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Episodes of coral bleaching and mortality have occurred with increasing frequency over the past two
decades, often followed by proliferation of non-constructional organisms leading to a ‘phase shift’ in
reef ecosystems. As the Maldives were severely affected by the 1998 episode, concern raised about the
possibility of a phase shift there. The status of Maldivian reefs was surveyed eight years after the mass
mortality of 1998; the percentages of biotic and abiotic benthic categories were estimated in both lagoon
and ocean reefs. Hard coral cover did not exceed 37%, but no threat was recognized of a phase shift toward
the dominance of soft corals, algae or sponges (7% on average). The high percentage of bare coral rock
(up to almost 50%) and the local variability of living benthic cover suggest that Maldivian reefs were still
in a re-colonization phase. Monitoring of their evolution is in progress.
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1. Introduction

During the last two decades coral reefs have experienced an increase in the number of
environmental disturbances linked to global changes in temperature [1,2]. In 1998, the high
sea surface temperature (up to 34◦C) associated with a strong ENSO event, led to the largest
bleaching episode on a worldwide scale, followed by massive coral mortality [3]. After a major
die-off of corals, fast-growing organisms (i.e. algae and soft-bodied invertebrates) can increase in
abundance and occupy the newly available benthic space [4,5]. The dominance of these organisms
can lead to a ‘phase shift’ of coral reef ecosystems, after which coral re-establishment may be
difficult [6,7].

The 1998 bleaching episode affected severely most Indian Ocean reefs [3]; the Maldives, in
particular, suffered of 90% coral mortality in the central atolls [8]. Before this mass mortality,
hard coral cover was generally between 30 and 60%, often reaching 100% in shallow water [9].
One year after coral cover had decreased to less than 8%, and reefs were dominated by algae
[10–12].
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In April 2006, eight years after the 1998 coral mass mortality, we re-examined the status of the
Maldivian reefs, focusing on the benthic composition to evaluate the possible change in dominance
from hard corals to non-constructional organisms such as soft corals, algae or sponges.

2. Materials and methods

2.1. Study area

The Maldives form the central part of the Chagos-Maldives-Laccadive ridge in the central
Indian Ocean, stretching in a north-south direction from about 7◦07′ N to 0◦40′ S in latitude.
They are comprised of 22 atolls and around 1120 islands forming a single atoll chain in the north
and in the south, and a double atoll chain in the central part [13,14]. While recent descriptions
of the Maldivian coral reefs are available [15–17], thorough studies on coral communities before
the 1998 mortality event date back to the Xarifa expedition in the late 1950s [18 and references
therein]. The data presented in this study were collected during a scientific cruise in the three
central atolls of South Malé, Felidhoo and Ari.

2.2. Field activities

Scuba dives were carried out in a total of eight randomly selected sites belonging to two typologies:
four lagoon reef sites and four ocean reef sites (see Figure 1). Benthic data were visually estimated
using the plan view technique [19] at 4–6, 10–12, 16–18 m depth. This technique involved the
diver hovering 1–2 m above the bottom and estimating percentage cover of benthos and substratum
categories in a 5 m × 5 m area; at each depth, 12 estimates were obtained. A total of 6 categories

Figure 1. Geographic setting of the study sites (diamonds) in the central atolls of Ari, South Malé and Felidhoo in the
Maldives.
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(four biotic and two abiotic) was considered: (i) live hard corals, (ii) soft corals, (iii) algae, (iv)
sponges, (v) coral rock, (vi) rubble and sand.

2.3. Data treatment

Differences among the percentages (mean ± standard error) of the six categories were analysed
by 3-way ANOVA with ‘reef typology’ (RT) as fixed factor, ‘site’ (S) as random and nested factor
within ‘reef typology’, and ‘depth’(D) as fixed and orthogonal factor (see Figure 2). Homogeneity
of variances was tested by Cochran’s C-test, and data were arcsin

√
(x/100) transformed when

necessary to assure homogeneity [20].

Figure 2. Hierarchical sampling design used in this study. Letters identify the three depths considered (a = 4–6 m,
b = 10–12 m, c = 16–18 m), whilst numbers indicate sites. Depths are orthogonal to sites, which are nested within reef
typologies. Twelve replicates were obtained at each depth.

3. Results

Eight years after the 1998 coral mass mortality, hard coral cover varied from 12% to 37%
depending on individual sites; the lowest values were found in shallow ocean reefs (see Figure 3a).
Cover of soft corals (see Figure 3b), algae (see Figure 3c) and sponges (see Figure 3d) was com-
paratively low (approximately 7% on average). Coral rock percentage decreased with depth,
ranging from 25–50% at shallow sites on ocean reefs to less than 20% in deep and/or lagoon sites
(see Figure 3e). Percentages of coral rubble and sand ranged from 15% to 65%, inconsistently
with typologies, sites or depths (see Figure 3f).

No significant difference in the percentages of benthic categories was found between reef
typologies, with the only exception of coral rock. Differences among depths were significant only
for hard corals, algae, sponges and coral rock. Most interactions among factors were significantly
different, suggesting that there was not a clear pattern with either depth or typology in benthic
categories percentages (see Table 1).

4. Discussion and conclusion

Hard coral cover had increased tremendously with respect to the values observed short after the
1998 mass mortality episode [10–12,21]. A recent inventory of coral species showed that their
number is larger than that known before 1998 [22]. The threat of a phase shift, as observed for
instance in southern Taiwan [4], the US Virgin Islands [23], the Seychelles [24] and the Great
Barrier Reef [25], seems to be averted in the Maldives, as the cover of soft corals, algae and
sponges was usually much lower than that of hard corals. This notwithstanding, hard coral cover
was still scarce when compared with pre-mortality values [26,27], and the proportion of bare coral
rock was always high, especially in shallow ocean reefs. Extensive bare rock in shallow ocean
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Figure 3. Mean (+ standard error) percentages of biotic and abiotic benthic categories at four sites and three depths
from two reef typologies.

reefs might indicate that physical disturbance by oceanic waves is limiting coral growth, as the
highest coral mortality in 1998 had been observed, on the contrary, in lagoon reefs [28].

The abundance of bare rock and loose material derived from dead coral breakage (namely,
rubble and sand), was consistent with the loss of 3D structure in Maldivian coral reefs
[8,9,12]; substrate smoothing is known to represent an impediment to coral recruitment
[21,29].

The high variability of living benthic cover among sites suggests that in 2006 the Maldivian
reefs were still in an ongoing process of re-colonization. It will probably take several years before
a living reef structure is re-established in the central atolls of the Maldives: continued monitoring
of reef recovery is in progress to track their future evolution.
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Table 1. Results of 3-wayANOVA on biotic and abiotic benthic categories: RT-reef typology; S-site; D-depth. NS-not
significant. *P < 0.05; **P < 0.01.

Hard corals Soft corals Algae

Factor df F P df F P df F P

RT 1 0.16 NS 1 0.14 NS 1 0.02 NS
S (RT) 6 12.78 ** 6 7.73 ** 6 18.57 **
D 2 4.20 * 2 0.61 NS 2 5.78 *
RT × D 2 2.64 NS 2 0.70 NS 2 5.74 *
D × S (RT) 12 2.27 ** 12 1.86 * 12 3.19 **
Residual 264 264 264

Sponges Coral rock Rubble and sand

Factor df F P df F P df F P

RT 1 0.33 NS 1 7.07 * 1 0.73 NS
S (RT) 6 8.48 ** 6 7.86 ** 6 18.43 **
D 2 7.40 ** 2 28.46 ** 2 0.77 NS
RT × D 2 4.41 * 2 19.53 ** 2 0.31 NS
D × S (RT) 12 2.10 * 12 2.39 ** 12 2.59 **
Residual 264 264 264
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