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Fig 5. Comparison of coral cover (%), signs of compromised health (%). and disease prevalence
(%) between a deep and shallow site at Barranglompo Island, Spermonde Archipelago, based
on preliminary surveys of coral health conducted in October 2011 (n=3 transects at the deep
site, n=2 transects at the shallow site). The error bars represent standard deviation.

prevalence, coral disease prevalence: Z=0,
n,=3,n,=2, p=1.0; slatistical results for each
variable were the same). Since there were no
significant differences between depths, the
data were pooled for subsequent analyses.
Overall, prevalence of compromised health
signs was not significantly different than
coral disease prevalence, although the
average prevalence of compromised health
from both depths was higher than coral
disease prevalence (deep: 9.6% + 2.7;
shallow: 8. 2% + 9.9; t=-2.19, df=8, p=0.06;
Fig. 5). Coral cover was relatively high at
both depths, with the deep site having an
average of 46.4 % (+ 8.2) coral cover and
the shallow site having an average of43.6%
(+ EBI2) coral cover (Fig. 5).

A total of five coral diseases were
observed during the surveys: skeletal
eroding band (SEB), atramentous necrosis
(AtN), white syndromes (WSs), brown band
(BrB), and growth anomalies (GA) (see Fig.
6). The most common disease was WSs,
observed on 42 coral colonies from 13 coral
genera. Interestingly, 28 of these cases
were found within a single transect, which

is indicative of an infectious disease when
susceptible host density is high. The other
four diseases were much less common
and observed on less than five individual
coral colonies. Several different conditions
that indicated compromised coral heaith
were also observed. The most common
conditions observed were algal overgrowth,
patchy bleaching, cuts and scars, and
pigmentation response (for examples see
Fig. 6).

The informal surveys conducted in
WNP showed high levels of a yellow
tissue discoloration syndrome, similar in
appearance to Caribbean yellow band
disease, on Diploastrea (Fig. 7A). Although
the syndrome was not reported in previous
surveys, it had been observed in 2010 (J.
Haapkyld, pers. observ). Other dis@lses
observed aroundHoga Island includedblack
band disease, growth anomalies, skeletal
eroding band, and white syndromes (for
examples see Fig. 7). Patchy bleaching, a
sign of compromised coral health, was also
observed.
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Fig 6. Images of coral diseases (A ,B) and corals with compromised health (C.D) observed around
Barranglompo reefs. A: brown band disease on branching Acropora sp. B: a white syndrome on
Acropora sp. C: pigmentation response on Poriles sp., and D: Galaxea sp. being overgrown by
cyanobacteria. Photos by L. Raymundo (A,B), D. Harvell (C) and B. Willis (D).

Fig 7. Images of coral diseases observed around Wakatobi National Park. A: yellow tissue
discoloration on Diploastrea sp. B: black band disease on Pavona sp. C: growth anomaly on
Porites sp., and D' skeletal eroding band on Pachyseris sp. Photos by D. Harvell
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DISCUSSION

Indonesian coral reefs lie within the
Coral Triangle, the center of coral reef
global biodiversity. Further, the Indonesian
island system contains the second largest
reefal surface area in the world (42,000
sq km; Bryant et al., 1998). As such, these
reefs are of critical biological, cultural,
and ecolo@fll importance. These very
preliminary surveys of coral health indicate
that even reefs in fairly impacted waters
like Spermonde Archipelago have relatively
low levels of coral disease. However, there
are significant coral diseases preserfigjall
of which have been described from other
reefs in the Indo-Pacific region, making
this a critical time for completing baseline
surveys.

Many of the local conditions that
facilitate coral disease in EJher locations
(for example, Philippines: Kaczmarsky et
al., 2005; Garren [fial., 2009; Great Barrier
Reef, Australia: Lamb and Willis, 2011;
Caribbean: Sutherland et al., 2010, 2011)
are also impacting reefs within Indonesia,
such as increasing tourism pressure,
discharge of human sewage into coastal
waters, aquaculture in near shore waters,
eutrophication from land-based sources,
and sedimentation from deforestation
(Burke et al.,, 2011). In addition to these
local factors, significant levels of bleaching
occurred in 1998 and 2010. Warming
ffents are predicted to increase some
coral diseases (Bruno et al., 2007; Selig
et al., 2006; Maynard et al., 2011). Fifteen
years of monitoring data (1995-2010) on
coral reef ¢ffjdition in the Spermonde
Archipelago indicate that coral bleaching
has only occurred in the last few years, and
was especially significant in 2010 (Jompa
and Yusuf, 2010). This monitoring program
indicates that the average bleaching
prevalence in the archipelago was around
15%, and bleaching typically spread from
reef flats to slopes, with the most intense
coral bleaching observed between 3—10 m
depth. Seawater temperatures during the
year of the bleaching event were around
2.37°C warmer (during April-May 2010;
Fig. 8) than average vyearly seawater

temperatures around the Spermonde
Archipelago, 29.08°C (Jompa and Yusuf,
2010). The higher prevalence of WSs
than other diseases found in our 2011
Barranglompo surveys may partially reflect
the impact of accumulated temperature
stress on coral resistance to WSs (see
Maynard et al., 2011). Furthermore,
although coral disease prevalence was
relatively low within the sites surveyed,
atramentous necrosis and several cases of
yellow tissue discolouration were observed
in 2011 but notin the 2005 and 2007 surveys
(Haapkyla et al., 2007, 2009). These results
may be the first signs of an increasing
impact of coral diseases in Indonesia.
Management of coral disease is in its
early stages, though the urgency of the
problem, in light of continuing coral loss,
demands that strategies be developed
(e.g. Beeden et al., 2012). Techniques to
stop coral disease progression on infected
colonies have been attempted on limited
scales, including aspirating black band
cyanobacterial mats from active lesions
and then covering the lesion with epoxy
(Raymundo et al., 2008) and phage therapy
for known bacterial diseases (Efrony et al.,
2007). Other possible methods to reduce
the spread of coral disease among reefs
may involve the quarantine of reefs where
outbreaks are in progress and the potential
removal of organisms acting as disease
vectors when disease is highly prevalent
(reviewed in Beeden et al., 2012). However,
all of these approachgfj are labor- or
resource-intensive and none have been
attemptedwith any success on alarge spaal
scale. Given what we are learning ab@Zjthe
role of water quality in coral health (Bruno
et al., 2003; Kaczmarsky, 2006; Voss and
Richardson, 2006; Garren et al., 2009), a
logical first step is to improve water quality
by reducing anthropogenic inputs into
nearshore marine systems. This approach
simply relies on the principle that corals
growing in clean water will be under less
stress than those growing in contaminated,
high-nutrient, high-turbidity water. This will
allow corals to develop and maintain strong
defense and immune responses when they
are exposed to pathogens. In addition,

154




-

Muller et al /JJICoR vol. 1(3) (2012): 147-159

Change in water temperature (C°)

-4 4

p ‘P@@% g

N

m\‘“ 9&6 «@*"

\0

(19

Fig 8. Annual pattern in the difference between daily seawater temperatures from 2009-2010 and
average seawater temperatures taken over the past 15 years (1995-2010) in the Spermonde
Archipelago (daily temperatures measured manually at Badi Island. Spermonde Archipelago,

Yusuf et al.. 2010)

increasing inputs of terrestrial bacteria,
viruses and other potential pathogens (for
example from aquaculture, Garren et al.,
2009) may activate emerging diseases
in organisms in the marine environment
that were previously unexposed to these
microorganisms (Mydlarz et al., 2006). In
a clean, healthy environment, progression
and severity of disease within host colonies,
and transmissibility of disease to nearby
susceptible hosts, is predicted to be lower
than on reefs with similar coral communities
where water quality is declining. By
improving conditions at sites where coral
cover has been greatly reduced by poor
water quality, corals may show improved
survival and recruitment. Wefii§onstructed
studies to test this hypothesis are needed to
determine the efficacy of this approach as a
management strategy for coral disease.
Another strategy which provides
hope for managing coral diseases is the
establishment of Marine Protected Areas.
New studies suggest that functioning and
enforced no-take MPAs, with an intact
complement §# fish, are associated with
lower levels of coral disease (Raymundo

et al., 2009; Page et al., 2009). In both the
Philippines and Palau, low prevalence of
coral disease was associated with high fish
diversity (both functional and taxonomic
diversity). In the Philippines, levels of coral
diseases were lower in MPAs than their
paired fished counterpart reefs. At each
of these surveyed reefs, low abundance
of corallivorous butterflyfishes was most
strongly associated with both high fish
diversity and low coral disease prevalence
(Raymundo et al., 2009). The mechanisms
by which this effect may operate are still
under study, but likely involve both direct
and indirect interactions between corals,
potential vectors of disease, and microbes
that cause disease. Reefs that are not
harvested have intact communities with
innate population-regulating mechanisms;
on heavily fished reefs, some fish functional
groups are completely eliminated, leaving
certain community functions unfilled. Other
organisms may undergo rapid increases,
such as certain algal groups that are
no longer kept in check via herbivory or
smaller fish or invertebrates that are not
controlled via predation. Sweatman (2008),
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for instance, found fewer outbreaks of
the crown-of-thorns starfish (Acanthaster
planci) within Australian MPAs. Again, the
mechanism was not elucidated, but the
author speculated that this effect of MPAs
may be due to a cascade effect, which
begins with protection of large predatory
fish and results in increased predation on
juvenile COTS by benthic invertebrates. It
is likely that the overall effect of functionally
complete marine communities on coral
health will have multiple mechanisms,
depending on the unique etiology of each
disease. These mechanisms may involve
B variety of organisms, including microbial
communities (e.g. Dinsdale et al., 2008),
which may interact with corals as pathogens,
food sources or habitat, and the effects are
likely to be indirect and complex. However,
while elucidating these mechanisms is
necessary for understanding and managing
individual diseases, establishing and
maintaining MPAs is a feasible management
strategy for promoting overall coral health
and limiting disedf# impacts. The newly
established MPAs as part of the Coral Reef
Rehabilitation and Management Program
(COREMAP) may well increase coral health
and resilience, as well as allowing fish
populations to recover from over-fishing.

CONCLUSION

The preliminary data from this study
show that levels of coral disease prevalence
at the sites surveyed in Sulawesi were
relatively low. However, surveys in WNP
over several years indicate that the number
of coral diseases may be increasing and
that progression rates of diseases are
comparable to rates found in the Caribbean
and on the GBR. Furthermore, as the
oceans continue to warm and pollution to
the marine environment increases, coral
diseases will likely become more prevalent.
More comprehensive baseline surveys of
coral health are needed to provide data on
coral disease increases in cases of declining
environmental quality, as well as coral
disease decreases in response to improved
management practices. Indonesia, with its
extensive reefs of high biodiversity, coupled

with high population densities and intensive
harvesting of marine resources, should be
a primary focus for disease research efforts
in the future.
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