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Abstract

Outbreaks of crown-of-thorns sea stars (CoTS) threaten coral reef integrity and biodiversity,
yet local dynamics and short-term responses to control remain insufficiently described. This
study characterised an outbreaking Acanthaster population in two specific sites of the coast
of Khor Fakkan (Gulf of Oman, United Arab Emirates) to resolve species identity, popula-
tion composition, prey selection and the effects of targeted removals. All sequenced individ-
uals clustered in two related haplotypes belonging to the species Acanthaster planci. Benthic
surveys showed moderate live-coral cover, dominated by massive Porites sp. colonies.
Moreover, the observations of 139 preyed colonies revealed pronounced genus-level selec-
tivity, with branching and complex morphologies suffering disproportionately and massive
forms largely avoided. However, the selection of massive Plesiastrea and Favites genera as
preferred coral prey might suggest a shift towards less preferred coral in the CoTS diet,
posing a severe threat to coral reefs’ integrity. Intensive removal reduced the local density,
up to 86%, and provided substantial short-term relief, but continued monitoring is required
to secure long-term reef resilience.

Keywords: Acanthaster; coral reef; corallivorous; feeding behavior; United Arab Emirates;
population outbreak: haplotype; culling effectiveness

1. Introduction
Coral reefs are biodiversity hotspots increasingly threatened by multiple local and

global stressors, including climate change, ocean acidification, and marine pollution [1,2].
Among biotic pressures, corallivory poses a major threat to coral health [3].

Crown-of-thorns sea stars (Acanthaster spp., CoTS) are among the most impactful
corallivores, as their mass feeding activity and population density fluctuations can lead
to severe losses of coral cover and structural reef complexity, amplifying the effects of
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other disturbances [4–6]. CoTS populations naturally fluctuate between low-density states
and episodic outbreaks characterised by unsustainably high densities [5,7]. These events
are generally classified as primary or secondary outbreaks. Primary outbreaks arise from
prolonged, repeated recruitment events, resulting in populations with a broad, evenly
represented range of size classes [8]. In contrast, secondary outbreaks are typically driven by
a single, intense recruitment pulse that produces high and spatially concentrated densities,
with size-frequency distributions dominated by a few size classes and often approximating
a normal distribution [5,8]. Both outbreak types can result in a substantial decline of
coral cover and reef-associated biomass, potentially leading to phase shifts in the benthic
community structure [5,8]. Although historically rare, occurring approximately every
50–80 years, CoTS outbreaks appear to be increasing in frequency under contemporary
anthropogenic and climatic pressures, including nutrient enrichment, habitat degradation,
and ocean warming, hypothesised to enhance larval survival and contribute to outbreak
formation [9–11].

During outbreaks, CoTS exert a strong impact on reef ecosystems through intense
feeding activity. While feeding, individuals evert their stomachs and release extracellular
digestive enzymes that macerate coral tissue, leaving characteristic feeding scars and
exposed skeletons on consumed colonies [12,13]. Numerous studies have documented a
marked preference for branching coral taxa, particularly within the families Acroporidae
and Pocilloporidae, and a general avoidance of massive corals such as those belonging to
the genus Porites [4,14–18]. However, CoTS feeding behaviour is flexible, and dietary shifts
have been observed when preferred taxa are scarce. Under such conditions, individuals
may consume higher proportions of less-preferred coral genera, consistent with density-
dependent predation dynamics driven by prey availability [4,17–19]. Feeding selectivity is
further influenced by coral morphology and spatial accessibility, which affect encounter
rates and handling efficiency [14,20]. As a result, predation by Acanthaster spp. is widely
regarded as a major biotic threat to coral reefs worldwide, contributing substantially to
ecosystem degradation [5,21].

The ecological interpretation of CoTS outbreaks is further complicated by taxonomic
uncertainty within the genus Acanthaster. Currently, five species are recognised: Acanthaster
cf. solaris from the Pacific, Acanthaster brevispinus [22] from the Indo-Pacific, Acanthaster
benziei [23] from the Red Sea, Acanthaster mauritiensis [24] from the Southern Indian Ocean,
and Acanthaster planci [25] from the Northern Indian Ocean [6]. Pronounced morphological
intraspecific variation, particularly in colouration, can obscure species identification and
complicate outbreak assessments. Such variation may reflect intraspecific plasticity or the
coexistence of multiple species within the same habitat, with important implications for
understanding outbreak dynamics [6,23,26–30]. Although crown-of-thorns sea stars have
been reported in the Gulf of Oman for several decades, surveys indicated generally low
population densities and limited ecological impact ([31]). However, localised infestations
and increases in abundance have been documented since the late 1990s, with evidence
of coral community shifts associated with CoTS predation ([32]). In addition, recurrent
outbreaks have been reported in nearby Oman reefs, occasionally reaching high population
densities ([33]). Despite this, information on long-term trends and baseline population
dynamics in the United Arab Emirates remains scarce, and no major outbreak had been
formally documented in the region before 2024 ([34]).

The impacts of CoTS outbreaks have been widely documented across the Indo-Pacific,
including the Indian Ocean, Southeast Asia, and the Pacific [4,8,13,14]. This broad geo-
graphic distribution highlights the potential vulnerability of diverse reef systems, including
those in the Gulf of Oman. In the United Arab Emirates, the most recent confirmed CoTS
outbreak was reported by Seveso et al. [34]. In January 2024, two sites off Khor Fakkan
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(Sharjah, UAE), Martini Bay and Hole in the Wall Bay, exhibited sea star densities exceed-
ing commonly accepted outbreak thresholds (>15 individuals ha−1), above which coral
mortality is typically observed with a mean density of 179 ± 39 individuals ha−1 [5,13].
Although additional nearby sites were surveyed, these two locations were the most severely
affected. The observed presence of distinct colour morphotypes suggested the possible
co-occurrence of two species, namely A. planci and A. mauritiensis. While CoTS outbreaks
have previously been reported from reefs near Oman [35], this event represents the first
documented outbreak of comparable intensity in the UAE.

The present study aims to give further insights and analyse the first documented large-
scale outbreak of Acanthaster planci in the Gulf of Oman. Specifically, it aims to (i) clarify
the species composition of the CoTS community, (ii) describe population size structure
and outbreak dynamics, (iii) evaluate feeding preferences in relation to coral community
composition, and (iv) assess the short-term effectiveness of targeted culling. Through this
integrated approach, the study aims to improve understanding of the population dynamics
and ecological impacts associated with CoTS outbreaks in the Gulf of Oman, with direct
relevance for reef management and mitigation strategies.

2. Materials and Methods
2.1. Study Site

This study focused on the ecological characterisation of the crown-of-thorns sea star
(CoTS) outbreak previously reported by Seveso et al. [34] in January 2024. Field surveys
and sampling were conducted between April and June 2024 at the same two affected sites:
Martini Bay (25◦20′05′′ N; 56◦22′45′′ E) and Hole in the Wall Bay (25◦20′18′′ N; 56◦22′42′′ E),
located off the coast of Khor Fakkan (Sharjah, United Arab Emirates) in the Gulf of Oman
(Figure 1). All activities were carried out by SCUBA diving at depths ranging from 2 to 8 m
during daylight hours. These sites were specifically selected for further investigation of the
outbreak dynamics and are the only reef sites affected by the outbreak in the area.

Figure 1. Map of the study area showing the two investigated sites, Martini Bay and Hole in the Wall
Bay, off the coast of Khor Fakkan (UAE).
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2.2. Molecular Identification of CoTS Morphotypes

To determine whether the observed colour morphotypes corresponded to different
species, molecular analyses were conducted on a subset of individuals. A total of 24 CoTS
specimens were sampled, and genomic DNA was extracted from 1 to 2 podia per individual
using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany), following tissue lysis
with 40 µL of Proteinase K for 4 h. Extracted DNA was diluted 1:50 and used to amplify a
fragment of the mitochondrial cytochrome c oxidase I (COI) gene using the primer pair
COIef–COIer [36]. PCR amplification followed an initial denaturation at 94 ◦C for 3 min,
35 cycles of denaturation at 94 ◦C for 30 s, annealing at 50 ◦C for 30 s, and elongation at 72 ◦C
for 60 s, with a final elongation step at 72 ◦C for 5 min. Amplification success was verified
on a 2% agarose gel. PCR products were purified and sequenced bidirectionally using an
ABI 3730xl DNA Analyser (Applied Biosystems, Waltham, MA, USA). Chromatograms
were visually inspected and assembled in Geneious Prime (version 2023.2.1, Biomatters,
Auckland, New Zealand), and sequences were translated to verify the absence of stop
codons. All sequences were deposited in GenBank under accession numbers PX893772-
PX893795. Species identity was assessed by comparing sequences with those deposited in
GenBank and the Barcode of Life Data System (BoLD) using BLAST (https://blast.ncbi.
nlm.nih.gov/Blast.cgi, accessed on 12 November 2025) and the BoLD (https://boldsystems.
org/, accessed on 12 November 2025) identification engine, respectively. To further evaluate
species-level assignment, 665 publicly available Acanthaster COI sequences were retrieved
from public repositories (Supplementary File S1) and aligned with the newly generated
sequences using MAFFT v7.110 (E-INS-i algorithm) [37]. The alignment was collapsed into
haplotypes using FaBox v1.61 [38], and phylogenetic reconstruction was performed with
RAxML v8.2.12 using 1000 bootstrap replicates [39], after performing a model selection
with ModelTest-NG [40]. Finally, sequences belonging to the A. planci clade were used
to generate a median-joining haplotype network in PopART v1.7 [41], with haplotypes
coloured according to geographic origin. Geographic regions were defined based on broad
oceanographic divisions of the Indian Ocean (e.g., north-western, central, and eastern
Indian Ocean), grouping sequences according to their reported sampling locations.

2.3. Benthic Community Characterisation

The benthic community structure and coral assemblage composition were assessed
using a photo-quadrat approach. At each site, at depths ranging from 2 to 8 m, twenty-
five 1 × 1 m2 PVC quadrats were randomly deployed with an inter-quadrat spacing of
10–20 m to capture overall variability within the reef. Photographs were collected using
a Nikon D300 DSLR equipped with a Tokina 10–17 mm wide-angle lens in a Sea&Sea
housing with dual strobes. Images were analysed using Coral Point Count with Excel
extensions (CPCe v4.0), with 100 randomly distributed points per quadrat. Substrate
coverage was quantified for the following benthic categories: live coral, dead coral with
algae, sand/pavement, rock, turf algae, soft corals, sponges, and coral rubble. Scleractinian
corals were additionally identified to the genus level, following Veron [42]. A total of
50 quadrats were analysed, and as no clear differences in benthic composition and coral
genera were observed between the two sites, data were pooled for subsequent analyses.
For each benthic category and coral genus, mean values and standard errors of the mean
(SEM) were calculated.

2.4. CoTS Population Structure and Predation Assessment

Crown-of-thorns sea star (CoTS) abundance, size structure, colour morphotype com-
position, and feeding activity were assessed using roving SCUBA surveys, following
Montalbetti et al. [43]. Surveys were conducted for 1 h at each site within the 2–8 m depth
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range, for a total of six surveys per site. Upon encountering a sea star, colour morphotype
was recorded (Figure 2), and maximum diameter (arm tip to opposite arm tip) was mea-
sured to the nearest centimetre using a ruler [6]. Individuals were subsequently assigned
to predefined size classes (20–25 cm, 26–30 cm, 31–35 cm, 36–40 cm, 41–45 cm, and >45 cm),
following Miller et al. [13].

Figure 2. Different morphotypes of CoTS feeding on corals detected at both study areas. The colour
label, a brief description, and a picture are provided for each one of them.

To quantify predation pressure, feeding activity was assessed during the same surveys
upon each encounter with CoTS. Following Montalbetti et al. [43], all coral colonies within
a 2 m radius of a sea star were examined. Colonies exhibiting clear signs of active or recent
predation, such as tissue loss, visible mucus, and fresh white skeletal scars, were classified
as preyed. Older scars showing algal overgrowth or partial recolonisation were not taken
into consideration. This integrated approach allowed simultaneous characterisation of
CoTS population structure and associated impacts on coral assemblages.

2.5. CoTS Removal and Evaluation of Culling Effectiveness

Targeted culling operations were conducted in late April 2024 as a management
intervention to reduce local densities of crown-of-thorns sea stars (CoTS) and mitigate their
potential impact on reef communities. To evaluate the effectiveness of this intervention,
CoTS abundance was quantified both immediately before and after the removal operations
using standardised belt-transect surveys.

Baseline CoTS densities were assessed in late April before culling by laying consecutive
25 m belt transects along the reef at each site. During each transect, divers visually surveyed
an area extending approximately 3 m on either side of the transect line, for a total surveyed
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area of 150 m2 per transect (25 m × 6 m) and recorded all encountered CoTS individuals.
These pre-culling surveys provided a reference for comparison with post-removal densities.

Following baseline surveys, culling was performed by SCUBA divers who collected
all encountered CoTS individuals and placed them into secured plastic bags. After removal,
a small arm tip was collected from selected individuals representing different colour
morphotypes and preserved in 99% ethanol for molecular analyses. Collected sea stars
were subsequently euthanised using a 5% household vinegar solution, following the
protocol described by Burt et al. [35].

To assess the success of the culling operation, post-removal CoTS densities were
quantified in June 2024, approximately six weeks after removal, using the same belt-transect
methodology. A total of 16 transects were conducted, seven in Martini Bay and nine in Hole
in the Wall Bay, each covering 150 m2. This approach followed the methodology previously
applied by Seveso et al. [34], allowing direct comparison of CoTS densities before and
after culling. CoTS abundance was standardised and expressed as individuals per hectare
(ind.·ha−1).

2.6. Statistical Analysis

Feeding preferences for different coral genera were assessed via Van der Ploeg and
Scavia’s selectivity coefficient (Ei), following Lechowicz [44]. This coefficient is defined for
group i as

Ei =

[
Wi −

(
1
n

)]
[
Wi +

(
1
n

)]
where Wi represents the value of Chesson’s α [43,45], and n represents the number of
different prey items [44]. Chesson’s α value (Wi) is defined as

Wi =
ri
Pi

/∑ iri/Pi

where Pi represents the frequency of a prey category (coral genera) in the environment, and
ri represents the frequency of the same prey category in the predator’s diet [46]. The range
of the selectivity coefficient (Ei) is between −1 and 1, with 1 meaning exclusive preference
and −1 meaning complete avoidance for a coral genus [47].

Normality of CoTS size distributions (pooled sample and by morphotype) was eval-
uated using the Shapiro–Wilk test (α = 0.05). To further assess potential differences in
population structure, body diameter was also compared among the three main colour mor-
photypes (blue, brown, and white) and between the two study sites (Martini Bay and Hole
in the Wall Bay). Differences among morphotypes were assessed using a Kruskal–Wallis
test followed by pairwise Mann–Whitney U post hoc comparisons with Bonferroni cor-
rection, while differences between sites were tested using a Mann–Whitney U test. The
statistical tests were performed in SPSS Statistics version 29 (IBM).

3. Results
3.1. Molecular Identification of CoTS Morphotypes

DNA extraction, amplification, and sequencing were successful for all samples, yield-
ing 24 COI sequences of 615 bp after assembly and trimming. The obtained sequences
were highly similar, differing by a single substitution in one individual, yielding two
closely related haplotypes. Comparisons with sequences deposited in GenBank showed a
99.15–100% match with Acanthaster planci, with the highest similarity (100%) observed for
sequences from the United Arab Emirates (GenBank accession FM174578) and the Maldives
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(FM174569). Similarly, comparison with the BoLD database resulted in 99.15–100% matches
with A. planci.

The phylogenetic reconstruction included 689 COI sequences representing 121 haplo-
types and was consistent with previous studies [6,23]. All samples collected in this study
clustered within the A. planci clade, which was monophyletic and strongly supported
(bootstrap = 99), and clearly distinct from other Acanthaster species (Figure 3a).

 
Figure 3. Phylogenetic hypothesis of Acanthaster species and geographic structure of A. planci.
(a) Maximum likelihood phylogenetic hypothesis including all available COI Acanthaster sequences.
For each species, the number of sequences and the geographical range are indicated. For A. planci, the
six haplotypes, with the number of sequences, are also indicated, with the two haplotypes from the
United Arab Emirates highlighted in grey. Numbers at nodes represent bootstrap values. (b) Median-
joining haplotype network of A. planci sequences. The size of circles is proportional to the number of
sequences having that specific haplotype, perpendicular lines represent the number of substitutions
between adjacent haplotypes, and colours refer to geographic provenience, as indicated in the legend.

The haplotype network reconstructed for 80 A. planci sequences revealed limited
genetic diversity, with six haplotypes identified overall (Figure 3b). Samples from the
United Arab Emirates were represented by two haplotypes: one exclusive to the UAE and
one shared with specimens from the UAE, Oman, and the Maldives. Samples from the
north-western Indian Ocean (UAE, Oman) were genetically separated from those from
the eastern Indian Ocean (Thailand, Indonesia, Christmas Island), while samples from the
central Indian Ocean (Maldives) shared haplotypes with both regions.

3.2. Benthic Community Characterisation

Photoquadrat analyses indicated that the benthic community at the study sites was
dominated by live corals (34.6 ± 8.1%), followed by dead coral with algae (25.3 ± 5.8%),
sand/pavement (17.6 ± 0.8%), rock (12.9 ± 2.5%), turf algae (6.0 ± 6.1%), other benthic
components (2.3 ± 0.1%), and coral rubble (1.4 ± 0.1%) (Figure 4a). At the genus level,
Porites was the most abundant coral taxon (22.8 ± 1.4%), followed by Goniopora (3.8 ± 0.3%),
Platygyra (3.4 ± 2.4%), Montipora (0.9 ± 1.0%), Leptoria (0.9 ± 0.01%), Favites (0.6 ± 0.2%),
and Leptoseris (0.6 ± 0.6%). Additional coral genera (Coeloseris, Astreopora, Psammocora,
Mycedium, Acropora, Plesiastrea, Montastrea, Pachyseris, and Lobophyllia) were present at lower
cover values and collectively accounted for 1.4 ± 1.4% of the benthic substrate (Figure 4b).
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Figure 4. Coverage (%) of the benthic categories (a) and coral genera (b) in the study area. Coral
genera showing a coverage < 0.5% were included in the category “Others” (represented by 9 coral
genera). Data are represented as the mean ± SEM.

3.3. CoTS Population Structure and Coral Predation

A total of 157 crown-of-thorns sea stars were recorded across the two study sites. Four
colour morphotypes were identified: blue (n = 127), brown (n = 16), white (n = 13), and
variegated (n = 1). The blue morphotype was the most abundant, accounting for 80.9%
of all individuals, followed by the brown (10.2%), white (8.3%), and variegated (0.6%)
morphotypes (Figure 5).

Figure 5. Different color morphotypes of A. planci detected during the survey. Data are presented as
a percentage of individuals divided into different morphotypes.

Measured body diameters ranged from 20 to 47 cm, with a mean size of 34.7 ± 4.19 cm.
The 31–35 cm size class was the most represented (45%), followed by the 36–40 cm
(32%) and 26–30 cm (15%) classes, while other size classes occurred at lower frequen-
cies (Figure 6). Similar size-frequency patterns were observed for the blue and brown
morphotypes, with both dominated by individuals in the 31–35 cm size class. In con-
trast, the white morphotype showed a peak in the 36–40 cm size class (54%), followed by
the 31–35 cm class (31%), significantly different compared with the brown morphotype
(Figure S1 in Supplementary File S2). Conversely, no significant differences in body diame-
ter were detected between Martini Bay and Hole in the Wall Bay (Figure 7), supporting the
pooling of the two sites for the main analyses.

The Shapiro–Wilk normality test indicated that the pooled population deviated from
a normal size distribution (p = 0.005; df = 157), as did the blue morphotype (p = 0.009;
df = 127). The brown and white morphotypes did not significantly deviate from normality
(p = 0.620, df = 16; p = 0.313, df = 13, respectively).
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Figure 6. (a) Histogram showing the variation in body sizes (cm) of A. planci individuals at the
study site (n = 157). (b) Histogram showing the variation in body sizes (cm) of A. planci of the blue
morphotype (n = 127). (c) Histogram showing the variation in body sizes (cm) of A. planci of the
brown morphotype (n = 16). (d) Histogram showing the variation in body sizes (cm) of A. planci of
the white morphotype (n = 13).

Figure 7. Body diameter (cm) of A. planci individuals recorded at the two study sites, Martini Bay
and Hole in the Wall Bay. No significant differences in body diameter were detected between sites.

During surveys, 139 coral colonies were recorded as preyed upon by A. planci, either
directly beneath feeding individuals or within a 2 m radius, showing clear feeding scars.
Feeding preferences varied among coral genera, with Plesiastrea showing the highest
selectivity value (Ei = 0.958), followed by Favites (Ei = 0.752), Platygyra (Ei = 0.600), and
Acropora (Ei = 0.557). In contrast, Porites was the most strongly avoided genus (Ei = −0.908),
followed by Goniopora (Ei = −0.402), Montipora (Ei = −0.363), and Leptoseris (Ei = −0.118)
(Figure 8). Corresponding values of Chesson’s α, calculated to complement Ivlev’s electivity
index, are provided in Table S1 (Supplementary File S2).
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Figure 8. Feeding preference towards varying coral genera. Graph representing the Van der Ploeg
and Scavia selectivity index, where Ei of 1 refers to exclusive preference and −1 refers to exclu-
sive avoidance.

3.4. CoTS Removal and Evaluation of Culling Effectiveness

Acanthaster planci densities declined markedly following the culling intervention.
During the outbreak peak in January 2024, population density was estimated at 179 ± 39 in-
dividuals ha−1. Following removal operations conducted in late April 2024, A. planci
density decreased to 25 ± 15 individuals ha−1 by June 2024, corresponding to an overall
reduction of approximately 86% (Figure 9). The reported reduction in CoTS density repre-
sents averaged values across the surveyed sites. Both locations showed a consistent decline
in sea star abundance following culling, with a stronger decline observed at Hall in the
Wall Bay.

Figure 9. Density of outbreak before and after culling operations. A reduction of 86% of individuals
in the two investigated sites.

4. Discussion
Crown-of-thorns sea stars (CoTS) are among the most important biotic stressors

driving coral reef degradation through intense feeding activity and high reproductive
output [5,6]. Despite their broad distribution across the Indo-Pacific, information on CoTS
outbreaks in the United Arab Emirates and, more generally, in the Gulf of Oman remains
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limited [34]. In this context, the present study provides the first detailed genetic and
ecological characterisation of a severe CoTS outbreak in this region.

Molecular analyses demonstrated that all sequenced individuals belonged to Acan-
thaster planci, confirming that the outbreak was driven by a single species rather than
by the co-occurrence of multiple taxa. Phylogenetic reconstructions revealed that all the
newly generated sequences clustered in two haplotypes placed within a well-supported
Northern Indian Ocean clade, characterised by low genetic diversity. One haplotype was
shared with samples from the United Arab Emirates, Oman, and the Maldives, while
the second appeared to be currently detected only in the UAE. This pattern is consistent
with previous studies reporting limited mitochondrial diversity in A. planci populations
across the Indo-Pacific [5,6,30]. The presence of distinct colour morphotypes within a
genetically homogeneous population supports the interpretation that external colouration
is an unreliable indicator of species identity in Acanthaster species. This finding aligns with
extensive evidence that colour variation largely reflects intraspecific morphological plastic-
ity rather than taxonomic differentiation [26,27]. However, such polymorphism may reflect
phenotypic variations or environmental acclimation, but dedicated genomic, physiological,
and behavioural studies will be necessary to determine any biological implications. The
geographic position of the Gulf of Oman at the interface between the Northern Indian
Ocean (A. planci) and Southern Indian Ocean (A. mauritiensis) lineages warrants caution.
The presence of shared haplotypes between nearby regions, such as the Maldives and
Oman, suggests that the outbreak population may reflect an established population with
regional connectivity. Similar patterns were also reported by Vogler et al. [29], indicating
possible connectivity across the Western Indian Ocean.

Nevertheless, the occurrence of haplotypes currently detected only in the UAE may
reflect local processes. Taken together, these factors are more consistent with a locally
established population with some degree of connectivity with surrounding areas and
undergoing rapid expansion. However, further genomic analyses and sampling efforts are
required to disentangle the origin and population genetics of A. planci in the UAE.

CoTS densities recorded at the study sites exceeded commonly accepted out-
break thresholds (>15 individuals ha−1), confirming the exceptional magnitude of the
event [13,48]. The mean density of 179 ± 39 individuals ha−1 reported in January 2024 by
Seveso et al. [34] places this outbreak among the most severe documented in the region.
Moreover, the greater number of individuals recorded during the present surveys than
during the January assessment suggests that the population continued to expand before
management intervention, thereby increasing the potential for coral loss.

Size-frequency analyses provided insights into the outbreak’s demographic structure.
The dominance of large individuals, particularly within the 31–35 cm size class, indicates
that the population was primarily composed of mature adults rather than newly recruited
juveniles. The overall normal distribution of body sizes, as supported by Shapiro–Wilk
tests for the pooled population and the dominant blue morphotype, is consistent with an
established population structure. These characteristics are more typical of a secondary
outbreak, driven by the rapid expansion of an existing population, rather than a primary
outbreak dominated by recent recruitment pulses [5,8,49]. Non-normal size distributions
observed for the total population and the blue morphotype may reflect underlying de-
mographic structure or ongoing recruitment dynamics. In contrast, the brown and white
morphotypes did not show significant deviations from normality. However, given the lim-
ited sample sizes for these morphotypes, such deviations should be interpreted cautiously.
Low statistical power and sampling effects can strongly influence the results of normality
tests, and additional data would be required to determine whether these patterns reflect
biologically meaningful differences or methodological artefacts [50].
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Analysis of feeding patterns revealed that adult A. planci individuals exhibited strong
selectivity towards certain coral genera, despite the dominance of massive taxa in the ben-
thic community. Plesiastrea, Favites, Platygyra, and Acropora coral genera were preferentially
consumed, whereas Porites and Goniopora were consistently avoided. This pattern is broadly
consistent with previous studies demonstrating a preference for structurally complex or en-
ergetically rewarding corals, particularly branching, foliose, or tabular forms [13,14,51,52].
Species of massive Porites are generally considered among the least favoured prey items for
CoTS [49,53,54], and individuals feeding predominantly on these corals exhibit very limited
growth rates [16]. On the other hand, CoTS has often shown strong feeding preferences for
corals from the Acroporidae and Pocilloporidae families [16,51,55,56].

The mechanisms underlying the feeding selectivity of CoTS toward specific coral taxa
remain poorly understood. Several explanations have been proposed, including variation
in the nutritional value of different coral species [55,57], differences in tissue accessibil-
ity related to coral morphology (e.g., tabular versus branching forms), digestibility [55],
and the presence of mutualistic symbionts that may deter predation [52,58–60]. Recently,
coral defensive mechanisms involving nematocysts and venom and toxins production
may also potentially play a role as a possible driver underlying CoTS feeding [61,62]. The
preferential consumption of less abundant but more accessible or nutritionally favourable
taxa highlights CoTS’s capacity to disproportionately affect coral diversity, even on reefs
dominated by massive corals. Structurally complex colonies provide greater access to
tissue and polyps and offer increased stability against hydrodynamic forces during feeding,
making them particularly vulnerable to predation [52,55]. As preferred taxa become de-
pleted, density-dependent predation may expand to include less-preferred massive corals,
accelerating structural degradation and potentially driving shifts in benthic community
composition [4,8,16–18].

The relatively high selectivity observed for Plesiastrea and Favites may reflect a com-
bination of prey accessibility, energetic profitability, and local resource constraints rather
than simple opportunistic consumption. Although CoTS are generally considered to con-
sume branching, tabular, or structurally complex corals preferentially, feeding preferences
are influenced by multiple interacting factors, including prey morphology, tissue accessi-
bility, and nutritional value [14,51]. The positive selectivity values recorded for Plesiastrea
(Ei = 0.958) and Favites (Ei = 0.752) indicate disproportionate predation relative to benthic
composition. Massive or submassive colonies can provide broad and stable feeding surfaces
that facilitate attachment and may increase feeding efficiency and tissue intake per feeding
event [14,51]. Moreover, different tissue characteristics and nutritional quality may influence
palatability [18,52]. During outbreak conditions and limited availability of preferred taxa,
these characteristics may enhance a broadening of dietary preferences towards coral genera
that are not usually preyed. This pattern is consistent with recent evidence showing that
CoTS feeding behaviour can shift according to local prey availability, with reduced access
to highly preferred corals leading to broader use of alternative taxa [13,51]. In such cases,
repeated predation on locally vulnerable genera such as Plesiastrea and Favites may contribute
not only to declines in coral cover but also to local depletion of these taxa and, if prolonged
and unmanaged, possible extirpation from the affected reef sectors. Such flexibility may sub-
stantially amplify the ecological consequences of outbreaks by extending predation pressure
beyond the most preferred coral genera [18,49,63]. Even when overall coral cover remains
moderate, targeted predation on key structural or fast-growing genera can substantially re-
duce reef resilience and recovery potential. However, feeding selectivity was assessed using
a pooled dataset, and potential variation across sites, seasons, or morphotype characteristics
was not explicitly examined. Future studies incorporating stratified sampling designs will be
essential to better resolve these dynamics and their ecological implications.
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Given the predominance of large, actively feeding adults and evidence of selective
predation on vulnerable coral taxa, targeted removal represented the most immediate
management option to reduce local predation pressure. The substantial decline in CoTS
density following culling, an 86% reduction from January to June 2024, demonstrates that
active removal can be highly effective in rapidly lowering local population densities. These
findings are consistent with previous studies showing that culling is the most efficient
short-term strategy to mitigate coral loss during CoTS outbreaks [64–66]. However, the
success of culling depends on sustained effort and follow-up monitoring [62]. Without
continued intervention, residual individuals or recruits may allow populations to rebuild,
undermining initial management gains. Furthermore, this intervention represents, to our
knowledge, the first documented targeted CoTS culling in the UAE, providing a valuable
regional baseline for future management actions.

5. Conclusions
Overall, this study provides the first integrated ecological and genetic assessment of

a severe Acanthaster spp. outbreak in the Gulf of Oman. The results demonstrate that
the outbreak was driven by a single species, Acanthaster planci, supporting the presence
of intraspecific colour variation across the study area. Feeding analyses revealed clear
selectivity towards specific coral genera, specifically Plesiastrea, Platygyra, and Acropora,
characterised by structural complexity and energetically favourable, alongside evidence of
dietary flexibility towards and potential expansion towards less-preferred massive corals,
such as Favites. Furthermore, targeted culling operations proved effective in reducing local
sea star densities over a short time frame, highlighting the potential of rapid management
interventions in mitigating outbreak impacts. Sustained monitoring, long-term effects
evaluation, and adaptive management will be essential to prevent future outbreaks and to
support the long-term resilience of coral reefs in the region.
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