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INTRODUCTION

The Persian Gulf is a semi-enclosed sea that is
linked to the Sea of Oman by the Straits of Hormuz
(Sheppard et al. 1992). Because of its enclosed na -
ture, high rates of evaporation and the Tigris-
Euphrates River being the only significant source of
freshwater flow into the Persian Gulf, salinities are
much higher than in open oceans, with >39 psu oc -
curring through most of the Persian Gulf (Sheppard
et al. 2010, Riegl & Purkis 2012). Due to the hot sum-
mer and cold winter temperatures of the adjacent
land masses, the Persian Gulf also has the largest
annual fluctuations in water temperature (16−36°C)

of any region where reef corals occur (Coles 1988,
2003, John et al. 1990, Coles & Fadlallah 1991, Shep-
pard et al. 2010). In addition to natural stressors, coral
reefs in the Persian Gulf are threatened by human
activities including oil pollution, coastal develop-
ment, coral collection for ornamental purposes, ex -
tensive anchor damage, and discharge of ship ballast
water (Riegl & Purkis 2012). Corals survive under
these challenging environmental conditions off the
coasts of Iran, Iraq, Kuwait, Saudi Arabia, Bahrain,
Qatar, and the United Arab Emirates (Shokri et al.
2005, Pohl et al. 2014). Approximately 55 to 60 coral
species are recorded in the Persian Gulf, and these
represent a hardy subset of corals found throughout
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the Indo-Pacific (Riegl 1999, Riegl & Purkis 2012,
Coles & Riegl 2013).

Another threat to coral reefs is disease, which has
had devastating effects on corals in other regions
(Sutherland et al. 2004, Willis et al. 2004, Raymundo
et al. 2005, 2008, Aeby et al. 2011a, 2016). Coral reefs
are declining rapidly (Hughes et al. 2003, Bellwood
et al. 2004), and in response to continued problems
associated with anthropogenic overuse and global
climate change, coral disease outbreaks are predic -
ted to continue to increase through time (Sokolow
2009). Diseases have been found in the Persian Gulf
coral populations and include Arabian yellow band
disease (Korrûbel & Riegl 1998, Fatemi & Shokri
2001), black band disease (Riegl 2002), white band
disease (Riegl & Purkis 2012), and growth anomalies
(Tavakoli-Kolour et al. 2015). Quantitative baseline
disease studies are a critical first step towards under-
standing potential threats to coral reefs and in giving
scientists and resource managers the capacity to
identify and respond to changes in disease levels
through time (Aeby et al. 2015).

Within Iranian territory, 17 islands are surrounded
by corals (Shokri et al. 2005). The island of Kish, off
the coast of Iran, is a popular dive site in the north-
ern part of the Persian Gulf that has an estimated
economic value of US$14.6 million yr−1; 62% of this
economic value is attributed to recreational activi-
ties (Madani et al. 2012). Despite the economic

value of coral reefs, few quantitative studies on
coral health in this region have been conducted.
Our objective was to conduct the first baseline sur-
veys on coral health on Kish Island. The types and
prevalence of coral lesions occurring on corals
within the unique environment of the Persian Gulf
may be distinct and useful for predicting the sur-
vival of other marine organisms facing the impacts
of global climate change.

MATERIALS AND METHODS

Study area

Kish Island is located off the coast of Iran in the
northern part of the Persian Gulf (26° 32’ N, 53° 58’ E).
Coral reefs occur at depths between 3 and 8 m, and
most of the live corals are located on the east and
southeast coasts, which are considered popular tou -
rist spots for scuba diving (Fatemi & Shokri 2001).

Survey technique

Four sites were selected along the east and south-
east coasts of Kish Island (Fig. 1), and belt transects
were surveyed on patch reefs within the sites. Sites
were chosen haphazardly, based on previous knowl-
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Fig. 1. Study area showing the 4 sites surveyed for coral health on the east and southeast sides of Kish Island, Iran, in the 
Persian Gulf
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edge of presence of coral reefs around Kish Island. At
each of the 4 sites, 3 belt transects (20 m each) were
laid out end to end separated by approximately 10 m,
for a total of 12 transects surveyed. The width of the
belt transects varied between 1 and 3 m and was de -
pendent on coral density. If there was not at least 1
colony within 1 m of the transect, then the belt was
widened to 3 m. Along each belt transect, all corals
were identified to genus and enumerated, and the
presence of lesions (any morphologic change in tis-
sue) was recorded and lesions were photographed.

Generally, the signs of disease manifest as tissue
loss, growth anomalies, or discoloration (Work &
Aeby 2006); however, lesions can be caused by other
non-disease processes. Hence, an in situ investiga-
tion was undertaken to determine whether lesions
were due to biotic (disease, competitors, predators)
or abiotic (physical damage and sedimentation) pro-
cesses. Presence of predators and competitors and
size, shape, and type of lesions were all considered.
Lesions were described following Work & Aeby
(2006) and included distribution on the colony (focal
or multifocal), color, and characteristics of the lesion
edge. For tissue loss lesions, evidence of progressive
tissue loss was determined based upon the degree of
algal colonization of the bare skeleton with the rate
of tissue loss estimated by the extent of bare, usually
white skeleton adjacent to the healthy tissue. We
used the term acute tissue loss to indicate an area of
bare skeleton >5 cm; subacute: 1−5 cm; and chronic:
<1 cm. Unfortunately, collection of coral for histo -
logical examination of coral lesions was not feasible

at that time. Nomenclature of suspected diseases was
based on host affected and lesion type (Work & Aeby
2006, Aeby et al. 2015). Coral health surveys were
conducted using SCUBA in May 2015. Prevalence
(%) of the different lesions was calculated as (num-
ber of affected colonies / total colonies surveyed)
× 100. For all surveys combined, a chi-squared good-
ness of fit test examined differences in the distribution
of the number of diseased vs. healthy colonies among
the 3 most common scleractinian genera (Acropora,
Porites, Dipsastrea). Values are given as means ± SE.

RESULTS

Coral community

Within the 4 sites surveyed, we recorded a total of
474 colonies belonging to 12 coral genera (Fig. 2).
The numerically dominant coral genera were Acro -
pora, Porites, and Dipsastrea. The mean ± SE colony
density was 0.54 ± 0.16 colonies m−2.

Coral reef health

Coral lesions in response to abiotic factors

We observed old coral rubble at all survey sites,
and sediment covered nearly all of the colonies with -
in transects. Evidence of old partial colony mortality
was found on 30 ± 5% of the poritids. Recent me -

chanical damage (breakage) of corals
was found at 3 of the 4 survey sites.

Coral lesions in response 
to biotic factors

Competition. Sponges and bryo -
zoans were overgrowing many Pori -
tes colonies. An orange sponge, ten-
tatively identified as Clathria sp., was
recorded on dead and live parts on 18
± 9% of the Porites colonies (Fig. 3a).
The sponge was identified based on
its  distinctive color and the obvious
meandrous water canal system with
oscules (Benzoni et al. 2008). A coral-
associated bryozoan, Celleporaria sp.,
(Winston 1986), was found on dead
parts of Porites in 2 colo nies. Bio-
eroders were found on 14 ± 9% of the
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Fig. 2. Proportion of the coral community within belt transects represented by
each coral genus. Four sites were surveyed around Kish Island, Persian Gulf. 

Data are means ± SE
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corals within transects, with Dipsastrea responding
with ob vious protrusive growths (Fig. 3b).

Predation. Linear paired feeding scars (fresh and
healing), indicative of probable parrotfish predation,
were found on 9 ± 1% of the Porites colonies. There
was no evidence of fish predation on other coral gen-
era, nor was there any evidence of corallivorous
snails such as drupellids.

Pigmentation response. Pink pigmentation as an
apparent response to invertebrate burrows (e.g. bar-
nacles, tube worms) was found on 59 ± 7.6% of Po -
rites spp. colonies. In addition, a pink and purple dis-
coloration response with no obvious cause (Fig. 3c)
was found on 40 ± 4.8% of Porites spp. colonies.

Shrimp burrows. Evidence of alpheid shrimp bur-
rows (Hoover 1998) was found on 1 Platygyra colony
(Fig. 3d), 1 Porites colony, and 1 Dipsastrea colony.

Mucus sheaths. We observed a mottled, pale dis-
coloration consistent with mucus sheath production
(Aeby et al. 2008, Galloway et al. 2009, Work et al.

2014) on 59 ± 6% of the Dipsastrea (Fig. 3e). On
many colonies, the pale mucus sheaths were peeling
off, revealing the normal coloration underneath.

Disease. Four different coral lesions consistent with
disease were identified within transects. All 4 types
of lesions were indicative of progressive tissue loss
diseases of unknown etiology (white syndromes).
These included Porites multi-focal chronic tissue loss
(PorMFCTL), Porites peeling tissue loss (PorPTL),
Porites focal chronic tissue loss (PorFCTL), and Dip-
sastrea focal sub-acute tissue loss (DipFSATL).
PorMFCTL was characterized by multiple, variably-
sized tissue loss lesions bordered by a purple band
(Fig. 4d) and prevalence was 8 ± 2.3%. PorPTL dis-
ease was characterized by tissue loss appearing to
start at the base of massive and branching Porites
and progressing upwards. The lesion edge was dis-
tinct, with the tissue peeling off (Fig. 4a), the bare
skeleton appearing green (Fig. 4b), and lesions often
bordered by a distinct yellow region (Fig. 4c). PorPTL
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Fig. 3. Coral lesions found within transects associated with biotic factors. (a) Sponge overgrowth, Clathria sp., on Porites; (b)
protuberant growths in response to bioeroders on Dipsastrea; (c) pink pigmentation response surrounding healing lesions and
in response to eroding organisms on Porites; (d) alpheid shrimp burrows on Platygyra; (e) pale discoloration associated with 

mucus sheaths on Dipsastrea
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prevalence was 7.25 ± 3.7%. PorFCTL (Fig. 4e) man-
ifested as a focal, lateral lesions and was observed in
1 ± 1% of the colonies. DipFSATL was characterized
by a focal circular lesion also located on the side of
colony and affected 1 ± 1% of the Dipsastrea corals
(Fig. 4f). Mild bleaching was found on 37 ± 7.8% of
the colonies within transects.

Differences in prevalence of coral lesions 
among coral genera

Disease prevalence differed among the 3 most
abundant coral genera (Acropora, Porites, Dipsas-
trea; χ2 = 43.2, df = 2, p < 0.0001; Fig. 5). Acropora
was the numerically dominant coral within transects
but showed no signs of disease, whereas the 2 other

dominant coral genera, Dipsastrea and Porites, had
an overall disease prevalence 1 and 14%, respec-
tively. Lesions consistent with disease were not found
on any of the other 9 coral genera present within the
transects.

DISCUSSION

This study reports on the first quantitative coral
health surveys of the coral reefs on Kish Island, Iran.
Numerous types of coral lesions were documented,
including 4 tissue loss lesions that are consistent with
disease (white syndromes). At the 4 sites surveyed,
corals were found to have a patchy distribution with
low colony densities and species diversity, with 12
coral genera found. This is consistent with other reefs
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Fig. 4. Coral lesions consistent with disease encountered during surveys on the reefs of Kish Island, Iran. (a−c) Porites peeling
tissue loss; (d) Porites multi-focal chronic tissue loss; (e) Porites focal chronic tissue loss; (f) Dipsastrea focal sub-acute tissue loss
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within the Persian Gulf with a reported low diversity
and lack of a true reef-building framework formation
(Burt et al. 2014). It has been suggested that the ex -
treme environmental conditions and the recurrent
sea surface temperature anomalies cause coral die-
offs on a regular basis and prevent reef formation
(Burt et al. 2014). Prior to 1995, numerous coral mor-
tality events associated with cold temperature events
were reported, and 4 mortality events associated
with high temperature stress have been reported
since 1996 (reviewed by Coles & Riegl 2013).

Signs of recent mechanical damage indicative of
human overuse were found, and direct anchor dam-
age on live corals was observed during our studies.
All sites experienced chronic sedimentation, so it was
not surprising to find that 2 of the 3 most numerically
abundant corals were Dipsastrea and Porites, which
are known to be tolerant to sediment stress (Stafford-
Smith 1993, Riegl 1999, Burt et al. 2014). This is con-
sistent with other regions of the Persian Gulf, which
also report stress-tolerant Dipsastrea (faviids) and
poritids to be numerically dominant (Riegl 1999, Burt
et al. 2014). Coral mucus provides protection from a
wide range of environmental stresses, including sed-
imentation (Brown & Bythell 2005), and we found a
high prevalence of apparent mucus sheaths in Dip-
sastrea. Little is known about mucus secretions in
Dipsastrea, but generally in turbid environments,
corals expend an excessive amount of energy in
mucus production to remove sediments from their tis-
sues (Riegl & Branch 1995). A unique finding was
that acroporids, which are usually more sensitive
than other coral genera to sediment stress (Stafford-
Smith 1993), were the most abundant coral within

our transects and appeared healthy. The Persian Gulf
corals represent a subset of Indo-Pacific species
(Riegl 1999), and so it may be that the acroporid spe-
cies within transects (Acropora clathrata, Brook 1891;
and A. downingi, Wallace 1999) are more sediment
tolerant compared to other acroporid species. A. cla -
thrata is found throughout the Indo-Pacific, but A.
downingi is restricted to the Persian Gulf and nearby
Arabian and Red Seas (Sheppard & Sheppard 1991).
It must also be noted that both Acropora species have
a branching morphology, which tolerates sediment
stress better than other growth forms (Rogers 1990).

Other evidence of suboptimal environmental con-
ditions that we found includes a high prevalence of
old partial mortality, especially in poritids, abundant
bioeroders, and overgrowth of corals by sponges and
bryozoans. During our survey, we found the encrust-
ing sponge Clathria sp. overgrowing Porites spp.,
which is the first report of this sponge within the Per-
sian Gulf. On the reefs off the coast of Yemen, Ben-
zoni et al. (2008) found Clathria sp. growing rapidly
over live P. lutea and suggested that the sponge
 overgrowth was specific to Porites spp. We also found
a bryozoan, Celleporaria sp., growing on poritids,
which has previously only been reported in the
south east region of the Persian Gulf (Riegl & Purkis
2012), but we now report it from the Iranian side on
Kish Island.

Four types of tissue loss lesions consistent with dis-
ease were found: PorMFCTL, PorPTL, PorFCTL, and
DipFSATL, which is fewer diseases than reported
from other regions. Similar baseline disease surveys
in Hawaii (USA) revealed 12 diseases (Aeby et al.
2011a), and Vargas-Angel (2009) found 6 disease
types affecting 12 scleractinian genera in the US
Pacific remote island areas. Coral diversity and colo -
ny density are both low on the reefs of Kish Island
compared to Hawaii and the Pacific, and we only sur-
veyed 4 sites, which possibly explains the low num-
ber of diseases found. However, it was surprising that
no growth anomalies were found on any coral gen-
era. Growth anomalies have been found on corals
across the Indo-Pacific (Aeby et al. 2011b), in the
Caribbean (Sutherland et al. 2004), and on Porites in
the Persian Gulf (Tavakoli-Kolour et al. 2015). In
addition, we found no signs of black band disease,
which is easily recognized in the field and has been
reported from other areas in the Persian Gulf (Riegl &
Purkis 2012). However, black band disease is known
to be seasonal, occurring predominantly during the
warmer months (Sutherland et al. 2004, Sato et al.
2009), so we may have missed this disease, as our
surveys were conducted in the cooler months.
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Overall disease prevalence on the reefs was 3.6%,
with no signs of disease in any of the coral genera,
except for Porites and Dipsastrea. Numerous other
studies have reported disease prevalence in specific
coral genera as different from what was expected on
the basis of coral abundance in the field (Willis et al.
2004, Aeby et al. 2008, Myers & Raymundo 2009).
Acroporids have been reported as especially vulner-
able to disease in the Indo-Pacific (Willis et al. 2004,
Aeby et al. 2008, Myers & Raymundo 2009) and in the
Caribbean (Sutherland et al. 2004), yet in Iran we
found no signs of disease in Acropora even though it
was a numerically dominant genus within our tran-
sects. In contrast, Porites spp. had a higher than ex -
pected disease prevalence based on its abundance in
the field, with 14% of the colonies showing signs of
tissue loss disease. Similarly, in the Philippines, an -
other Porites-rich region, overall disease prevalence
was also highest in Porites (Raymundo et al. 2005),
with 1 study finding an average of 22% of the Porites
showing signs of Porites ulcerative white spot (Ray-
mundo et al. 2003). In contrast, in Hawaii, where
Porites is also a common coral, tissue loss disease
prevalence was less than 1% (Aeby et al. 2011a). Dis-
ease prevalence is affected by many factors, includ-
ing host density, etiology, and environmental condi-
tions (Aeby & Santavy 2006, Lesser et al. 2007, Baker
et al. 2008, Riegl & Purkis 2012). The etiologies of the
diseases found in this study are unknown, but within
our transects, host density was comparatively low
which would decrease transmission efficiency of in -
fectious diseases. Conversely, environmental condi-
tions appear to be chronically suboptimal for corals in
the Persian Gulf and may provide an explanation for
the high disease prevalence found for an apparently
disease-susceptible genus such as Porites. One of the
diseases, PorPTL, was grossly similar to Arabian yel-
low band (AYB), which is a common disease within
the Persian Gulf and Arabian Sea (Riegl & Purkis
2012). AYB has been reported from numerous coral
genera (Acropora, Porites, Cyphastrea, Turbinaria;
Riegl & Purkis 2012). However, in this study, only
Porites displayed similar disease signs, so it is un -
known whether the etiology or ecology of the 2 dis-
eases is the same.

Little is known about the distribution, prevalence,
or pathogenesis of diseases in corals in the Persian
Gulf, and disease outbreaks have been reported on
reefs in the southern part of the Persian Gulf and the
Gulf of Oman (Riegl 2002). Our study provides the
first baseline of disease on the reefs of Kish Island,
giving biologists the capacity to identify susceptible
coral genera and the ability to monitor disease levels

through time. Understanding the health status of
these corals may prove useful for predicting the sur-
vival of other corals facing the impacts of global cli-
mate change including rising disease prevalence.
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