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Areimi, and Hussain Ali Al Aghbari (2010) Persistent and expanding population outbreaks of the corallivorous
starfish Acanthaster planci in the northwestern Indian Ocean: are they really a consequence of unsustainable
starfish predator removal through overfishing in coral reefs, or a response to a changing environment?
Zoological Studies 49(1): 108-123. Population outbreaks of the starfish Acanthaster planci have been
persisting for at least the past 25 yr on coral reefs in the Gulf of Oman, in the northwestern Indian Ocean. A
survey conducted in 2001 showed that the A. planci population on the Dimaniyat Is. was as abundant (around
5 individuals (ind.)/transect; equivalent to 100 ind./ha) as that recorded during an outbreak in the early 1980s.
Local authorities are controlling starfish populations by culling relatively large adult individuals. These outbreaks
cause considerable damage to coral communities, as observed specimens were adult individuals of about
60 cm in total diameter (no juveniles were observed). The situation has persisted for over 2 decades, and has
now spread to coral reefs in the Arabian Gulf. Although A. planci population outbreaks were associated in the
past with overfishing of starfish predators in coral reef areas, in the present study, we found no connection
between this theory and starfish outbreaks, as stomach contents of carnivorous fish specimens likely to prey
on this starfish species, caught on coral reefs on the Gulf of Oman, and sold at local fish markets (in Barka,
Muscat, and Sur), showed no presence of A. planci in their diets. Therefore, the reason for A. planci population
outbreaks could not have been due to overfishing of predator species, but is most likely to have been caused
by the frequent input of nutrients, due to frequent upwelling events in the northwestern Indian Ocean, leading to
planktonic blooms which thus enhance A. planci recruitment. http://zoolstud.sinica.edu.tw/Journals/49.1/108.pdf
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There are few principal areas of coral cover
in the northwestern Indian Ocean, especially
along the Oman coasts: the Musandam Peninsula
near the Strait of Hormuz, the Capital Area coast
(including the Dimaniyat Is.), along the central

Oman coast (including Masirah I.), and along
the Dhofar coast (including the Al Hallaniyat Is.).
Although most of the coastline of Oman is also
unsuitable for true reef development (either due to
frequent upwelling events and/or the occurrence
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of sandy substrate in areas of relatively strong
currents), both well-developed multispecific
reefs (such as those off the Dimaniyat Is.) and
monospecific reefs mostly of the cabbage coral
Montipora foliosa (such as those in the Gulf of
Masirah) occur in the area (Fig. 1).

Previous studies (Sheppard and Salm 1988,
Salm et al. 1993, Planes and Galzin 1999, Al Jabri
2003, MRMEWR 2003) examined the diversity of
corals in Oman (where fewer than 150 species
belonging to about 50 genera have been identified)
and proved that the coral community is less
diverse than that of the great Indo-Pacific region
(with over 500 species belonging to more than 80
genera; e.g., Veron 2000).

In the northwestern Indian Ocean (ROPME
2004) and elsewhere (McClanahan et al. 2002,
Bak et al. 2005, Briggs 2005, Smith et al. 2005,

Fig. 1. Contrasting coral communities between the Gulf of
Oman (multispecific reefs; plate A) and the Masirah Channel
(monospecific reefs of Montipora foliosa; plate B)

Edmunds 2007), coral reef decline has been a
cause for concern, and it is sometimes difficult to
attribute a single cause to coral degradation. In
fact, the decline in coral reef health may be the
result of more than 1 affecting factor. For instance,
coral bleaching due to climatic change has been a
major factor affecting coral communities (Ostrander
et al. 2000, Barton and Casey 2005), as small
changes in temperature values may cause massive
mortality of corals (e.g., Bruno et al. 2001, Baird
and Marshall 2002, Edmunds 2005, Graham et al.
2006 2007). However, in both the Gulf of Oman
and Arabian Sea, coral reefs are continuously
stressed by high summer temperatures (with
seawater temperatures sometimes exceeding
32°C), and have also survived frequent
temperature and salinity fluctuations due to
frequent upwelling events (Tudhope et al. 1996),
while displaying small signs of bleaching (Obura
2005). Coles and Brown (2003) discussed the
ability of coral communities to adapt to frequent
stress in the area. Similarly, palaeontological
studies conducted in the Caribbean also proved
the ability of coral communities to adapt and
sometimes evolve into a community with a distinct
species composition (Aronson et al. 2005).
However, the rate at which adaptations occur in
previously less-stressed communities is still a
serious concern globally (e.g., Knowlton 2001,
Baker et al. 2004, Donner et al. 2005, Berkelmans
and van Oppen 2006, Feary et al. 2007,
McClanahan et al. 2007).

In addition, other problems in the northwest
Indian Ocean, such as coastal erosion and storm
damage during the monsoons, are also important
factors which must be considered (e.g., Dobbin
1992, Al Jufaili et al. 1999, Sheppard et al. 2002,
Madin and Connelly 2006). Anthropogenic
impacts including eutrophication (e.g., Diaz-Pullido
and McCook 2005, Renegar and Riegl 2005) and
siltation (Crabbe and Smith 2005) due to coastal
development, pollution from land- and sea-based
sources (wastes and spills; e.g., Devlin and Brodie
2005, Fabricius 2005), and fishery-related damage
(including net and anchor damage, overfishing,
and harmful fishing activities; e.g., Chiappone et al.
2005) are also important factors controlling coral
communities.

Finally, coral communities are also stressed
by biological interactions, especially from
predation pressure by the corallivorous starfish
Acanthaster planci (e.g., Glynn 1993, Benzie and
Wakeford 1997) and corallivorous fish such as
the butterflyfish (Chaetodontidae; Berumen and
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Pratchett 2006a b 2008, Pratchett 2005 2007)
and parrotfish (Scaridae; Rotjan and Lewis 2006).
Coral diseases (Coles 1994, McClanahan 2002,
Rosenberg and ben Haim 2002, Aeby 2005) also
play important roles. Seaturtles Chelonia mydas
and Eretmochelys imbricata, present in relatively
large numbers year round in the northwest Indian
Ocean (e.g, Mendonca et al. in press), are also
coral predators, but their selective feeding habits
(mostly algae for C. mydas, Amorocho and Reina
2007; and sponges for E. imbricata, e.g., Leon and
Bjorndal 2002, Stampar et al. 2007) make their
impacts an unlikely factor controlling coral reef
communities.

However, population outbreaks of the
corallivorous crown-of-thorns starfish Acanthaster
planci are a serious cause for concern, as this
is the most voracious starfish species (Pratchett
2001, Uthicke and Benzie 2001, Harriot et al.
2003), with adult specimens reaching 70 cm in
diameter. In addition, starfish can well survive
predation pressure by their own predators due to
their regenerating abilities, so that they can discard
a part of themselves which will replicate into a
new individual at a fast rate (Yasuda et al. 2006).
Therefore, starfish population outbreaks are a
serious threat, in terms of the health of coral reefs,
and may have significant negative impacts on coral
communities.

Studies on predator-prey interactions and
trophodynamics in other coastal ecosystems (e.g.,
lagoons) have shown that predation pressure is
able to cause significant impacts on prey density
and community structure at several levels of food
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webs (e.g., Mendonga et al. 2007a b 2008 2009).
Similarly, significant impacts of predation pressure
by A. planci on coral reef ecosystems were
observed by Glynn (1990). Population outbreaks
have been relatively frequent in the Indo-Pacific
region, and may cause widespread damage to
coral reefs as a single individual on a feeding
occasion may leave relatively large scars on a
coral colony (Bikeland 1990, Bikeland et al. 2003,
Koonjul et al. 2003).

There have been several theories on the
causes of outbreaks of crown-of-thorns starfish,
but those with the greatest support are as follows:
Fluctuations in crown-of-thorns populations may
be a natural phenomenon. This theory is yet to
be either proven or rejected; Removal of natural
predators of crown-of-thorns starfish, through
overfishing of large carnivorous fish species on
coral reefs has allowed these starfish populations
to expand. This theory is supported by some
authors, of which Dulvy et al. (2004) can be
cited; and Increased amounts of nutrients in
coastal waters due to anthropogenic activities in
coastal areas may induce increases in planktonic
activity, and thus more food becomes available for
starfish larval stages, which can grow to mature
adult individuals resulting in starfish population
outbreaks. This theory has been postulated for
some time and is still supported by relatively recent
studies (e.g., Brodie et al. 2005).

The crown-of-thorns starfish A. planci
was particularly abundant in the Gulf of Oman
in the 1980s (Fig. 2), with the abundances off
the Dimaniyat Is., Muscat, and Sur, among the

Dimaniyat Is. Jazirat Muscat Qantab

Bandar Jissah  Bandar Khayran  Ras Abu Daud Sur

Fig. 2. Starfish abundance at several sites in the Gulf of Oman during the 1980s (adapted from Glynn 1993).
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highest in the area. Therefore, local authorities,
preoccupied with the preservation of the coral
reefs off the Dimaniyat Is., have been culling large
individuals since 1996.

The present study reviews and updates
information on the coral communities of the Gulf
of Oman (of which corals off the Dimaniyat Is. are
the most important), and on populations of the
corallivorous starfish A. planci. It also looks into
the ecology of this starfish species, and discusses
the likely causes behind starfish population
outbreaks in the area.

MATERIALS AND METHODS
Study area

The Gulf of Oman includes areas from the
Strait of Hormuz (separating the Arabian/Persian
Gulf from the northern section of the Gulf of
Oman) to Ras Al Hadd Cape in Oman (separating
the southern section of the Gulf of Oman from
the Arabian Sea). The area is subjected to
great fluctuations in temperature, salinity, and
nutrient concentrations due to frequent upwelling
events brought about by the effects of both
the southwesterly summer monsoon and the
northeasterly winter monsoon.

Some seawater parameters measured for
non-upwelled waters in late spring 2003, at a
site in the southern part of the Gulf of Oman,
are presented in table 1. Several parameters
(temperature, salinity, dissolved oxygen, and
chlorophyll a) were measured at the site using a
multiparameter analysis instrument model Idronaut
316 (Idronaut 2002). Seawater samples (n = 3)

Table 1. Seawater quality (n = 3) of non-upwelled
waters at a site northwest of Sur (22°38'N; 59°
25'E), Gulf of Oman, in late spring 2003

Parameter Median Range

Temperature (°C) 30.00 28.60 - 32.10
Salinity (PSU) 36.50 36.40 - 36.80
Dissolved Oz (mg/L) 6.50 5.50- 7.07
Chlorophyll a (ug/L) 0.35 0.15- 0.40
Nitrates (as N; pg/L) 10.00 0.34 - 85.00
Nitrites (as N; pg/L) 5.00 0.50 - 20.00
Ammonia (as N; pug/L) 15.00 3.00 - 22.00
Phosphates (ortho-; pg/L) 18.00 1.00 - 25.00

were collected using an automated water sampler
and were analyzed for nitrates, nitrites, ammonia,
and phosphates using standard methods (USEPA
1983): for nitrates, the cadmium reduction method,
measured at 540 nm by colorimetry, was used; for
nitrites, the diazonium reduction method, measured
at 540 nm by colorimetry, was used; for ammonia,
the Bethelot reaction, measured at 630 nm by
colorimetry, was used; and for phosphates, the
antimony phospho-molybdate reaction, measured
at 630 nm by colorimetry, was used. However,
these parameters may present much higher
values following frequent upwelling in the northern
Indian Ocean, especially off the coast of Oman,
as captured by remote sensing images from
space (Fig. 3). The Oceanographic Data Center
of the United States National Oceanographic
and Atmospheric Administration (NOAA) records
remotely, on a regular basis, data on the physical,
chemical, and biological characteristics of sea-
water in the area (e.g., NOAA 2005), and these
parameters were also previously recorded on site
extensively by the Arabesque Project of the Joint
Global Ocean Flux Study (JGFOS 1998).

Within the Gulf of Oman, coral reefs are
more developed especially off the Dimaniyat Is.,
an archipelago of 9 islands, named D1 to D9, from
east to west, with numerous satellite rocks, reefs,
and shoals, formed on emergent limestone rock
and fossil reefs (Fig. 4). The total land area of the
islands is 85 ha, and these islands are situated
20 km offshore, about 100 km north of Muscat.

Fig. 3. Relative distribution of chlorophyll a recorded
from space in Sept. 2003 (red color corresponds to higher
concentrations and blue color to lower concentrations),
indicating a phytoplankton bloom in the northwestern Indian
Ocean (NWIO): with maximum intensity in areas off Oman, in
the northern Arabian Sea, bordering the Gulf of Oman (Source:
National Oceanographic and Atmospheric Administration,
Florida, USA).
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The coral reefs surrounding or near these
islands are areas off islands D1-D9 and 2 main
isolated shoals: one west of island D1 and
another northwest off island D9. Coral reefs off
the Dimaniyat Is. were first mapped by Salm
(IUCN 1986), when the first genera checklist
was produced for the area. These reefs support
complex food webs involving high biodiversity
of benthic organisms, the planktivorous whale
shark Rhincodon typus, coral reef fish, marine
reptiles (2 seaturtle species Chelonia mydas
and Eretmochelys imbricata, Mendonga et al.
2001; and at least 2 seasnake species, the reef
snake Hydrophis ornatus and the yellow-bellied
snake Pelamis platurus, as we observed), and
cetaceans (baleen whales or Mysticeti, Bryde’s
whale Balaenoptera edeni, toothed whales or
Odontoceti, the Indo-Pacific humpback dolphin
Sousa chinensis, Risso dolphin Grampus griseus,
bottlenose dolphin Tursiops truncatus/Tursiops
aduncus, pantropical spotted dolphin Stenella
attenuata, spinner dolphin Stenella longirostris,
common dolphin Delphinus capensis, pygmy

Musandam
— Dimaniyat Is.

—» Masirah Is.

Hallaniyat Is.
Dhofar

— -

killer whale Feresa attenuata, false killer whale
Pseudorca crassidens, killer whale Orcinus orca,
and sperm whale Physeter macrocephalus; OCRG
2004). The area also provides nursery grounds
for several fish species, some of which are of
commercial value.

The islands are uninhabited by humans
and terrestrial mammals, due to a lack of fresh
water. The absence of human settlements and
the presence of large areas covered by halophytic
Suaeda spp. shrubs have contributed to the global
importance of the islands as nesting grounds for
birds, especially migrating seabirds (e.g., terns
Sterna spp., gulls Larus spp. and the Common
Noddy Anous stolidus) but also resident birds of
prey (Osprey Pandion haliaetus and the Sooty
Falcon Falco concolor) and herons (e.g., Egretta
gularis and Ardea cinerea) (Mendonga et al. 2001).

Due to the biological importance, the archi-
pelago and surrounding waters were proclaimed
a nature reserve in 1996, when efforts to protect
the coral reefs, on which the complex food webs
depend on, were taken more seriously, and large

Fig. 4. Areas of true reef building corals off Oman, and aerial photographs of the Dimaniyat Is., Gulf of Oman, taken in 1998 (W, west;
NW, northwest; source of aerial photos: Ministry of Environment and Climate Affairs, Muscat, Oman).
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starfish culling began on a regular basis.
Assessment of coral communities

The present study compiled all available
information on coral checklists for the Dimaniyat
Is., conducted during 1985-1996 (IUCN 1986,
Salm and Sheppard 1986, Sheppard 1986,
Sheppard and Wells 1988, Salm 1993) and our
own records to the species level (from shallow-
water dives and snorkeling) during 1999-2001.
Results for the Dimaniyat Is. were compared with
other areas: Fahal |. (Muscat area, Gulf of Oman)
surveyed during 2002-2004; Masirah |. (Shargiyah
region, Arabian Sea) surveyed in 2005; and Dibba
and Khawr Habalayn, both on the Musandam
Peninsula, surveyed in 2006. Comparisons with
Dhofar used data from Salm et al. (1993).

Coral communities (using the presence/
absence of corals) were compared by the following
multivariate analyses (KCS 2001): cluster analyses
were used to compare coral communities (both by
families and species) among different sites in the
Gulf of Oman and Arabian Sea, and to compare
coral communities (by species) among sites within
the Dimaniyat Is. Nature Reserve; DECORANA
(detrended correspondence analysis) was used to
compare coral communities (by species) among
sites within the Dimaniyat Is. Nature Reserve;
and Shannon diversity indices were used to
compare coral communities by species among
sites within the Dimaniyat Is. Nature Reserve. The
Shannon diversity index is given by the equation:
H = - > pi In pi; where i ranges from 1 to s, with s
being the total number of species in the community
(or richness), and for each species, the proportion
of individuals or biomass that contributes to the
total in the samples is p; for the i species.

Assessment of corallivorous starfish A. planci
populations

The present study also compiled all
information recorded on the corallivorous crown-of-
thorns starfish A. planci in the northwestern Indian
Ocean since the 1980s (e.g., Glynn 1993) to more-
recent studies (e.g., Planes and Galzin 1999), and
data were complemented by our own observations
during 1999-2008.

In the present study, updated information was
obtained from sublittoral surveys (up to 25 m in
depth), along 5 randomly selected radial transects
perpendicular to the shoreline. This method was
used either in offshore areas of the mainland or

offshore the islands, and each transect was 50 m
long (from the shoreline) and 10 m wide. Surveys
were conducted at the following sites: Dimaniyat
Is. (the D2 and D3 group, island D4, the D6 and
D7 group, and the D8 and D9 group) during
1999-2001, after the starfish culling operations
began in 1996; Fahal I. during 2002-2004; shores
northwest of Sur in 2002-2003 and 2008; Masirah
[. in 2005; and at 2 sites off the Musandam
Peninsula, at Dibba in the Gulf of Oman and Khawr
Habalayn in the Strait of Hormuz, in 2006. At each
site, if surveyed previously by Glynn (1993), the
same locations were revisited in order to compare
current data with previous results. As also done
by Glynn (1993), the abundance of the starfish A.
planci (ind./transect) was transformed into ind./ha.

The median individual body size (total
diameter) of the starfish A. planci was estimated,
although these are likely to have been under-
estimated since individuals were not properly
measured because of problems in handling these
spiny organisms. In order to compare previously
available results from Glynn (1993), the total
diameter (TD) was converted into a disc diameter
(DD) using the relation TD = DD/0.56 (Glynn
1982).

Investigation of starfish A. planci presence in
fish stomach contents

It is widely believed that larger carnivorous
reef fish may be significant predators of A. planci
(e.g., Dulvy et al. 2004). However, studies
conducted elsewhere on the stomach contents
of the most likely potential predators of A. planci
showed that snappers (Lutjanidae), emperors
(Lethrinidae), wrasses (Labridae), triggerfish
(Balistidae), and pufferfish (Tetraodontidae) have
varied carnivorous or even omnivorous diets, but
A. planci has not been identified in any of their
stomach contents (e.g., Allen 1985, Bean et al.
2002, Randall 2004, Disalvo et al. 2007). Similarly,
although A. planci can be eaten by these relatively
large carnivores or omnivores, no evidence
was found proving that these predators had any
significant impacts on the starfish population
density or community structure.

In the present study, data provided by the
Ministry of Agriculture and Fisheries (Table 2)
and frequent visits to fish markets in Barka (in
1999-2007), Muscat (in 1999-2008), and Sur (in
1999-2008) permitted us to identify fish from coral
reef areas for commercial purposes, although
some bycatch reef fish with no economic interest,
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such as morays, were observed being discarded
at sea during our field surveys, and these species
were not surveyed. In order to observe whether
the potential A. planci predators were actually
feeding on this starfish, fishermen were requested
to collaborate when cleaning specimens for their
customers, and to put aside the stomach contents
for further identification. This approach was
applied in 2001 at Barka Beach (20 km from the
Dimaniyat Is., and 100 km north of Muscat) and
in 2008 in other fish markets in the Gulf of Oman,
namely at Seeb (about 30 km north of Muscat),
Mattrah (2 km north of Muscat), and Sur (200 km
south of Muscat).

As no preservation method was used at
the time when the fish specimens were caught,
stomach contents were already very digested, but
qualitative analyses (recording the presence or
absence of any starfish or any other echinoderm
remains, especially hard exoskeleton parts) were
still possible.

At each surveyed site, stomach contents
(n = 20 ind./species) of potential starfish predators,
such as snappers Lujanus bohar and L. johni,
emperors Lethrinus spp., and wrasses Cheilinus
lunatus were observed on site using a stereo
microscope. The surveyed specimens were all
about 50 cm long, from snout to tail end.

RESULTS
Assessment of coral communities

The Dimaniyat Is., with clear waters, showed
significant coral reefs down to 20 m, with well-

developed patch reefs and fringing reefs along the
southern side of the islands. On the other hand,
on the exposed northern side, the maximum coral
reef development was observed only at about 2 m
of depth. Nevertheless, the area offers a variety of
habitats for coral settlement including underwater
cliffs and cavities on limestone and fossil coral
substrate, and rocky outcrops in both exposed and
sheltered locations, contributing to the relatively
high coral diversity in the area, with at least 48
confirmed species. These coral community compo-
sitions are closer to that observed off Masirah I. on
the Arabian Sea coast (Fig. 5), with higher diversity
indices observed on a shoal west of D1, and off
D4, the D2-D3 group, and island D7 (Figs. 6, 7).

The dominant species were Pocillopra
damicornis and Acropora spp., although Montipora
sp., Porites Ilutea, Goniopora sp., Psammocora
contigua, Pavona cactus, Platygyra daedalea,
Plesiastrea versipora, and Leptastrea purpurea
were also common species. On the other hand,
Platygyra sinensis and Siderastrea savignyana
occurred only off D4, and Anomastrea irregularis,
Galaxea astreata, and Hydnophora excesa only
occurred on the shoal west of D1 (Fig. 8).

In general, the vertical growth of branching
coral reefs (e.g., Acropora spp.) was 1-3 m,
suggesting that this is still a very youthful stage
of reef development. Porites lutea fringing reefs
showed vertical growth of 4-5 m; and larger
Pocillopora damicornis patches reached 6-7 m in
thickness.

Assessment of corallivorous starfish A. planci
populations

Table 2. Fishery landings (tons) in Oman in 2003-2005 (source: MONE

2006; N/A=not available)

Common name Family 2003 2004 2005
Emperors Lethrinidae 664 1582 525
Seabreams Sparidae 600 1733 1063
Groupers Serranidae 586 684 367
Croakers Carangidae 1146 455 519
Sweetlips Haemulidae 326 741 258
Snappers Lutjanidae 3657 2819 2439
Rabbitfishes Siganidae 101 91 18
Others 4099 4908 3454
Total national demersal landings 11,179 13,011 8643

Total national fish landings

N/A 139,235 128,879
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During our surveys (1999-2008), 19 starfish feeders, and the only relatively large corallivorous
species, belonging to 9 families, were identified. starfish was A. planci (Table 3, Fig. 9).
Most of the recorded starfish species were deposit- On island D4, the abundance of the starfish
By Families

Muscat (Fahal Is.)

Masirah I.

Muscat (Dimaniyat I.

Musandam (Diba)

Musandam (Khawr Hab

24 2 1.6 1.2

By Genera

Dhofar

Masirah I.

Muscat (Dimaniyat Is.)

Muscat (Fahal I.)

< Musandam (Diba)

Musandam (Khawr Habal

2.4 2 1.6 1. .8 0.4 0
Euclidean - Data log(e) transformed

Fig. 5. Comparison of coral communities from several sites off Oman.

By Species
Shoal W of D1

D5-D6 Group

D4

D7

D2-D3 Grou

Shoal NW of

D8-D9 Group

Euclidean - Data log(e) transformed

Fig. 6. Comparison of coral communities off the Dimaniyat Is., Gulf of Oman.
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A. planci (around 5 ind./transect; thus 100 ind./ha)
was similar to that found in 1982. However, the
starfish A. planci density had decreased off the
other islands (Fig. 10), most likely as a result of
culling efforts by local authorities.

Starfish A. planci individuals observed in
2001 were about 50-60 cm in total diameter,
corresponding to 28-33.6 cm in disc diameter.
These dimensions for crown-of-thorns off the
Dimaniyat Is. are larger than that registered
previously in the area, although starfish of this size
were previously found off Bandar Khayran and
Bandar Jissah, south of Muscat (Fig. 11).

The starfish A. planci proved to be an opportu-
nistic predator, feeding both on branching and
non-branching corals in the Gulf of Oman (Fig.
12). In the Dimaniyat Is., in 2001, scars likely to
have been caused by starfish were observed on
Platygyra sp., and in Nov. 2002, a starfish was
observed feeding on a branching Montipora sp.
colony at 9 m in depth, northwest of Sur, in the
southern part of the Gulf of Oman. In summer
2008, an adult starfish was again observed at the
same site, northwest of Sur, on an area with coral
cover of < 20% and dominated by Acropora spp.

In summer 2008 at this same site, a relatively
high abundance of the ophiurid Ophionereis sp. on

the order of 100-1000 ind./m? was present on rocky
intertidal areas among an algal mat dominated by
the brown algae Padina sp.

Investigation of the starfish A. planci presence
in fish stomach contents

Off the Dimaniyat Is., of the total of 98
identified fish species (belonging to 47 families),
57 were carnivorous and 10 were omnivorous.
Most of these fish individuals were however of a
relatively small size, and therefore unable to feed

44 36 spp.  36spp. 33 spp.
24 spp. 26 spp- 19
N SPP- 16 spp.

37 spp.

Shannon Index (Coral Diversity)

" D8-D9 ' Shoal
Group NW of D9

D1 ShoalW D2-D3 D4  D5D6 D7
of D1 Group Group

Fig. 7. Coral diversity indices off the Dimaniyat Is., Gulf of
Oman.
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Fig. 8. Coral species distribution off the Dimaniyat Is., Gulf of Oman (full species names are indicated only when more than 1 species

per genus were recorded; otherwise only the genus is given).
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on large starfish. In addition, during the surveys
conducted within the framework of the present
study, no attempt by any individual fish to feed on
crown-of-thorns was recorded.

In fact, qualitative analyses of stomach
contents of fish species, either accounting for
small pelagic, large pelagic, or demersal fishery

landings (such as snappers Lutjanus bohar and
L. johni, emperors Lethrinus sp., and wrasses
Cheilinus Ilunatus), and which were likely to be
among predators of A. planci starfish, failed to
show any presence of this starfish in their diets at
any surveyed sites (Barka, Seeb, Mattrah, and Sur
fish markets).

Fig. 9. Deposit-feeding starfish Leiaster sp. (A), and Leiaster coriaceus resembling the pattern of the Omani Army uniform, (B), both

observed in shallow waters of the Arabian Sea.

Table 3. Identified starfish species in the Gulf of Oman and Arabian Sea,
during surveys conducted for the present study in 1999-2008, complemented
by information on predominant feeding strategies and maximum total

diameters

Family

Species

Feeding strategy

Maximum size (cm)

(Richmond 2002)

Astropectinidae

Goniasteridae

Oreasteridae

Ophidiasteridae

Asterinidae

Acanthasteridae
Asteropseidae
Pterasteridae
Echinasteridae

Astropecten sp. 1
Astropecten sp. 2
Monachaster sander
Stellaster childreni
Culcita schmideliana
Culcita sp.
Pentaceraster tuberculatus
Linckia multifora
Fromia indica

Fromia milleporella
Fromia sp.
Ophidiaster hemprichii
Leiaster coriaceus
Asterina burtoni
Asterina sp.
Acanthaster planci
Asteropsis cairnifera
Euretaster cribrosus
Echinaster purpureus

Deposit-feeder
Deposit-feeder
Deposit-feeder
Deposit-feeder
Corallivorous

Corallivorous

Corallivorous

Deposit-feeder
Deposit-feeder
Deposit-feeder
Deposit-feeder
Deposit-feeder
Deposit-feeder
Deposit-feeder
Deposit-feeder
Corallivorous

Deposit-feeder
Corallivorous

Deposit-feeder

15 (for the genus)
15 (for the genus)
8
20
15
15 (for the genus)
20
17
5
5
5 (for the genus)
15
20
1.5
7
70
9
10
28
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DISCUSSION

The present study, compiling previous studies
and updating knowledge on coral reefs in the
Gulf of Oman showed that coral diversity off the
Dimaniyat Is. was larger than previously known,
and further studies may increase the presently
available species checklist.

Although Glynn (1993) observed scars only
on the coral genera Montipora and Acropora and
avoidance of Pocillopora damicornis, in the present
study, scars were observed on those genera and
also on several coral genera including Platygyra
and Hydonophora. According to Cumming (2000
2002), scars caused by other coral predators,
such as the gastropod Drupella sp., are distinct

[ Autumn 1982 (Glynn 1993) - Mean
B Spring 2001 (This Study) - Mean and Range

Mm

D6-D7 D8-D9 Shoal
NW of D9

Fig. 10. Available records of abundance of the corallivorous

starfish Acanthaster planci off the Dimaniyat Is., Gulf of Oman.
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from those caused by Acanthaster planci since
Drupella scars are on the edges and never in the
middle of live tissue because these gastropods
avoid crawling over live coral. On the other hand,
Acanthaster scars can be in the center of a colony,
surrounded by live tissue. In addition, Drupella
also grazes the branch bases (in branching corals)
first, while Acanthaster often feeds on the tips
leaving basal parts alive.

When comparing results of starfish A. planci
populations in 2001 with those available from
1982 (Glynn 1993), it was observed that although
the population densities slightly decreased, the
overall median was very similar (50 ind./ha). On
the other hand, individual body sizes were slightly
smaller in the Dimaniyat Is. in 1982, However, on
both sampling occasions, starfish populations of A.
planci (1982 and 2001) were likely to have been
underestimated, because starfish hide themselves
under corals and rocks.

As also observed by Glynn (1993) in 1982,
in 2001, no juveniles were recorded, and no
corallivorous gastropods were observed. Also no
small scars, which could have been caused by
juvenile corallivorous starfish, were observed. The
list of corallivorous starfish also indicates that no
other starfish predator could cause the observed
large scars on corals, except for 2 distinct scars, at
one of the locations near island D4, with irregular
removal of the brain coral cover, which could have
been caused by hawksbill turtles Eretmochelys
imbricata (which also feed on corals and sponges,
but probably prefer to ingest sponges).

451 o Dimaniyat, Muscat, Sur - 1982 (Glynn 1993)
40 O Jissah, Khayran - 1982 (Glynn 1993)
B Dimaniyat - 2001 (This Study)

35 M
x _
=< 307
Q
c
$ 254
o
9 —
[T
o 207
= B B
< 15
14

101

5_ H H

0 H 1 Ol [ H

T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Size Class of Disc Diameter (cm)
Fig. 11. Available records of size class frequency distributions of Acanthaster planci in the Gulf of Oman.
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Fig. 12. (A) is an indicator of Acanthaster planci starfish abundance off the Dimaniyat Is. (Gulf of Oman) in the 1990s. (B) shows a
starfish individual, recorded off the Dimaniyat Is., which was forcefully detached and turned upside down, showing that it had been
feeding on live coral tissue. (C) and (D) show scars made by A. planci on live branching corals Acropora spp., recorded off Khalboo,
1 km north of Muscat. (E) shows A. planci scars on a non-branching coral Hydnophora sp., recorded in the Dhofar region, southern
Oman. (F) shows A. planci scars on a non-branching coral Platygyra sp., also off Khalboo, Muscat.
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Since the population studied in 2001 on the
Dimaniyat Is. area is descendent of that studied in
1982, at the same locations, and there were some
differences in individual body sizes between the
observed group of individuals, with smaller-sized
individuals in 1982 and larger-sized individuals
in 2001, differences in diet when the same coral
species are available may indicate that starfish
have distinct food preferences depending on their
own individual body sizes.

The lack of observations of starfish remains in
stomach contents of relatively larger reef fish might
not be surprising since the starfish A. planci is also
known to be highly poisonous (e.g., Rual 1999),
although their predators may have developed
immunity to their venom (Dill 1983, Terry-Graham
et al. 2002), as some species such as hawksbill
turtles are immune to chemical substances in
sponges, which are often poisonous to other
species. However, bioaccumulation of these toxins
in fish predators could indirectly affect humans
consuming these fish species, as observed in
hawksbill turtles which may be poisonous to
humans (e.g., Aguirre et al. 2006). In addition,
the spiny protection of the starfish generally
makes them less suitable as prey for predators, as
animals display resource selection, as a survival
strategy, according not only to the protein content
but also by avoiding injury when catching prey (e.g.,
Manly et al. 1993, Brown and Kotler 2004).

Although the starfish A. planci is reported to
be a common species in the western Indian Ocean,
previous reports (Salm 1993) indicated its absence
off the southern coasts of the Sultanate of Oman
(Arabian Sea) and also its absence in the Arabian
Gulf, being only recorded in the Gulf of Oman.
Glynn (1993) discussed this and suggested that
the frequent upwelling conditions of the Arabian
Sea may prevent spawning of starfish populations,
but no explanation was put forth by that author
to explain the absence of this starfish species
from the Arabian Gulf. Nevertheless, a more
recent study (ROPME 2004) reported A. planci
outbreaks in the Arabian Gulf area off the United
Arab Emirates which caused widespread mortality
of coral reefs. Efforts by local governmental
authorities in charge of managing, conserving, and
rehabilitating coral reef ecosystems, in Oman and
elsewhere in the region, include population control
of the coral predator A. planci (a method also used
in Australia, e.g., Harriot et al. 2003); deployment
of artificial reef structures on very damaged
areas; limited and controlled access by visitors;
regulated fishing practices; and underwater clean-

up operations.

We failed to find any evidence that larger
carnivore fish can significantly affect A. planci
populations in coral reef areas, as no crown-of-
thorn remains were identified in stomach contents
of fish caught in corals reefs in the Gulf of Oman.
Therefore, overfishing in coral reefs, as the likely
cause of crown-of-thorns outbreaks in the Gulf of
Oman, also could not be supported by the results
obtained in the present study. Nevertheless, off
the Dimaniyat Is. and elsewhere in the region,
corals and coral reefs continue to be damaged by
other direct and indirect effects of fishing practices
including anchoring, and damage caused by
lost and/or discarded fishing nets which become
entangled on reefs causing death to corals and
pelagic fauna (crustaceans, cephalopods, fish,
seaturtles, seasnakes, and cetaceans), including
both endangered and commercially valuable
species.

In fact, the causes of primary outbreaks of
the coral-eating crown-of-thorns starfish A. planci
are still subject to scientific controversy. According
to Brodie et al. (2005), the possibility of primary
outbreaks being linked to terrestrial runoff was
postulated a number of times, suggesting that
enhanced nutrient supply is critical for enhanced
A. planci larval development. Those authors found
a positive correlation between concentrations of
large phytoplankton (> 2 um) in coastal areas
and higher A. planci larval development, and the
Australian Institute of Marine Sciences recently
even listed the crown-of-thorns starfish A. planci as
a candidate bioindicator to monitor changing water
quality on the Great Barrier Reef (Fabricius et al.
2006).

As upwelling events are a frequent pheno-
mena in the northwestern Indian Ocean, leading
to increased nutrient supplies and inducing
phytoplankton blooms, nutrient enrichment of these
coastal areas, not from anthropogenic activities but
due to the monsoons, may most likely be the real
reason for persistent and expanding population
outbreaks of A. planci in the region.
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