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More than 270 Aquatic Alien Species (AAS) are reported from Greece. Besides the introduc-
tions via the Suez Canal, the most important vectors of introduction are imports for aquaculture
purposes and trade. Most marine biota has spread in the south Aegean, while freshwater biota
occur mostly in northern Greece. Prime source regions are the Indo-Pacific and America. For
all source regions and taxonomic groups considered, the invasion rate has been increasing since
the end of the last century, a trend indirectly related to the “tropicalization” of the Mediterra-
nean Sea. Although the impact of AAS has been poorly documented, a literature review reveals
many cases of formerly considered tropical species (such as the ciguatera causing genus Gambier-
discus) in the Mediterranean Sea and specifically in Greek waters, the presence of which might
not only affect the ecosystems, but also human health and economic activities, such as fisheries,
aquaculture and tourism. International as well as EU regulations are implemented in theory but
not adequately enforced or need to be updated based on recent advances of AAS. A targeted
public awareness campaign aimed particularly at resource users and site-based monitoring is sug-

gested.
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INTRODUCTION

There is a consensus today that human mediated in-
troduction of species outside their natural range, the
so-called biological pollution (Elliot, 2003), is one of
the main threats to biodiversity. The rate of new alien
species establishment in terrestrial and freshwater
ecosystems has been considered as constant during
the last 100 years, while there is a significant increase
during the last 50 years as regards marine/estuarine
species (EEA/SEBI2010, 2007). An increasing trend
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towards aquatic invasions has been documented for
all European Large Marine Ecosystems but it is most
pronounced in the Mediterranean Sea (Streftaris et
al., 2005; EEA, 2007). This accelerating trend in alien
species establishment indicates that the situation is
far from being under control, with impacts on biodi-
versity expected to be increased because of the grow-
ing number of species involved and an increasing vul-
nerability of ecosystems to invasions (which results
from habitat degradation, fragmentation and climate
change).

The eastern Mediterranean Sea is especially sus-
ceptible to biological invasions because it is a cross-
road between the Ponto-Caspian and the Indian Sea/
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Red Sea regions, the maritime traffic from the Indian
Ocean and the widespread occurrence of fish and
shellfish farms (CIESM, 2007). Hence, Greek waters
may function as a gateway to the dispersal of marine
alien species, either from the Levantine to the Adria-
tic and/or to the western Mediterranean or from the
Black Sea to the eastern Mediterranean. Pancucci-
Papadopoulou et al. (2005a) reported that among the
Greek Seas, the Aegean, and in particular its south-
ern part, is the area where the majority of the alien
marine species is distributed, mainly due to its vicini-
ty to the Levantine Basin. Indeed, the influx of the
Levantine Intermediate Water (Kontoyiannis et al.,
2005) supplies the southern Aegean with elements of
Indo-Pacific origin (Zenetos et al., 2005a). It might be
expected that planktonic larvae of alien species esta-
blished in the Levantine would disperse into the Ae-
gean, and also that larvae of species established in the
Black Sea should be able to disperse into this area.
Furthermore, shipping traffic through the Dardanel-
les Strait, Gibraltar and Suez Canal is very heavy,
which should increase the likelihood of alien species
introductions.

Following a series of scattered publications deal-
ing with single species or groups (Papaconstantinou,
1990; Corsini et al., 2002, 2005; Corsini-Foka et al.,
2004; Simboura & Zenetos, 2005; Zenetos et al., 2005a),
a summary of marine alien biota in Greek waters was
reported by Pancucci-Papadopoulou et al. (2005) and
updated by Pancucci-Papadopoulou et al. (2005b).
Zenetos et al. (2007) provided some additions to the
alien fauna and Corsini-Foka & Economidis (2007)
focused on the marine and estuarine fish fauna. Tsi-
amis et al. (2008) have reviewed the alien marine ma-
crophytes, while information regarding marine mi-
croalgae (comprising some species formerly known as
tropical) is increasing (Aligizaki et al., 2004, 2008a,
2009a; Aligizaki & Nikolaidis, 2006, 2008).

With regard to the freshwater fish fauna of Gree-
ce, reviews and checklists produced by Stephanidis
(1939), Economidis (1973, 1991), Economidis et al.
(2001) and Economou et al. (2007a) indicate an in-
creasing rate of occurrence of non-native fish. An
overview of the introduced fish species to the inland
waters of Greece published by Economidis et al.
(2000a) contains comprehensive information for each
species listed. Recently, more data on the introduced
species in individual drainages have been provided by
numerous authors, i.e. Kokkinakis e al. (1999), Eco-
nomou ef al. (2004), Kokkinakis (2006) and Leonar-
dos et al. (2007).

Despite periodical reviews, site-based inventory
and monitoring of species and assemblage distribu-
tions is poorly developed and coordinated in Greece.
This is epitomized in the remarkable lack of attention
to and monitoring of non-vertebrates and aquatic
plants from inland waters. Field surveys rarely target
alien species distributions or impacts in Greece, as
there is a traditional priority placed on identifying
range-restricted or endemic terrestrial species (Lega-
kis, 1992, 2004). Unfortunately, the grey literature or
even the published bibliography is often susceptible
to misidentifications or taxonomic problems since the
number of taxonomists interested in alien species has
been, until recently, very low. The freshwater inverte-
brate fauna of Greece is one of the least studied
(Mantziou et al., 1999) and therefore many alien spe-
cies may go unnoticed or unrecorded (Legakis, 2004).
Although the flora is better studied (Arianoutsou et
al., 2007), there is a lack of work, especially on aquatic
macrophytes and wetland flora (e.g. Raus & Raabe,
2002 ). A recent EU initiative focusing on alien flora
is the DAISIE project (The Delivering Alien Invasive
Species Inventory for Europe), compiled the first
comprehensive checklist of alien species of vascular
plants in Greece (Lambdon et al., 2008). Coordinat-
ing, communicating and promoting all-taxa distribu-
tion and status information is one of the most critical
needs in managing the issue of alien invasions.

Here, we conducted an extensive update of alien
species distributions and their dispersal history in or-
der to produce an inventory dealing with all major
taxa within the aquatic ecosystems of inland and ma-
rine waters. We aim at producing a baseline for iden-
tifying the establishment success of these species in
Greece, and the times and modes of introduction. Fi-
nally, we analyze the all-taxa dataset to extract gener-
alizations that may allow suggestions about the ap-
proach required for managing alien species in Greece.

MATERIALS AND METHODS

The list has been compiled gathering the information
available to date from the scientific literature and
processing it after careful verification and reference
cross-checking. Here we analyze species introduced
by humans and those of possible natural dispersal
(potentially assisted by anthropogenic means).

For marine biota, the basis of the present work is
the checklist of alien species reported by Pancucci-
Papadopoulou et al. (2005b). Additional records of
species found in the period January 2006-June 2009,
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published or recorded in the grey literature, as well as
species belonging to taxonomic groups not consider-
ed previously and unpublished records are included.
Grey literature includes HCMR and EU technical re-
ports, scientific congresses, personal communications
by specialists and websites (e.g. SEASLUG forum,
ALGAEBASE, FISHBASE, FAO’s DIAS, ITUCN/
ISSG). Another data set of aquatic invaders, which
contains more comprehensive information for each
species listed, is archived in the HCMR data base and
detailed distribution maps for each species can be
found on the ELNAIS website (http://elnais.ath.hcmr.gr).

For the freshwater fish of Greece, we employed as
a baseline the review by Economidis e al. (2000a)
and a detailed survey that produced a hydrographic
basin based inventory and codification of available
data (Economou et al., 2004, 2007a). Euryhaline spe-
cies stocked in inland waters but not able to repro-
duce in freshwater (e.g. Bobori et al., 1998) and alien
species reported in transboundary water bodies (Ste-
fanof, 2007; Uzunova & Zlatanova, 2007) but not yet
found in Greek sections have been excluded. Alien
fish/shellfish species used in aquaculture with uncer-
tain presence in the field are reported as questionable.

For the macrophyte species of inland waters (la-
kes, rivers and ponds) and of some wetland habitats
in Greece, the basis of the present work is the pub-
lished papers and Ph.D. theses of Greek and other
experts (e.g. Koumpli-Sovantzi, 1983, 1989, 2008; Pa-
pastergiadou, 1990; Raus, 1991; Yannitsaros, 1991;
Papastergiadou & Babalonas 1993; Sarika-Hatziniko-
laou, 1999; Raus & Raabe, 2002; Sarika, 2005; Sarika
et al., 2005; Zotos et al., 2006), Mediterranean Check
Lists (Greuter & Raus, 1982, 2001, 2002, 2006), as
well as further investigation and cross checking of re-
ports, conference proceedings and databases (e.g.
IUCN, DAISIE). Due to difficulties in distinguishing
between terrestrial and amphibious plants and misun-
derstanding of taxonomic rules we followed the pro-
posed synthetic ecological classification system by
Hutchinson (1975), based on life forms and growth
forms for aquatic macrophytes. For the purposes of
this work we exclude alien ruderal and nitrophilous
species (for example Cotula coronopifolia, Xanthium
strumarium, etc) growing on the banks of bodies of
water or on wet habitats, which will be included in a
future publication (Papastergiadou et al., in prepara-
tion).

According to their establishment success alien
species have been grouped into four broad categories
namely “established” (permanent, self-maintaining

populations including invasive), “casual” (recorded
only once or twice), “questionable” (insufficient in-
formation, highly probable records requiring confir-
mation), and “cryptogenic” (species of inconclusive
origin). Uncertainties in systematic identifications
could result in unsound hypotheses or incorrect con-
clusions about the evolutionary and invasion history
of populations. In such cases we have used the term
“cryptogenic/questionable”.

The date of the discovery of the first population is
of significance when studying patterns and processes
of invasion (Ruiz et al., 2000). Thus, the year of the
first sighting or report for each taxon as well as corre-
sponding references are given. For some of the spe-
cies, the exact dates of introductions are unknown
and are indicated by the decade when the introduc-
tion occurred. When the year of the first record is
missing, we consider the date of publication. Howev-
er, in many, if not most, cases, comprehending the
patterns of the spread of aliens is hampered by our
ignorance of the species arrival date and the location
of first arrival.

Regarding origin of species, both origin and do-
nor area are given in cases of secondary introductions
(species imported or invasive in neighbouring Seas
that have progressively penetrated into the Mediter-
ranean). In such cases, our considerations on origin
refer to the donor area.

RESULTS AND DISCUSSION

A total of 275 alien taxa reported from Greek waters
are considered in this overview, i.e. the coasts of the
Aegean and Ionian Seas (193 species) and the inland
and estuarine waters (87) within the national borders
of Greece (Annex). Five of them were found both in
fluvial and estuarine areas (see Annex). Most alien
species are invertebrates, followed by plants and ver-
tebrates (Table 1). Of the zoobenthic species, the ma-
jority belongs to mollusca and crustacea (Fig. 1). A
biogeographic study of marine aliens showed that
they are present in their majority in the southeastern
Aegean (Pancucci-Papadopoulou et al., 2005a). In
contrast, most freshwater alien fish species have been
recorded in northern Greece (Economidis et al.,
2000a).

Trends in establishment success

Opverall trends for marine and freshwater environ-
ments are presented in Fig. 2. In the marine environ-
ment it is widely perceived that the littoral and in-
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TABLE 1. Who is who per ecofunctional/taxonomic group. NA: Non available data

Total Marine/estuarine  Freshwater/estuarine
VERTEBRATES fish 66 42 28
(74 species) mammals 2 - 2
other 6 1 5
INVERTEBRATES zooplankton 9 9 NA
(110 species) zoobenthos 99 91 8
parasites/pathogens 3 2 2
PLANTS planktonic microalgae 8 8 NA
(90 species) benthic microalgae 9 9 NA
macrophytes (hydrophytes) 10 1 9
macrophytes (helophytes 33 33
and amphibious species)
phytobenthos 30 30 -
TOTAL 275 193 87
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FIG. 1. Breakdown of zoobenthic alien species per taxonomic group (MOL = Mollusca, CRU =
Crustacea, ANN = Annelida, FOR = Foraminifera, ECH = Echinodermata, CNI = Cnidaria, SIP =

Sipuncula, BRY = Bryozoa).

fralittoral biota has been undergoing a rapid and pro-
found change. An increasing trend in the occurrence
of marine aliens (Fig. 2A) that started in the decade
1980-1990 coincides with the revival of Greek taxono-
mists, mainly in zooplanktonic and zoobenthic groups.
This trend continues in the following decade, when
the world scientific interest in aliens increased, and
culminates in the present decade. It is worth noticing
that intensive research during the last nine years has
revealed 65 new entries (Fig. 2A).

The introduction of freshwater alien species in
Greece is also rising (Fig. 2B). We suspect that some
of the fish introductions reported in the 1990s had oc-
curred at an earlier time but went unrecorded. The
increasing rate at which invasions are reported in
Greece may be due to a multiplicity of interactions,
such as intensive research into marine biota and in-
creased anthropogenic activities over the last decades
(e.g. aquaculture, international trade and tourism
favour the unintentional introduction of aliens). In
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FIG. 2. Number of A) marine and B) freshwater species introductions into Greek waters for 10 year intervals after 1950.

addition, global warming and the tropicalization sce-
nario (Occhipinti-Ambrogi, 2007) cannot be ruled
out as contributing factors enhancing the opportuni-
ties for introduced aliens to establish viable popula-
tions. Thus, although water warming cannot explain
totally the aliens success, it may accelerate the north-
ward expansion and biomass increase of thermophilic
species, including non-indigenous tropical and sub-
tropical species (Boudouresque, 2005; Bianchi, 2007;
Fraga, 2007); this seems to be the case for the toxige-
nic tropical dinoflagellate genus Gambierdiscus, which
was recorded for the first time in the Mediterranean
Sea in Crete Island (Aligizaki & Nikolaidis, 2008; Ali-
gizaki et al., 2008a), but very recent data indicate its
further northward expand at Saronikos Gulf (Ali-
gizaki et al., 2009b). Details on the history of introdu-
ction per ecofunctional/taxonomic group are provided
below.

VERTEBRATES: Fish

A review of the alien ichthyofauna occurring in the
marine and estuarine waters presented in Corsini-Fo-
ka & Economidis (2007) includes 41 species. Among
them, six species fall into the category of introduced
for aquaculture and their presence in nature is based
on observation of free swimming specimens, strongly
suggesting unintentional release or escape from fish
farms.

Corsini & Economidis (1999) reported that several
Indo-Pacific species were reported in the Dodecanese
(SE Aegean) almost simultaneously as on the coasts
of Israel. Such are the cases of Siganus rivulatus, Upe-
neus moluccensis, Sargocentron rubrum, Pteragogus pe-

lycus and Fistularia commersonii. The trend in fish
species introduction and establishment success is in-
creasing; Scomberomorus commerson was recorded in
2007 (Corsini-Foka & Kalogirou, 2008), Lagocepha-
lus sceleratus spread rapidly in the Aegean (Perister-
aki, 2007); Upeneus pori, Scomberomorus commerson
and Torquigener flavimaculosus are recorded more
and more often (Corsini-Foka, personal communica-
tion).

Of the 28 alien freshwater fish species in Greece,
only 10 have established themselves through natural
reproduction. Among the intentionally introduced
aliens with established populations, the most wide-
spread is the mosquito fish Gambusia holbrooki fol-
lowed by the common carp Cyprinus carpio. Of the in-
tentionally introduced species, the most commercial-
ly important are Oncorhynchus mykiss, Ctenopha-
ryngodon idella (grass carp) and Hypophthalmichthys
molitrix (silver carp). Of the unintentionally intro-
duced species with well-established populations,
Carassius gibelio is particularly widespread and has
entered water bodies following carp introductions.
Lepomis gibbosus and Pseudorasbora parva are two
other aliens unintentionally introduced, which are
spreading quite rapidly. Lepomis gibbosus, Pseudoras-
bora parva, Carassius gibelio and Gambusia holbrooki
have been adapted very successfully and established
thriving populations in many water bodies. These
four species are spreading rapidly and are regarded
as invasive. Others, such as Salmo trutta and Acipenser
naccarii, can potentially breed but the rarity of indi-
viduals in the wild indicates either low reproductive
success or poor survival. Such species are considered
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as non-acclimatised and their occurrence in the field
depends on stockings and/or aquaculture escapes.

The available data indicate conclusively rising
trends in introductions and establishments of alien
fish species during the 20™ century. Improvements in
experimental fishing techniques (e.g. electrofishing)
and data collection systems have facilitated the dete-
ction of rare species in the last decades.

VERTEBRATES: Mammals

Few semi-aquatic mammals have been released in
Greece. Myocastor coypus (coypu), raised in captivity,
has been observed in the wild between 1948 and 1966
in a variety of habitats (Aliev, 1967). There are cur-
rently wild populations in the northen part of Greece
(Mitchell-Jones et al., 1999). The status of some other
species remains questionable such as the distribution
of Ondatra zibethicus (Mitchell-Jones et al., 1999)
which may have been introduced through fur farm-
ing, although no evidence of establishment has been
confirmed.

VERTEBRATES: Amphibians/Reptiles

There are very few incidences of reptile or amphibian
introductions, e.g. the released pond slider, Trache-
mys scripta, occurs in Crete, Kos, Zakynthos and Cor-
fu islands (Bruekers et al., 2006). The American bull-
frog Lithobates catesbeianus has been introduced into
Crete (Mantziou et al., 1999). An incidental sighting
of the tropical sea serpent Laticauda colubrina in Cor-
fu (Steinicke & Trutnau, 1993) is classified as que-
stionable on the grounds that it is highly unlikely that
the species would occur in Greek seas.

VERTEBRATES: Birds

Officially only one alien aquatic waterfowl population
is established in Greece, although several ornamental
waterbirds have been released or have unintentional-
ly escaped from captivity. The mute swan, Cygnus
olor, although a native localized breeding species and
winter visitor to Greece, has been intentionally intro-
duced to lakes in northern Greece where these resi-
dent alien populations have survived in a wild state.
These small alien populations in Lakes Agra and O-
restiada (N. Greece) have resulted from introduc-
tions of specimens brought from northwestern Euro-
pe in the 1960s (Handrinos & Akriotis, 1997).

There is no documented evidence of other alien
established waterbird populations. Free-flying esca-

pes from zoos or private collections are rather fre-
quent but these species usually do not survive for long
periods in the wild; Pelecanus rufesens was recorded
in one western Greek wetland at the same time as an
individual escaped from the Attika Zoological Park
(Zogaris et al., 2003). Several species of ornamental
ducks and other waterfowl are frequently seen in the
wild and especially in or near urban parks including
Aix galericulata, Aix sponsa, Alopochen aegyptiacus,
Branta leucopsis, Branta canadensis, Cygnus atratus,
and Phoenicopterus minor (Hellenic Ornithological
Society, 2007). Some of these, such as Aix sponsa are
already taking advantage of artificial reservoirs (e.g.
in Crete) and they may be able to breed there in the
future.

An interesting potential addition to the Greek avi-
fauna is the sacred ibis (Threskiornis aethiopicus), a
wading bird, which breeds in sub-Saharan Africa,
southeastern Iraq, and formerly in Egypt, where it
was venerated and often mummified as a symbol of
the god Thoth. The species was first observed in Gree-
ce in December 2008 and two sub-adult birds were
present at Schinias Wetland in Attika throughout the
spring of 2009 (S. Zogaris, A. Vidalis, A. Papadaki &
L. Katerinopoulos, personal observation). These birds
may be escapees or may possibly have dispersed from
established breeding colonies in the Western Medi-
terranean; the number of individuals of this alien
species has been rapidly increased in France while 7.
aethiopicus populations have been established in Italy
and other European countries (Yésou & Clergeau,
2005).

INVERTEBRATES: Molluscs

To date there are 40 alien marine molluscs in Greece
(Zenetos et al., 2005a, 2007, 2008a, 2009b; Ovalis &
Zenetos, 2007; Mollo et al., 2008; ELNAIS website).
The latest records mostly concern establishment of
recently introduced nudibranchia, such as Aplysia da-
ctylomela and Haminoea cyanomarginata (Zenetos et
al., 2007), or bivalvia (Petricola pholadiformis; Zene-
tos et al., 2009a) and new findings such as Syphonota
geographica (Mollo et al., 2008), Chama aspersa and
Chama asperella (Ovalis & Zenetos, 2007), Ergalatax
junionae (Zenetos et al., 2008a), Cerithium scabridum
(Zenetos et al., 2009b) and Sepioteuthis lessoniana
(Lefkaditou et al., 2009). The occurrence of freshwa-
ter alien molluscs seems to be restricted to certain
sites, and this may represent inadequate sampling
and inventory. Taxonomic problems with the local
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fauna have not been totally resolved (Bank, 2006). A
dreissenid invasion of unknown origin (true zebra
mussel or autochthonous Balkan dreissenid) was re-
ported from Greek reservoirs (especially Tavropos,
Kremasta and Kastraki), where invaders were identi-
fied as Dreissena polymorpha (Economou et al., 1991;
Petridis & Sinis, 1993; Conides et al., 1995). The New
Zealand mud snail, Potamopyrgus antipodarum, one
of the most invasive species in Europe (EEA/
SEBI2010, 2007) is established in Lake Trichonis (W.
Greece) (Radea er al., 2008).

INVERTEBRATES: Crustacea

As opposed to freshwater crustacea, marine species
are fairly well studied and, among them, 23 alien ben-
thic species are registered, thirteen of which are well-
established. One third of these species were recorded
for the first time after 2000. Callinectes sapidus was
the first alien crab collected in northeastern Greece
in 1947 (Serbetis, 1959) also reported in the marine
area of Rhodes island by 1976 (Lewinshon, 1976).
One of the latest alien species reported for Greece
(Sirpus monodi: Pancucci-Papadopoulou & Naletaki,
2007) is also a first record for the Mediterranean Sea
while the finding of Carupa tenuipes (Pancucci-Papa-
dopoulou et al., 2009a) confirms the successful estab-
lishment of the species in the Eastern Mediterranean
after Israel and Turkey (Yokes et al., 2007). One of
the most invasive species is Percnon gibbesi (Thessa-
lou-Legaki et al., 2006), which is widely distributed
along the south Aegean coasts.

Published work on freshwater crustacean distribu-
tion in Greece is scarce. Moreover, unidentified and
misidentified animals by some authors complicate the
situation. Previous papers on pan-European crayfish
distribution provide a description of crayfish distrib-
ution up to 1996, but only in northern Greece (Ma-
chino & Holdich, 2006). Pacifastacus leniusculus was
imported, at least in two cases, from Sweden and
Germany during the early and late 1980s, respective-
ly. It was introduced into Lake Agra, near Edessa (N.
Greece) in 1987, imported from Germany after a
mass mortality incidence during 1976-1977 that elim-
inated the native population in the lake (Evaggelidis,
2001). Today this is the only known established popu-
lation of the species in Greece (Koutrakis et al., 2007;
Perdikaris ez al., 2007). Research pertaining to fresh-
water planktonic crustaceans (Copepoda, Cladocera)
in Greece does not exist.

INVERTEBRATES: Annelida:
Polychaetes/Oligochaetes

Simboura & Zenetos (2005) report six alien species
occurring in Greek waters that have more or less pas-
sively entered through the Suez Canal. Some of these
species, such as Metasychis gotoi, have established vi-
able populations and are widely distributed while oth-
ers, such as Notomastus aberans and Spirobranchus
tetraceros have a very restricted distribution in the Ae-
gean Sea. Pancucci-Papadopoulou et al. (2005b) have
revised previous lists, following the Mediterranean
Annotated List of Alien Biota (Zenetos et al., 2005b)
inventorying twelve species, two of them as question-
able (Cossura coasta and Lysidice collaris). The pre-
sent work adds 5 more species, namely Hydroides di-
ramphus, Glycinde bonhourei and Polydora cornuta as
casual records (Nicolaidou & Pitta, 1986; Simboura,
2008; Simboura et al., 2008), and Branchiomma luctu-
osum and Pseudonereis anomala as established (Ze-
netos et al., 2007). Fifty six (56) individuals of the
freshwater oligochaete Branchiura sowerbyi were found
in 2008 in Strymonas River, N. Greece (Grabowski &
Jablonska, 2009).

INVERTEBRATES: Other

The Indo-Pacific holothurian, Synaptula reciprocans,
which has entered the Mediterranean Sea through
the Suez Canal and has spread along the Levantine
coast was first noted in Rhodes island in 2004 (Pan-
cucci et al., 2006). A recent survey reports the finding
of flourishing populations off the Dodecanese and
Kyklades islands, southeastern Aegean Sea (Antonia-
dou & Vafidis, 2009). Similarily, the scleractinian co-
ral Oculina patagonica first reported in 2005 (Salomi-
diet al., 2006) has become one of the most invasive
species in the Saronikos Gulf by 2009 (M. Salomidi,
personal communication).

PLANTS: Planktonic and benthic microalgae

Seventeen marine microalgal species have been re-
corded totally, nine of which are benthic dinoflagella-
tes. While the planktonic forms were mostly reported
in the 1980s, the benthic ones are being detected
mainly after 2002. The records of taxa, such as Proro-
centrum borbonicum, Sinophysis canaliculata and Gam-
bierdiscus sp. in Greek waters indicate the northward
expansion of previously considered tropical species
(Aligizaki & Nikolaidis, 2008; Aligizaki et al., 2008a,
2009a), strengthening the discussions on the “tropi-
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calization” of the Mediterranean Sea (Bianchi, 2007).

An ambiguous case is that of Prorocentrum rhathy-
mum, a benthic/ticoplanktonic dinoflagellate, and P.
mexicanum, a planktonic species; these taxa were er-
roneously considered as synonyms for more than 20
years (Steidinger, 1983; Cortés-Altamirano & Sierra-
Beltran, 2003) and this confusion led to a high num-
ber of inaccurate records of P. mexicanum worldwide.
Prorocentrum mexicanum was reported from Greek
waters in 1991 (HCMR, 1992), while P. rhathymum
was recorded and identified according to its original
and its emended description (Loeblich et al., 1979;
Cortés-Altamirano & Sierra-Beltran, 2003) in 2003
(Aligizaki & Nikolaidis, 2006). Based on similar re-
cords from the Mediterranean Sea (e.g. Vila et al.,
2001), and the fact that P. mexicanum has a very nar-
row distribution in the South Pacific (Cortés-Altami-
rano & Sierra-Beltran, 2003) and has not been de-
tected in Greek waters after 1991, is most possible
that this record represents a misidentification of P.
rhathymum. The aforementioned situation is indica-
tive of the difficulties that arise regarding detection of
alien microalgae, where precise morphological and
molecular identification should be addressed.

To our knowledge, there is no data on alien fresh-
water microalgae, a fact most probably attributed to
the absence of research on this issue.

PLANTS: Macroalgae

During recent decades, there has been an increasing
rate of marine macroalgae introduction in all parts of
the world, but especially in the Atlantic Ocean and the
Mediterranean Sea (Wallentinus, 2002). Alien mari-
ne macroalgae, such as Hypnea cornuta, have been re-
ported in Greece since the late 19th century (Rein-
bold, 1898). However, their occurrence on the Greek
coasts was restricted, and until the 1970s their rate of
introduction was extremely low (~1 alien algal spe-
cies per decade). Since then, the rate of introduction
has clearly increased. From today’s total of alien ma-
croalgae in Greek waters, approximately 65% has
been reported during the last 30 years. To a large ex-
tent, this is due to confusion in nomenclature and li-
terature. Genetic and morphological studies will help
solve many difficulties, e.g. genetic studies in Aspara-
gopsis taxiformis have demonstrated that several strains
co-occur in the Mediterranean and one of them is de-
finitely introduced (Andreakis et al., 2004).

Among the introduced marine macrophytes in
Greece, five have invasive behaviour: Asparagopsis

taxiformis, Caulerpa racemosa var. cylindracea, Codium
fragile fragile, Womersleyella setacea and Halophila sti-
pulacea; these are among the 9 most invasive marine
macrophytes listed for the Mediterranean Sea (Bou-
douresque & Verlaque, 2005). Most alien marine ma-
croalgae are found in the south Aegean, while the
fewest are found in the Ionian Sea. Caulerpa racemo-
sa var. cylindracea, Asparagopsis taxiformis, Codium
fragile fragile and Womersleyella setacea are consid-
ered as invasive on several Greek coasts (Tsiamis et
al., 2008). By July 2009, the total number of alien ma-
rine macroalgae recorded on Greek coasts (30 taxa)
remains unchanged when compared to Tsiamis et al.
(2008); however, the proportion of each category dif-
fers with 12 established, 6 casual and 12 questionable
species (Tsiamis et al., in press). Neosiphonia harveyi
(J. Bailey) M.-S. Kim, H.-G. Choi, Guiry & G.W.
Saunders has been added to the list, while Chorda
filum (Linnaeus) Stackhouse has been excluded as ac-
cording to Athanasiadis (1987), the record of Chorda
filum from the N. Aegean Sea (Candargy, 1899) is
probably based on a misidentification (Tsiamis et al.,
in press).

PLANTS: Macrophytes

The marine flowering plant Halophila stipulacea is
one of the first alien species reported in the Mediter-
ranean and was noted in Greece in the late 19th cen-
tury (Fritsch, 1895). The species is presently widely
spread along Greek coasts (Tsiamis et al., 2008).
The alien freshwater flora of Greece is poorly
studied, since several regions and habitats likely to
host such species are under-sampled. Recent invento-
ry and compilation work has been promoted through
the DAISIE project; the database currently concerns
325 taxa, with comparatively few truly aquatic species
(hydrophytes). Most of the alien taxa grow in dis-
turbed and man-made habitats, such as cultivations,
paddy fields, fallow lands, roadsides and wastelands,
around and within inhabited areas (Greuter & Raus,
2002, 2006; Bazos et al., 2009). It is remarkable that
certain widespread aquatic aliens have been recorded
only locally or remain unrecorded in Greece; more in-
tense field research will eventually increase their num-
bers (Raabe & Koumpli-Sovantzi, 2002; Raus &
Raabe, 2002; Sarika, 2005; Zotos et al., 2006). Most
alien macrophytes have been found recently in the
paddy fields of northern and western Greece (Raus &
Raabe, 2002; Koumpli-Sovantzi, 2008) and some oth-
ers have escaped from aquaria or botanical gardens.
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Semi-terrestrial riparian areas and humid wetland
fringes seem to be a hotspot for certain invasive spe-
cies and larger woody species which are widespread
and influence riverine and lacustrine shores. These
alien woody species include Robinia pseudacacia, A-
lianthus altissima, Amorpha fruticosa, Eucalyptus ca-
maldulensis and locally Acacia cyanophylla (DAISIE;
Zogaris pers. obs.). Arundo donax is a reed-cane which
was presumably introduced by man before classical
times but the species has become naturalized and ex-
hibits very ‘invasive’ behaviour in lowland riparian
areas, as it does in the western Mediterranean and in
California (Bell, 1997). Another non riparian species
of Arundo, growing close to river banks but at a higher
elevation, Arundo mediterranea Danin (synonym A.
mauritanica Desf, originating in Algeria) has recent-
ly been reported from many areas of Greece, Cyprus
and east Mediterranean countries (Greuter & Raus,
2006).

Parasites/Pathogens

Aphanomyces astaci is a fungus endemic to North A-
merica, carried by North American species, i.e. signal
crayfish Pacifastacus leniusculus, Procambarus clarkii
and Orconectes limosus. In Greece, crayfish plague
was first noted in 1982 (Thyamis River) after 1,000
individuals of Pacifastacus leniusculus were released
from a Swedish stock. Mass deaths of local species
occurred also later in the Louros River (W. Greece).
The parasitic swimbladder nematode, Anguillicola
crassus, originally native to East Asia, has transferred
from its native host, the Japanese eel, Anguilla japon-
ica, to the European eel, Anguilla anguilla. Anguilli-
cola crassus is a very successful colonizer and is known
to occur in four continents (Asia, Europe, Africa and
America). Its unintentional spread into Greece took
place in the 1980s (Moravec, 1992). The introduction
and the rapid expansion of this nematode in Europe
since the early 1980s is considered one of the causes
for the decrease in European eel populations. The
nematode can severely impair swimbladder function
and has caused mortalities in both farmed and wild
populations in the presence of other stressors. No re-
cent widespread survey of this or other potentially
threatening parasites has been undertaken.

Origin/Donor area

The origin of the Greek populations of an alien spe-
cies is deduced from the species known distribution.
However, the true source population may be either

its populations in the Pacific/Indian/Atlantic, or sec-
ondarily from other established populations in an-
other region e.g. the Levantine, east Atlantic or the
Black Sea. The source populations or means of intro-
duction of alien species in Greece have not yet been
successfully ascertained by molecular means and as
such are often questioned. One such example is the
invasive species Caulerpa racemosa. Panayotidis (2006)
argues for the cryptogenic origin of C. racemosa sup-
porting a differentiation of pre-existing Mediterra-
nean Sea varieties of Caulerpa racemosa triggered by
the extremely hot summers observed frequently in
the Mediterranean Sea since the last decade of the
20th century. In other cases the use of molecular
techniques has tried to elucidate the origin. For ex-
ample, the morphological evidence and the molecu-
lar data led to the conclusion that the alien species re-
ported in the Adriatic Sea, Greece and Turkey as A4-
nadara demiri is an allochthonous population of Ana-
dara transversa (Albano et al., 2009). Morphological
comparison may suggest the origin of the Mediter-
ranean population is from the southern part of the
range of Anadara transversa, e.g. Gulf of Mexico coasts
of Florida (Albano et al., 2009)

In aquaculture introductions, the origin of the do-
nor population is not always reported and when ha-
tchery-reared young are introduced, the previous
breeding history of the hatchery brood stock is sel-
dom known or indicated. Furthermore, there is some
degree of uncertainty as to the origin of the donor
stock due to the confounding effect of multiple stock-
ings for fishery exploitation and unrecorded private
transfers by anglers.

The origin of marine alien species (Fig. 3A) shows
that ca. 11% have a circumtropical distribution, while
most species originate in the tropical Indo-Pacific or
parts thereof (Indo-Pacific 43%, Indian Ocean 9%),
Red Sea 7%). Few species, such as the molluscs Strom-
bus persicus and Chromodoris annulata are endemic
to the Red Sea or the Persian Gulf. However, the
number of Atlantic species, either of Senegalese or
West Atlantic origin, is non-negligible. Four species,
namely Rapana venosa, Liza haematocheila, Beroe
ovata and Mnemiopsis leidyi well-established in the
Black Sea, have progressively penetrated through the
Dardanelles Straits.

Most introduced freshwater species (Fig. 3B) ori-
ginate in the temperate areas of the Northern Hemi-
sphere and are characterised according to their native
distributional ranges as American (47.1%), Asian
(17.2%), European (9.2%), African (6.9%), African/
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FIG. 3. Origin of A) marine B) freshwater alien species in Greek waters.

Asian (4.6%) Eurasian (4.6%), Circumtropical (6.9%),
Australasian (1.1%) and Ponto-Caspian (1.1%).

Mode of introduction of AAS in Greece

Introductions of marine species in Greece have often
been multiple and through different pathways (see
Annex). Thus, multiple vectors have been considered
as different entries when calculating the mode of in-
troduction of an alien species. The most important
pathway for marine species introduction appears to
be the canals (Fig. 4A). The Suez Canal accounts for
44-54%, introduction via Gibraltar is also significant
(6%) while that from the Black Sea is very limited
(3%). Shipping is considered to be the second most
important vector of the primary as well as the secon-
dary spread of alien species (23-33%) (see also Pan-
cucci-Papadopoulou et al., 2006). Callinectes sapidus
is one of the vessel-transported alien species, record-
ed in the North Aegean Sea in the 1940s, and it is
now widely spread, ranging from Spain to the Levan-
tine. Finally, aquaculture plays a minor role in the in-
troduction of estuarine and marine species. The
mode of introduction is somewhat different among
the various taxonomic groups.

Molluscs are one of the ‘leading’ groups of the
Lessepsian migration (progressive penetration via the
Suez Canal: Por, 1978), together with decapod crus-
taceans and fish (Por & Dimentman, 1989). Many of
the Indo-Pacific species, either well-established in the
eastern Mediterranean (Cylichna girardi, Bursatella
leachii, Brachidontes pharaonis, Malfuvundus regulus,
Gastrochaena cymbium, Cellana rota, Cerithium sca-
bridum, Trochus erithreus), or casual (Murex forsko-

ehli, Pseudochama corbieri) occur in the Suez Canal
and therefore their occurrence on the Greek coasts
should be attributed to Lessepsian migration. How-
ever, the exclusive occurrence of many molluscan
alien species in or near major port areas leads to the
assumption that shipping is playing an equally impor-
tant role in their transport.

Similarly, Lessepsian fish dominate among marine
alien ichthyofauna. The spread and establishment of
Lessepsian fish varies. Some species have spread ra-
pidly, such as the recent invader Lagocephalus sceler-
atus, whereas others, such as Sphyraena chrysotaenia,
Apogon pharaonis, Etrumeus teres, advanced slowly
along the Anatolian coasts and reached the Dodeca-
nesos area (SE Greece) after a relatively long time,
depending on biotic and abiotic factors (Corsini-Fo-
ka & Economidis, 2007). Siganus luridus has estab-
lished a permanent population in the Ionian Sea, whi-
le the recent colonizer Fistularia commersonii, thriv-
ing in the Dodecanese (Kalogirou et al., 2007), has
spread to the Ionian Sea (Bardamaskos et al., 2008).
There is widespread discussion regarding the exact
number of Atlantic vagrant and new colonizer fish
species in the Mediterranean (Quignard & Tomasini,
2000). Some of them, particularly Sphoeroides pachy-
gaster, Seriola fasciata and Seriola carpenteri, have
achieved significant biomass (Andaloro et al., 2005).
Five species have been recorded in the Aegean Sea:
Sphoeroides pachygaster, a species well-established
throughout the Mediterranean, Enchelycore anatina,
Seriola fasciata, and Gaidropsarus granti as casual re-
cords, while the record of Alopias superliciosus as
alien is considered as questionable (Corsini-Foka &
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FIG. 4. Introduction vectors of A) marine B) freshwater alien species in Greek waters.

Sioulas, 2008; Zenetos et al., 2008b). Shipping is sus-
pected as a secondary vector of Indo-Pacific species
introduction, such as the cases of Stephanolepis dias-
pros and Alepes djedaba (Galil et al., 2008). The At-
lantic muraenid Enchelycore anatina spread from the
Atlantic to the Mediterranean, where there are only
two records one of which being from Elafonissos (S.
Aegean Sea) could be explained by passive dissemi-
nation of the leptocephali larvae and/or via transport
in ship ballast (Golani et al., 2006).

In contrast to fish and zoobenthos, alien marine
macrophytic taxa have been introduced mostly through
shipping (48%) and via the Suez Canal (33%), while
aquaculture has played a rather minor role (16%)
(Tsiamis et al., 2008). The modes of invasion have not
been studied thoroughly in the case of microalgae in
Greek waters. However, shipping and aquaculture
products seem to be the common means of microal-
gal dispersion, especially in the form of resting cysts
(Hallegraeff & Gollach, 2006). Although, cyst forma-
tion is extensively studied (Steindinger & Garcés,
2006) for planktonic microalgae, the information re-
garding benthic microalgae is limited (Pearce et al.,
2001; Aligizaki & Nikolaidis, 2006). Nevertheless,
benthic dinoflagellates have the advantage of being
able to “travel” attached on floating material, e.g. ma-
croalgae or even plastic debris (Bomber et al., 1988;
Masé et al., 2003). Thus, it is possible that some ben-
thic dinoflagellates may have invaded the Mediterra-
nean Sea along with “alien” macroalgae, which are
increasing in Mediterranean waters lately (Tsiamis et
al., 2008).

In some cases we suspect a different form of trans-
port from the one assumed for the alien species in the
Mediterranean Sea. For instance, the pearl oyster
Pinctada radiata, established in the Mediterranean
prior to 1900, widely recognized as one of the first

Lessepsian species, was introduced deliberately into
Greece for mariculture purposes (Serbetis, 1963),
and has since established thriving populations in the
sites where it was first imported for aquaculture (i.e.
Lesvos island, the Evoikos Gulf, the Saronikos Gulf)
(Zenetos et al., 2005a). However, its recent finding in
Rhodes Island and the Lakonikos Gulf (S. Aegean
Sea), where aquaculture activities are absent, also
supports a Lessepsian mode of introduction. Rapana
venosa, a gastropod native to the Sea of Japan, was ac-
cidentally introduced into the Black Sea in the 1940s
and independently in the Adriatic in the 1970s, also
related to aquaculture activities (Ghisotti, 1974). Its
discovery in the bay of Thessaloniki (a major port in
the N. Aegean Sea) in 1998 (Koutsoubas & Voultsia-
dou-Koukoura, 1991) is most possibly related to ship-
ping; however, transfer via the Dardanelles Straits
should not be excluded. Codium fragile fragile has
been introduced into the Mediterranean Sea through
shipping and aquaculture (Boudouresque & Verla-
que, 2002). Its occurrence in Greece is attributed
mostly to shipping (Tsiamis & Panayotidis, 2007b).
The exact pathways of transfer for freshwater spe-
cies are also not always known. Most introductions
were intentional and in many cases they have been
carried out with more than one purpose. Introductions
made by stocking, primarily for fishery enhancement
or angling, have been the most numerous. The com-
mon carp, Cyprinus carpio, was originally introduced
into western Greece in the 1920s with the purpose of
improving fisheries (though aquaculture activities
subsequently provided another way for introduction).
Today there are stable populations in most Greek
lakes and the commercial catches of this species have
replaced the catches of all other native species
(Economou et al., 2001). Various other species, e.g.
Salvelinus fontinalis and Oncorhynchus mykiss, have
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also been introduced for commercial or sport fishe-
ries. Four species, Gambusia holbrooki, Ctenopha-
ryngodon idella, Hypophthalmichthys nobilis and Hy-
pophthalmichthys molitrix, have been introduced as
biocontrol agents. Unintentional introductions have
been less frequent than the intentional ones and they
seem to be connected with accidental transfers during
stocking operations, aquaculture practices or orna-
mental trade. A classic example of accidental transfer
is the one of Pseudorasbora parva. This small cyprinid
is a common contaminant of grass carp shipments
and most probably spread around the country among
stocking material. Escapes of fish transferred for a-
quaculture purposes, e.g. Oncorhynchus mykiss, is sus-
pected to be responsible for introductions in some
water bodies. It is difficult to ascertain the scope and
pathway of transfer of Carassius gibelio. While it is
possible that this species has been intentionally intro-
duced into some water bodies due to ignorance of the
catastrophic consequences (e.g. Lake Amvrakia, NW
Greece), most introductions seem to have taken pla-
ce during transfers of other fish. In the case of orna-
mental fish, it is not always clear if the introduction
was really unintentional (fish having escaped into the
wild) or intentional (fish were deliberately released
by aquarium owners). Ornamental trade accounts for
a limited but steadily growing proportion of fish in-
troductions to Greek freshwaters. The goldfish (Ca-
rassius auratus) is a favourite species for aquaria and
garden or park ponds, and its introduction may be
due either to escapes or to releases. Poecilia latipinna
is an aquarium fish but it is also used for mosquito
control. Its introduction into Lake Vouliagmeni (At-
tica, C. Greece) is most likely linked to its ornamen-
tal use. Lepomis gibbosus is another aquarium fish
with an unclear pathway of transfer. It seems likely
that originally this fish found its way to natural water
through accidental or deliberate releases by aquaria
owners. However, Lepomis gibbosus is highly adapt-
able to different habitats, and hence invasive, and its
range is expanding, presumably through fish transfers
among basins.

The freshwater oligochaete Branchiura sowerbyi
has already been known for a long time from the Stru-
ma River in Bulgaria (Uzunov, 1976). The Strymonas
River (N. Greece) is the downstream section of Stru-
ma River flowing to the Aegean Sea. The sampling
site was located just some 15 km below Bulgarian-
Greek border. Thus, it is likely that Branchiura sower-
byi has reached Greece with the river flow from Bul-
garian territory and then spread throughout the coun-

try (Grabowski & Jabtonska, 2009).

Although the invasion mode of the gastropod Po-
tamopyrgus antipodarum in the wider area of Lake
Trichonis (W. Greece) still remains unknown, it is
suggested that it has possibly been transported from
other parts of Europe and/or Asia Minor by migrat-
ing and/or wintering shorebirds (Radea et al., 2008).

Why does it matter?

VERTEBRATES

Despite some positive influences (contribution to
fishery production, aquaculture development, mos-
quito control and reduction of heavy algal blooms;
see Economidis 1986, 2000), fish introductions have
strongly negative ecological, socio-economic and ge-
netic impacts, particularly in regard to fish population
interactions, environmental degradation, habitat mo-
dification, new diseases and deterioration of fishing
opportunities.

Certain alien species have a strongly adverse ef-
fect on ecosystems. For example, the introduction of
herbivorous carp into some Greek lakes has led to
the decline of submerged macrophytes, and thus to
loss of habitat complexity (Kagalou & Leonardos,
2009). The introduction of Carassius gibelio has caused
severe problems to fisheries in several lakes, both be-
cause of altered community structure and because of
the frequent ‘clogging’ of gill-nets. Stocking of a num-
ber of streams with Oncorhynchus mykiss has resulted
in the decline or even local extinction of native sal-
monids. Also, the introduction of Salmo trutta and
Salmo letnica to Greek freshwaters (where different
Salmo species exist) has resulted in harmful hybridi-
zations that may prove detrimental to the native trout
species in the long term (Crivelli et al., 1997; Econo-
mou et al., 2007b).

One of the highest potential risks concerns fish in-
troductions into reservoirs and lakes for angling in-
terests. Although the popularity of angling in Greece
is steadily growing, fortunately it has not yet led to wi-
despread introductions of invasive aliens, in contrast
to other Mediterranean European countries where
angling in inland waters is more popular and live bait
is widely used. Therefore, Greece does not have a
problem —yet— with highly sought-after piscivorous
species such as the American bigmouth bass Micro-
pterus salmoides. It should be made clear that the
threat of alien predatory fish introductions remains
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extremely high. This is due to a combination of a re-
cently increasing interest in amateur angling, low pu-
blic awareness about alien fish impacts, and a poor
means of enforcing bans on alien introductions —even
within protected natural areas. Furthermore, in some
cases, transnational rivers (such as the three rivers en-
tering Greece from Bulgaria) have effectively facili-
tated the introduction of certain alien fish into Greece.

Alien species often negatively affect the survival
of native fish or interfere with ecosystem function
through competition and predation. Some small-sized
alien species, particularly Gambusia holbrooki and
Lepomis gibbosus, are reported to feed on the eggs
and fry of other species (Garcia-Berthou & Moreno-
Amich, 2000; Wittenberg, 2005). Introduced fish can
also reduce the amount of natural feed available to
native species through a dietary overlap. For instance,
Pseudorasbora parva can potentially compete with
three native species in Lake Prespa, NW Greece (Ro-
secchi et al., 1993), while Carassius gibelio is a very ef-
fective competitor of carp and other cyprinids; where
the latter species was introduced, it formed huge po-
pulations replacing native fish species (Paschos et al.,
2004). Gambusia holbrooki has been implicated in the
decline of the critically endangered endemic fish Va-
lencia letaourneuxi through competition for food
(Bianco & Miller, 1989). The numerous introductions
of alien species and the extensive stocking efforts ma-
de in Lake Pamvotis (NW Greece) have been blamed
for the severe decline, almost extinction, of the local
endemic Pelasgus epiroticus, though the specific de-
terminant of its decline is not yet fully understood
(Perdikaris et al., 2005).

However, the negative impacts of fish introduc-
tions reported so far have not been well documented
and rely on incidental observations or scattered empi-
rical evidence. No research has been undertaken to
examine how alien species may affect the survival of
native species, the structure of the local fish commu-
nities or ecosystem function. The fish fauna in some
lakes and reservoirs is comprised mainly of alien spe-
cies. For example, Lake Pamvotis contains 24 species
of which only four are native and 20 have been intro-
duced to this system (Leonardos et al., 2007). Like-
wise, the fish fauna of the Tavropos reservoir (N Gree-
ce) is composed of 15 species, five of which are native
and 10 have been introduced (Tsekos et al., 1992).

Although some introductions do not entail visible
negative ecological or socio-economic consequences,
they may have a considerable impact on the genetic
composition and quality of endemic fish. This kind of

problem is expected when the introduced species in-
terbreed with closely-related native forms and hybrids
are produced. Since the 1960s stocking operations
have been carried out on a regular or ad hoc basis, in-
volving releases of hatchery-reared fingerlings in se-
veral lakes and rivers and also interbasin transfers of
juveniles. Without appropriate genetic research, this
kind of impact is difficult to quantify. Aquaculture es-
capes and deliberate releases of Salmo trutta import-
ed from abroad into the Aroaneios River (S. Greece)
may have been detrimental to the local trout species
Salmo farioides, which has been extirpated from this
river (Economou et al., 2007b). However, aquaculture
escapes and stocking of the Aroaneios River with the
rainbow trout Oncorhynchus mykiss have also oc-
curred, thus confounding interpretations about the
possible causes of the extirpation. Fortunately, there
are still river reaches in the Ladon and Erymanthos
basins (S. Greece) where unaffected remnant trout
stocks of the native trout species can still be found;
these stocks can be used as an egg source for rehabili-
tation projects.

The spreading of new diseases and parasites is
one of the most important and persistent environ-
mental risks inherent to fish introductions. This is still
a poorly-explored issue in Greece. There are a few re-
ports of pathogen introduction associated with the
culture of imported trout and sturgeon (Athanasso-
poulou et al., 2004) but the extent of the problem is
unknown and many more instances of disease remain
unreported.

Among the established marine fish species listed
in the Annex, some species, successfully established,
are common and have acquired a commercial impor-
tance, i.e. Siganus luridus, Siganus rivulatus and Sphy-
raena chrysotaenia (Corsini-Foka & Economidis, 2007).
The rapidly increasing population of the recent colo-
nizer Etrumeus teres is already contributing to enrich-
ing fishery resources in the Dodecanese and Kyklades
islands (Kallianiotis & Lekkas, 2005) and Crete (Ka-
sapidis et al., 2007); it has also been observed in Is-
rael, Cyprus and Turkish Mediterranean waters (Go-
lani et al., 2006). Local indigenous fish, especially the
small sized and fry, are subject to a remarkable pre-
dation pressure. Consequently, the impact on the lo-
cal fish populations by Lessepsian immigrants seems
to be serious and accelerated in some cases. In sever-
al cases successful breeding in combination with food
availability and other favourable environmental fac-
tors has very often led to a population explosion.
Such a case of population explosion was observed in
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the area during the 1940s for Upeneus moluccensis (La-
skaridis, 1948b), followed by an incomprehensible
dramatic fall shortly after, so that nowadays this spe-
cies is rather rare in the area (Corsini & Economidis,
1999).

In terms of impact, the blue cornetfish, Fistularia
commersonii, caught normally by trawl-nets up to a
50-60 m depth, has developed an important popula-
tion and it is considered at the moment as one of the
most invasive species in the Mediterranean Sea (Stre-
ftaris & Zenetos, 2006). This species exhibits a rapid
expansion along the coasts of the Levantine Basin, to
the northern coasts of Crete and westward to the
Central Mediterranean and Tyrrhenian Sea (Golani
et al., 2006). The phenomenon is alarming because
this fish reproduces and grows very rapidly, reaching
a remarkably large size (160 cm TL: Fritzsche & Sch-
neider, 1995). Since its first appearance in 2001 in the
Rhodes island marine area, the blue cornetfish has
actually occurred at a number of 5 to 20 specimens in
a catch of any trawl net operation, mainly at 20-25 m
depth (Kalogirou et al., 2007). Among these last in-
vaders, the population of the the silver stripe blaasop
Lagocephalus sceleratus is increasing rapidly (Kasa-
pidis et al., 2007; Peristeraki, 2007) and this poses se-
vere health hazards (Corsini-Foka & Economidis,
2007). The blaasop’s internal organs, and in particu-
lar the gonads, contain a strong paralytic neurotoxin
called tetrodotoxin (TTX) that has a potential risk to
humans (Katikou et al., 2009). Thirteen cases of poi-
soning have been reported from Israel (Bentur et al.,
2008).

The pond slider Trachemys scripta is native to the
eastern and central United States of America. In so-
me places they are considered to represent a threat to
the local turtle species (through competition) and to
the ecosystem (competition, predation) (Cadi & Joly,
2003). The species is included in the [UCN/ISSC In-
vasive Species Specialist Group 100 Worst Invasives
List. The American bullfrog Lithobates catesbeianus
introduced into Crete (Mantziou et al., 1999), is a po-
tential predator of native species and a possible vec-
tor of pathogens (Barrasso et al., 2009). The nutria,
(Myocastor coypus) has been introduced to every con-
tinent except Antarctica and Australia, primarily for
use as a furbearer (Carter & Leonard, 2002). While
perceived in some regions as a valuable resource, in
most regions the species is considered as a pest. Coy-
pus have caused damage to water control structures,
crops and marsh systems and are considered as a dis-
ease host (Carter & Leonard, 2002).

INVERTEBRATES

Although there is no documentation of direct com-
petition between alien and indigenous invertebrate
species, there are many instances of sudden changes
in abundance where competition is suspected. Among
the most invasive species worth noting are the mol-
luscan Strombus persicus and Pinctada radiata; the
grapsid crab Percnon gibbesi and the scleractinian co-
ral Oculina patagonica. Besides the adaptation of Pin-
ctada radiata to the subtropical environment of the
south-eastern Mediterranean Sea, its tolerance to
chemical contamination has enhanced its expansion
in enclosed polluted ecosystems all over Greece.
Strombus persicus has become locally invasive in the
south-eastern Mediterranean Sea including several
Greek localities such as Rhodes, the south Pelopon-
nesos coast, the Argolikos Gulf and along the Attiki
coast of the Saronikos Gulf from Cape Sounion to
Agia Marina (Zenetos et al., 2007). The grapsid crab,
Percnon gibbesi, is the most invasive decapod species
to enter the Mediterranean (Streftaris & Zenetos,
2006). Thus, if the present rate of introduction per-
sists, a modification of the composition and structure
of the fauna is entirely possible.

PLANTS

Reports on potentially toxic epiphytic dinoflagellates
of the genera Ostreopsis, Coolia and Prorocentrum in
the Mediterranean Sea, including Greece, are rising
during the last decade (Penna et al., 2005; Aligizaki &
Nikolaidis, 2006; Monti et al., 2007; Aligizaki et al.,
2008a, 2009a; Dolapsakis et al., 2008). This fact pos-
sibly represents the global trend towards increase of
harmful algal blooms in frequency, intensity and geo-
graphic distribution (Hallegraeff et al., 2003). How-
ever, the possibility that increased records of poten-
tially harmful microalgae might be partially attriduted
to the intensification of research towards this field
should not be overlooked.

The main harmful dinoflagellates, which have so
far caused the greatest economic losses in Greece,
due to diarrhetic shellfish intoxication (Mouratidou
et al., 2006), belonged to the genus Dinophysis (Kou-
karas & Nikolaidis, 2004; Nikolaidis et al., 2005).
However, the documented presence of additional po-
tentially toxic and/or toxic species of the genera Ostre-
opsis, Prorocentrum and Gambierdiscus (Aligizaki &
Nikolaidis, 2006, 2008; Aligizaki et al., 2008a, 2009a)
indicate the potential increase in different kinds of
fish and shellfish intoxication, following the already
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documented shellfish contamination by palytoxin-like
compounds from Ostreopsis species (Aligizaki et al.,
2008b, 2009b).

The most serious impact caused by invasive alien
freshwater macrophytes comes from aquatic plants
which have escaped from aquaria, water gardens, or
ricefield cultivations. These plants often reproduce
rapidly by vegetative means and can rapidly colonise
large areas (e.g. Azolla filiculoides, Azolla carolinia-
na). Ludwigia peploides subsp. montevidensis, Paspa-
lum distichum, Paspalum dilatatum, Paspalum paspa-
lodes expand very quickly and disrupt channel flow
and stagnation, and eventually compete with indige-
nous species for resources (Yannitsaros, 1991; Zotos
et al., 2006). They may pose a threat to native plants
and animals and ecosystems, and are likely to increa-
se as a consequence of climate change and increasing
water temperature.

The direct impact of the invasive macrophytes on
the native biota has not yet been documented off the
Greek coasts. The green alga Caulerpa racemosa var.
cylindracea has been spreading extremely rapidly along
Greek coasts since 1993 (Panayotidis & Montesanto,
1994), occupying diverse substrata, various depths,
polluted and unpolluted areas, revealing thus a strong
invasive behaviour (Tsirika & Haritonidis, 2005) and
it is presently found in all Greek seas. Populations of
the green alga Codium fragile fragile have been present
in Greece at least since the last decade of the 20th
century, and today it can be found in several locations
in the Central and North Aegean Seas (Tsiamis &
Panayotidis, 2007b). Its spread seems to be still in pro-
gress along Greek coasts, presenting some sporadic
blooms. The seagrass Halophila stipulacea was first
reported in the Mediterranean in Rhodes Island (SE
Aegean) by Fritsch (1895). Since then, it has been re-
ported from numerous Greek coasts, revealing a
strong invasive behaviour in both the Aegean and Io-
nian Seas (Haritonidis & Diapoulis, 1990). Invasive
behaviour was observed for Asparagopsis taxiformis
on Andros Island (Central Aegean Sea) in June 2008.
More specifically, numerous gametophytes of Aspa-
ragopsis taxiformis were found on rocky substrate, mo-
nopolizing the indigenous phytocommunity along
with tetrasporophytes (“Falkenbergia” stage) as turfs
or epiphytes at the upper sublittoral zone (0-2 m
depth), in the same area (Tsiamis et al., 2009).

What do we do?

Marine alien fish species are not monitored specifi-
cally, but fish populations are monitored on a regular

basis for the needs of the European Community Re-
gulation (EC) No 1543/2000 and data are recorded in
the Hellenic Fish Information System (IMAS-Fish
2007) based at HCMR. Based on the increasing re-
cords of marine alien species, which may have been
the result of intense research in this field, it could be
suggested that the gradual increase in sea surface wa-
ter temperature (EEA, 2006; Zervakis et al., 2007)
has facilitated the acclimatisation and settlement of
tropical species in the Greek Seas.

The presence of the genus Gambierdiscus in the
Mediterranean Sea constitutes the prerequisite for
the onset of ciguatera disease in this area; ciguatera
is the most frequently reported marine toxin-derived
disease resulting in the illness of more than 50,000
people each year worldwide and also affecting the
fish industry with consequent economic losses (Lewis,
2001). The fact that Gambierdiscus detection in the
Canary Islands (Fraga et al., 2004) was followed by ci-
guatera incidents in the same area (Pérez-Arellano et
al., 2005), indicates the potential hazard for a future
occurrence of ciguatera inside the Mediterranean
Sea, since Gambierdiscus is a Mediterranean inhabi-
tant for at least 6 years (Aligizaki & Nikolaidis, 2008).
The only data that stands against this possibility is the
fact that the preliminary results from the first exam-
ined Gambierdiscus strains from the Mediterranean
Sea have shown low toxicity (Aligizaki et al., 2009b;
Caillaud et al., 2009).

It is surprising that many alien woody plants have
not spread widely in Greek inland waters and seem to
be quite localized; this is evident even in aliens in ri-
parian vegetation in montane streams (Zogaris et al.,
2008), a fact that could be attributed to the relatively
small size and geographical isolation of most river ba-
sins especially in southern and western Greece. Inva-
sion of one isolated basin means the species has to so-
mehow cross a watershed barrier in order to spread;
this is one reason for maintenance of a slower spread
of some freshwater species within Greece.

In this way, freshwater species may spread through
unintentional or negligent human releases and un-
fortunately these introductions and associated im-
pacts may go unnoticed for years. An example of pet-
trade introductions is the turtle Trachemys scripta, an
opportunistic inhabitant of freshwater habitats, gene-
rally in close proximity to human habitation and/or
recreation areas. European populations are either to-
lerated or their elimination is desired. The European
Union has banned the import of Trachemys scripta on
the basis of it being an invasive species, but other sub-
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species are being imported instead. For some of the
vertebrate aliens there is a surprising lack of pub-
lished information or public interest. Nutria Myocas-
tor coypu, for example, has large populations in some
wetland localities such as Axios River (N. Greece)
and Kalamas River (W Greece) (S. Zogaris, person-
al observation), but specific impacts and potential ha-
bitat degradation caused by this herbivore have never
been assessed. It is not therefore possible to suggest
any kind of management before baseline studies as-
sess current impacts of these alien populations (Car-
ter & Leonard, 2002).

In Greece, national regulations concerning alien
introductions are poorly enforced and public interest
or awareness of the environmental risks is nearly non-
existent. The International Maritime Organization
(IMO) was involved in the establishment of an Inter-
national Convention for the Control and Manage-
ment of Ships’ Ballast Water and Sediments (BWM
Convention 2004) which focuses on minimizing risks
and side effects to the environment and human health
arising from the transfer of species in ship ballast wa-
ter and sediments. The Commission has concluded a
cooperation agreement with the IMO, and the EU
has passed legislation to implement IMO decisions.
However, by May 2009, the IMO Convention has been
ratified by only 18 countries (Greece excluded).

With regard to freshwater biota, EU regulations
such as the Council Regulation (EC) No 708/2007,
are implemented in policy manuscripts, but rarely in
practice. Fish controls and the enforcement of disci-
pline in lowland areas fall under the authority of the
police, while in upland areas they fall under the au-
thority of the Forestry Service. In theory, any intro-
duction or translocation should follow certain rules,
but in practice the existing rules are insufficient and
not adequately enforced. Greek governmental autho-
rities have no mechanism for systematically recording
information concerning alien species in aquatic envi-
ronments and very little information is present in the
literature (apart from area species lists and biota sur-
vey reports).

In Greece, alien species have been primarily re-
ported through publication in a relatively few peer-
reviewed journals, conference abstracts and reports.
Although a small number of Greek scientists have ex-
tensive experience in the systematic recording of a-
lien species and their impacts, recently some isolated
initiatives have been taken. Examples of recent ini-
tiatives include the University of Athens involvement
in the DAISIE Project and the Hellenic Centre for

Marine Research (HCMR) marine and inland waters
biota surveys. Recognising world scientific interest in
alien species, a Greek national network of experts on
aquatic alien species was brought together by HCMR
and hence the Ellenic Network on Aquatic Invasive
Species (ELNAIS) was initiated in 2007, structured
according to the same pattern as that of the Euro-
pean Research Network on Aquatic Invasive Species
(ERNALIS).

Recently, a debate has been opened regarding
alien species and the assessment of ecological status
under the Water Framework Directive (WFD). Fol-
lowing ECOSTAT workgroup resolutions, a work-
shop held in Ispra (Italy) hosting representatives from
10 European countries, tried to unify the way differ-
ent countries construct lists of alien species for use
under the WFD and how levels of impact are asses-
sed. Furthermore, it was discussed how information
on alien species is being used in the classification of
ecological status. Considering the peculiarity of E
Mediterranean countries, Greek representatives (Pan-
cucci-Papadopoulou et al., 2009b) suggested that
alien species presence and impact must be assessed as
a separate risk analysis alongside the classification of
WED, otherwise a significant number of good or high
status EcoQ areas, but affected by high biopollution
levels, would risk to be severely downgraded due to
vicinity with Alien Species pathways-gateways (e.g.
Suez Canal) or vectors’ incidence (e.g. navigation
routes) that is practically impossible to deal with.

One of the most important requirements needed
to stem the spread of aquatic aliens is a targeted pub-
lic awareness campaign aimed particularly at resource
users. Special interest groups such as anglers, fisher-
men, port authorities, tourism development stake-
holders and Ministries may play an important role in
guarding against intentional and unintentional spe-
cies introductions. Governmental authorities must al-
so be given greater incentives to become involved in
monitoring and enforcement activities, particularly
within protected areas where they have increased ju-
risdiction to act and prevent introductions. Therefo-
re, we suggest promotion of educational programmes
to reduce the risk of new introductions and transloca-
tions from established populations.

Finally, the scientific community must intensify
actions towards inventorying and monitoring alien
species distributions and impact assessments. Careful
site-based monitoring is necessary for the early de-
tection and management of newly established popu-
lations. In order to achieve such a goal, it is critically
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important that baseline inventorying and monitoring
is supported by long-term funding.
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Argyro Zenetos et al. — Aquatic alien species in Greece
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