cm - 10 cm di-
ameter were rare on the dead coral structure. Availabili-
ty of suitable substrates for coral settlement and growth
is limited as a result of high surface coverage of mac-
roalgae.

DISCUSSION
The coral bleaching event was extensive on all the
southern Seychelles reefs in 1998. Bleaching was gener-
ally worse in shallower waters (≤10m ). Mortality was
particularly high in the branching corals Acropora, Pocil-
lopora, Millepora (fire coral) and Heliopora (blue coral),
with live Millepora being rare at all locations. Death in
the massive corals such as Porites, Favia, Pavona, Platy-
gyra and Diploastrea was in most cases partial and spa-
tially patchy at both the colony and reef scale. Areas
which were least impacted were those influenced by
cooler currents, such as in the upwellings on the wind-
ward side of Alphonse and St. Pierre, and in lagoon
channels where water fluxes are high.

Corals subjected to frequent high temperatures, such
as in lagoons, also faired well. Based on previous studies
undertaken elsewhere (e.g. Cook et al., 1990; Hoeksma,
1991; Sheppard, 1999), it can be hypothesised that corals
in shallow (3 m – 10 m) waters were more tolerant to
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temperature fluctuations than were corals in deeper wa-
ter (10 m – 20 m) which usually experience a more con-
stant temperature regime. On the two visits to Alphonse
Atoll between 29 March and 4 May 1998, corals in deep-
er water bleached first, followed later by shallow water
coral colonies. Many of the corals survived in Alphonse
lagoon, suggesting an adaptation of corals in the lagoon
to periodic exposure by high sea-surface temperatures.

Bleaching was not exclusive to hermatypic corals. In-
cidences of bleaching and mortality were widespread in
alcyonaceans, non-scleractinian coelenterates (Stichodac-
tyla and Heteractis) and bivalves (Tridacna). Some alcyo-
naceans, which were also completely bleached (Lobophy-
tum and Sinularia), had evidence of recent mortality
with subsequent necrosis and disintegration of their
growth form in an advanced state. Recovery did not oc-
cur in the soft corals and anemones with a conspicuous
absence at all reef sites visited in 1999 following the 1998
bleaching event.

Consistent in all locations was the decimation of
acroporid populations, with the exception of individual
colonies at St. Pierre and Alphonse. ‘Refuge’ areas of lo-
cal live coral species may be important to reef recovery.
The sites surveyed are isolated oceanic reefs where alter-
native sources of larvae are very distant and local oppor-
tunities for recruitment limited. Whether the long-term
reproductive success of a limited number of live colonies
is sufficient to encourage significant reef growth is un-
known.

At two sites (Cöetivy and St. Pierre) coral recruits
were observed on dead coral structures and coralline al-
gal encrusted substrates. The source of these recruits is
currently unknown. However, areas in which the coral
have faired well such as the Alphonse Channel, deep
reef slopes and areas of localised upwelling on all reef
sites may play a key role in seeding the dead reef.

Signs of decay within the reef architecture were ap-
parent in all sites with breakage of branching corals and
high incidences of corals no longer in life form position
(i.e. branching Pocillopora and Acropora, tabular Acropo-
ra, also noticeably Heliopora and Millepora). Those dead

corals that were intact had considerable evidence of mi-
croerosive activity, especially from clionid sponges,
which have a severe weakening effect on coral skele-
tons. The relative rates of microerosion versus cementa-
tion by coralline encrusting algae will greatly affect pro-
vision of substrate upon which other organisms, such as
corals, can settle and grow. Excessive erosion and for-
mation of coral rubble can also be damaging to marine
life through direct physical contact and abrasion.

The architectural complexity of a reef is one of the
important features providing shelter and niches for in-
vertebrates and fish, and can be affected on a small scale
by the growth of epiphytes, and to a lesser degree epi-
fauna. Spaces between dead coral branches were ob-
served to be filled in by algal turf and calcareous crusts
or covered over by algae such as Lobophora. At Cöetivy,
the number of commensal crabs were found to be very
low amongst dead Pocillopora branches that were over-
grown by Lobophora, whereas in locations with live col-
onies there was an obviously higher abundance of inver-
tebrates (crabs, shrimps) and fish (Dascyllus spp.). The
continued decay of the reef will impact the invertebrate
and fish life as the post disturbance reef communities
evolve.

The vertical relief and three dimensional complexity
of the reef habitat provided by both live coral and erect
dead coral structures is not only crucial for fish survival,
but is also as an aggregation attractant for reef fishes.
Degradation and reorganisation of the reef structure
following a bleaching related mortality might, there-
fore, be expected to have effects on both reef dwelling
and non-reef dwelling fish communities. However, de-
tailed quantitative descriptions of reef fish communities
suggest that in 1998 (SSARP) and 1999 (Thalassi/Shoals
and AMP) there was no major impact of the bleaching
and related coral mortality on fish communities. Fish
communities may be more robust than the coral com-
munities to major disturbances but there is often a lag in
the response of reef fishes to the loss of live coral habitat.

Recovery of these reef systems perhaps has better
prospects than those of the granitic islands of the Sey
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chelles (Turner et al., this volume) where mortality was
more comprehensive and anthropogenic influences on
the marine system are greater, thereby complicating he
recovery process.
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ABSTRACT
The study investigated whether the coral reefs of Mau-
ritius had suffered a mass bleaching event during 1998
as had been reported for other Indian Ocean reefs. Sea-
surface temperature (SST) anomaly charts produced by
NOAA show that SST was raised 1o C - 1.25o C above
the climatological maximum for this region during Feb-
ruary 1998, but the extent of bleaching around Mauri-
tius was thought not to be severe, but was not recorded.
A rapid assessment of the degree of coral bleaching on
reefs around the whole coast of Mauritius was made
during April 1999. Surveys were conducted while snor-
kelling and SCUBA diving and assessments made by di-
rect observation, underwater video transects and under-
water photography. Video was analysed to confirm the
results from the field surveys. Results were displayed
within a Geographical Information System (GIS). Mete-
orological data for the period between January 1997 and
April 1999 were also analysed. The results indicate that
the coral reefs in Mauritius were still healthy, but that
all sites showed some signs of degradation particularly
from boat and anchor damage and cyclone damage. The
coral reefs of Mauritius do appear to have escaped the
mass bleaching event of 1998. There were no large areas
of dead standing coral other than on Barrier Reef off
Mahebourg. Mean bleaching was <10% at all sites and
in all cases represented only partial bleaching of colo-
nies. It is suggested that Mauritius escaped the mass
bleaching event due to the effect of cyclone Anacelle,

which produced wet and cloudy unsettled weather dur-
ing February 1998. The minor bleaching episode ob-
served during this survey is thought to be a frequent
and normal event relating to large environmental fluc-
tuations experienced within the lagoons. With the po-
tential threat of increasing mass coral bleaching events,
it is suggested that Mauritius needs to act quickly to
protect its coral reefs from further degradation.

INTRODUCTION
The status of the coral reefs of Mauritius was assessed
during April 1999 by rapid site survey at reef and la-
goon locations around the mainland island of Mauritius.
SST anomaly charts produced by NOAA show that
SST was raised 1o C - 1.25o C above the climatological
maximum for the region by end of January 1998. SST
rose to 1.25o C – 1.5o C above normal in mid February
and remained 1o C - 1.25o C above normal until the end
of February. The conditions indicated that extensive
bleaching was likely during this period, however the ex-
tent of bleaching in Mauritius has not been confirmed to
date. Turner (1999b) reported bleaching beginning in
April 1998, when up to 25% of Acropora formosa thickets
were partially bleached but still alive. Some Acropora
cytherea, Porites, small faviids and anemones were also
partially bleached. The Albion Fisheries Research Cen-
tre, Mauritius reported observations from two sites, in
the north west and south east of the island, and conclud-
ed that bleaching affected 39% and 31% of live corals in
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the shallow bays of Balaclava Marine Park and Blue Bay
Marine Park respectively. Partial bleaching was 27% in
both areas and total bleaching in Balaclava and Blue Bay
was 12% and 4% respectively (Goorah et al., unpubl.). It
thus seems unlikely that Mauritius escaped the mass
coral bleaching that was so severe elsewhere in the Indi-
an Ocean, even though Mauritius is located further
south than the severely affected areas, and is regularly
subjected to fluctuating conditions due to cyclones.

Mauritius has a subtropical climate, and normal sea
surface temperatures vary seasonally between 23o C in
the winter (September) and 27o C during the summer
(February) with a mean of 25.7o C. Tides are semidiur-
nal and have a very small tidal range of 0.6 m at springs
and 0.5 m at neaps. The south east trade winds blow
most of the year, especially during the cooler season of
May to November. Mean wave heights on the south
coast range between 1.67 m in the summer to 2.86 m in
the winter (Fagoonee, 1990). Annual rainfall varies
from 1200 mm on the north coast to 3600 mm on the
central plateau. Mauritius is affected by cyclones each
year. Cyclones originate in the lower latitudes of the
South western Indian Ocean between November and
March, with the highest frequency occurring in January
and February. Strong winds (up to 200 km•hr-1), high
rainfall and heavy swell accompany cyclones.

One hundred and fifty kilometres of fringing coral
reefs surround most of Mauritius protecting a series of
lagoons cut by surge channels and river mouths. A sec-
tion of barrier reef exists in the south east off Mahe-
bourg. Most of the reefs are well-established spur and
groove reefs with an algal ridge, although the spur and
groove zone is sometimes replaced by dead coral flag-
stone (Fagoonee, 1990). The reef flat is usually less than
25 m wide and is exposed at low tide. The width of the
lagoons varies greatly from a few kilometres to a few
hundred metres, with wider lagoons generally occur-
ring on the east coast (up to 4 nautical miles). The la-
goons are usually only 1 m – 2 m deep, but reach depths
of up to 6 m in the north.

The reefs of Mauritius are degraded by agricultural,

industrial and urban run off, eutrophication, overfish-
ing and sand mining, and are used heavily by a coast
based tourism industry (Turner et al., in press). The
reefs are regularly impacted by cyclones, and there is
good evidence that the lagoon patch reefs seasonally ex-
hibit partial bleaching during the summer months (Fa-
goonee et al., 1999). If Mauritius was affected by the
mass coral bleaching event of 1998, then coral mortality
could result in socio-economic impacts, including a fur-
ther decrease in lagoon fish stocks, greater coastal ero-
sion due to the islands exposed oceanic position and a
possible decline in tourism. It is important that the de-
gree of bleaching and the current health of the coral
reefs in Mauritius are determined, in order that ade-
quate management measures can be taken to encourage
rapid recovery of the coral reefs and offer greater pro-
tection in the future.

METHODS
Field surveys
A rapid assessment of the degree of coral bleaching was
carried out at 34 coral reef and lagoon sites around the
coast of Mauritius (Figure 1) between the 8th and 18th of
April 1999. Sites were selected using a Landsat 4 TM
image (Figure 2) classified by Klaus (1995), and ground-
truthed by survey teams from University of Wales Ban-
gor (Daby, 1990; 1999; Dykes, 1996; Orme, 1997; Taylor,
1998; Walley, 1997) (Figure 1). Surveys were conducted
from local fishing boats in lagoons, and in collaboration
with dive operators outside reefs. Timed surveys of be-
tween 15 and 70 minutes were carried out across areas
of reef by snorkelling in shallow areas (<5 m depth) and
by SCUBA in deeper areas. Assessments of coral bleach-
ing were carried out by direct observation, underwater
video and underwater photography over areas approxi-
mately 100 m x 100 m.

Two levels of visual survey were made by between
four and eight observers who swam across the reef 5 m
apart so that the same section of reef was surveyed only
once. Broad scale physical and biological features of the
reef were recorded using a six point semi-quantitative
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scale (see Turner et al., this volume for full description).
These included substrate structure, cover by benthic or-
ganisms, and severity of impacts to the reef such as
bleaching, Acanthaster planci, anchor and storm damage.
A second level description of the species composition of
the reef was also made in which all hard and soft corals
and macro algae were identified to genus or species
where possible. The size class of each colony of hard and
soft coral was recorded (1-10 cm; 11-25 cm; 26-50 cm;
>50 cm) and the abundance of all species was recorded

on the same semi-quantitative scale of 0-5 as for the bio-
logical and physical attributes. Percentage bleaching ob-
served in each species was also recorded on a scale of 0-
5. At the end of the timed swim the results of all observ-
ers were combined.

Underwater video was recorded at an angle of 45o to
the substrate and the operator swam slowly across the
reef following the contour of the substratum. Video-
tapes were analysed by pausing the tape at randomly
spaced intervals and placing sample points at random
locations on the monitor screen. Wide angle habitat
photographs were taken using Nikonos underwater
cameras equipped with a 28 mm lens and flash. The 35
mm slides were used to confirm species identification,
and to provide a permanent archival record of the
health of the coral reefs and the degree of bleaching ob-
served on these reefs.

Figure 1. The 34 rapid site assessment locations surveyed around the
coast of Mauritius in April, 1999 overlaid on the reef habitat classifica-
tion within the Geographical Information System.

Figure 2. A rectified true colour composite Landsat 4TM satellite
image of Mauritius.
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Development of a geographical information system
(GIS)
Results from the original survey and video analysis were
displayed within a Geographical Information System
(GIS) using MapInfo Professional. A supervised and
rectified Landsat 4 TM image was used to produce a
base map displaying 17 classes of reef habitat The posi-
tions of the 34 survey sites, acquired using a GPS were
added to the base map and a grid of longitude and lati-
tude created (Figure 1). The biological, physical and
bleaching data were displayed within a thematic overlay
as interactive pie charts. The GIS was used to identify
geographical patterns in the degree of bleaching and the
general health of the coral reefs around the coast of
Mauritius by determining criteria for the percentage
cover of particular key biological attributes or species di-
versity and richness. A query-select function was then
used to highlight those sites with a higher or lower per-
centage cover, species diversity or species richness than
specified in the query. Thirty-five millimeter slides
showing a representative image of particular sites,
bleaching and impacts to the reef were digitally cap-
tured and the image files were linked to relevant survey
sites.

Analysis of meteorological data
Meteorological data for the period January 1997 to April
1999 were provided by the Mauritius Meteorological
Office. Sea-surface temperature and mean significant
wave height data were obtained from a Waverider
Buoy, located off Blue Bay in the south east of the island
and cloud, sunshine and rainfall data were obtained
from sites around the island. The data were analysed to
investigate whether climatic conditions during the peri-
od of sea warming were unusual.

RESULTS
Outline results are presented here. Full details are in the
Geographical Information System described by Hard-
man (1999).

Reef composition
The coral reefs of Mauritius were generally healthy
(Figures 3 - 6), even though most sites showed some sign
of degradation. Hard coral cover was >50% at 16 of the
34 sites studied and >75% at four of the sites. Soft coral
cover was <10% at 31 sites. Dead coral cover was <10%
at 16 sites but was >30% at six sites and was >50% at the
Barrier Reef. Macroalgal cover was <10% at 25 sites,
turf algal cover was <10% at 12 sites, but >50% at Calo-
dyne Reef in the north (site 10) and Ile d’Ambre (north-
east, site 16). Unconsolidated rubble was <10% at 23
sites and >30% at two sites: Flat Island (north, 12) and
Blue Bay (south-east, 27).

Coral bleaching
The coral reefs surrounding mainland Mauritius had
escaped the mass bleaching event of 1998. There were
no large areas of dead standing coral that could be at-
tributed to the bleaching event other than corals just be-
hind the shallow reef flat of the Barrier Reef. This site
was dominated by dead coral (>50%) covered in turf al-
gae and some small colonies of regenerating corals with
healthy tips (Figure 7). Bleaching was observed at 29 of
the sites surveyed but in all cases was only partial, and
occurred in all zones of lagoon patch reefs, reef crests
and on the deeper (<10m) fore reefs in some species.
Mean bleaching was <10% at all sites surveyed and was
absent at five sites (lagoons at Le Morne (south-west, site
2), Blue Bay (south-east, 27), Flat Island (north, 13),
Trou d’Eau Douce (south-east, 23) and on the reef crest
at Ile d’Ambre (north-east, 16)). There was no pattern in
the sites bleached and no significant difference in medi-
an bleaching value between the 34 sites studied
(Kruskall-Wallis: H = 9.00, df = 33, p>0.05) or between
geographical areas when the sites were combined
(Kruskall-Wallis: H = 3.05, df = 9, p>0.05), although
Grand Baie (north west, 25) exhibited the highest mean
bleaching value (0.79) on a 0 – 5 point scale.

Nineteen species were observed to show bleaching
and in all cases only part of the colony was bleached
(Figure 8). The number of species bleached at each site
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Figure 3. Healthy diverse coral reef community on reef slo-
pe on the west coast of Mauritius.

Figure 4. Reef crest on exposed east coast, with abundant
Echinometra mathaei

Figure 5. Lagoon patch reef, Balaclava Marine Park

Figure 6. Healthy monospecific lagoon patch reef, Blue Bay
Marine Park

Figure 7. Algal colonised corals of the barrier reef Mahe-
bourg, which may have bleached
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ranged from 0 (at Le Morne, site 2) to 6 at Le Morne,
site 1 (both in south-west). Of the 19 coral species, Gal-
axea fascicularis, Acropora formosa and Platygyra sp. were
the species most often observed to be bleached (figure 8).
G. fascicularis was bleached at 21 of the sites studied; A.
formosa at 19 of the sites and Platygyra sp. at 14 of the
sites. Bleaching in G. fascicularis and Platygyra sp. oc-
curred mostly in shallow water (<10 m deep) and
ranged from a value of 1 (<10%) to 4 (51% - 75%).
Bleaching of A. formosa ranged from a value of 1 (<10%)
to 2 (11% - 30%). Bleaching of A. formosa occurred only
on the upper surfaces of horizontal branches (Figure 9)
while G. fascicularis and Platygyra sp. exhibited bleach-
ing on the upper surfaces of massive and sub-massive
colonies (e.g. colony of Galaxea in Figure 10). Bleaching
was patchy and bleached colonies were often observed
adjacent to unbleached colonies of the same species.
There was no significant difference in the median
bleaching value of different sized colonies (Kruskall-
Wallis: H = 6.43, df = 3, p>0.05).

Other impacts
Human impacts were common and observed at 26 sites
including the two Marine Parks at Blue Bay (south-east)
and Balaclava (north-west). Fishermen and tourists an-
chored their boats on the lagoon patch reefs causing de-
struction of the corals at 21 sites. Trampling damage
caused by tourists snorkelling in shallow water and fish-
ermen walking across the reef searching for reef fish
and octopus was recorded in the lagoons at seven sites.
Fourteen sites displayed fish traps on top of recently
broken corals (Figure 11). Other human impacts to the
reefs included sand mining at east coast sites and nutri-
ent enrichment in lagoons and on fore-reefs in the north
west. Macro algae and soft coral dominated many north
west sites. Damage from tourist developments included
a bulldozed section of reef at Balaclava Marine Park op-
posite the construction site of a new hotel, concrete
moorings on top of coral and coral heads arranged in a
circle, possibly for dive training at Blue Bay Marine
Park.

Figure 8. The mean bleaching score (on a scale of 0-5) ± SE of the 19 species of coral observed to be bleached around the coast of Mauritius (n =
365). The values are based on the results obtained in the initial surveys combined with observations from the video analysis.
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Natural impacts were also observed at many of the
reefs studied. Supposed storm/cyclone damage was ob-
served at 15 sites, where tabular Acropora colonies were
overturned (Figure 12) and there was a high percent
cover of unconsolidated rubble (>30%) on the reef crest
at Flat Island (site 12) (north) and in the lagoon at Blue
Bay (site 27) (south-east). Cyclone Davina passed Mauri-
tius just one month before the survey on 4th March 1999,

producing gusts up to 173 km•hr-1. Crown-of-thorns
starfish (Acanthaster planci) were observed at 12 sites and
were particularly abundant in the lagoon at Trou d’Eau
Douce (site 22) (south-east). The sea urchin Echinometra
mathaei was abundant in the lagoon at Ile d’Ambre (site
15) (north-east) and on the reef crest at Ile d’Ambre (site
17) (north-east).

Figure 9. Acropora formosa exhibiting bleaching of upper surfaces only.
Figure 10. A large Galaxea fascicularis colony partially bleached across its upper surface.
Figure 11. Fish trap on top of corals in Blue Bay Marine Park
Figure 12. Acropora tables overturned by cyclone
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