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Executive Summary

EXECUTIVE SUMMARY
The spread of Non-Indigenous Species (NIS) is an increasing global phenomenon. Invasive
Alien Species (IAS), a sub-group of NIS, can have significant detrimental effects on
biodiversity, ecosystem services, and economies. In response to this, several studies have been
carried out in recent years to gather baseline data on NIS and IAS in Irish marine environments
and elsewhere. Through international initiatives and novel technological advances, a range of
approaches have emerged to support the development of the surveillance and monitoring
programmes required by national legislation and international framework agreements. The aim
of this report is to provide an up to date review of marine Non-Indigenous Species (NIS) and
their introduction pathways to Irish marine and transitional waters, and to identify the most
useful resources from recognized international monitoring programmes paying particular
attention to options for early detection and rapid response.
After thorough consultation of the most current scientific literature and publicly available
international databases, we compiled a register of 122 NIS species reported in Irish waters with
an acceptable level of certainty of at least one verified occurrence. The species were ranked
according to their potential impacts; 25 species were identified as moderate risk, 20 species as
high risk and 6 as low risk. The remaining 71 species are yet to be risk assessed. An additional
94 species were identified as potential future invaders based on their establishment in areas
directly connected to Ireland by recognized pathways. The taxonomy of the 122 NIS species
spans 6 Kingdoms, covering 24 Phyla and 30 Classes, distributed over a wide range of trophic
levels. Animals comprised 66% of the species, plants 18%, and chromista 13% of the species
compiled. Within the animal kingdom, arthropods and mollusks are the dominant marine NIS
taxa in Ireland. Viruses and bacteria only accounted for 2% of the recorded NIS, however these
are often undetected with impacts that are likely to be largely underestimated.
The primary pathways associated with existing NIS in Irish waters were vessels, aquaculture
and natural or secondary spread from neighbouring countries. Vessels were, by far, the most
utilised pathway (61%) for marine NIS introductions to Ireland, followed by aquaculture (22%)
and secondary spread from neighbouring countries (12%). The main vectors included ballast
water and hull fouling for vessels and the import of live organisms for aquaculture. It is worth
noting that current available data for NIS is often characterised by variable levels of
uncertainty, particularly with respect to pathways and vectors. A review of risk assessments
conducted in the Celtic Seas, highlighted areas with elevated risks of introduction, including
some of the main commercial ports, marinas and aquaculture sites. These included Dublin Port,
Cork Harbour and Belfast Lough, the main entrepôts for vessels from the UK, Ireland’s current
most important trading partner. With respect to the aquaculture sector, areas exposed to a
higher level risk of NIS introduction include Mulroy Bay and Lough Swilly in Donegal,
Waterford Harbour and Carlingford Lough. The South and East coasts of Ireland are identified
as areas exposed to the highest level of risk of secondary spread of NIS from species already
established in UK and adjacent northern European waters.
The process whereby NIS transition to IAS can be broken down into four phases, from
introduction (pathway) to arrival (vector), followed by establishment and spread. Taking into
account time and resources, management options must then be fitted to the relevant phase.
1
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Prevention is overwhelmingly regarded in available literature as the primary and most effective
control measure for marine IAS. Once introduced, the feasibility of eradication decreases
rapidly with time and costs of mitigation and control escalate.
A number of methodologies have been developed and adapted to conduct field surveys in a
rapid and targeted manner (e.g., Rapid Assessment Survey approach), which have been
extremely useful in collecting baseline data. With respect to risk assessment of sites, modelled
analyses indicate that continuous monitoring locations with high or moderate exposure to
introduction pathways is more effective than randomized approaches focussed on high impact
species in early detection of NIS.
Effective implementation of NIS policy and regulations should take place within the context
of the ecosystem-based integrated systematic monitoring programmes advised in the EU
Marine Strategy Framework Directive (MSFD) and the Water Framework Directive (WFD).
To meet the data requirements of these instruments, a range of innovative methodologies are
being developed and tested including optical and acoustic remote sensing, in situ monitoring
instruments, and molecular approaches. The combination of advanced environmental sampling
with downstream molecular approaches (such as environmental DNA/RNA metabarcoding)
have shown the potential to provide rapid and cost-effective monitoring solutions. Nonetheless,
limitations exist in the applications of novel approaches and to overcome these established
tools from complimentary disciplines must also be used in coordinated programmes to deliver
effective monitoring and surveillance for marine NIS.
Following from this, recommendations for an Irish national surveillance/monitoring
framework are addressed to:
•
•
•
•
•
•
•

Distribution of Government Functions;
Gaps in Prevention (Shipping, Aquaculture, Commercial fishing);
Collaboration and Cohesion with international Programmes and Projects;
Bridgehead sites and Dispersal Hubs;
Coordination of Existing Sampling Programmes;
Collating Existing Data and Records; and
Stakeholder Engagement.

Overall, collaboration and coordination at national and international level using effective data
collection and communication tools are identified as the key elements required to effectively
address the complex and challenging impacts of Invasive Alien Species.

2
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SCOPE AND STRUCTURE OF THIS DOCUMENT
The aim of this report is to provide an up to date review of marine Non-Indigenous Species
(NIS) and their respective pathways to Irish waters. It identifies useful resources from
recognized international monitoring programmes for NIS early detection and rapid response.
Recent studies of high risk Irish IAS and their pathways (Minchin, 2014; Stebbing et al., 2014;
Tidbury et al., 2016) have been supplemented with new and potentially overlooked
information. Existing detection methodologies and monitoring approaches operating
internationally under relevant legislative frameworks were screened for their potential
suitability in Ireland. This document serves as a step towards the development of a national
marine NIS surveillance/monitoring programme, which is a requirement for the
implementation of national and international legislation, such as the EU IAS Regulation
(1143/2014/EU) 1.
This document is presented in seven main sections:
1.
2.
3.
4.
5.
6.
7.

A general introduction;
An overview of legislative framework related to marine NIS;
A review of marine NIS in Ireland;
A review of pathways;
A review of risk assessment for marine IAS and associated pathways;
An overview of best practice monitoring approaches;
Gaps and recommendation for an Irish national surveillance/monitoring framework.

The sources of all external information reviewed are appropriately cited. The report
bibliography includes all published literature, and online resources such as legislation, policy
documents, and national and international databases appear as footnotes with links to the
relevant webpages. This report is also accompanied by additional supplementary material,
including a spreadsheet containing all information available to the authors on the species and
pathways documented, as well as a list of sites and associated pathways and vectors. The
species list presented in this document is intended to become a publicly available live resource
that will complement other existing national marine NIS (e.g., National Biodiversity Data
Centre 2).

1
2

https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32014R1143
http://www.biodiversityireland.ie/
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1. INTRODUCTION
The undermining effects of biological invasions on biodiversity and natural and economic
systems are now recognised as a pressing global concern because of growing awareness among
managers and stakeholders that once established in a new environment (by human agency)
eradication of an NIS is extremely costly and difficult if not impossible to achieve. Despite the
pervasiveness of the phenomenon and increasing documentation of damaging impacts there is
a lack of public awareness of the scale of the challenge, and of cohesion among the scientific
and management community on how to deal with it (Courchamp et al., 2017).
Non-Indigenous Species (NIS) (synonyms: alien, exotic, non-native, allochthonous) are
defined as species, subspecies or lower taxa introduced outside of their natural range and
occurring beyond the limits of their natural dispersal potential. This includes any part, gamete
or propagule of a species that might survive and subsequently reproduce. Their presence
outside their natural range arises from intentional or unintentional introduction by humans.
Natural shifts in distribution ranges (e.g., due to climate change or dispersal by ocean currents)
do not qualify a species as a NIS. However, secondary introductions of NIS from the area(s)
of their first arrival can occur without human involvement due to spread by natural means.
Invasive Alien Species (IAS) are a subset of established NIS which have spread, are spreading
or have demonstrated in other locations a potential to spread, and have an adverse effect on
biological diversity, ecosystem functioning, socio-economic values and/or human health in
invaded regions.
Determination of the native or introduced status of a newly detected marine species is not
always simple and often depends on data that can only be obtained using multi-disciplinary
approaches (Campbell et al., 2018). Examples of criteria (from Wolff 2005, Minchin et al.,
2013) proposed for identifying potential NIS include:
•
•
•
•
•
•
•
•
•
•

A taxonomically distinct species with no previous recorded history in
a region.
A distinct biogeographic gap between the natural occurrence of a
species and a remote population.
A species with a highly localised occurrence.
A localised species whose initially restricted range suddenly expands.
A lack of any obvious natural pathway or vector between individual
species populations.
A species whose population is rapidly expanding.
A species associated with a known artificial means of translocating
such as aquaculture, shipping, etc.
A species that is parasitically dependent on another non-native species.
Unexpectedly low genetic variability within a species’ population.
A genetic similarity to a geographically distant species’ population.
4
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A species with a life history stage that cannot easily be dispersed by
available natural means.

In the marine environment, IAS have been documented as having adverse impacts on human
health, marine infrastructures, biodiversity, ecosystem services and production-based activities
and resources, including fisheries, marine aquaculture (mariculture) and tourism (Bax et al.,
2003; Hulme, 2009). Globally the main pathways associated with marine NIS introductions are
vessels (commercial and recreational), transport of live organisms, and artificial
canals/corridors (Ojaveer et al., 2018). With the globalization of commerce and trade, the
impacts of marine NIS are an increasing challenge with far reaching impacts in both time and
space. Some of the first examples of marine NIS introduction are of the European periwinkle
Littorina littorea to Canada and North America in the mid-1800s, which has had major impacts
on biodiversity and fisheries ever since (Chapman et al., 2008). The collapse of the Black Sea
ecosystem in the 1990s demonstrates how habitat degradation combined with alien species
invasions (such as the comb jelly Mnemiopsis spp) can lead to great economic losses (Kideys,
2002). A 2013 study estimated all Ireland damages approaching €1,000,000 to ecosystem use
services for aquaculture (Kelly et al., 2013). Across all sectors considered in the study damages
were assessed at over €216,000,000.
In order to classify marine NIS into groups of species that are potential invaders or in the
process of becoming invasive, it is important to clarify the invasion process. The invasion
process occurs over a series of phases/stages, which when characterised can identify the actions
available to managers to interrupt it. Even before a species is introduced outside its native
distribution, association to specific pathways and its biological adaptive characteristics (e.g.,
wide range of tolerance to environmental conditions) can resolve preventative measures to
avoid potential introductions. This is particularly apt for pathways such as vessels, which have
a proven capacity for recruiting and transporting species beyond their natural ranges, and which
are available for monitoring and precautionary measures. If not interrupted at the introduction
pathway, an NIS then faces several phases or stages before it becomes established and
potentially widely distributed in its new environment. Although consensus on terminology and
definition of terms has yet to be agreed in invasion biology, Figure 1 and Figure 2 serve as
good illustrations of the filters that a NIS must pass through before becoming established,
abundant and widespread.
Figure 1 proposes a clear framework for invasion biology with well-defined stages using
neutral terminology (Colautti and MacIsaac, 2004). Potential invaders begin as propagules
contained in a donor region (stage 0) and have to pass through a series of filters in order to
transition to subsequent stages. Stages III through V are partitioned based on NIS abundance
and distribution. Within this framework, a non-indigenous species may be localized and
numerically rare (stage III), widespread but rare (stage IVa), localized but dominant (stage IVb)
or widespread and dominant (stage V). The probability that a potential invader will pass
through a given filter is determined by three classes of determinants which can positively (+)
or negatively (–) affect its passage through a filter. The three classes of determinants in this
model are:
5
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Propagule pressure (A)
Physicochemical requirements of the potential invader (B)
Interactions with the receiving community (C)

Figure 1. An example of an invasion framework broken down into stages. (image credit:
Colautti and MacIsaac 2004)
In Figure 2 invasion phases are plotted against the actions available to managers at each phase
as follows:

•
•
•
•

Invasion Stage
Species Absent
Small local population
Increased spread
Widespread and abundant in available range

Management Options
Prevention of arrival
Eradication
Containment
Asset Protection

In both models, observed and measurable impacts represent the culmination of multiphase
processes in the course of which an organism successfully transitions from non-indigenous
(NIS) to invasive (IAS).
6

Marine Non-Indigenous Species in Ireland

Introduction

Figure 2. Invasion process framework showing IAS entry, progression of spread over time and
associated management measures (image credit and source: Adapted from the Invasive Plants
and Animals Policy Framework, State of Victoria Department of Primary Industries, 2010) 3
Data on the factors operating in the lag phase between NIS introduction and emergence as
established invaders are universally acknowledged as insufficient and the salient
recommendation repeated in the published literature is that the development of tools for early
detection and subsequent prevention is the most effective course for managers and stakeholders
to follow. Moreover, while data remains scarce and the necessary tools for prevention and early
detection are still being developed, there is consensus that the precautionary approach be
applied to categorizing impacts of marine NIS. This is consistent with guidelines from the
AquaNIS database 4, which set the minimum information required for new aquatic IAS as a
citable reference (e.g., published paper, report, personal communication, etc.), data on the
species/taxon, date and location of observation, the pathway or vector availed of, the
species/population status, and any potential evident impact.
Uncertainty poses one of the most problematic constraints on inferences from invasion biology
as most studies involve assumptions that are either not evaluated or often violated (as reviewed
in Katsanevakis and Moustakas 2018). This is probably a reflection of the fact that most
3
4

https://www.iucn.org/resources/issues-briefs/invasive-alien-species-and-climate-change
http://www.corpi.ku.lt/databases/index.php/aquanis
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empirical data collected to date on marine NIS comes from localised baseline and semiquantitative studies. Thus, there is a strong need for the development and implementation of
frameworks, methods and tools that will adequately tackle uncertainty.
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2. LEGISLATIVE FRAMEWORK ON MARINE NIS
2.1. INTERNATIONAL INSTRUMENTS
Policy and legislation at both national and international levels are central to driving the
development and application of marine NIS monitoring and surveillance programmes. Due to
the global nature of the marine NIS phenomenon and the numerous parties and stakeholders
involved, coordination of efforts and data sharing in publicly accessible repositories are key
elements for effective management of marine NIS.
In response to increasing evidence for IAS impacts on biodiversity, a number of global,
regional and national policies and frameworks have been agreed to specifically address marine
NIS-related issues. Ojaveer et al. (2018) highlighted how the success of national and
international policy and management instruments are undermined by inadequate resourcing,
implementation and enforcement ultimately leading to a failure to achieve the goals set out
within the specified timeframe of the instruments.
The most comprehensive collection of information on global environmental law, ranging from
international treaties to national legislation and technical guidance documents is contained in
the ECOLEX database 5, developed by the IUCN, the Food and Agriculture Organization of the
United Nations (FAO) and the United Nations Environment Programme (UNEP).

CONVENTION ON BIOLOGICAL DIVERSITY
The Convention on Biological Diversity (CBD) serves as the overarching global instrument
for framing the issues and challenges that arise from NIS. Article 8(h) of the CBD 6, 1992,
addresses prevention, control and eradication of IAS. This was followed by “Guiding principles
for the prevention, introduction, and mitigation of impacts of alien species that threaten
ecosystems, habitats, or species” by the Conference of the Parties” 7 (COP8) in 2002 which
strongly urges the development of national and regional strategies and action plans. For the
period 2011-2020 Target 9 of the Aichi Biodiversity targets states that “invasive alien species
and pathways are identified and prioritized” and that “priority species are controlled or
eradicated and that measures to manage pathways to prevent their introduction and
establishment” must be in place by 2020 8.

THE UNITED NATIONS CONVENTION ON THE LAW OF THE SEA (UNCLOS)
https://www.ecolex.org/
https://www.cbd.int/doc/legal/cbd-en.pdf
7
https://www.cbd.int/doc/meetings/cop/cop-06/official/cop-06-20-en.pdf
8
https://www.cbd.int/doc/meetings/cop/cop-10/information/cop-10-inf-12-rev1-en.pdf
5
6
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The United Nations Convention on the Law of the Sea (UNCLOS) 9 was the first global
instrument to address shipping as a pathway for NIS in 1982. Article 196 of the convention
calls for States to: “take all measures necessary to prevent, reduce and control pollution of the
marine environment resulting from the use of technologies under their jurisdiction or control,
or the intentional or accidental introduction of species, alien or new, to a particular part of the
marine environment, which may cause significant and harmful changes thereto.”
In the 1990s International Maritime Organization (IMO) adopted and published the
“Guidelines for control and management of ships' ballast water to minimize the transfer of
harmful aquatic organisms and pathogens”.
In 2017 the Ballast Water Management Convention (BWMC) 10. set new global standards
for ballast water management with specific instructions on the maximum number and
dimensions of organisms per cubic meter of water.
Responding to evidence for the effectiveness of hull fouling as a NIS vector the IMO adopted
the “International Convention on the Control of Harmful Anti-fouling Systems on Ships” in
2001 and in 2011 the Marine Environment Protection Committee (MEPC) 11 adopted
Resolution MEPC.207(62) 12 setting out “Guidelines for the control and management of ships'
biofouling to minimize the transfer of invasive aquatic species”.

CONVENTION FOR THE PROTECTION
ALTANTIC (OSPAR CONVENTION)

OF THE

MARINE ENVIRONMENT

IN THE

NORTH-EAST

The 1992 OSPAR Convention 13 is a collaboration between 15 Governments and the EU to
protect the marine environment of the North-East Atlantic. Within the theme of Biological
Diversity and Ecosystems in its North East Atlantic Environment Strategy (NEAE Strategy
Part II) OSPAR endeavours “to limit the introduction of non-indigenous species by human
activities to levels that do not adversely alter the ecosystems”.
In assessing the state of North East Atlantic ecosystems OSPAR utilises 16 biodiversity
common indicators including Trends in New Records of Non-Indigenous Species (NIS)

http://www.un.org/Depts/los/convention_agreements/texts/unclos/unclos_e.pdf
http://www.imo.org/en/About/Conventions/ListOfConventions/Pages/International-Conventionfor-the-Control-and-Management-of-Ships'-Ballast-Water-and-Sediments-(BWM).aspx
11
http://www.imo.org/en/MediaCentre/MeetingSummaries/MEPC/Pages/Default.aspx
9

10

12

http://www.imo.org/en/OurWork/Environment/Biofouling/Documents/RESOLUTION%20MEPC.207
%5b62%5d.pdf
13
http://data.europa.eu/eli/convention/1998/249/oj
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Introduced by Human Activities which applies specifically to OSPAR’s Coordinated
Environment Monitoring Programme (CEMP) 14.
OSPAR’s Measures and Actions Programme (MAP) is intended to support OSPAR
Contracting Parties to improve regional coordination, in respect of the MSFD Art.13
Programmes of Measures 15.

THE CONVENTION ON WETLANDS OR RAMSAR CONVENTION
RAMSAR 16. was adopted in the Iranian city of Ramsar in 1971 and came into force in 1975.
Since then, almost 90% of UN member states, from all the world’s geographic regions, have
acceded to it as “Contracting Parties”. The control, eradication and management of IAS one of
the strategic goals of the Ramsar Strategic Plan 2016–24 (Ramsar Convention on wetlands).
It urges that IAS impacts on wetland ecosystems be dealt with in a “decisive and holistic
manner, making use, as appropriate, of the tools and guidance developed by various institutions
and processes, including any relevant guidelines or guiding principles adopted under other
conventions”.

2.2. EUROPEAN UNION FRAMEWORKS AND REGULATIONS
EU MARINE SPATIAL PLANNING FRAMEWORK DIRECTIVE (MSP)
The EU articulates the relationship between biodiversity, ecosystem services and human wellbeing and NIS in its communication, Halting the loss of biodiversity by 2010 and beyond 17
which informs the 2007 Integrated Maritime Policy (EU-IMP) 18. The Maritime Spatial
Planning directive (MSP Directive 2014/89/EU) was subsequently adopted in 2014 to establish
a framework for maritime spatial planning and obliges all coastal EU states to establish
maritime spatial plans by 2021. Additionally, The Convention on the Conservation of European
Wildlife and Natural Habitats (Bern Convention 19) requires Contracting Parties to strictly
control and prohibit the introduction of non-native species into the natural environment.

EU MARINE STRATEGY FRAMEWORK DIRECTIVE (MSFD)
The Marine Strategy Framework Directive (MSFD) (Directive 2008/56/EC) 20 is the
environmental pillar of the EU’s Integrated Maritime Policy. In 2017, it was amended to better
integrate ecosystem functioning, anthropogenic pressures and impacts on the marine
https://www.ospar.org/work-areas/cross-cutting-issues/cemp
https://www.ospar.org/work-areas/cross-cutting-issues/map
16
https://www.ramsar.org/the-ramsar-strategic-plan-2016-24
17
https://ec.europa.eu/europeaid/communication-commission-halting-loss-biodiversity-2010-andbeyond-sustaining-ecosystem-services_en
18
https://ec.europa.eu/maritimeaffairs/policy/background_documents_en
19
https://www.coe.int/en/web/bern-convention
20
http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategyframework-directive/index_en.htm
14
15
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environment. Its overarching goal is to provide a framework for achieving “Good
Environmental Status” (GES) for EU marine waters within 11 environmental descriptors by
the year 2020. It summarises GES as:
•

•
•

Ecosystems, including their hydro-morphological (i.e. the structure and evolution of the
water resources), physical and chemical conditions, are fully functioning and resilient
to human-induced environmental change.
The decline of biodiversity caused by human activities is prevented and biodiversity is
protected.
Human activities introducing substances and energy into the marine environment do
not cause pollution effects. Noise from human activities is compatible with the marine
environment and its ecosystems.

NIS are addressed specifically by MFSD Descriptor 2, which stipulates that “Non-indigenous
species introduced by human activities are at levels that do not adversely alter the ecosystems”.
Descriptor 2 sets out the following criteria and indicators:
Criterion 2.1: Abundance and state characterization of nonindigenous species (NIS),
in particular invasive species.
Indicator 2.1.1: Trends in abundance, temporal occurrence and spatial distribution in
the wild 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.
Criterion 2.2: Environmental impact of invasive non-indigenous species.
Indicator 2.2.1: Ratio between invasive non-indigenous species and native species in
some well-studied taxonomic groups (e.g., fish, macroalgae, molluscs) that may
provide a measure of change in species composition (e.g., further to the displacement
of native species).
Indicator 2.2.2: Impacts of non-indigenous invasive species at the level of species,
habitats and ecosystem, where feasible.

EU COUNCIL REGULATION (EC) NO 708/2007 AQUACULTURE
Examples of efforts to reduce impacts of non-indigenous species can be found as early as
1930s, whereby limitations on shellfish imports to France were imposed to counter the
introduction of non-indigenous species associated with cultured organisms (Ojaveer et al.,
2018 and references therein). Acknowledging that practices involving the culture of aquatic
organisms can operate as important pathways and vectors for IAS, Regulation EC 708/2007
concerning use of alien and locally absent species in aquaculture was adopted in 2007 21. The
growth of the aquaculture industry is dependent on increased production, development of new

21

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32007R0708
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sites and transhipments of live animals within and between states and the regulation is intended
to address the potential effects of these activities on biodiversity.

EU WATER FRAMEWORK DIRECTIVE
The Water Framework Directive (WFD) (Directive 2000/60/EC) 22 is the chief policy
instrument for the management of the inland, transitional and coastal waters of the European
Union. Within this directive, monitoring, assessment, regulation and management of nonnative species is triggered when a measurable impact on biodiversity or ecosystem services is
identified (Boon, Clarke and Copp, 2020). This also reflects the EU Habitats Directive 23, on
the conservation of natural habitats and of wild fauna and flora, which calls for regulation of
introductions and prohibits them where there is a risk of habitat degradation and usurpation of
indigenous species. (Article 22(b)).

EU BIODIVERSITY STRATEGY
The 2011 EU Biodiversity Strategy24 sets out 6 Targets and 20 Actions to halt the loss of
biodiversity and ecosystem services in the EU by 2020. Target 5 requires that by 2020 IAS
species are identified, priority species controlled or eradicated, and pathways managed to
prevent new invasive species from disrupting European biodiversity (Actions 15 and 16).

EU REGULATION ON INVASIVE ALIEN SPECIES
The EU Regulation on Invasive Alien Species (Regulation EU 1143/2014) 25 was established
in 2015 and is centred on a list of 49 deemed to be of the most concern. The measures identified
by the regulation follow the internationally agreed hierarchical approach of:
•
•
•

“Prevention: a number of robust measures aimed at preventing the intentional or
unintentional introduction of IAS of Union concern into the EU”.
“Early detection and rapid eradication: Member States must put in place a
surveillance system to detect the presence of IAS of Union concern as early as possible
and take rapid eradication measures to prevent them from establishing”.
“Management: some IAS of Union concern are already established in certain Member
States. Concerted management action is needed to prevent them from spreading any
further and to minimize the harm they cause”.

As of 2017 the list of most concern includes 49 species, with only one of these species occurring
in transitional waters (the catadromous Chinese mitten crab, Eriocheir sinensis).
Implementation of the act is supported by the Committee on Invasive Alien Species and a
number of expert groups populated by representatives and stakeholder from member states.
New species are considered for inclusion on the list if they meet a series of criteria and require
http://ec.europa.eu/environment/water/water-framework/index_en.html
http://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm
24
http://ec.europa.eu/environment/nature/biodiversity/strategy/index_en.htm
25
http://ec.europa.eu/environment/nature/invasivealien/index_en.htm
22
23
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risk assessment as stated in Article 4 of the IAS Regulation. Proposed amendments and
additions are then reviewed by the committee before a new species enters the list. Currently,
20 risk assessments are being conducted for new species to be included at the next update of
the list.
To support implementation of the IAS Regulation, the European Commission’s Joint Research
Centre 26 established the European Alien Species Information Network (EASIN) as a common
platform for access to standardised data on alien species for Member States.

26

https://ec.europa.eu/info/departments/joint-research-centre_en
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EU REGULATIONS ON ANIMAL AND PLANT HEALTH
In 2016, additional regulations were established specifically to address transmissible animal
diseases (Animal Health Law, EU 2016/429) and pests of plants (Plant Health Law, EU
2016/2031), which highlights the increasing relevance and impact of IAS not only to
biodiversity but also to food production and other societal services.

2.3 THE INTERNATIONAL COUNCIL FOR THE EXPLORATION OF THE SEA (ICES)
ICES is the principal scientific advisory organisation for the Atlantic Ocean and has partner
affiliations in the Black Sea, Mediterranean Sea, Arctic and Pacific Oceans. Its network
encompasses more than 5000 scientists from over 700 marine research institutes in 20 member
countries. ICES goal is “to advance and share scientific understanding of marine ecosystems
and the services they provide and to use this knowledge to generate state-of-the-art advice for
meeting conservation, management, and sustainability goals”.
ICES expert groups deliberate on all aspects of marine natural resources, ecology and
exploitation in the North Atlantic Ocean. The ICES Scientific Advisory Committee transmits
the findings of expert groups to the EU Commission and other political bodies.
The ICES Expert Groups of greatest relevance to the pathways and vectors for NIS reviewed
here are:
•
•
•

Working Group on Introductions and Transfers of Marine Organisms (WGITMO)
Working Group on Ballast and Other Ship Vectors (WGBSOV)
ICES Aquaculture Steering Group (ASG)

WGITMO’s advice remit and extensive collaborations focus on biofouling as a vector for
biological invasions. It addresses research and applied issues around early detection, alerts to
potential spread, population dynamics and distribution, ecological impacts, and risk
assessments. The group keeps annual records on new invasions in ICES area and provides
management advice upon request”. WGITMO is networked to other regional organisations
including the Mediterranean Science Commission (CIESM) and the North Pacific Marine
Science Organisation (PICES). It works closely with WGBSOV, and other ICES expert groups
including Biodiversity Science (WGBIODIV), Aquaculture (WGAQUA), and Harmful Algae
Bloom Dynamics (WGHABD). ICES presents its understanding of biofouling in ICES AD
HOC REPORT 2019 ICES Viewpoint background document: Evaluating and mitigating
introduction of marine non-native species via vessel biofouling 27.

27

https://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2019/Ad
%20Hoc/ICES%20viewpoint_Biofouling_Report.pdf
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WGBOSV is networked to and supports the Intergovernmental Oceanographic Commission
of UNESCO (IOC) and the International Maritime Organization (IMO) in the development of
measures to minimise the availability of vessel ballast waters as a vector for NIS. It combines
with WGITMO to investigate and evaluate NIS impacts in the Arctic Ocean in the context of
climate change and on biofouling as a vector for NIS introductions.
ASG guides and supports a series of expert groups in producing the scientific and advisory
outputs needed for the sustainable development of aquaculture. Topics addressed by these
groups that are directly relatable to NIS include but are not limited to:
•
•
•
•

Environmental impacts of aquaculture
Genetics of cultured species
Habitat and biodiversity interactions
Escapes and genetic interactions

In 2019, ICES published its upcoming Science Plan (“Marine ecosystem and sustainability
science for the 2020s and beyond”) 28, whereby IAS will be part of one of the scientific priorities
(“Impacts of human activities”).

28

https://issuu.com/icesdk/docs/ices_science_plan_2019_web
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2.4. LEGISLATIVE FRAMEWORK AND NATIONAL POLICY IN IRELAND
Following the establishment of an inter-Departmental Marine Coordination Group in 2009, an
Integrated Marine Plan for Ireland was published in 2012 (Harnessing Our Ocean Wealth HOOW) to be in effect by 2021 29. The Department of Planning, Housing and Local
Government (DPHLG) has been charged with implementation of the MFSD programme of
Measures (POMS), working with four other government departments and the Marine Institute
to achieve these. These departments are:
•
•
•
•

Agriculture, Food and the Marine,
Transport, Tourism and Sport
Culture, Heritage and the Gaeltacht
Communications, Climate Action and Environment

Implementation of EU policies and directives in Ireland is enabled by their transposition into
Statutory Instruments (S.I.). The MSP Directive 2014/89/EU was transposed into national
legislation in 2016 (S. I. 352/2016) 30 and it is envisaged to become a legal obligation by 2020.
In 2011, S. I. 477/2011 31 (Conservation of Natural Habits and Species) achieves compliance
with the EU Birds and Habitats directives. Within this act NIS are addressed in regulations 49
(Prohibition on introduction and dispersal of certain species) and 50 (Prohibition on dealing
with and keeping certain species), including an extended list of non-native species (including
marine organisms) subject to restrictions under such regulations.
In the context of providing guidance to legislators, Ireland’s National Biodiversity Action Plan
2017-2021 provides biodiversity targets to be met by 2021, a road map for the transposition of
EU Directives and Regulations into Irish law and delegation of responsibilities for achieving
the seven objectives of the plan to government departments, state agencies and stakeholders.
Objectives 4 of the plan directly address NIS and set out clear targets that are mapped to the
EU and international obligations Ireland has undertaken with respect to NIS and IAS 32.
Objective 4 and its targets are set out in Table 1. Objective 5 provides the MSP and MFSD
context for NIS and objective 4 targets. These are set out in Table 2.

https://www.ouroceanwealth.ie/
http://www.irishstatutebook.ie/eli/2016/si/352/made/en/print
31
http://www.irishstatutebook.ie/eli/2011/si/477/made/en/print
29
30

32

https://www.npws.ie/sites/default/files/publications/pdf/National%20Biodiversity%20Action%20Pla
n%20English.pdf
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Table 1. Objective 4, associated target 4.4 and actions for NIS in the National Biodiversity Action Plan
Objective 4
Conserve and restore biodiversity and ecosystem services in the wider countryside
Target 4.4:
Harmful invasive alien species are controlled and there is reduced risk of introduction and/or spread of new
species
Lead/key
Action
Timeframe
Performance indicators
partners
4.4.1. Ratify the International 2017
DTTAS, DFAT
1.
Ratification
of
the
Convention for the Control and
Convention in 2017
Management of Ships' Ballast Water
and Sediments
4.4.2. Develop national and whole
island plans to implement the EU
Invasive Alien Species (IAS) Regulation
and relevant sections of Ireland’s EU
Habitats)
(Birds
and
Natural
Regulations
2011
including:
development and adoption of
biosecurity plans in relevant state
bodies; a Rapid Response Protocol for
the island of Ireland; coordination and
collation
of
invasive
species
surveillance and monitoring data; and
work with Northern Ireland and UK
authorities on invasive species of
mutual concern.

2017-2021

4.4.3.
Continue
and
enhance
measures for eradication, where
feasible, control and containment of
invasive species.

4.4.4.
Encourage
horticultural
nurseries to produce native species,
varieties
and
landraces
from
appropriate native sources for public
andprivate sector plantings. Public
bodies will endeavour to plant native
species in order to reduce importation
of non-native species, varieties
and landraces.

DCHG, DAERA
NBDC, IFI, TII,
Waterways
Ireland, Local
Authorities,
local
community
groups, eNGOs
and the Loughs
Agency.

1 Number of state bodies with
biosecurity plans

2017-2021

IFI, DCHG, Local
Authorities, TII,
Waterways
Ireland,
National
Botanic
Gardens, local
community
groups.

1.Number
of
successfully
controlled invasions.

2017-2021

DAFM, Coillte,
Local
Authorities,
TTI,
DCHG,
OPW.

1. Number of new plantings
that exclusively use native
plants for landscaping.
2. Quantities of nurseries
supplying
traceable
documentation
of
Irish
provenance plant material.

2 Rapid Response protocol for
Ireland developed
3 Number of new IAS recorded
and established
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Table 1 (continued)
Timeframe

Lead/key
partners

to produce Risk
potentially invasive

2017-2021

NBDC, DCHG.

1. Number of Risk Assessments
completed for potentially invasive
non-native species.

4.4.6. Publish legislation to address
required provisions under the EU
Regulation on invasive alien species (No.
1143/2014) and on responsibilities and
powers regarding invasive alien species,
giving IFI responsibility for aquatic invasive
species.
4.4.7. Work with horticultural and pet
trades to prevent the introduction and
spread of invasive alien species.

2017-2021

DCHG, DCCAE,
IFI, NBDC.

1. Legislation published and
enacted
4.4.7
Work
with
horticultural and pet trades to
prevent the introduction and
spread of invasive alien species.

2017-2021

DCHG, NBD.

1. Communication undertaken.

Action
4.4.5. Continue
Assessments for
nonnative species.

Performance indicators

Table 2. Objective 5 of the National Biodiversity Action Plan, associated target and actions
Objective 5
Conserve and restore biodiversity and ecosystem services in the marine environment
Target 5.1:
Progress made towards good ecological and environmental status of marine waters over the
lifetime of this Plan
Lead/key
Action
Timeframe
Performance indicators
partners
5.1.1. Develop and implement a
Marine Spatial Plan for Ireland

2017-2021

5.1.2. Implement measures to achieve
good ecological and environmental
status of marine and coastal habitats
as required by the Habitats, Directive,
Water Framework Directive and
Marine Strategy Framework Directive
(MSFD) and in line with the OSPAR
Convention (Convention for the
protection of the marine environment
in the NorthEast Atlantic)

2017-2021

5.1.3.
Implement
OSPAR
recommendations on Habitats and
Species
5.1.4. Promote the incorporation of
ecological engineering features in new
and existing structures such as coastal
defences

InterDepartmental
Marine
Coordination
Group, DHPLG
DHPLG, DCCAE,
Marine
Institute,
DAFM,
Irish
Water,
Local
Authorities, IFI,
DCHG, EPA, An
Taisce

1. Reports on implementation
of the Integrated Marine Plan
(IMP) 2. Compliance with EU
Maritime Spatial Planning
Directive (2014)
1. Progress on measures under
MSFD
2. River Basin Management
Plans (RBMP) completed
3. Number of Blue Flag beaches
4. Number of Green Coast
Awards
5. Number of sites where
untreated sewage is discharged

2017-2021

DHPLG,
DFA,
Marine
Institute, DCHG

1.
Number
of
recommendations
implemented

2017-2021

OPW,
Local
Authorities,
Research
Institutes

1. Number of new ecological
engineering projects

OSPAR
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3. SOURCES OF INFORMATION FOR NIS IN IRISH
WATERS
3. 1. BACKGROUND
A large number of databases cataloguing species, introduction events, and impacts have been
compiled by stakeholders and expert groups at national, international and global level. We list
eleven of the most relevant these in Table 3 below. In Europe, more than 14,000 nonindigenous aquatic and terrestrial taxa are currently documented by EASIN, the European
Union’s Joint Research Centre NIS data network, with more than half originating from outside
EU territories (Roy, Bacher, et al., 2018). As of January 2019, there are over 1,400 marine NIS
reported in European waters.
For Ireland, a list of NIS can be found in the National Biodiversity Data Centre (NBDC) and
regular updates appear on the dedicated website (Invasive Species Ireland), a collaboration
between the Northern Ireland Environment Agency and National Parks and Wildlife Services
(NPWS). The website is a valuable portal for information on a range of species, policy, and
action plans for NIS with biodiversity and economic implications for the Island of Ireland.
AquaNIS (Information System on Aquatic Non-indigenous and Cryptogenic species) has been
nominated by the ICES Working Group on the Introduction and Transfer of Marine Organisms
(WGITMO) 33 as a unified online data repository for all European countries, and served as a
starting point to compile an up to date list of marine NIS in Irish waters.
Table 3. List of National, EU and Global NIS databases

33

Data Repository

Webpage

NBDC: National Biodiversity Data Centre

http://www.biodiversityireland.ie/

Invasive Species Ireland

https://invasivespeciesireland.com/

EASIN: European Alien Species Information
Network

https://easin.jrc.ec.europa.eu/easin/

AquaNIS: Information system on aquatic nonindigenous and cryptogenic species

http://www.corpi.ku.lt/databases/index.php/aquanis/

GRIIS: Global Register of Introduced and Invasive
Species

http://www.griis.org/

GSID: Global Invasive Species Database

http://www.iucngisd.org/gisd/

WRiMS: World Register of Introduced Marine
Species

http://www.marinespecies.org/introduced/

https://www.ices.dk/community/groups/Pages/WGITMO.aspx
20

Marine Non-Indigenous Species in Ireland

Review of Marine NIS in Irish Waters

NOBANIS: European Network on Invasive Alien
Species

https://www.nobanis.org/

DAISIE: Delivering Alien Invasive Species
Inventories for Europe

http://www.europe-aliens.org/

CABI: Centre for Agriculture and Bioscience
International

https://www.cabi.org/about-cabi/

EPPO: European and Mediterranean Plant
Protection Organization

https://gd.eppo.int/

3.2. MARINE NIS IN IRISH WATERS
The focus of this review is marine species, however in line with the MSFD requirements ,
freshwater species that are available to vectors between fresh and transitional waters are also
included (as recommended in Minchin 2014). A list of all NIS mentioned in this document is
provided in Appendix I, while a comprehensive repository of information on all records
obtained is provided electronically in Supplementary Material (Table S1). The latter will
ultimately be adapted to an appropriate format and incorporated into a publicly available and
up to date database on Irish marine NIS.
As of January 2019, the AquaNIS database reports 106 NIS in Irish waters greatly expanding
the National NBDC inventory of 54 species. A further screening of the most recent literature
and public international databases increases the inventory to 122 NIS species with an
acceptable level of certainty of at least one verified incidence for each. Bearing in mind that a
commonly agreed international nomenclature/approach for risk assessment has yet to be
established and that high levels of uncertainty still exist, we grouped the species into four risk
categories to attempt to produce a hierarchy of impacts.
•
•
•
•

High-impact
Moderate-impact
Low-impact
Impact not assessable or assessed

20 species
25 species
6 species
70 species

Species were assigned to these categories following the method of Minchin (2014) and/or
invasiveness status provided by the NBDC database. In case of disagreement between the two
scoring systems, we assigned the higher risk category to the species in question.
The review classified 94 NIS species as potential future invaders based on their establishment
in areas directly connected to Ireland by identified pathways. This is further discussed in
Section 5 (see also details in Appendix I) with the caveat that species inventories reflect records
mostly from baseline data and non-systematic efforts and thus the actual occurrences of NIS in
Irish waters are likely to exceed those we report here. These findings arise from significant
expenditure of time and resources from national and international experts (e.g., Stokes et al.,
2004, Minchin 2014, Davis et al., 2017 and references therein) and it is hoped will serve as
valuable baseline data to guide the development of future monitoring programmes.
The taxonomy of the 122 NIS species spans six Kingdoms, including 24 Phyla and 30 Classes,
and includes organisms distributed over a broad spectrum of trophic levels (Figures 3-5 and
Table 4). Animals comprised 66%, plants 18%, and chromista 13% of the species compiled
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(Figure 3). Arthropods and mollusks were found to be the dominant marine NIS taxa in Ireland.
Viruses and bacteria accounted for 2% of recorded NIS, however these taxa are often largely
undetected/underestimated because they become the focus of monitoring efforts only when
impact is evident and economically damaging (e.g., disease outbreaks). Further details of the
122 NIS species can be found in Appendix I, which catalogues and summarizes their
occurrence, distribution and impacts, while a comprehensive repository of information and
associated sources can also be found in Supplementary Material (Table S1).
The most recent risk and evidence-based assessment of high-impact marine NIS in Irish marine
waters was produced by Minchin (2014). Subsequent studies and reviews have encompassed
marine, aquatic and terrestrial habitats and include only a sub-set of Minchin’s (2014)
inventory (e.g., Davis et al., 2017). Minchin’s 2014 list highlights species that are known to be
invasive, including 11 high-impacting and 14 moderately impacting species. A search of the
National Biodiversity Data Centre database showed that since Minchin’s 2014 assessment, no
new species have been reported, though further occurrences of four previously reported highimpact (Corbicula fluminea, Magallana gigas, Styela clava, Undaria pinnatifida) and four
moderately impacting IAS (Aphanomyces astaci, Dreissena polymorpha, Sargassum muticum,
Spartina anglica) have been registered.
Although official records of the slipper limpet (Crepidula fornicata) appears to be confined to
the North East of the Island of Ireland, there are anecdotal reports that the species may be
already present in the west coast of Ireland (GMIT Steve Barrett pers. comm.), as predicted by
risk assessment analysis (Tidbury et al., 2016). Given the recent multiple outbreaks of crayfish
plague caused by Aphanomyces astaci, it is probably appropriate to revise this species to highimpact (see discussion below for its inclusion as a primarily freshwater species) 34. Also, while
none of the potential NIS identified in Minchin (2014) have been reported in the NBDC
database (as of January 2019), there remains the possibility of new IAS introductions yet to be
detected, or species whose status is uncertain (cryptogenic). For instance, new pathologies are
being described in aquaculture (e.g., cleaner fish in Atlantic salmon Salmo salar farming)
where pathogens are likely to originate from local or introduced stocks, as is the case for the
piscine myocarditis virus (Scholz et al., 2018).
When evaluating risk from the perspective of protecting biodiversity and native species, it can
be argued that impacts from imported con-specific organisms are comparable to those from
IAS. This is the case for escapees of farmed Atlantic salmon (Salmo salar) produced from nonindigenous stocks, which can breed or compete with native fish producing introgressive
hybridisation (Glover et al., 2017). Atlantic salmon is not included in our list because at the
species level it is native to Ireland.

34

https://www.fisheriesireland.ie/Search.html?searchphrase=all&searchword=crayfish%20plague
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Figure 3 Marine NIS reported in Irish waters (per Kingdom).

24 NIS phyla reported in Irish Waters occupy (n=122)
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Figure 4. Marine NIS in Irish waters (per Phylum)

30 NIS classes reported in Irish Waters (n=122)

Figure 5 Marine NIS in Irish waters (per Class)
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Table 4 Taxonomic overview of marine NIS reported in Irish waters
Animalia
Arthropoda
Malacostraca
Maxillopoda
Hexanauplia
Copepoda
Insecta
Insecta
Mollusca
Bivalvia
Gastopoda
Annelida
Polychaeta
Tunicata
Ascidiacea
Bryozoa
Gymnolaemat
Cnidaria
Anthozoa
Hydrozoa
Chordata
Actinopterygii
Nematoda
Secernentea
Total
Percentage

32
16
8
5
2
1
1
21
15
6
5
5
8
8
6
6
4
1
3
3
3
1
1
80
66%

Chromista
Ochrophyta
Bacillariophyceae
Phaeophyceae
Raphidophyceae
Cercozoa
Ascetosporea
Dinozoa
Dinophyceae
Haptophyta
Prymnesiophycea
Bigyra
Labyrinthulea
Foraminifera
Prymnesiophycea
Myzozoa
Dinophyceae
Oomycota
Peronosporea
Total
Percentage

6
3
3
1
2
2
2
2
2
2
1
1
1
1
1
1
1
1
16
13%

Plantae
Rhodophyta
Florideophyceae
Rhodymeniophycida
Chlorophyta
Ulvophyceae
Tracheophyta
Magnoliopsida
Grand Total
Percentage

14
11
3
4
4
4
4
22
18%

Fungi
Ascomycota
Sordariomycetes
Fungi Incertae
Marine Fungi
Total
Percentage

1
1
1
1
2
2%

Bacteria
Firmicutes
Bacilli
Total
Percentage

1
1
1
1

Viruses
Herpervirales
Herpervirale
Total
Percentage

Grand Total

Taxonomic Group
Invertebrate
Primary Producer
Vertebrate
Fungi
Bacteria
Virus
Total

Number

77
38
3
2
1
1
122

1
1
1
1%
122

Percentage

63%
31%
2%
2%
1%
1%
100%
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4. MARINE NIS VECTORS AND PATHWAYS
4. 1. BACKGROUND
Human activities have been agents for the introduction and spread of non-indigenous species
beyond their original ranges for centuries if not millennia,(Ojaveer <i>et al.</i>, 2018) through
pathways and vectors ranging from transport of bivalves on rock ballast in medieval shipping
(Petersen et al., 1992) to the transfer of whole marine communities as bio-fouling on tsunamiassociated anthropogenic debris (Carlton et al., 2018). A recent review of global patterns of
IAS distribution (aquatic and terrestrial) showed that similar pathways predominate across the
globe, and that colonial history, economic development and trade have played a significant role
in spreading IAS (Turbelin, Malamud and Francis, 2017).
The increasing number of artificial structures in coastal and marine environments (ocean
sprawl) not only physically modify marine and coastal ecosystems but have also been shown
to propagate impacts through their effects on ecological connectivity (Bishop et al., 2017).
Even though most NIS are often associated with at least one specific pathway, the actual source
and vector of most species is often uncertain, which hampers effective risk assessment. In
response to this a number of schemes have been proposed to characterise the level of
uncertainty for vectors and pathways (Minchin, 2007; Ojaveer et al., 2018).
The main pathways for the introduction of marine NIS include Shipping (commercial and
recreational), trade of live organisms (e.g., mariculture, live seafood and bait, ornamental
trades) and corridors (e.g., maritime canals). After introduction, secondary spread of NIS can
occur naturally (e.g., ocean currents) and through human economic, cultural or recreational
activities (Ojaveer et al., 2018). To date, different pathways and associated vectors have been
identified and incorporated into international databases such as DAISIE and GISD (Global
Invasive Species Database).
The lack of standardised criteria and definitions for invasion biology hinders the development
of globally accepted classification schemes and by extension, the knowledge sharing and risk
assessments that managers need for accurate and effective interventions against NIS. This
deficiency is particularly acute in marine ecosystems where the management goal depends on
the level of detail available for pathways (Essl et al., 2015; IUCN, 2017).
Arising from this and in support of the EU’s IAS regulation 1143/2014, the IUCN’s Invasive
Species Specialist Group (IUCN SSC-ISSG) has proposed a pathway classification system
(IUCN, 2017). This system adopts the CBD’s guiding principles 35 and provides “guidance for
interpretation of CBD categories on introduction pathways” in the form of a technical note
prepared by the IUCN for the European Commission.
35

https://www.cbd.int/doc/meetings/sbstta/sbstta-18/official/sbstta-18-09-add1-en.pdf
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The system encompasses aquatic and terrestrial environments and proposes three main pathway
streams. These are intentional introduction, unintentional introduction, and introduction and
dispersal through a corridor. Each stream is separated into two pathway categories from 44
distinct pathway subcategories are identified. This framework is shown in in Figure 6. The
recognized introduction mechanisms are:
(i) Importation of a commodity (e.g., mariculture),
(ii) Arrival via a transport vector (e.g., ship ballast water or hull fouling),
(iii) Establishment of an anthropogenic dispersal corridor (e.g., interconnected
waterways/basins/seas),
(iv) Natural spread from a region where the species is itself alien (e.g., transboundary water
currents).
(v) An overview of the CBD pathways categorisation scheme showing how the 44 pathway
subcategories relate to the six main pathway categories. All of the pathways in this
classification can be broadly classified into three types; 1) those that involve intentional
transport of taxa (blue) 2) those in which the taxa was unintentionally transported
(green), and 3) those where the taxa moved between regions without direct
transportation by humans and/or via artificial corridors (orange & yellow).
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Figure 6. Overview of terrestrial and aquatic pathways categories and sub-categories proposed by the
IUCN SSC-ISSG (image credit IUCN 2017). Further details on description of each category/subcategory
can be found in IUCN (2017).
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Once an internationally recognized pathways categorization scheme has been established, the
next challenge lies in determining the level of certainty around a specific pathway associated
to the introduction of a certain organism. While in some cases there is direct and compelling
evidence linking a species to a specific pathway or vector (e.g., cultivated organisms), more
often this information is either indirectly inferred or there is little or information on the actual
vector/pathway (e.g., Minchin 2007). Since marine NIS can potentially be introduced multiple
times and by means of several vectors, a number of multiple vector schemes have been
proposed (see Table 7 from Ojaveer et al., 2018) though at present consensus on the optimal
scheme has yet to reached.
A review of records from the EASIN database (as of October 2013) reveals shipping (43.9%)
as the major pathway for new introductions in European waters (for a total of 1380 species),
followed by the Suez Canal (32.5%), aquaculture (13%), and 6.5% unknown (Nunes et al.,
2014). Irish records of marine NIS accounted for a total of 38 species first introduced across
five pathways with shipping and aquaculture being the predominant pathways (Nunes et al.,
2014). One of the most recent marine NIS risk assessment effort in Ireland was conducted in
2014. From 2014 risk assessment study (Minchin, 2014), the most significant established
pathways and associated vectors for NIS in Irish marine waters can be summarized as follows:
Pathways
Commercial shipping
Recreational craft
Aquaculture
Natural dispersal

Vectors
Hull fouling and ballast water
Biofouling
Importation of live organisms
Rafting on marine litter

These sit within and indeed extend the pathways and vectors identified by the Working Group
on Introductions and transfer of Marine Organisms (WGITMO) from which natural dispersal
is omitted (Table 5).
Table 5. WGITMO pathways and vectors for NIS
Pathways
Vectors
Vessels
including
commercial, Ballast water and sediments, sea-chests, hull
recreational and marine platforms
fouling
Aquaculture activities
Aquaculture equipment, packaging, stock
movement
Leisure activities
Angling baits, stocking, discharges, sport
equipment
Wild fisheries
Fishing gear, discharges, stock movements
Management
Habitat management, biological control
Aquarium Trade/Public Aquaria
Transported water, waste discharge, direct release,
packaging
Pathways and vectors are distinct and separable components in the model of NIS
introductions. Furthermore, range extension after establishment is poorly understood and may
develop along existing or novel vectors using previously unconsidered pathways. This
challenging and limiting knowledge gap can only be addressed by increasing baseline
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information on the biology and ecology of NIS within their native ecosystems as well as
refining predictive models on environmental and climate change.

4. 2. CURRENT MARINE NIS PATHWAYS TO IRISH WATERS
Vessels are by far the most important pathway (57%) for marine NIS introductions to Ireland,
followed by aquaculture (22%) and spread from neighboring countries (13%). Vectors included
ballast water, hull fouling and import of live organisms associated with mariculture. There
remains however, some level of uncertainty around species-pathway associations and even
greater uncertainty for species-vector associations, because in most cases associations are
inferred rather than observed (see references in Appendix I). The association of introductions
to pathways for NIS in this study is shown in Figure 7, and association of taxa to pathway
associations is shown in Figure 8.

Pathways for NIS in Irish Marine Waters
60%

Vessel, 57%

50%
40%

Aquaculture, 22%

30%
20%
10%

Natural spread ,
13%
Aquarium Trade,
Live Food Trade, 2% Leisure Activities,
3%
1% Management, 1%

0%

Figure 7 Distribution of marine NIS in Irish waters across pathway
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NIS phyla and associated pathways in Irish Waters
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Figure 8 Marine NIS phyla and associated pathways in Irish waters
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The findings in this review agree with previous studies and assessments of pathways in
European waters and the Celtic Seas (C.F Pearce et al., 2012, Minchin 2014, Nunes et al.,
2014, Stebbing et al., 2014, Tidbury et al., 2016a), and therefore corroborate existing
information with regard to the identification of NIS introduction hubs and hotspots. The most
reported locations for NIS include the main commercial ports, marinas and aquaculture sites.
Dublin port, Cork Harbour and Belfast Lough have been identified as hotspots for NIS
introduction by vessel pathway association (Minchin, 2014; Tidbury et al., 2016)
In attempt to update the list of all potential national sites that could act as bridgeheads and/or
dispersal hubs for NIS, we present an inventory of ports, marinas, and aquaculture sites for the
Island of Ireland (Appendix II). Up to date statistics and details of marine traffic for these ports
and marinas are available on the Irish Maritime Development Office website 36, the Marine
Traffic website 37 and the Central Statistics Office (CSO) 38 Figure 9 shows the main ports in
Ireland and their connectivity with Great Britain, Europe and other overseas states and regions.
Figure 10, from Tidbury et al., (2016) maps the intensity of recreational boating activity in
Great Britain and in particular highlights connectivity between the North East of Ireland and
South West Scotland.

The UK is Ireland’s leading trading partner. Leaving aside direct trade with the UK, two-thirds
of Irish goods exports to EU or other European destinations travel across the UK while 26% of
goods imported to Ireland arrive from the UK 39. The configuration of this trade and therefore
the vessel pathway for NIS introductions is likely to change post Brexit, with direct trade to
European ports replacing some of the land bridge trade across the UK to Europe. Brexit aside,
increased capacity and new infrastructure are envisaged at a number of Irish international ports
(Tier 1 and 2) (e.g., Dublin Port Company, 2018 40) which will increase loading on the NIS
vessel pathway.
Ireland is an important producer and exporter of aquaculture products with the introduction of
live animals, the most reported vector for the aquaculture NIS pathway, in the form of oysters
(Magallana gigas) valued at €30m in 2018 41. The majority of these go to EU markets, with
France accounting for 60% of all exports and a rapidly growing market in China and Hong
Kong. Ireland also imports live Pacific oysters as spat or adult animals for on growing. In 2012,
there were 455 consignments of live oysters into the Republic of Ireland and 17 into Northern
Ireland predominantly from France and the UK (Tidbury et al., 2016). The regions within Irish
waters with the greatest exposure to the Aquaculture NIS pathways are the main oyster growing
https://www.imdo.ie/Home/home
https://www.marinetraffic.com
38
https://www.cso.ie/en/index.html
39
https://dbei.gov.ie/en/Publications/Publication-files/Ireland-and-the-Impacts-of-Brexit.pdf
40
http://www.dublinport.ie/wp-content/uploads/2018/07/DP-Mplan-Review-Strategic-TransportStudy-FINAL-2018-6-22.pdf
41
https://www.bordbia.ie/globalassets/performance--prospects-2018-2019/export-performanceprospects-2018-2019.pdf
36
37
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sites are Carlingford Lough on the east coast and aquaculture bays on the south, west and north
west coasts (Figure 11).
Salmon culture can also act as a staging post on the introduction of live animals NIS vector.
Control sea lice and amoebic gill disease (AGD) in cultured salmon takes place at sea either in
a suspended tarpaulin or in the tank of an itinerant well-boat (Bolton-Warberg, 2018). In some
instances, well-boats arrive from Norway or Scotland and carry the attendant risk of releasing
pathogens and other organisms from their region of origin into the farm site.
The production and use of cleaner fish for parasite control on farmed salmon is another
potential vector for introductions of NIS. In Irish salmon farms the species currently in use are
wrasse (five indigenous species) and lumpfish (Cyclopterus lumpus), with eggs for the
production of the latter in some instances being imported from Scotland and Norway (BoltonWarberg, 2018).
Climate change and adverse weather conditions can also play a significant role in facilitating
secondary spread of NIS (Occhipinti-Ambrogi 2007). An example of this is the recent storm
Emma in March 2018 severely damaging Holly Head marina in Wales, which was a site
infested with the highly invasive Didemnum vexillum.
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Office 42.
Great Britain & Northern
Ireland
Other EU
Non-EU
Irish
Other
Coastal
ports
Trade

Ports
Belfast
Fishguard
Heysham
Holyhead
Immingham
Liverpool
Southampton
Other ports
Total
BE - Antwerp
BE - Ghent
BE - Zeebrugge
FR - Cherbourg
FR - Dunkerque
NL - Amsterdam
NL - Rotterdam
Other ports
Total
Norway
Other countries
Total
U.S.A.
Other countries
Total
Galway
Other ports
Total
Total1

Bantry
Bay
-

-

-

Cork
-

94
94
79

79

139
170
309

481

-

Drogheda Dublin
38 241 6113
314
712
244

224
500
317
1,285
263
1
264
349
136
485
427
15
442
3,188

-

-

214
214
41
141
32
77
291
2
2
6
6

513

-

Galway

104 271 2,864 2,461 175
218
6,093
355 8247 60 56
1,344 623
2,692
180 1181 49 49 91
91
9,107

Rosslare
-

33 33
109
109

-

44146

988

988

226

4
230

1,218

Shannon
Foynes
118
11
72
12
741
953
34
88
243
55
132
580
1,132
46
135
264
178
178
427
15
442
2,761

Waterford
-

-

-

3
3

163
55
218
2
2

223

Tonnes
'000's
261
988
271
2,864
252
2,539
299
1,616
9,089
753
236
247
286
243
335
2,172
1,764
6,037
489
141
630
488
539
1,027
427
428
854
17,637

Figure 10. Port traffic from Ireland to UK, Europe and the rest of the world in 000’tonnes. Central
Statistics Office.
42

https://www.cso.ie/en/releasesandpublications/er/spt/statisticsofporttraffic2017/
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Figure 10. Relative intensity of activity for the recreational boating vector across Great Britain
and Ireland (from Tidbury et al., 2016).
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Figure 11. Relative intensity of activity for live imports of live animal aquaculture imports
into Great Britain and Ireland (from Tidbury et al., 2016).
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Risk Assessment

ASSESSMENT AND SPECIES OF HIGH-

RISK OF INTRODUCTION: A REVIEW
5. 1. BACKGROUND

While invasive alien species have significant impacts on ecosystem services, biodiversity and
human health it has been reported that in the context of cultural, provisioning, regulating and
maintenance services impacts can also be positive (Katsanevakis et al., 2014). Nonetheless,
when including both terrestrial and aquatic environments, the costs incurred by IAS
management and control lie in the range of billions of euros (Kelly et al., 2013), with asset
protection costs estimated to be vastly more expensive than prevention of introductions
(Arthur, Summerson and Mazur, 2015). Effective policy and management responses therefore
depend on IAS risk assessment frameworks built on robust modelled and empirical data
outputs.
To enable policy implementation and management actions, a number of assessment protocols
have been suggested and adopted, including EICAT 43, GISS 44, Harmonia 45 and NNRA46
(reviewed in Turbé et al., 2017). However, outputs from the different impact assessment
protocols can differ. Turbe et al., (2017) suggests this can be addressed and variance in outputs
minimised if IAS are evaluated on the basis of their most severe documented impacts. Another
recent review of existing national and international protocols sets out 14 minimum standards
for risk and impact assessment of marine NIS (Roy, Rabitsch, et al., 2018). Figure 12 presents
the 14 standards for IAS risk assessment and management options available at each. The gaps
impeding thorough evaluations of risk assessment strategies included poor knowledge of
potential impacts on ecosystem services, socio-economic values, and the effect of climate
change on the species under assessment. We interpret this as a strong argument that in the
absence of critical data, risk assessment should follow the precautionary approach and proceed
on the basis of forestalling the most severe documented impacts.
As the amount and quality of NIS data increases there is a corresponding need for publicly
available, standardized and up to date repositories of analytical tools that will compile, and
present the most current NIS information to enable evaluation of managerial and stakeholder
responses (Olenin et al., 2014). To achieve this there is a requirement for global consensus on
recognized and accepted definitions and “Essential Variables” for describing and assessing
NIS (see Latombe et al., 2017). Also following the development and implementation of
management instruments, their effectiveness especially in relation to introduction pathways
and vectors could then be measured against performance indicators, such as the arrival and the
rate of arrival of new non-indigenous species (nNIS) (Olenin et al., 2016). The OSPAR 2017

https://www.iucn.org/theme/species/our-work/invasive-species/eicat
https://www.ncbi.nlm.nih.gov/pubmed/27129597
45
https://ias.biodiversity.be/harmoniaplus
46
http://www.nonnativespecies.org/index.cfm?pageid=143
43
44
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intermediate assessment 47 of trends in new records of non-indigenous species presented a
relatively constant rate of new introductions of NIS to the Iberian Coast, Bay of Biscay, Celtic
Seas and North Sea in the period 2003-2014. This, however, came with the caveat that while
there was moderate confidence in the data collection method there was low confidence in the
availability of data.
A recent attempt to develop a hierarchy of IAS likely to threaten biodiversity and ecosystem
services in the European Union identified 66 species (from an initial working list of 329
species) not yet established in the EU: Eight are considered to be of very high risk, 40 of high
risk and 18 of medium risk (Roy, Bacher, et al., 2018). Of the 66 species, 16 were marine
although they were generally assigned a lower risk category than terrestrial species.

https://oap.ospar.org/en/ospar-assessments/intermediate-assessment-2017/pressures-humanactivities/non-indigenous/
47
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Figure 12 The 14 minimum standards for risk and impact assessment against the stages of
invasion and management strategies that may be applied from Roy et al., 2018b.

38

Marine Non-Indigenous Species in Ireland

Risk Assessment

5. 2. NIS RISK ASSESSMENT AND IDENTIFICATION OF PRIORITY SPECIES IN IRISH
MARINE WATERS

Based on introduction trends, known pathways and vectors and presence in neighbouring seas,
there is at present the potential for over 600 marine NIS to be introduced into Ireland in the
foreseeable future. Within this group, there is a high variability in the likelihood of their
introduction and establishment, as well as their invasive potential. Several attempts have been
made to identify those species most available to known pathways and vectors for inclusion in
surveillance and monitoring programmes.
Kelly et al., (2013), risk assessment for IAS in all habitats for Ireland scored 147 species out
of 342 assessed as having a high (51 species) or medium (96 species) risk of impact should
they arrive and become established. High impacting species were spread across all
environments, 7 marine, 26 freshwater, and 18 terrestrial. More recently, of the top 40 IAS
presented in a recent Horizon Scan, seven were marine including one transitional waters
species though none of these has yet to be reported (Davis et al., 2017). These were
comprehensive assessments targeting taxa from all environments, hence having a “diluting”
effect on the ranking of marine IAS. At the time of compiling this report, we have identified
95 NIS that are likely to occur in Irish waters (Appendix II, Tables S2). The list of species
includes summary data on their taxonomy, origin, means of arrival and their demonstrated or
potential impacts (if known or available).
While the number of listed NIS that add costs to human activities is relatively small, the fact
that they do impact is a measure of their success in a new environment and a clear indication
that impacts are the culminations of successful colonization and disruption of receiving
environments. Within an ecosystem services paradigm this implies that impacts on human
activities arise from processes of ecological disruption that are difficult to trace and again
clearly signals that risk assessment-based prevention is preferable to management of
established invasions.
Minchin (2014) and Tidbury et al., (2016) are the authors of the two most recent risk
assessment studies focussing on marine NIS and associated pathways in Irish waters (Townhill
et al., 2017a) (see also Stebbing et al., 2014). Minchin (2014) compiled a list of high- and
moderate-risk species that are either already present in Irish waters or have a strong likelihood
of introduction due to their occurrence in British or northern European waters (see also section
3). Tidbury et al., (2016)’s risk-based assessment of hotspots for introductions and priority
monitoring of NIS in UK and Ireland, indicates that shipping poses a stronger risk for direct
introductions for the UK than Ireland, while for aquaculture the opposite was true. Similarly,
along with the general coastal strip around the UK, the south coast of Ireland was considered
to be exposed to the greatest risk of NIS introductions by secondary spread from the UK and
natural dispersal by ocean currents.
Furthermore, the same study indicates that the South and East coasts of Ireland are exposed to
the highest risk of introductions from the highly impacting and highly impacting species
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Didemnum vexillum, Sargassum muticum, and Crepidula fornicata, with the Waterford coast
identified as the most likely recipient area (Figure 13). Waterford’s elevated risk is probably
due to the convergence of multiple pathways in this area, which include commercial and
recreational vessels, aquaculture, commercial fishing and its close proximity to Wales and
South West England.
The strong vessel connectivity between the UK and Ireland highlights how marine trafficrelated IAS introduced either to UK or Ireland can spread on a regional scale and clearly
underwrites the need for international collaboration and alignment in the adoption and
implementation of preventative measures to manage risks and impacts of NIS to both
jurisdictions. Furthermore, as highlighted in the previous section, differences in pathway
selectivity between taxa show that different indicators may be required to address NIS risk,
which could focus on pathways (e.g., with higher number of introductions) and/or IAS’ profiles
(species with higher impacts).

40

Marine Non-Indigenous Species in Ireland

Risk Assessment

Figure 13 The relative intensity of all introduction pathway activity for D. vexillum, S. muticum
and C. fornicata around Great Britain and Ireland from Tidbury et al., (2016).
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The freshwater mould Aphanomyces astaci (causative agent of the crayfish plague) has been
previously included in lists of marine NIS. Although the salinity tolerance of this species is still
unknown, it is worth mentioning it in this report (and future monitoring) because of its ability
to infect carrier species occurring in brackish waters, including other NIS (e.g., the Chinese
mitten crab, Eriocheir sinensis) (Schrimpf, Schmidt and Schulz, 2014). In NovemberDecember 2018, an opportunistic survey using trapping methods was conducted in the
Waterford Estuary, where the species has been previously detected (Minchin, 2006), but
resulted in no NIS being captured (Mirimin L. pers. Comm).
Since the last putative records in the 1980s, A. astaci has been listed as moderately impacting
and “possibly extinct”. However, since 2015 this pathogen has re-occurred in Irish inland
waters with several outbreaks causing high mortality rates in native populations of whiteclawed crayfish (Austropotamobius pallipes) 48. One of the main carriers for this pathogen is
the highly invasive American signal crayfish (Pacifastacus leniusculus) though recent trapping
surveys of multiple Special Areas of Conservation (SACs) around Ireland failed to detect P.
leniusculus suggests alternative pathways and vectors for the pathogen (e.g.,
infected/contaminated sport or fishing gear) (Mirimin L. pers. comm.). Both the Chinese mitten
crab and the signal crayfish have been listed as foremost among high-risk IAS that could invade
Ireland (Davis et al., 2017). Even though the signal crayfish has an extremely high likelihood
of establishment if introduced and should certainly be a priority target for IAS monitoring and
surveillance programmes it is not included in our list of potential NIS because it is not a marine
species. Similarly, the highly invasive freshwater bivalve the zebra mussel (Dreissena
polymorpha) is not included in our list.
An example of a species whose status is problematic to resolve is the golden kelp (Laminaria
ochroleuca). This marine alga naturally occurs in the Mediterranean Sea and on some European
Atlantic coasts but with climate change has significant potential to expand its range northward
(Franco et al., 2018). A first potential record of this species in Irish waters was flagged at a
workshop on marine non-indigenous species held in GMIT (Galway) on October 2018 (EPA
Robert Wilkes, Pers. comm.). Uncertainty in accrediting this introduction, if confirmed, to
either human or natural agency may result in assigning it cryptogenic status. Simulations by
Franco et al., 2018 suggest that golden kelp is available to range expansion in scenarios of
increasing sea temperatures. The precautionary approach therefore suggests that if confirmed
in Irish waters its distribution should be assessed and monitored.
The examples cited here highlight how baseline information on species’ biology and
connectivity between ecoregions play a critical role in the risk assessment required for
informed management and stakeholder responses to NIS.

48

http://www.biodiversityireland.ie/projects/invasive-species/crayfish-plague/
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NIS

DETECTION

AND MONITORING
6. 1. BACKGROUND
To address legislative requirements, novel and innovative approaches are called for to fill
knowledge gaps in the marine environment and increase the detection power of NIS
surveillance programmes in a rapid and cost-effective manner (e.g., Lehtiniemi et al., 2015;
Danovaro et al., 2016; Hering et al., 2018).
A recent review of the tools used for marine monitoring (including NIS) in the UK highlighted
how new technologies and whole ecosystems models will play a significant role in developing
an integrated and comprehensive approach to impact assessment (Bean et al., 2017). Marine
IAS include organisms from most known major taxonomic groups occurring in virtually all
marine habitats and environments. Yet, it has been estimated that between one and two thirds
of marine species have yet to be adequately described, though technological advances and
coordinated multidisciplinary approaches are facilitating significant progress in this area
(Appeltans et al. 2012). Marine species are often characterised by distinct life-stages covering
several trophic levels throughout the organism’s life cycle. Despite the complexity and
diversity of taxa, a 2018 study characterised high dispersal ability, high reproductive rate and
ecological generalization as the most shared biological traits in marine NIS (Cardeccia et al.,
2018).
In order to detect and monitor marine NIS, a species or taxon must be identifiable.
Identification at the species level follows a process that combines morphological taxonomy
and molecular data (i.e. genetic barcoding) (Trivedi et al., 2016). Because of their complex life
cycles and high morphological plasticity, the multidisciplinary approach is particularly
important for identifying marine organisms. Nonetheless, in the absence of reference materials
the taxonomy of many species remains unresolved. Furthermore, while the original (natural)
distribution of some globally distributed species remain unresolved it is not always possible to
fully distinguish between naturally occurring and introduced populations (e.g., Marchini and
Cardeccia 2017). Such species are known as cryptogenic and their uncertain status pose
additional challenges in risk assessment and management of marine NIS.
Monitoring refers to “the collection of data or information over time to ascertain the extent of
compliance with a pre-determined formulated standard. Monitoring should be an essential and
integral component of management planning. The development of any monitoring strategy
should be based on the availability of resources and on a risk assessment.” (modified from
Campbell et al., 2007; Alexander 2008). Many expert groups, organizations and stakeholders
have been working towards a standardized approach for systematically monitoring alien
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species and tracking biological invasions (e.g., Blackburn et al., 2011; Latombe et al., 2017).
Following from this, international collaboration, data sharing, standardization of protocols and
real-time expert input recur as the main features of most proposed monitoring frameworks.
A review of information from 170 countries extracted from the 4th National Reports (2010) to
the Convention on Biological Diversity (CBD) 49 revealed that only 11% of countries had a
national inventory of alien species. Less than a third reported conducting any surveillance and
monitoring activity, and less than one in ten have implemented actions to create a national
inventory (Latombe et al., 2017). In the past decade, there has been an increase in activity in
recording NIS related data, mostly in response to dedicated policy instruments (e.g., EU IAS
Regulation). The establishment of baseline data is the first step towards developing national
observation and monitoring systems and intervention in the invasion process of marine
organisms. Baseline data in this context includes recording information on the occurrence and
distribution of the target organisms as well as their respective pathways and vectors of spread.
Since the 1970s, numerous baseline surveys have been carried out with Australia, New Zealand
and US to the fore in this regard (Campbell, Gould and Hewitt, 2007), and over time these have
contributed to the compilation of dedicated regional and global networks and databases (e.g.,
EASIN, GISIN, GRIIS, AQUANIS, WRiMS). The value of their contribution has however
been degraded by their sporadic coverage in terms of their spatial and temporal continuity and
their inability to meet the obligations set by international instruments (MSFD and the IAS
Regulation) (Lehtiniemi et al., 2015; Danovaro et al., 2016).

It is now becoming increasingly apparent that effective monitoring programmes should adopt
an integrated and holistic approach, including a variety of complementary methodologies as
well as innovative and cost-effective monitoring systems (e.g., Danovaro et al., 2016;
Margonski et al., 2017; Townhill et al., 2017b).
Simulations increasingly suggest that NIS may be detected more quickly with risk-based
monitoring rather than using a random non-risk-based monitoring approach (Tidbury et al.,
2016). In terms of spatial analysis of risk these authors strongly emphasise the importance of
associating species with vectors to predict the most likely recipient locations for new
introductions and for the spread of those already established. Furthermore, these simulations
indicate that an exclusive focus on high risk areas is less effective than extending monitoring
to areas of moderate risk exposure. While modelling the spread of marine organisms informs
risk assessment approaches the strength of a model depends on data availability and robust
assumptions, which can vary substantially between different environments and pathways (e.g.,
Pearce et al., 2012; Seebens et al., 2016; Katsanevakis and Moustakas 2018; Barbet-Massin
et al., 2018).
The overarching priority given to Early Detection and Rapid Response (EDRR) approaches by
virtually all the literature reviewed here arise from near universal acceptance that the
probability of successful eradication decreases exponentially with time. Hence, EDRR
49

https://www.cbd.int/reports/nr4/default.shtml
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approaches rely on fast, cost-effective and robust tools capable of providing early information
on presence and possibly abundance of rare or unwanted organisms. In 2010, under the
auspices of the European Environmental Agency (EEA) 50, an expert group on trends in
invasive alien species developed specific indicators for inclusion in the Streamlined European
Biodiversity Indicators set (SEBI 2010) 51. Arising from this, a report was compiled aiming to
(i)
(ii)
(iii)

identify gaps in early warning and rapid response at the pan-European scale;
identify priorities for improving the ability of European Member States to respond
rapidly to new incursions;
propose a set of options to bridge the existing constraints and gaps in the response
to invasive alien species in Europe (European Environmental Agency 2010).

The report identifies a number of potential options for a European Early Warning Rapid
Response framework and dedicated information system, which are based on ongoing national
and international programmes.

6. 2. CURRENT PRACTICE IN MARINE NIS PREVENTION, EARLY DETECTION AND
MONITORING

A range of approaches and methodologies have been developed and applied to the detection
and monitoring of marine NIS across different habitats and environments. These include using
benthic grabs, and sediment corers to monitor sessile/motile benthos, Autonomous Reef
Monitoring Structures (ARMS), fine mesh nets for pelagic and planktonic NIS lifecycle phases
as well as screening vector-associated artificial environments such as containment water for
aquaculture live-stock transfers and ship’s ballast tanks (Campbell, Gould and Hewitt, 2007).
Each method comes with advantages and disadvantages, while the choice of a specific
methodology depends on various factors, including operator expertise, as well as temporal,
spatial and financial constraints. The surveyor generally operates on land, on the water in boats
or pontoons or in the water (i.e. diving). Data on presence/absence and relative abundance can
be collected directly by the observer or indirectly using Remotely Operated Vehicles (ROVs)
(which can sometimes act as potential vectors, e.g., Thaler et al., 2015) or Unmanned Aerial
Vehicles (UAVs) (Manfreda et al., 2018). Increasing knowledge and awareness of marine NIS
has enabled some programmes to involve the public in facilitating the rapid and cost-effective
collection of data (citizen science) (Mannino and Balistreri 2018; Groom et al., 2018;
CatchApp Project 52).
Field surveys rely on direct observation and/or collection of the target organisms, such as Rapid
Assessment Surveys (RAS) (Nall, Guerin and Cook, 2015; Woods et al., 2016) and quantitative
port or fouling surveys (e.g., Gartner et al., 2016). Rapid Assessment Surveys are usually
https://www.eea.europa.eu/
https://biodiversity.europa.eu/topics/sebi-indicators
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https://nbn.org.uk/news/fishermens-recording-of-invasive-non-native-marine-species/
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conducted in discrete areas (e.g., marinas) for target organisms that can be readily recognized
by trained personnel in the field. RAS are generally cost-effective and can be used routinely
(e.g., monitoring spread and relative abundance) or occasionally (e.g., in response to the
reporting of new potential invader). While not providing comprehensive coverage of nonindigenous taxa, these approaches can be very effective especially when targeting specific
taxonomic groups (Minchin et al., 2017). A rapid assessment approach that has been applied
to a range of environments is the Abundance and Distribution Range methodology, which has
been particularly useful in the gathering of baseline data on marine NIS in Irish waters (e.g.,
Minchin and Nunn 2013). Extended RAS (eRAS) protocols have been incorporated in
monitoring programmes to aid the implementation of the MSFD targeting specific habitats in
marine NIS hotspot areas (e.g., HELCOM monitoring) 53. Numerous ongoing marine biological
monitoring programmes have been implemented throughout the globe, however very few are
dedicated to marine NIS. A comprehensive review of monitoring programmes and associated
methods/protocols is provided in Lehitiemi et al., (2015) and further examples of ongoing
marine NIS dedicated programmes in a number of selected countries are provided below.
In the past decade, technological advances have allowed the development of additional
approaches capable of gathering large amount of data even without the need to directly observe
or collect the target organisms, such as optical (remote) sensing and acoustic methods, in situ
monitoring instruments and molecular approaches (see examples in Danovaro et al., 2016). In
particular, an increasing number of studies have shown that DNA/RNA-based molecular
methods can play a significant role in monitoring marine NIS, especially in Early Detection
Rapid Response (EDRR) management approaches (see reviews of Zaiko et al., 2018, Rey et
al., 2018), thus here we provide a brief synopsis of the most recent molecular applications to
marine NIS. Specifically, the presence of both micro- and macro-organisms can be determined
by isolating and characterising nucleic acids (DNA and RNA) that are released in the
environment (e.g., water, sediment, biofilm etc.) by the target organism: this approach is
generally known as environmental DNA (eDNA) and it is being increasingly adopted in marine
NIS studies (Darling et al., 2017). While eDNA provides objective evidence of the presence of
a species’ DNA, eRNA has been argued as a potential proxy for biological evidence, whereby
the goal of a study is to prove that the target organism is present but also viable (e.g., alive)
(Pochon et al., 2017). This is an important consideration especially in the context of marine
NIS, because eDNA can persist in water and sediment samples, as well as prey items in stomach
contents, for variable lengths of time (Collins et al., 2018). Once nucleic acids have been
isolated from an environmental sample, several downstream molecular workflows can be
applied depending on the goal of the study, whether it aims at detecting a single species
(Simpson et al., 2017) or obtaining the profile of an entire community (Borrell et al. 2017).
Target-based approaches typically rely on prior knowledge of the target DNA sequence of the
species of interest, which is detected by means of Polymerase Chain Reaction (PCR), real-time
quantitative PCR (qPCR), digital PCR (dPCR) (either droplet (ddPCR) or chip-based digital
PCR) (Nathan et al., 2014), loop-mediated isothermal amplification (LAMP) (Williams et al.,
2017), microarrays, or Light Transmission Spectroscopy (LTS) (Egan et al., 2013). In contrast,
53

http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/introduction
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inventory-based (multi-species) approaches rely on target DNA sequences that are universally
found across wider taxonomic groups (obtained with either PCR or PCR-free steps), which
coupled with High Throughput Sequencing (HTS) technology allow the profiling of a wide
range of taxa (Zaiko et al., 2015) (metabarcoding and metagenomics). A summary of available
molecular methods associated to respective relevant management measures and research goals
is provided in Table 5 (from Zaiko et al., 2018), while an example of molecular applications
and requirements to specifically address MSFD-related objectives is provided in Table 6 (from
Darling et al., 2017). Some of the main advantages of eDNA methods are the time- and costeffective sampling protocols, as well as the universal nature of the sample-to-data process,
which can be largely automated and does not require taxa-specific expertise. As a consequence
of this, the implementation of eDNA methods in marine NIS surveillance programmes has been
directly acknowledged and recommended at both national and international levels, as outlined
by ICES Working Group on Introductions and Transfers of Marine Organisms and the ICES
Working Group on Ballast and Other Ship Vectors (WGBOSV).
Although molecular methods are regarded as highly sensitive, the methodological and
analytical limits must be established (Hunter et al., 2017), though probability of detection and
quantification of environmental sampling protocols can be difficult to elucidate in open marine
systems (see Goldberg et al., 2018 for an example in freshwater systems). One of the most
important factors affecting the efficiency of eDNA molecular methods is the availability and
reliability of baseline taxonomy and reference genetic information. In fact, the effectiveness of
eDNA approaches depend on how much is known of the target organisms (including DNA
sequence data, life history and other biological characteristics) and their respective ecosystems.
Thus, the establishment of reliable taxonomic databases and reference material are among the
most important initial steps for the development of environmental DNA detection protocols
(Aylagas et al., 2016).
While publicly available DNA sequence repositories, such as the National Institute of Health
genetic sequence database (GenBank) 54 and the Barcode of Life Data Systems (BOLD) 55, are
commonly consulted in barcoding and metabarcoding approaches, accurate species
identification can be hampered by gaps in taxonomic coverage, misidentified/unverified
records, and genetic variation between and within taxa especially when unexplored geographic
areas are been studied (Leray and Knowlton, 2015). Therefore, the establishment of a network
of interconnected and publicly available databases of taxonomically and genetically verified
marine NIS must be an indispensable goal for addressing biological invasions. A review of
advantages and limitations of current molecular tools applied to the surveillance of nonindigenous species is provided in Zaiko et al. (2018). Specifically, Zaiko et al. (2018) argue
that the integration of eDNA/RNA-based methods in biosecurity programmes must be
facilitated by international collaboration aimed at unifying molecular workflows and
methodologies, as well as by improving quantitative capacity and cost-efficiency. For the latter
point, it is worth noting the fast-paced recent developments of new biotechnologies (e.g., Labon-chip, microfluidic PCR systems) (reviewed in Ahrberg et al., 2016), which are increasing
54
55

https://www.ncbi.nlm.nih.gov/genbank/
http://www.boldsystems.org/
47

Marine Non-Indigenous Species in Ireland

Detection and Monitoring Best Practice

data throughput dramatically as well as reducing cost per sample/data point at an extraordinary
rate. Molecular methods are a powerful additional tool to the marine NIS monitoring toolbox
and when carried out in conjunction with multidisciplinary approaches they have been shown
to significantly increase the efficacy of surveillance and early detection of marine NIS (Ammon
et al., 2018). The application of molecular tools has shown promising results in Early Detection
monitoring programmes (Trebitz et al., 2017) and in the implementation of Early Warning
Systems especially in relation to species pathways, such as ballast water management
(Magaletti et al., 2018). The latter example shows how the integration of molecular methods
with other technologies (e.g., biosensors) has the potential to provide real time monitoring of
unwanted organisms including pathogens and NIS.
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Table 5. Summary of information required, relevant management measures and recommended
available molecular methods (from Zaiko et al. 2018).
Required biodiversity information

Relevance to response and management measures

Available molecular methods

Species inventories
(presence/absence)

• Pressure assessment (baseline surveys, hub monitoring)
• Risk assessment
eDNA metabarcoding Molecular markers for
• Early detection (screening for new invasions)
taxonomic assessment through shotgun
• Status assessment (population spread/distribution)
sequencing
• Assessment of management success (pathway management,
restoration)

Presence/absence of target species

• Targeted monitoring for early detection of unwanted pests
(pre-border/post-border)
• Monitoring of established populations (distribution, ecological
characteristics)
• Assessment of management success (e.g., population
containment, eradication, pathway management)

Species-specific assays, e.g., end-point PCR,
qPCR,
ddPCR
eDNA metabarcoding

Partitioning viable biodiversity

• Risk assessment
• Development of management measures (e.g., ballast water,
biofouling)
• Assessment of management success (e.g., population
containment, eradication, pathway management)

eRNA metabarcoding
eRNA based species specific assays
Viability PCR using nucleic acid intercalating
dyes,
e.g., Propidium Monoazide

Quantitative characteristics of
community/target species

• State assessment (abundance and relative abundance of NIS,
as a proxy of impact)
Species-specific assays, e.g., qPCR, ddPCR
• Assessment of management success (e.g., pathway
eDNA metabarcoding
management, containment)
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Table 6. Applications of genetic technologies to NIS surveillance objectives within the context of the MSFD. Accessibility to
non-specialist is assessed based on currently available technology. (Image credit Darling et al. 2017)
NIS survey objective

Most relevant MSFD-related
objective

Applicable technology

Specific strength (s)

Accessibility to
non-specialist

Upstream research needed to
increase relevance and
accessibility

Validate a specific NIS
identification first based
on morphology

early detection of NIS

Single specimen collection
Standard (Sanger) sequencing

Standard and widely available
laboratory method

High

Improve DNA reference data for
many European NIS

Targeted (species-specific)
surveys

early detection of NIS; Trends in
NIS distribution

Bulk DNA or eDNA combined
with
species-specific probes (e.g. qPCR
or
other targeted approach)

Increasingly standardized and
available molecular methods; Cost
Medium
effective for surveying a large
number of localities/samples

Targeted (taxon- or
groupspecific
inventories (e.g.
fish, protists))

Bulk DNA or eDNA combined
with
Cost-effective for processing a
Trends in NIS distribution; Impacts HTS using dedicated (taxalarge number of samples; potential Low
specific)
to native biodiversity
for broad taxonomic coverage
primers and/or dedicated reference
database

Improve reference data;
standardization of
bioinformatic workflows; improve
inferences of relative abundance
from HTS data; develop
userfriendly tools

Non-targeted global
inventories

Bulk DNA or eDNA combined
Trends in NIS distribution; Impacts
with
to native biodiversity; broad shifts in
HTS using “universal” primers and
ecosystem structure and function
databases

Cost-effective for processing a
large number of samples; potential
for broad taxonomic coverage;
Low
surveillance of non-traditional taxa
(e.g. meiofauna or microbial
communities)

Improve reference data;
standardization of
bioinformatic workflows; improve
inferences of relative abundance
from HTS data; develop
userfriendly tools

Improve reference data when
lacking; standardized sampling
protocols; design of sensitive and
specific probes; improve models to
infer population distribution from
survey results
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A well-documented example of an effective prevention and monitoring national programme is
the Marine High Risk Site Surveillance (MHRSS) programme in New Zealand (Woods et al.,
2016). This is a national programme carries out targeted marine surveys for high risk nonindigenous species. The primary role of the programme is to detect incursions of previously
undetected marine NIS in New Zealand. Species listed on the national unwanted organisms
register at ports and marinas have therefore been identified with a high risk of introduction and
establishment. The MHRSS programme also fulfils two secondary roles:
(i)
(ii)

detect incursions of marine NIS or cryptogenic organisms not previously recorded
or listed; and
detect range extension of marine NIS or cryptogenic organisms already established
in New Zealand.

The programme is operated by the National Institute for Water and Atmospheric Research
(NIWA) under contract from the Ministry for Primary Industries as part of the wider national
marine biosecurity system. Periodical marine NIS surveys are carried out every six months by
a team of expert personnel in 11 high-risk sites in the North and South islands (i.e. 11 of New
Zealand's busiest international shipping ports and marinas) 56. Furthermore, New Zealand's
“Hazardous Substances and New Organisms Act” (1996) 57 regulates exotic introductions
comprehensively in a single legislative action, whereby all new imports (including live
aquaculture-related species) are considered invasive unless approved by the Environment
Ministry and Parliament.
In Canada, Fisheries and Oceans Canada (DFO) oversees the implementation of the Canadian
Action Plan to Address the Threat of Aquatic Invasive Species 58, which is aligned to the
Canadian Biodiversity Strategy. The plan is inter-jurisdictional, inter-departmental and
international. The implementation strategies include
(i)
(ii)
(iii)
(iv)

legislation, regulation and compliance;
risk management (risk assessment, early detection and rapid response);
engaging Canadians (stewardship, education and awareness);
and science (monitoring, research, and risk analysis).

https://marinebiosecurity.org.nz/surveillance/
http://www.legislation.govt.nz/act/public/1996/0030/latest/DLM381222.html
58
http://www.dfo-mpo.gc.ca/species-especes/publications/ais-eae/plan/indexeng.html#executive_summary
56
57
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The Canadian Marine Invasive Screening Tool (CMIST) 59 is an example of freely available
and voluntary peer-reviewed screening-level risk assessment tool for marine invasive species
(Drolet et al. 2016).
In the United States of America (US), the National Invasive Species Council (NISC) was
established by Executive Order 13112 to provide national leadership in responding to the
threats associated with invasive species. In 2016, the Federal government established the
“Safeguarding America’s Lands and Waters from Invasive Species: A National Framework for
Early Detection and Rapid Response” (EDRR Framework). To advance the EDRR Framework,
NISC established a biannual Management Plan 60 with the aim to identify high priority, interdepartmental actions for the Federal government and its partners to prevent, eradicate and
control invasive species, as well as restore ecosystems and other assets adversely impacted by
invasive species. The U.S. invasive species management plan coordinates 11 distinct
Departments and where possible it is empowered to remove institutional and policy barriers to
federal actions required for the prevention, eradication and control IAS impacting ecosystem
services. Each department has nominated agencies charged with coordinating prevention
measures at specific state and national levels. An aquatic invasive species coordinator is
responsible for management regions, called service regions. The role of this coordination is to
prevent the introduction and spread of AIS into the service region, which is carried out also
with the support of the general public and other stakeholders who can easily report a species
through an online service.
The U.S. Fisheries and Wildlife Service (FWS) 61 uses the Hazard Analysis and Critical Control
Point (HACCP) management tool to identify risk of invasions in a structured way and to assess
pathways of introduction for biological contamination. After prevention, the next most
economically viable control method according to FWS is Rapid Response, which requires
systematic Early Detection. Thus, monitoring programmes are designed to detect new
invasions or arrivals before they can become established and while eradication may still be
possible. Before a new introduction can become an aquatic nuisance species (ANS), a rapid
assessment protocol is used to identify the extent of the infestation in relation to the extent of
the available resource and available control tools. This measure is followed by Rapid Response,
which is implemented by Rapid Response Teams and has the primary objective of eradication
of the invasive species, however the goal must be attainable and cost effective. Once a species
has become established in a new region, the mitigation programme changes its approach to
reducing the species spread and impact by implementing management and control. Through
regional planning the rate at which the species spreads, abundance, distribution and the direct
species impact is assessed so that a collaborative multi-jurisdictional approach can be identified
and implemented in a timely manner.
The U.S. Geological Survey’s (USGS) Nonindigenous Aquatic Species (NAS) Database
testifies to over thirty years of tracking introduced aquatic species in the United States,
http://www.bio.gc.ca/science/monitoring-monitorage/cmist/index-en.php
https://www.doi.gov/sites/doi.gov/files/uploads/2016-2018-nisc-management-plan.pdf
61
https://www.fws.gov/fisheries/ANS/index.html
59
60
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providing guidance and information on occurrence, distribution (maps), and fact sheets for
more than 1000 species (Fuller and Nielson 2015).
Great Britain’s (GB) implementation of its invasive non-native species 2008 framework has
been described as excellent by the European Environment Agency’s technical report
(Genovesi, Scalera and Brunel, 2010) and their Non-Native Species Secretariat (NNSS) 62 has
been highlighted as a good example of the involvement of competent authorities and their roles
in tackling IAS.
The NNSS is overseen by a programme board of members from different Departments and
Agencies with relevant expertise in risk assessment of non-native species and their associated
pathways. Implementation of the non-native species framework in 2008 established the Nonnative Species Information Portal, which is a central repository for the non-native species
information and distribution data. GB has provided a description for a non-indigenous species
monitoring programme as part of the MSFD, which is outlined in the 2014 Marine Strategy
Part Two: UK Marine Monitoring Programmes report 63. The report has identified key
requirements for monitoring programmes and the need for regional coordination to address the
EU directive. A recent 2018 technical background report from Joint Nature Conservation
Committee (JNCC) on the UK biodiversity indicators (B6 Pressure from Invasive Species)
identified 36 marine NIS, mostly long term residents (Harrower, Rorke and Roy, 2018). The
key requirements of the strategic best practice approach taken by GB are prevention, early
detection and rapid response, and long-term management and control (Secretariat, 2015).
Due to the costs and ecological impacts associated with the control and eradication of marine
NIS, Germany has a set a strategic focus on prevention of introductions. For prevention to be
effective, monitoring also needs to be robust and implemented correctly (Büttger et al., 2017).
With support from the Federal Agency of Nature Conservation 64, Germany has been
conducting a long-term monitoring programme (since 2009) at a fixed network of annually
monitored seaport stations from the North Sea to Baltic coasts, where benthic species
monitoring surveys are undertaken periodically. Through HELCOM, expert groups have
convened to establish protocols 65 for extended rapid assessment surveys (RAS) to facilitate the
systematic monitoring of relevant sites. Furthermore, an increase in education and awareness
of MARINE NIS has been implemented as a tool to inform stakeholder and the general public
of the risks and means of introductions (Bouma, Gollasch and Lengkeek, 2011).
In 2007 the Netherlands Ministry for Economic Affairs, Agriculture and Innovation
introduced a policy on invasive exotic species which is primarily aimed at preventing,
62
63

http://www.nonnativespecies.org/home/index.cfm

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file
/341146/msfd-part-2-final.pdf
64
https://www.bfn.de/en/activities/marine-nature-conservation/marine-monitoring/neobiota.html
65
https://portal.helcom.fi/meetings/STATE%20-%20CONSERVATION%204-2016320/MeetingDocuments/2MA-3Rev.1%20Extended%20Rapid%20Assessment%20Survey%20of%20Alien%20Species.pdf
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combatting and managing introduction of invasive non-indigenous species (Netherlands
MSFD Programme of Measures 2012–2020) 66. Monitoring of the two main identified
pathways (shipping and aquaculture) has been implemented and focuses on a number of key
indicators, including
(i)
(ii)
(iii)

number of invasive exotic species (MSFD indicator 17);
number of new invasive exotic species per year (MSFD indicator 18); and
ratio of biomass and endemic species in sampled species groups (Natura 2000)
(MSFD indicator 19).

In 2014, the Netherlands implemented a strategic framework for alien species 67, encompassing
management actions on prevention, early warning, detection and rapid response, eradication
and control, raising awareness, and implementation. The Netherlands has taken an integrated
approach to monitoring and prevention of invasive marine species by aligning their policies
with neighbouring countries in a common geopolitical approach to NIS in the highly connected
North Sea region (Büttger et al., 2017). An example of international effort and coordination is
the Trilateral Monitoring and Assessment Programme (TMAP) implemented by the Wadden
Sea Secretariat 68, which includes the North Sea countries of the Netherlands, Germany and
Denmark.

https://www.noordzeeloket.nl/en/functions-and-use/natuur/@171616/marine-strategy-1/
http://www.waddenseasecretariat.org/sites/default/files/Meeting_Documents/WSB/WSB8/annex_4framework_alien_species.pdf
68
http://www.waddensea-secretariat.org/monitoring-tmap/about-tmap
66
67
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7. TOWARDS A MARINE NIS
SURVEILLANCE/MONITORING PROGRAMME IN
IRELAND: GAPS AND RECOMMENDATIONS
7. 1. DISTRIBUTION OF GOVERNMENT FUNCTIONS
Ireland’s NIS policy actions are distributed among 6 departments each of whom have different
responsibilities in relation to the MFSD and MSP overview and implementation of national
measures mandated for NIS. The unifying EU policy for a sustainable maritime economy is
the Marine Spatial Planning Directive, which in turn, is underwritten by the MFSD descriptors
for Good Environmental Status.
In Ireland, the Department of Housing, Planning and Local Government (DHPLG) is the
Competent Authority for MSP, which requires critical input from other departments to fulfil
its mandate in which NIS is only one albeit crosscutting issue. Departments with
responsibilities relevant to NIS include:
•

Department of the Taoiseach: Inter-Departmental Marine Coordination Group

•

Department of Communications, Climate Action and Environment: Environmental
Protection Agency and Inland Fisheries Ireland

•

Department of Culture, Heritage and the Gaeltacht: National Biodiversity Data
Centre and National Parks and Wildlife Service

•

Department of Agriculture, Food and the Marine: Aquaculture Licensing,
Aquaculture and Foreshore Management Division, Sea Fisheries Administration; and
Bord Iascaigh Mhara (BIM)

•

Department of Transport, Tourism and Sport: Marine environment legislation

•

Department of Business, Enterprise and Innovation: Research Funding

•

Marine Institute: Marine Ecosystem Research and Advice, Irish Maritime
Development Office

•

Higher Education Authority: Universities and Institutes of Technology

The number of departments and agencies with NIS obligations is not unique to Ireland, but it
requires effective coordination to eliminate fragmentation of responsibilities. Other countries
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have created secretariats (e.g., GB Non-Native Species Secretariat 69 and US National Invasive
Species Council 70) to organise their responses to NIS challenges.
Recommendations
•

•
•

•

Establish a national working group of the departments, departmental units and agencies
tasked with marine and coastal biological sampling and monitoring to agree the terms
of reference for a national marine NIS secretariat.
Formation of a national secretariat for Marine Invasive Species with the aim of enabling
MSP and meeting MFSD objectives.
Formulation by the secretariat of a specifically marine NIS National Strategy in support
of the existing National Biodiversity Action Plan and with the goal of achieving MFSD
GES to enable a national Marine Spatial Plan.
Appointment of a national steering committee with membership from core marine and
maritime sectors to guide the implementation of national plan.

7. 2. GAPS IN PREVENTION
7. 2. 1 SHIPPING
The taxonomic diversity of organisms available for transport principally by ships poses
challenges for surveillance and detection programmes that are beyond the capabilities of any
conceivable management regime to mitigate no matter how effective unless prevention is
prioritised and standardised throughout the global trading network. This is so well recognised
that it can hardly be termed a gap. Gaps nonetheless emerge if international agreements on
ballast water are not mandated at state level and competent state authorities are ill resourced to
implement internationally agreed protocols for management of ballast water and hull fouling.
Ireland’s international obligations in this respect are delineated by the International Convention
for the Control and Management of Ships' Ballast Water and Sediments (Ballast Water
Management Convention or BWM Convention). Ireland is assisted in its implementation by
the European Maritime Safety Agency, which resources member states with a 14-points action
plan that promotes coordination of effort and research among EC Member States and works
“to ensure a coherent approach within different European regions”. The competent authority
within Ireland for the BWM convention is the Department of Tourism Transport and Sport 71
with support from the Department of Environment Heritage and Local Government, the
Attorney General’s Office and the Marine Institute. Scientific advice to the EU on the
implementation of the convention and associated research are formulated at the ICES Working
Group on Ballast and Other Ship Vectors (WGBOSV).

http://www.nonnativespecies.org/home/index.cfm
https://www.doi.gov/sites/doi.gov/files/uploads/2016-2018-nisc-management-plan.pdf
71
http://www.dttas.ie/maritime/maritimesafetydirectorate/environment/legislation/legislation
69
70
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The ICES Working Group on Introductions and Transfers of Marine Organisms (WGITMO)
coordinates its activities with those of WGBOSV specifically in the area of hull biofouling, the
co-vector for transmission of NIS from shipping. This working group is composed of expert
members from all North Atlantic coastal states.
In terms of intersection with EU instruments and the programs of measures that arise from
these, principally the MSFD the value of institutional representation from Ireland at ICES
working groups is clear: “The aim is to develop wider knowledge-base to more effectively
address several legislative acts related to introductions of non-native species, such as EU IAS
Regulation and EU MSFD (D2). Specifically, WGITMO aims to improve/develop metrics and
critically evaluate the underlying uncertainties”.
To date the vast majority of sampling on the coast of Ireland has taken place at or in close
proximity to marinas and moorings for recreational craft and these have yielded NIS species
(Minchin 2014). As well as being pathways for introduction from other countries recreational
craft serve as vectors for the spread of NIS in the receiving country or jurisdiction. The planning
and regulation of marinas introduces new partners into the NIS stakeholder community. These
include local authorities and NGOs such as the Irish Sailing Association 72, the Irish Marine
Federation 73, the Irish Marina Operators Association 74 and associated mixed media such as
Afloat 75.
Perhaps critically, recreational craft are unregulated which places them outside statutory
mechanisms for pathway and vector control which strongly suggests that risk assessment of
marina facilities be prioritised (Simard et al., 2017).
Recommendations:
•
•
•
•
•
•
•

Appropriate and proactive resourcing of the DTTAS Marine environment legislation
unit with necessary expertise for marine traffic NIS risk assessments.
Port authorities fully supported by relevant national agencies within the secretariat to
address identified risks.
Instigate risk assessment of commercial ports, fishery harbours, marinas and moorings
under a national scheme.
Baseline surveys of major moorings to characterise biodiversity, disturbance and for
presence of NIS.
Conduct Individual risk assessments that take into account magnitude of operations and
sectoral usages of bridgeheads.
Ranking of bridgehead sites based on traffic and cross sectoral usage to estimate their
pathway and vector potential for introductions and further spread of NIS.
Establish a consultation mechanism for recreational craft stakeholder to contribute to a
national marine NIS strategy.

https://www.sailing.ie/
Irish Marine Federation
74
https://afloat.ie/resources/organisations/irish-marina-operators-association
75
https://afloat.ie/
72
73
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Explore regulation options recreational craft within pathway and vector control
mechanisms. One aspect of this might be a requirement for a single stakeholder
representative body for marinas.
Appoint national correspondents with NIS backgrounds and appropriate prior
knowledge to ICES working groups WGITMO and WGBOSV.

7. 2. 2. AQUACULTURE
After vessels, aquaculture is identified as the most significant pathway for entry of marine NIS
into Ireland. Through aquaculture Ireland is also a potential source country for NIS as growth
in aquaculture is primarily export driven and there is significant pressure by Aquaculture NGOs
to further increase production 76.
Aquaculture producers are supported at government level by the Sea Fisheries Development
Board (BIM) who have been proactive in developing approaches to managing NIS’s through
Co-ordinated Local Aquaculture Management Systems (CLAMS) 77 and through participation
in the Marine Pathways project of the UK non-native species secretariat 78. Also, the Marine
Institute and DAFM, in addition to their involvement in CLAMS, provide a range of services
to the industry to enable attainment of required national and EU codes of practice. These
include sea lice monitoring and control, a national phytoplankton monitoring programme,
oversight of benthic sampling programmes at aquaculture sites and pathogen monitoring and
research. Additionally the cross border group Invasive Species Ireland produced a draft Marine
Aquaculture Code of Practice (Invasive Species Ireland, 1999). There is also an ICES code of
Practice for Marine Species Introductions and Transfers which relates directly to core
aquaculture activities (ICES, 2005).
At ICES level in addition to the Aquaculture Steering Group, there are five working groups on
different aspects of the industry and which have applications for NIS either directly or through
Marine Spatial Planning. These include the working groups on Ecological Carrying Capacity
in Aquaculture (WGECCA), Environmental Interactions of Aquaculture (WGEIA), Social and
Economic Dimensions of Aquaculture (WGSEDA), Scenario Planning on Aquaculture
(WGSPA) and Open Ocean Aquaculture (WGOOA).
Recommendations
•
•

•

Conduct baseline surveys of national shellfish areas and salmon farm bays to
characterise biodiversity, disturbance and for presence of NIS.
Extensive infrastructure and resources have already been developed for the sustainable
development of aquaculture. The performance of these should be assessed in terms of
the assistance they lend to achievement of GES and implementation of MSP.
National representation on the most relevant ICES aquaculture working groups to
network national aquaculture NIS initiatives to European partners.

https://www.ifa.ie/sectors/aquaculture/aqua-facts/
http://www.bim.ie/media/bim/content/BIM_CLAMS_Explanatory_Handbook.pdf
78
https://invasivespeciesireland.com/wpcontent/uploads/2017/08/MPPnewsletter_issue15_Jul17.pdf
76
77
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Adoption of a binding code of practice for aquaculture species transfers and
introductions

7. 2. 3. COMMERCIAL FISHING
Relative to commercial shipping marine fishing operations have not been subject to the same
degree of scrutiny as potential vectors for NIS (Minchin, 2014). Research revealing habitat
restructuring by Didemnum vexillum on the Georges Bank of Atlantic Canada associated with
fishing vessels argues strongly for NIS risk assessment of this sector (Kaplan et al., 2017). The
Kilmore quay scallop dredge fishery presents a potential analogue to events on the Georges
Bank.
Demersal fisheries may have potential to distribute propagules, a case in point being the
Nephrops norvegicus fisheries distributed on discrete grounds around the Celtic Seas of Ireland
and the United Kingdom and prosecuted by an itinerant fleet with an unassessed potential for
propagule distribution. Similarly, refrigerated seawater (RSW) pelagic vessels from Ireland
range widely between the Celtic, North and Norwegian Seas, the English Channel and Biscay
Shelf potentially transporting seawater between these eco-regions.
Added to this is the consideration that Fishery Harbours in Ireland are invariably co-located in
the same bays as commercial ports and aquaculture infrastructures. Examples of these include
Killybegs and Castletownbere in Donegal Bay and Bantry Bay with both bays accommodating
commercial vessels, salmon farms and shellfish culture areas.
Recommendation
•

Conduct risk assessments of fishing fleet metiers and fishery harbours for NIS pathways
vectors

7. 3. COLLABORATION
PROJECTS

AND

COHESION

WITH

UK NIS PROGRAMMES

AND

Beyond EU, ICES and OSPAR frameworks for Ireland the critical international partner for
responding to NIS is the UK with whom we share the majority of our non-indigenous species.
The UK is Ireland’s leading trading partner and within the Celtic Seas ecoregion UK waters
abuts on to the greater part of the Irish EEZ. Projects such as Invasive Species Ireland and
Pathways are examples of existing collaborations.
Recommendations
•

79
80

Expand collaboration with Northern Ireland and UK and through shared bodies such as
Invasive Species Ireland 79 and the Pathways Project 80.

https://invasivespeciesireland.com/
http://www.nonnativespecies.org/home/index.cfm
59

Marine Non-Indigenous Species in Ireland

•

Gaps and Recommendations

Inter-calibration and/or standardisation of surveillance and detection programmes and
methodologies with the focus on shared target species, pathways and vectors.

7. 4. BRIDGEHEAD SITES AND DISPERSAL HUBS
The great majority of NIS introduction events in Ireland are thought to arise from vessel traffic
and aquaculture clearly indicating that sampling and early detections should reflect the
distribution of these sectors around the coast. In particular Ireland is replete with locations
where sectoral pathways converge and these constitute what can be termed bridgehead sites
and dispersal hubs (Lehtiniemi et al., 2015). Examples of this include Dublin Bay where in
addition to the state’s largest commercial port there are extensive marinas and moorings for
recreational craft and a designated fishery harbour in close proximity at Howth. Cork Harbour
hosts a convergence of commercial port, recreational craft and fisheries infrastructure. Within
Galway, Donegal and Bantry Bays there are commercial ports, aquaculture sites, and fishery
harbours so that pathway convergence and co-location of marine sectoral infrastructure is
almost a de facto rule in Ireland.
Recommendation
•
•

•
•

Ranking of bridgehead sites and dispersal hubs by usage by different sectors
Quantify the degree of vector networking achieved by the colocation of commercial
ports, marinas, fishery ports and infrastructure, and aquaculture sites in the same bays
and harbours.
Integrated risk assessments for multi-sectoral ports, harbours and bays
Baseline benthic surveys to characterise to characterise biodiversity, disturbance and
for presence of NIS

7. 5. COORDINATION OF EXISTING SAMPLING PROGRAMMES
Ireland acknowledges that effective coordination of existing monitoring programmes
undertaken for the Water Framework Directive (2000/60/EC), and Habitats Directive
(92/43/EEC) is a gap (Marine Institute 2016). Notwithstanding this the National Parks and
Wildlife Service (NPWS) Environmental Protection Agency (EPA), Marine Institute, and
Inland Fisheries Ireland (IFI) collect large annual data sets in service of the WFD, Habitats
Directive and the MSFD. It is understood that collating this data into a single data base remains
to be achieved. Additional capacity may be available on existing EMFF (EU regulation No
508/2014) funded biodiversity monitoring programmes to accommodate targeted and sustained
NIS sampling of both seafloor and water column (Marine Institute, 2017). These include annual
demersal, pelagic and UWTV surveys of fishery resources, and nutrient surveys. In addition,
through its seabed mapping programme INFOMAR Ireland 81 has the capacity to build fully
81

https://www.infomar.ie/
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integrated water column and seafloor biological models of the coastal and shelf waters around
Ireland. Surveys currently funded are listed in the 2016 MFSD Sampling Report compiled by
the Marine Institute. The performance of EMFF biodiversity sampling is fully documented in
the 2016 MFSD Sampling Report (Marine Institute 2016).

Recommendations
•
•
•
•

Configuration of existing WFD and Habitats Directive sampling to achieve MSFD NIS
objectives.
Collation of existing data sets into unified database for screening for NIS.
Evaluation of existing EMFF funded monitoring programmes for NIS outputs.
Modelling of INFOMAR data outputs to generate integrated seafloor and water column
models for biodiversity and NIS.

7. 6. EXISTING DATA AND RECORDS
The capacity to reliably identify species is essential for effective monitoring and detection
programmes and perhaps even more critically to validate molecular surveillance data. At a
national level, field workers are concerned that insufficient resources delay identification and
subsequent inclusion of samples and specimens in taxonomic databases. This concern was
raised at a workshop, Marine Invasive Alien Species: How Can Stakeholders Respond? hosted
by Galway-Mayo Institute of Technology on the 19th of October in October 2018. Expertise in
morphological taxonomy is consistently cited in literature as necessary for the risk assessment
required for NIS pathways and vectors, and failing prevention, of introductions and finally for
mitigation of impacts for those species which become established. Given that eradication is a
rarely a feasible option for established NIS expert knowledge of the factors that determine the
success or failure of species to persist and colonise the recipient habitat is continuously cited
in literature as a research priority of the first order (Ojaveer et al., 2014). Almost as frequently
cited in the literature is a shrinking community of expert taxonomists available for the task
indicating a requirement for strategic deployment of available expertise towards those taxa
highlighted as the most impactful.
Recommendations
•
•
•
•

Determine which agencies and work packages can make the most effective use of
taxonomic expertise
Characterise taxonomic NIS groupings in terms of impacts and available data, and
recruit expertise that can fill this gap
Formation of a national panel with expertise in the taxa of most concern
Explore opportunities for taxonomic knowledge sharing between international partners

7. 7. STAKEHOLDER ENGAGEMENT
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Stakeholder engagement is consistently cited as essential for the implementation of global,
international and national policies for tackling non-indigenous and invasive species. Examples
of policy documents where stakeholder engagement is prioritised include the Convention on
Biological Diversity (GISP, 2001) , the European Strategy for Invasive Species (Genovesi and
Shine, 2004) and in Ireland in the National Biodiversity Action Plan (NPWS, 2017). At EC
level engagement is defined as the “need to work with key stakeholders to produce and
disseminate information and guidance on best practice for using or affected by Invasive Alien
Species” along with “the need for the participation of stakeholders in decision-making” related
to NIS.
Stakeholder engagement in Ireland also takes the form of open calls for submissions on policy
such as the Public Consultation on National Marine Planning Framework Baseline Report
(DHPLG, 2018) 82 and the MFSD Article 11 Public Consultation (Anon, 2015) 83 and the MFSD
Programme of Measures 2016 (Anon, 2016) 84.
At a national level a stakeholder engagement workshop at GMIT on the 19th of October 2018
stakeholder engagement was the most commonly cited concern. This is highlighted in the
recommendations below. An expanded list of stakeholder recommendations from the
workshop is presented in Appendix III.
Recommendations
• Identify key marine stakeholder including Citizen Science initiatives to contribute to
policy, monitoring and management responses
• Facilitate stakeholder engagement through establishment of a framework that creates
connectivity between stakeholders, managers and policy makers.

https://www.housing.gov.ie/planning/marine-spatial-planning/public-consultation-nationalmarine-planning-framework-baseline-0
83
https://www.housing.gov.ie/water/water-quality/marine-strategy/responses-submissions-msfdarticle-11-public-consultation
84
https://www.housing.gov.ie/sites/default/files/publicconsultation/files/outcome/response_to_msfd_public_consultation_submissions.pdf
82
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Appendix I: List of MARINE NIS
Table A1. Summary list of marine Non-Indigenous Species that have been reported in Irish waters.
Further details can be found in Supplementary Material Table S1

COLOR CODES:
Red: EXTANT High-impact species

Orange: EXTANT Moderate-impact species

Yellow: EXTANT low-impact or not yet assessed species

White: POTENTIAL FUTURE INVADERS
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IRISH
STATUS

EXTANT

EXTANT

OVERALL
RISK OF
IMPACT
(1= high,
2=
moderate,
3 = low,
not
assessed
=4 )

1

1

Species

Amphibalanus
improvisus or
Balanus
improvisus

Caprella
mutica

Appendix

Kingdom

Animalia

Animalia

Phylum/Subphylum

Arthropoda

Arthropoda

Common
Name

Source

Hexanauplia

Bay Barnacle

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366. Lawson, J., Davenport, J., Whitaker, A..
(2004).Barnacle distribution in Lough Hyne
Marine NatureReserve: a new baseline and an
account of invasionby the introduced
Australasian species Elminius modestus Darwin.
Estuarine Coastal & Shelf Science.60, 4: 729735.Watson, D.I., O’Riordana, R.M., Barnes,
D.K.A., Cross, T. (2005). Temporal and spatial
variability in the recruitment of barnacles and
the local dominance of Elminius modestus
Darwin in SW Ireland. Estuarine Coastal & Shelf
Science. 63, 119-131.

Malacostraca

Japanese
Skelton
Shrimp

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.

Class/Subclass
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EXTANT

EXTANT

EXTANT

EXTANT

1

Chelicorophium
curvispinum

1

Eriocheir
sinensis

1

1

Homarus
americanus

Bonamia
ostreae

Appendix

Animalia

Animalia

Animalia

Chromista

Arthropoda

Arthropoda

Arthropoda

Cercozoa

Malacostraca

Caspian Mud
Shrimp

The National Biodiversity Data Centre (2014).
National Invasive Species Database.Lucy, F.,
Minchin, D., Holmes, J.M.C., Sullivan, M. (2004).
First Records of the Ponto-Caspian Amphipod
Chelicorophium curvispinum (Sars, 1895) in
Ireland. Irish Naturalist's Journal. 27, 12: 461464.

Malacostraca

Minchin D (2006) First Irish record of the
Chinese-mitten crab Eriocheir sinensis (MilneEdwards, 1854) (Decapoda: Arthropoda). Irish
Naturalists’ Journal 28(7): 303-304.

Malacostraca

American
Lobster

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Bonamia

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366. Culloty, S. C., Mulcahy,
M. F. (2007). Bonamiaostreae in the native
oyster Ostrea edulis. Marine and Environment
Health Series. 29,

Ascetosporea
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The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366. Blanco, E.P., Lewis, L. (2014). A
comparative study of Alexandrium tamarense
cyst distribution in Belfast Lough. European
Journal of Phycology. 49, 2:XXX.

EXTANT

1

Alexandrium
tamarense

Chromista

Dinozoa

Dinophyceae

EXTANT

1

Corbicula
fluminea

Animalia

Mollusca

Bivalvia

Caffrey et al. 2011; Minchin 2014

N/A

EXTANT

1

Crepidula
fornicata

Animalia

Mollusca

Gastropoda

Slipper
Limpet

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.McNeill, G., Nunn, J., Minchin, D. (2010).
The slipperlimpet Crepidula fornicata Linnaeus,
1758 becomesestablished in Ireland. Aquatic
Invasions. 5, 1: S21-S25.

EXTANT

1

Anguillicoloides
crassus

Animalia

Nematoda

Secernentea

Eel Bladder
nematode

Year: 1999 Evans & Matthews Journal of Fish
Biology
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EXTANT

EXTANT

EXTANT

1

1

1

Odontella
sinensis

Sargassum
muticum

Undaria
pinnatifida

Appendix

Chromista

Chromista

Chromista

Ochrophyta

Ochrophyta

Ochrophyta

Bacillariophyceae

Phaeophyceae

Phaeophyceae

N/A

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366. DAISE 100 Worst

Sargassum

O'Flynn, C., Kelly, J., Lysaght, L. (2014). Ireland's
Invasive and non-native species: Trends in
introductions. National Biodiversity Data
CentreSeries. 2, The National Biodiversity Data
Centre (2014). National Invasive Species
Database.Kraan, S. (2008). Sargassum muticum
(Yendo) Fensholt in Ireland: an invasive species
on the move.Journal of Applied Phycology. 20, 5:
825-832.Strong, James A., Maggs, Christine A.,
Johnson, Mark P. (2009). The extent of grazing
release from epiphytism for Sargassum muticum
(Phaeophyceae) within the invaded range.
Journal of the Marine Biological Association of
the United Kingdom. 89, 2:303-314.Stokes, K,
O'Neill, K, and McDonald, R (2004).Invasive
Species in Ireland. Prepared for Environment&
Heritage Service and National Parks &
WildlifeService.

Japanese
kelp

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.,
Nunn, J.D. (2014). The invasive brownalga
Undaria pinnatifida (Harvey) Suringar, 1873
(Laminariales: Alariaceae) , spreads northwards
inEurope. Bioinvasions Records. 3, 2: 57-63.
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Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Edwards, M., John, A. W.
G., Johns, D. G., Reid, P.C. (2001). Case history
and persistence of the nonindigenous diatom
Coscinodiscus wailesii in the northeast Atlantic.
Journal of the Marine BiologicalAssociation of
the UK. 81, 2: 207-211. DAISE 100 Worst

EXTANT

1

Coscinodiscus
wailesii

Chromista

Ochrophyta

Bacillariophyceae

EXTANT

1

Aphanomyces
astaci

Chromista

Oomycota

Peronosporea

NBDC

N/A

EXTANT

1

Bonnemaisonia
hamifera

Plantae

Rhodophyta

Florideophyceae

N/A

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366. DAISE 100 Worst

EXTANT

1

Spartina
anglica

Plantae

Tracheophyta

Magnoliopsida

Smooth cord
grass

Year: 1925 Stokes, (2006) NPWS Report

Orange
tipped sea
squirt

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. The National
Biodiversity Data Centre (2014). National
Invasive Species Database. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic species
in Ireland. Aquatic Invasions. 2, 4: 341-366.

EXTANT

1

Corella
eumyota

Animalia

Tunicata

Ascidiacea
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EXTANT

EXTANT

1

1

Didemnum
vexillum

Styela clava

Appendix

Animalia

Animalia

Tunicata

Tunicata

Ascidiacea

Ascidiacea

Carpet Sea
Squirt

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.

Club
tunicate,
leathery sea
squirt

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. The National
Biodiversity Data Centre (2014). National
Invasive Species Database. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic species
in Ireland. Aquatic Invasions. 2, 4: 341-366.Nunn,
J. D., Minchin, D. (2009). Further expansions
ofthe Asian tunicate Styela clava Herdman 1882
in Ireland. Aquatic Invasions. 4, 4: 591-596.
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EXTANT

EXTANT

EXTANT

2

2

2

Ficopomatus
enigmaticus

Arcitalitrus
dorrieni

Austrominius
modestus

Appendix

Animalia

Animalia

Animalia

Annelida

Arthropoda

Arthropoda

Polychaeta

Australian
tubeworm

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.

Malacostraca

New
Zealand
Land
Hopper

The National Biodiversity Data Centre (2014).
National Invasive Species Database.Mc Carthy,
T.K., Mac Loughlin, E. (2002). The Land hopper
Arcitalitrus dorrieni (Amphipoda:Talitridae) in
Galway City. Irish Naturalist's Journal.27, 1: 33-36.

N/A

Allen, B. M., Power, A. Marie, O'Riordan, R. M.,
Myers, A. A., McGrath, D. (2006). Increases in the
abundance of the invasive barnacle Elimnus
modestus (Darwin) in Ireland. Biology and
Environment: Proceedings of the Royal Irish
Academy. 106B, 2:Lawton, C., Cowan, P.,
Bertolino, S., Lurz, P. W. W., Peters, A. R. (2010).
The consequences of introducing non-indigenous
species: two case studies, the grey squirrel in
Europe and the brushtail possum in New Zealand.
Revue Scientifique et TechniqueOffice
International des Epizooties. 29, 2: 287-297.

Hexanauplia
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EXTANT

EXTANT

EXTANT

2

2

2

Gammarus
tigrinus

Myicola ostreae

Mytilicola
intestinalis

Appendix

Animalia

Animalia

Animalia

Arthropoda

Arthropoda

Arthropoda

Malacostraca

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic Invasions,
9(2), pp. 133–144. doi: 10.3391/ai.2014.9.2.02.
The National Biodiversity Data Centre (2014).
National Invasive Species Database.

Maxillopoda

Copepod

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.Kraan, S, Barrington, K.A. (2005).
Commercial farming of Asparagopsis armata
(Bonnemaisoniceae, Rhodophyta) in Ireland,
maintenance of an introduced species. Journal of
Applied Phycology. 17, 2:103-110.

Mussel Red
Worm

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.

Maxillopoda
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EXTANT

2

Mytilicola
orientalis

Animalia

Arthropoda

Maxillopoda

parasitic
copepod

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.Kraan, S, Barrington, K.A. (2005).
Commercial farming of Asparagopsis armata
(Bonnemaisoniceae, Rhodophyta) in Ireland,
maintenance of an introduced species. Journal of
Applied Phycology. 17, 2:103-110.

EXTANT

2

Schizoporella
japonica

Animalia

Bryozoa

Gymnolaemata

(bryozoan)

Year: 2009
Loxton et al., (2017)

N/A

Kelso, A., Wyse-Jackson, P.N. (2012). Invasive
bryozoans in Ireland: first record of Watersipora
subtorquata (d'Orbigny, 1852) and an extension of
the range of Tricellaria inopinata d’Hondt and
Occhipinti Ambrogi, 1985. Bioinvasions Records. 1,
3: 209-214.

Red-Rust
Bryozoan

Kelso, A., Wyse-Jackson, P.N. (2012). Invasive
bryozoans in Ireland: first record of Watersiporas
ubtorquata (d'Orbigny, 1852) and an extension of
the range of Tricellaria inopinata d’Hondt and
OcchipintiAmbrogi, 1985. Bioinvasions Records. 1,
3: 209-214.

EXTANT

EXTANT

2

2

Tricellaria
inopinata

Watersipora
subatra

Animalia

Animalia

Bryozoa

Bryozoa

Gymnolaemata

Gymnolaemata
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EXTANT

EXTANT

2

2

Codium fragile
subsp. atlanticum

Codium fragile
subsp.
tomentosoides

Appendix

Plantae

Plantae

Chlorophyta

Chlorophyta

Ulvophyceae

Ulvophyceae

Dead Mans
Fingers

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.Hudina, S., Lucic, A., Zganec, K., Jankovic,
S. (2011).Characteristics and movement patterns
of a recently established invasive Pacifastacus
leniusculuspopulation in the river Mura, Croatia.
Knowledge &Management of Aquatic Ecosystems.
403, 7:Kraan, S, Barrington, K.A. (2005).
Commercial farming of Asparagopsis armata
(Bonnemaisoniceae, Rhodophyta) in Ireland,
maintenance of an introduced species?. Journal of
Applied Phycology. 17, 2:103-110.

Dead Mans
Fingers

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.Hudina, S., Lucic, A., Zganec, K., Jankovic,
S. (2011).Characteristics and movement patterns
of a recently established invasive Pacifastacus
leniusculus population in the river Mura, Croatia.
Knowledge &Management of Aquatic Ecosystems.
403, 7:Kraan, S, Barrington, K.A. (2005).
Commercialfarming of Asparagopsis armata
(Bonnemaisoniceae, Rhodophyta) in Ireland,
maintenance of an introduced species?. Journal of
Applied Phycology. 17, 2:103-110.
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EXTANT

2

Cordylophora
caspia

Appendix

Animalia

Cnidaria

Hydrozoa

Freshwater
Hydroid

Year: 1842 Allman, 1844 Journal: Annals of
Natural History
Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic Invasions,
9(2), pp. 133–144. doi: 10.3391/ai.2014.9.2.02.
Year: Minchin, D.M and Nunn, J.D. (2013) Report:
NIEA

EXTANT

2

Diadumene
lineata

Animalia

Cnidaria

Anthozoa

OrangeStriped
Anemone

EXTANT

2

Ostreid
herpesvirus OsHV1

Virus

Herpervirales

Herpervirales

Oyster
herpesvirus

Year: 2008 Cotter et al., (2010) Journal:
Aquaculture

Chinaman's
hat

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.

EXTANT

2

Calyptraea
chinensis

Animalia

Mollusca

Gastropoda

EXTANT

2

Dreissena
polymorpha

Animalia

Mollusca

Bivalvia

Zaiko et al 2014; Minchin 2014

Bivalvia

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.

EXTANT

2

Magallana gigas

Animalia

Mollusca

Pacific
oyster
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EXTANT

EXTANT

2

2

Potamopyrgus
antipodarum

Antithamnionella
spirographidis

Appendix

Animalia

Plantae

Mollusca

Rhodophyta

Gastropoda

Florideophyceae

EXTANT

2

Antithamnionella
ternifolia

Plantae

Rhodophyta

Florideophyceae

EXTANT

2

Gracilaria
vermiculophylla

Plantae

Rhodophyta

Florideophyceae

New
Zealand
Mud Snail

‘Gateways to alien invasions in the European
seas’, Aquatic Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Minchin DM, Nunn, J. D.
(2013) Rapid assessment of marinas for invasive
alien species in Northern Ireland. Northern Ireland
Environment Agency Research and Development
Series No. 13/06.

N/A

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Pybus, C.
(1977). A list of Algae found on artificial substrata
in Galway Bay. Irish Naturalist's Journal. 19, 3: 7275.

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366.

Gracilaria

Nunn, J. D., Minchin, D. (2013). Marine non-native
invasive species in Northern Ireland. Invasive
Species Forum.
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EXTANT

2

Heterosiphonia
japonica

Plantae

Rhodophyta

Rhodymeniophycidae

N/A

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.

EXTANT

2

Polysiphonia
harveyi

Plantae

Rhodophyta

Florideophyceae

Harveys
Siphon
Weed

Year N/A Maggs & Hommersand 1993

Orange
cloak sea
squirt

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin, D.
(2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2, 4:
341-366. Minchin, D. (2007). Rapid coastal survey
for targeted alien species associated with floating
pontoons in Ireland. Aquatic Invasions. 2, 1: 63-70.

EXTANT

2

Botrylloides
violaceus

Animalia

Tunicata

Ascidiacea
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EXTANT

EXTANT

EXTANT

3

3

3

Balanus
amphitrite

Bugula neritina

Colpomenia
peregrina

Appendix

Animalia

Animalia

Chromista

Arthropoda

Bryozoa

Ochrophyta

Hexanauplia

Minchin 2014

Gymnolaemata

N/A

Nunn, J. D., Minchin, D. (2013). Marine nonnative invasive species in Northern Ireland.
Invasive Species Forum. The National
Biodiversity Data Centre (2014). National
Invasive Species Database.

Oyster thief

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin,
D. (2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2,
4: 341-366.Kraan, S, Barrington, K.A. (2005).
Commercial farming of Asparagopsis armata
(Bonnemaisoniceae, Rhodophyta) in Ireland,
maintenance of an introduced species?.
Journal of Applied Phycology. 17, 2:103-110.

Phaeophyceae
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EXTANT

EXTANT

3

3

Antithamnion
densum

Asparagopsis
armata

Appendix

Plantae

Plantae

Rhodophyta

Rhodophyta

Florideophyceae

Florideophyceae

N/A

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin,
D. (2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2,
4: 341-366.

Harpoon Weed

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin,
D. (2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2,
4: 341-366.Kraan, S, Barrington, K.A. (2005).
Commercial farming of Asparagopsis armata
(Bonnemaisoniceae, Rhodophyta) in Ireland,
maintenance of an introduced species?.
Journal of Applied Phycology. 17, 2:103-110.

EXTANT

3

Aplidium
glabrum

Animalia

Tunicata

Ascidiacea

N/A

Nunn, J. D., Minchin, D. (2013). Marine nonnative invasive species in Northern Ireland.
Invasive Species Forum. The National
Biodiversity Data Centre (2014). National
Invasive Species Database.

EXTANT

4

Clymenella
torquata

Animalia

Annelida

Polychaeta

Bamboo Worm

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.
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EXTANT

EXTANT

EXTANT

EXTANT

EXTANT

4

4

4

4

4

Paralaeospira
malardi

Pileolaria
militaris

Terebella
lapidaria

Caligus pageti

Corophium
sextonae

Appendix

Animalia

Animalia

Animalia

Animalia

Animalia

Annelida

Annelida

Annelida

Arthropoda

Arthropoda

Polychaeta

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Polychaeta

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Polychaeta

‘Gateways to alien invasions in the European
seas’, Aquatic Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic
species in Ireland. Aquatic Invasions. 2, 4: 341366.

N/A

Maxillopoda

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Malacostraca

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Costello,
M. (1993). Biogeography of Alien Amphipods
Occurring in Ireland, and Interactions with
Native Species. Arthropoda a. 65, 3:
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EXTANT

4

4

Critomolgus
actiniae

Herrmannella
duggani

Appendix

Animalia

Animalia

Arthropoda

Arthropoda

Maxillopoda

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Copepoda

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Holmes, J.M.C.,
Minchin, D. (1991). A New Species of
Herrmannella (Copepoda, Poecilostomatoida,
Sabelliphilidae) Associated With the Oyster
Ostrea Edulis L. Arthropoda a. 60, 3: 258-269.

Copepod

EXTANT

4

Heterolaophonte
hamondi

Animalia

Arthropoda

Copepoda

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Jassa
marmorata

Animalia

Arthropoda

Malacostraca

Aquanis

EXTANT

4

Limnoria
quadripunctata

Animalia

Arthropoda

Malacostraca

NBDC

Malacostraca

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Quigley, D. T.,
Herdson, D., Flannery, K. (2013). Occurrence of
the kuruma prawn Marsupenaeus japonicus
(Spence Bate, 1888) in the Celtic Sea, English
Channel, and North-West France. Bioinvasions
Records. 2, 1: 51-55.

EXTANT

4

Marsupenaeus
japonicus

Animalia

Arthropoda

kuruma shrimp
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EXTANT

4

Megabalanus
tintinnabulum

Animalia

Arthropoda

Hexanauplia

EXTANT

4

Monocorophium
acherusicum

Animalia

Arthropoda

Malacostraca

EXTANT

EXTANT

4

4

Monocorophium
insidiosum

Monocorophium
sextonae

Animalia

Animalia

Arthropoda

Arthropoda

Aquanis

N/A

Daniels et al., (2009) & Minchin, D.M and
Nunn, J.D. (2013) Report: NIEA

Malacostraca

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Oliver, G.A., McGrath,
D. (2006). The Amphipod Corophium
insidiosum Crawford in Ireland. Irish
Naturalist's Journal. 28, 8: 324-326.

Malacostraca

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Costello, M. (1993).
Biogeography of Alien Amphipods Occurring in
Ireland, and Interactions with Native Species.
Arthropoda a. 65, 3:

Mud shrimp
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EXTANT

4

Muceddina
multispinosa

Animalia

Arthropoda

Maxillopoda

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Penaeus
japonicus

Animalia

Arthropoda

Malacostraca

Aquanis

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Pilumnoides
inglei

Animalia

Arthropoda

Malacostraca

EXTANT

4

Pollicipes
pollicipes

Animalia

Arthropoda

Maxillopoda

4

Porcellidium
ovatum

4

Porcelloides
tenuicaudus

EXTANT

EXTANT

Animalia

Animalia

Arthropoda

Arthropoda

Malacostraca

Maxillopoda

Goose barnacle

Aquanis

Indo Pacific Ocean

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02.

Minchin, D., Eno, C. (2002). Exotics of Coastal
and inland waters of Ireland and Britain.
Invasive Aquatic Species of Europe.
Distribution, Impacts and Management.
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EXTANT

4

Taeniastrotos
sp.

Animalia

Arthropoda

Hexanauplia

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Telmatogeton
japonicus

Animalia

Arthropoda

Insecta

NBDC

Sordariomycetes

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions
Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Claviceps
purpurea

Fungi

Ascomycota

EXTANT

4

Labyrinthula
zosterae

Chromista

Bigyra

Labyrinthulea

EXTANT

4

Bugula fulva
(Bugulina fulva)

Animalia

Bryozoa

Gymnolaemata

EXTANT

4

Bugula simplex
(Bugulina
simplex)

Animalia

Bryozoa

Gymnolaemata

N/A

Year: 2012
Minchin, D.M and Nunn, J.D. (2013) Report:
NIEA

N/A

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: 2000 Ryland
et al., (2011) Minchin, D.M and Nunn, J.D.
(2013) Report: NIEA
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4

4

Haplosporidium
nelsoni

Codium fragile
fragile

Appendix

Chromista

Plantae

Cercozoa

Chlorophyta

Ascetosporea

Aquanis

Ulvophyceae

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Ulva californica

Plantae

Chlorophyta

Ulvophyceae

N/A

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic
species in Ireland. Aquatic Invasions. 2, 4: 341366.

EXTANT

4

Oncorhynchus
gorbuscha

Animalia

Chordata

Actinopterygii

Pink Salmon or
Humpback Salmon

Year: 2017 Inland Fisheries Ireland

EXTANT

4

Oncorhynchus
mykiss

Animalia

Chordata

Actinopterygii

NBDC

Actinopterygii

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Poecilopsetta
beanii

Animalia

Chordata
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EXTANT

4

Craspedacusta
sowerbii

Animalia

Cnidaria

Hydrozoa

Aquanis

EXTANT

4

Gonionemus
vertens

Animalia

Cnidaria

Hydrozoa

Stokes et al., (2004)

EXTANT

4

Karenia
mikimotoi

Chromista

Dinozoa

Dinophyceae

Raine et al . 2001

Bacilli

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Aerococcus
viridans

Bacteria

Firmicutes

N/A

EXTANT

4

Iridaea sp.

Chromista

Foraminifera

Prymnesiophyceae

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Ostracoblabe
implexa

Fungi

Fungi Incertae
sedis

Marine Fungi

NBDC
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EXTANT

4

Isochrysis
galbana

Chromista

Haptophyta

Prymnesiophyceae

EXTANT

4

Isochrysis spp.
(Isochrysis
galbana?)

Chromista

Haptophyta

Prymnesiophyceae

EXTANT

EXTANT

4

4

Bankia
fimbriatula

Brachidontes
exustus

Animalia

Animalia

Mollusca

Mollusca

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

marine

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.

Bivalvia

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Bivalvia

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions
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Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Holmes, A. M., Graham
Oliver, P., Trewhella, S., Hill, R., Quigley, D. T.G.
(2015). Trans-Atlantic rafting of inshore
Molluscaa on marco-litter : American
Molluscason British and Irish shores, new
records. Journal of Conchology. 42, 1:

EXTANT

4

Cerithium
litteratum

Animalia

Mollusca

Gastropoda

EXTANT

4

Chama sp.

Animalia

Mollusca

Bivalvia

Aquanis

Bivalvia

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Holmes, A. M., Graham
Oliver, P., Trewhella, S., Hill, R., Quigley, D. T.G.
(2015). Trans-Atlantic rafting of inshore
Molluscaa on marco-litter : American
Molluscason British and Irish shores, new
records. Journal of Conchology. 42, 1:

EXTANT

4

Dendostrea
frons

Animalia

Mollusca

marine

Frond Oyster
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EXTANT

EXTANT

EXTANT

EXTANT

4

4

4

4

Haliotis discus
hannai

Haliotis
tuberculata

Isognomon
radiatus

Martesia striata

Appendix

Animalia

Animalia

Animalia

Animalia

Mollusca

Mollusca

Mollusca

Mollusca

Gastropoda

Gastropoda

Japanese Abalone

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic
species in Ireland. Aquatic Invasions. 2, 4: 341366.

European Abalone

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic
species in Ireland. Aquatic Invasions. 2, 4: 341366.

Bivalvia

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Minchin, D. (2007). A
Checklist of alien and cryptogenic aquatic
species in Ireland. Aquatic Invasions. 2, 4: 341366.

Bivalvia

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions
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EXTANT

4

Mercenaria
mercenaria

Animalia

Mollusca

Bivalvia

Minchin 2014

EXTANT

4

Mizuhopecten
yessoensis

Animalia

Mollusca

Bivalvia

Aquanis

EXTANT

4

Mya arenaria

Animalia

Mollusca

Bivalvia

Aquanis

Bivalvia

Crested Oyster

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. The National
Biodiversity Data Centre (2014). National
Invasive Species Database. Minchin, D. (2007).
A Checklist of alien and cryptogenic aquatic
species in Ireland. Aquatic Invasions. 2, 4: 341366.

EXTANT

4

Ostrea equestris

Animalia

Mollusca

EXTANT

4

Ruditapes
philippinarum

Animalia

Mollusca

Bivalvia

Manila clam

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Nunes, A.
L. et al. (2014) ‘Gateways to alien invasions in
the European seas’, Aquatic Invasions, 9(2), pp.
133–144. doi: 10.3391/ai.2014.9.2.02.

EXTANT

4

Teredo navalis

Animalia

Mollusca

Bivalvia

Naval Shipworm

Year: Unknown Minchin, D.M and Nunn, J.D.
(2013) Report: NIEA
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EXTANT

4

Gyrodinium
aureolum

4

Heterosigma
akashiwo

4

Cryptonemia
hibernica

Appendix

Chromista

Chromista

Plantae

Myzozoa

Ochrophyta

Rhodophyta

Dinophyceae

Raphidophyceae

Florideophyceae

Dinoflagellate

Pybus, C. (1980). Observations on a
Gyrodiniumaureolum (Dinophyta) bloom off
the south coast of Ireland. Journal of the.
Journal of the Marine Biological Association of
the United Kingdom. 60, 661-674.Ottoway, B.,
Parker, M., McGrath, D., Crowley, M (1979).
Observations on a bloom of
Gyrodiniumaureolum Hulbert on the south
coast of Ireland, summer 1976, associated with
mortalities of littoral and sub-littoral
organisms.. Irish Fisheries Investigations Series
B.

N/A

McGrath, D, Pybus, C. (1992). Large scale
Phaeocystis blooms off the west cost of Ireland
in1990. Irish Fisheries Investigations Series B.
39,

N/A

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02.Guiry, M.D, Irvine, L.M.
(1974). A species of Cryptonemia new to
Europe. European Journal of Phycology. 9, 3:
225-237.
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4

EXTANT

4

EXTANT

4

EXTANT

EXTANT

4

4

Gracilaria
multipartita

Laurencia
brongniartii
Melanothamnus
harveyi

Neosiphonia
harveyi

Polysiphonia
subtilissima

Appendix

Plantae

Rhodophyta

Florideophyceae

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

Plantae

Rhodophyta

Rhodymeniophycidae

Year: N/A Stokes et al., (2004)

Plantae

Rhodophyta

Florideophyceae

Aquanis

Plantae

Plantae

Rhodophyta

Rhodophyta

Rhodymeniophycidae

Florideophyceae

Commercial farming
of Asparagopsis
armata
(Bonnemaisoniceae,
Rhodophyta) in
Ireland,
maintenance of an
introduced species.
Journal of Applied
Phycology. 17,
2:103-110.

The National Biodiversity Data Centre (2014).
National Invasive Species Database. Minchin,
D. (2007). A Checklist of alien and cryptogenic
aquatic species in Ireland. Aquatic Invasions. 2,
4: 341-366.

N/A

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. The National
Biodiversity Data Centre (2014). National
Invasive Species Database.
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4

Ceratophyllum
submersum

Plantae

Tracheophyta

Magnoliopsida

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A (Stebbing et
al., 2012) Journal; Aquatic Invasions

EXTANT

4

Spartina
townsendii var.
anglica

Plantae

Tracheophyta

Magnoliopsida

Aquanis

EXTANT

4

Spartina x
townsendii

Plantae

Tracheophyta

Magnoliopsida

EXTANT

EXTANT

EXTANT

4

4

Molgula
manhattensis

Perophora
japonica

Animalia

Animalia

Tunicata

Tunicata

Ascidiacea

Ascidiacea

Townsend's Cordgrass

Aquanis, NBDC

Sea Grape

Minchin, D. (2007). A Checklist of alien and
cryptogenic aquatic species in Ireland. Aquatic
Invasions. 2, 4: 341-366.Holmes, J. M. C.,
Gotto, R.V. (2000). A checklist of the
Cyclopoida (Arthropoda: Copepoda) of Ireland.
Irish Biogeographical Society's Bulletin. 24, 242.Haydar, D., Hoarau, G., Olsen, J. L., Stam, W.
T., Wolff, W. J. (2011). Introduced or glacial
relict Phylogeography of the cryptogenic
tunicate Molgula manhattensis (Ascidiacea,
Pleurogona). Diversity &Distributions. 17, 6880.

Sea Squirt

Nunn, J. D., Minchin, D. (2013). Marine nonnative invasive species in Northern Ireland.
Invasive Species Forum. The National
Biodiversity Data Centre (2014). National
Invasive Species Database.
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4

Phallusia
mammillata

Appendix

Animalia

Tunicata

Ascidiacea

AQUANIS, Year: N/A Stokes et al., (2004)
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NOT
PRESENT

1

NOT
PRESENT

1

NOT
PRESENT

1

NOT
PRESENT

1

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

1
1
1
1
1
1
1
1
1
1

Epizootic
Haematopoietic
necrosis (EHVN)
Infectious
haematopoietic
necrosis virus
(IHN)
Infectious
salmon anaemia
(ISA) virus
Ostreid
herpesvirus 1microvariant
(OsHV-1 µvar)
Martelia
refringens
Neogobius
melanostomus
Pseudorasbora
parva
Sphaerothecum
destruens
Corbicula
fluminalis
Dreissena
bugensis
Ensis directus
Ocenebra
inornata
Gyrodactylus
salaris
Gyrodactilus
salaris

Appendix

Virus

Group
V ((−)ssRNA)

Mononegavirales

Minchin 2014

Virus

Negarnaviricota

Monjiviricetes

Minchin 2014

Virus

Negarnaviricota

Articulavirales

Minchin 2014

Virus

incertae sedis

incertae sedis

Minchin 2014

Chromista

Cercozoa

Animalia

Chordata

Vertebrata

Minchin 2014

Animalia

Chordata

Vertebrata

Minchin 2014

Eukaryota

Holozoa

Mesomycetozoea

Minchin 2014

Animalia

Mollusca

Bivalvia

Minchin 2014

Animalia

Mollusca

Bivalvia

Animalia

Mollusca

Bivalvia

Minchin 2014

Animalia

Mollusca

Gastropoda

Minchin 2014

Animalia

Platyhelminthes

Monogenea

Animalia

Platyhelminthes

Monogenea

Minchin 2014

Quagga

Salmon
Fluke

Minchin 2014

Year: N/A Davis et al., (2017)
Report: Horizon Scanning report
Minchin 2014

100

Marine Non-Indigenous Species in Ireland

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

2
2
2
2
2
2

Callinectes
sapidus
Megabalanus
coccopoma
Solidobalanus
fallax
Synidotea
laticauda
Caulerpa
racemosa
Mytilopsis
leucophaeta

Appendix

Animalia

Arthropoda

Malacostraca

Minchin 2014

Animalia

Arthropoda

Hexanauplia

Minchin 2014

Animalia

Arthropoda

Hexanauplia

Minchin 2014

Animalia

Arthropoda

Malacostraca

Minchin 2014

Plantae

Chlorophyta

Ulvophyceae

Minchin 2014

Animalia

Mollusca

Bivalvia

Minchin 2014

Bivalvia

Minchin 2014

2

Rangia cuneata

Animalia

Mollusca

2

Pseudostylochus
ostreophagus

Animalia

Platyhelminthes

NOT
PRESENT

Hydroides
dianthus

Animalia

Annelida

Polychaeta

(Tubeworm)

Year: N/A O’Flynn et al., (2014) Report: National
Biodiversity Data Centre Series No. 2

NOT
PRESENT

Hydroides
ezoensis

Animalia

Annelida

Annelida

(Tubeworm)

Year: N/A Minchin, D.M and Nunn, J.D. (2013)
Report: NIEA

NOT
PRESENT

Marenzellaria
viridis

Animalia

Annelida

Annelida

N/A

Year: N/A Stokes et al., (2004)

Minchin 2014

NOT
PRESENT

Neodexiospira
brasiliensis

Animalia

Annelida

Polychaeta

N/A

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02.Year: N/A (Eno et al.,
1997) Report: JNCC. UK

NOT
PRESENT

Sabellaria
spallenzani

Animalia

Annelida

Polychaeta

(Polychaete)

Year: N/A Minchin, D.M and Nunn, J.D. (2013)
Report: NIEA
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NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Goniadella
gracilis
Pileolaria
berkeleyana
Proceraea
cornuta
Sternaspis
scutata

Appendix

Animalia

Annelida

Nunes et al 2014

Animalia

Annelida

Nunes et al 2014

Animalia

Annelida

Nunes et al 2014

Animalia

Annelida

Nunes et al 2014

Limnoria
tripunctata

Animalia

Arthropoda

Malacostraca

N/A

Acartia tonsa

Animalia

Arthropoda

Copepoda

N/A

Cercopagus
pengoi

Animalia

Arthropoda

Branchiopoda

Dikerogammarus
villosus

Animalia

Arthropoda

Malacostraca

GRIIS unresolved references (2017).
GRIISunresolved references. Year: N/A Stokes et
al., (2004) Nunes, A. L. et al. (2014) ‘Gateways to
alien invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02.
Year: N/A Noël et al., 2011) Invasion Ecology,
Springer
Year: N/A Stokes et al., (2004)

Killer Shrimp
(transitional
waters)

NOT
PRESENT

Dyspanopeus
sayi

Animalia

Arthropoda

Malacostraca

Says mud
crab

NOT
PRESENT

Eriphia verrucosa

Animalia

Arthropoda

Malacostraca

Warty Crab

NOT
PRESENT

Hemigrapsus
penicillatus

Animalia

Arthropoda

Malacostraca

N/A

Year: N/A Davis et al., (2017) Report: Horizon
Scanning report
Year: N/A Aubert & Sauriau, (2015) Journal: Les
cahiers naturalistes de l’Observatoire marin.
Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02.
Minchin, D., Cook, E. J. and Clark, P. F. (2013)
‘Alien species in British brackish and marine
waters’, Aquatic Invasions, 8, pp. 3–19. doi:
10.3391/ai.2013.8.1.02.
Year: N/A Stokes et al., (2004)
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NOT
PRESENT

Hemigrapsus
sanguineus

Animalia

Arthropoda

Malacostraca

NOT
PRESENT

Hemigrapsus
takanoi

Animalia

Arthropoda

Malacostraca

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Hemimysis
anomala
Hesperibalanus
fallax
Pachygrapsus
marmoratus

Animalia

Arthropoda

Malacostraca

Animalia

Arthropoda

MultiArthropoda

Barnacle

Animalia

Arthropoda

Malacostraca

Marbled
Rock Crab

Asian Shore
Crab
Brush
Clawed
Shore Crab
Bloody red
mysid

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A Harrower et
al., (2018)
Year: N/A 2014 Wood et al., (2015) ; Minchin
2014
Stokes et al. 2004; Penk and Minchin 2014;
Minchin 2014
Year: N/A Minchin, D.M and Nunn, J.D. (2013)
Report: NIEA
Year: N/A Dauvin, (2009) Journal: Marine
Biodiversity Records

NOT
PRESENT

Palaemon
macrodactylus

Animalia

Arthropoda

Malacostraca

Oriental
Shrimp

Nunes, A. L. et al. (2014) ‘Gateways to alien
invasions in the European seas’, Aquatic
Invasions, 9(2), pp. 133–144. doi:
10.3391/ai.2014.9.2.02. Year: N/A Beguer et al.,
(2007) Journal: Aquatic Invasions

NOT
PRESENT

Paralithodes
camtschaticus

Animalia

Arthropoda

Malacostraca

N/A

Year: N/A Stokes et al., (2004)

NOT
PRESENT

Rhithropanopeus
harrisii

Animalia

Arthropoda

Malacostraca

Harris Mud
Crab

Year: N/A O’ Flynn et al., (2014) Report: National
Biodiversity Data Centre Series No. ; Minchin
2014

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Synidotea
laevicaudata
Eurytemora
americana
Eusarsiella
zostericola
Grandidierella
japonica

Animalia

Arthropoda

Malacostraca

Animalia

Arthropoda

Nunes et al 2014

Animalia

Arthropoda

Nunes et al 2014

Animalia

Arthropoda

Nunes et al 2014

Year: N/A Minchin, D.M and Nunn, J.D. (2013)
Report: NIEA
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NOT
PRESENT
NOT
PRESENT

Nucellicola
holmanae
Bugula
stolonifera

NOT
PRESENT

Appendix

Animalia

Arthropoda

Nunes et al 2014

Animalia

Bryozoa

Nunes et al 2014

Diadumene
cincta

Animalia

Cnidaria

Anthozoa

NOT
PRESENT

Dikerogammarus
haemobaphes

Animalia

Crustacea

Malacostraca

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Mnemiopsis
leidyi
Gymnodinium
catenatum
Alexandrium
catanella
Spartina
maritima
Arcuatula
senhousia

Animalia

Ctenophora

Tentaculata

Chromista

Dinoflagellata

Dinoflagellate

Year: N/A Stokes et al., (2004)

Eukaryota

Dinoflagellata

Dinophyceae

Minchin 2014

Plantae

Magnoliophyta

Animalia

Mollusca

Bivalvia

NOT
PRESENT

Ensis leei (Ensis
americanus)

Animalia

Mollusca

Bivalvia

NOT
PRESENT

Limnoperna
securis

Animalia

Mollusca

Bivalvia

NOT
PRESENT

Magallana
angulata

Animalia

Mollusca

Bivalvia

Orange
anemone

Year: N/A (Rilov & Crooks, 2009) Journal:
Ecological Studies, Springer

Minchin 2014
Sea Walnut
(Comb Jelly)

Year: N/A Reusch et al. (2010) ; Minchin 2014

Nunes et al 2014
Asian Date
Mussel
Atlantic
jackknife
clam
Small Brown
Mussel
Portuguese
Oyster or
Japanese
oyster

Year: Bachelet et al., (2009)
Year: N/A Stokes et al., (2004)
Year: N/A Adarraga & Martínez, (2012)
Year: N/A Rech et al., (2018)
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Animalia

Mollusca

Bivalvia

False Mussel

Year: N/A Moorkens & Killeen, (2009) Report:
NPWS Irish Wildlife Manual No. 41; Minchin
2014

Animalia

Mollusca

Bivalvia

N/A

Year: N/A Stokes et al., (2004)

Animalia

Mollusca

Gastropodaa

Animalia

Mollusca

Bivalvia

Year: N/A Lützen et al., (2012) Journal: Aquatic
Invasions
Year: N/A Jensen, (2010) Report: NOBANIS ;
Minchin 2014

Rapana venosa

Animalia

Mollusca

Gastropodaa

Urosalpinx
cinerea

Animalia

Mollusca

Gastropoda

Japanese
Oyster Drill
American
rock-borer
Asian rapa
whelk
American
Oyster Drill

Aulacomya atra

Animalia

Mollusca

Nunes et al 2014

Choromytilus
chorus

Animalia

Mollusca

Nunes et al 2014

Ostrea chilensis

Animalia

Mollusca

Nunes et al 2014

Animalia

Mollusca

Nunes et al 2014

Animalia

Mollusca

Gastropoda

Banded
murex

BIM

Chromista

Myzozoa

Dinophyceae

N/A

Year: N/A Stokes et al., (2004)

Chromista

Ochrophyta

Phaeophyceae

Golden kelp

Robert Wilkes presentaiton at IAS workshop
GMIT, Galway 2018

Chromista

Ochrophyta

Nunes et al 2014

Chromista

Ochrophyta

Nunes et al 2014

Chromista

Ochrophyta

Nunes et al 2014

NOT
PRESENT

Mytilopsis
leucophaeata

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Nuttalia
obscurata
Ocinebrellus
inornatus
Petricola
pholadiformis

Petricolaria
pholadiformis
Hexaplex
trunculus
Pfiesteria
piscicida
Laminaria
ochroleuca
Scytosiphon
dotyi
Thalassiosira
tealata
Pleurosigma
simonsenii

Year: N/A Sağlam et al., (2009)
Year: N/A Faasse & Ligthart, (2007); Minchin
2014
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NOT
PRESENT

Thalassiosira
punctigera

Chromista

Ochrophyta

NOT
PRESENT

Pseudostylochus
ostreae

Animalia

Platyhelminthes

NOT
PRESENT

Cercaria
sensifera

Animalia

Platyhelminthes

NOT
PRESENT

Celtodoryx
ciocalyptoides

Animalia

Porifera

Heteroscleromorpha

NOT
PRESENT

Suberites massa

Animalia

Porifera

Demospongiae

Year: N/A Hayward and Ryland, 2017
Oxford University Press.

NOT
PRESENT

Vibrio cholerae

Bacteria

Proteobacteria

Gammaproteobacteria

Minchin 2014

Plantae

Rhodophyta

Rhodymeniophycidae

Japanese
Alga

Year: N/A Dr Julia Nunn, 2018
(Tittley, 2016;
Davis et al., 2017)

Plantae

Rhodophyta

Florideophyceae

N/A

Year: N/A Stokes et al., (2004)

Plantae

Rhodophyta

Rhodymeniophycidae

N/A

Year: N/A Stokes et al., (2004)

NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Caulacanthus
okamurae also
known as
Caulacanthus
ustulatus
Dasysiphonia
japonica
Grateloupia
doryphora
(possibly same as
Grateloupia
turutur)

Nunes et al 2014
Monogenea

Unknown

Year: N/A Stokes et al., (2004)

Nunes et al 2014
Cauliflower
Porifera

Year: N/A Perez et al., (2006)
Journal:
Cahiers De Biologie Marine
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NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT
NOT
PRESENT

Appendix

Grateloupia
subpectinata

Plantae

Rhodophyta

Rhodymeniophycidae

Grateloup's
Fringe Weed

Year: N/A Julia Nunn, (2018)

Solieria chordalis

Plantae

Rhodophyta

Rhodymeniophycidae

Soldiers red
string weed

Year: N/A Farnham, W.F., & Jephson, N.A. 1977
British Phycological Journal

Plantae

Rhodophyta

Nunes et al 2014

Plantae

Rhodophyta

Nunes et al 2014

Pikea californica

Plantae

Rhodophyta

Nunes et al 2014

Sarcodiotheca
gaudichaudii

Plantae

Rhodophyta

Nunes et al 2014

Caulacanthus
okamurae
Grateloupia
turuturu
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Appendix III: Recommendations from GMIT
Stakeholder Engagement Workshop on the
19th October 2018
Extended recommendations arising from GMIT Stakeholder Engagement Workshop on
the 19th October 2018
•

•
•
•

•
•
•
•

•

•

The sporadic distribution of NIS may well be a sampling effect masking island wide
distribution for many species. Therefore, an island wide survey needs to take place to
capture the range and pervasiveness of NIS’s in Irish coastal environments and should
be informed by broad based and in-depth taxonomic expertise.
The availability of taxonomic expertise is currently a constraint to accurately
cataloguing and mapping NIS around the island of Ireland.
As the National Biodiversity Data Centre (NBDC) is the nominated repository for NIS
data all records of NIS should be submitted to them.
The marine biological capacity of NBDC needs to be developed to speed up validation
of reports and strengthen connectivity with the stakeholder community. Consideration
should be given to funding full time dedicated staff working specifically on MIAS.
Conduct regular Horizon Scanning to agree and periodically review high risk species
relevant to the natural environment and aquaculture sector in Ireland.
Establish and periodically review response actions available to the aquaculture
community in the event that a high risk species arrives in Ireland.
Identify and manage government and stakeholder resources so as to be in a state of
preparedness for the arrival of high risk species in Ireland
Increased engagement between local and authorities and agencies with NIS
management briefs in response to uncertainties about the resources and support
available to Local Authorities for environmental and specifically NIS monitoring in
relation to marinas and other coastal infrastructure.
Stakeholder engagement with the general public may be best achieved through
established Citizen Science initiatives. In particular organisations such as Coast Watch
Ireland 85, Capturing our Coast 86 and The Shore Thing 87 can add a new dimension of
vigilance in the early detection and spread of NIS. Promotion and resourcing of such
initiatives should be incorporated into a national marine NIS plan though not at the
expense of deploying experienced experts.
A recent Marine Institute native oyster project collected a lot of camera data in inner
Galway Bay. This could be reviewed as a pilot scheme for a broader camera data
collection project. The analysis and availability of this data was queried.

https://www.mba.ac.uk/shore_thing/resources.html
https://www.capturingourcoast.co.uk/
87
https://www.mba.ac.uk/shore_thing/
85
86
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•

•

Appendix

Didemnum vexillum was reported as being found mainly in marinas and at aquaculture
sites. Interestingly it was suggested that the species doesn’t seem to naturally spread
from its range in marinas but at aquaculture sites it does seem to naturally spread.
Didemnum vexillum can have significant impacts on aquaculture and should be
prioritised for research.
Biosecurity workshops help in tackling MIAS, as well as citizen and stakeholder
engagement.

Further details available on www.emff.marine.ie

Managing Authority EMFF 2014-2020
Department of Agriculture Food & the Marine
Clogheen,
Clonakilty,
Co. Cork.
P85 TX47
Tel: (+)353 (0)23 885 9500
www.agriculture.gov.ie/emff

Specified Public Beneficiary Body
Marine Institute
Rinville,
Oranmore,
Co. Galway,
H91 R673
Phone: (+)353 (0)91 38 7200
www.marine.ie
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