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Physical measures
Physically remove IAS—culling efforts.

Encourage targeted removal and commercial or recreational utilization
(excluding trading of live individuals).

Chemical measures

Deploy pest-specific biocides, reproductive inhibitors, etc.
Deploy non-specific biocides, tactically applied.
Biological/ecological measures

Rehabilitate the environment in the belief that resistance to TAS impacts will
increase.

Promote native consumers (predators or grazers) that attack the IAS.
Promote native diseases and parasites that attack the IAS.

Apply biological control using alien consumers (predators or grazers).
Apply biological control using alien parasites and/or diseases.

Apply biological control using alien viruses.

Genetically modify native species (i.e., to use them as vectors for physiological
inhibitors).

Genetically modify disease/virus to increase pathogenicity against pests.
Apply genetic approaches that affect only the IAS.

Other

Education and public awareness.

Do nothing in the belief that the problem might go away.

Adapted from Thresher and Kuris (2004); Giakoumi et al. (2019), and Katsanevakis (2022).
IAS, invasive alien species.
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Launch
date

Database
(listed by name

in alphabetic
order)

Coverage and
scope

Tools and services

Main references

AquaNIS 1997 Global with European Multi-criteria search engine (by taxonomy, geography, pathways, Olenin et al. (2014);
Information system on (2013) focus. biological traits, status in recipient region, etc.). Built-in tool for AquaNIS (2023)
Aquatic Non- Marine, brackish water, comparison of search results. Early warning system on harmful aquatic
Indigenous and and coastal freshwater organisms and pathogens
Cryptogenic Species biota from viruses to
(www.corpikult/ mammals
databases/aquanis/)
SLU Artdatabanken 2002 National (Sweden) Identification, data, and observations https:/
terrestrial, marine, www.artdatabanken.se/
freshwater
Artsdatabanken 2005 National (Norway) Knowledge transfer, outreach, scientific support, identification, and
terrestrial, marine, maintenance of systematic information. NIS list available at: https://
freshwater www.artsdatabanken.no/fremmedartslista2018
arter.dk 2021 National (Denmark) Gathering and sharing species observations Arter (https://arter.dk)
terrestrial, marine,
freshwater
EASIN (https:/ 2012 European Query and retrieve species information (e.g., records by species Katsanevakis et al.
alien.jrc.ec.europa.eu/ terrestrial, freshwater, scientific name, their environment, impact, taxonomy, and species of (2012); Katsanevakis
easin) marine Union Concern). Distribution maps of single or multiple species et al. (2015); Trombetti
etal. (2013)
ELNAIS (https:// 2007 National (Greece) Database of distribution records, biological invasion experts, related Zenetos et al. (2015)
elnais.hemr.gr/) freshwater, marine projects, and publications. Inventory of Greek NIS; distribution maps
Great Britain 2011 GB Provides access to distribution maps and other information for all Sewell et al. (2010); Roy
NonNative Species terrestrial, freshwater, non-native species in Britain. Linked to the GBNNSIP is an online et al. (2014)
Information Portal marine “alert system” that has enabled surveillance of many invasive non-
(GBNNSIP) native species
Vieraslajit.fi 2011 National (Finland) Identification, legislation, early warning, data, observations Lehtiniemi et al. (2020)
terrestrial, marine,
freshwater
WRIMS (https:// 2015 Global Query and retrieve species information (e.g., taxonomical, distribution, Costello et al. (2021)
www.marinespecies.org/ marine impacts, pathways and vectors, invasiveness status, records, and
introduced/) sources)

General biodiversity information systems (e.g., GBIF) and citizen science initiatives are not included.
*In 1997, the “Baltic Sea Alien Species Database” was published online; in 2013, it became AquaNIS.





OPS/images/fmars.2023.1271755/table3.jpg
RSCs

Baltic Marine
Environment
Protection
Commission
(HELCOM)

Convention for
the Protection
of the Marine
Environment
of the North-
East Atlantic
(OSPAR)

Convention for
the Protection
of the
Mediterranean
Sea Against
Pollution
(Barcelona
Convention)

Convention on
the Protection
of the Black
Sea Against
Pollution
(Bucharest
Convention)

Main elements

There is currently no coordinated monitoring specifically targeting NIS in the Baltic Sea, but it is under development. HELCOM has, however,
identified a variety of monitoring approaches and methods, which may be used for NIS monitoring, addressing all biotic components, as NIS may
belong to any trophic level and be found in various man-made as well as natural habitats. For specific aspects, a series of monitoring guidelines were
developed that aim to provide standardized protocols to be used as part of routine bioinvasion monitoring or early detection of new incursions within a
pathway hub to support reporting core indicators (e.g., “Trends in arrival of non-indigenous species”) and meet environmental (e.g., “Prevention of
unwanted human-mediated introductions”) and management objectives (e.g., “No introductions of alien species from ships”). These HELCOM
guidelines have a particular focus on the use of molecular methods for target NIS, including those adequate for NIS in biofouling and NIS in ballast
water of ships and also for the monitoring of NIS in marinas and of mobile and sessile epifauna as well as on the collection of citizen observations on
NIS. To support the monitoring plans, countries have agreed on keeping a continuously revised and updated list of target species for the Baltic Sea
within HELCOM (2023).

There is currently no coordinated monitoring specifically targeting NIS in the OSPAR region. Current reporting guidelines within OSPAR are described
in the OSPAR CEMP Guidelines (2022). The need for harmonized NIS monitoring was highlighted in the OSPAR QSR2023 report on NIS (Stachr

et al, 2022). The plan is to collaborate with HELCOM and EU to coordinate and develop a common NIS monitoring guideline, which will make it
possible to provide better and more comparable data for all of the NIS (D2) indicators. Assessing new introductions through analysis of trends in new
arrivals is currently the main parameter being monitored, for which efforts to develop a baseline distribution list of NIS are being directed. Aligned with
MSED objectives, other parameters to be monitored in the future by OSPAR will be total number of NIS, dispersal range, and rate. For all parameters,
standardized ways of monitoring and reporting among contracting parties are being agreed upon, for example, guidelines for most adequate monitoring
for early detection.

The 19th Meeting of the Contracting Parties to the Barcelona Convention adopted an action plan concerning species introductions and invasive species
in the Mediterranean Sea [UNEP/MPA (2017)] aiming to “promote coordinated efforts and management measures throughout the Mediterranean
region in order to prevent as appropriate, minimize and limit, monitor, and control marine biological invasions and their impacts on biodiversity,
human health, and ecosystem services”. The Action plan requires member states to inventory the alien species reported in the national territory; assess
trends in abundance, temporal occurrence, and spatial distribution; estimate the ratio between alien and native species; assess their impacts; and
implement monitoring programs to support data collection and assessments. They were also asked to support the database MAMIAS with related data.
Regional training sessions have been organized to train scientists from member states on monitoring methods and protocols, including both traditional
and novel (eDNA) methods. The Barcelona Convention has adopted the Ecosystem Approach with very similar monitoring requirements as the MSED.

The issue of NIS in the Black Sea is reflected in the Black Sea Integrated Monitoring and Assessment Program for years 2017-2022 (BSIMAP 2017-
2022). This program was partially harmonized with the EU MSED approach and contains measures to address both MSFD and the Black Sea Strategic
Action Plan (BS SAP 2009) as regards reduction and management of human-mediated species introductions (EcoQO 2b). Among preparatory actions
are the following: finalize the List of Black Sea non-indigenous species (which is periodically updated on the regional level), develop and/or apply
indicators (e.g., bio-pollution index), and map areas of non-indigenous species proliferation. In line with BSIMAP, the dedicated indicator “Number of
new introduced non-indigenous species (for each 6 years)” has to be mandatorily reported every 6 years to the Black Sea Commission.

NIS, non-indigenous species; MSFD, Marine Strategy Framework Directive; eDNA, environmental DNA.
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European ecoregions No. of NIS and cryptogenic

species
Levantine Sea 306
Western Mediterranean 277
North Sea 272
Aegean Sea 236
Celtic Seas 199
Tonian Sea 164
South European Atlantic Shelf 136
Southern Norway 110
Adriatic Sea ‘ 106
Tunisian plateau/Gulf of Sidra 86
Northern Norway and Finnmark ‘ 75 ‘
Azores, Canaries, and Madeira 55
Alboran Sea 54
Black Sea 36
North and East Barents Sea 27
White Sea 18
South and West Island 17

In total, 1,671 alien and cryptogenic marine and oligohaline species are reported in the
European Seas by EASIN (as of July 2023).

EASIN, European Alien Species Information Network.

NIS, non-indigenous species.
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cor 1,069 807 - - - -
185 rRNA 664 (30%) - a3 484 117 = -
165 rRNA* 572 (26%) - 544 54 20 = -
125 rRNA* 375 (17%) —~ 338 - = 126 =
288 rRNA 83 (4%) - - - 83 - -
rbel* 49 (2%) - = = = E 49
Any marker ‘ 1,318 (60%) 1,078 926 493 191 126 49

NIS, non-indigenous species; EASIN, European Alien Species Information Network; AquaNIS, Aquatic Non-Indigenous and Cryptogenic Species; IAS, invasive alien species.
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Policy Geography Environmental objectives

Barcelona Mediterranean Non-indigenous species (NIS) introduced by human activities are at levels that do not adversely alter the ecosystem.
Convention Sea
(UNEP-MAP)
HELCOM Baltic Sea To prevent adverse alterations of the ecosystem by minimizing, to the extent possible, new introductions of NIS.
OSPAR North-east Endeavor to limit the introduction of NIS by human activities to levels that do not adversely alter the ecosystems.
Atlantic
Bucharest Black Sea Ecological Quality Objective EcoQO 2c: Reduce and manage human-mediated species introductions.
Convention
Marine EU Descriptor 2: NIS introduced by human activities are at levels that do not adversely alter the ecosystems.
Strategy D2CI Number of NIS newly introduced via human activity into the wild | ... ] is minimized and where possible reduced to zero.
(MSFD Com D2C2 Abundance and spatial distribution of established NIS, particularly of invasive species, contributing significantly to adverse
Dec 2017/848) effects on particular species groups or broad habitat types.

D2C3 Proportion of the species group or spatial extent of the broad habitat type, which is adversely altered due to NIS, particularly
invasive NIS.

Invasive Alien EU Aims to prevent, minimize, and mitigate the adverse impacts posed by these species on native biodiversity and ecosystem services.
Species Rules also aim to limit social and economic damage. For example,

Regulation Art. 5[ ... ] arisk assessment shall be carried out in relation to the current and potential range of IAS, having regard [ ... ] (e) a
1143/2014 description of adverse impact of the species on biodiversity...”

Art. 13 Action plans on the pathways of invasive alien species.

Alien Species  EU Concerning the use of non-indigenous and locally absent species in aquaculture in order to assess and minimize the possible

in Aquaculture impact of non-target species on aquatic habitats, based on the “ICES Code of Practice on the Introductions and Transfers of

EC Council Marine Organisms”.

Regulation

708/2007

EU EU Commitment: Manage established invasive alien species and decrease the number of Red List species they threaten by 50% by 2030.
Biodiversity

Strategy for

2030

Convention on  Global Kunming-Montreal Global Biodiversity Framework, decision 15/4 (Target 6): “Eliminate, minimize, reduce and or mitigate the
Biological impacts of invasive alien species on biodiversity and ecosystem services by identifying and managing pathways of the introduction
Diversity of alien species, preventing the introduction and establishment of priority invasive alien species, reducing the rates of introduction
(CBD) and establishment of other known or potential invasive alien species by at least 50 per cent by 2030, and eradicating or controlling

invasive alien species, especially in priority sites, such as islands.”

United Global “to prevent, reduce and control pollution of the marine environment resulting from [ ... ] the intentional or accidental
Nations introduction of species alien or new, to a particular part of the marine environment, which may cause significant and harmful
Convention on changes thereto.”

the Law of the

Sea (UNCLOS

1982)

Ballast Water Global Article 2: Prevent, minimize, and ultimately eliminate the transfer of harmful aquatic organisms and pathogens through the control
Convention and management of ships’ ballast water and sediments, [ ... ].

IMO

Biofouling Global Objective: Minimize the risk of transferring invasive aquatic species from ships’ biofouling.

Guidelines

IMO

UNEP, United Nations Environment Programme; MAP, Mediterranean Action Plan; IMO, International Maritime Organization.
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