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Short Communication

Abstract

Invasive alien species (IAS) affect various policy sectors, including environment, trade, and agricul-
ture. In Europe, each of these sectors is usually regulated under different European Union legislation, 
but IAS is not prioritised in most sectors, and this may hinder effective tackling of biological inva-
sions. Greater policy coherence is needed to align relevant sectors for better management of biological 
invasions. Engaging policymakers by sharing information on IAS impacts can help them understand 
the multisectoral nature of the problem and develop effective strategies.

We reviewed 602 IAS in Europe, impacting nine policy sectors and 25 domains (i.e. specific pol-
icies within a broader policy sector, each addressing particular issues and activities related to that sec-
tor portfolio). Findings were presented at the NeoBiota workshop in Lisbon on the 3rd of September 
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2024, attended by 54 participants, including policymakers and researchers. The workshop featured 
presentations and interactive sessions where participants tested the review methodology on 49 spe-
cies, identifying areas for improvement, such as assessing impact scale and refining sector domains. 
Confusion matrices showed moderate to substantial agreement between organisers and participants 
in evaluating affected domains, types of impact, and confidence levels.

This study shows the crucial need for interaction and synergy between research and policy, which 
are essential for tackling effectively IAS in Europe.

Key words: Biodiversity, impact, invasive alien species, policy domains, workshop

Introduction

Invasive alien species (IAS) impact multiple policy sectors and the related activities, 
requiring effective and coordinated management. These impacts can be perceived 
as negative or positive and span across environment, economy and human health 
(Havel et al. 2015; Mollot et al. 2017; Katsanevakis et al. 2018; Fleming et al. 2023; 
IPBES 2023). These sectors are regulated under European Union legislation (i.e. ad-
dressing all Member States) that may however not fully address biological invasions 
(COM (2021) 628 final). In this study, we refer to “policy sectors” as areas of Eu-
ropean public policy that are clearly defined by the issues and activities they address 
(e.g. agriculture, fisheries) and to “domains” as the specific policies related to that 
sector issues and activities portfolio (e.g. forestry, soil, aquaculture) (Table 1). These 
policy sectors may encompass broader governance and regulatory aspects that go 
beyond the economic activities of a sector. Therefore, while these policy sectors can 
include economic sectors by addressing the broader context in which these econom-
ic activities occur, the focus of this study does not include monetary assessment.

Access to sector-wide scientific assessments of IAS impacts is limited and hin-
dered by lack of comprehensive linkages to affected domains (Table 1). This is 
likely due to the limited attention given to the prioritization of IAS in sectors other 
than biodiversity, resulting in lack of unifying metrics for assessing their impact. 
As a result, clear and usable sector-wide information on IAS impacts would help 
to explicitly consider policy trade-offs, improving coherence and policies coordi-
nation for IAS prevention and control (Bray et al. 2024).

Negative impacts of IAS extend across terrestrial, freshwater, and marine en-
vironments. Research has increasingly highlighted the effects of IAS on biodiver-
sity (Pyšek et al. 2020), i.e., on native species, community diversity (Çinar et al. 
2014), and on ecosystem services (Gallardo et al. 2024). In recent years, several 
studies have also shown that IAS can cause substantial economic losses (Cann-
arozzi et al. 2023) and management costs (€116.61 billion in Europe, Haubrock 
et al. 2021), which can be linked to sector-specific impacts. Costs and benefits 
can span across multiple sectors and may not necessarily balance each other out 
(Carneiro et al. 2024). These encompass, for example, animal and human health 
(Shackleton et al. 2019a; Chinchio et al. 2020; Roy et al. 2022; EFSA 2023), wa-
ter resources (Watts and Moore 2011; Lamb et al. 2021), energy systems (Booy et 
al. 2017), transportation systems (Nyumba et al. 2021; Vanderbush et al. 2021), 
forest and grassland (Rojas-Sandoval et al. 2022), and indigenous people (Pfeiffer 
and Voeks 2008; Pretty Paint-Small 2013; Shackleton et al. 2019b). Furthermore, 
research has also demonstrated that IAS can provide benefits to human well-be-
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Table 1. Policy sectors and sector domains considered in this study. Columns represent categories of policy interest regulated by Euro-
pean legislation considered as thematic areas to which the impact of IAS can be attributed, considering physical, chemical, biological and 
functional characteristics (e.g., soil) or policy initiatives (e.g., nature protection and restoration). ‘*’ indicates domains identified during 
the workshop. For biodiversity specifically, impacts on biodiversity components are not further refined, and all impacts on biodiversity are 
grouped into the “nature protection and restoration” domain.

Main policy sectors Sector domains Description of areas covered by the domain

Agriculture and Rural 
development (AGRI)

Agriculture Crop production, livestock, agricultural ecosystems

Soil Soil quality, structure, nutrient cycling

Forestry Forest health, tree species’ diversity, timber production

Mobility and Transport 
(TRANSPORT)

Security and safety Risks to transport and infrastructures safety through 
physical obstructions and hazards

Infrastructures (road, rails, canals) Integrity and maintenance of transport infrastructures

Inland waters (related to transport) Navigability and ecosystems’ health

Maritime (Port)* Port operation, ships hulls and marine logistics

Energy, Climate change, 
Environment (ENERGY)

Security (in terms of production and supply)* Disruption to energy supply chains and production 
facilities

Efficiency (relates to energy consumption, therefore IAS 
impact which causes increased use of energy, etc.) *

Energy consumption including increased demand for 
control measures

Renewable energy (IAS invading/damaging canals/plants, 
etc.)

Renewable energy infrastructure such as hydroelectric 
plants and solar fields

Health and Food Safety 
(SANTE)

Animal health Livestock health and veterinary biosecurity

Plant health Crops’ health, plants biosecurity, agricultural biodiversity

Food and feed safety (contamination, allergens, pathogens, 
seeds, toxins, etc.)

Contamination of food and feed supply

Human health Allergens, diseases, physical injuries

Internal Market, Industry, 
Entrepreneurship and SMEs 
(GROW)

Industry (affecting business competitiveness, growth and 
resilience, e.g. Coronavirus, etc.)

Competitiveness and resilience

Small and Medium Enterprises (SMEs) Operations and market access

Internal market/trade Trade regulations, market stability, cross-border 
commerce

Directorate-General Climate 
Action (CLIMA)

Greenhouse Gas emissions (IAS which may increase gas 
emissions)

Greenhouse gas emissions through ecosystem changes

Energy, Climate change, 
Environment (Environment)

Clean water (water quality) Water quality and availability in freshwater ecosystems

Marine environmental status Marine biodiversity and ecosystem health

Nature protection and restoration (all biodiversity related 
impacts) (NPR)

Natural habitats, biodiversity, conservation efforts

Maritime affairs and fisheries 
(MARE)

Fisheries (including freshwaters) Fish populations, habitats, fishing industries

Aquaculture Aquaculture practices and production

New bio industries* Opportunities and challenges in emerging biological 
industries

Energy (energy consumption) Energy use within marine and fisheries sectors

Tourism Tourism activities, attractions, natural landscapes

Regional and Urban Policy 
(REGIO)

Urban areas/regions Urban environments, infrastructures, and community 
well-being

ing, thus suggesting a multifaceted dimension of their impacts. Positive impacts 
may encompass provisioning services (food, medicines, bioenergy, and construc-
tion materials), regulating services (bio-agent control, bioremediation and shade 
provision), cultural services (aesthetic and ornamental values), and supporting 
services (soil and land reclamation through eco-restoration) (Katsanevakis et al. 
2014; Cerveira et al. 2022; Barcellos et al. 2023; Marchessaux et al. 2023; Boad-
ie-Ampong et al. 2024). While researchers investigated the impacts of IAS, im-
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portant gaps remain in linking the comprehensive assessment of IAS impacts to 
policy sectors and domains.

Protocols used in the framework of the EU Regulation 1143/2014 on IAS do 
consider current and future impacts on provisioning, regulating and cultural ser-
vices as well as impacts on human health, safety and the economy (Commission 
Delegated Regulation (EU) 2018/968 of 30 April 2018, Art 5(1)(f )). Yet, these 
impacts are described rather qualitatively, considered as aggravating factors and 
do not match the need to mobilise available information linking impacts across 
different policy sectors. The pioneering efforts of the InvaCost database provide an 
initial quantification of the economic impacts of biological invasions (Diagne et 
al. 2020), offering a foundational assessment of the financial burdens imposed by 
IAS across various sectors (Turbelin et al. 2024). To address the inherent challenges 
in evaluating these impacts, there is a pressing need for a standardised framework 
that includes consistent sectoral definitions and metrics. This would enhance the 
interoperability of impact assessments across different sectors, facilitating more 
coherent and comprehensive analyses.

The European Union’s regulatory framework plays a crucial role in addressing the 
complex and cross-sectoral issue of biological invasions. While specific regulations, 
such as the EU IAS Regulation (1143/2014/EU), the Plant Health (2016/2031/
EU) and the Animal Health legislation (2016/429/EU), set out the obligations for 
preventing and managing IAS, the effects of biological invasions are far-reaching 
and impact various other sectors that are governed by EU legislation, but which do 
not explicitly address IAS. In this complex landscape, several policies often guide 
decisions on different aspects of the same topic, while each individual policy may 
tackle more than one challenge (e.g. biodiversity loss, water quality, protection of 
livelihood), highlighting the need for a coordinated and coherent approach. One 
example of such complexity is the case of Robinia pseudoacacia. In the phytosan-
itary sector, efforts are made to eradicate this species due to its invasive nature. 
However, contrasting policies exist where subsidies are provided to encourage its 
planting to support bees and honey production. This contradiction underscores 
the necessity for coherence and alignment across policy areas to effectively manage 
biological invasions. By recognising and addressing these overlaps and mismatches, 
the EU can develop more integrated and effective strategies to manage IAS and 
their impacts across different sectors. Therefore, effective policy making to address 
the complex topic of biological invasions requires a comprehensive understanding 
of the entangled relationships between various policy sectors, and the issues and 
activities managed, grounded in a strong scientific base (IPBES 2023).

To this end, the European Alien Species Information Network (EASIN) of the 
Joint Research Centre (JRC) of the European Commission has collected quali-
tative information on the positive and negative impacts of 602 IAS on 9 policy 
sectors and 27 sector domains in Europe (Suppl. material 1). This first compila-
tion of impacts across sectorial domains (herein after primary assessment) aims at 
facilitating the exchange of information among policymakers and scientists, and 
between those active in different policy sectors and sector domains, and to identify 
gaps and challenges e.g. which sectors would benefit from more explicit inclusion 
of IAS to mitigate their impacts, or defining tailored biosecurity plans that address 
specific sectors, promoting a more effective and sustainable management of IAS. 
The preliminary results of this review were presented and discussed with interna-
tional experts at the NeoBiota workshop in Lisbon on the 3rd of September 2024, 
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to agree on methodology, and identify areas for improvement. The main aim of the 
workshop was to provide the scientific community and authorities’ representatives, 
with an overview of the data compiled, to test the methodology on a subset of 
information to gain an understanding of the suitability of the approach, and any 
potential application difficulties. In the following sections, we provide a summary 
of the primary assessment and highlight the main outcomes of the workshop.

Primary assessment

A sample of 602 IAS was extracted from the EASIN Catalogue. The selection 
of the IAS considered plant and animal species across freshwater, terrestrial, and 
marine environments, and was based on their impact as identified from several 
data sources. For these species, data on impacts were extracted from both sci-
entific and grey literature, using the Web of Science, Scopus, Google Scholar, 
and Google, which were accessed in June 2024. The following keywords were 
entered into the search engines: “impact* of [species name] on [domain], OR 
“effect* of [species name] on [domain]”, OR “influence* of [species name] on 
[domain]” OR “species [name] and [domain] impact*”, “how [species name] af-
fect* [domain]”, OR “effect* of [species name] on [domain]”, OR “influence* of 
[species name] on [domain]”, OR “[species name] and [domain] interaction*”. 
Based on this review positive and/or negative impacts of species across 27 sector 
domains (Table 1) were assessed by a team of eight experts with taxonomic and 
ecological expertise (i.e. primary assessment). This assessment focused solely on 
impacts in invaded ranges within Europe. However, in case of a lack of literature 
to support impact in Europe, references from other areas were also considered. 
For species partly native in Europe, impacts from the native range area were not 
considered. A two-step process was adopted. Initially, several hundred IAS were 
assessed by four experts. Subsequently, these IAS were reviewed by other four 
experts to identify discrepancies and ensure a consistent understanding of the 
domains and assessment protocol. The assessment then proceeded to complete 
the evaluation of all 602 IAS.

A confidence level (Suppl. material 1: Table S1) was assigned to each species’ 
impact using a framework that considers the nature, coverage, quality and consis-
tency of evidence (Suppl. material 1: Table S1) of the highest (negative or positive) 
reported impact. Positive and negative impacts can be documented for the same 
species within the same domain or across different domains (Table 2).

Table 2. Definitions of impact types, i.e. negative and positive, modified from Vimercati et al. (2022). DD refers to data deficient infor-
mation.

Impact type Definition

negative A decrease in a policy sector attribute, value-free (i.e. not influenced by human ethical values) driven by IAS. Negative impacts are 
reported considering the availability of relevant studies in a policy sector. E.g. Halyomorpha halys in agriculture: damaging a wide 
variety of crops, including fruits, vegetables, and ornamentals. The stink bug feeds on plant tissues, leading to blemishes on fruits and 
vegetables, which can render them unmarketable. This feeding can also cause deformation and premature fruit drop.

positive An increase in a policy sector attribute, value-free (i.e. not influenced by human ethical values) driven by IAS. Positive impacts are 
reported considering the availability of relevant studies in a policy sector. E.g. Bonnemaisonia hamifera as a feed supplement for dairy 
cows. The algae contains bioactive compounds that have the potential to reduce methane emissions during enteric fermentation, a 
natural digestive process in ruminants that produces methane as a byproduct.

DD No information to classify the species with respect to its impact, or insufficient time has elapsed since its introduction for impacts to 
have become apparent.
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The selected IAS are reported as having an impact from several data sources, i.e. 
DAISIE, CABI, GISD, NOBANIS (EASIN protocol). Specifically for species of 
Union concern under the EU Regulation 1143/2014, the impact is supported by 
in-depth assessments of experts considering species’ negative effects on: i) biodiver-
sity, ii) ecosystem services, iii) economic, and iv) social and human health, follow-
ing a procedure laid down by Commission Delegated Regulation (EU) 2018/968, 
outlining minimum standards for risk assessment (Roy et al. 2018).

Impact results

“Nature Protection and Restoration” was the domain most impacted by IAS across 
policy sectors, with over 300 impacting IAS (Fig. 1). This domain encompasses all 
types of impacts on biodiversity (e.g. predation, competition for resources, parasit-
ism, etc.). It is followed by Agriculture, Plant Health, Animal Health and Human 
Health (>100 IAS, Fig. 1). The intersection of these domains and impacting IAS 
(Fig. 2), shows that Plant Health and Agriculture share the highest number of 
IAS (>70 IAS), and that approximately thirty IAS are common to all five domains 
(Fig. 2). Nature Protection and Restoration has a distinct set of 51 IAS that impact 
on biodiversity (Fig. 2). Fewer than twenty species are unique to each of the Plant, 
Animal and Human domains respectively (Fig. 2).

The highest number of IAS plants and animals assessed was terrestrial; marine 
species were the least considered (Suppl. material 1: Fig. S1a). Thirty-one species 
showed overlap between environments (Suppl. material 1: Fig. S1b).

These domains are characterised by a high confidence in their assessment, thus 
suggesting robust scientific evidence to support the findings (Fig. 3).

Fig. 3 shows IAS with positive and negative impacts on the same sector. For 
example, Ambrosia trifida is one of the most difficult weeds to manage in many 

Figure 1. Number of IAS impacting across sectorial domains. Green bars indicate domains with the highest number of impacting IAS 
(both negative and positive). ‘NPR’ and ‘SMEs’ refer to Nature Protection and Restoration and Small and Medium Enterprises respec-
tively (see Table 1 for details).
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Figure 2. Intersections between the most impacted domains (>100 IAS) i.e., Nature Protection and Restoration (“NPR”), Agriculture, 
Plant, Animal and Human Health. Number of IAS that are common or unique to domains (‘intersection size’) as indicated by bottom 
matrix, which links the domains sharing the same species. ‘NPR’ and ‘SMEs’ refer to Nature Protection and Restoration and Small and 
Medium Enterprises respectively. Upset plot generated using “UpsetR” package (Conway et al. 2017).

countries, resistant to herbicides, and a competitor with crops for light, moisture, 
and nutrients (Liebman et al. 2020; Kato-Noguchi and Kato 2024). However, it 
yields considerable amounts of forage of high nutritive value (Bassett et al. 1982; 
Chauvel et al. 2021) and could be used for phytoremediation and phytostabilisa-
tion (Kang et al. 1998).

Negative impacts were by far more prevalent than positive impacts, the lat-
ter constituting about 10% to 16% respectively for plants and animals (Fig. 4a, 
b). However, differences across environments were apparent. For example, ani-
mals had a similar percentage of negative impacts on freshwater and terrestrial 
environments (47.03% vs. 40.17%), whilst plants especially impacted terrestrial 
environments (76.3%) (Fig. 4a, b). This difference is primarily related to the in-
herent characteristics of animal and plant taxa. Many animals, such as Myocastor 
coypus, have life cycles that allow them to occupy multiple habitats, leading to a 
more balanced impact across freshwater and terrestrial environments. In contrast, 
plants tend to have more localised impacts, predominantly affecting the specific 
environments they inhabit (e.g. Acacia dealbata). This is further influenced by the 
selection of plant species in our analysis, where we included 215 terrestrial species 
(including 3 species adapted to muddy floodplains and wet areas, e.g. Gymno-
coronis spilanthoides) and 38 species exclusive to freshwater environments, and 16 
marine IAS. This selection contributes to the observed skew towards terrestrial 
impacts for plants.
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Figure 3. a. Number of IAS that were assessed as impacting negatively and/or positively each sector domain. No impacts were identified for the 
‘Security’ and ‘Efficiency’ sector domains; b. Bubble plot of the distribution of confidence levels for negative and positive impacts across sector 
domains. The size of each bubble represents the number of IAS that display the corresponding confidence level and impact. DD = data deficient.

Figure 4. Distribution of impact types across environments: a) Pie-donut chart for Animals (N = 319 IAS) combining positive and 
negative impacts on freshwater, marine and terrestrial environments. b) Pie-donut chart for Plants (N = 269 IAS) combining positive and 
negative impacts on freshwater, marine and terrestrial environments.
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Workshop

Focus groups

The workshop hosted 54 participants, including representatives from Member State 
Competent Authorities, experts and researchers. The results of the primary assess-
ment done by EASIN based on the literature review were presented to the partic-
ipants outlining the aims of the workshop and levelling the understanding of IAS 
impacts. Following this, nine six-member focus groups applied the review method-
ology to a subset of 49 IAS (about 5 IAS per group) across environments (Suppl. 
material 1). These species had already been evaluated in the primary assessment. The 
groups’ work aimed at defining assigned species’ primary assessment and to discuss 
and report on difficulties they encountered in assessing the impacts on the specific 
policy sector domains, based on the scientific evidence provided. The facilitators 
presented the participants with an online Google form for compiling the assessment 
and a guidance per IAS (Suppl. material 1). This guidance contained definitions of 
types of impact and confidence levels, including excerpts of published texts for each 
species, which were used in the primary assessment, to help participants in their 
evaluation. Participants were bound for their evaluation to the information that was 
provided for each species. The participants within a group collaborated to assess the 
species. Each of them reviewed the sources, using printed copies of the assessment 
guidance provided, and reached a consensus for the final evaluation. Consequent-
ly, each group completed the Google form once. The assessments from the focus 
groups were immediately processed for analysis and the results were reported back 
to the plenary to validate the results and ask for additional inputs.

Outcomes

The EASIN primary assessment identified 23 domains on the subset of 49 IAS, 
compared to the 27 domains identified by workshop participants (Suppl. materi-
al 1: Fig. S2). Four new domains impacted either negatively or positively by these 
IAS were identified: Maritime (Port) including inland (e.g., for Asparagopsis arma-
ta, Myriophyllum aquaticum, Styela clava), New Bio Industries (e.g., for Asparagop-
sis armata, Arundo donax, Corbicula fluminea, Metapenaeus stebbingi, Grateloupia 
turuturu), Energy and security (e.g., Castor canadensis, Arundo donax, Myriophyl-
lum aquaticum, Neltuma juliflora, Eucalyptus camaldulensis), and Energy efficiency 
(e.g., Corbicula fluminea, Myriophyllum aquaticum, Ctenopharyngodon idella, Styela 
clava). These new domains either replaced proposed ones or were added. For ex-
ample, the marine red alga Asparagopsis armata, initially assessed as impacting the 
“Marine Environmental Status” domain, was instead indicated as impacting “Mar-
itime (Port)”. For other species, such as the Asian clam, Corbicula fluminea, partic-
ipants also identified additional impacted domains. Unlike the EASIN primary as-
sessment, which identified 27/49 species with both positive and negative impacts, 
workshop participants identified 24 species, with a greater disparity between neg-
ative and positive impacts (Suppl. material 1: Fig. S3). One possible explanation 
for this discrepancy could be the limited time and training available to participants 
during the workshop, which might have influenced their ability to fully consider 
and evaluate both types of impacts. Additionally, experience bias may have played a 
role, as participants might have been more influenced by their personal experiences 
or prevailing narratives, leading to a skewed perception of the impacts.
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Confusion matrices and Cohen’s Kappa (Cohen 1960) were used to evaluate 
agreement between the primary assessment and workshop participants for each 
IAS, sector domain, impact type, and confidence level (Table 3a–c). The results 
indicated moderate (0.41 < κ < 0.60) to substantial (0.61 < κ < 0.80) agreement 
across all areas (Landis and Koch 1977), suggesting an overall good consistency.

Discussions insights

Participants highlighted key challenges in assigning IAS impacts on policy sectors 
and domains, underlining the need for continued research, collaboration, and the 
development of more refined tools for cross-sectoral assessments of IAS impacts. 
Furthermore, three main issues were raised by participants:

First, the scale of impacts. Participants noted the uncertainty in the assigned 
impacts due to geographical scale. The impacts can vary significantly depending on 
regional, ecological, economic, and social contexts, necessitating a more nuanced 
approach that considers geographical and contextual differences. A case in point 
is Codium fragile subsp. fragile, commonly known as green sea fingers, which has 
been found to impact Fucus serratus, another seaweed species, but only on the 
southwest coast of Norway, where a specific study was conducted (Armitage et. 
al 2014). This geographical variability in impacts poses a significant challenge in 
developing coherent European policies and management strategies. As a result, it 
is recommended that the assessment specifies the geographical areas where this 
impact has been recorded. Furthermore, the lack of empirical evidence for cer-
tain species in natural environments presents a substantial challenge, particularly 
for species assessed to have significant impacts in areas such as agricultural pest 

Table 3. Cohen’s Kappa per sector domain, impact type and confidence level (for positive and neg-
ative impact types). Numbers show the detailed classification results of the primary assignment and 
workshop participants on the IAS subset (49 IAS) across domains, negative and positive impacts and 
related confidence levels.

a) Sector domain

Kappa 54%

Proportion of observed agreement 80%

Proportion of agreements expected by chance 55%

b) Impact type

Negative Positive

Kappa 60% 71%

Proportion of observed agreement 79% 90%

Proportion of agreements expected by chance 49% 65%

c) Confidence level

NEGATIVE High Medium Low

Kappa 63% 57% 61%

Proportion of observed agreement 81% 78% 86%

Proportion of agreements expected by chance 49% 50% 66%

POSITIVE High Medium Low

Kappa 80% 59% 69%

Proportion of observed agreement 97% 84% 90%

Proportion of agreements expected by chance 85% 60% 67%



305NeoBiota 102: 295–312 (2025), DOI: 10.3897/neobiota.102.152015

Chiara Magliozzi et al.: Assessing invasion impacts across sectors

management and biodiversity. The existing literature tends to focus on mitigating 
specific impacts, while future research should explore the underlying mechanisms 
driving these impacts.

Second, considering positive and negative impacts of a species in its native envi-
ronment. For example, Misgurnus anguillicaudatus, the dojo loach, can have a pos-
itive effect on rice cultivation, by potentially controlling pests and weeds (Clavero 
et al. 2015). It serves as an important food source for many aquatic birds, including 
herons, gulls, ducks, and waders (Clavero et al. 2015). However, the high availabil-
ity of the dojo loach in rice fields can trigger hyper-predation processes, driving 
the decline of native taxa (Clavero et al. 2015). Finally, M. anguillicaudatus is a 
high-demand species for aquaculture in several East Asian countries (Yan et al. 
2017). This example highlights the complex and multifaceted nature of ecological 
interactions, emphasising the need for a comprehensive understanding of these im-
pacts. The goal is to ensure that management decisions are informed by a balanced 
view of all potential outcomes, thereby promoting sustainable ecological practices.

Participants also raised concern over the challenge of assigning confidence levels to 
impacts, especially when existing evidence is biased. Future research plays a key role 
in impact evaluation and to provide information for balancing positive and negative 
impacts of IAS. To this end, the consensus on how to consider confidence is funda-
mental, and should be aligned with the robustness of collected evidence, to stress 
the need for selecting robust references across geographical areas. Participants also 
highlighted the importance of including independent sources (e.g. multiple, unbi-
ased entities), even if they refer to single study cases, particularly for emerging pests.

Third, refining the sectorial domains categories would enable a more nuanced 
understanding of IAS impacts. For example, Corbicula fluminea, a species that has 
been included in the categories “Nature Protection and Restoration” and “Indus-
try”, has more specific impacts, including biofouling and effects on power gener-
ation and water treatment industries (NNSS 2015). Workshop participants sug-
gested that refining the sectoral domain categories with subdivisions would better 
link the impacts of IAS to the relevant domains. For example, the broad domain of 
‘Nature Protection and Restoration’ could be divided into subcategories, thereby 
allowing the leveraging of existing work on biodiversity impacts, e.g. the EICAT 
framework (Blackburn et al. 2014; Hawkins et al. 2015).

These three groups of recommendations were prioritised for action, considering 
future developments of the primary assessment in a policymaking context.

Conclusions

This study has highlighted gaps and opportunities in the current understanding 
and assessment of IAS impacts across policy sectors and domains.

The impact assessment approach requires acknowledging the complexity of 
evaluating diverse impacts across numerous sectoral domains. The foundational 
methodology applied reflects a necessary simplification to effectively manage this 
complexity. However, integrating semi-quantitative metrics could significantly en-
hance the interoperability of impact assessments across sectors. Future research can 
achieve greater consistency and comparability, enhancing the utility of economic 
data for decision-making and policy development. This work will build upon the 
foundation established by the economic data contained in the InvaCost database, 
and support the integration of monetary evaluations from European General Di-
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rectorates, responsible for policy development and implementation. The ultimate 
aim is to enhance the comparability and interoperability of impact assessments 
across regulated sectors.

The primary assessment is intended to address these gaps and be regularly up-
dated through the EASIN network, which will provide open and free access to 
IAS impacts through its web tools. This initiative offers an opportunity to inform 
policy to tackle more efficiently biological invasions. Within the context of the 
JRC EASIN, the assessment serves as a foundational resource for facilitating the 
exchange of critical information between policymakers and scientists and liaise 
with economic data on impacts (e.g. InvaPact).

A future direction could consider addressing spatial granularity of the primary 
assessment. While the current approach presents precautionary scenarios for each 
species, i.e. highest confidence for worst and best impacts, there is an increasing 
knowledge linking different impacts in various locations or even in the same lo-
cation over time, influenced by rapid traits changes, driven by environmental and 
socio-economic context.

In addressing the impacts of IAS, it is crucial to understand and manage IAS 
impacts to sector domains, in a more integrated way. Assessments that consider 
impacts of IAS in multiple domains are essential for prioritising species in the 
broader policy context. This is true also within the environmental sector where 
different biodiversity initiatives are conducted, such as species protection and 
habitats restoration, ensuring more effective allocation of resources. This will 
allow users to link this information to repositories storing costs for IAS man-
agement, direct and indirect damages (e.g. InvaCost – Diagne et al. 2000, LIFE 
projects, Interreg). To this end, the InvaCost database has revealed significant 
gaps in research efforts, particularly in high-income regions and on certain taxa, 
such as animals, while often overlooking regions and species with potentially 
substantial but undocumented impacts (Diagne et al. 2021). This aligns with 
the findings in our paper, which highlight the lack of empirical evidence for 
numerous species in natural environments, particularly those with significant 
implications for agricultural pest management and biodiversity. The existing lit-
erature focus on mitigating specific impacts rather than exploring the underly-
ing damages mechanisms parallels the gaps identified in InvaCost, suggesting 
a systematic oversight in comprehensively understanding the effects of IAS. To 
this end, the InvaCost database has shown significant biases in research efforts, 
particularly in high-income regions and certain taxa, such as animals, while often 
overlooking regions and species with potentially substantial but undocumented 
impacts (Diagne et al. 2021).

In addition to species-specific information, our approach is essential for 
identifying critical sectors requiring improved mitigation measures and for 
tailoring biosecurity plans to address the specific needs of each sector, while 
also emphasising the role of international cooperation in managing IAS threats 
(European Commission 2024). We encourage the scientific community to share 
their initiatives, work results and insights, to contribute to the primary assessment 
promoting access to this information for both policy and research purposes.

The commitment to this ongoing research, data sharing, and policy develop-
ment within the JRC EASIN context ensures that these efforts remain dynamic 
and responsive to emerging challenges, ultimately contributing to European and 
global environmental protection initiatives and sustainability.
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