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VECTORS Overview

‘VECTORS seeks to develop integrated, multidisciplinary research-based understanding that will
contribute the information and knowledge required for addressing forthcoming requirements, policies
and regulations across multiple sectors.’

Marine life makes a substantial contribution to the economy and society of Europe. In reflection of
this VECTORS is a substantial integrated EU funded project of 38 partner institutes and a budget of
€16.33 million. It aims to elucidate the drivers, pressures and vectors that cause change in marine life,
the mechanisns by which they do so, the impacts that they have on ecosystem structures and
functioning, and on the economics of associated marine sectors and society. VECTORS will
particularly focus on causes and consequences of invasive alien species, outbreak forming species,
and changes In fish distribution and productivity. New and existing knowledge and insight will be
synthesized and integrated to project changes in marine life, ecosystems and economies under future
scenarios for adaptation and mitigation in the light of new technologies, fishing strategies and policy
needs. VECTORS will evaluate current forms and mechanisms of marine governance in relation to
the vectors of change. Based on its findings, VECTORS will provide solutions and tools for relevant
stakeholders and policymakers, to be available for use during the lifetime of the project.

The project will address a complex array of interests comprising areas of concern for marine life,
biodiversity, sectoral interests, regional seas, and academic disciplines and especially the interests of
stakeholders. VECTORS will ensure that the links and interactions between all these areas of interest
are explored, explained, modeled and communicated effectively to the relevant stakeholders. The
VECTORS consortiumis extremely experienced and genuinely multidisciplinary. It includes a mixture
of natural scientists with knowledge of socio-economic aspects, and social scientists (environmental
economists, policy and governance analysts and ervironmental law specialists) with interests in
natural system functioning. VECTORS is therefore fully equipped to deliver the integrated
interdisciplinary research required to achieve its objectives with maximal impact in the arenas of
science, policy, management and society.

WWW.marine-vectors.eu
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Executive Summary

This report for Deliverable 6.2 documents the development of a database of alien species
presence within and in the vicinity of representative EU ports.

Knowledge on alien, cryptogenic and other (potentially) harmful species in ports is heeded to
alert the shipping industry to harmful species occurring in ballast water uptake zones in order to
fulfill the obligations of the IMO Ballast Water Management Convention and to enable ballast
water management related risk assessments. A core activity of Deliverable 6.2 has been the
documentation of alien and cryptogenic species known to occur within and in the ‘vicinity' of
representative EU ports. This knowledge is not comprehensive and therefore currently
contributes  towards identification of what needs to be done within VECTORS for the
development of risk assessment procedures in WP6 - Synthesis for stakeholders and policy
makers. This deliverable has a strong focus in WP6, but linkages also exist to WP2 —
Mechanisnms of change and WP3 - Impacts and implications of change. These workpackages
have therefore jointly developed a structure for an alien and cryptogenic species database for
ports and for the seas in VECTORS' focus. The database will contain presence/absence,
abundance and other data (if available) and will eventually be used to provide data needed for
development of ballast water management related risk assessment procedures. A list of the
most invasive species in the seas considered by VECTORS was made available for use in
WP3 systematic reviews (see Annex 2) and many of those species also occur in ports. The
VECTORS alien and cryptogenic species database (WP2) is now available as a test version to
enter additional information, lists of alien species present within and in the ‘vicinity’ of selected
ports are presented here. The knowledge on alien and cryptogenic species in the selected
ports is being included in the database as the database format and modifications are finalised.
The current version of the database structure is appended to this report (see Annex 1). The
modified database will now address a wider array of VECTORS project requirements than the
alien species present in ports and will be continuously updated and made publicly available by
month 36 (in D21.1). No “critical” alien or cryptogenic species which can be transported by
ballast water are currently known from the ports selected so no ballast water uptake warning
needs to be issued at this stage.

1 Introduction

Species have been transported across and around seas and oceans since humans first started
to travel the seas. This occurs both unintentionally (e.g. with ships fouling or ballast, associated
with the cargo of vessels or transported on deck) or intentionally (e.g. for aquaculture purposes,
scientific research interests). In aguatic environments there are seven principal categories as to
how species are spread (pathways). Each of these pathways enable several ways a species
may be transferred (vectors) (Minchin et al. 2005). Shipping is considered to be the principal
pathmay worldwide by which species are spread with the dominating vectors being ballast
water and biofouling. In Europe ballast water mediated species introductions are dominating
(FHg. 1) and strategies to address this in Europe were summarized by David and Gollasch
(2008).

In some cases more than one vector may be responsible for the introduction of a single species
(Minchin et al., 2007).



One of the VECTORS objectives is to document the causes and consequences of invasive
alien species (IAS, this includes cryptogenic species) and outbreak forming species (OFS). The
impacts of the introduced species are manifold and may be classified under three categories
(Box 1). Several IAS generate negative consequences but only relatively few invasions have
had significant (almost catastrophic) and seemingly irreversible impacts (e.g. Hayes & Sliwa,
2003).
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Hg. 1. Relative importance of prime species introduction vectors based upon selected “world-
wide” datasets including records from North- and South America, Europe, South Africa, Persian
Gulf, western India, China, Japan, Australia and New Zealand (Source: Gollasch 2005).

Box 1. Nature of impacts

Impacts on biodiversity: predation on native communities, alteration of habitat structure and
re-organisation of the trophic web, importation of diseases and disease agents, alterations
of the genome (Olenin et al., 2007).

Economic losses: impacts on aquaculture production, impacts on fisheries resources, fouling
of abstraction piping, impact on recreational resources.

Human health concerns: infectious cholera strains, other diseases, toxins generated by algae
that contaminate foods, outbreaks of stinging jellyfish affecting swimmers.




Discussions among VECTORS partners in WP2 — Mechanisms of Change, WP3 — Impacts and
Implications of Change and WP6 — Synthesis for Stakeholders and Policy Makers working on
invasive alien species (IAS) and outbreak forming species (OFS) were initiated at a VECTORS
meeting in Rome (May 2011) which led to a working definition of both categories of organisns.
The common features of 1AS and OFS were discussed including the long usage of invasive
species as an attribute of a subcategory of alien species was highlighted (Carlton 1996).
Invasiveness (i.e. the condition/potential of being invasive), as a characteristic feature basically
pertaining to inter-specific competition, is found in both indigenous and nonindigenous species
(Valery et al, 2008). These authors concluded “A biological invasion consists of a species
acquiring a competitive advantage following the disappearance of natural obstacles to its
proliferation, which allows it to spread rapidly and to conquer novel areas within recipient
ecosystems in which it becomes a dominant population”. Recognizing that there are different
definitions of an invasion, the VECTORS group agreed that the traditional usage of invasive
species should be continued, by limiting its application to a subset of alien species and not
extending it to indigenous species. For dlarity it was suggested to always consider carefully the
use of the term “alien” when addressing invasive species.

Therefore, the two following working definitions have been adopted:

1) Invasive alien species (IAS, based on Olenin et al., 2011) are a subset of established alien
(non-indigenous  species, non-native, exotic) species, which have spread, are spreading or
have demonstrated their potential to spread elsewhere and have an adverse effect on one or
more of the following; biological diversity, ecosystem functioning, socio-economic values or
human health in invaded regions.

2) Qutbreak forming species (OFS) are indigenous species or invasive alien species (IAS)
undergoing pulse-like, short-term (days to few months) exponential population gronth during
which they have an adverse effect on one or more of the following: biological diversity,
ecosystem functioning, socio-economic values and human health.

Under these definitions 1AS are limited to non-indigenous species (including cryptogenic
species) and OFS include both native and non-indigenous species.

The core activity for this deliverable was the documentation of alien and cryptogenic species
known to occur within and in the *vicinity’ of representative EU ports within a database. This will
contribute to preparation of a ballast water management risk assessment procedure in WP6.
For this purpose the vicinity of a port means the area near the port where ballast water
operations occur. This includes areas where vessels may conduct ballast water discharge or
uptake operations when approaching a port or leaving fromit, e.g. port approaches, anchorage
areas and designated ballast water exchange areas. The dimension of the vicnity is port
specific, i.e. it is different for different ports.

Comprehensive documentation of alien and cryptogenic species is challenging to complete as.

» It is known that alien and cryptogenic species are only occasionally registered in the
continuous biological monitoring programmes,

» Alarge share of alien and cryptogenic species sightings have been made in projects
and individual studies that are not part of the regular monitoring and it is sometimes
unclear as to which protocols and standards were used, i.e. it is unclear how reliable
the data are,

» There are only very few regular monitoring programmes in Europe specifically targeted



on aguatic alien and cryptogenic species (e.g. in Estonia and Germany), therefore
alien and cryptogenic species occurrence in port areas is largely unknown in many
European countries,

* Prelimnary port baselines studies to document the presence and abundance of alien
and cryptogenic species have only been undertaken in less than 10 European ports
(out of more than 1000 European ports). These studies are considered preliminary as
not al habitats were surveyed. However, for the risk assessment procedure
development to be undertaken in WP6 (see below), the availability of comprehensive,
reliable and recent data is essential. For example, selected German ports are
monitored once annually for the presence of alien and cryptogenic species, but those
studies do not include all habitats or species groups so that these initiatives can
indicate what needs to be done rather than being taken as a basis for the risk
assessmen;

Number of species

Fg. 2. Alien species records from the Baltic Sea (Source: 2008-2011 sessions of HELCOM
HABITAT, HELCOM MONAS, HELCOM MARITIME).



A more general problem is the lack of taxonomic expertise. Incomplete taxonomic knowledge
can result in confusion in the area of biogeography and biological invasion science. Taxonomic
skills are needed as the invasion status of an organism can usually only be assessed when it is
identified at the species level. Lack of taxonomic expertise may also lead to overlooking
introduced species, as had happened with Mnemiopsis leydii in the North Sea, or to a wrong
species diagnosis (in the Baltic Sea). The presence of this species was most likely overlooked
for a decade as the comb jellies found were confused with native species.

German coastal waters are quite well monitored in comparison to other Baltic Sea countries
including studies targeting alien and cryptogenic species in ports and the taxonomic expertise
to process these sanples is well available. Almost all regular monitoring activities in Germany
are aware of the need to report on the occurrence of alien and cryptogenic species. Comparing
all known Baltic Sea alien and cryptogenic species records, the German coastal waters have
the highest numbers (Fg. 2). It is questionable if this reflects the real situation or if this may be
a result of “the more you look, the more you find”. This also gives an interesting perspective
regarding the EU qualifiers for Good Environmental Status (GES) where alien and cryptogenic
Species are one component. Does Germany have a status that is worse when looking at alien
and cryptogenic species due to the higher number of these species present, or are simply more
species found due to targeted monitoring and awareness raising in regular monitoring studies?

In conclusion, the list of alien and cryptogenic species provided in this report is unlikely
to be fully comprehensive, but may be seen as the minimum number of such species in
the selected ports.

2  Alien and cryptogenic species database

The structure and content of the VECTORS alien and cryptogenic species database was
agreed by the VECTORS alien and cryptogenic species experts (see Annex 1) at a preparatory
meeting in Rome (May 2011) and was refined during a follow up meeting in Lisbon (March
2012). The database sterms from knowledge gathered through DAISIE, IMPASSE, HELCOM,
IMPACT workgroups and projects. The VECTORS IAS group findings include:
In the DAISIE database there are 3,160 records for 1,000 species, whose
identifications have been synchronized with the World Register of Marine Species
(WORMSY). However, errors in web-based available databases, including WORMS
were noted. As a consequence additional checks can be required for validation of
taxonomic identification, including availability of molecular data.
The current version of the VECTORS alien and cryptogenic species database
includes more than 1200 alien or cryptogenic species with more than 3500
introduction events?,
The VECTORS database is structured for specific accommodation of molecular data
entries, i.e. where molecular data is or becomes available this should be included in
the VECTORS database and an entry field added accordingly.
Database entries are currently subdivided according to coastal oceans/ regions/
habitats/ functional groups/ pathways and vectors of introductions. The structure of the
database shows static details, i.e. information which will not be changing with species

! http://www.marinespecies.org/
2 Species found in more than one country are counted as per the number of countries where they are known to
oceur.




records from different countries, such as taxonomy, synonyms, eco-functional
classification. Other parts are dynamic elements, i.e. the entries regarding introduction
events such as species & country, period, area of origin, species status (alien,
cryptogenic).

Some existing database entries may contain redundant information, therefore some
minor changes have been suggested and will be introduced to improve the efficacy of
the database.

New fields will be included into the database to meet VECTORS needs e.g. species
occurrences in ports in general (see risk assessment below) and in exactly which port
a species was found. These details will be added as practicable and available. Further
it will be documented whether or not an impact on tourism is known. Also to support
the risk assessment, whenever possible, the salinity (and temperature) preference and
tolerance of species should be included. Should the risk assessment consider “target
species” as a suitable way forward (identification criteria of such species to be
defined), the database will be searchable for such species. Also it will clearly
distinguish between primeary introductions and secondary spread of alien and
cryptogenic species.

For the identification of species introduction vectors a definition on vessels was agreed
which is based upon the relevant definition of the Interational Maritime Organization
(IMO 2004), i.e. a “ship” means a vessel of any type whatsoever operating in the
aquatic environment and includes submersibles, floating craft, floating platforms,
floating storage units (FSUs) and floating production, storage and offloading units
(FPSOs).

The VECTORS alien and cryptogenic species team has started to check their entries in the
database for corrections and to further document the ongoing spread of already introduced
alien and cryptogenic species and to include records of newly arrived alien and cryptogenic
species since the DAISIE and IMPASSE projects were completed. Due to technical problens
this activity is not yet completed so that currently no newly validated data can be extracted from
the database. However, this is unlikely to cause a delay as the database itself is only due in
month 36.

Due to lack of information regarding alien and cryptogenic species in ports biological
information of only the best studied ports will be incorporated into the database. When
selecting the ports an emphasis has been placed on “representative” shipping activities so that
for the ballast water related risk assessment (see below) alien and cryptogenic species data for
dominant commercial ports will become available as practicable. The risk assessment is to be
based on the best available information that has been collected and analysed using scientific
methods. However, such biological studies in the ballast water donor and recipient ports
comprehensively addressing all habitats and all organism groups have only been undertaken
recently. Risk assessment based exemptions of ballast water management requirements may
be valid for up to five years (see IMO risk assessment guideline G7, IMO 2007). Therefore,
best efforts need to be made before an exemption can be granted and this includes collection
of up-to-date, reliable biological and other information. It should be noted that an exemption will
be revoked if a new (potentially) harmful species appears in a ballast water donor port, hence
further monitoring would need to be conducted frequently enough, i.e. not “only” every five
years, but possibly semi-annually.



3  Most invasive species in VECTORS seas

WP3 partners undertaking systematic review activities requested information from the
VECTORS alien and cryptogenic species team concerning the most invasive species, i.e.
species with the strongest negative impacts. For this purpose species were selected based on
previous work and existing knowledge (Table 1, Annex 2) addressing the three seas in
VECTORS focus, i.e. Baltic, North and western Mediterranean Seas. For reasons of
comparison IAS of concern as highlighted during the DAISIE project were included.

Table 1 Summary of most impacting IAS in VECTORS seas (see Annex 2).

Invasive Alien and Cryptogenic DAISIE WMed & Adriatic Seas | North Baltic
Species top list Sea Sea
Total 26 17 18 16

4  Alien and cryptogenic species within and in the ‘vicinity’ of
selected European ports

Lists of alien and cryptogenic species are available for selected commercial ports in Estonia,
Germany, Ireland, Italy and Lithuania. Two ports are covered in the Baltic Sea, 5 in the North
Sea, 3 in the western Mediterranean Sea and 1 port in the Celtic Sea. The lists are based upon
earlier port sampling studies. Data for these species is either already in the alien and
cryptogenic species database or is being added. However, this knowledge may not be fully
comprehensive as not all sampling events studied all possible port habitats. The dominating
groups in the focus of these studies were zoobenthos and bio-fouling animals so that the
knowledge on plants and plankton is comparatively weak.

4.1 Estonia, The Port of Tallinn
Based on the information from specifically targetted research surveys and national alien
species monitoring programmes, there is a relatively complete knowledge on the occurrence
and population sizes (abundance and/or biomass) of alien and cryptogenic species occurring in
one of the largest ports in the Baltic Sea, the Port of Tallinn. The following alien and
cryptogenic species are currently occurring within the Port of Tallinn and in the ‘vicinity
(submitted by Henn Ojaveer):

Balanus improvisus

Carassius gibelio

Cercopagis pengoi

Cordylophora caspia

Eriocheir sinensis

Evadne anonyx

Gammarus tigrinus

Marenzelleria neglecta

Mya arenaria

Neogobius melanostomus

Oncorhynchus mykiss

Palaemon elegans

Potarmopyrgus antipodarum



In addition, unidentified sturgeons - escapees from fish farms — are found from time to time.
Further, the copepod Acartia tonsa and the parasitic nematode Anguillicola crassus are most
likely present.

4.2 Germany

A literature survey for the Port of Hamburg, a truly freshwater port, documented the presence
of alien and cryptogenic species. The port vicinity may be split by salinity regimes into the
upper estuary (oligohaline), inner estuary (mesohaline) and outer estuary (polyhaline). Due to
tidal influence the salinity fluctuates throughout the estuary (Nehring 2006 and Krieg pers.
comm). A sampling study undertaken in 2009 and 2010 revealed alien and cryptogenic
species in eight German ports along the North Sea coast. Species lists of alien and cryptogenic
species for the larger commercial ports of Emden, Brunsbittel, Cuxhaven and Wihelmshaven
are given below (Buschmaum et al 2012) with further data provided by Krieg (pers. conm.).

4.2.1 The Port of Hamburg

Within the Port of Hamburg:
Atyaephyra desmaresti
Branchiura sowerbyi
Corbicula fluminea
Cordylophora caspia
Corophium curvispinum
Dikerogammarus villosus
Dreissena bugensis
Dreissena polymorpha
Dugesia tigrina
Eriocheir sinensis
Ferrisia cf. wauteri
Gammarus tigrinus
Hypania invalida
Jaera istri
Physella acuta
Potamopyrgus antipodarum
Proasellus coxalis
Viviparus viviparus

In addition it is likely that Marezelleria sp. is present.

In the vicinity of the Port of Hamburg (up to the outer Elbe estuary with salinities reaching 30

PSU):
Balanus improvisus
Branchiura sowerbyi
Congeria leucophaeta
Cordylophora caspia
Corophium curvispinum
Crepidula fornicata
Dreissena polymorpha
Elminius modestus
Eriocheir sinensis



Gammarus tigrinus
Marenzelleria cf. neglecta
Marenzelleria cf. wireni
Mya arenaria

Nemopsis bachel
Palaemon macrodactylus
Petricola pholadiformis
Potamopyrgus antipodarum
Proasellus coxalis
Rhithropanopeus harrisii
Teredo navalis

4.2.2 The Port of Emden
Balanus improvisus
Crassostrea gigas
Palaemon macrodactylus
Sinelobus stanfordi
Telmatogeton japonicus

4.2.3 The Port of Brunshiuittel
Balanus improvisus
Cordylophora caspia
Eriocheir sinensis
Gammarus tigrinus
Mtilopsis leucophaeta
Sinelobus stanfordi
Telmatogeton japonicus

4.2.4 The Port of Cuxhaven
Austrominius modestus
Balanus improvisus
Crassostrea gigas
Ensis americanus
Gracilaria vermiculophylla
Hemigrapsus sanguineus (found in 2009, absent in 2010)
Hemigrapsus takanoi
Mya arenaria
Nereis virens (found in 2009, absent in 2010)
Telmatogeton japonicus
Teredo navalis

4.2.5 The Port of Wilhelmshaven
Aplidium cf. Glabrum (found in 2009, absent in 2010)
Austrominius modestus
Balanus improvisus
Botryllus schlosseri



Bugula stolonifera

Crassostrea gigas

Crepidula fornicata

Hemigrapsus sanguineus (found in 2009, absent in 2010)
Hemigrapsus takanoi

Molgula manhattensis

Mya arenaria

Palaemon macrodactylus

Petricola pholadiformis

Polysiphonia harveyi

Styela clava

Tricellaria inopinata (found in 2009, absent in 2010)

4.3 Ireland, Port of Cork

A comprehensive literature survey revealed the foliwing alien and cryptogenic species for the

Port of Cork (submitted by Dan Minchin).
Alexandrium tamarense
Balanus improvisus
Bonamia ostreae
Bonnemaisonia hamifera
Botrylloides violaceus
Calyptraea chinensis
Caprella mutica
Codiumfragile fragile
Colpomenia peregrina
Cordylophora caspia
Corella eumyota
Crassostrea gigas
Crassostrea virginica (recorded before 1950, now considered extinct)
Cryptonemia hibernica
Blminius modestus
Fcopomatus enigmaticus
Herrmannella duggani
Karenia mkimotoi
Limnoria quadripunctata
Mercenaria mercenaria
IMonocorophium sextonae
Mya arenaria
Myicola ostreae
MMtilicola intestinalis
IWtilicola orientalis
Ruditapes semideccusata
Spartina anglica
Styela clava
Teredo navalis



2.34 Italy

The list of alien and cryptogenic species in Italian ports was submitted by Anna Occhipinti-
Ambrogi and is based upon comprehensive literature research and results of monitoring
programmes.

4.4.1 The Port of Livoro
Aglacthamnion feldmanniae
Asparagopsis armata
Caprella scaura
Caulerpa racemosa var. cylindracea
Caulerpa taxifolia
Fcopomatus enigmaticus
Hydroides dianthus
Hydroides elegans
Hypnea spinella
Limnopema securis
Musculista senhousia
Ophryotrocha japonica
Portunus segnis (= pelagiana)
Rapana venosa
Symphyocladia marchantioides
Theora lubrica
Womersleyella setacea

In addition it is likely that Balanus improvisus is present.

4.4.2 The Port of La Spezia
Acrathamnion preissii
Antithamnion amphigeneum
Hydroides dianthus
Hydroides dirampha
Hydroides elegans
Janua (Dexiospira) marioni
Mnemiopsis leidyi
Ophryotrocha japonica
Pileolaria berkeleyana
Polyandrocarpa zorritensis

In addition it is likely that Balanus improvisus is present.

4.4.3 The Port of Genoa
Balanus improvisus
Callinectes sapidus
Caulerpa racemosa var. cylindracea
Clytia linearis
Clytia meccrady
Fcopomatus enigmaticus
Hydroides dianthus
Hydroides dirampha
Hydroides elegans



Janua (Dexiospira) marioni

Lysidice collaris

Microcosmus squamiger (reported as M. exasperatus by Monniot, 1981)
Mnemiopsis leidyi

Ophryotrocha japonica

Pileolaria berkeleyana

Synagrops japonicus

Thalamita gloriensis

4.5 Lithuania, The Port of Klaipeda
Klaipeda is the biggest Lithuanian port. The alien and cryptogenic species list was provided by
Anastasija Zaiko having completed a comprehensive literature research and also considering
results of monitoring programmes.

Amphibalanus improvisus

Cercopagis pengoi

Chelicorophium curvispinum

Cordylophora caspia

Dreissena polymorpha

Eriocheir sinensis

Gammarus tigrinus

Hemimysis anomala

Marenzelleria neglecta

Neogobius melanostomus

Obesogammarus crassus

Pontogammarus robustoides

Prorocentrum minimum

Rhithropanopeus harrisii

5 Risk Assessment

Risk Assessment procedures will be developed in WP6 using case-studies to support ballast
water management requirements, which may be different for low and high risk shipping routes.
The risk assessment procedures will be based on the International Maritime Organization
(IMO) risk assessment guideline (Guideline G7, IMO 2007) describing three different methods
to produce such a risk assessment:

» Environmental matching risk assessment to compare environmental conditions
including temperature and salinity between donor and recipient regions.

»  Species’ biogeographical risk assessment to compare the biogeographical distributions
of non-indigenous, cryptogenic, and harmful native species that presently exist in the
donor and recipient ports and biogeographic regions.

»  Species-specific risk assessment to compare individual species characteristics with the
environmental conditions in the recipient port, to determine the likelihood of transfer
and survival.

The VECTORS alien and cryptogenic species database will include records of these species
present within and in the ‘vicinity’ of ports and will further provide abundance data if available.
This knowledge will be used for the risk assessment and further to alert the shipping industry of
(potentially) harmiful species occurring in ballast water uptake zones and ports to fulfill the



obligations of the IMO Ballast Water Management Convention (WP6). This activity will benefit
from earlier undertaken risk assessment report in Europe, e.g. David & Gollasch 2010,
Gollasch et al. 2011, David et al. (a, b, in prep.).

From the species lists in section 4 of this report no “critical” alien or cryptogenic species which
can be transported by ballast water are currently known from the ports selected so no ballast
water uptake warning needs to be issued at this stage.
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Annex 1 VECTORS alien species database structure

The database includes data on alien and cryptogenic aquatic, coastal species and is comprised
out of three main blocks (Fgure 1):

SPECIES,
GEOGRAPHY,
. INTRODUCTION EVENT.

The introduction event means “a species introduction into a particular country (or smaller unit
within the country, e.g. anisland or a coast)”.

INTRODUCTION EVENT BLOCK

+5pecies

+Region

+Date of the first record
+Invaded habitat

+Pathway

SPECIES BLOCK +Vector
+Common name +Population status
+Taxonomy +5pecies status
+Synonyms +Donor region
+Ecological group
+Biological traits
+NHative origin GEOGRAPHY BLOCK
+Molecular information +Ocean
FEralud +Ccean region

+Large Marine Ecosystem#®
+5ea region
+Country

Fgure 1. Principal blocks of the VECTORS database.

EUROPEAN MARINE ALIEN SPECIES DATABASE

Support: FP7-ENVIRONMENT VECTORS

native origin
taxonomy .

VECTORS

VECTORS SPECIES INTRODUCTIONS SEARCH

The database is supported by FP7-  Taxonomy, native origin, biological ~ Recipient regions, pathways, Flexible multi-criteria search

ENVIRONMENT project VECTORS. traits, etc. vectors, traits of recipient habitat, engine, data processing for further
statuses, dates, etc. analysis.

About VECTORS

Username

Marine life makes a substantial contribution to the economy and society of Europe. VECTORS password
will elucidate the drivers, pressures and vectors that cause change in marine life, the

mechanisms by which they do so, the impacts that they have on ecosystem structures and

functioning, and on the economics of associated marine sectors and society. VECTORS will SUBMIT
particularly focus on causes and consequences of invasive alien species, outbreak forming
spedes, and changes in fish distribution and productivity. New and existing knowledge and Register?

insight will be synthesised and integrated to project changes in marine life, ecosystems and
economies under future scenarios for adaptation and mitigation in the light of new
technologies, fishing strategies and policy needs. VECTORS will evaluate current forms and
mechanisms of marine governance in relation to the vectors of change. Based on its findings,
VECTORS will provide solutions and tools for relevant stakeholders and policymakers, to be
available for use during the lifetime of the project.

Fgure 2. Screenshot of the VECTORS database.



DEFINITIONS

!

This is the information block where the descriptive information about a species is being stored.

Taxonomy

Phylurr

Class

Order

Family

Genus

Species name

Authority

Synonyms Valid synonyms of a species (not all of them).

Sub-specieslevel | A geographical subset of a species showmng discrete differences in
morphology, coloration or other features when compared with other
members of the species. Subspecies may also differ in their habitat or
behavior, but they can interbreed. Often the lowest taxonomic level within
a classification system

Native origin

| The region the species originates from (see GEOGRAPHY block).

Association with vessel vectors

Actual evidence of being found in samples in a particular vector from any world region.

Anchor and anchor
chains

Organisms found on anchors, anchor chain or within attached
sediments, including anchor chain lockers.

Ballast water

Ballast water means water with its suspended meatter taken on board a
ship to control trim, list, draught, stability or stresses of the ship.

Biofouling

Biofouling means the accumulation of aquatic organisms such as micro-
organisims, plants, and animals on surfaces and structures immersed in
or exposed to the aguatic environment. Biofouling can include
microfouling and macrofouling.

. Macrofouling means large, distinct multicellular organisms
visible to the human eye such as barnacles, tubeworms, or fronds of
algae.

. Microfouling means micrascopic organisms including bacteria
and diatoms and the slimy substances that they produce. Biofouling
comprised of only microfouling is commonly referred to as a slime layer.

Sea chest

The sea chests are cavities (an opening with protection grid) at the
bottom side of the ships’ hull (an opening for pumping in and out water
for, e.g., ballasting, firefighting) where aquatic organisms may settle and
be transported




Tank sediments Matter settled out of ballast water within a ship.

Life form

Neuston Organisms that live on (epineuston) or under (hyponeuston) the
surface film of water bodies.

Zoobenthos Animals living on or in the seabed.

Phytobenthos Algae and higher plants living on or in the seabed.

Zooplankton Animals living in the water colunn, unable to maintain their position
independent of water movements.

Phytoplankton Vicroscopic plankton algae and cyanobacteria.

Benthopelagos Synonyms: hyperbenthic, benthopelagic, nektobenthic, demersal. An
organism living at, in or near the bottom of the sea, but having the
ability to smm.

Nekton Actively swimming aguatic organisms able to move independently of
water currents.

Parasite An organism intimately associated with and metabolically dependent on
another living organism (hast) for completion of its life cycle.

Symbiont (hon- | An organism living mutually with another species without harming it.

parasitic) Association of two species (symbionts) may be mutually beneficial.

Sociability / Life stage

Colonial

Descriptive of organisms produced asexually which remain associated
with each other; in many animals, retaining tissue contact with other
polyps or zooids as a result of incomplete budding

Gregarious

Organisms living in groups or communities, growing in clusters

Solitary

Living alone, not gregarious

Reproductive frequency

lteroparous

Organisims breeding more than once in their lifetime.

Semelparous

Organisims breeding once in their lifetime.

Reproductive type

Asexudl

Budding, Fission, Fragmentaion, including parthenogenesis.

Aform of asexual multiplication in which:

a) a new individual begins life as an outgrowth from the body of the
parent. It may then separate to lead an independent existence or remain
connected or otherwise associated to forma colonial organism;

b) the ovum develops into a new individual without fertilization;

¢) division of the body into two or more parts each or all of which can
grow into new individuals is involved.

Self-fertilization

Selfing or autogamy. The union of a male and female gamete produced
by the same individual.

Sexual

Permanent hermaphrodite, Protandrous hermaphrodite, Protogynous
hermaphrodite, Gonochoristic.

Capable of producing both ova and spermatozoa either at the same
time. A condition of hermaphroditism in plants and animals where mele
gametes mature and are shed before female gametes mature or vice
versa.

Having separate sexes.




Developmental trait

Brooding The incubation of eggs either inside or outside the body. Eggs may be brooded
to a variety of developmental stages. Males or females may be responsible for
brooding.

Direct development | Alife cycle lacking a larval stage

Spawning The release of gametes into the water.

Lecithotrophy Development at the expense of internal resources (i.e. yolk) provided by the
female

Parental care Any form of parental behaviour that is likely to increase the fitness of offspring.

Planktotrophy Feeding on plankton

Resting stages The quiescent stage in the life cyde (dormancy, diapause)

Viviparous Producing live offspring fromwithin parental bodly.

Characteristic feeding method

Chemoautotroph An organism that obtains metabolic energy by oxidation of inorganic

substrates such as sulphur, nitrogen or iron.

Deposit feeder - Sub- Synonym: detritivore. An organism feeding on fragmented particulate

surface organic matter in the substratum

Deposit feeder — Surface

Synonym: detritivore. An organism feeding on fragmented particulate
organic matter from the surface of the substratum

Grazer An organism feeding on plants (higher aquatic plants, benthic algae and
phytoplankton) and/or sessile animels organisims.

Herbivore An organism feeding on plants (higher aquatic plants, benthic algae and
phytoplankton).

Mixotroph An organism both autotrophic and heterotrophic.

Omnivore An organism feeding on mixed diet of plant and animal material.

Parasite Feeding on the tissues, blood or other substances of a host.

PhotoaLtotroph An organism that obtains metabolic energy from light by photosynthesis
(e.g. seaweeds, phytoplankton).

Planktotroph An organism feeding on plankton.

Predator An organism that feeds by preying on other organisms, killing them for food

Scavenger An organism feeding on dead and decaying organic material.

Suspension feeder - An organism feeding on particulate organic matter, including plankton,

Active suspended in the water column, collecting it actively by sweeping or
pumping (creating feeding currents).

Suspension feeder - An organism feeding on particulate organic matter, including plankton,

Passive suspended in the water column, utilizing the natural flow to bring particles
in contact with feeding structures.

Symbiont contribution Where some dietary component(s) are provided by symbiatic organisims
(e.g. Anemonia with zooxanthellae).

Mobility

Boring An organism capable of penetrating a solid substrate by mechanical scraping or

chemical dissolution.

Burrowing An organism capable of digging in sediment.

Crawling An organism moving slowly along on the substrate.

Drifting An organismwhose movement is dependent on wind or water currents.

Permanent Non-motile; permanently attached at the base. Also includes permanent

attachment attachment to a host.




Swimming An organism capable of moving through the water by means of fins, limbs or
appendages.

Temporary Temporary / sporadic attachment. Attached ta a substratum but capable of

attachment movement acrass (or through) it (e.g. Actinia). Also includes temporary

attachment to a host.

Salinity tolerance range

The exact salinity range if known (psu), else salinity zone(s) according to the Venice system
1. Linnetic [<0.5psu]
2. -Oligohaline [0.5-3psu]
3. -Cligohaline [3-5psu]
4. -Mesohaline [5-10psu]
5. -Mesohaline [10-18psu]
6. Polymixohaline [18-30psui]
7. Euhaline [30-40psu]
8. Hypersaline [>40psu]

Molecular information

| Available, Not available

Ecosystem modifying ability potential

Bioconstructor Sedentary hard shelled organisms (corals, algae, foraminifers, molluscs,
polychaetes) which calcareous remains forming a substrate for other organisims.

Ecosystem An organism that directly or indirectly modulates the availability of resources to

engineer other species, by causing physical state changes in biotic or abictic materials.
Important: the direct provision of resources to other species, in the form of living
or dead tissues is not engineering.

Keystone species | A species that has a disproportionate impact on its community relative to its
biomass, or which role in ecosystem functioning is unique or essential.

Perennial habitat A perennial organismwhich creates habitats for other organisms and play a

former crucial role in structuring of environment.

Seasonal habitat A seasonal organismwhich modifies and creates habitats for other organisns,

former and play a crucial role in structuring of environmernt.

Toxicity

Poisonous An organism capable of producing poison.

Venomous An organism capable of producing poison, usually transmitted by bite or sting.

Not relevant Neither poisonous nor venomous.




This is the information block where information about a species introduction in a particular
country/country region is being stored.

Recipient region
| The country/region for which introduction is recorded (see GEOGRAPHY block).
Date of first record
| The date of the first documented record of the species occurrence in a country/country region. |
Date fields usage exanple:
Date to be specified Date From Date To
Exact 1985 1985 1985
18th century 1701 180C
before 170C 1700
after 2001 2001
Pathway / Vector
Pathway A pathway is the route a NIS takes to enter or spread through a non-

native ecosystem (e.g. vessels). Each pathway may have a number of
vectors.

Vector

A vector is a transfer mechanism and is the physical means by which
species are transported from one geographic region to another. More
than one vector within a pathway may be involved in a transfer of

Species.

Pathways and vectors included:

Pathway

Vector

Aquarium trade

Intentional organism release
Transported water
Waste discharge

Culture activities

Aquaculture equipment

Associated water & packaging material
Intercontinental stock movement
Regional stock movement
Unintentional release & escapees

Leisure activities

Angling catch
Cultural releases
Live bait




Live souvenirs
Sport equipment
Stocking for angling
Waste discharge

Live food trade

Intentional organism release
Transported water
Waste discharge

Management

Biological habitat management
Construction equipment
Construction materials
Release for biological control

Natural spread from
neighboring
countries

Other natural vectors
Water currents

Other canals

Canal de Mdi (linking the Bay of Biscay with the Mediterranean Sea)
Kiel Canal (linking the North Sea with the Baltic)

Northern waterway (linking the Baltic with the Ponto-Caspian region
through Volga river canal system)

Rhone waterway (linking the North Sea with the Mediterranean).
Southern waterway (linking the North Sea with the Black Sea through
Danube river canal system)

Central waterway (linking the Baltic Sea with the Black Sea through the
Dnieper river canal system)

Other waterways

Imgation canals

Research and

education

Gear movement

Intentional releases

Unintentional release & escapees
Waste discharge

Suez Canal

Vessels

Anchor and anchor chain
Ballast tank sediments
Ballast water

Ship’s hull

Sea chest

Cthers

WId fisheries

Discard of by-catch
Fishing gear

Live bait release

Live packaging meterial
Processed live material
Stock movements
Transported water




Pathway / Vector —Levels of certainty:

Level

Criteria

Examples

Direct
evidence

The species was actually found
associated with the specific
vector(s) of a pathway at the
time of introduction to a
particular locality within  a
country/country region.

Documented evidence of an introduction:
release to the wild for stocking or biological
control; escapelrelease of live food; import
of cultured species and documented
findings of their associate organisms,
parasites and diseases on transmission;
appearance of organisms by hull fouling,
ballast water discharge sampling or other
ship vectors documented upon an arrival
with appropriate scientific methods.

Very likely

The species appears for the first
time in a locality where a single
pathway/vector(s) is known to
operate and where there is no
other explanation that can be
argued for its presence except
by this likely pathway/vector(s).

A highly localized distribution of a species in
an area adjacent to an isolated port or other
locality where the only pathway is vessels
and its vector(s) (ballast water, hull fouling,
etc). This often involves geographically
discontinuous distributions. It may be a
continuous spread as in case of introduction
by canals or by natural means. The
conclusion is deduced from the analysis of
the invasion event and species distribution
patterns.

Possible

The species camnot be
convincingly ascribed to a single
pathway, but is known to be
introduced by this pathway(s)
elsewhere.

There may be more than one pathway
inolved in the introduction within a
country/country region. Arrival of a species
known to have taken place elsewhere by the
same pathway(s) which operates in an area.
A conclusion is made by expert judgment
based on pathways currently or historically
present.

Unknown

Invasion of a given alien species
cannot be clearly explained.

Where no rational explanation for the
appearance of a species in a given
country/region

Source region

The area the species was introduced from to the recipient country/country region. Depending
on the information availability may be ascribed to a particular locality (e.g. port), a country, a
LME or a larger Ocean region.

CAUTION: in many cases the source area will be not the same as the area of native origin
which is defined in the SPECIES block of the database.




Zonation

Ecological zone(s) occupied by a species throughout its life cycle.

Benthic
Bathyal Synonym: continental slope. The seafloor between the edge of the
continental shelf and abyssal plain (200-4000 m).
Littoral Synonym intertidal. The shore between the high and low water marks.
(benthic)
. Sublittoral Synonymt lower circalittoral. The lower part of the continental shelf,
beyond photic zone | where photosynthesis cannot take place.
Sublittoral Synonyms: subtidal, infralittoral. The shallow part of sublittoral where
within photic zone photosynthesis can occur.
Supralittoral | Synonyms: splash zone, spray zone, supratidal zone. The area above
the spring high tide line, subject spray or splash.
Pelagic
Littoral Water mass within littoral zone.
(pelagic)
: Neritic Water mass above the continental shelf.
Offshore Synonymt oceanic. Water mass beyond the continental shelf.

Environmental position

Environment(s) occupied by a species throughot its life cycle.

Biofouling Assemblage of organisms on wetted artificial substrates.

Commensal An organismin a symbiotic relationship, in which one benefits while the other is
not adversely affected.

Demersal Synonyms: hyperbenthic, benthopelagic, nektobenthic. An organism living at,
in or near the bottom of the sea, but having the ability to swim.

Ectoparasite A parasite living on the surface of its host.

Endoparasite A parasite living within the organs or tissues of its host.

Epifaunal Synonym: epibenthic. An animal inhabiting the surface of the seabed,
submerged plants and animals.

Epilithic An organism living on the surface of rock or other hard inorganic substrata.

Epiphytic An organism living on the surface of a plant, non-parasitic.

Epizoic An organism living on the surface of an animeal, non-parasitic.

Infaunal Synonym: endobenthic. An animal living within the seabed sediments.

Interstitial An organism (< 1 mm) living in the spaces between sediment particles.

Lithotomous An organism burrowing into rock.

Neustonic An organism living on (epineuston) or under (hyponeuston) the surface film of
water bodies.

Pelagic An organisminhabiting the water column.

Pleustonic An organisminhabiting the weter surface due to their own buoyancy, nommelly
paositioned partly in the water and partly in the air.

Habitat type

Estuary River mouth, transition zone between riverine and marine environments,
subject to influences from both.

Lagoon Enclosed body of water communicating with the sea

Offshore Areas located at least 50 nautical miles from the shore.

Oren coast

A coast not sheltered fromthe sea




Strait/Sound Channels between the mainland and an island or between two islands which
are open at both ends to the open coast (it does not refer to similar features or
narrows within marine inlets).

Ports A location on a coast or shore containing one or more harbours where ships
can dock and transfer people or cargo to or from land.
Port vicinity The area near a port where ballast water operations may occur, including

areas where vessels may conduct ballast water discharge or uptake operations
when approaching a port or leaving it, e.g., port approaches, anchorage areas
and designated ballast water exchange areas. The dimension is port specific.

Marina A specially designed harbour for pleasure craft and small boats

Aquaculture sites Areas set out for the purpose of farming aquatic organisns

Marine Protected Defined marine area where natural resources are given greater protection than

Area (MPA) the surrounding weters. Different categories exist depending on the level of

pratection afforded by legislation.

Wave exposure

Exposed Open coastline facing prevailing wind and receiving both wind-
driven waves and swell.

Semi exposed Generally open coasts facing away from prevailing winds or
sheltered by offshore reefs/structures.

Sheltered Coasts with a restricted fetch (<20 km) and lacking persistent swell.

Salinity range

The exact salinity range if known (psu), else salinity zone(s) according to the Venice systemn
1. Limnetic [<0.5psu]
2. -Oligohaline [0.5-3psu]
3. -Oligohaline [3-5psu]
4. -Meschaline [5-10psu]
5. -Mesohaline [10-18psu]
6. Polymixohaline [18-30psu]
7. Euhaline [30-40psu]
8. Hypersaline [>40psu]

Temperature range (Min, Max)

Indicate min. and max. annual temperature range in the area where a species is known to
maintain an established (reproducing) population.

Reproductive duration

Long Breeds in one or more discrete periods, each longer than three months.

Mediur Breeds in one or more discrete periods, each longer than a week and less than
three months.

Short Breeds in one or more discrete periods within a week.

Reproductive seasonality

| Select months for a species known to reproduce in the invaded site.




Migration pattern

Diurnal Movements between alternative habitats over day and night, e.g. vertical
migration.

Life-time One time migration between different habitats during the life cydle, e.g.
anadromus migration.

Not relevant No evidence of any life history cycle stages to migrate.

Seasonal Movements between alternative habitats during a specific time of a year (e.g.,

spawning and feeding migrations)

Population status (the lowest level of certainty)

Unknown There is no reliable information on population status of a species.
Established A species is known to form a reproducing population in a wild.
Not established | There is no evidence of a species’ reproducing population in a wild.

Population status (the moderate level of certainty)

Extinct/no There are old records where a species was recorded but have not been

recent record seen in the same region since.

Rare/single There are only casual observations or a single record of a species’ presence

record available.

Comnon A species with successfully reproducing populations in an open ecosystem,
which are unlikely to be elimnated by man or natural causes. Not
dominating native communities.

Abundant A species with successfully reproducing populations in an open ecosystem,
which are unlikely to be elimnated by man or natural causes. Locally
dominating native communities.

Very abundant | A species with successfully reproducing populations in an open ecosystem,
which are unlikely to be eliminated by man or natural causes. Largely
dominating native communities.

Outbreak A species undergoing pulse-like, short-term (days to few months)

exponential population growth during which they have an adverse effect on
one or more of the following: biological diversity, ecosystem functioning,
socio-economic values and human health.

Population status (the highest level of certainty)
The highest level of certainty is the BINPAS ADR classes — for those NIS which have been
processed through the BINPAS system (http:/Awwv.corpi.ku.lt/databases/index. php/binpas/)

Abundance

Lownumbers | A species that makes up only a small part of the relevant community: for
example, when a population of an alien invertebrate forms a minor portion
(few of the benthic macrofauna community).

Moderate The species constitutes less than a half of abundance of the native

numbers community.

High numbers | The species exceeds half, i.e. quantitatively dominates in the invaded

community.




Distribution range

One locality The species is found only in one place/sample within the study area.

Few localities | The species appears in less than half of the samples/study areas

Many localities | The species appears in more than half of the sanples/study areas

All localities All, or nearly all, available habitats are colonized by the species (occurs in all
samples/study areas)
BINPAS ADR classes.
ADRterm one locality few localities many localities All localities
No recent records* 0 0 0 0
low numbers A A B C
moderate numbers B B C D
High numbers B C D E

The explanation for the ADR dasses (A-E) is based on the fallowing (Table2):

Explanation of BINPAS ADR classes

ADR term from BINPAS

O0*: No recent record

or extinct*

A: An NIS occurs in low numbers in one or several localities

B: An NIS occurs in
localities or in highn

low numbers in many localities or in moderate numbers in one or several
umbers in one locality

C: AnNIS occurs in

low numbers in all localities, or in moderate numbers in many localities, or

in high numbers in several localities

C: An NIS occurs in moderate numbers in all localities, or in high numbers in many localities

E: An NIS occurs in high numbers in all localities

Species status

Non-indigenous
species

Non-indigenous  species  (Synonyms.  alien, exotic, non-native,
allochthonous, introduced) are species, subspecies or lower taxa (such as
a variety, form) introduced outside of their natural range (past or present)
and outside of their natural dispersal potential. This includes any
propagule of a NIS, such as a gamete, seed or resting spore, a gravid
female or a pair of individuals of different sexes (in sexual reproduction),
or a vegetative reproductive organ and section of tissue (in asexual
reproduction), which might survive, reproduce and subsequently form a
population. It also includes hybrids between an alien species and an
indigenous species, fertile polyploid organisms and artificially hybridized
species irrespective of their natural range or dispersal potential.

Cryptogenic

Cryptogenic species are such species which cannot be reliably
demonstrated as being either introduced or native. In some cases the true
origin of a species remains obscure because of either insufficient
taxonomic knowledge or due to a lack of records from the time they
became introduced, or for other reasons.




This is the information block which contains geographical data organised in the hierarchical way. This
geographical data is used for both SPECIES and INTRODUCTONS blocks.

Geographical division

Ocean Arctic, Atlantic, Indian, Pacific, Southern

Ocean region* Arctic ocean: Arctic Eurasian coast; Arctic American cost; Arctic High seas
Atlantic ocean: E Tropical Atlantic; NE Atlantic; NW Atlantic; SE Atlantic; SW
Atlantic; W Tropical Atlantic

Indian ocean: E Indian Ocean; W Indian Ocean

Pacific ocean: C Tropical Pacific; E Tropical Pacific; NE Pacific; NW Pacific; SE
Pacific; SW Pacific; W Tropical Pacific

Southern ocean (so far not divided into regions)

LME Large Marine Ecosysterms (LMES) are extensive areas of ocean space of
approximately 200,000 kn? or greater, characterized by distinct hydrographic
regimes, submarine topography, productivity, and trophically dependent
populations, adjacent to the continents in coastal waters where primary productivity
is generally higher than in open ocean areas (Sherman and Alexander, 1986).

In total there are 64 LMES (Large Marine Ecosysterms of the World,
http:/Amwmwv.ime.noaa.gov/), but additionally the following LMES were identified to
insure better geographical coverage: 30A. Agulhas Current (tropical); 30B. Agulhas
Current (temperate); Al. Polynesia, A2. Caspian Sea; A3. Macaronesia; A4.
Melanesia; A5. Micronesia.

LME Sub-region | Relatively large, geographically well defined sea area within an LIME (e.g. Adriatic
Sea within the LME 26 Mediterranean Sea).

* Additional large biogeographical provinces may be combined using several LMES. For exarmple Indo-
Pacific, which includes the LMEs of the Tropical part of the Indian Ocean and West Pacific (LME 30A,
31, 32, 33, 34, 45; 35, 36, 37, 38, 39, 40), and Ponto-Caspian region (as LME 62. Black Sea + A2.
Caspian Sea).

The geographical division allows to retrieve information according to Ocean, Ocean region, LME or LME
Sub-region.




Countries/states division

The list of countries is adopted from the UN Population Division® quinquennial estimates and
projections (http:/Amwwv.un.org/esalpopulationy). All European and neighbouring countries, for which
introductions are being recorded in the database, are related to relevant LMES or LME Sub-regions.
Such combination (“country + LME’ or “country + LME sub-region”) generates the list of country areas
(country coasts) within a LME (or a LME sub-region). For exarmple, country “Italy” and LME sub-region
“Adriatic Sea” identifies the coast of “ltaly within Adriatic sea”. For purposes of more detailed analysis, a
division in smaller geographical units is foreseen, e.g. “Italy within Adriatic sea” may divided into: “Italy
within Adriatic sea — Venice Lagoon”, or “Italy within Adriatic sea— Veneta”, or “ltaly within Adriatic sea
—Puglia’, etc.

The principal scheme of the GEOGRAPHY block:

GEOGRAPHICAL DIVISION COUNTRIES / STATES




Annex 2 List of Invasive Alien Species in VECTORS seas

The list includes presently recognized (June 2011) invasive alien species in the listed regional
seas (in alphabetical order). For reasons of comparison IAS of concern as highlighted during
the DAISIE project were included.

Invasive Alien Species DAISIE WMed & North Baltic
top list Adriatic Seas Sea Sea

Anguillicola crassus X X X
Asparagopsis armata X
Bonnemaisonia harifera
Brachidontes pharaonis

Caulerpa racemosa var cylindracea
Caulerpa taxifolia

Cercopagis pengoi

Ciytia linearis

Codium fragile spp.

Coscinodiscus wailesii

Crassostrea gigas

Crepidula fornicata

Didermnum vexillum
Dikerogammarus villosus
Dreissena polymorpha

Ensis americanus

Eriocheir sinensis

Fcopomatus enigmaticus

Fistularia commersonii

Fucus evanescens

Gammarus tigrinus

Hydroides dianthus X
Marenzelleria spp.
Mnemiopsis leidyi
Musculista senhousia
Neogobius melanostomus
Obesogammarus crassus X
Odontella sinensis
Percnon gibbesi X X
Pontogammearus robustoides X
Potamopyrgus antipodarum X
Rapana venosa X
Ruditapes philippinarum
Sargassum muticum
Spartina anglica

Styela clava

Undaria pinnatifida X X
Womersleyella setacea
Total 26 17 18 16
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