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Abstract
Fishes of the genus Abudefduf are increasingly being recorded in Mediterranean
waters, with most of these occurrences being based on the sole inspection of underwater
images or video footage. Here we present a critical review of these occurrences,
taking into account the uncertainties related to the identification of the congeneric
A. vaigiensis and A. saxatilis, and testing the validity of the external traits used so
far to distinguish these two species. After a careful revision of the Mediterranean
literature and based on the analyses of images mostly taken in their natural native
environment, we highlight the possibility that major morphological characters
previously used to distinguish A. saxatilis from A. vaigiensis are not consistent within
the species and thus not sufficiently reliable for their discrimination. This also relates
to the possible confusion of these two species with a third species A. troschelii,
never reported in the Mediterranean Sea to date. Finally, new records of the genus
Abudefduf are reported for the Adriatic Sea and Tunisian waters.
Key words: sergeant-major, alien species, introduced species, ship transport

Introduction
The Mediterranean Sea is considered a hotspot of marine bioinvasions
with an increasing rate of new introductions through time (Edelist et al.
2013). According to the most recent revisions, the total number of
multicellular alien species in the Mediterranean is close to 1000 (Zenetos
2019). Exotic fishes are mostly represented by Red Sea species, entering
through the Suez Canal, but over the last decade the number of introductions
mediated by shipping and due to aquarium release has rapidly increased
(Rilov and Galil 2009; Zenetos 2019), raising justified concern. This
phenomenon is increasingly apparent in the Adriatic Sea, where an
increasing number of new fishes entering through the Suez Canal or
transported through ships, mobile platforms or aquaria (Dulčić et al. 2013;
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Pećarević et al. 2013; Lipej et al. 2008) has been reported. A similar
situation exists in the Strait of Sicly (Azzurro et al. 2017), with new records
regularly being reported along both the Italian (e.g. Azzurro et al. 2018a)
and Tunisian (e.g. Ounifi-Ben Amor et al. 2016) coasts. Monitoring these
subareas is of primary importance for supporting environmental policies at
the European and Mediterranean level, as embodied within the Descriptor 2
of the European Marine Strategy Framework Directive (MSFD; EU2017/848)
and Indicator 6 of the Barcelona Convention Integrated Monitoring and
Assessment Programme (IMAP).
Damselfishes are today represented by 423 valid species (Fricke et al. 2020),
mostly inhabiting shallow near-shore waters of tropical and temperate seas
(Froese and Pauly 2020). In the Mediterranean Sea, Chromis chromis
(Linnaeus, 1758) is the only native member of this family (Quignard and
Tomassini 2000), but in the last decades, new pomacentrids have been
introduced, namely: Chrysiptera cyanea (Quoy and Gaimard, 1825) (Lipej et
al. 2014), Stegastes variabilis (Castelnau, 1855) (Vella et al. 2015), Chrysiptera
hemicyanea (Weber, 1913) (Deidun et al. 2018) and four members of the
genus Abudefduf: A. saxatilis (Linnaeus, 1758) (Azzurro et al. 2013; Deidun
and Castriota 2014; Bilecenoğlu 2016; Tsadok et al. 2015; Lipej et al. 2019),
A. vaigiensis (Quoy and Gaimard, 1825) (Tardent 1959; Vacchi and Chiantore
2000; Vella et al. 2016a; Osca et al. 2020), A. hoefleri (Steindachner, 1881)
(Vella et al. 2016b) and the recently recorded A. sexfasciatus (Lacepède,
1801) (Giovos et al. 2018).
Among these new guests, the Sergeant major A. saxatilis and the IndoPacific sergeant A. vaigiensis have been repeatedly reported from practically
all major sectors in the Mediterranean Sea (Osca et al. 2020; Lipej et al. 2019).
These two species have a wide, yet disjunct native distribution, A. saxatilis
being distributed in the western and eastern Atlantic and A. vaigiensis in
Indo-Pacific waters (Getlekha et al. 2016; Froese and Pauly 2020). Due to their
remarkable resemblance, A. vaigiensis and A. saxatilis can be easily confounded
(Deidun and Castriota 2014), but some key external morphological characters
(De Beaufort 1940; Allen 1991) are currently used to distinguish between
these two species, especially in the Mediterranean literature, which is rich
of Abudefduf records based on visual inspection only, documented by
underwater photos or video footage (Osca et al. 2020).
According to De Beaufort (1940), A. saxatilis should be distinguished
from other congenerics by the presence of the fifth vertical bar below the
posterior end of the dorsal fin which extends on the dorsal rays in posterior
part of the dorsal fin. Furthermore, Allen (1991) stated that in this species,
the fourth bar usually originates immediately behind the last dorsal spine
or is in contact with it and Azzurro et al. (2013) reported a personal
communication by Dr. Phil Heemstra, who considered the presence of two
black spots on the caudal peduncle as a further character to distinguish this
species from A. vaigiensis.
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Regarding the identification of A. vaigiensis, De Beaufort (1940) notes
the presence of the fifth vertical bar on the caudal peduncle, behind the
dorsal fin and Allen (1991) states that the fourth bar usually arises more
towards the center of the soft dorsal fin, well behind the last spine. Also,
Tsadok et al. (2015), investigating morphological differences between
individuals of A. vaigiensis from the Red Sea and A. saxatilis introduced in
the eastern Mediterranean, concluded that A. vaigiensis specimens had an
interrupted extension of the fifth bar to the dorsal fin (except in a young
individual) and no black spots on the caudal peduncle. Meristic counts in
both species are overlapping (Allen 1991) and as such have no value for
comparison between these two species. There is also a third species, A.
troschelii, which is very similar to both A. vaigiensis and A. saxatilis but it
has never been reported in the Mediterranean. According to Allen (1991),
the only external taxonomic character useful in distinguishing A. troschelii
from the other two species is the presence of scales on the inner side of the
pectoral-fin base.
The aim of this study was to perform a critical review of the Mediterranean
records of the genus Abudefduf, investigating the validity of external
morphological characters used so far to distinguish A. saxatilis from
A. vaigiensis. We also present new records of the genus Abudefduf spp.
from the Adriatic Sea and Tunisian waters.

Materials and methods
Evaluation of the taxonomic consistency of the external characters used
to distinguish A. saxatilis from A. vaigiensis
The validity of the external characters most often used in the identification
of Abudefduf saxatilis and A. vaigiensis, was tested through inspection of a
number of underwater photos of these species taken in their donor regions:
the Atlantic and the Pacific Ocean, respectively. Some photographs also
featured specimens collected for scientific purposes. Images were
downloaded from authoritative internet sources (mainly from Fishbase
https://www.fishbase.se/search.php and Flickr https://www.flickr.com),
selecting only high-quality photos with traceable author and indicated
geographical location (Supplementary material Table S1). Each of these
photos was visually analyzed to test for the presence of three of the most
cited external characters:
T1 = fourth bar originating directly behind the last dorsal spine or in
contact with it in A. saxatilis. In A. vaigiensis the fourth bar usually starts
well behind the last dorsal spine, more towards the middle of the soft part
of dorsal fin (Allen 1991).
T2 = fifth vertical bar below the posterior end of the dorsal fin, extending
on the dorsal rays in the posterior part of the dorsal fin in A. saxatilis. In
A. vaigiensis fifth vertical bar is on the caudal peduncle, behind the dorsal
fin (De Beaufort 1940).
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T3 = presence of two dark dots on the caudal peduncle in A. saxatilis.
Absence of these spots in A. vaigenisis (P. Heemstra personal communication
reported by Azzurro et al. 2013).
Considering the disjunct geographical distribution of A. saxatilis vs
A. vaigiensis (Froese and Pauly 2020), we expect the above-mentioned traits
to be sufficient to distinguish A. saxatilis photographed in the Atlantic Ocean
from A. vaigiensis occurring in Indo-Pacific waters. A. troschelii was not
included in our image analysis because it has not been reported from the
Mediterranean to date and since the only useful external character to
distinguish this species from two congeners could not be evaluated from
the photos.

Review of the Mediterranean records of Abudefduf spp.
Mediterranean records of Abudefduf spp. were primarily explored through
bibliographic search carried out with the Scopus (www.scopus.com) and
Google Scholar (https://scholar.google.com/) engines. The words “Abudefduf”
and "Mediterranean" were searched in the title, abstract or keywords in all
the peer-reviewed literature until January 2020. An analogous search, using
the same keywords was performed on Google. Upon retrieval of published
papers, we analyzed all documented records, extracting relevant information
on geographical locations, time of observation and taxonomy. In addition,
each photo of the target species appearing in published papers, previously
identified as either A. vaigiensis or A. saxatilis, was carefully evaluated
according to the presence or absence of the traits T1, T2 and T3 (Table S2).

New records of Abudefduf sp. in the Mediterranean Sea
On September 14th, 2018, a sportive fisherman observed and filmed a single
individual of Abudefduf sp. on the outer side of a stone pier of the harbor
“Zenta” in Split (eastern middle Adriatic, Croatian coast; 43.4987°N;
16.4606°E) (Figure 1A). Besides footage, the fisherman provided data on
location and depth of the area where the fish was observed. The video was
recorded with an underwater camera GoPro 4 in high-quality resolution
(full HD). The quality of the footage and the fact that the fish was shot at
multiple angles, which revealed important diagnostic characters, allowed
the identification of the fish to the genus level. The authenticity of the
location where the video was recorded was confirmed by one of the
authors (P.U.), an experienced spearfisher, who recognized the area which
he frequently visits during fishing activity.
On 12th July 2017, as a result of a preliminary survey of the non-indigenous
species in southern Tunisian waters, a single individual of Abudefduf sp.
was filmed by one of the authors (E.A.), whilst snorkeling in the lagoon of
El Bibane (33.2641°N; 11.2297°E) (Figure 1B, C).
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Figure 1. Freeze frames extracted from video footages showing individuals of Abudefduf sp.
Photo “A” shows an individual from Zenta harbor, Split, Croatia; photo “B” and “C” show the
same individual observed in El Bibane lagoon, Tunisia. Photos: Damir Jerčić and Ernesto Azzurro,
respectively.

Results
Evaluation of morphological traits based on visual inspection of
photographs
A total number of 38 photographs were downloaded according to the adopted
criteria and subsequently analyzed by three experts (B.D., P.U. and E.A.)
without prior knowledge of the location where the photos were taken in
order to avoid possible bias. After excluding photos unsuitable for the
analysis (mostly due to poor quality, inadequate position of the fish or
appearance of multiple specimens, not sharing the same characters) a total
of 22 photos were retained. Each of these photos was tested for characters
T1, T2 and T3 (Figure 2). Among the Abudefduf photos taken in the
Atlantic Ocean, 3 out of 8 individuals did not exhibit character T3 and one
of them did not comply with all morphological characters of A. saxatilis,
but instead showed T2 and T3, which are in line with that of A. vaigiensis.
To confirm the location of where the photo was taken, the author of the
photo was contacted. The author confirmed that the photos were taken
along the coast of Akumal (Mexico, Western Atlantic) and provided further
Dragičević et al. (2021), BioInvasions Records 10(1): 188–199, https://doi.org/10.3391/bir.2021.10.1.20

192

Abudefduf spp. in the Mediterranean: a critical review with new records

Figure 2. Results of the analysis of morphological characters performed on Abudefduf cf. saxatilis and Abudefduf cf. vaigiensis
species from two distinct geographical regions on the basis of visual inspection of photographs collected on the Internet. Characters
considered: T1 – fourth bar directly at or just behind the last spine in the dorsal fin; T2 – fifth vertical bar below posterior end of
dorsal and continued on the posterior dorsal rays; T3 – presence of two black spots on the caudal peduncle. On the right, examples
of analyzed photos. In the black frame, additional photos from Akumal, Mexico (see “Results” for explanation)..

photographs of Abudefduf sp. from the area. These additional images
showed other individuals, sharing the characters of A. vaigiensis, except for
the T1 character, the origin of the fourth bar (photos in the black frame in
Figure 2).
Out of the 12 photographs taken in the Indo-Pacific region, only four
individuals fully complied with our expectations (characters T1, T2, T3)
for A. vaigiensis. On the contrary, 8 individuals showed a mixture of traits,
with 3 individuals showing characters of A. saxatilis, according to the T1,
T2, T3 criteria. The photos of these latter were taken in the Persian Gulf
and Oman. This information was gathered by contacting the photographers
themselves. Two out of three photographers confirmed the location where
the photos were taken, whilst one author did not reply. Based on these
findings, the identification of A. saxatilis vs A. vaigiensis cannot be assigned
with certainty using only the characters T1, T2, T3. This taxonomic
confusion should be also extended to A. troschelii.

Review of the Mediterranean records of Abudefduf spp.
Our online search resulted in 14 relevant publications, which reported the
Mediterranean occurrence of at least 46 individuals belonging to the genus
Abudefduf. The real number of observed individuals within these publications
is considerably greater since some publications recorded undefined numbers
of individuals (several).
Based on the findings of our photo analyses, we reassigned, as a cautionary
measure, all the individuals visually identified as A. saxatilis or A. vaigiensis
to the taxon Abudefduf cf. saxatilis/vaigiensis/troschelii. Clearly, this reevaluation does not affect those individuals conclusively identified through
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Figure 3. Map of occurrences of Abudefduf spp. in the Mediterranean. Numbers beside symbols correspond to references provided
in Table S3.

molecular analyses. Our revised list of sightings of Abudefduf spp. in the
Mediterranean Sea is presented in Table S3 and the related map of
occurrences in Figure 3. We must emphasize that the precautionary
approach was also taken in few cases where all the characters (T1, T2 and
T3) were lacking even though we did not find a case with the lack of all
three characters in the images of Atlantic specimens (see Table S3).

New sightings of Abudefduf spp.
The video of the individual from the Adriatic Sea features an Abudefduf
swimming at a depth of approx. 3–4 meters among a shoal of Chromis
chromis and in the vicinity of large boulders which constitute an artificial
pier. The length of the individual was approx. 10 cm TL. Another
individual was observed in the lagoon of El Bibane, southern Tunisia, at a
depth of approx. 0.5 m over a mixed bottom characterized by small rocks
and dense vegetation composed mainly by the seagrass Cymodocea nodosa.
The length of the individual was approx. 6 cm.
Both the Croatian and Tunisian individuals can be described as follows:
oval shaped body, silvery-white belly and yellowish upper body with five
prominent vertical black bars. The main morphological distinguishing
characters (T1, T2 and T3) adopted in this study, are indiscernible from
the images obtained in the Adriatic Sea since these were taken at a large
distance from the fish. In the case of the Tunisian individual, T1 character
is not visible in the photo, while T2 and T3 are absent. According to the
provided descriptions, both the Croatian and the Tunisian individuals can
be assigned to the taxon Abudefduf cf. saxatilis/vaigiensis/troschelii.
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Discussion
Proper recognition of individuals belonging to the genus Abudefduf in the
Mediterranean Sea is complicated because of the morphological similarities
between A. saxatilis, A. vaigiensis and A. troschelii, which hamper conclusive
identification of these species from underwater photos or videos as the
ones revised here.
Here we tested the validity of the morphological characters used so far to
distinguish A. saxatilis from A. vaigiensis, revealing a significant inconsistency
in their applicability, which would impede the reliable identification of
these species. In addition, the character indicated by Allen (1991) to identify
A. saxatilis – namely, the fourth bar usually originates directly behind the
last dorsal spine or is in contact with it – can be considered as unsuitable to
distinguish with certainty the Atlantic A. saxatilis from its Indo-Pacific
analogue A. vaigiensis. Indeed, this trait has been also observed in Abudefduf
photographed in the Indo-Pacific area, which is the native region of
A. vaigiensis. The same character is present in A. vaigiensis specimens
barcoded by Tsadok et al. (2015) and by Vella et al. (2016a). Tsadok et al.
(2015) reported morphological differences between A. saxatilis and
A. vaigiensis – namely, extension of fifth bar to dorsal and anal fin and
presence of two spots on the caudal peduncle, in agreement with the
molecular identification of the species, but the study was conducted on a
relatively small number of individuals collected from only two areas. The
same author stated that the extension of the fifth vertical bar to the dorsal
fin is also present in young A. vaigiensis specimens. Moreover, Randall (1995)
presents a photo of A. vaigiensis from Oman exhibiting morphological
characters usually used to identify A. saxatilis, including the two black
spots on the caudal peduncle.
This evidence strongly supports the idea that the major external
morphological characters used so far to distinguish A. saxatilis from
A. vaigiensis are overlapping and cannot be used to distinguish with
certainty these two species, confirming doubts which have been already
expressed in the literature (e.g. Deidun and Castriota 2014; Osca et al.
2020). Indeed, Deidun and Castriota (2014) as well as Osca et al. (2020)
provide records of Abudefduf cf. saxatilis, exhibiting a lack of taxonomical
certainty and a high degree of caution, reflecting the rationale within G.R.
Allen’s pers. comm., that “there are no consistent meristic or morphometric
differences between the two congeners”. Alternatively, the results of our
photo analysis could be explained by the existence of undocumented
introduction events of A. saxatilis and A. vaigiensis in the areas of Persian
Gulf (Iran and Oman) and possibly Mexico, respectively, allowing both
species to be photographed. In addition, the possibility of hybridization
between Abudefduf spp. congeners in the areas of sympatry, including the
Mediterranean, should be taken into consideration. This scenario has been
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documented in the area of Hawaii, where recently introduced A. vaigiensis
formed hybrids with native A. abdominalis (Quoy and Gaimard, 1825)
which resulted in the appearance of intermediate phenotypes in successive
generations (Coleman et al. 2014).
These conclusions have a significant impact on our understanding of
Abudefduf spp. occurrences in the Mediterranean region. In a review
provided by Osca et al. (2020), it is shown that great number of records of
Abudefduf genus in the Mediterranean are based on observed or
photographed specimens. This also relates to the possible confusion with a
third species A. troschelii (Gill, 1862) never reported to date in the
Mediterranean Sea. This species, distributed in the Eastern Pacific from the
Gulf of California to the northern Peru (Froese and Pauly 2020), can be
distinguished by A. saxatilis and A. vaigiensis only by the presence of scales
on the inner side of the pectoral-fin base (Allen 1991).
Until the issues highlighted in our study are fully resolved, we suggest
that all the identifications of A. saxatilis and A. vaigiensis based on visual
evidence assessment (including photos and/or videos) could represent
either A. saxatilis, A. vaigiensis or A. troschelii. This consideration will imply
a more cautious taxonomical assignment of A. vaigiensis occurrences reported
from Italy, Israel and Libya (Tardent 1959; Goren and Galil 1998; Vacchi
and Chiantore 2000; Osca et al. 2020) and of A. saxatilis from Spain, Malta
and Turkey and Slovenia (Azzurro et al. 2013; Vella et al. 2016a; Bilecenoğlu
2016; Lipej et al. 2019). This taxonomical reassignment does not affect those
identifications based on molecular evidence. This is the case of A. vaigiensis
spotted in Lebanon, Malta and Libya (Bariche et al. 2015; Vella et al. 2016a;
Osca et al. 2020) and A. saxatilis reported by Tsadok et al. (2015) along the
Israel coasts. Therefore, we can still affirm that both A. vaigiensis and
A. saxatilis are present in the Mediterranean Sea.
Noteworthy, Abudefduf spp. have been mostly spotted in places where
ship transports or aquarium releases are likely to occur (Zenetos et al.
2017) and multiple introductions can be envisaged for these species.
Regarding the status of Abudefduf species in the Mediterranean, it has been
claimed that Malta hosts an established population of A. saxatilis and
A. hoefleri (Vella et al. 2016b; Deidun et al. 2016), whilst according to Tsadok
et al. (2015), large populations of Abudefduf sp. would exist along the
Israeli coasts. Finally, the occurrence of a single individual of Abudefduf
sexfasciatus has been recently reported by Giovos et al. (2018) in Greece.
This study represent the first record of Abudefduf cf. saxatilis/vaigiensis/
troschelii in Tunisia and its second documented record from the Adriatic
Sea. The first Adriatic record of the genus Abudefduf was based on a record
of A. saxatilis based on the visual inspection of photographs of a single
specimen observed in 2019 in the North Adriatic (Gulf of Trieste, Italy)
and recently reported by Lipej et al. (2019).
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The most probable vector of Abudefduf cf. saxatilis/vaigiensis/troschelii
introduction into the Adriatic Sea is shipping activity. This hypothesis is
supported by the fact that members of the family Pomacentridae have been
often found to shelter under large ships and could be transferred via ballast
waters (Vella et al. 2016a and references therein). Also, aquarium-related
introductions could be considered as plausible, especially releases or escapes
from aquaria on cruise liners (Vella et al. 2016a and references therein). In
our case, the individual was observed near a large passenger harbor (less than
1 NM away), which hosts many cruise ships during summer. Occurrences
of other alien fish species have already been reported from the area (e.g.
Dulčić and Dragičević 2013a, b; Dulčić et al. 2010). The Tunisian individual
was detected in El Bibane lagoon, which is located not far from a commercial
port. Therefore, it is plausible to assume that this individual may have been
transported via vessel traffic, which is the case for most non-indigenous
species reported from the Gulf of Gabès (Ounifi-Ben Amor et al. 2016).
Alien species, before spreading further, enter the lagoon which might
provide favourable trophic conditions for their growth and reproduction.
The correct identification of non-indigenous species is of primary
importance, especially when taxonomical inspections are limited to the
analysis of underwater videos or photos. Considering the important
contribution of divers, fishers (e.g. Azzurro et al. 2018b) and social
networks (Langeneck et al. 2017; Azzurro et al. 2013; Giovos et al. 2019) in
monitoring marine bio-invasions, the existence of valid characters to
unambiguously identify these species is an essential pre-requisite for
proper use of this information, either at the national, European or
Mediterranean level. We therefore keep encouraging documentation of
species occurrences through underwater photos and videos, especially in
the light of marine bioinvasions where such information proved to be
essential in number of instances. In our cases, characters previously
considered as taxonomically valid were here demonstrated to be insufficient
to reach the species-level identification with certainty. Molecular analysis
combined with detailed morphological descriptions and with quality
images will be therefore extremely useful for documenting the future
Mediterranean occurrences of the species of Abudefduf genus considered
in this study and to reach a certain identification.

Acknowledgements
We’re thankful to Mr. Damir Jerčić who provided video footage of the Adriatic individual.
Jamila and Ernesto wish to thank Mohamed Souii, the manager of the El Bibane Lagoon and
the fisherman Ridha. The fieldwork was funded by the French Research Program
BiodivMex/MISTRALS. We are thankful to photographers who provided and permitted the use
of their photos – Mr. François Libert (Photos from Akumal, Mexico; AS6 and additional
photos), Mr. Parviz Tavakoli-Kolour and Mr. Ramin Ketabi (Photos from Iran, AV8 and AV10,
respectively). This work has been fully supported by Croatian Science Foundation (HRZZ)
under the project IP-2016-06-5251. We thank anonymous reviewers for their valuable
suggestions which improved the manuscript.

Dragičević et al. (2021), BioInvasions Records 10(1): 188–199, https://doi.org/10.3391/bir.2021.10.1.20

197

Abudefduf spp. in the Mediterranean: a critical review with new records

References
Allen GR (1991) Riffbarsche der Welt. Mergus, Melle, Germany, 272 pp
Azzurro E, Broglio E, Maynou F, Bariche M (2013) Citizen science detects the undetected: the case
of Abudefduf saxatilis from the Mediterranean Sea. Management of Biological Invasions 4: 167–
170, https://doi.org/10.3391/mbi.2013.4.2.10
Azzurro E, Franzitta G, Milazzo M, Bariche M, Fanelli E (2017) Abundance patterns at the invasion
front: the case of Siganus luridus in Linosa (Strait of Sicily, Central Mediterranean Sea). Marine
and Freshwater Research 68: 697–702, https://doi.org/10.1071/MF16024
Azzurro E, Zannaki K, Andaloro F, Giardina F, Tiralongo F (2018a) First record of Ophioblennius
atlanticus (Valenciennes, 1836) in Italian waters, with considerations on effective NIS
monitoring in Mediterranean Marine Protected Areas. Bioinvasions Records 7: 437–440,
https://doi.org/10.3391/bir.2018.7.4.14

Azzurro E, Bolognini L, Dragičević B, Drakulović D, Dulčić J, Fanelli E, Grati F, Kolitari J, Lipej L,
Magaletti E, Marković O, Matić-Skoko S, Mavrič B, Milone N, Joksimović A, Tomanić J,
Scarpato A, Tutman P, Vrdoljak D, Zappacosta F (2018b) Detecting the occurrence of
indigenous and non-indigenous megafauna through fishermen knowledge: A complementary tool
to coastal and port surveys. Marine Pollution Bulletin 147: 229–236, https://doi.org/10.
1016/j.marpolbul.2018.01.016

Bariche M, Torres M, Smith C, Sayar N, Azzurro E, Baker R, Bernardi G (2015) Red Sea fishes in
the Mediterranean Sea: a preliminary investigation of a biological invasion using DNA
barcoding. Journal of Biogeography 42: 2363–2373, https://doi.org/10.1111/jbi.12595
Bilecenoğlu M (2016) Two marine fish records of Liechtenstein’s goby (Corcyrogobius
liechtensteini) and the Atlantic originated sergeant major (Abudefduf saxatilis), new for the
Turkish fauna. Journal of the Black Sea / Mediterranean Environment 22(3): 259–265
Coleman RR, Gaither MR, Kimokeo B, Stanton FG, Bowen BW, Toonen RJ (2014) Large-scale
introduction of the Indo-Pacific damselfish Abudefduf vaigiensis into Hawai’i promotes genetic
swamping of the endemic congener A. abdominalis. Molecular Ecology 23: 5552–5565,
https://doi.org/10.1111/mec.12952

De Beaufort LF (1940) The fishes of the Indo-Australian Archipelago. E.J. Brill, Leiden, 508 pp
Deidun A, Castriota L (2014) First record of Abdudefduf cfr saxatilis Linnaeus, 1758 (Perciformes:
Pomacentridae) from the Maltese Islands (Central Mediterranean). BioInvasions Records 3: 53–56,
https://doi.org/10.3391/bir.2014.3.1.10

Deidun A, Castriota L, Falautano M, Valenzia A, Role T, Sciberras A (2016) Further evidence of the
Atlantic presence in the central Mediterranean of Acanthurus monroviae and of Abudefduf
hoefleri within Maltese coastal waters. In: Proceedings of the 51st European Marine Biology
Symposium, Rhodes, 26-30 September 2016, p 76
Deidun A, De Castro D, Bariche M (2018) First record of the azure demoiselle, Chrysiptera
hemicyanea (Actinopterygii: Perciformes: Pomacentridae), in the Mediterranean Sea. Acta
Ichthyologica et Piscatoria 48: 87–91, https://doi.org/10.3750/AIEP/02294
Dulčić J, Dragičević B (2013a) Holacanthus ciliaris (Linnaeus, 1758) (Teleostei: Pomacanthidae), first
record from the Mediterranean Sea. Journal of Applied Ichthyology 29: 465–467, https://doi.org/
10.1111/jai.12096

Dulčić J, Dragičević B (2013b) Paranthias furcifer (Perciformes: Serranidae), a new alien fish in the
Mediterranean Sea. Journal of Fish Biology 82: 332–337, https://doi.org/10.1111/j.1095-8649.
2012.03462.x

Dulčić J, Pallaoro A, Dragičević B, Stagličić-Radica N (2010) First record of dwarf flathead Elates
ransonnetii (Platycephalidae) in the Adriatic Sea. Cybium 34: 222–223, https://doi.org/10.26028/
cybium/2010-342-010

Dulčić J, Antolović N, Kožul V, Dragičević B, Lipej L (2013) First records of juveniles of two
Lessepsian migrants, Fistularia commersonii Rüppell, 1838 and Siganus luridus (Rüppell, 1829),
in the Adriatic Sea. Journal of Applied Ichthyology 29: 661–662, https://doi.org/10.1111/
jai.12129

Edelist D, Rilov G, Golani D, Carlton JT, Spanier E (2013) Restructuring the sea: profound shifts in
the world’s most invaded marine ecosystem. Diversity and Distribution 19: 69–77, https://doi.org/
10.1111/ddi.12002

Froese R, Pauly D (2020) FishBase. www.fishbase.org (accessed May 2020)
Fricke R, Eschmeyer WN, Fong JD (2020) Species by family/subfamily in Eschmeyer’s Catalog of
Fishes. http://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.asp (accessed
16 December 2020)
Getlekha NMB, Cioffi YCF, Maneechot N, Bertollo LAC, Supiwong W, Tanomtong A, Molina WF
(2016) Chromosome mapping of repetitive DNAs in sergeant major fishes (Abudefdufinae,
Pomacentridae): a general view on the chromosomal conservatism of genus. Genetica 144: 567–
576, https://doi.org/10.1007/s10709-016-9925-y
Giovos I, Giacomo B, Romanidis-Kyriakidis G, Marmara D, Kleitou P (2018) First records of the
fish Abudefduf sexfasciatus (Lacepède, 1801) and Acanthurus sohal (Forsskål, 1775) in the
Mediterranean Sea. Bioinvasions Records 7: 205–210, https://doi.org/10.3391/bir.2018.7.2.14
Giovos I, Kleitou P, Poursanidis D, Batjakas I, Bernardi G, Crocetta F, Doumpas N, Kalogirou S,
Kampouris TE, Keramidas I, Langeneck J, Maximiadi M, Mitsou E, Stoilas VO, Tiralongo F,
Romanidis-Kyriakidis G, Xentidis NJ, Zenetos A, Katsanevakis S (2019) Citizen-science for

Dragičević et al. (2021), BioInvasions Records 10(1): 188–199, https://doi.org/10.3391/bir.2021.10.1.20

198

Abudefduf spp. in the Mediterranean: a critical review with new records

monitoring marine invasions and stimulating public engagement: a case project from the eastern
Mediterranean. Biological Invasions 21: 3707–3721, https://doi.org/10.1007/s10530-019-02083-w
Goren M, Galil BS (1998) First record of the Indo-Pacific coral reef fish Abudefduf vaigiensis (Quoy
and Gaimard, 1825) in the Levant. Israel Journal of Zoology 44: 57–59
Langeneck J, Marcelli M, Bariche M, Azzurro E (2017) Social networks allow early detection of non
indigenous species: first record of the red drum Sciaenops ocellatus (Actinopterygii: Perciformes:
Sciaenidae) in Italian waters. Acta Adriatica 58: 363–368, https://doi.org/10.32582/aa.58.2.15
Lipej L, Mavrič B, Žiža V, Dulčić J (2008) The largescaled terapon Terapon theraps: a new
Indo‐Pacific fish in the Mediterranean Sea. Journal of Fish Biology 73: 1819–1822,
https://doi.org/10.1111/j.1095-8649.2008.02047.x

Lipej L, Mavrić B, Dulčić J (2014) First record of Chrysiptera cyanea (Quoy and Gaimard, 1825)
(Perciformes: Pomacentridae) in the Mediterranean Sea. Journal of Applied Ichthyology 30:
1053–1055, https://doi.org/10.1111/jai.12472
Lipej L, Trkov D, Stanič D, Cernich S, Ciriaco S (2019) First record of Sergeant Major, Abudefduf
saxatilis (Linnaeus, 1758) in the Adriatic Sea. Annales, Series historia naturalis 29: 159–166,
https://doi.org/10.19233/ASHN.2019.15

Osca D, Tanduo V, Tiralongo F, Giovos I, Almabruk S A A, Crocetta F, Rizgalla J (2020) The IndoPacific Sergeant Abudefduf vaigiensis (Quoy & Gaimard, 1825) (Perciformes: Pomacentridae) in
Libya, South-Central Mediterranean Sea. Journal of Marine Science and Engineering 8: 14,
https://doi.org/10.3390/jmse8010014

Ounifi-Ben Amor K, Rifi M, Ghanem R, Draief I, Zaouali J, Ben Souissi J (2016) Update of alien
fauna and new records from Tunisian marine waters. Mediterranean Marine Science 17: 124–
143, https://doi.org/10.12681/mms.1371
Pećarević M, Mikuš J, Bratoš Cetinić A, Dulčić J, Čalić M (2013) Introduced marine species in
Croatian waters (Eastern Adriatic Sea). Mediterranean Marine Science 14: 224–237,
https://doi.org/10.12681/mms.383

Quignard JP, Tomasini JA (2000) Mediterranean fish biodiversity. Biologia Marina Mediterranea
7(3): 1-66
Randall JE (1995) Coastal fishes of Oman. University of Hawaii Press, Honolulu, Hawaii, 439 pp
Rilov G, Galil B (2009) Marine bioinvasions in the Mediterranean Sea - History, distribution and
ecology. In: Rilov G, Crooks JA (eds), Biological Invasions in Marine Ecosystems. Springer,
Berlin Heidelberg, pp 549–575, https://doi.org/10.1007/978-3-540-79236-9_31
Tardent P (1959) Capture d’un Abudefduf saxatilis vaigiensis Q. und G. (Pisces, Pomacentridae) dans le
Golfe de Naples. Revue Suisse de Zoologie 66: 347–351, https://doi.org/10.5962/bhl.part.75225
Tsadok R, Rubin-Blum M, Shemesh E, Tchernov D (2015) On the occurrence and identification of
Abudefduf saxatilis (Linnaeus, 1758) in the easternmost Mediterranean Sea. Aquatic Invasions
10: 101–105, https://doi.org/10.3391/ai.2015.10.1.10
Vacchi M, Chiantore MC (2000) Abudefduf vaigiensis (Quoy and Gaimard, 1825): a tropical
damselfish in Mediterranean Sea. Biologia Marina Mediterranea 7(1): 841–843
Vella A, Agius Darmanin S, Vella N (2015) Morphological and genetic barcoding study confirming
the first Stegastes variabilis (Castelnau, 1855) report in the Mediterranean Sea. Mediterranean
Marine Science 16: 609–612, https://doi.org/10.12681/mms.1391
Vella A, Agius Darmanin S, Vella N (2016a) The first records of Indo-Pacific sergeant Abudefduf
vaigiensis (Quoy and Gaimard, 1825) and further notes on the occurrence of sergeant major A.
saxatilis (Linnaeus, 1758) in Malta: expanding populations of an invasive genus in the
Mediterranean Sea. Journal of the Black Sea and Mediterranean Environment 22(1): 1–15
Vella A, Vella N, Agius Darmanin S (2016b) The first record of the African Sergeant, Abudefduf
hoefleri (Perciformes: Pomacentridae), in the Mediterranean Sea. Marine Biodiversity Records 9:
1–5, https://doi.org/10.1186/s41200-016-0008-7
Zenetos A (2019) Mediterranean Sea: 30 years of biological invasions (1988-2017). In: Langar H,
Ouerghi A (eds), Proceedings of the 1st Mediterranean Symposium on the Non-Indigenous
Species Antalya, Turkey, 18 January 2019. SPA/RAC publishing, Tunis, pp 13-19
Zenetos A, Çinar ME, Crocetta F, Golani D, Rosso A, Servello G, Shenkar N, Turon X, Verlaque M
(2017) Uncertainties and validation of alien species catalogues: the Mediterranean as an example.
Estuarine, Coastal and Shelf Science 191: 171–187, https://doi.org/10.1016/j.ecss.2017.03.031

Supplementary material
The following supplementary material is available for this article:
Table S1. Sources of images of Abudefduf spp. from various geographical locations used in analysis.
Table S2. Analysis of Abudefduf spp. taxonomic characters from images presented in published records.
Table S3. Critical revision of the published records of Abudefduf spp. in the Mediterranean Sea.
This material is available as part of online article from:
http://www.reabic.net/journals/bir/2021/Supplements/BIR_2021_Dragicevic_etal_SupplementaryMaterial.xlsx

Dragičević et al. (2021), BioInvasions Records 10(1): 188–199, https://doi.org/10.3391/bir.2021.10.1.20

199

