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Abstract

The number of new alien species invading the Mediterranean Sea, which peaked in the 2000-2005
period with more than 20 new species per year appears to be declining with 16 species on average
introduced in the 2012-2017 period. This drop is documented for all taxonomic groups with the
exception of fishes. While the number of new alien fishes introduced via the Suez Canal follows the
same declining pattern, the number of intentionally released fish species, related to aquarium trade,
is climbing up, particularly so in the central Mediterranean. At country level, the new proposed
indicator (number of new alien species per 6 years period) is inconclusive, a fact attributed to lack of
previous studies in high risk areas. At the same time number of new alien species per pathway
highlights the role of aquarium trade as a pathway. Prioritization of alien species likely to arrive in
an area, through horizon scanning, is necessary at country level as a precautionary measure towards.
Finally, involvement of citizen scientists is encouraged at national, regional and Pan-European level.
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Introduction
Pursuant to several decisions of the UNEP/MAP Contracting Parties, specific efforts were
made during the past decade to implement the ecosystem approach (EcAp) with the
objective to achieve the Good Environmental Status (GES) of the Mediterranean. The GES
has been defined through eleven Ecological Objectives (EO) and their achievement is being
monitored with the help of 27 indicators. These indicators are at the basis of EcAp’s
Integrated Monitoring and Assessment Program (IMAP). To enable the implementation of
the EcAp process and in particular IMAP, the EcAp MED II project 2015-2018 supported
by the European Union, focuses on the strengthening of the interface between science and
policy. The overall objective of the EcAp-MED II project is to support the UNEP/MAP
Barcelona Convention and its Southern Mediterranean Contracting Parties to implement
the EcAp in synergy and coherence with the implementation of the European Union’s
Marine Strategy Framework Directive (MSFD). Among the proposed indicators, towards
achievement of EO2, Indicator 6 addresses “Trends in abundance, temporal occurrence
and spatial distribution of non- indigenous species, particularly invasive non-indigenous
species, notably in risk areas in relation to the main vectors and pathways of spreading of
such species” and corresponds to descriptor 2 of the MSFD. MSFD (EU, 2008) is the
environmental pillar of EU Integrated Maritime Policy that sets as an overall objective to
reach or maintain “Good Environmental Status” (GES) in European marine waters by 2020.
The MSFD update (COMMISSION DECISION (EU) 2017/848 of 17 May 2017) states
that “The number of non-indigenous species which are newly introduced 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
minimised and where possible reduced to zero”. Furthermore, “Member States shall
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establish the threshold value for the number of new introductions of non-indigenous
species, through regional or subregional cooperation”.
The EU policy which addresses exclusively invasive alien species (IAS) is the EU
Regulation (No 1143/2014) establishes rules to prevent, minimise and mitigate the
adverse impact on biodiversity of the intentional and unintentional introduction and
spread within the EU. With regards to pathways, a number of International Policies
address specific (shipping: IMO, 2017) or inclusively all pathways (CBD, 2014). The
absence of marine invasive alien species (MIAS) from the list of the European Union
Regulation 1143/2014 (IAS Regulation) does not match the magnitude of the threat they
pose to the marine environment, particularly so to the Mediterranean
Horizon scanning (HS) is the systematic examination of future invasive alien species with
the potential to threaten biodiversity and human health. The first Pan-European Horizon
Scanning (HS) exercise focusing exclusively on marine alien species, aiming to deliver a
ranked list of species that should be of high priority for risk assessment and possibly
future inclusion in the EU IAS list was organized by JRC (4-5 October 2018, ISPRA).
Knowledge of the invasion process is essential in designing management plans to cope
with the potential detrimental effects of invasive species, and to attempt to prevent their
large-scale spread. The present work addresses trends in pathways/vectors for all Alien
species (MAS) in the marine and estuarine environment.
Materials and methods
In the lack of data on impacts (as well as trends) of most of the Alien species in European
Seas, the trends in MAS (all introduced species) is used as a proxy of the trends of the
most invasive marine alien species.
Considering that the status of 2011 will be the baseline for the assessment of any D2
related indicator, trends were calculated as number of New MAS per 6-year intervals at
Mediterranean, subregional and country level, the latest period being 2012-2017. A
simple information system herein called HCMR/EEA database has been developed in
HCMR since 2002 to serve as a resource in developing a trends indicator and for reporting
to EEA. The Mediterranean component of it has been transferred to EASIN. The list is
under constant update considering the new findings and a degree of uncertainty in the
alien status of some species. Miscategorising alien species as native is not rare. Many
pseudoindigenous species occur in the Mediterranean, precisely because many old
taxonomic works originated in the Mediterranean. Phylogenetic studies have revealed
that some records of cryptogenic species belong to true aliens.
The list of alien species in the Mediterranean has undergone a major revision and cleared out
(Zenetos et al., 2017). The list for Mediterranean alien species is still an underestimate as it
does not include monocellular algae while the status of foraminiferans is under revision.
In addition, there is always uncertainty in the true year of introduction. Even if the first
detection date was the true introduction time, the trends in introduction suffer because of
the time lapse between observation and publication. Species collected in the 2016-17 period
are expected to be published in the next 2 years (Azzurro et al., 2016; Zenetos, 2017).
Pathways describe the processes that result in the introduction of alien species from one
location to another. Identification and categorization of pathways follows the CBD
classification scheme (CBD, 2014). Information on vectors are mostly derived from the
authors’ speculations, since specific research projects aimed at identifying vectors and
occurrences are complicated and demanding large resources. Unless found when deliberately
moved, evidence of actual transfer is seldom known. In a large number of cases, likely
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pathways are merely inferred, for example considering the most common activity occurring
in a specific location (shipping, aquaculture), but no scientific evidence is provided.
Results
All analyses are based on 491 taxa observed for the first time since 1988. Figure 1 shows the
contribution of marina taxa in the MAS composition in the Mediterranean. The trend in
introduction of MAS in the Mediterranean which culminated in the 2000-2005 period with
more than 20 new species per year (122 in total), appears to be decreasing over the last 6-year
(96 species) (Fig. 1). As opposed to Invertebrates and Primary Producers, Vertebrates appear
to increase with 34 species detected in the 2012-2017 period vs 26 species in the period 20062011. The decreasing rate in MAS is evident across the Mediterranean MSFD areas with the
exception of the Central Mediterranean where an increase is observed attributed to Vertebrates
(Fig. 2). Indeed, 17 new fish alien species were detected in the central Mediterranean in the
period 2012-2017 vs 8 fishes in the period 2006-2011. These are MAS either spreading from
the eastern Mediterranean to the central or newly introduced species in the area.

Fig. 1: Number of New MAS per 6 years in the Mediterranean since 1988.
VER=Vertebrates, INV=Invertebrates, PP=Primary producers.

Fig. 2. Number of new MAS per 6 years in the Mediterranean MSFD regions since 1988
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At national scale, trends of alien taxa per EU country since 1988 is depicted in figure 3.
Greece has received the highest number of MAS over the last 30 years, followed by Italy,
and Cyprus. However, an increasing trend is evidenced in all countries except Greece,
where a slight decline is observed. The peak in new MAS was observed in Cyprus
(45 species) in the period 1994-1999, whereas the number of biological invasions is far
less in the east Adriatic Sea countries (Fig. 4).

Fig. 3: Number of new MAS in EU Mediterranean countries since 1988 per 6 years. France
and Spain are not presented here as they have also Atlantic borders.

Fig. 4. Role of pathways in the introduction of MAS in the Mediterranean MSFD regions
since 1988

Discussion
The updated Mediterranean MAS list which counted 821 multicellular species in
December 2016 (Zenetos et al., 2017), counts to date (November 2018) 957 species
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including Foraminifera. Among the introduced MAS during the last 30 years (491 taxa),
Invertebrates dominate with >58% (287 species) represented mostly by molluscan and
decapods. Primary producers follow with approximately 114 species among which
macroalge and in particular rhodophytes prevail. Vertebrates (mostly fishes) follow
closely with 90 species. The trend in introduction of MAS in the Mediterranean appears
to be decreasing after 2005. Interesting is the relative decrease in introductions in the
eastern Mediterranean (Zenetos, 2017), where, the enlargement of the Suez Canal was
perceived as a double trouble (Galil et al. 2015). Vertebrates (fish only) are dominated by
Lessepsian immigrants but over the last decade the number of fish species related to
aquarium trade which have been intentionally released in the wild (classified as escapees
from confinement) is increasing (Zenetos et al., 2016; Marcelli et al., 2017; Deidun et al.,
2018 etc).
Analysis of the initial reporting lists of MAS revealed important knowledge and data
gaps, as well as vague definitions and significant differences on the level of detail and
focus of the approach followed by the MS, pointing the need for common standards
(Palialexis et al. 2015). Besides monitoring, all Mediterranean EU countries are currently
validating their check lists for the needs of D2 (e.g Greece: Zenetos et al., 2018) and the
output is stored in EASIN, but non EU countries are also carrying out monitoring of MAS
and publish their results [Tunisia: Sghaier et al., 2016; Ben Amor et al., 2016 - Lebanon:
Bitar et al. 2017 - Algeria: Grimes et al., 2018- Libya: Shakman et al., 2017].
The increasing rates in the 2012-2017 period at national level are mostly the result of a
study of NIS focused on marinas in Spain, France, Italy, Malta, Greece, and Cyprus,
during which many new species were reported (Ulman et al, 2017). However, the findings
of Ulman et al. (2017), should be attributed to lack or previous studies in the studied areas
than to recent introductions since the reported MAS are mostly widespread alien species
whose introduction is related to vessels. Thus, presently the results are inconclusive.
Increasing trend at national level does not necessarily imply BAD GES. At national level
further studies are needed in high risk areas including MPAs.
A preliminary list to species to be evaluated by means of HS in the Mediterranean is
reported in Zenetos (2016). In addition to the first HS at national level (Cyprus) in the
Mediterranean in the framework of a research project, HS has been conducted for marine
species in Croatia, Slovenia and Greece in the framework of the EU MEDCIS project
("MEDCIS" No. 11.0661/2016/748067/SUB/ENV.C2)- results not presented here.
Engagement of citizen scientist is crucial and has proven to be a valuable tool towards a)
enriching the country lists of MAS (Giovos et al., 2018; Crocetta et al., 2017). and b)
monitoring the invasive MAS (Azzurro et al., 2018). What figure 3 shows clearly is that
Italy, Cyprus, Malta, Slovenia host many MAS which are yet unreported. The check list
of Cyprus is expected to increase significantly due to concerted actions by the national
authorities’ especially in Marine protected areas.
Actions to be considered
 Updating the distribution lists based on data to be collected/reported in the course of
future monitoring projects in risk areas at national level.
 Considering the difficulties of reporting new alien species and monitoring the invasive
ones, engage citizens and NGOs into reporting selected target species through
national/international networks such as the jellyfish watch, eye on earth, spot the alien
fish, etc.
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 Developing national networks, depository systems, databases on MAS at national
level.
 Expanding the existing system by incorporating info on impacts of as many invasive
MAS as possible.
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