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Abstract: In this work, combined efforts by Greek and Turkish scientists produced an
updated validated NIS inventory of the Aegean ecoregion, covering 120 years of records
up to August 2024. Of the 342 NIS currently present in the Aegean Sea, the majority
(281 species) have invaded the South Aegean, followed by the North Aegean (128 species
out of 206 NIS). A total of 73 species were added to the list, while 56 were removed.
Overall, unaided spread of Lessepsian immigrants from the Levantine Sea and shipping
are equally responsible for NIS reported at the regional level. An increase in publications
addressing NIS matches the upward trend of NIS since the mid-1990s, which continues
to the present day. While unaided introductions of Lessepsian species and/or direct
introductions via the Suez Canal peaked in the South Aegean during 2000-2005, they
peaked in 2012-2017 in the North Aegean—a decade later. The opposite pattern was
observed in ship-transferred NIS. The spatial distribution of introduction hotspots largely
reflects the following phenomena/processes: unaided introduction is witnessed initially in
the southeastern Aegean Sea; monitoring efforts are concentrated in vulnerable and at-risk
areas; and research efforts relate to the spatial allocation of institutions and marine experts
working on marine NIS along the Aegean coasts.
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1. Introduction

The Aegean Sea occupies the northeastern part of the East Mediterranean Sea. It
incorporates Greek and Turkish territorial waters and international waters. An imaginary
line delineates the borders of Greek and Turkish territorial coastal waters.

The Aegean Sea stands as a unique Mediterranean ecoregion with intricate geomor-
phological attributes and diverse habitats. The North Aegean comprises the northern
continental shelf, which receives significant freshwater input from large rivers, while water
with reduced salinity enters also from the Black Sea through the Dardanelles Straits. The
South Aegean is characterized by the elongated deep basin known as the Cretan Sea. This
area contains the greatest depths in the Aegean Sea, with the Karpathos Basin reaching
depths of approximately 2500 m. The area is intensively exploited by industrial, small-scale
coastal, and recreational fisheries. The aquaculture industry is well-developed, and its is-
lands are popular touristic destinations [1,2]. Shipping activity in the Aegean is substantial,
both for recreational and passenger vessels as well as for commercial vessels, particularly
with three major port destinations, namely the ports of Piraeus, Thessaloniki, and Izmir [3].
At the same time, due to its complex morphology, it hosts a multitude of habitats, reflected
in a high species richness [4]. It has a high coverage of important keystone habitats, such
as Posidonia oceanica beds, coralligenous formations, and marine caves [5]), as well as pho-
tophilic algal communities of high conservation value [6]. A series of marine protected
areas have been established under various conservation schemes, both along the Turkish
coastline [7] and throughout the Greek part of the Aegean [4].

The Aegean Sea is a favorite destination not only for tourists from all over the world,
but also for marine biota, including the so-called non-indigenous species (NIS), which arrive
either unaided or by other means, such as vessels. Indeed, marine NIS are introduced
to the Aegean Sea from all directions, that is: southwards from the Black Sea via the
Dardanelles Straits; northwards from the Levantine Sea or even further from the Red Sea
via the Suez Canal; eastwards from the Ionian Sea. Non-indigenous species (NIS) along the
Turkish or Greek coastal areas have been reported either at the regional/subregional scale
(e.g., Aegean [8-10]; North Aegean [11]) or as part of national reviews: Tiirkiye [12-14];
Greece [15-17]. Additional NIS are reported in the recent literature (2020-2024), related
mostly to findings of new species in Greek coastal waters [18-42] and /or in Turkish coastal
waters [23,27,43-51]. In addition to the new records for the study area, recent publications
address the geographic expansion from the South to the North Aegean Sea [11,39,52], as
well as the successful establishment of certain invasive species.

Although the largest species richness and most records of alien species in the Aegean
Sea occur in its southernmost part [53], several species have also been recorded in the North
Aegean Sea. By September 2020, there were 212 NIS records in the Aegean Greek coastal
waters: 92 NIS in the North Aegean, and 196 in the South Aegean Sea [17].

Nevertheless, a recently published study [54] indicated that the main trajectory of the
Lessepsian NIS of fishes follow a northward path in the Levantine Sea, accompanied by
a westward movement towards the southern parts of the Aegean Sea. Apparently, NIS
of fishes accelerate their spread over time and space, particularly following their initial
introduction into the Mediterranean Sea (via the Suez Canal), successfully moving beyond
the warmer Levantine Sea to the progressively colder waters of the Greek South Aegean
Sea [54]. Furthermore, several Lessepsian NIS have been recorded in the even colder and
less saline waters of the North Aegean Sea [1].

Even though Greek and Turkish NIS experts have a long history of collaboration
in the context of Mediterranean inventories [55-60], as well as individual publications
in [27,61-63], this is the first concerted effort to address NIS in the whole of the Aegean as
an ecoregional unit, bringing together data from both its coasts.
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The aim of this work is to present an updated and thoroughly validated list of NIS in
the Aegean Sea and their rate of introduction and distribution along the south-north axis,
and explore their relevance to pathways and scientific effort.

2. Methodology

The limits of oceans and seas vary in the literature, especially when it comes to their
spatial classification related either to management- or ecological-based purposes [64—66].
Fourcy and Lorvelec [67] noted that toponyms of the International Hydrographic Organiza-
tion [64,68] could occasionally not be located or proved aberrant. In one of the most widely
used recent studies [65], the boundaries of the Aegean Sea included zones south of Crete
and east of Rhodes, areas that, according to the Greek Ministry of Environment and Energy,
belong to the Levantine Sea [69].

In our study, as a rule, the borders of the Aegean were delimited according to Jensen
and Panagiotidis [66], who have harmonized them with existing boundaries established
under the Regional Sea Conventions, the biogeographic boundaries established under the
Habitats Directive and the boundaries of marine waters reported by EU Member States, but
modified to include non-EU waters (Figure 1). Northwards, the Aegean Sea is separated
from the Black Sea by a line connecting the Mehmetcik and Kumkale lighthouses in the
Dardanelles Strait [64]. This definition is also in line with the Barcelona Convention, which
was adopted in 1976 and entered into force in 1978. For the west borders of the Aegean
with the Ionian Sea, we followed the boundaries of the Greek Ministry of Environment and
Energy [69]. Similarly, we followed the boundaries of the Aegean with the Levantine up to
the port of the island of Rhodes [69], but these were freely extended to the Turkish coasts
up to Dalaman River’s estuary.

With regard to the limits of the North Aegean Sea versus the South Aegean, the line
followed the borders defined by the Greek Ministry of Environment and Energy [69] for
the Greek part but was freely extended to the Turkish coasts up to Karaabdullah Burnu.

Reviews and individual papers about all species reported from the Aegean Sea were
compiled in a single sheet but were also archived for the southern and northern areas
of both countries (Aegean sectors: North Aegean Tiirkiye, South Aegean Tiirkiye, North
Aegean Greece, South Aegean Greece). The basis of our work consists of the latest reviews
of NIS in Turkish waters [14] and Greek waters [17] that include their distribution in the
Aegean coasts. Moreover, some unpublished records are reported herein.

The NIS reported from the Aegean Sea [14,17], classified as misidentification, native,
or cryptogenic [60,70,71] were excluded in our work. In contrast, species with divergence
of opinions among Mediterranean countries/experts, but considered NIS by most Mediter-
ranean countries, were retained in our list. NIS previously reported with a “questionable”
establishment status according to [70,71]—i.e., with uncertainty regarding the taxonomic
validity of the species records—were judged on a case-by-case basis. Finally, polychaete
species classified in [60] as likely aliens (considered debatable species by [72], in many cases
without re-examination of the available material or comparison with type specimens) were
kept in our list. While this may appear inconsistent with regional inventories, the key point
here is that regional lists emerge as a result of consensus building among experts, with the
understanding that, after informed discussion, national lists remain at the discretion of the
national experts [73]. Furthermore, designations at the national level are often accompa-
nied by lower uncertainty compared to wider geographic scales (i.e., higher confidence in
species/specimen identification, introduction pathways, etc.), hence the inclusion of some
debatable species sensu [60] in the Aegean list is considered justified.
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Figure 1. Geographic limits of the study area. The two sections of each subregion are defined by the
coastal waters of Greece and Tiirkiye respectively.

All records were validated by taxonomic experts among the authors: Mollusca—Alper
Dogan, Argyro Zenetos; Polychaeta—Ertan Dagli, Georgios Chatzigeorgiou;
Crustacea—Ahmet Kerem Bakir, Maria Corsini-Foka; Macrophytes—Ergun Taskin;
fishes—Maria Corsini-Foka, Athanasios Evangelopoulos; Foraminifera—Mehmet Baki
Yokes, Engin Meric; remaining groups—Argyro Zenetos, Marika Galanidi.

Nomenclature follows the World Register of Marine Species [74].

The species list includes every first novel report of species introduction, irrespective of
the establishment status. In our analysis, we only considered the first new record of a NIS
within a subregion/sector. The number of species detected /observed per six-year cycle
since 1970 was analyzed from these datasets.
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Pathways of introduction were assigned to first records according to the Convention
on Biological Diversity classification [75,76], namely: (i) corridor (COR) (e.g., movement of
alien species via canals); (ii) escape from confinement (EC) (e.g., aquaculture); (iii) transport
stowaway (TS) (e.g., moving of live alien species by maritime transport via ballast water
and sediments, bio-fouling of water vessels and dredging, angling or fishing equipment);
(iv) release in nature (REL) (e.g., intentional introduction of live alien species for fishing,
release of aquarium trade species); (v) transport contaminant (TC) (unintentional movement
of live pests, through international trade); and (vi) unaided (UNA) (e.g., natural dispersal
of invasive alien species that have been introduced by different pathways).

The overlap in NIS between the four Aegean sectors (North Aegean Tiirkiye, South
Aegean Tiirkiye, North Aegean Greece, South Aegean Greece) was visualized with Venn
diagrams, utilizing the package ‘ggvenn’ [77] in the R statistical environment. For the
purposes of this analysis, “unique” species are defined as those species that appear in one
sector, while “shared” species are the species that are present and shared among two or
more sectors.

The distribution of NIS in the neighboring seas was extracted from the unpublished
database of the Hellenic Centre for Marine Research (HCMR) for the Ionian and Levantine
Seas, while for the Marmara Sea [14], it was updated with the recent literature, e.g., [39,51].

3. Results

In total, 342 NIS have been introduced to the Aegean Sea since 1894, of which 240
were found along the Turkish coasts and 254 along the Greek coasts (Supplementary File).
Seventy-three (73) species were added to the list of Aegean NIS (Table 1), twenty of which
had been reported before 2000; the remaining were reported in the period 2000-2024.
The majority of new records belong to Mollusca (25 species), Crustacea (15 species) and
Polychaeta (14 species).

Table 1. Introduced NIS along the Aegean coasts of Tiirkiye and/or Greece, reported in the period
2020-2024. Shaded species correspond to records published before 2020 but missing from Cinar
et al. and/or Zenetos et al. [14,17]. Group: ASC = Ascidiacea; BRY = Bryozoa; CHLO = Chloro-
phyta; CNI = Cnidaria; CRU/CIR = Crustacea/Cirripedia; CRU/DEC = Crustacea/Decapoda;
CRU/AMP = Crustacea/ Amphipoda; CRU/COP = Crustacea/Copepoda; CRU/ISO = Crus-
tacean/Isopoda; FISH = fishes; MAM = mammals; MOL = Mollusca; RHO = Rhodophyta;
OCHR = Ochrophyta; PAR = Parasites; POL = Polychaeta.

Group Species Tiirkiye Greece Source

MOL Acteocina mucronata (Philippi, 1849) 2017 Bitlis and Ozturk in [34]

MOL Atys ehrenbergi (Issel, 1869) 2016 Agamennone and Micali [28]

MOL Baeolidia moebii Bergh, 1888 2021 Kytinou et al. [31]

MOL Biuve fulvipunctata (Baba, 1938) 2004 2020 TR [78]; GR [79]

MOL Cingulina isseli (Tryon, 1886) 2021 Opvalis and Zenetos in [21]

MOL Cycloscala hyalina (G.B. Sowerby II, 1844) 2017-2018 Manousis [26]

MOL Dikoleps fnzcalzz Agamennone, Sbrana, Nardi, Siragusa and 2016 Agamennone et al. [18]
Germana, 2020

MOL Elysia nealae Ostergaard, 1955 2019 Manousis et al. [79]

MOL Elysia tomentosa K. R.Jensen, 1997 2002-2004 Okus et al. [80]

MOL Finella pupoides A. Adams, 1860 2012 Manousis [26]

MOL Haloa japonica (Pilsbry, 1895) 2020 Manousis et al. [79]

MOL Heliacus implexus (Mighels, 1845) 2019 Kontadakis et al. [25]

MOL Isognomon bicolor (C. B. Adams, 1845) 2016 Angelidis in [81] as M. regula

MOL Juxtacribrilina mutabilis (Ito, Onishi & Dick, 2015) 2019-2020 Martaeng et al. [37]

MOL Megastomia lorioli (Hornung & Mermod, 1924) 2015 2010 TR [82]; GR[26]

MOL Melanella orientalis Agamennone, Micali & Siragusa, 2020 2016 Agamennone et al. [19]

MOL Nudiscintilla cf. glabra Liitzen & C. Nielsen, 2005 2019 Geirun and Zenetos in [27]

MOL Odostomia sp. 2020-2021 Zaminos et al. [83]

MOL Retusa desgenettii (Audouin, 1826) 2002 2014 TR [84]; GR[85]

MOL Rissoina bertholleti Issel, 1869 2005 Kogcak and Katagan [86]
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Table 1. Cont.

Group Species Tiirkiye Greece Source

MOL Spondylus cf. spinosus Schreibers, 1793 2002-2004 Okus et al. [80]

MOL Stosicia lineata (Dunker, 1860) 2023 Opvalis and Zenetos [41]

MOL Teredothyra dominicensis (Bartsch, 1921) 2011 Reuben Shipway et al. [87]

MOL Turbonilla edgarii (Melvill, 1896) 2020 Manousis [26]

MOL Turbonilla cangeyrani Ovalis Mifsud, 2017 2016 Ovalis and Mifsud [88]

RHO Colaconema codicola (Borgesen) Stegenga, J.J.Bolton R.J.Anderson 2019 Tsioli and Orfanidis in [27]

RHO Womersleyella setacea (Hollenberg) R.E.Norris 2022 Taskin and Minareci in [48]

OCHR Colpomenia peregrina Sauvageau 2022 This study (Ttibitak Project 121Y215)

CHLO Udotea flabellum (J. Ellis Solander) M. Howe 2022 Okudan and Tuney Kizilkaya in [47]

POL Branchiomma bairdi (McIntosh, 1885) 2015 2015 GR: Ulman etal. [89]

POL Branchiosyllis maculata (Imajima, 1966) 2020-2021 Chatzigeorgiou et al. [90]

POL Caulleriella fragilis (Leidy, 1855) 2020-2021 Chatzigeorgiou et al. [90]

POL Dodecaceria sextentaculata (Delle Chiaje, 1822-1826) 2020-2021 Chatzigeorgiou et al. [90]

pOL Eurythoe complanata (Pallas, 1766) 2008 Chatzigeorgiou etal. [91]

POL I;ydrqzdes amri Sun, Wong, ten Hove, Hutchings, Williamson 2020-2021 Chatzigeorgiou etal. [90]

upriyanova, 2015

POL Hydroides operculata (Treadwell, 1929) 2020-2021 Chatzigeorgiou et al. [90]

POL Metasychis gotoi (Izuka, 1902) 1996 1955 TR[92]; GR [93]

POL Neopseudocapitella brasiliensis 1991 GR: Simboura and Nicolaidou [94]
Rullier Amoureux, 1979

POL Notomastus mossambicus (Thomassin, 1970) 2018 Katsanevakis et al. [52]

POL Paraprionospio coora Wilson, 1990 1999 1983 TR[95]; GR. [96]

POL Prionospio japonica Okuda, 1935 2020-2021 Chatzigeorgiou et al. [90]

POL Syllis crassicirrata (Treadwell, 1925) 2020-2021 Chatzigeorgiou et al. [90]

POL Terebella ehrenbergi Grube, 1869 1970 Arvanitidis [97]

CRU/AMP Laticorophium baconi (Shoemaker, 1934) 2022 Guerra-Garcia et al. [38]

CRU/COP Calanopia elliptica (Dana, 1849) 1999 2018 TR: Aker [98]; GR[99]

CRU/COP Labidocera pavo Giesbrecht, 1889 1999 Aker [98]

CRU/COP Pseudodiaptomus marinus Sato, 1913 2015 2016 TR [44]; GR [33]

CRU/COP Parvocalanus crassirostris (Dahl E., 1894) 2016 Besiktepe et al. [44]

CRU/CIR Megabalanus tintinnabulum (Linnaeus, 1758) 1969 Geldiay and Kocatas [100]

CRU/ISO Paracerceis sculpta (Holmes, 1904) 2022 Daglietal. [51]

CRU/DEC Gonioinfradens giardi (Nobili, 1905) 2015 Katsanevakis et al. [52]

CRU/DEC Homarus americanus H. Milne Edwards, 1837 2019 Kampouris et al. [24]

CRU/DEC Matuta victor (J.C. Fabricius, 1781) 2022 Karachle and Martinez in [47]

CRU/DEC Metapenaeus monoceros (Fabricius, 1798) 2021 Bilecenoglu and Cimar [101]

CRU/DEC Penaeus semisulcatus De Haan, 1844 2012 Soykan etal. [102]

CRU/DEC Pilumnus minutus De Haan, 1835 2010 Gerovasileiou etal. [103]

CRU/DEC Urocaridella pulchella Yokes Galil, 2006 2020 Digenis et al. [22]

CRU/DEC Xanthias lamarckii (H. Milne Edwards, 1834) 2013 Corsini-Foka et al. [104]

ASC Botryllus gaiae Brunetti, 2020 2000 Brunetti et al. [105]

ASC Clavelina oblonga Herdman, 1880 2020 Alvanou et al. [40]

ASC Didemnum vexillum Kott, 2002 2022 Cinar and Ozgiil [49]

ASC Microcosmus squamiger Michaelsen, 1927 2019 Montesanto and Mastrototaro in [34]

ASC Polyclinum constellatum Savigny, 1816 2019 Montesanto et al. [32]

BRY Celleporaria brunnea (Hincks, 1884) 2020 Georgiadis and Evangelopoulos in [34]

CNI Phyllorhiza punctata von Lendenfeld, 1884 2018 This study: ELNAIS [99]

FISH Cheilodipterus novemstriatus (Riippell, 1838) 2023 2022 TR [48]; GR [42]

FISH Fistularia petimba Lacepéde, 1803 2019 2020 TR [45]; GR[11]

FISH Oncorhynchus kisutch (Walbaum, 1792) 2021 Kampouris and Batjakas in [21]

FISH Pagrus major (Temminck Schlegel, 1843) 2019 Kampouris et al. [23]

FISH Oxyurichthys petersii (Klunzinger, 1871) 2018 Evangelopoulos et al. [11]

FISH Scarus ghobban Forsskal in Niebuhr, 1775 2021 Akyol and Unal in [34]

MAM Sousa plumbea (G. Cuvier, 1829) 2018 Frantzis [106]

PAR Marinomyxa marina Kolatkova, Cepicka, Hoffman et Vohnik 2015 2018 TR [107]; GR [29]

Species reported as NIS from the Aegean Sea [14,17] but excluded here (misidentifica-

tion, native, cryptogenic, absent), following [60,70,71], are listed in Table 2. Species with

divergence of opinions that are included in our list are presented in Table 3.

Among the 342 validated NIS species in the Aegean Sea, most species belong to Mol-
lusca (70 NIS), followed by fishes (59 NIS), Annelida (Polychates: 56 NIS), and Arthropoda
(Crustaceans: 55 NIS) (Figure 2).

The majority of NIS are distributed in the South Aegean, with 281 NIS, 39% of which
(109 species) are common in both the Greek and Turkish coasts. The North Aegean hosts
206 NIS, 32% of which (66 species) are common in the Greek and Turkish coasts. With
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regard to the continuity of the North Aegean with the South Aegean, approximately 46%
of the South Aegean’s NIS (128 species) are also present in the North Aegean, making up
63% of its NIS biota.

Details of the NIS distribution across the four Aegean sectors are depicted in Figure 3.

The similarity in NIS composition between the Aegean and its neighboring seas
(Levantine, Ionian, Marmara) is shown in Figure 4. Of the 802 species that have been
introduced into the Levantine Sea, 267 (33%) also occur in the Aegean Sea and 131 (16%)
occur in the Ionian Sea, while only 70 (9%) of them have reached the sea of Marmara. The

Aegean Sea shares 127 NIS with the Ionian Sea, and 77 NIS with the Sea of Marmara.

Table 2.

Species reported as NIS from the Aegean Sea (Greece—GR 2000 [17]; Tiirkiye

TR 2021 [14]) but excluded due to misidentification, absence, native, cryptogenic, or

questionable records.

FISH = fishes,

Group:

CRU/ISO = Crustacean/Isopoda;
RHO = Rhodophyta; TRA = Tracheophyta POL = Polychaeta.

ASC = Ascidiacea; BRY = Bryozoa; CNI
CRU/DEC = Crustacea/Decapoda;
CRU/TAN = Crustacea/Tanaidacea; FOR =

= Cnidaria;

CRU/CIR = Crustacea/Cirripedia;

Foraminifera;

Group Species GR 2020 TR 2021 Comments for the Mediterranean Sea

RHO Ganonema farinosum (Lamouroux) Fan and Wang no yes Status unresolved (debatable species)

RHO Acanthophora nayadiformis (Delile) Papenfuss no yes Status unresolved (debatable species)

RHO Ceramium bisporum D.L.Ballantine yes no Cryptogenic

RHO Polysiphonia kampsaxii Boergesen no yes Questionable record

RHO Vertebrata fucoides (Hudson) Kuntze no yes NIS in TR—cryptogenic elsewhere

TRA Halophila decipiens Ostenfeld yes no Misidentification ([108])

POL Caulleriella viridis (Langerhans, 1881) yes no Probably cryptogenic ([70])

POL Lepidonotus tenuisetosus (Gravier, 1902) yes no Misidentification ([109])

POL Neanthes agulhana (Day, 1963) yes no Likely cryptogenic ([70])

POL Sigambra parva (Day, 1963) yes no Probably cryptogenic ([70])

ASC Diplosoma listerianum (Milne Edwards, 1841) yes yes Status unresolved (debatable species)

ASC Ascidiella aspersa (Miiller, 1776) yes yes Cryptogenic

BRY Amathia verticillata (delle Chiaje 1822) yes yes Status unresolved (debatable species)

CNI Filellum serratum (Clarke, 1879) no yes Status unresolved (debatable species)

CRU/DEC Calappa pelii Herklots, 1851 yes no Status unresolved (debatable species)

CRU/CIR Amphibalanus improvisus (Darwin, 1854) no yes Status unresolved (debatable species)

CRU/CIR Coleusia signata (Paulson, 1875) yes no Absent. Present only in the Levantine

CRU/TAN Paradoxapseudes intermedius (Hansen, 1895) no yes Native

CRU/ISO Mesanthura cf. romulea Poore and Lew-Ton, 1986 yes no In the Levantine only

FOR Adelosina colomii (Le Calvez Le Calvez, 1958) no yes Native

FOR Amphisorus hemprichii Ehrenberg, 1840 no yes Status unresolved (debatable species)

FOR Articulina alticostata Cushman, 1944 no yes Questionable record

FOR Articulina carinata Wiesner, 1923 no yes Native

FOR Astacolus insolitus (Schwager, 1866) no yes Questionable record

FOR Bolivina arta MacFadyen, 1931 no yes Native/range expanding

FOR Bolivina striatula Cushman, 1922 no yes Native/range expanding

FOR Coscinospira acicularis (Batsch, 1791) no yes Native/range expanding

FOR Cushmanina striatopunctata (Parker and Jones, 1865) no yes Cryptogenic

FOR Cymbaloporetta plana (Cushman, 1915) no yes Status unresolved (debatable species)

FOR Cymbaloporetta squammosa (d’Orbigny, 1839) no yes Status unresolved (debatable species)

FOR Dentalina albatrossi (Cushman, 1923) no yes Questionable record

FOR Euthymonacha polita (Chapman, 1904) no yes Status unresolved (debatable species)

FOR Globobulimina auriculata (Bailey, 1894) no yes Native/range expanding

FOR Iridia diaphana Heron-Allen and Earland, 1914 no yes Native/range expanding

FOR Melonis affinis (Reuss, 1851) no yes Circumglobal distribution

FOR Nodophthalmidium antillarum (Cushman, 1922) no yes Native/range expanding

FOR Peneroplis arietinus (Batsch, 1791) no yes Native/range expanding

FOR Peneroplis pertusus (Forsskal in Niebuhr, 1775) no yes Status unresolved (debatable species)

FOR Peneroplis planatus (Fichtel and Moll, 1798) no yes Native/range expanding

FOR Planogypsina squamiformis (Chapman, 1901) no yes Native/range expanding

FOR Polymorphina fistulosa Williamson, 1858 no yes Status unresolved (debatable species)

FOR Pseudonodosaria brevis (d’Orbigny, 1846) no Yes Questionable record

FOR Pulleniatina obliquiloculata (Parker Jones, 1862) no yes Native/range expanding

FOR Pyramidulina catesbyi (d’Orbigny, 1839) no yes Native/range expanding

FOR Pyramidulina perversa (Schwager, 1866) no yes Questionable record

FOR Quinqueloculina carinatastriata (Wiesner, 1923) no yes Native

FOR Quinqueloculina sp. C d’Orbigny, 1826 no yes Questionable record

FOR Recurvoidella bradyi (Robertson, 1891) no yes Native/range expanding

FOR Sorites orbiculus Ehrenberg, 1839 no yes Native/range expanding

FOR Triloculina affinis 'Orbigny, 1852 no yes rslzggr;ym of Triloculina trigonula (Lamarck, 1804), which is

FOR Triloculina cf. fichteliana d’Orbigny, 1839 no yes Native/range expanding

FOR Triloculina sp. A d’Orbigny, 1826 no yes Questionable record

FOR Vaginulinopsis sublegumen Parr, 1950 no yes Questionable record

FOR Veleroninoides scitulus (Brady, 1881) no yes Cryptogenic, Circumglobal distribution
ORI, Native, crytogenic, misidentification Merged with A. cf.

FISH Abudefiuf cf. saxatilis (Linnaeus, 1758) yes ne vaigiensisyrepgorted as A. saxatilis/ vaigier%sis /troschelii

FISH Tylosurus crocodilus (Péron Lesueur, 1821) yes no Misidentification
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Table 3. Species with divergence of opinions according to Galanidi et al. [60] included in our list.
Group: ECH = Echinodermata; MOL = Mollusca; POL = Polychaeta.

Group Species
MOL Bursatella leachii Blainville, 1817 Cryptogenic in IL, IT, MT—NIS elsewhere
ECH Ophiactis savignyi (Miiller Troschel, 1842) Cryptogenic in IT—NIS elsewhere
POL Hydroides dirampha Morch, 1863 Cryptogenic in ES—NIS elsewhere
POL Hydroides elegans (Haswell, 1883) cryptogenic in ES—NIS elsewhere
POL Eurythoe complanata (Pallas, 1766) Likely alien polychaete
POL Metasychis gotoi (Izuka, 1902) Likely alien polychaete
POL i\ge;gseudocapltella brasiliensis Rullier Amoureux, Likely alien polychacte
POL Pista unibranchia Day, 1963 Likely alien polychaete
POL Ficopomatus enigmaticus (Fauvel, 1923) NIS questioned as cryptogenic
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Figure 2. Representation of the major taxa groups among the NIS present in the Turkish part (TR-AEG)
and the Greek part (GR-AEG) of the Aegean.

SA_TR NA_GR

Figure 3. Number of species that are unique to or shared between the four Aegean subregions. Each
intersection in the Venn diagrams represents the number of species contained only within the specific
combination of geographic areas and nowhere else. NA_TR = North Aegean Tiirkiye; SA_TR = South
Aegean Tirkiye; NA_GR = North Aegean Greece; SA_GR = South Aegean Greece.
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Figure 4. Shared species of the study area (AEG = Aegean Sea) with the neighboring seas:
LEV = Levantine Sea; ION = Ionian Sea; MAR = Marmara Sea.

As an example of the most likely pathway responsible for the occurrence of NIS in the
neighboring seas, the distribution of the 41 widespread NIS across all Aegean sectors and
in the neighboring seas is given in Table 4. It is clear that the majority of species occurring
across the Aegean Sea originate as NIS in the Levantine Sea. They are all Red Sea species
that have invaded the Levantine Sea via the Suez Canal (Lessepsian immigrants), with
some of them progressively reaching the Sea of Marmara and/or the Ionian Sea. On the
other hand, such a pattern is not clear for those NIS transported with vessels (pathway TS),
which are often first introduced into either the Aegean or the Ionian and then spread to the
other subregions independently of the counterclockwise Mediterranean circulation.

Table 4. List of species common across the Aegean sectors and their distribution in the neighboring
seas. The year the species was initially detected is shown in bold. Pathway: COR = corridor;
TS = transport stowaway; UNA = unaided; REL = release in nature.

PATH WAY Levantine Sea Aegean Sea Marmara Sea Ionian Sea
Amphistegina lobifera Larsen, 1976 UNA/TS 1950 1967 1955-1961
Aspar.agops,ls taxiformis (Delile) Trevisan UNA 2006 1992 1984 1992
de Saint-Léon
Brachidontes pharaonis (P. Fischer, 1870) UNA/TS 1876 1975 2004 1969
Bregmaceros nectabanus Whitley, 1941 UNA 2002 2005 - 2016
Bursatella leachii Blainville, 1817 UNA 1940 1975 2020 1973
Callinectes sapidus Rathbun, 1896 TS <1941 1947 2001 1999
Callionymus filamentosus
Valenciennes, 1837 UNA 1953 2003 - 2007
Caulerpa cylindracea Sonder TS 1991 1996 2020 1993
Celleporaria brunnea (Hincks, 1884) TS 2003 2004 - 2013
Chaetozone corona Berkeley and
Berkeley, 1941 TS 2005 1980 2008 1982
Champsodon nudivittis (Ogilby, 1895) UNA 2008 2010 - -
Ciona robusta Hoshino and Tokioka, 1967 TS 1816 1901 - 2021
Codium fragile (Suringar) Hariot TS 1998 1983 1998 <1974
Cutleria multifida (Turner) Greville TS 1997 1932 1984 1904
Diadema setosum (Leske, 1778) UNA 2009 2014 - 2019
Etrumeus golanii DiBattista, Randall and UNA 1931 1999 ) )
Bowen, 2012
Fistularia commersonii Riippell, 1838 UNA 1975 2001 - 2007
Halophila stipulacea (Forsskal) Ascherson ~ UNA/TS 1894 1923 - 1955
Hydroides elegans (Haswell, 1883) TS 1904 1972 2012 1964
Lagocephalus guentheri Miranda
Ribeiro, 1915 UNA 1949 1952 2007 2005
Lagocephalus sceleratus (Gmelin, 1789) UNA 2004 2003 2008 2009
Lagocephalus suezensis Clark and UNA 1975 2000 ) )

Gohar, 1953
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Table 4. Cont.

PATH WAY Levantine Sea Aegean Sea Marmara Sea Ionian Sea
Lophoclz.zdm trichoclados (C.Agardh) TS 1953 1908 ) 1969
F.Schmitz
Lysidice collaris Grube, 1870 TS 1968 1975 - <1961
Magallana/Crassostrea sp./spp. REL 1992 2006 2004 1966
Metasychis gotoi (Izuka, 1902) TS 1957 1955 2008 1984
Mnemiopsis leidyi A. Agassiz, 1865 TS 1992 1990 1991 2009
Notomastus aberans Day, 1957 TS 1997 1964 2013 1990
Penaeus aztecus Ives, 1891 EC 2009 2012 - 2013
Pinctada radiata (Leach, 1814) UNA/REL 1874 1961 - 1995
Pterois miles (Bennett, 1828) UNA 1991 2009 - 2016
Saurida lessepsianus Russell, Golani and
Tikochinski, 2015 UNA 1951 1960 - 1990
Scomberomorus commerson
(Lacepéde, 1800) UNA 1935 1994 - 2017
Siganus luridus (Rtppell, 1829) UNA 1930 1964 - 1973
Siganus rivulatus Forsskal and
Niebuhr, 1775 UNA 1924 1925 2019 2009
Sphyraena chrysotaenia Klunzinger, 1884 ~ UNA 1931 1966 - 2011
Stephanolepis diaspros
Fraser-Brunner, 1940 UNA 1924 1943 2011 1967
Styela plicata (Lesueur, 1823) TS 1927 1968 - 1948
Stypopodium schimperi (Kiitzing) ;
M. Verlaque and Boudouresque UNA 1973 1989 2008
Synaptula reciprocans (Forsskal, 1775) UNA 1967 1986 2014 -
Upeneus moluccensis (Bleeker, 1855) UNA 1930 1947 2017 1976

3.1. Trends in NIS Introduction

A peak in NIS introductions (62 species = 10.3 species per year) was observed in
the 2000-2005 period, while a significant decline was noted in the following period.
During 2012-2017, NIS reached the highest value (64 species = 10.7 species per year),
which was more evident in the South Aegean (10.2 NIS per year) compared to the North
Aegean (6.3 NIS per year). However, this number dropped again in the most recent period
(Figure 5).

Aegean Sea

12.0

10.7
10.3

10.0
8.3
8.0 &

73/ \ 5

6.0

4.0

2.0

Number of new NIS per year

0.0
1970-75 1976-81 1982-87 1988-93 1994-99 2000-05 2006-11 2012-17 2018-23

—-—NAEG —SAEG —AEGEAN

Figure 5. Annual rate of NIS introductions (6-year average) at different geographic levels:
NAEG = North Aegean; SAEG = South Aegean.
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3.2. Trends in Pathway

On average, 91% of all introductions are attributed to shipping (TS = 45%) or migration
via the Suez Canal (UNA = 42%, COR = 4%), while all other pathways make up just
1-2% (Figure 6). However, the relative importance of these pathways differs in the two
Aegean sectors. Unaided introductions prevail in the South Aegean (46%), followed by
shipping (42%), whereas in the North Aegean, ship-transferred NIS introductions reach
46%, followed by unaided introductions (38%). The chronological entry of Lessepsian
(UNA + COR) and vessel-transferred NIS is presented separately in the South and North
Aegean (Figure 7). While unaided introductions of Lessepsian species and/or direct
introductions via the Suez Canal peaked in the South Aegean during 20002005, their peak
in the North Aegean was in 2012-2017, a decade later. The opposite pattern was observed
for ship-transferred NIS (TS). The maximum was observed during 2000-2005 in the North
Aegean (26 NIS), while in the South Aegean, ship-transferred NIS reached their maximum
in the period 2012-2017 (32 species). Regarding the 41 widespread NIS across all Aegean
sectors (Table 4), it is noteworthy that shipping-mediated species are less represented in
comparison (between 31% and 38%), while the majority are naturally dispersing Lessepsian
species, which are first observed in the Levantine.

EC||REL| | TC
UNKL2%|| 2% |/ 2%

6%

TS
45%

TS
46%

UNA
38%

Aegean Sea North Aegean South Aegean

Figure 6. Pathway of NIS introductions to the Aegean Sea at different geographic levels: all Aegean
Sea, North Aegean, South Aegean.

Number of NIS

North Aegean South Aegean
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Figure 7. Trends in transport stowaway (TS) and Lessepsian immigrants (UNA + COR) associated
new NIS introductions per six-year cycle since 1970 in the North Aegean (left) and the South Aegean
Sea (right).
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3.3. Hot Spot Areas

The map of Figure 8 depicts the spatial distribution of first record locations in each
country. The highest number of first species’ records in the South Aegean, both in Greece
and in Turkiye, is detected in the southeast of the region, i.e., the Dodecanese islands
(primarily Rhodes) and the coastal areas south of Bodrum, where a number of marine
protected areas are located. Two additional hotspot areas for NIS detection are the island of
Crete and the Saronik Gulf, which encompasses the port of Piraeus. In the North Aegean,
two hotspots of introduction stand out, both hosting major commercial ports: Izmir Bay
with the Izmir port and Thermaikos Gulf with the Thessaloniki port. The rest of the national
first records in the North Aegean are relatively evenly distributed among the various bays
and islands of the region.
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Figure 8. Map of the study area with the number of country first records in wider geographic areas
(number locations are approximate and indicative).
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3.4. Research Effort

The compilation and analysis are based on 415 works published in the period
1904-2024 (up to August) and a few unpublished data examined by the authors (see Annex
1). The earliest publications (from the early 20th century to 1970) that included NIS in the
Aegean Sea did not mention their invasion status. Publications worth mentioning include
ten PhD theses, reports by HCMR and TUBITAK, 25 collective articles in the series “New
Mediterranean Biodiversity Records”, and 57 publications derived from citizen scientists’
observations that mostly address molluscs [40], fishes [11], and decapod crustaceans [4].
An increase in publications is evident after 1988 and continues to the present day (Figure 9).
The numbers of new NIS correlated strongly with the numbers of relevant publications
until 2005 (r = 0.98). New publications after 2005 address the spread of species within the
Aegean [South to North Aegean; east (Ttirkiye) to west (Greece)].
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Figure 9. Scientific effort (number of publications as proxy) vs number of new NIS reported in the
Aegean Sea per six-year cycle since 1970.

4. Discussion

Our concerted effort to address NIS in the whole of the Aegean ecoregion (both Turk-
ish and Greek coasts) resulted in a grand total of 342 species reported by August 2024
and covering 120 years of records. In revising our list, 56 species were excluded (mostly
foraminiferan) and 73 species were included. Among the included species are species
that, according to Karachle et al. [110], were expected to invade the area, such as the tuni-
cate Polyclinum constellatum Savigny, 1816 in Greek and Turkish waters, the rhodophyte
Womersleyella setacea (Hollenberg) R.E. Norris in Turkiye, the annelid Hydroides opercu-
lata (Treadwell, 1929) in Greek waters, the Lessepsian fishes Cheilodipterus novemstriatus
(Rippell, 1838) and Sillago suezensis Golani, Fricke and Tikochinski, 2013 in Greek waters.

Regarding the Turkish Aegean coasts, 30 NIS have been added to the list of Cinar
et al. [14], 13 of which were reported in the period 2020-2024 (Table 3). Of these, the
Chlorophyta Udotea flabellum (]J. Ellis and Solander) M. Howe, consists first record for
the Mediteranean [47]. However, the increase in NIS has not been linear. The 98 species
reported in the Aegean Turkish waters in 2005 [12] increased to 165 in 2011 [13] and 222 by
2015 [8], climbing to 262 in 2020 [14]. Notably, a large number of Foraminifera (35 species)
were excluded from the Turkish NIS fauna [14]. A meticulous search of their distribution
revealed that they are either cryptogenic or most likely native (having type localities or
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fossil records within the Mediterranean). Conclusively, this work includes 240 validated
NIS in total along the Aegean Turkish waters.

In contrast, the 216 NIS noted in the Aegean Greek coasts by 2020 [17] increased to 254
species by August 2024. Forty species have been reported in the Greek coasts of the Aegean
in the period 2020-2024, some of which are first records in the Mediterranean (e.g., the tuni-
cate Botryllus gaiae Brunetti, 2020 [105]; the molluscs Elysia nealae Ostergaard, 1955, Heliacus
implexus (Mighels, 1845) [25], and Juxtacribrilina mutabilis (Ito, Onishi and Dick, 2015) [37]).
Another six species classified as cryptogenic or questionable [111] have been added to our
list. On the other hand, 14 species reported as alien in earlier studies have been documented
to be native—e.g., the foram Triloculina fichteliana d’Orbigny, 1839 [112]—cryptogenic—e.g.,
the Bryozoan Amathia verticillata (delle Chiaje, 1822) [113]—or misidentifications—e.g.,
Halophila decipiens Ostenfeld [108]—and have thus been removed from our work (see
Table 1).

Although the largest species richness and most records (281 species) of NIS in the
Aegean Sea occur in its southernmost part, in accordance with [17,53], 206 NIS have been
recorded in the North Aegean Sea. The North and South Aegean share 128 NIS.

With the exception of Mollusca, the number of NIS is similar along the Greek and
Turkish coasts for most taxa. The dominance of molluscan NIS in the Greek part of the
Aegean may be attributed to the higher number of taxonomic experts in Greece [114], but
also to the contribution of citizen scientists. A sound example of the latter is the case of
the Saronikos Gulf, where 24 out of 29 molluscan species (83%) have been reported by
citizen scientists [115], the most recent one being Stosicia lineata (Dunker, 1860) [41]). In
contrast, citizen scientists, and in particular shell collectors, have contributed the most to
NIS identification along the Levantine part of Tiirkiye [116].

Crustacean NIS found in the Aegean Sea are widely different in terms of mobility and
natural dispersal capabilities, ranging from copepoda and decapoda with long-lived pelagic
larvae, whose dispersal is primarily governed by circulation patterns along a complex
topography, to brooding amphipods and low-mobility isopods [117]. For the low-mobility
species in particular, anthropogenic factors play a critical role in their spread and contribute
to a distinct division in the species found on either side of the Aegean. Notably, such
species found in both regions were recorded years apart, highlighting a potential gap in
scientific research. This delay in observation can be attributed to the natural lag in species
distribution versus human detection. A prime example is Paracerceis sculpta (Holmes, 1904),
which was first reported in 2015 on a boat’s hull in Fethiye Bay yet remained unrecorded
until a 2022 study in Izmir Bay revealed it in abundance across various habitats [51,89]. It is
likely that this species formed populations in various areas in 2015 that were not detected
at the time. The species was already well established in two marinas located in the Greek
part of the North Aegean since 2009 [118]. Similarly, Caprella scaura Templeton, 1836, was
identified among fouling organisms in aquaculture cages in 2008 in south Tiirkiye [119] and
in a marina in Crete in 2012 [120]; by the time it was detected in the Greek North Aegean
in 2020, it was already well established [34], illustrating the intricate dynamics of NIS
distribution in the region. A well-communicated early warning system alongside regular,
targeted monitoring, with e-DNA where appropriate, could certainly improve the chances
of early detection of highly successful invaders. On the other hand, southern Tiirkiye has
more NIS of Crustacea than northern Ttirkiye, with a few differences in species. However,
this situation aligns with a much greater species difference on the Greek side. This indicates
that northern Greece is a more challenging region for foreign crustacean species to reach. A
total of 36 marine alien macrophytes were reported in the Aegean Sea (TR: 28, GR: 24), of
which 31 species were found in the South Aegean and 28 species in the North Aegean. The
highest number of NIS in the Aegean Sea was recorded in northern Tiirkiye, with 26 species,
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followed by southern Greece (21 species), southern Tiirkiye (20 species), and northern
Greece (16 species). In Tiirkiye, eight species show invasive behavior (the green algae
Caulerpa cylindracea, Codium fragile, the brown alga Stypopodium schimperi, the red algae
Asparagopsis armata, Asparagopsis taxiformis, Bonnemaisonia hamifera, Polysiphonia morrowi,
and the Spermatophyta Halophila stipulacea), while in Greece, six species exhibit invasive
behavior (Caulerpa cylindracea Codium fragile, Asparagopsis taxiformis, Stypopodium schimperi,
Womersleyella setacea, and Halophila stipulacea) [9] (see Annex 1). Recently, the green alga
Caulerpa taxifolia var. distichophylla was recorded in the Marmara Sea [121].

While previous studies in the region did not distinguish between the North and
South Aegean, this study provides more detailed information on the distribution of the NIS
belonging to the Polychaeta group in the Aegean Sea. The present study also includes as yet
unpublished data on the range expansion of NIS: Ceratonereis mirabilis, Laonice norgensis, and
Pista unibranchia are new records for the North Aegean coast of Ttirkiye, while Chaetozone
corona, Hydroides elegans, Leonnates persicus, Metasychis gotoi, Polydora cornuta, Prionospio
depauperata, Prosphaerosyllis longipapillata and Pseudonereis anomala are new records for the
South Aegean coast of Tiirkiye. Seven new species have been detected in the framework of
a project focused on NIS in Greek ports [92].

Until the 2000s, studies on recent Foraminifera in Ttirkiye focused on the Sea of
Marmara and the Gulf of Iskenderun. The only relevant Aegean research was performed
on sediments from its northernmost region (Saros Bay, Gokceada, and Bozcaada). Later
studies included foraminiferan from Antalya, Bodrum, Marmaris, etc. A few studies
addressed recent foraminifera along the Greek coasts.

Fifty-nine NIS of fishes have been recorded in the Aegean Sea (Greece, 50; Ttirkiye,
47), including 38 species shared by both countries. A substantial number of these NIS
have established populations or become invasive in both Greece (69%) and Tiirkiye (76%).
However, Tiirkiye has a longer list of invasive species (17) compared to Greece (nine).
Furthermore, 52 NIS of fishes have been documented in the South Aegean Sea and 35 in
the North Aegean Sea, with 28 shared between the two sub-basins. While most species
recorded in the North Aegean Sea have only been observed casually, species introductions
and the extent of occurrence and area of occupancy of several species have been increasing
since the 2000s [11].

Of the 56 NIS of fishes with identified pathways, the majority (84%) are Lessepsian
migrants that dispersed naturally (UNA). Notably, all species shared between Greece
and Tiirkiye are Lessepsian immigrants, while non-Lessepsian fish species are found
exclusively in either the North or South Aegean Sea, within Ttirkiye or Greece. Natural
dispersion appears to be the primary mechanism driving range expansion for NIS of fishes
in the Aegean Sea, with Lessepsian ones likely colonizing the Dodecanese Islands first and
subsequently dispersing northwards and westwards [54].

The trends in NIS introduction in the Aegean exhibited two peaks, one in 2000-2005
and one in the period 2012-2017 (10.7 NIS per year), both driven by the South Aegean
pattern. The 2000-2005 peak agrees with the peak reported at the Mediterranean scale [60]
and also at the pan-European scale [122]. The second peak in the period 2012-2017 may
be attributed to increasing sampling effort, particularly in Greek waters, following the
implementation of the Marine Strategy Framework Directive [123]. This is also reflected in
the number of publications addressing NIS in the Aegean. The decline observed in the last
period (7.3 NIS per year) could be due to the time lag in reporting, which exceeds one year
both in Tiirkiye and in Greece [124].

Analysis of pathways demonstrated that the Suez Canal is responsible for 46% of all
introductions into the Aegean Sea, either directly (COR = 4%) or indirectly through the
spread of Lessepsian species from the Levantine Sea (UNA = 42%). The responsibility is
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shared with transfer with vessels (TS pathway = 45%). Cinar et al. [8] estimated that 61% of
the total number of NIS reported in the eastern Aegean Sea first entered the Mediterranean
via the Suez Canal and expanded their distributional ranges to the Aegean Sea by natural
dispersal processes. Katsanevakis et al. [9] estimated the invasion of Lessepsian immigrants
to reach 56%. Our study downgrades this pathway to 46% across the entire Aegean Sea.

It was also demonstrated that the aforementioned pathways contributed differently
in the South and North Aegean. While unaided introductions prevailed in the South
Aegean, transfer with vessels was the main mode of introduction in the North Aegean.
It should be mentioned that the southern part of the Aegean Sea represents a hotspot of
NIS introductions, a phenomenon which is evident in coastal fisheries [125]. While in the
South Aegean, the introduction of Lessepsian immigrants peaked in the 2000-2005 period
(reaching 30 species, or five new NIS per year), this rate declined in the following periods to
almost half. In contrast, Lessepsian immigrants invaded the North Aegean at an increasing
rate since 2000, reaching their maximum in the 2012-2017 period (approximately five new
NIS per year). This increase can only be justified by recent climate changes. A study [126]
of the mean sea surface temperature (SST) of the northeastern Mediterranean revealed a
clear increasing trend deriving from annual means (0.47 °C/decade), with significantly
high annual means after 2012. The North Aegean areas revealed the strongest trends
among all sub-regions, with mean (0.052 °C) and maximum (0.071 °C) levels, and the
cumulative intensity of Marine Heatwaves (MHWSs) was higher over the Northern Aegean
Sea (>20.5 °C) [126].

As opposed to the Suez Canal pathway, shipping reached its maximum in the South
Aegean in the 2012-2017 period. This is probably attributed to increased sampling efforts
in hot spot areas (ports and marinas) such as the SaroniK Gulf (the wider area of Peiraeus
port) [127,128] and Heraklion (northern Crete) [89]. The increased rate in the South Aegean
could be due to transfers from other bioregions within the Mediterranean but also from
the Black Sea. Kalyvioti et al. [128] listed the most high-risk voyage origin ports for NIS
in the Saronik Gulf to be Gemlik, Ambarli, Asyaport, and Derince in the Sea of Marmara,
Iskenderun, Mersin, and Nemrut in the Levantine Sea, and Izmir in the Aegean Sea.

The temporal trends for the whole of the Aegean reflect rather well the findings of
breakpoint analysis for the eastern Mediterranean [129]. These authors estimated that
the year in which a major shift took place in introduction rates is 1996, the mid-point of
the 1994-1999 6-year period, after which sharp increases are observed in our study as
well. A small delay in the South Aegean peak may be interpreted as the time it takes
for Lessepsian species to reach the Aegean from the Levantine. At the same time, the
mid-1990s is the period in which the increasing trend for ship-mediated introductions
started to become apparent (Figure 7), particularly in the North Aegean. Thus, it can be
concluded that, for the purposes of setting a reference period for assessment, a starting
point between 1996-1997 constitutes a robust estimation that can be applied at both the
Aegean and eastern Mediterranean level.

The spatial distribution of introduction hotspots largely reflects two phenom-
ena/processes. One is undoubtedly related to the pathways of introduction themselves,
mainly in the form of unaided dispersal of Lessepsian species entering the Aegean from the
south-east and being initially detected in the Dodecanese [130] and the gulfs and peninsulas
of the southern Turkish coast, as well as ship-mediated introductions taking place in the
main ports of the North and South Aegean. The other is related to the concentration of
monitoring efforts in vulnerable and at-risk areas, such as ports and marinas, as well as
areas of conservation value. As such, the MPAs, for example of Gokova, Dat¢a-Bozburun,
and Koycegiz-Dalyan, have been the focus of systematic surveys over distinct periods of
time, revealing a significant presence of NIS [78,80,131-133].
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Moreover, there is an incidental element to research efforts that is related to the spatial
allocation of institutes and marine experts working on marine alien species along the
Aegean coasts. There are notable hotspots in the Saronik Gulf, Crete (Heraklion), and
the Dodecanese (Rhodes), where departments of the Hellenic Centre of Marine Research
(HCMR) are located, and strong marine NIS research teams in Turkish universities, e.g.,
Izmir, Canakkale, and Mugla [113]. Recently, EU fisheries data have been comprehensively
analyzed by the Fisheries Research Institute (FRI) to provide up-to-date spatiotemporal
information on the distributions of fish NIS in the North Aegean Sea [11].

The Saronik Gulf, hosting the ports of Piraeus and Eleusis, and Izmir Bay, hosting
the port of Izmir, are arguably the best-studied areas in the Aegean Sea, owing mostly to
research efforts by the Hellenic Centre of Marine Research (HCMR) and Ege University
scientists.
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