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Abstract

The Mediterranean Sea is a global hotspot for marine bioinvasions, with both alien and neo-native species reshaping its bio-
diversity. Among fishes, the diamond lizardfish Synodus synodus, a subtropical Atlantic taxon, has long been considered rare in
the Mediterranean basin, with sporadic and questionable records. Here, we provide the first evidence of established S. synodus
populations in the Mediterranean Sea, based on 34 individuals recorded across 18 sites in the Cyclades, Crete (Greece), and Linosa
island (Italy). Most individuals were large, suggesting established populations. These findings indicate that S. synodus is more
widespread than previously assumed, likely facilitated by ongoing seawater warming and ecological opportunities. Its unnoticed
establishment highlights both the ecological relevance of neo-native fishes and the persistent challenges of detecting novel popu-
lations, even for conspicuous species, in an era of rapid marine biota restructuring.
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establishment.

Introduction

Although the redistribution of marine biota is a
long-standing ecological phenomenon, its pace has in-
creased sharply in recent decades due to human activi-
ties and human-induced climate change (Poloczanska et
al., 2013). The Mediterranean Sea, a biodiversity hotspot
with high endemism (Coll et al., 2010), is among the
world’s most invasion-prone regions, hosting more than
1,000 non-indigenous taxa (Tsirintanis et al., 2022; Gala-
nidi et al., 2023). The Suez Canal represents the primary
artificial corridor for Red Sea species into the Mediterra-
nean (Zenetos & Galanidi, 2020), whereas Atlantic taxa
enter naturally through the Strait of Gibraltar and are of-
ten regarded as “newcomers” or “neo-natives” rather than
true aliens (Essl et al., 2019; Azzurro et al., 2022; Albano
et al., 2024). Species introduction outcomes vary consid-
erably: some species become established, while others
remain rare or fail to persist (Azzurro et al., 2022).

Fish are particularly relevant in this context, being
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involved in major global invasions and thoroughly doc-
umented in the Mediterranean (Giakoumi et al., 2019;
Azzurro et al., 2022). Compared with other taxa, they are
conspicuous, relatively easy to identify, and strongly con-
nected to fisheries, which facilitates both detection and
data collection (Azzurro et al., 2022). Despite this, the
early stages of invasions are rarely observed, and marine
environments pose significant monitoring challenges.
However, citizen science, social media, and open-access
databases have significantly enhanced detection capacity
in recent years (Azzurro et al., 2024). These approaches
are particularly valuable for identifying rare or non-estab-
lished species and for documenting biodiversity changes
(Katsanevakis et al., 2023).

Within this context, the family Synodontidae presents
a compelling case. The genus Synodus (Scopoli, 1777)
includes 49 species inhabiting tropical and subtropical
regions of the Atlantic, Pacific, and Indian Oceans (Fro-
ese & Pauly, 2025; Fricke et al., 2025). These benthic
fishes occupy sandy, rocky, seagrass, and coral reef habi-
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tats down to depths beyond 400 m and are predominantly
piscivorous (Ergiliden ef al., 2024; Froese & Pauly, 2025).
Recent publications provide evidence from the Medi-
terranean Sea of the native S. saurus (Linnaeus, 1758)
coexisting with two congeners of different origins. Syn-
odus randalli (Cressey, 1981), native to the Red Sea and
Western Indian Ocean (Fricke et al., 2025), likely entered
via the Suez Canal and has been recorded since 2023 in
Mersin Bay (Tiirkiye), and Crete (Greece), where a repro-
ducing population is suspected (Langeneck et al., 2023;
Ergliden et al., 2024; Christidis et al., 2024) (but see Dei-
dun et al., 2025 for a discussion on the potential misi-
dentification of this species in the Mediterranean Sea).
The diamond lizardfish S. synodus, a subtropical Atlantic
species sporadically reported in the Mediterranean Sea
since the 1960s, was recently confirmed in Maltese wa-
ters, constituting the first genetically verified record in the
central Mediterranean Sea (Deidun et al., 2025). Synodus
synodus can be distinguished from other Synodus species
by having 12—-14 dorsal fin rays, 8-10 anal fin rays, 5460
lateral line scales, 4.5-6.5 scale rows above the lateral
line, 15—18 pre-dorsal fin scale rows, 12 peritoneal spots,
a pectoral fin tip extending beyond the vertical line from
pelvic fin origin, a narrow interorbital region, saddle-like
blotches on the dorsum, a reddish body, a black blotch on
the snout tip, and anterior nostrils bearing a long flap ex-
tending beyond the margin of the nares (Whitehead et al.,
1984; Russell, 2002; Frable et al., 2013). Here, we build
on these recent findings by providing the first evidence
of established S. synodus populations across multiple
sites in the Mediterranean Sea based on morphological
assessments, which remain the most practical and wide-
ly used tools for on-site surveys, ecological monitoring,
fishery assessments, and rapid biodiversity inventories.
Documenting this neo-native species highlights both its
ecological significance and the broader challenges of de-
tecting and monitoring marine biota in an era of rapid
environmental change.

Materials and Methods

In the coastal waters of Attica and the Cyclades Is-
lands (Greece), underwater visual censuses (UVCs) were
conducted in May and June 2025. Underwater observa-
tions in Crete (Greece) were performed in July 2025, and
in Linosa Island (Italy) in August 2025.

UVCs employing strip transects followed the proto-
col described by Harmelin-Vivien et al. (1985), which
is widely adopted across the Mediterranean (e.g., Di
Franco et al., 2009; Sala et al., 2012; Giakoumi et al.,
2012; 2019; Di Lorenzo et al., 2020). Transects meas-
uring 25 m x 5 m were conducted by trained SCUBA
divers swimming at a constant speed, completing each
transect in approximately 6—8 minutes. All fish species
encountered were recorded, with estimates of abundance
and total length (TL) for each individual. To support ac-
curate species identification, divers used GoPro HERO9
underwater action cameras to film any individuals re-
quiring confirmation. Surveys were performed at depths

between four and 15 m at 53 sites distributed throughout
the Cyclades Islands and mainland Greece, in the region
of southeast Attica (see Table S1), spanning from Varkiza
(37.80000°N, 23.79847°E, northernmost site) to Folegan-
dros Island (36.60300°N, 24.95914°E, southernmost site).

In the coastal waters of Crete and Linosa islands, ob-
servations were made by a scientific diver during casual
dives (approx. depth range: 5-30 m). For each S. syno-
dus individual, data on depth, habitat, and estimated TL
were collected. Several individuals were photographed
and filmed using GoPro HERO9 underwater action cam-
eras. In Linosa, a Canon PowerShot G16 was used with
a Sea&Sea underwater housing and a Sea&Sea YS110
strobe light.

Species identification was confirmed using diagnos-
tic features and images provided by FishBase (Froese
& Pauly, 2025) and Reef Life Survey (Edgar & Stu-
art-Smith, 2014).

On July 10™, 2025, one individual of S. synodus was
captured by a spear fisher at approximately eight m depth
at Akra Vangi, Crete (35.25197°N, 25.75836°E). The
specimen was provided to the authors and identified
based on morphological characteristics described by An-
derson ef al. (1966) and Deidun et al. (2025).

Results

Overall, 34 S. synodus individuals were visually re-
corded at 18 sites: eight in the Cyclades, eight in Crete
and two in Linosa (Fig. 1).

The diamond lizardfish S. synodus has the charac-
teristics described in the Introduction and can be distin-
guished from S. saurus occurring sympatrically in the
Mediterranean by having a snout moderately pointed (vs
rounded in S. saurus), a narrow interorbital region (vs
broad), a black blotch on the snout tip (vs no black blotch-
es), and five saddle-like blotches (vs eight) (Whitehead et
al., 1984; Russell, 2002; Frable et al., 2013; Furuhashi,
unpublished data). This combination of characteristics
identifiable through photograph and video analysis facil-
itated the identification of S. synodus and differentiation
from other lizardfishes, particularly the native S. saurus
(Fig. 2). Individuals from all study areas were observed
at depths of 4-22 m (11.5 + 0.7 m, mean + SE), mostly on
rocky habitats and more rarely in mixed patches of rocky
and sandy bottoms. Total length ranged from 10 to 26 cm
(16.5 + 0.6 cm).

The highest number of individuals recorded at a
site during a single dive was five (at Kamini, Crete,
35.22494°N, 25.73194°E). In terms of density (estimat-
ed only in the Cyclades using strip transects), the highest
value recorded per site was at Serifos Island (37.20731°
N, 24.48494° E), with 0.37 + 0.18 individuals/125 m?.

For the specimen collected (Fig. 3), key identifica-
tion characters matched the species descriptions of An-
derson et al. (1966) and Deidun et al. (2025). The cap-
tured S. synodus specimen measured 26.5 cm TL, 23.8
cm standard length, and 221 g in total weight. It exhib-
ited a fusiform body, somewhat depressed head, slightly
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Fig. 1: Geographic distribution of Synodus synodus observations in the Mediterranean Sea. The upper panel illustrates the overall
distribution, while the three lower panels provide zoomed views of selected areas in which S. synodus was recorded during the
present study. Blue dots indicate sites where S. synodus was recorded in the present study, specifically Linosa (Sicily, southern
Italy), the Cyclades archipelago (Greece), and the Gulf of Elounda (Crete, southern Greece). Yellow dots represent verified records
published in the scientific literature: (1) Almeria (Southeastern Spain) (Lloris, 2015); (2) Malta (Deidun et al., 2025); and (3)
Egypt (Akel & Karachel, 2017). Green dots correspond to records reported in the GBIF database: (4) eastern Spain (Valencian
Community and Region of Murcia); (5, 6) northern and southern Crete, respectively; and (7) Cyprus. Red dots denote records at-
tributed to Synodus randalli, which are likely misidentifications of S. synodus, documented from (8) Janzour coastal area, western
Libya (Fitori & El-Fituri, 2025); (9) southern Crete (Christidis et al., 2024); (10) Mersin Bay (Turkiye) (Erguden et al., 2024);

and (11) Iskenderun Bay (Langeneck et al., 2023), Tiirkiye.

compressed caudal region, sharply pointed snout, a long
flap extending well beyond the margin of nares, 13 dorsal
fin rays, nine anal fin rays, eight pelvic fin rays, 57 pored
lateral line scales, with five scale rows above the lateral
line and seven below.

Discussion

In this study, we report the first evidence of estab-
lished S. synodus populations in the Mediterranean based
on multiple observations of large individuals across a
broad area. The reported morphological and genetic dif-
ferentiation of S. synodus between eastern and western
populations suggests a complex biogeographic history
(Frable et al., 2013; Russell et al., 2016). This species
feeds primarily on small fishes and crustaceans (Fischer
et al., 1981), reaching 45 cm TL; however, individuals
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of approximately 20 cm TL are more common (Froese &
Pauly, 2025).

Although S. synodus has been sporadically reported
in the Mediterranean Sea, published information remains
sparse (Deidun et al., 2025). Its apparent rarity may reflect
low abundance, cryptic behavior, or confusion with oth-
er synodontids (Deidun et al., 2025). Our results confirm
the species’ widespread presence across the Aegean Sea
and beyond, supporting the notion that its apparent rarity
has been largely observational. Environmental changes,
particularly sea warming, may have facilitated a natural
west-to-east expansion from the Atlantic, as proposed for
other neo-native fishes (Azzurro et al., 2022) and other
taxa (Albano et al., 2024). Neo-natives, sensu Essl et al.
(2019), are species that establish beyond their native range
due to human-driven environmental changes rather than
direct introductions. Their impacts can be substantial, of-
ten comparable to those of alien species, highlighting the



Fig. 2: In situ photographs of three individuals of Synodus synodus taken in shallow coastal waters of Cyclades (A-B), and Linosa
(C). All images show the characteristic morphology and color pattern of the species. Panel C (Linosa Island) illustrates the natural
coloration of the species (photograph taken using underwater strobe lighting, as detailed in Materials and Methods section). Panel
D shows an image of Synodus saurus, from authors’ personal archive, included to highlight differences in species’ features.
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Fig. 3: A) Lateral view of the specimen of Synodus synodus caught in Akra Vangi (Crete, Greece) (total length = 26.5 cm); B) Side
view of the head; C) Top view of the head; D) Lateral view of the dorsal fin and detail showing the number of scale rows above
lateral line from dorsal fin origin; E) Ventral view of head and pelvic fin.
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need for careful assessment (Essl et al., 2019).

Although S. synodus individuals were detected using
UVC, their cryptic behavior likely leads to underestima-
tions of true abundance (Thiriet ef al., 2016). Even with
relatively high numbers recorded, the population density
reported here likely underrepresents the species’ actual
abundance in the Mediterranean. The repeated observa-
tion of numerous large individuals suggests the establish-
ment of one or more populations on shallow rocky reefs.
As a piscivore, S. synodus could affect native fish com-
munities through predation on juveniles and small species.

Our observations of S. synodus occurred within a
depth range that does not overlap with published obser-
vations of S. randalli, a congener recently recorded in
deeper, soft-bottom habitats (Cressey, 1981; Langeneck
et al., 2023; Christidis et al., 2024). Our observations
were restricted to the first 30 m due to the observational
methods adopted (underwater visual census and casual
observations by divers), while S. randalli was recorded
through observations from professional fishing opera-
tions. Since our surveys were limited to the first 30 m,
our observations likely do not capture the entire depth
range of S. synodus, which has been reported down to 90
m (Froese & Pauly, 2025). In this context, it is important
to note that Mediterranean records attributed to S. ran-
dalli may in fact correspond to S. synodus (Deidun et al.,
2025). We support this interpretation based on the mor-
phological features described in these studies (Langeneck
et al.,2023; Christidis et al., 2024), which also apply to a
recent record from Libya (Fitori & El-Fituri, 2025). Since
the taxonomy of Synodus is complex, misidentifications
are possible (Furuhashi & Motomura, 2025a, b). Notably,
this challenges the reliability of existing records for these
species.

Despite continuous research on non-indigenous spe-
cies (Tiralongo et al., 2022) and large-scale monitoring
initiatives such as the Occurrence Records of Mediterra-
nean Exotic Fishes (ORMEF) Database (Azzurro et al.,
2024), a species can become established undetected even
in extensively monitored habitats, as demonstrated by S.
synodus. Therefore, maintaining updated and validated
species inventories is crucial for assessing their ecologi-
cal and societal impacts (Azzurro et al., 2022; Tsirintanis
etal., 2022).

Although early detection remains central to managing
biological invasions, traditional monitoring methods for
marine biology studies, such as trawls and UVC, often
lack the resolution to detect low-density or cryptic spe-
cies (Evangelopoulos et al., 2024). Although opportunis-
tic records, citizen science, and underwater photography
are essential for documenting occurrences (Roberts ez al.,
2022), determining whether these observations represent
transient individuals or self-sustaining populations is
challenging and requires information that is rarely avail-
able, including long-term demographic data on reproduc-
tion and spread (Vagenas et al., 2024). Emerging tools,
including environmental DNA (eDNA) analysis (Aglieri
etal.,2023; Varrella et al., 2025) and geospatial platforms
such as the ORMEF Database (Azzurro et al., 2024) and
the European Alien Species Information Network (EAS-
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IN; https://easin.jrc.ec.europa.cu), offer potential for ear-
ly detection and mapping; however, their integration into
long-term monitoring remains limited by logistical and
financial constraints (Katsanevakis et al., 2023).

Our findings demonstrate that S. synodus has estab-
lished previously undetected populations in the Mediter-
ranean, spanning a wide area and reaching considerable
sizes. Although no molecular analyses were performed in
this study, the consistent and diagnostic morphological
characters of S. synodus facilitate robust identification,
while DNA-confirmed records (e.g., Deidun et al., 2025)
further support the reliability of our identifications. This
case highlights how even conspicuous species can remain
undetected for years, emphasizing the difficulty of track-
ing rapid changes in marine biota in a warming sea.

Acknowledgements

This work was funded by BiodivERsA+, the Euro-
pean Biodiversity Partnership under the 2022-2023 Bi-
odivMon joint call for research proposals, co-funded by
the European Commission, MUR (the Italian Ministry
of Education, Universities and Research) and GSRI (the
Greek General Secretariat for Research and Innovation)
for the project CAMBioMed (Coordinated and Adaptive
Monitoring of Biodiversity change across Mediterrane-
an rocky ecosystems). Many thanks to Barry C. Russell,
Enric Sala, Maria Beger, Mauro Sinopoli, Antonio Calo
and Paolo Guidetti for the help in fish species identifica-
tion. We are also grateful to the editor and the anonymous
reviewers whose constructive comments and suggestions
greatly improved an earlier version of this manuscript.

References

Aglieri, G., Quattrocchi, F., Mariani, S., Baillie, C., Spatafora,
D. et al., 2023. Fish eDNA detections in ports mirror fishing
fleet activities and highlight the spread of non-indigenous
species in the Mediterranean Sea. Marine Pollution Bulle-
tin, 189, 114792.

Albano, P.G., Schultz, L., Wessely, J., Taviani, M., Dullinger, S.
et al., 2024. The dawn of the tropical Atlantic invasion into
the Mediterranean Sea. Proceedings of the National Acad-
emy of Sciences of the United States of America, 121 (15),
€2320687121, 1-8.

Anderson, W.W., Gehringer, J.W., Berry, F.H., 1966. Field
Guide to the Synodontidae (Lizardfishes) of the Western
Atlantic Ocean. Fish and Wildlife Service, Bureau of Com-
mercial Fisheries. Circular, 245, 1-12.

Akel, E.S.H.Kh., Karachle, P.K., 2017. The Marine Ichthyo-
fauna of Egypt. Egyptian Journal of Aquatic Biology and
Fisheries, 21 (3), 81-116.

Azzurro, E., D’Amen, M., Chiappi, M., Ferri, F., Grifoni, P. et
al., 2024. ORMEF: A geospatial web platform for mapping
and visualizing exotic fish records in the Mediterranean and
surrounding seas. Management of Biological Invasions, 15
(4), 601-616.

Azzurro, E., Smeraldo, S., D’Amen, M., 2022. Spatio-temporal



dynamics of exotic fish species in the Mediterranean Sea:
Over a century of invasion reconstructed. Global Change
Biology, 28, (21), 6268-6279.

Christidis, G., Ammar, I.A., Antit, M., Barhoum, Y.M., Brundu,
G. et al., 2024. New records of introduced species in the
Mediterranean (August 2024). Mediterranean Marine Sci-
ence, 25 (2), 453—-479.

Coll, M., Piroddi, C., Steenbeek, J., Kaschner, K., Ben Rais
Lasram, F. et al., 2010. The Biodiversity of the Mediter-
ranean Sea: Estimates, Patterns, and Threats. PLoS ONE,
5(8), el1842.

Cressey, R., 1981. Revision of Indo-West Pacific lizardfishes of
the genus Synodus (Pisces: Synodontidae). Smithson Con-
trib Zool, 342:1-ii + 1-53.

Deidun, A., Corsini-Foka, M., Zava, B., Marrone, A., Catalano,
G. et al., 2025. Synodus synodus (Actinopterygii, Aulopi-
formes, Synodontidae) in the coastal waters of Malta, cen-
tral Mediterranean Sea. Acta Ichthyologica et Piscatoria,
55,217-225.

Di Franco, A., Bussotti, S., Navone, A., Panzalis, P., Guidetti,
P., 2009. Evaluating effects of total and partial restrictions
to fishing on Mediterranean rocky-reef fish assemblages.
Marine Ecology Progress Series, 387, 275-285.

Di Lorenzo, M., Guidetti, P., Di Franco, A., Calo, A., Claudet,
J., 2020. Assessing spillover from marine protected areas
and its drivers: A meta-analytical approach. Fish and Fish-
eries, 21,906-915.

Edgar, G., Stuart-Smith, R., 2014. Systematic global assess-
ment of reef fish communities by the Reef Life Survey pro-
gram. Scientific Data, 1 (1), 1-8.

Ergiiden, D., Ayas, D., Alagdz Ergiiden, S., 2024. Range ex-
pansion of Synodus randalli Cressey, 1981 in the northeast-
ern Mediterranean. Annales: Series Historia Naturalis, 34
(1), 119-124.

Essl, F., Dullinger, S., Genovesi, P., Hulme, P.E., Jeschke, J.M.
et al., 2019. A conceptual framework for range-expanding
species that track human-induced environmental change.
Bioscience, 69 (11), 908-919.

Evangelopoulos, A., Karampetsis, D., Christidis, A., Gubili, C.,
Sapounidis, A. et al., 2024. Non-native fish species in the
North Aegean Sea: A review of their distributions integrat-
ing unpublished fisheries data. Frontiers in Marine Science,
11, 1398037.

Fischer, W., Bianchi, G., Scott, W.B., 1981. FAO species iden-
tification sheets for fishery purposes. Eastern Central Atlan-
tic; fishing areas 34, 47 (in part). Canada Funds-in-Trust.
Ottawa, Department of Fisheries and Oceans Canada, by
arrangement with the Food and Agriculture Organization of
the United Nations, Volume 4, pag. var.

Fitori, A., El-Fituri, A., 2025. First Record of the Non-Indige-
nous Randall’s Lizardfish Synodus randalli Cressey, 1981
in Libya waters. International Journal for Multidisciplinary
Research, 7 (4), 1-6.

Frable, B.W., Baldwin, C.C., Luther, B.M., Weigt, L.A., 2013.
A new species of western Atlantic lizardfish (Teleostei:
Synodontidae: Synodus) and resurrection of Synodus bondi
Fowler, 1939, as a valid species from the Caribbean with
redescriptions of S. bondi, S. foetens (Linnaeus, 1766),
and S. intermedius (Agassiz, 1829). Fishery Bulletin, 111
(2), 122-146.

Froese, R., Pauly, D., 2025. FishBase. [Version 04/2025] http://
www.fishbase.org.

Fricke, R., Eschmeyer, W.N., van der Laan, R. (Eds.), 2025. Es-
chmeyer’s Catalog of Fishes: Genera, Species, References.
http://researcharchive.calacademy.org/research/ichthyolo-
gy/catalog/fishcatmain.asp (Electronic version accessed 10
September 2025).

Furuhashi, R., Motomura, H. 2025a. A new species of Synodus
from southern Japan, with a redescription of Synodus usita-
tus Cressey 1981 (Teleostei: Aulopiformes: Synodontidae).
Ichthyological Research, 1-15.

Furuhashi, R., Motomura, H., 2025b. Synodus autumnus, a
new species of lizardfish (Aulopiformes, Synodontidae)
from the Indo-Pacific region, and a reassessment of distri-
butional records of Synodus rubromarmoratus. ZooKeys,
1243, 191-206.

Galanidi, M., Aissi, M., Ali, M., Bakalem, A., Bariche, M. et
al., 2023. Validated inventories of non-indigenous species
(NIS) for the Mediterranean Sea as tools for regional policy
and patterns of NIS spread. Diversity, 15 (9), 962.

Giakoumi, S., Cebrian, E., Kokkoris, G.D., Ballesteros, E. et
al., 2012. Relationships between fish, sea urchins and mac-
roalgae: The structure of shallow rocky sublittoral commu-
nities in the Cyclades, Eastern Mediterranean. Estuarine,
coastal and shelf science, 109, 1-10.

Giakoumi, S., Pey, A., Di Franco, A., Francour, P., Kizilkaya,
Z. et al., 2019. Exploring the relationships between marine
protected areas and invasive fish in the world’s most invad-
ed sea. Ecological Applications, 29 (1), ¢01809.

Harmelin-Vivien, M.L., Harmelin, J.G., Chauvetm C., Duvalm
C. et al., 1985. Evaluation des peuplements et populations
de poissons. Méthodes et problémes. Revue d’écologie, 40
(4), 467-539.

Katsanevakis, S., Olenin, S., Puntila-Dodd, R., Rilov, G., Stehr,
P.A. et al., 2023. Marine invasive alien species in Europe:
9 years after the IAS Regulation. Frontiers in Marine Sci-
ence, 10, 1271755.

Langeneck, J., Bakiu, R., Chalari, N., Chatzigeorgiou, G., Cro-
cetta, F. et al., 2023. New records of introduced species in
the Mediterranean Sea (November 2023). Mediterranean
Marine Science, 24 (3), 610-632.

Lloris, D., 2015. Ictiofauna marina. Ediciones Omega, S.A,
Barcelona, 674 pp.

Poloczanska, E.S., Brown, C.J., Sydeman, W.J., Kiessling,
W., Schoeman, D.S. et al, 2013. Global imprint of cli-
mate change on marine life. Nature Climate Change, 3
(10), 919-925.

Roberts, C.J., Vergés, A., Callaghan, C.T., Poore, A.G.B., 2022.
Many cameras make light work: opportunistic photographs
of rare species in iNaturalist complement structured surveys
of reef fish to better understand species richness. Biodiver-
sity Conservation 31, 1407-1425.

Russell, B.C., 2002. Synodontidae, lizardfishes. In: Carpenter,
K.E. (Ed.) FAO species identification guide for fishery pur-
poses. The living marine resources of the western central
Atlantic. Vol. 2. Bony fishes part 1 (Acipenseridae to Gram-
matidae). FAO and ASIH, Rome, 923-930.

Russell, B., Smith-Vaniz, W.F., Lawrence, A., 2016. Synodus
synodus. The IUCN Red List of Threatened Species 2016:
e.T67856085A67871730.  https://doi.org/10.2305/IUCN.

Mediterr. Mar. Sci., 27/1, 2026, 1-7


https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T67856085A67871730.en

UK.2016-3.RLTS.T67856085A67871730.en. Accessed on
July 29, 2025.

Sala, E., Ballesteros, E., Dendrinos, P., Di Franco, A., Ferretti,
F. et al., 2012. The Structure of Mediterranean Rocky Reef
Ecosystems across Environmental and Human Gradients,
and Conservation Implications. PLoS ONE, 7 (2), e32742.

Thiriet, P.D., Di Franco, A., Cheminée, A., Guidetti, P., Bian-
chimani, O. et al., 2016. Abundance and Diversity of Cryp-
to- and Necto-Benthic Coastal Fish Are Higher in Marine
Forests than in Structurally Less Complex Macroalgal As-
semblages. PLoS ONE, 11 (10), e0164121.

Tiralongo, F., Hall-Spencer, J.M., Giovos, L., Kleitou, P., 2022.
Editorial: Biological invasions in the Mediterranean Sea.
Frontiers in Marine Science, 9, 1016168.

Tsirintanis, K., Azzurro, E., Crocetta, F., Dimiza, M., Froglia,
C.etal.,2022. Bioinvasion impacts on biodiversity, ecosys-
tem services, and human health in the Mediterranean Sea.

Supplementary Data

Aquatic Invasions, 17 (3), 308-352.

Vagenas, G., Karachle, PK., Oikonomou, A., Stoumboudi,
M.Th., Zenetos, A., 2024. Decoding the spread of non-in-
digenous fishes in the Mediterranean Sea. Scientific Re-
ports, 14, 6669.

Varrella, S., Livi, S., Corinaldesi, C., Castriota, L., Maggio,
T. et al., 2025. A comprehensive assessment of non-indig-
enous species requires the combination of multi-marker
eDNA metabarcoding with classical taxonomic identifica-
tion. Environment International, 199, 109489.

Whitehead, P.J.P., Bauchot, M.-L., Hureau, J.-C., Nielsen, J.G.,
Tortonese, E., 1984. Fishes of the North-eastern Atlantic
and the Mediterranean. Vol. 1. UNESCO. 1-510.

Zenetos, A., Galanidi, M., 2020. Mediterranean non indigenous
species at the start of the 2020s: Recent changes. Marine
Biodiversity Records, 13 (1), 1-17.

The following supplementary information is available online for the article:
Table S1. List of all sampling sites in Greece (Attica and the Cyclades Islands) where underwater visual census (UVC) surveys
were conducted. For each site, location name, site code, geographic coordinates, sampling date and the recorded presence of Syn-

odus synodus are reported.

Mediterr. Mar. Sci., 27/1, 2026, 1-7


https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T67856085A67871730.en

