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INTRODUCTION

Coral disease epizootics have become a major
threat to reef ecosystems globally, and an increasing
number of newly emerging syndromes has been
reported over the past 20 yr (Harvell et al. 1999, Ray-
mundo et al. 2005, Sokolow 2009). Because climate
change is predicted to amplify host susceptibility,
host range, pathogen survival, and disease transmis-
sion (Ritchie et al. 2001, Myers & Raymundo 2009),
outbreaks are expected to increase worldwide in the
future (Willis et al. 2004, Bruno et al. 2007).

The coral reefs of the Maldivian Archipelago are
among the most diverse in the Indian Ocean and are
known to host more than 180 zooxanthellate coral
species belonging to 51 genera (Pichon & Benzoni
2007). The major reef structures occupy an area of
about 21 000 km2, 21.1% of which can be categorized

as marine productive reef habitats (Naseer & Hutcher
2004).

Worldwide, researchers are growing alarmed
about the potential negative effects of infectious dis-
eases on reef communities (Bruno et al. 2007). Tem-
porary shifts from acroporid- to agaricid-dominated
reefs caused by disease-induced mortality have
already occurred in Belize (Aronson et al. 2002), and
outbreaks of coral diseases have caused a significant
loss of coral cover in the Caribbean Sea and on the
Great Barrier Reef (Willis et al. 2004, Weil et al.
2009).

The Maldivian Archipelago was heavily affected
by a coral bleaching event in 1998, which led to coral
mortality of up to 100% with varying effects depend-
ing on species and locality (Bianchi et al. 2003). The
living coral cover ranged from 2 to 8% immediately
after the mass mortality event and increased up to 12
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to 37% in the following 8 yr (Lasagna 2008). The
mass mortality event associated with coral bleaching
also induced a qualitative change in the coral com-
munities, with a shift from Acropora-dominated reefs
to Porites-dominated reefs (Goreau et al. 2000).

The ecological impact of bleaching on coral com-
munities, and particularly its ability to increase coral
susceptibility to infectious disease, is well docu-
mented (McClanahan et al. 2009). However, no infor-
mation is available about the presence of coral dis-
eases in the Maldives. Here, we attempted to fill this
gap by reporting the results of a survey conducted to
investigate the occurrence and prevalence of dis-
eases affecting reef-building corals in an island of the
Republic of Maldives.

MATERIALS AND METHODS

Underwater surveys were conducted during Octo-
ber and November 2010 in order to investigate the
presence and prevalence of infectious diseases
affecting scleractinian corals in the waters around
the inhabited island of Magoodhoo, Faafu Atoll,
Republic of Maldives (3° 04’ N, 72° 57’ E; Fig. 1). The
island measures 900 × 450 m and is located on the
south-east part of the atoll rim, about 140 km south of
the capital Malè. Magoodhoo reef is approximately
2.9 km long and 1.55 km wide and exhibits the fea-
tures of a typical low-energy reef with a luxuriant
growth of coral and gentle slopes to all sides. Sites
were selected haphazardly from those that were
accessible.

During the sampling period, which fell within the
wet season (mid-May to November), the local
monthly mean sea surface temperature was 29.1 ±
0.12°C (SD), and temperature variation among sea-
sons did not exceed 1°C (http:// disc. sci. gsfc. nasa.
gov/ techlab/giovanni). Analyses were conducted
by snorkeling at shallow sites (n = 4, 0−5 m) and by
scuba diving at deep sites (n = 4, 10−20 m; Fig. 1c).
For each site, we performed an exploratory qualita-
tive analysis aimed at compiling a complete list of
the hard coral diseases occurring in the area. Addi-
tionally, quantitative information about coral dis-
ease prevalence at each site was obtained by
establishing 3 randomly placed 25 × 1 m belt tran-
sects (total = 24 transects) spaced 10 to 20 m apart.
Colonies on the belt margin were counted only
when 50% or more of the colony lay within the
belt. The selected transect size was chosen as the
most suitable in relation to field logistics and the
size of the surveyed area.

In both the qualitative and quantitative analyses,
all corals were identified in situ to the genus level
(according to Veron 2000). Diseases were identified
in situ as well (according to Rosenberg & Loya 2004).
Small samples of both healthy and infected coral tis-
sue were collected for further laboratory identifica-
tion. Visible symptoms of disease or stress not ascrib-
able to those reported from available literature were
described and photographed when encountered.
Microphotographs (32×) of infected colonies were
obtained using a StemiDIV4 stereomicroscope paired
with a Canon G11 camera.

All diseased colonies within each belt transect
were noted, and the number of diseased and healthy
colonies was counted in order to compute disease
prevalence, which was calculated as the number of
infected colonies divided by the total number of
colonies. Taxon-specific prevalence was calculated
as the number of cases of a specific disease or syn-
drome divided by the number of appropriate hosts
encountered. The average total disease prevalence
for each site was calculated by averaging the preva-
lence in all belt transects.
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Fig. 1. Study area. (a) Republic of Maldives; (b) Faafu Atoll; 
(c) Magoodhoo Island, showing the 8 sampling sites
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RESULTS

Occurrence and prevalence 
of observed diseases

Our survey of the reefs of Magoodhoo Island
revealed the presence of 5 syndromes affecting
different genera of reef-building corals, namely
black band disease, ulcerative white spot dis-
ease, white syndrome, skeleton-eroding band,
and brown band disease. Additionally, we ob -
served a dark discoloration response on Porites
spp. loosely similar to that typical of dark spot
disease, which we hereafter refer to as Porites
dark discoloration response, in order to distin-
guish it from any common disease and tissue
pigmentation response known for this genus
(Raymundo et al. 2005).

In total, we counted 2761 colonies belonging
to 19 genera. Among them, disease-induced
lesions were observed on 64 colonies (belonging to 8
genera), 50 of which (belonging to 6 genera) were
found within transects. Thus, the resulting overall
prevalence of coral diseases on the reef was lower
than 2%. Individual prevalence of each investigated

coral disease was lower than 1%, ranging from 0.7%
(skeleton-eroding band) to 0.18% (Porites dark dis-
coloration response). Although qualitative surveys
revealed the presence of brown band disease and
ulcerative white spot, the 2 diseases were not found
within transects. For the other diseases (black band
disease, skeleton-eroding band, and white syn-
drome) as well as for Porites dark discoloration
response, we report the number of occurrences
across all coral genera that we found (Table 1). All
diseases observed were found at the shallow sites,
while at the deeper sites, Porites dark discoloration
response was not found. A preliminary assessment of
disease prevalence among affected coral genera is
reported in Table 2.

Description of observed diseases

We found evidence of coral disease in 5 scleractin-
ian families: Acroporidae, Poritidae, Faviidae, Pocil-
loporidae, and Agariciidae. More than half (54.7%)
of the diseased colonies belonged to the Acropori-
dae, which was thus the most affected family. The
other diseased colonies belonged to the Poritidae
(17.3%), Siderasteridae (12.5%), Faviidae (6.2%),
Pocilloporidae (6.2%), and Agariicidae (3.1%).
Among the affected genera, Acropora hosted the
highest number of coral diseases (n = 5), while the
remaining genera were affected by a maximum of 2
diseases.

Black band disease (Fig. 2a), which is caused by a
mat of microbes dominated by the cyanobacterium
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Genus n BBD SEB WS PDDr BrBD UWS

Acropora 1162 1 14 15 (2) (3)?
Cyphastrea 10
Favia 14
Favites 28
Fungia 45
Echinopora 10 (1)
Gardineroseris 6
Goniastrea 22 (2) (1)
Goniopora 7 2
Hydnophora 7
Isopora 122
Leptastrea 23
Leptoria 19
Montipora 56
Pavona 742 2
Platygyra 15
Pocillopora 138 4
Porites 252 6 (3)
Psammocora 83 6 (2)

Total 2761 11 18 15 6 – –

Table 1. Occurrence of coral diseases across all coral genera
found at 8 sites on Magoodhoo Island, Faafu Atoll, Republic
of Maldives. n: number of colonies; BBD: black band dis-
ease; SEB: skeleton-eroding band; WS: white syndrome;
PDDr: Porites dark discoloration response; BrBD: brown
band disease; UWS: ulcerative white spot; ?: to be confirmed; 

( ): not found within transects

Disease                                     Prevalence Station
Affected genus                  Mean   LL    UL      Shallow   Deep

Black band disease               0.34   0.13   0.74                           
Psammocora                         4.4     0.83   7.73          Yes         No
Goniopora                             5       0       18.75          Yes         No
Pavona                                 0.5     0         1.38          Yes         No
Acropora                               0.1     0         0.27           No         Yes

Skeleton-eroding band       0.7     0.41   0.99                           
Acropora                               1.3     0.78   2.63          Yes        Yes
Pocillopora                           3.6     1.19 11.42          Yes        Yes

Porites dark                         0.18   0.07   0.31                           
discoloration response
Porites                                   2.9     1.01   6.07          Yes         No

White syndrome                   0.64   0.41   0.92                           
Acropora                               1.4     0.78   2.41          Yes        Yes

Table 2. Total prevalence and depth distribution of observed coral
diseases. Lower (LL) and upper (UL) 95% bootstrap confidence 

limits



Dis Aquat Org 101: 159–165, 2012

Phormidium corallitycum (Rützler & Santavy 1983;
Fig. 2b), showed the largest host range, affecting 5
different coral genera, particularly Psammocora and
Goniopora. Ulcerative white spot disease (Fig. 2c),
which was found mainly on Porites, was character-
ized by discrete, bleached round foci of 3 to 5 mm in

diameter, consistent with the description given by
Raymundo et al. (2003; Fig. 2d). Lesions that resem-
bled ulcerative white spot were also observed on
some colonies of Acropora spp. (Fig. 2e). These
lesions were characterized by discrete, multifocal
round foci that revealed an underlying intact skele-

ton. These injured areas were mainly located
in the basal portion of the colonies. Similarly
to the description given by Work & Aeby
(2006), the lesions due to white syndrome
(Fig. 2f) consisted of large, diffuse bands of tis-
sue loss that revealed a bare, white, intact
skeleton. The lesions were mildly to severely
ex tended, and the tissue loss involved the
coenosarc and the polyps of the colonies
belonging to the genus Acropora. We closely
examined all colonies affected by white syn-
drome and ulcerative white spot, and we
found no evidence suggesting an involvement
of coral predators in tissue death.

Skeletal-eroding band (Fig. 2g), which is
associated with the ciliate Halofolliculina
corallasia (Antonius 1999, Willis et al. 2004;
Fig. 2h), was found on the genera Acropora,
Pocillopora, and Goniastrea, while brown
band disease (Fig. 2i), which is caused by a
mobile ciliate (Fig. 2j) such as the recently
described Porpostoma guamense (Lobban et
al. 2011), was found only on branching Acro-
pora spp. Members of the genus Porites that
were affected by the dark discoloration
response were characterized by small to
large areas of brown discoloration with
indistinct undulating borders (Fig. 3); in
addition, diseased colonies showed lesions
both focally and diffusely distributed at
peripheral areas.
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Fig. 2. Photographs illustrating the coral diseases
found in Magoodhoo reef. (a) Black band disease on
Psammocora digitata colony; (b) close up of the mat
forming the black band; (c) ulcerative white spot on
a massive Porites colony; (d) areas of white tissue
discoloration with discrete margins; (e) signs similar
to ulcerative white spot on an Acropora spp. colony;
(f) Acropora plate coral with white syndrome; the
white band is the lesion area, with live coral (LC) on
the right and dead coral (DC; colonized by filamen-
tous algae) on the left; (g) skeleton-eroding band
(arrow) on a branching Acropora muricata colony;
(h) Halofolliculina corallasia: note the large peristo-
mial wings coming out of the lorica; (i) brown band
disease (arrow) on a branching A. muricata colony;
(j) details of ciliate clustering constituting the band. 

Photos by S. Montano
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DISCUSSION

This study provides baseline information on the
status of diseases affecting scleractinian corals in a
previously unsampled region. Our surveys docu-
mented the presence of 5 different coral diseases
and 1 anomalous pigmentation response in the reefs
of Magoodhoo Island. All pathologies observed in
this study have been previously reported from the
Indo-Pacific region. Nonetheless, the data presented
here constitute the first records of coral diseases in
the Maldivian Archipelago.

All observed coral diseases were present appar-
ently with low prevalence, which is in contrast with
several other studies on reef systems (Myers & Ray-
mundo 2009, Weil et al. 2012). The most commonly
observed diseases were skeleton-eroding band,
black band disease (consistent with the assumptions
of their circumglobal distribution; Cróquer et al.
2006, Myers & Raymundo 2009), and white syn-
drome. However, white syndrome showed a much
lower prevalence than that already observed in simi-
lar ecosystems (e.g. Willis et al. 2004, Hobbs & Frish

2010 for the Indo-Pacific; Sutherland et al. 2004 for
the Caribbean).

Our surveys also revealed the presence of 1 anom-
alous pigmentation response, which we termed
Porites dark discoloration response and which was
relatively widespread in the study area. We observed
no skeleton or tissue damage caused by scars,
tumors, or other known lesions associated with the
condition. This suggests that the response may be
triggered by unidentified chemical and/or microbial
agents, or may be interpreted as a hypermelanization
response to a pathogen (Petes et al. 2003). Further
investigation would improve our knowledge of this
response or disease. We recorded a few cases of
brown band disease and ulcerative white spot, which
extend the documented geographic range for these 2
diseases (Weil et al. 2012). In particular, we extend
the range of brown band disease westward from the
Philippines and the Great Barrier Reef (Raymundo et
al. 2003, Willis et al. 2004). Interestingly, we noticed
signs of infections similar to those due to ulcerative
white spot on several Acropora colonies. Although
still to be confirmed by more detailed analyses, this
finding may suggest a possible increase in host range
for the disease, which so far has been reported
mainly from Porites spp. (Raymundo et al. 2003,
Kaczmarsky 2006). Among coral genera, Acropora
hosted the highest number of coral diseases. This
supports the hypothesis that fast-growing corals
might have a weaker disease resistance than slow-
growing corals (Willis et al. 2004, Palmer et al. 2008,
2010, Mydlarz et al. 2010). Overall, less than half of
the sampled genera were affected by at least 1 coral
disease. This could suggest a low spread of host -
specific coral diseases (Raymundo et al. 2005).

Despite the fact that the Maldives, and hence our
study area, were affected by a mass coral bleaching
event in 1998 (Longo et al. 2000, Zahir 2000), the cur-
rently available data do not allow us to confirm a
relationship between the past thermal stress and the
current diffusion of coral diseases. However, the
expected future increase in sea surface temperatures
(Kleypas et al. 1999) could lead not only to new
bleaching events but could also promote the spread
of coral pathogens by increasing their growth rate
and virulence (Ben-Haim et al. 2003) and by reduc-
ing the immune response in coral hosts (Alker et al.
2001, Mydlarz et al. 2009, Palmer et al. 2011). Con-
sidering the current state of regression of many reefs
in the Maldives (Lasagna et al. 2010), a better under-
standing of the actual and potential impact of infec-
tious diseases on coral ecosystem dynamics is funda-
mental to conservation planning.
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Fig. 3. Porites dark discoloration response, showing the reg-
ular color of the healthy (H) part of the colony and the anom-
alous pigmentation response found on Magoodhoo Island.
This response consists of an abnormal dark purple discolora-

tion (D) of the coral tissue. Photo by S. Montano
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Although we cannot rule out the possibility that our
results may be affected by sample size, number of
replicates, and local variation, and that they may not
be representative of large-scale patterns valid for the
whole Magoodhoo reef, we hope that our prelimi-
nary study will stimulate the interest of coral pathol-
ogists and promote future in-depth investigations
focusing on coral diseases in Maldivian reefs.
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