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to ensuring consistency in content of IAS risk assessments globally, and this can be
achieved by providing a framework of minimum standards as a checklist for quality
assurance.

2. From a review of existing risk assessment protocols, and with reference to the

requirements of the EU Regulation on IAS (1143/2014) and international
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agreements including the World Trade Organisation, Convention on Biological
Diversity and International Plant Protection Convention, coupled with consensus
methods, we identified and agreed upon 14 minimum standards (attributes) a risk-

assessment scheme should include.

. The agreed minimum standards were as follows: (1) basic species description; (2)

likelihood of invasion; (3) distribution, spread and impacts; (4) assessment of intro-
duction pathways; (5) assessment of impacts on biodiversity and ecosystems; (6)
Assessment of impact on ecosystem services; (7) assessment of socio-economic
impacts; (8) consideration of status (threatened or protected) of species or habitat
under threat; (9) assessment of effects of future climate change; (10) completion
possible even when there is a lack of information; (11) documents information
sources; (12) provides asummary in a consistent and interpretable form; (13) includes
uncertainty; (14) includes quality assurance. In deriving these minimum standards,
gaps in knowledge required for completing risk assessments and the scope of exist-
ing risk assessment protocols were revealed, most notably in relation to assessing
benefits, socio-economic impacts and impacts on ecosystem services but also inclu-

sion of consideration of climate change.

. Policy implications. We provide a checklist of components that should be within in-

vasive alien species risk assessments and recommendations to develop risk assess-
ments to meet these proposed minimum standards. Although inspired by
implementation of the European Union Regulation on invasive alien species, and as
such developed specifically within a European context, the derived framework and

KEYWORDS

1 | INTRODUCTION

Invasive alien species (IAS) are considered one of the greatest threats
to biodiversity through their interactions with other drivers of change
(Bellard, Cassey, & Blackburn, 2016; Early et al., 2016; Seebens et al.,
2017; Tittensor et al., 2014). Several international agreements (in-
cluding those within the Convention on Biological Diversity and the
International Plant Protection Convention) recognize the negative
impacts of IAS (Turbelin, Malamud, & Francis, 2016) and reflect the
growing concerns of policy-makers, scientists, stakeholders and soci-
ety. As the number of IAS arriving in new regions escalates (Seebens
etal.,, 2017), there is an increasing need for robust analysis of risks
to inform prioritization of management. Risk analysis is a broad term
encompassing both risk assessment (technical and objective process
of evaluating biological or other scientific and economic evidence to
identify potential IAS and determine the level of invasion risk associ-
ated with a species or pathway) and risk management (Benke, Steel, &
Weiss, 2011; Genovesi, Scalera, Brunel, Roy, & Solarz, 2010; Heikkil3,
2011). There can be considerable confusion with respect to the defi-

nitions and delimitations of the terms in use to describe risk analysis

minimum standards could be applied globally.

biodiversity impacts, biological invasions, consensus methods, European union, invasive alien

species, legislation, management, prioritization, risk assessment, socio-economic impacts

and associated processes such as risk assessment (Roy et al., 2014);
however, broadly risk assessment can be defined as “the evaluation of
entry, exposure and consequence” (Vanderhoeven et al., 2017). The
inclusion of entry or introduction within a risk assessment framework
ensures relevance to pre- and post-border management (McGeoch
etal., 2016).

Risk assessment is essential for underpinning many compo-
nents of IAS policy, for example EU Regulation No 1143/2014, and
decision-making including prevention (to inform legislation and jus-
tify restrictions, such as on trade and/or consumer activities), early
detection (warning) and rapid response (prioritizing action and guid-
ing surveillance) and long-term control (prioritizing species for con-
trol and monitoring) (Beninde, Fischer, Hochkirch, & Zink, 2015;
Genovesi, Carboneras, Vila, & Walton, 2015; Tollington et al., 2015).
Additionally, risk assessments are required to justify measures that
may affect trade without infringing the rules and disciplines of the
World Trade Organisation (WTO) (Shine et al., 2010) and for communi-
cating with other sectors such as those with conservation remits (Pergl
et al., 2016). Therefore, there is a need for a framework to ensure risk

assessments generate consistent and comparable outcomes to enable
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information exchange (Brunel et al., 2010) and prioritization of IAS
at multiple scales ensuring strategic and effective responses globally
(McGeoch et al., 2016).

At both international and regional levels, as well as among coun-
tries, there is huge variation in how the risks posed by alien species
are assessed and this in part depends on the context and objectives
of the risk assessment. The available risk assessment schemes vary
widely in approach, objective, implementation, environments and taxa
covered (Verbrugge, Leuven, & van der Velde, 2010), and the major-
ity are based on qualitative methods, even though the need to de-
velop quantitative approaches has been recognized (Essl et al., 2011;
Genovesi et al., 2010; Leung et al., 2012). Major hurdles preventing
the use of a robust quantitative risk assessment method are the lack of
data (Kulhanek, Ricciardi, & Leung, 2011), high taxonomic, geographic
and impact specificity of available methods (Gallardo et al., 2016) and
challenges in interpretation and communication (Biosecurity New
Zealand, 2006).

Here we provide guidelines which, to our knowledge, are the
first to include comprehensive standards that risk assessments of
alien species across a wide range of taxonomic groups should ful-
fil within an environmental context. From a review of existing risk
assessments coupled with consensus methods, we derived a set of
minimum standards which a risk assessment protocol should include.
The process of deriving the minimum standards revealed gaps in the
scope of existing protocols and so we provide recommendations for

further developing these to meet the proposed minimum standards.

2 | SELECTION OF RISK-ASSESSMENT
METHODS TO DERIVE THE PRELIMINARY
LIST OF MINIMUM STANDARDS

To identify the most relevant risk assessment protocols, we followed

a sequential step-wise process:

1. A literature search for IAS risk assessment schemes used world-
wide, and their applications was performed using the Internet
and scientific literature databases (Thomson Reuters Web of
Science, Google Scholar), which were investigated through com-
binations of relevant keywords: risk analysis, risk assessment,
invasive alien species, non-native, biological invasions, black list,
pathways, uncertainty, biosecurity.

2. The lists of references in these publications were cross-checked for
additional relevant publications.

3. The publications were filtered by examination of the abstracts and
“material and methods” sections, resulting in 70 papers providing
original risk assessment methods and their applications being re-
tained for further consideration. This involved the collation of risk
and impact assessment protocols from which to derive criteria for
the development of minimum standards.

4. The list of 70 publications was further reduced by elimination of
those in which an existing risk assessment scheme was not modi-

fied but simply applied to a different geographic region (e.g.

countries or other regions) or specified taxonomic group or groups.
Some schemes were excluded because of their high specificity to a
geographic region or taxonomic group. The selection process iden-
tified 33 publications (supporting information Table S1) represent-
ing 29 different risk assessment schemes (noting that some risk
assessments were reported in multiple publications but within the

context of specific taxonomic groups or environments).

3 | PRELIMINARY LIST OF ATTRIBUTES
DERIVED FROM RISK AND IMPACT
ASSESSMENT PROTOCOLS

The risk assessment schemes and their protocols are diverse and
consequently include many attributes for consideration as potential
minimum standards. We reviewed the selected risk assessments,
alongside requirements documented within the EU Regulation No
1143/2014 and international agreements including WTO, Convention
on Biological Diversity and the International Plant Protection
Convention, to compile a preliminary list of attributes (supporting in-
formation Table S2) for subsequent evaluation through a consensus
workshop.

4 | CONSENSUS WORKSHOP

Consensus methods (Sutherland, Fleishman, Mascia, Pretty, & Rudd,
2011) were employed during a 2-day workshop to distil the criti-
cal components of risk assessments that, through expert opinion
and consensus, were agreed as essential to achieve overarching as-
sessment of the risk of an IAS, regardless of the specific approach
taken and with relevance across taxa, environments and geographic

regions.

4.1 | The experts

The described minimum standards were derived in the context of the
EU Regulation “On the prevention and management of the introduc-
tion and spread of invasive alien species” (European Union, 2014).
Thus, they have been designed for underpinning IAS policy implemen-
tation on a continental scale, but they will arguably be informative for
developing IAS policies globally. Given the EU focus of the underlying
policy, 35 European experts from 17 European countries contributed
to the development of the minimum standards in a transparent, col-
laborative and objective manner. Of these, 30 attended the consen-
sus workshop and the remaining five were involved in the pre- and
post-consultation. The experts represented a breadth of expertise
across taxonomic groups (all taxa, excluding micro-organisms), envi-
ronments (freshwater, marine and terrestrial), impacts (environmen-
tal, socio-economic and health) and disciplines (ecological scientists,
plant health, economists, conservation practitioners, policy-makers,
risk assessors).
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4.2 | Preliminary consultation

The preliminary consultation phase involved the provision of a pre-
liminary list of risk assessment attributes to all contributing experts
2 weeks before the workshop. Experts were asked to rank the impor-
tance of each as a minimum standard on a scale of 1-5 (low to high
importance, respectively). Experts were also asked to provide addi-
tional attributes that were not included within the preliminary list of

attributes.

4.3 | The workshop

The 2-day workshop was held in Brussels (27-28 March 2014).
Participants contributed to discussions on each attribute for the pre-
liminary list in relation to key themes of the risk assessment process:
introduction, establishment and dispersal, environmental and socio-
economic impacts. The discussions were consolidated through a vot-
ing process during which experts were asked to express agreement or
disagreement with inclusion of each attribute as a minimum standard.
In most cases, the participants were in unanimous agreement, but
where there was substantial divergence in opinion, further discussion
was invited to explore the basis of disagreement. In most cases, this
led to re-wording of the minimum standard and subsequent consen-
sus from the group. Therefore, the preliminary long list of attributes
was modified substantially.

5 | MINIMUM STANDARDS DERIVED
BY CONSENSUS

The annotated list of 14 minimum standards finally agreed upon is as
follows:

5.1 | Description (taxonomy, invasion history,
distribution range (native and introduced), geographic
scope, socio-economic benefits)

The description of the species should provide sufficient information
to ensure the risk assessment can be understood without reference
to additional documentation. This is essential for decision-makers to
ensure they have rapid access to the relevant information for their
needs.

5.2 | Likelihood of introduction, establishment,
spread and magnitude of impact

The risks of introduction, establishment, spread and impact are the
four main components of alien species risk assessments. The risks of
introduction and establishment are usually expressed as “likelihood,”

ENG

dispersal as “likelihood,” “rate” or “rapidity” and impact as both “likeli-
hood” and “magnitude” of a detrimental effect. This minimum stand-
ard is relevant for full risk assessments and only in part (spread and

magnitude of impact) for assessments which consider impact alone.

Assessors should use the best available evidence but transparently
document where information may be lacking. It may take into account

extrinsic factors, such as pathways and propagule pressure.

5.3 | Description of the current and potential
distribution, spread and magnitude of impact

The description of current and potential distribution within the in-
vaded range coupled with information on spread capacity and the
magnitude of impact contributes to the classification of an alien spe-
cies as invasive or not. This minimum standard expands descriptively
on the previous minimum standard, providing an overview of docu-
mented information, and is critical for both full risk assessments and

impact assessments.

5.4 | Inclusion of multiple pathways and vectors
of introduction and spread both intentional and
unintentional

Information on the mode of introduction including pathway informa-
tion (CBD, 2014) is essential for informing IAS management strate-
gies. All pathways of entry and spread should be considered for a
given species, and pathway categories should be clearly defined
and sufficiently comprehensive to ensure interoperability with other
assessments.

5.5 | Assessment of environmental impacts
with respect to biodiversity (and ecosystem)
patterns and processes

Environmental impact should consider negative effects on biodiver-
sity (genetic and species) as well as on the structure and function (pro-
cesses) of natural or semi-natural ecosystems (e.g. habitat diversity
and complexity, succession, food web dynamics, nutrient and energy
cycles).

5.6 | Assessment of adverse impacts with respect to
ecosystem services

The assessment of adverse impacts to ecosystem services was ac-
knowledged as difficult because empirical evidence is often sparse
and such an assessment requires an agreed list and/or classification
of ecosystem services. The Common International Classification of
Ecosystem Services (CICES) (http://cices.eu/), although still a work in
progress, is currently commonly endorsed as the preferred classifica-
tion system. However, while further progress is made on common clas-
sification of ecosystem services, it is foreseen that assessment would
be at qualitative and descriptive level to meet this minimum standard.

5.7 | Assessment of adverse socio-economic impacts

Assessment of adverse socio-economic impacts by alien species
should cover a range of possible socio-economic consequences,
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encompassing relevant economic sectors and aspects of human
health, including broader well-being. As per the general nature of risk
assessments, the assessment should focus on the negative/adverse
impacts to inform decision-makers of the potential risks, with possible
socio-economic benefits of IAS outlined qualitatively in the general
description (cf. minimum standard 1). Recently, a standardized method
for classifying alien taxa in terms of the magnitude of their impacts
on human well-being based on the capability approach from welfare
economics has been developed (Bacher et al., 2017). A systematic
assessment of IAS socio-economic impacts, such as SEICAT, would
require a common list and/or classification of documented impacts
(and it should be noted that it is also essential to include potential
but so far undocumented impacts). Here, a preliminary classification is
provided (supporting information Table S3), which builds on the cur-
rent, commonly identified socio-economic consequences, that is loss

of biodiversity and degradation of ecosystems and related services.

5.8 | Status (threatened or protected) of species or
habitat under threat

Threatened species and habitats are those that are “critically en-
dangered,” “endangered” or “vulnerable” according to the Red Lists
relevant for the assessment area (www.iucnredlist.org/technical-
documents/categories-and-criteria) (Keith et al., 2013). It is feasible
that any impact on a threatened species or habitat could be more criti-
cal, or perceived as being more critical, than on species and habitats
of “least concern” because threatened species and habitats of spe-
cific conservation concern may be (or perceived to be) less resilient
in the face of biological invasions (Stohlgren et al., 1999). However,
when severely threatened by an IAS, a common species or habitat
may also eventually become designated as threatened, and this high-
lights the importance of regular review of risk assessments. Useful
sources to look for species potentially affected include the European
Alien Species Information Network (EASIN, http://easin.jrc.ec.europa.
eu/); Global Invasive Species Database (GISD, www.iucngisd.org/
gisd/); CABI-Invasive Species Compendium (www.cabi.org/isc/);
Global Register of Introduced and Invasive Species (GRIIS, http://griis.
org/); European Network on Invasive Alien Species (NOBANIS, www.

nobanis.org/); and/or DAISIE database (www.europe-aliens.org/).

5.9 | Possible effects of climate change in the
foreseeable future

Alien species may be in the process of establishing or expanding
when they are first assessed, and so it is essential to consider not
only the current situation but also predictable changes in the fore-
seeable future (where the time-scale should be clearly defined and
appropriate to the specific IAS under assessment). Alien species may
benefit from climate change, and therefore, risk assessments should
take possible effects into account. For instance, climate change can
alter patterns of human transport, changing the propagule pressure
of species with the potential to become invasive (Hellmann, Byers,
Bierwagen, & Dukes, 2008). Climate change may also prolong the

optimal climatic conditions for successful colonization or provide con-
ditions that are closer to the climatic optimum of IAS (Walther et al.,
2009). Additionally, climate change may increase the rate of spread
and extend suitable areas for IAS, which might offer new opportuni-
ties for repeat introductions via corridors and unaided introductions
(so increasing propagule pressure). Extreme events such as floods,
tsunamis and strong winds may directly help IAS spread and indirectly
open new areas for colonization. One approach to investigate the po-
tential consequences of climate change for IAS is to revisit compo-
nents of the risk assessment in the light of predicted climate changes
(supporting information Table S4).

5.10 | Data limitations

The best available evidence should be used throughout the risk
assessment process. There may be a paucity of information on some
species, but it is essential that risk assessment can still proceed, with
precautionary approaches applied where appropriate, to enable
decision-makers to undertake risk management. Therefore, it is criti-
cal that the range of sources, including expert opinion, is accompanied
by a statement indicating the assessor’s confidence level in the qual-
ity and reliability of the data/information (see minimum requirement
13). Additionally, risk assessments should be reviewed regularly and
revised when new data and/or information becomes available.

5.11 | Information sources

The information sources should be well documented and supported
with references to the scientific literature (peer-reviewed publica-
tions). If this is lacking, then it may also include other sources (“grey lit-
erature” and expert opinion). In all cases, confidence levels should be

assigned to the information sources (see minimum requirement 13).

5.12 | Summary of the different components of the
risk assessment in a consistent and interpretable
form and an overall summary

Many risk assessments are divided into related component sections
corresponding to invasion stages such as introduction, establishment,
spread and impact alongside an overall summary. Both the individual
questions (protocols) and the system summarizing risks should be
consistent and unambiguous. The summary information could be as a
nominal scale (e.g. low, medium, high risk) or numerical scale (1 = low
risk to 5 = high risk). It is important that clear interpretation guidance
or definitions of the summaries are provided for each component of
the risk assessment so that decision-makers can rapidly refer to the
most pertinent aspects for their needs.

5.13 | Uncertainty (confidence)

For many biological invasions, there may be a lack of information and
a high degree of uncertainty surrounding the risk assessment, sim-
ply because the species may not have been the subject of previous
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study, and this may be both for the species’ native and introduced
ranges. Alternatively, there may be information available, but the
assessor may still have a level of uncertainty with respect to the
interpretation of the information into a response to a risk assessment
question. Therefore, it is essential that the answers provided within
risk assessments are accompanied by an uncertainty ranking (e.g. cer-
tainty or confidence level) from the assessor (Baker et al., 2008). The
Intergovernmental Panel on Climate Change (Mastrandrea, Heller,
Root, & Schneider, 2010) provides a framework for a consistent ap-
proach to the treatment of uncertainties whereby confidence is con-
sidered as a function of evidence and agreement. Evidence relates to
the type, amount, quality and consistency of the data (D’hondt et al.,
2015).

5.14 | Quality assurance

It is important that the quality of the risk assessment is assured. There
are many possible approaches to quality assurance, from peer review
after the risk assessment has been conducted through to the involve-
ment of a panel of experts invited to review the risk assessment in a
collaborative manner to ensure that it is “fit for purpose” (Mumford
et al.,, 2010). Eliciting multiple expert opinions and their associated
confidence levels provides the possibility of deriving the degree of
agreement between experts (Vanderhoeven et al., 2017).

It is important to note that while all the minimum standards are
relevant for risk assessments, covering pre-invasion and post-invasion
processes, while most but not all are also relevant to impact assess-
ments. Specifically, the minimum standards that include assessment or
description of entry (namely 2. Likelihood of invasion; 3. Distribution,
spread and impacts; 4. Assessment of introduction pathways;
Figure 1) would not be comprehensively considered within an impact

assessment.

6 | CONCLUSIONS AND
RECOMMENDATIONS

It is essential that risk assessments are repeatable, reliable and robust
if they are to underpin IAS policy and decision-making. The minimum
standards described here were developed within the context of the
EU Regulation on IAS but have applicability to risk assessments world-
wide. The 14 minimum standards provide a checklist against which a
risk assessment scheme can be evaluated within the context of the
process of invasion and management approaches (Figure 1). However,
the process of deriving the minimum standards revealed gaps in the
scope of risk (and impact) assessments (Table 1) and the knowledge
required for completing them. This was most notable in relation to
the assessment of impacts on ecosystem services, socio-economic ac-
tivities and the likely impact that future, predicted changes in climate
could have on the species under assessment. However, we suggest
checklists for ensuring a structured approach to these broad themes
with regard to the threat posed by the species under assessment.
Our study provides a starting point for the inclusion of these relevant

perspectives within risk assessments, but further interdisciplinary
work is required to inform a more robust risk assessment framework.
It is anticipated that such frameworks will emerge over the next few
years, and SEICAT (Bacher et al., 2017) is an encouraging develop-
ment in this regard.

Of the 29 risk assessment protocols reviewed, three were consid-
ered to be nearly compliant: GB Non-Native Risk Assessment, EPPO
Pest Risk Assessment and Harmonia®, but even these required mod-
ifications to meet fully the minimum standards. Indeed, all three of
these risk assessment protocols have by now been enhanced to meet
the minimum standards—demonstrating the utility of this approach.
Furthermore, at least one further protocol, the Aquatic Species-
Invasiveness Screening Kit (AS-1SK) has ensured consistency with the
minimum standards (Copp et al., 2016). An additional component was
included to provide background information on the species alongside
questions on potential socio-economic impacts and those on ecosys-
tem services. Furthermore, additional six questions were added to en-
able the assessor to consider how forecasted changes in climate are
likely to influence the risks of introduction, establishment, dispersal
and impact of a species (Copp et al., 2016).

Lack of empirical evidence is perhaps the greatest constraint to
ensuring risk assessment is sufficiently reliable; however, expert opin-
ion can provide complementary information. Additionally, there are a
number of impact assessment schemes that do not comply because
they do not consider the introduction phase of the invasion process
but still have utility in providing structured frameworks to inform the
content on impacts within a full risk assessment.

There is a clear need to develop harmonized approaches to ensure
effective risk assessment of alien species to provide an evidence base
for informing decision-making and so ultimately conservation action.
Although information gaps and lags in provision of empirical evidence
for assessing IAS as they arrive within a new region are inevitable, it
is essential that the process of assessing the threat posed by an alien
species is transparent and robust. Furthermore, communication and
information exchange are essential for enabling a global response to
IAS and as such the minimum standards described here provide an
acceptable and practical check list which would achieve the aspired

outcome.
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