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Abstract

A sub-adult individual of Acanthurus xanthopterus Valenciennes, 1835 was caught
from the shallow waters off the southeastern coast of Sicily, Italy, in autumn 2024.
The subsequent taxonomic species identification was carried out through integrated
morphological and molecular analyses. The species is recorded for the first time
from Italian waters. This record, that comes just three years after its first collection
from Egyptian Mediterranean waters, seems to indicate a rapid westward expansion
of this tropical Indo-Pacific acanthurid from the east to the central Mediterranean Sea,
although additional (and independent) introduction events could be contemplated,
due to the current scarcity of distribution data for the species.

Key words: Non-Indigenous Species (NIS), Lessepsian migration, Strait of Sicily,
Mediterranean Sea, DNA barcoding

Introduction

To date, nine species of Acanthuridae have been detected in the
Mediterranean Sea. Among these, Acanthurus monroviae Steindachner,
1876 has expanded its distribution from the east Atlantic into the
Mediterranean, as a “neo-native species” (Evans et al. 2020; Zenetos et al.
2022), while the other eight are all non-indigenous species (NIS): A. coeruleus
Bloch & Schneider, 1801 and A. chirurgus (Bloch, 1787) from the west
Atlantic (Evans et al. 2020; Galanidi et al. 2023), Paracanthurus hepatus
(Linnaeus, 1766) and A. xanthopterus Valenciennes, 1835 from the Indo-
Pacific (Evans et al. 2017; Adel et al. 2022), Zebrasoma xanthurum (Blyth,
1852) and A. sohal (Forsskal, 1775) from the west Indian Ocean-Red Sea,
A. cfr. gahhm (Forsskal, 1775) endemic to the Red Sea and Z. flavescens
(Bennett, 1828) from the Pacific Ocean and the central west Atlantic
(Golani et al. 2021; Galanidi et al. 2023; Froese and Pauly 2024).

The acanthurid A. monroviae was reported for the first time in the
Mediterranean in 1981, with eight additional NIS members of this fish

733


https://doi.org/10.3391/bir.2025.14.3.20
https://www.invasivesnet.org
mailto:mcorsini@hcmr.gr
https://doi.org/10.3391/bir.2025.14.3.20
https://creativecommons.org/licenses/by/4.0/

)

&

INVASIVESHET

Acanthurus xanthopterus in Sicilian waters

family being recorded within the basin since 2008 (Zenetos et al. 2022).
The Mediterranean basin appears therefore to offer suitable conditions for
the survival of acanthurids, although only A. monroviae, A. coeruleus and
probably A. sohal seem to have established viable populations in the basin,
while the occurrence of the remaining acanthurid species appears to date
still to be a casual one (Adel et al. 2022; Nour et al. 2022a; Zenetos et al.
2022; Azzurro 2023).

The present note reports the first occurrence of the Indo-Pacific
A. xanthopterus from Italian waters. A single specimen putatively assigned
to this species was recorded off the southern coast of the island of Sicily,
within the Strait of Sicily and, to our knowledge, this record is the third
Mediterranean one for this species, after the first findings in Egyptian waters
reported in Adel et al. (2022) and Nour et al. (2022a). Morphological and
morphometric characters of the specimen are described. Due to the great
morphological similarity of A. xanthopterus with other co-generic acanthurids
(see Adel et al. 2022), molecular taxonomy was applied to confirm the putative
morphological identification. Considering Italian coastal waters, only
A. chirurgus and Z. xanthurum have been recorded to date, in the island of
Elba in 2012 the first (Langeneck et al. 2015) and in the east Sardinian
waters in 2015 the second (Guidetti et al. 2016), both in the Tyrrhenian Sea.
To date, the occurrence of both species in Italian waters appears casual and
escape or deliberate introduction from domestic aquaria was hypothesized
as their more plausible potential pathway of introduction (Servello et al.
2019). According to Golani et al. (2021) and Azzurro (2023), in the Strait
of Sicily, central Mediterranean, three Acanthuridae were recorded, the
range-expanding from the Atlantic A. monroviae found in Malta and
Tunisia, and other two from Malta, A. coeruleus likely introduced through
aquarium release and/or via Gibraltar and A. chirurgus probably
introduced in the basin through human activities, as mentioned above.
The potential introduction pathway of the NIS A. xanthopterus into the
basin and to Sicilian waters is briefly discussed.

Materials and methods

A single specimen of an unknown fish species was captured by a
recreational fisherman on 31 October 2024, near Torre di Mezzo, Ragusa,
Italy (36°48'1.25"N, 14°28'46.85"E), at a depth of 2.5 m through spearfishing.
The fish was dwelling solitary and was observed to be grazing on benthic
rocky outcrops. The sample was deposited at the Museo di Storia Naturale
di Comiso (Ragusa, Italy) with the catalog number MSNC 502.

At the museum, the fish specimen was taxonomically identified following
Randall (2001, 2002, 2022), Rocha (2016), Adel et al. (2022), Habib et al.
(2022). The specimen was photographed, and morphometric measurements,
weight and the main meristic counts were obtained. In addition, a 0.1 cm®
of white muscle tissue was collected and stored in ethanol 70% at —20 °C.
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Figure 1. The specimen of Acanthurus xanthopterus caught from the waters off Ragusa, Sicily,
Strait of Sicily and its teeth (detail).

Genomic DNA (gDNA) was extracted from approximately 20 mg of
muscle tissue using the Wizard® SV Genomic DNA Purification System by
Promega, according to the manufacturer’s protocol. A fragment of the
mitochondrial gene Cytochrome Oxidase subunit 1 (COI) was amplified
using the FishF2-FishR2 primer pair (Ward et al. 2005). The PCR reaction
was performed with an initial denaturation of 3 min at 95 °C, followed by
35 cycles of 30 s at 95 °C, 30 s at 55 °C and 60 s at 72 °C and a final extension
step for 5 min at 72 °C. The resulting amplicons were sequenced in both
forward and reverse directions by an external provider, Macrogen Europe
(Milan, Italy). The obtained sequence was compared against publicly-
available sequences through GenBank BLAST (http://blast.ncbi.nlm.nih.gov/
Blast.cgi, accessed on 17 December 2024) and incorporated into a dataset
comprising up to three representative sequences for each species within the
genus Acanthurus, retrieved from NCBI GenBank. A Neighbor-Joining
(NJ) tree (Saitou and Nei 1987) was computed in MEGA11 (Tamura et al. 2021)
using p-distance method with pairwise deletion (Collins and Cruickshank
2013) and a bootstrap analysis with 1,000 replicates (Felsenstein 1985).

Results

The specimen exhibited a standard length of 224 mm and a weight of 187 g
(Figure 1). The fish body was deep, ovoid and compressed, with a single
continuous dorsal fin. Eye positioned about at the middle of the distance
between mouth and origin of dorsal fin. Mouth small. Caudal fin lunate.
A lancet-like spine positioned approximately in the middle of each side of
caudal peduncle. Dorsal fin, IX+26; anal fin, IIT+23; pectoral fin, 17; pelvic fin,
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Table 1. Measurements (mm) of the Acanthurus xanthopterus specimen from Sicily.

Measurements mm
Total length 224.0
Standard length 206.0
Fork length 158.0
Head length 46.0
Snout length 23.6
Eye diameter 11.2
Pre dorsal fin length 40.3
Pre pectoral fin length 414
Pre pelvic fin length 48.5
Pre anal fin length 73.2
Body depth 86.5
Caudal peduncle length 10.5
Caudal peduncle depth 19.5
Caudal fin concavity 24.0
Caudal spine length 7.7

Dorsal fin length 107.0
Pelvic fin length 38.0
Pectoral fin length 46.8
Anal fin length 74.3
Mouth length 7.5

Length of longest dorsal ray 31.3

I+5; caudal fin, 20 principal rays; first gill arch with 16 anterior and 16
posterior gill rakers. Teeth in a single row on jaws close-set and spatulate,
with denticulate edges; 18 teeth in upper jaw and 18 in lower jaw (of which
16 teeth are visible in Figure 1, detail). Proportions of main measurements
(Table 1): head length 4.5, body depth 2.4, caudal fin concavity 8.6, snout
length 8.7, longest dorsal ray 6.6, all in standard length; diameter of eye 4.1,
length of caudal spine 6, caudal peduncle depth 2.4, mouth length 6.1, all in
head length.

Color of the freshly caught specimen: body uniformly blackish; a brilliant
yellow area on snout in front of the eye and around it; dorsal and anal fins
dark with a pale blue band along bases; dorsal fin with a yellow band along
the outer edge and six longitudinal pale blue-whitish bands sloping slightly
posteriorly along the entire fin; anal fin with 4 similar longitudinal pale
blue-whitish bands; pectoral fins dark with distal third bright yellow; pelvic
fin dark; caudal fin dark, with a whitish band at its base extending to the
upper and lower rays. The spearfisher confirmed that the colour of the
living fish observed underwater was similar to that just after death - i.e.
dark blackish with a white strip at the base of caudal fin.

The COI gene fragment was successfully amplified, producing a 624 bp
sequence that has been deposited in GenBank under Accession Number
PQ849835. Molecular identification via BLAST analysis revealed a 100%
identity match to Acanthurus xanthopterus (Accession number MN870426),
confirming the morphological identification. In the Neighbor-Joining (NJ)
tree (Figure 2), constructed by comparing the target sequence with 10 sequences
of A. xanthopterus and up to three sequences each from 34 additional
Acanthurus species (the list of the 104 accession numbers are provided in
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Figure 2. Neighbor-Joining (NJ) tree constructed using COI genetic p-distances for 35
Acanthurus taxa. Accession numbers for the publicly available sequences used in the NJ tree
reconstruction are provided in Supplementary material Table S1. The sequence from the Sicilian
sample is highlighted in red. Numbers adjacent to the nodes represent bootstrap values (> 80%).

The scale bar is given.

Supplementary material Table S1), the target sequence clustered within the
A. xanthopterus clade, supported by a robust bootstrap value (83%).
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Discussion

The fish specimen was morphologically identified as A. xanthopterus, in
agreement with the descriptions provided by Randall (2001, 2022), Adel et
al. (2022) and Habib et al. (2022). The ovoid body shape resembled that of
the adult individual captured in Alexandria, Egypt (Adel et al. 2022), but
the color of the specimen were rather different between the two. In particular,
the freshly-caught sample from Sicily was dark black, with a well-defined
white band on the caudal peduncle, while the body of the freshly-caught sample
from Egypt was similarly dark but showed an irregular, faded whitish band
on the caudal peduncle. Moreover, in the Sicilian individual, the size of the
eye was relatively larger, the snout was clearly shorter and the caudal fin
less lunate, compared to the Egyptian yellowfin surgeonfish described by
Adel et al. (2022). As assessed for the genus Acanthurus by Randall (1956),
with increasing age, the eye becomes relatively smaller, the caudal fin generally
more lunate, and in many species the body is more elongate; the teeth increase
in number and at least in some species the number of denticulations on the
teeth decrease; in many species the color changes with age.

In addition, the COI barcoding conclusively confirmed the morphological
identification of the Sicilian specimen, revealing full sequence homology
with the A. xanthopterus GenBank reference sequences for A. xanthopterus.
This integrative approach reinforces the efficacy of molecular taxonomic
tools in distinguishing among closely-related acanthurid species, especially
at juvenile or subadult stages, where morphological traits cannot be
entirely unambiguous (Ward et al. 2005; Ko et al. 2013; Adel et al. 2022).

The yellowfin surgeonfish A. xanthopterus is widespread in the Indo-
Pacific Ocean, ranging from the West Indian Ocean coasts to Japan, Australia,
French Polynesia and Hawaii, extending as far as the Galapagos Islands
(Randall 2022; Froese and Pauly 2024). Although the species was
historically reported from the Red Sea (Randall 1956), taxonomic revisions
subsequently did not list this species in the Red Sea ichthyofauna (Golani
and Fricke 2018; Golani et al. 2020). For this reason, different potential
pathways of introduction to the Mediterranean basin other than Lessepsian
migration were discussed after the first record of A. xanthopterus in the
waters off Alexandria, Egypt (Adel et al. 2022), although this area is
particularly affected by the introduction of NIS fish of Indo-Pacific/Red
Sea origin (Lessepsian migrants) (Nour et al. 2021, 2022a, b; Adel et al. 2022;
Corsini-Foka and Zava 2022). The first record of A. xanthopterus from the
Mediterranean dates to 2021 (Adel et al. 2022), however it is unknown if
this date represents the actual/real first occurrence of the species from the
basin. The further record of A. xanthopterus reported near Alexandria a
few months after its first finding (Nour et al. 2022a) and the recent capture
of the Sicilian specimen render more plausible a possible introduction
through the Suez Canal, followed by a rapid establishment in the newly-
colonised areas and a subsequent westward expansion along the North
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African coasts, up to the Strait of Sicily, likely enhanced by the progressive
warming of the Mediterranean (Katsanevakis et al. 2014).

Both specimens from Egypt and Sicily were caught by spearfishing near
rocks. The habits of this fish could render difficult its capture through
conventional fishing activities and consequently it might be under-
represented within fishers’ catches; this may be one of the reasons why
apparently the species has not been detected to date in other marine
regions of the eastern Mediterranean, from Israel to Turkey and Greece,
and from other North African regions in close proximity to Sicily. Anyway,
it is to be underlined that very recently, A. xanthopterus was listed among
the Red Sea (Lessepsian) fish species of the Mediterranean (Golani 2025).

The paucity of information on the current A. xanthopterus distribution
and the large distance between the location of the first records in
Alexandria, Egypt, and the present one in southeastern Sicily, keep the
door open on the possibility of multiple independent human-mediated
introduction events, particularly through maritime transport (shipping)
and deliberate or accidental aquarium releases.

The yellowfin surgeonfish changes coloration with age and/or in
particular environmental conditions (Randall 1956; Robertson et al. 2021)
and could be misidentified with several other acanthurid species (Adel et
al. 2022 and references therein). Besides potential misidentification with
other Acanthurus spp. in the Red Sea, a recent colonization of this basin
from east African coasts could not be excluded. On the other hand,
successive enlargements and deepening of the Suez Canal have facilitated
the entrance of tropical and subtropical Erythraean species, while the
remarkable increase in seawater temperatures registered in the Mediterranean
in recent years further supports their establishment and spreading (Galil et
al. 2017; Galil 2023; cf von Schuckmann et al. 2024). Furthermore,
Acanthuridae are pelagic spawners (Nelson et al. 2016) and this could
facilitate a long-distance dispersion under the support of favourable currents.

Additional records of and the use of molecular tools on A. xanthopterus
collected from various Mediterranean regions will contribute to
conclusively identify the introduction pathway of this predominantly
herbivorous, tropical fish to the Mediterranean and will contribute to a
better understanding of its potential invasiveness.
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