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Abstract

This study presents the updated status of marine non-indigenous species (NIS) distribution in Greece and investigates trends
in new NIS introductions, at both national and subnational level, during 1970-2017. The overall picture shows an increase in new
introductions from the 1970s to 2017. The number of unaided introduced species (mainly Lessepsian immigrants) followed an
upward trend in the South Aegean Sea until 2017. Similarly, the number of NIS associated with transport-stowaway (NIS intro-
duced mainly via ballast and boat hulls) followed an upward until 2017 in the South Aegean Sea, but also in the Hellenic Levan-
tine coasts. However, these results are greatly affected by a monitoring bias, which appears to be the main factor influencing the
number of new NIS introductions reported from Greece and its subnational areas. This monitoring bias, as well as the continuous
influx of Lessepsian NIS into the Aegean Sea, constitutes a challenge for Greece as regards setting exact boundaries for areas
with or without Good Environmental Status (GES), based on Descriptor 2, primary criterion C1 (D2C1), of the Marine Strategy
Framework Directive (MSFD). Dedicated monitoring of marine NIS should be established and be constant in space, time and
across taxonomic groups. Prioritization should be given to hot-spot areas of new NIS introductions, such as ports, aquaculture
units and marine protected areas. This should be a prerequisite for applying the primary criterion D2C1 of the MSFD properly,
at both national and subnational level. Finally, as regards the implementation of D2C1 of the MSDF and setting exact threshold

values, we highlight the need for subregional and regional coordination in the Mediterranean.

Keywords: Non-indigenous species; biological invasions; range expansion; pathways; monitoring; Mediterranean Sea.

Introduction

Marine non-indigenous species (NIS; also called alien
species) are of high relevance to a number of internation-
al and European policies (Boon et al., 2020). Marine NIS
are included as a descriptor of Good Environmental Sta-
tus (GES) in the Marine Strategy Framework Directive
(MSFD) (EC, 2008), namely Descriptor 2 (D2).

The Member States of the European Union (EU) are
required to consider NIS when developing their marine
management strategies, which aim to reach GES in the
context of the MSFD (EC, 2017a, b). Towards this aim,
an annotated list of the marine NIS of Greece was com-
piled by Zenetos et al. (2018), which included 217 NIS.
Since then, new species have been recorded in the Hellen-
ic Seas (Kondylatos et al., 2018; Dragicevi¢ et al., 2019;
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Kousteni et al., 2019; Kiipper et al., 2019; Giovos et al.,
2020; Karachle et al. in Bariche et al., 2020; Angelidis
& Polyzoulis, 2018; Manousis et al., 2020; Pirkenseer,
2020; Ragkousis et al., 2020; Zenetos & Miliou, 2020;
Zenetos et al., 2020). In addition, several NIS have ex-
tended their distribution range northwards (Aegean Sea)
(Gerovasileiou et al., 2017; Kondylatos & Corsini-Foka,
2017; Kondylatos et al., 2017; Lipej et al., 2017; Ulman
etal.,2017; Chartosia et al., 2018; Manousis et al., 2018)
and westwards (Ionian Sea) (Yokes et al., 2018; Dimi-
triadis et al., 2019, 2020; Pirkenseer, 2020). Unaided
natural dispersal of NIS previously introduced elsewhere
in the Mediterranean (58%) and transport-stowaway
(37.1%) were identified as the major pathways of intro-
duction for the new NIS introduced into Hellenic waters
(Zenetos et al., 2018), following similar patterns to those
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observed in the Eastern Mediterranean Sea (Katsanevakis
etal.,2013; Armon & Zenetos, 2015).

The primary criterion set for D2 by the Europe-
an Commission (EC, 2017b) (criterion D2C1) is: “The
number of non-indigenous species which are newly in-
troduced via human activity into the wild, per assessment
period (6 years), measured from the reference year as
reported for the initial assessment under Article 8(1) of
Directive 2008/56/EC, is minimized and where possible
reduced to zero”. For most Member States, the reference
year for the initial MSFD assessment corresponds to
2012 for marine NIS (Tsiamis et al., 2019), which means
that the first six-year assessment period for D2CI1 is the
period 2012- 2017.

In order to define GES based on D2C1 “Member States
shall establish the threshold value for the number of new
introductions of non-indigenous species, through region-
al or subregional cooperation” (EC, 2017b). However,
setting threshold values for the new NIS introductions of
D2C1 has proven to be challenging (OSPAR, 2018).

The aim of this work is to analyze the relative trends
in the number of new NIS introductions in Hellenic wa-
ters during six-year periods, aiming at making recom-
mendations for defining GES in Greece based on D2C1.
In addition, we investigate the trends in new NIS intro-
ductions in association with their related pathways, at
both national and subnational level. Finally, we present
an updated distribution of the marine NIS of Greece at the
MSFD subnational level.
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Methods
Geographic areas

Five assessment areas have been defined in the terri-
torial waters of Greece (Fig. 1), according to the MSFD
Initial Assessment by the Greek Ministry of Environment
and Energy (MinEnv Greece, 2012), namely the Adriatic,
Ionian, North Aegean, South Aegean and Levantine Seas.

NIS updating and distribution data

Detailed distribution data of marine NIS in Greece are
stored in the ELNAIS database (https://elnais.hcmr.gr/),
which was established in 2007 and is continuously updat-
ed with new data from published and grey literature, new
observations made by a network of contributing experts
and citizen science data (Zenetos et al., 2015).

The list of marine NIS of Greece by Zenetos et al.
(2018) has been updated with new data until September
2020 (Annex 1: supplement). In addition, the status of
several species was updated on the basis of new evidence.
Specifically, the foraminiferan species Amphistegina lo-
bifera Larsen, 1976, Amphistegina lessonii d’Orbigny
in Guérin-Méneville, 1832, Clavulina cf. multicamerata
Chapman, 1907, Heterostegina depressa d’Orbigny, 1826,
Triloculina cf. fichteliana d’ Orbigny, 1839 and Planogypsi-
na acervalis (Brady, 1884), that were classified as cryp-
togenic in Zenetos et al. (2018), have been re-instated as
non-indigenous following Stulpinaite et al. (2020). In con-
trast, five microalgae that were listed as non-indigenous in
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Fig. 1: MSFD assessment areas of the marine territorial waters of Greece (according to MinEnv Greece, 2012).
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Zenetos et al. (2018), have been transferred to cryptogenics
following Gomez (2019); these are: Sinophysis caniculata
J.-P.Quod, L.Ten-Hage, J.Turquet, G.Mascarell & Coutg,
Prorocentrum emarginatum Y.Fukuyo, Prorocentrum
borbonicum Ten-Hage, Turquet, Quod, Puiseux-Dao &
Couté, Prorocentrum levis Faust, Kibler, Vandersea, Test-
er & Litaker, and Pseudochattonella verruculosa (Hara &
Chihara) Tanabe-Hosoi, Honda, Fukaya, Inagaki & Sako.
Two annelid species, namely Mediomastus capensis Day,
1961 and Eurythoe complanata (Pallas, 1766), were also
moved to cryptogenics following Langeneck et al. (2020).
Finally, the nimble spray crab Percnon gibbesi (H. Milne
Edwards, 1853) reported in Greece since 2004 (Thessa-
lou-Legaki et al., 2006) was removed to crypto-expanding
species as its introduction into the Mediterranean Sea is
most likely due to natural spreading (passive drift of larvae
with currents) from the Atlantic Ocean, as suggested by
Sparrow et al. (2001). Unsupported records were removed
before proceeding to analyze trends. For example, ca. 100
mostly wrong, mollusc records were deleted by Crocetta
etal. (2017).

Based on the September 2020 updated list of marine
NIS of Greece (Appendix I), the date of first collection
(or first report if the date is missing) has been compiled
for each Hellenic MSFD area separately. Both estab-
lished and non-established species (casual records) were
considered. Cryptogenic and data-deficient species have
not been taken into account due to their high uncertainty.
Trends were presented at both national and subnational
level, per MSFD assessment area (Fig. 1).

The most plausible pathway(s) of introduction in Hel-
lenic waters was assigned for each NIS, according to the
Convention on Biological Diversity (CBD) classification
(CBD, 2014).

COR = CORRIDOR: interconnected waterways/ba-
sins/seas.
UNA = UNAIDED: natural dispersal across borders
of non-indigenous species that have been introduced
through other pathways, as in the case of Lessepsian
immigrants or otherwise transferred species (e.g. on
vessels) in the Mediterranean, spreading unaided to
Hellenic waters.
REL = Release in nature: aquaculture/mariculture;
aquarium species; intentional (accidental or irrespon-
sible) release of live organisms from confinement,
including cases such as the disposal of aquaria kept
species into the wild.
TC = TRANSPORT-CONTAMINANT: contaminated
nursery material; contaminated bait; food contaminant
(including live food); contaminant on animals (except
parasites, species transported by host/vector); parasites
on animals (including species transported by host and
vector); contaminant on plants (except parasites, spe-
cies transported by host/vector); parasites on plants (in-
cluding species transported by host and vector).

TS = TRANSPORT-STOWAWAY: angling/fishing

equipment; hitchhikers on ship/boat (excluding bal-

last water and hull fouling); ship/boat ballast water;
ship/boat hull fouling; other means of transport.

UN = UNKNOWN.
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Data analysis

We investigated the trends in new NIS introductions
at national and subnational level in association with their
pathways during six-year reporting cycles, in accordance
with the primary criterion D2C1 of the MSFD. Consid-
ering that the vast majority of NIS in Hellenic waters has
been detected after 1970 (208 NIS out of 242), we mea-
sured the rates of new NIS introductions (expressed as
number of new NIS per six-year period) from 1970 to
2017, covering eight reporting cycles. Hence, data from
1970 to 2017 were grouped in six-year periods, and lin-
ear trends were estimated for the number of new NIS in
all study areas. The R? and p-value along with the equa-
tion of each trend are presented. Statistical significance
was set to p<0.05. The aforementioned analysis was per-
formed on (a) the entire dataset per area, disregarding the
pathway of arrival; and (b) the two major pathways, i.e.
UNA and TS, separately.

The Durbin-Watson statistic was applied in order to
check for autocorrelations. In all the cases under study,
the Durbin Watson test was between 1.5 and 2.5, thus
excluding autocorrelation. Significant changes in the
number of observations (number of new NIS per six-year
period) from 1970 to 2017 among the MSFD areas and
the six-year periods (using one-way ANOVA), as well as
between the two main pathways (TS and UNA) (using
one-way ANOVA) were investigated. A one-way ANO-
VA was applied using the number of observations as
dependent variable and MSFD areas as well as six-year
periods as independent variable.

Results
Overview and updated distribution data

A total of 242 marine NIS has been recorded in Hel-
lenic waters by September 2020 (Appendix I). Fishes is
the taxonomic group with the highest number of NIS,
contributing with 51 NIS, followed by 50 molluscs, crus-
taceans and annelids (43 and 33, respectively).

The distribution of marine NIS in the Hellenic MSFD
subnational areas is presented in Figure 2. The most plausi-
ble pathway/vector of arrival is given in Appendix I. There
are currently seven NIS in the Adriatic Sea, 78 in the Ioni-
an Sea, 92 in the North Aegean, 113 NIS in the Levantine,
and 196 in the South Aegean Sea. Approximately half of
the NIS are found in at least two MSFD subnational areas,
while 85 species occur exclusively in one MSFD subnation-
al area (see Appendix I). The majority of the latter NIS are
casual records, but >30 of them are already established in
a MSFD subnational area. Such are the cases of the recent-
ly detected mollusc Viriola sp. [cf. bayani] Jousseaume,
1884 (Micali et al., 2017; Ovalis & Zenetos in Stamouli et
al., 2017; Steger et al., 2018); the bryozoan Celleporaria
vermiformis (Waters, 1909) (Ulman et al., 2017), the tra-
cheophyte Halophila decipiens Ostenfeld (Gerakaris et al.,
2020), and the fish Cheilodipterus novemstriatus (Riippell,
1838) (Ragkousis et al., 2020).
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Fig. 2: Contribution of taxonomic groups of marine NIS at national and subnational level, Greece.

Trends in new NIS introductions

The overall picture (Fig. 3) shows an increase in NIS
introductions from 10 new NIS in the period 1970-1975
to 42 new NIS in 2012-2017.

Figure 4 depicts the trend in new NIS introductions
per MSFD area, with the exception of the Adriatic Sea
where only seven species have been recorded to date. The
highest number of new NIS records in the North Aegean
and the Levantine was recorded in the period 2006-2011,
whereas in the Ionian in 2000-2005 and in the South Ae-
gean in 2012-2017. It should be also noted that in the
South Aegean alone an increase in the number of new
NIS was observed during the last analyzed six-year pe-
riod (i.e. 2012-2017), while in all the remaining areas
this number dropped. Finally, a general upward trend in
new NIS and all MSFD areas was observed from 1970 to
2017. Nevertheless, this trend was significant (p<0.05)
only in the South Aegean and the Levantine (Fig. 4).

No of New NIS

The main pathways of marine NIS introductions at
national level are (see also Fig. 5): 1) unaided, which
correspond mainly to the Lessepsian species; i.e. natu-
ral dispersal of Lessepsian NIS already introduced in the
Southeast Levantine basin (Egypt, Israel, Lebanon, Cy-
prus etc.), and 2) transport-stowaway, which correspond
mainly to NIS introductions related with ballast water
and hull fouling.

Abreakdown of the pathways of introduction per MSFD
subnational area (Fig. 6) revealed that the introduction of
Lessepsian NIS peaked in the South Aegean (106 species)
and Hellenic Levantine Seas (84 species), while more than
40 NIS have been introduced in the North Aegean and Io-
nian Seas (44 and 42 taxa, respectively). The second most
important pathway of introduction was transport-stowa-
way including ballast, boat hulls and angling-fishing, for
all MSFD subnational areas (Fig. 6). Release in the wild
appears to be a minor pathway of introduction as observed
in the South and North Aegean Sea (Fig. 6).

r 100

No of Publications
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1988-
1993

C—3 No of publications

Number of new NIS
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Fig. 3: Trends in new NIS introduction vs. scientific publications at national level since 1970.
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With respect to the unaided (UNA) introduced spe-
cies, on a sexennial basis, an upward trend was ob-
served (Fig. 7), being significant in all subnational areas
(p<0.05) with the exception of the Ionian Sea (p=0.167).
The pattern of observations for transport-stowaway as-
sociated NIS showed a significantly upward trend in the
Levantine and South Aegean (p<0.05 in both cases; Fig.
8). This trend was not observed in the lonian or the North
Aegean (p=0.934 and 0.714, respectively).
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Discussion

At national scale, an upward trend in new NIS intro-
ductions during the last years is noted. This increase of
new NIS introductions is probably affected —to a certain
degree— by increased research on NIS during the last
years (Crocetta et al., 2017; Zenetos, 2019). Furthermore,
the introduction and wider use of underwater digital pho-
tography and visual census as tools for recording marine
biota by both recreational and scientific divers, com-
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bined with the launch of new publication outlets encour-
aging researchers to report findings of new NIS records
(e.g. Dailianis et al., 2016; Gerovasileiou et al., 2017;
Dragicevi¢ et al., 2019; Katsanevakis et al., 2020), have
contributed significantly to the reporting of several NIS.

The analysis at subnational scale revealed a peak of
new NIS introductions in 2006-2011, followed by a slight
decrease in 2012-2017, for the North Aegean Sea and the
Hellenic Levantine Sea. However, given the time lags in
reporting introductions for several NIS, future research
could reveal different trends (Zenetos et al., 2019). On
the other hand, new NIS introductions seem to accelerate
further in the South Aegean Sea during 2012-2017. This
continuously upward trend should be attributed to the in-
creasing monitoring effort in the area, especially around
the Island of Rhodes and the Saronikos Gulf. Moreover,
pathway analysis at subnational scale indicated a rather
constant increase of new NIS associated with the “Unaid-
ed” pathway in the South Aegean Sea, corresponding to
Lessepsian immigrants and other NIS which have been
previously introduced in neighbouring areas. These NIS
continue to spread westwards from already established
populations in the adjacent coasts of southern Turkey. On
the contrary, the observed decrease in Lessepsian NIS in-
troductions in the Hellenic Levantine Sea during 2012-
2017 might be the result of less monitoring effort target-
ing these species in that period.

The introduction of Lessepsian NIS appears to be
slowing down in the North Aegean and lonian Seas, pos-
sibly due to the winter temperatures prevailing in these
areas, which are not yet hospitable enough to receive
and foster the rate of establishment of Lessepsian immi-
grants, as in the case of the South Aegean Sea. However,
new Lessepsian NIS have been reported from these areas
during the last years, such as the fishes Pempheris rhom-
boidea Kossmann & Rauber, 1877 and Upeneus moluc-
censis (Bleeker, 1855), the molluscs Dendostrea cf. foli-
um (Linnaeus, 1758), Septifer cumingii (Dunker, 1855),
Syrnola fasciata Jickeli, 1882, Smaragdia souverbiana
(Montrouzier, 1863), Ergalatax junionae Houart, 2008,
the echinoderm Diadema setosum (Leske, 1778) and the
foraminiferan 7Triloculina cf. fichteliana d’Orbigny, 1839,
which reached the North Aegean in the period 2012-2017
(Evagelopoulos et al., 2015; Delliou et al., 2015; Giovos
et al., 2019). Similarly, yet at a slower pace, Lessepsian
NIS advance towards the Ionian Sea. For example, the
fishes Upeneus pori Ben-Tuvia & Golani, 1989, Steph-
anolepis diaspros Fraser-Brunner, 1940, Bregmaceros
nectabanus Whitley, 1941, Torquigener flavimaculosus
Hardy & Randall, 1983, Scomberomorus commerson La-
cepede, 1800, and Sargocentron rubrum (Forsskél, 1775)
reached the lonian Sea in the period 2012-2017, whereas
another two, Pterois miles (Bennett, 1828) and Synchi-
ropus sechellensis Regan, 1908 were observed in 2018
(Mitsou & Maximiadi in Yokes et al., 2018; and Teneket-
zis & Christidis in Yokes et al., 2018) and Diadema seto-
sum (Leske, 1778) in 2019 (Pirkenseer, 2020).

An analysis of the pathway transport-stowaway (ship-
ping) revealed an upward trend in new NIS introductions
associated with that pathway for the South Aegean and

Medit. Mar. Sci., 21/3, 2020, 775-793

the Hellenic Levantine Sea. The South Aegean Sea hosts
Piraeus Port, one of the biggest ports in the Mediterra-
nean. Based on Eurostat (2018), there is a constant in-
crease of the commercial ship traffic in Piraeus port since
its privatization in 2009. This increase agrees well with
the recent sharp increase of NIS associated with trans-
port-stowaway (shipping) in the South Aegean during the
periods 2006-2011 and 2012-2017. On the other hand, the
Levantine Hellenic coasts lack large ports. Still, the Hel-
lenic Levantine coasts (as well as the South Aegean ones)
constitute major tourism destinations, especially for sail-
ing boats that might be responsible for hull-fouling NIS
introductions. In addition, increased monitoring effort
also explains the above pattern. For instance, the recent
studies of Ulman et al. (2017) and Ulman (2018) focused
on the marinas of Rhodes and Crete, and revealed several
new NIS for the Hellenic Levantine Sea, most of which
were also the first records for Greece. Less monitoring
could explain the fact that new NIS introductions associ-
ated with shipping in the North Aegean and lonian Seas
have not increased, although these areas host some of the
largest Hellenic ports, such as Thessaloniki port (Gkarg-
kavouzi et al., 2019).

Release in the wild comes third, but far behind, as
pathway of introductions. Its increasing role as a pathway
in the Mediterranean has been highlighted by Zenetos et
al. (2016). Corridor (Suez Canal) was assigned as a direct
pathway only for the fish Acanthurus sohal (Forsskal,
1775) (Giovos et al., 2018).

Reporting on new ship-transferred NIS relies mostly
on scientific research given that diving activities rarely
take place near ports and marinas, while sessile fouling
taxa are difficult to identify by non-experts. However,
their number is expected to increase during the next years
as several ports, marinas and cargo ship hulls have been
targeted for focused NIS research within the framework
of the national MSFD monitoring activities and other par-
allel projects coordinated by Hellenic research and aca-
demic institutions.

It should be highlighted that several species still re-
main undetected/unreported in one or more MSFD sub-
national areas (Table 1). The proximity to the Turkish
coasts of the Levantine Sea is responsible for many NIS
in the Aegean Sea, which are already established in the
Levantine Sea and are progressively moving/expanding
towards the Aegean Sea. Most of them were first report-
ed from eastern Rhodes Island (Hellenic Levantine Sea),
but many had already advanced to the Aegean Sea be-
fore they were observed in the Hellenic Levantine waters.
Such is the case of 22 species present in Hellenic Aegean
waters, yet unnoticed in Hellenic Levantine waters, ei-
ther due to different expansion events or to spatial var-
iation in research efforts. Similarly, 12 species reported
from the Levantine subnational area have not yet been
reported from the Aegean Sea coasts (Table 1) and, thus,
they could be considered potential future newcomers for
the adjacent marine areas. The above patterns could be
attributed partly to the regional lack of experts. For in-
stance, the parasite Glyphidohaptor plectocirra (Paperna,
1972) has only been reported from Hellenic Levantine
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Table 1. Marine non-indigenous species in Greece, present in at least one MSFD subnational area, but possibly present in other
MSFD subnational areas as well, pending discovery (1: to be detected/reported by scientists, 2: to be reported by divers and citizen
scientists, 3: to be reported by fishers and divers, 4: to be reported by amateur shell collectors).

Lessepsian NIS present in the
Aegean Sea, pending detection in the

Levantine Sea of Greece

Lessepsian NIS present in the
Levantine Sea of Greece, pending

detection in the Aegean Sea

Transport-stowaway associated NIS,
expected to be discovered in additional

MPFSD subnational areas of Greece

*Acteocina mucronata (Philippi, 1849)

2Alepes djedaba (Forsskal, 1775)
'Bemlos leptocheirus (Walker, 1909)

'Bregmaceros nectabanus Whitley,
1941

*Bulla arabica Malaquias & Reid, 2008
‘Cerithiopsis tenthrenois (Melvill,
1896)

3Champsodon nudivittis (Ogilby, 1895)

‘Diodora funiculata (Reeve, 1850)
SEquulites klunzingeri (Steindachner,
1898)

*Fulvia fragilis (Forsskal in Niebuhr,
1775)

‘Isognomon legumen (Gmelin, 1791)

*Macrophthalmus indicus Davie, 2012

*Nerita sanguinolenta Menke, 1829
'Ophiactis savignyi (Miller & Troschel,
1842)

Parexocoetus mento (Valenciennes,
1846)

3Pomadasys stridens (Forsskal, 1775)
*Pyrunculus fourierii (Audouin, 1826)

3Saurida lessepsianus Russell, Golani &

Tikochinski, 2015

4Smaragdia souverbiana (Montrouzier,
1863)

4Spondylus cf. spinosus Schreibers,
1793

Syrnola fasciata Jickeli, 1882

2Xanthias lamarckii (H. Milne Edwards,
1834)

2Actaeodes tomentosus (H. Milne
Edwards, 1834)

'Calanopia elliptica (Dana, 1846)
‘Cerithidium perparvulum (Watson,
1886)

4Clementia papyracea (Gmelin, 1791)

'Dorvillea similis (Crossland, 1924)
'Glyphidohaptor plectocirra (Paperna,
1972)

*Hypselodoris infucata (Riippell &
Leuckart, 1831)

*Matuta victor (Fabricius, 1781)

3 Metapenaeopsis mogiensis
consobrina (Nobili, 1904)
3Oxyurichthys petersi (Klunzinger,
1871)

3Sillago suezensis Golani, Fricke &
Tikochinski, 2014
YSTrachysalambria palaestinensis
(Steinitz, 1932)

'Amphibalanus eburneus (Gould, 1841)

‘Anadara transversa (Say, 1822)

'Balanus trigonus Darwin, 1854

“4Bulla arabica Malaquias & Reid, 2008

'Caprella scaura Templeton, 1836
Celleporaria brunnea (Hincks, 1884)

'Clytia linearis (Thornely, 1900)

'Crisularia serrata (Lamarck, 1816)
““Diodora funiculata (Reeve, 1850)

'Hypnea valentiae (Turner) Montagne

"Paracartia grani (G. O. Sars, 1904)

'Polycerella emertoni Verrill, 1881

'Polydora cornuta Bosc, 1802
IScytosiphon dotyi Wynne

ISertularia marginata (Kirchenpauer,
1864)

ISphaeroma walkeri Stebbing 1905
4Spondylus cf. spinosus Schreibers, 1793
IStyela plicata (Lesueur, 1823)

Tricellaria inopinata d’Hondt &
Occhipinti Ambrogi, 1985

waters (Stefani ef al. 2012). However, a wider distribu-
tion is suspected because its hosts, the rabbitfish Siganus
luridus (Rippell, 1829) and Siganus rivulatus Forsskal
& Niebuhr, 1775, are already widespread in the Hellen-
ic seas and have developed large populations in several
areas. As records of many conspicuous fish, crustaceans
and molluscs are attributed to citizen scientists (Zenetos
et al., 2015; Crocetta et al., 2017; Giovos et al., 2019),
their contribution in “filling-in” regional gaps of still un-
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reported NIS in the Hellenic waters is expected to be sig-
nificant, especially in understudied remote areas.

Based on the above, it is evident that the number of
new marine NIS reported from Greece is greatly depend-
ent on: a) the westward influx of Lessepsian immigrants
from the south coasts of Turkey to the South Aegean, and
b) monitoring effort.

Several of the Lessepsian immigrants enter the Greek
seas through natural dispersal from already infested are-
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as of the Eastern Levantine Sea. It has been highlighted
that the introduction of NIS that are spreading exclusive-
ly through natural dispersal is impossible to control and
manage. Consequently, it has been argued that these NIS
should be reported in the criterion D2C1, but not be taken
into account when measuring GES based on that criterion
(Palialexis et al., 2015). Nevertheless, it is challenging
to prove that these NIS are secondarily spreading exclu-
sively through natural dispersal and not also through hu-
man-mediated pathways (e.g. fouling, fishing nets, etc.).
Moreover, some of these species may have catastrophic
impact on native habitats (e.g. Siganus spp.), while others
may also be included in the Union list of the EU Regula-
tion for Invasive Alien Species (EC, 2014), such as Plo-
tosus lineatus (Thunberg, 1787). Thus, we believe that
ignoring them could be controversial.

When it comes to the monitoring effort, it has been
highlighted as an important factor for reporting new NIS
introductions (see also Rohde et al., 2017), and does not
allow us to conclude with accurate remarks on the trends
in new NIS introductions, and in particular the NIS asso-
ciated with shipping. Monitoring efforts on marine NIS
need to become more constant in space, time and across
taxonomic groups. In the case of NIS found in the Hel-
lenic seas, the existing information comes from a variety
of research projects and citizen science data. Therefore,
more focused monitoring on marine NIS would be es-
sential, and should also include inconspicuous taxa that
often remain understudied (e.g. parasites, microalgae).
Moreover, optimization and standardization of monitor-
ing methodologies, by prioritising hot-spot areas of new
NIS introductions, such as ports, aquaculture units, ma-
rine protected areas and gateway areas of the Lessepsian
influx (such as the Dodecanese islands in the south-east-
ern Aegean Sea), as appear to be a prerequisite for apply-
ing the primary criterion (D2C1) of the MSFD, at both
national and subnational level.

The time lags in reporting should be added to the
above limitations in estimating GES based on new NIS
introductions of D2C1, given that they can skew the in-
troduction patterns of marine NIS. Correction factors in
assigning temporal and spatial trends in biological inva-
sions have been proposed, thus permitting more accurate
management assessments (Zenetos et al., 2019).

Finally, ongoing work by the European Commission,
the EU Member States and the Regional Sea Conven-
tions on setting threshold values for the primary criterion
D2Cl1, can serve as a basis for defining GES in terms
of the MSFD (Tsiamis et al., 2019). The Baltic Marine
Environment Protection Commission (Helsinki Commis-
sion - HELCOM) has recently set threshold values for
the HELCOM core Indicator for new NIS equal to zero,
meaning that there should be no primary introductions of
new NIS due to human activities (HELCOM, 2018). The
Oslo/Paris Convention for the Protection of the Marine
Environment of the North-East Atlantic (OSPAR) has not
yet defined a threshold value for new NIS introductions,
although it highlights that the relative change in the num-
ber of new primary NIS introductions observed over sub-
sequent assessment periods can facilitate the assessment
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of GES (OSPAR, 2018). Following the OSPAR example,
the current paper analyzed the relative trends in the num-
ber of new NIS introductions in Hellenic waters per six-
year reporting cycles.

A suitable methodological approach for threshold val-
ues in the case of D2C1 could be the percentage reduction
of new NIS introductions reported in the last assessment
MSEFD reporting cycle compared to the previous time-pe-
riods. However, the monitoring bias and the continuous
influx of Lessepsian NIS into the Aegean Sea makes the
setting of exact boundaries for GES, based on D2Cl,
challenging for Greece, and most likely for other Medi-
terranean countries, such as Cyprus, Malta and Italy. For
that reason, we highlight the need for subregional and
regional coordination among Mediterranean countries
in implementing D2C1 of the MSFD and setting exact
threshold values based on a common strategy (Cavallo
etal.,2018).
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