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Executive Summary
Invasive alien species (IAS) have multiple impacts on biodiversity, related ecosystem
services, human health and the economy, while their management brings further
consequences. We reviewed the available methodologies to assess and analyse the costs
and benefits of relevance to IAS prevention and management, including economic,
biodiversity, environmental, social and welfare considerations, measured in different
currencies. On the basis of such review, and with the aim to improve the evidence available
on the costs, benefits and effectiveness of prevention and management of IAS, we proposed
a database structure and a methodology to record in a standardised manner the
information on costs and efficiency of measures targeting IAS. We also consider the use of
other methods to support decision making where the available evidence may be limited.
To validate and discuss the proposed database structure and methodology, we collected
data on prevention and management measures applied to terrestrial vertebrates, which
were chosen as a test group. Such data were retrieved from an existing database on the
costs of eradications, together with publications found through a structured search for
information relating to vertebrate Species of Union Concern, and the analysis of a selection
of projects financed through the LIFE programme, whose data were obtained also thanks to
direct interviews with the relevant project managers. We identified relatively little relevant
information from the literature searches, despite the great number of activities and
measures undertaken toward the IAS problem. This was particularly true for information on
costs, but also on general considerations about practicality, social acceptability, wider
environmental and biodiversity impact and effectiveness of measures.
Potentially, LIFE projects could be a key source of specific and reliable information on IAS
prevention and management, however - despite the detailed technical and financial
reporting which characterises the programme - there is no structured or mandatory
requirement to ensure that such data are systematically retrieved from projects. We
proposed a method to ensure that any relevant information useful to inform decision
makers and project managers is duly stored and circulated.
We also describe how purely economic analyses to inform major aspects of IAS policy are
limited in their wider application. Multi-criteria methods can better include diverse
currencies and deal with incomplete or qualitative data to support decision making. Based
upon experience in Great Britain in a similar context, we described a multi-criteria method
to inform the best management option to meet specific objectives. The proposed protocol,
which uses expert opinion informed by the available literature and evidence, was tested on
terrestrial vertebrates. We then consider how the results and application of multi-criteria
methods and other sources of evidence can inform key management decisions at different
stages of the invasion process and consider the ways in which multi-criteria methods might
be further developed and applied in future.

3

Introduction
The availability of reliable and detailed information on the costs of prevention and
management measures related to invasive alien species (IAS) is key to the effective
implementation of Regulation (EU) 1143/2014. While there are some relevant data from the
scientific literature, a large volume of information, derived from the ever-increasing number
of activities focusing on prevention and management of IAS carried out in Europe and
beyond, is not always (easily) accessible.
Most information is only available in grey literature and technical reports, and some is not
published at all. While there is a rich literature on management measures and reports of
particular programmes, the information on costs has not been effectively collated and
disseminated. The few existing datasets focusing on management programmes do not
include information on costs (Keitt et al. 2011) or such costs are not of immediate use (e.g.
LIFE database1) as there is no breakdown to identify costs specifically spent for IAS actions.
A number of studies have attempted to compile cost/effort information for particular taxa,
management objectives, or specific financial programmes, but there is a need for a more
systematic and comprehensive approach to collect and share data on prevention and
management costs. It is also likely that relevant data does not exist for many species or
methods, and decisions will often need to be made in the absence of published information.
Analyses of the information on the measures and costs of prevention and management are
also needed to identify the most cost-effective and feasible approaches for use in different
circumstances. While the financial costs are a key component, the wider considerations of
practicality, social acceptability, wider environmental and biodiversity impact, as well as
effectiveness of the measures, also need to be considered.
With the objective to fill in the knowledge gaps on costs of prevention and management
measures of IAS, the following tasks are developed and analysed/discussed in this report:
1.
A review of existing cost-analysis approaches, fully considering questions of
practicality, social acceptability, wider environmental and biodiversity impact and
effectiveness of measures, and identifying best practice and gaps.
2.
A framework and standardised method to collect cost information on prevention
and management measures (based on the finding of task 1) that can be applied for generic
species/habitats, fully considering practicality, social acceptability, wider environmental and
biodiversity impact and effectiveness of measures. It will be accompanied by a database to
hold the relevant quantitative and qualitative information on costs and other considerations
(practicality, social acceptability, wider environmental and biodiversity impact and
effectiveness of measures) that the method, developed under this task, is expected to yield.
As a minimum this should include details of species, method applied, objectives (prevention,
eradication, complete removal, on-going control), location, year, area, cost or effort,

1

http://ec.europa.eu/environment/life/project/Projects/index.cfm
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practicality, social acceptability, wider environmental and biodiversity impact and
effectiveness of measures.
3.
A method of multi-criteria analysis applicable to generic species/habitats to assist
Member States and stakeholders in the prioritisation of the most cost-effective measures of
prevention and management of IAS, when developing programmes to prevent the spread of
species and to manage the existing populations. Related to this we provide the results and
application of multi-criteria methods and other sources of evidence to inform key
management decisions at different stages of the invasion process. This includes a discussion
of the cost-effectiveness of multi-species programmes, and the application of this approach
to other taxa and environments.
The results achieved by testing the effectiveness of the methodology and the multi-criteria
analysis to “terrestrial vertebrates” are presented and discussed, and recommendations for
future action are provided.
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1. Review of existing cost-analysis approaches
Assessing the costs of prevention and management of IAS is complex. IAS have multiple
impacts on the environment, economy and wider society, while their management brings
further consequences. Ideally, a sound assessment of the costs, benefits and effectiveness
of prevention and management of IAS needs to be carried out. In many fields of human
endeavour, economic analyses of costs and benefits underpin decision making by assessing
possible actions, evaluating implemented measures and comparing them (Born et al 2005;
Cellini and Key 2010). These include a wide range of specific analyses, such as economic
cost-benefit analysis (Naidoo and Ricketts 2006; Shwiff 2012) and cost-effectiveness analysis
(Boardman et al. 1996; Cullen et al. 2001, 2005; Naidoo et al. 2006; Laycock et al. 2009
2011, Caudell el al. 2010).
For clarity, while ‘costs and benefits’ refer to the collation of information on these effects,
‘cost-benefit’ is a specific form of economic analysis where both costs and benefits can be
monetised, while ‘cost-effectiveness’ is another form of economic analysis where only the
costs can be monetised.
The costs and possible benefits associated with alien species can be separated into four
broad categories:
a) the costs associated with IAS presence (costs of inaction).
b) the benefits of IAS presence (benefits of inaction).
c) the costs of IAS prevention and management.
d) the benefits of IAS prevention and management.
These four categories include a wide range of economic, biodiversity, environmental, social
and welfare considerations (Booy et al. 2017) which are measured in different currencies.
While some can readily be measured in economic terms (e.g. the annual management cost
of removing fouling from pipes) others are more challenging (e.g. the intrinsic value of a
threatened native species) and cannot easily be converted into economic estimates.
Therefore, analyses that rely solely on the economic costs and benefits have a number of
limitations. For example, Schlaepfer et al. (2011) argued that cost-benefit analyses of any
management option for IAS must include the subjective valuation of species (Dudgeon and
Smith 2006, Evans et al. 2008, Sandler 2010). The currencies used to measure these
different elements are difficult to monetise (Hoagland and Jin 2006), although this approach
has been used in some cases (Lupi et al. 2003, Nunes and Van Den Bergh 2004). Bacher et al.
(2017) conclude that attempts to quantify socio-economic impacts in monetary terms are
unlikely to provide a useful basis for evaluating and comparing impacts of invasive alien taxa
because they are notoriously difficult to measure, they are often context-dependent, and
important aspects of human well-being are ignored.
The analysis of costs and benefits is also limited by the availability of data and the
uncertainty inherent to complex ecological systems. The increasing number and diversity of
IAS poses further challenges, with a need for rapid methods of assessment that can be
readily applied in situations where the underpinning data is often sparse or absent.
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Below, we present a discussion of the main costs and benefits related to the four categories
listed above, reflecting as far as possible the negative and positive impacts on biodiversity,
related ecosystem services, economy and human health.

The assessment of costs and benefits of measures for prevention and management of
IAS
a)
the costs associated with IAS presence (costs of inaction)
The costs of the presence of IAS have been the subject of a number of extensive reviews.
These have been conducted at a national scale (Pimental et al. 2000, 2005, McNeely 2001,
Wittenberg et al. 2006, Gren et al. 2009, Clout 2002, Reinhardt et al. 2003, Williams et al.
2010, Hoffman and Broadhurst 2016), by economic sector (Holmes et al. 2009, Aukema et
al. 2011), by taxa (Sindon et al. 2004, Olson 2006, Lovell et al. 2006, Nentwig and VaesPetignat 2014, Bradshaw et al. 2016), by environment (Duncan et al. 2004, Reaser et al.
2007) and by stakeholder group (Pratt et al. 2017). Although the criteria for costing have
varied between projects, these studies produced economic estimates of the costs of the
presence of individual species or the combined costs of the IAS present in a region.
IAS can influence people’s realized activities via changes in environmental factors, economic
settings, or the social context. Different constituents of human well-being may be affected:
security; material and immaterial assets; health; and social, spiritual and cultural
relationships (Narayan et al. 2000, Pejchar and Mooney 2009, Bacher et al. 2017). For
example, the presence of noxious weeds can reduce the attractiveness of areas for outdoor
recreation (Eiswerth et al. 2005) hence resulting in lower public acceptance and impact
tourism. A range of studies have examined the socio-economic consequences of alien
species (Binimelis et al. 2007, Duncan et al. 2004, Reaser et al. 2007).
Studies have reviewed the impacts on different taxa (Cambray 2003, Clavero et al. 2009,
Hejda et al. 2009), with a focus on plants (Liao et al. 2008, Pyšek et al. 2012, Vila et al. 2011),
insects (Kenis et al. 2009, Nentwig and Vaes-Petignat 2014) and mammals (Nentwig et al.
2014), as well as on particular environments (Molnar et al. 2008, Bax et al. 2003, Jones et al.
2008, Medina et al. 2011, Meyer et al. 2004), and on ecosystem services (Vila et al. 2010).
Overall, it is difficult to monetise the cost of IAS impacts in relation to elements other than
economic related activities or specific ecosystem services. For example, assessing costs of
species extinctions or the loss of species from an ecosystem is usually considered
impractical or unrealistic.
b)
the benefits of IAS presence (benefits of inaction)
Introduced species can have indirect benefits on native species (Schlaepfer 2011), for
example through the provision of habitat (Sogge et al. 2008), shelter (Chen 2001),
pollination services (Cox 1983, Dick 2001), seed dispersal (Foster and Robinson 2007), and
food (Shapiro 2002, Tablado et al. 2010). Alien species have also been introduced as
biocontrol agents (Stiling et al. 2005, Clewley et al. 2012) with the objective of controlling
other species, which may themselves be IAS (Morrison et al. 1998, Sheppard et al. 2006,
Hoddle 2004, Thomas and Reid 2007). The same effects have also been observed following
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unintentional introductions, with the new species sometimes limiting the numbers of earlier
invaders (Harding 2003, Russell et al. 2014, Strayer et al. 2017). Similarly, alien species have
been used to help support a variety of ecosystem functions (D’antonio and Meyerson 2002),
i.e. the reinforcement and stabilization of flood defences (Wootton et al. 2005, Lugo 1997),
the reduction of nitrification to improve water quality (NRC 2004, Elliot at al 2008, DionisioPires et al. 2009) and to support habitat restoration (Ewel and Putz 2004, Berens et al. 2008,
Lugo 2004, Rodriguez et al. 2006, Ruesink et al. 2005). Species are introduced also simply
because they are considered attractive (Su et al. 2014, Ginn et al. 2008, Liu et al. 2012), and
hence have aesthetic value (Garcia-Llorente et al. 2008, Nunez and Simberloff 2005).
In some cases, some authors argued that the introduction of alien species to an area – at
least at a simple local level and in the short term - may bring benefits, e.g. by increasing
local species number (Schlaepfer et al. 2011, Thomas 2011, 2013). However, the claimed
benefits would be balanced by possible detrimental effects on native species number and
abundance (Schwartz et al. 2006, Vitousek et al. 1997). Some authors also argued that the
introduction of a species to a new area may reduce the prospects of its global extinction
(Willis et al. 2009, Thomas 2011, Jolly and Colbourne 1991). Introduced species have also
been purposely introduced to areas to replace an extinct native species (Griffiths et al.
2010). However, the use of introductions as a conservation tool has been questioned given
the uncertainties in predicting the consequences of new introductions and the associated
costs should the species become invasive (Ricciardi and Simberloff 2009). All the benefits
presented above are difficult to translate into simple economic terms.
Lastly, human society is built upon the agricultural production of food. A small number of
domesticated crop and livestock species underpin modern agriculture and forestry, and
these have been widely transported across the globe. Similarly, industrial forestry
plantations along with the consumptive use of alien species for fuel, food and for hunting,
provide significant economic and social benefits to many societies (Ewel et al. 1999) and
financial estimates of these benefits can be derived.
c)
the costs of IAS prevention and management
The costs of IAS prevention and management have been the subject of a number of papers
and reviews. Some studies were undertaken at the regional scale, e.g. in the EU (Silva et al.
2014, Scalera 2010, Scalera et al. 2017, Scalera and Zaghi 2004, Tucker et al. 2013) and in
Australia (Hoffman and Broadhurst 2016). Reviews of the costs of eradication have also
been published for specific taxa, including plants (Rejmanek and Pitcairn 2002), forest
insects (Brockerhoff et al. 2010), and mammals (Martins et al. 2006, Howald et al. 2007,
Robertson et al. 2017). Holmes et al. (2015, 2016) proposed a breakdown of management
costs to include five sub-categories covering planning, implementation, non-target species
management, remoteness and human population considerations.
Apart from the direct financial costs of management, there are a range of indirect and
secondary costs that also need to be considered. For example, an effective rapid response
to a new invasion (Wittenberg and Cock 2001, Broome et al. 2002, Anderson 2005) can
require access to skills and equipment which costs appear suitable to monetisation,
although there is little available information on which to base these. The removal of an
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introduced species can meet significant disapproval or resistance from the public, key
sectors or other stakeholders (Estevez et al. 2015). This may prevent, delay or add to the
political cost of the proposal. Control measures, particularly of vertebrates, raise concerns
for the welfare of the individuals involved, and any detriment to their welfare must be seen
as an additional cost of management (Littin et al. 2004, Littin and Mellor 2005). Assessing
the potential welfare implications of different control measures and the adoption of codes
of best-practice to minimize harm should form a key element of responsible management
(Sharp and Saunders 2005, 2011). The welfare costs of vertebrate control are recognized as
a key factor influencing the public acceptability of any proposed management (Sharp et al.
2011). However, it is difficult to monetise the costs of animal welfare.
The removal of an IAS from an area can have wider consequences for the environment.
These can include the indirect effects of the management on other species, and the
consequences of the removal of the species itself. Control measures are rarely specific to
one species; pesticides can kill other plants; toxins, traps and shooting can result in the
deaths of non-target species (Dowding et al. 1999, Eason et al. 2002). The introduction of
new species as biocontrol agents can also have unintended consequences for native species
(Howarth 1991, Louda et al. 2003, Denslow and D’Antonio 2005, Messing and Wright 2006).
The removal of one IAS can also lead to increases in another (Witmer et al. 2007, Bergstrom
et al. 2009) or unexpected changes in other non-IAS fauna (Ruscoe et al. 2011) with wider
effects on the ecosystem (Zarneske et al. 2010). The unpredictable nature of these
consequences, and their detrimental effects (Rinella et al. 2009, Ballari et al. 2016) have led
to calls for a whole ecosystem-approach to assessing the consequences of removal of IAS
(Zavaleta et al. 2001) although monetising this assessment would be challenging in practice.
The early identification of a newly established IAS increases the scope for a rapid response
and its cost-effective removal (Deltoro et al. 2013, Bogich et al. 2008, Vander Zanden et al.
2010). Surveillance to detect new incursions bears costs (Hauser and McCarthy 2009) and
this cost increases with the requirement for rapid detection. Studies have examined the
economic benefits of optimising surveillance (Epanchin-Niell et al. 2014, Sims and Finnoff
2013, Holden et al. 2016). Citizen science offers a particularly valuable avenue to support
the wide-scale surveillance of alien species and new incursions (Gallo and Waitt 2011)
although this comes with a number of costs and limitations (Crall et al. 2010, 2011). The
coordination of data from citizen science, national monitoring schemes and targeted
surveillance can provide a rapid reporting capability to support rapid detection (Roy et al.
2014b). These costs appear suitable to monetisation although there is little available
information on which to base this.
d)
the benefits of IAS prevention and management
Ideally, effective management should lead to the removal of the negative consequences of
the species presence on biodiversity, ecosystem services, the economy and human health
and well-being. By reducing the risk that an alien species may enter and establish in a new
environment, the future potential costs of its presence, impacts and management are
reduced. The uncertainty associated with the consequences of successful invasions
influences the optimal strategy to reduce these risks (Horan et al. 2002).
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However, complete removal may not be possible and a proportional reduction to some or
all of the costs may be the best that can be achieved (Tatentzap et al. 2009). Similarly, even
the complete removal of a species may not result in the restoration of the previous
conditions, for example, following the extinction of a native species, the environment might
switch to an alternative stable state (Scheffer et al. 2001; Beisner et al. 2003), given the
presence of other IAS (Witmer et al. 2007), time lags in the system (Graham and Veitch
2002) or the consequences of the method of removal (Flory and Clay 2009).
Management may take place before an IAS population has reached its full extent in a new
environment. By limiting its further spread, its future impact may be limited (Keller et al.
2008). This may deliver benefits to areas that have yet to be invaded, although the costs are
borne by the areas where the species is already present (Robertson et al. 2015).
Understanding the timing (Crooks et al. 1999), dynamics (Arim et al. 2006, Suarez et al.
2001, Sexton et al. 2009) and limits (Jeschke and Strayer 2008) of spread can help guide and
optimise management (Vander Zanden and Olden 2008) and improve its efficiency and
effectiveness, although the unpredictability of spread may limit this approach (Melbourne
and Hastings 2009).
Overall, although some elements of the costs associated with the benefits of IAS prevention
and management may be monetised, this is not straightforward or regularly undertaken.

The economic assessment of the cost-effectiveness of measures of IAS prevention
and/or management
A range of studies have compared the cost-effectiveness of IAS prevention or management
at different stages along the invasion process. These have concluded that the costeffectiveness of prevention or rapid response to remove new species greatly outweighs that
of ongoing management (Leung et al. 2002, Panzacchi et al. 2007, Keller et al. 2008, Deltoro
et al. 2013). For example, Harris and Timmins (2009) estimate that for introduced plants in
New Zealand, early removal costs are on average 40 times lower than later attempts to
extirpate widely established populations. While prevention may be more cost-effective than
eradication or control, prevention can only intercept a proportion of incoming species and
all three approaches will be required.
Furthermore, a number of studies have described the cost-effectiveness or cost-benefit of
individual species management strategies to determine whether the benefits of a project
were greater than the costs (Zavaleta 2000, Leung et al. 2002, Le Maitre et al. 2002, Van
Wilgren et al. 2004, Burnet et al. 2007, Keller et al. 2007, Panzacci et al. 2007, Pascal et al.
2008, Wise et al. 2012, Reyns et al. 2018). These have typically been species- or
environment-specific. A number of studies have compiled cost/effort information from
different eradication or complete removal projects for particular taxa (Rejmánek and
Pitcairn 2002, Martins et al. 2006, Howald et al. 2007, Bradshaw et al. 2016, Brockerhoff et
al. 2010, Robertson et al. 2017). These have used a single measure of effectiveness – the
complete removal of a species from a defined area. These studies demonstrated how the
area over which control takes place is the major determinant of total cost, how cost per unit
area decreases with scale (Robertson et al. 2017) and comparative information on the
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relative costs of managing different taxa (Martins et al. 2006, Howald et al. 2007). Only a
few standardised databases are available and relate to specific contexts, for example, DIISE2
on island eradications (Keitt et al. 2011). Overall there is a need for more information on
management costs to extend this approach (e.g. DIISE does not include any information on
costs). Species removal can also bring (non-monetary) costs in relation to animal welfare,
social acceptability and the environment, although these considerations have not been
included in the published reviews.
A range of optimised management approaches have been used, for example, to balance the
use of different control measures, to deploy effort in space and time (Sharov and Liebhold
1998, Eiswerth and Johnson 2002, Taylor and Hastings 2004, Haight and Polasky 2010, Sims
2011, Epanchin-Niell et al. 2012, 2014, Baker and Bode 2016) or to reduce the associated
uncertainties (Olsen and Roy 2002, Burgman et al. 2010, Gren 2008). More detailed analyses
have explored the most effective management approaches based on the species life-history
(Buhle et al. 2005, Sims and Finnoff 2013, Sims et al. 2016) or other characteristics (Evans et
al. 2008, Blackwood et al. 2010). Related to this, a range of studies have worked to optimise
policy interventions, for example, taxation levels or rates of inspection (Mérel and Carter
2008, Springborn et al. 2016) to achieve management objectives. These have applied
principles such as dynamic optimisation and optimal control based on bioeconomic
modelling to support decision-making processes (McDermott 2015, Liu and Sims 2016,
Epanchin-Niell 2017).

2. A framework and standardised method to collect information on
costs of IAS prevention and management measures
In this chapter we discuss the methodology for the collection of data on costs of IAS
prevention and management and propose an outline database structure designed to record
the relevant information.

Proposed methodology for the collection of data on costs of IAS prevention and
management.
Step 1) Define the object of the research: the target taxa, i.e. which taxa are the object of
the study, have to be clearly defined. The study could be targeting one or more species or
group of species, in which case the relevant scientific names, along with the most common
synonyms and common names, should be clearly identified.
Step 2) Data mining: A preliminary search should be done using different tools depending
on the specific source of data identified:
a) Literature search
b) Project/species databases

2

http://diise.islandconservation.org/
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c) Questionnaires and interviews
2.a) Literature search: The scientific literature includes published reviews of the
measures and costs of different IAS eradications in relation to scale, including of plants
(Rejmanek and Pitcairn 2002); forest insects (Brockerhoff et al. 2010); mammals from
islands (Martins et al. 2006, Howald et al. 2007, Holmes et al. 2015, 2016) or larger
land masses (Robertson et al. 2017) and there is scope to add to this list. However,
this literature contains a number of shortcomings, such as under-reporting of failed
eradications (Bradshaw et al. 2016), or that very few studies (Gardener et al. 2010)
systematically document the cases where eradication could have been applied but
was not attempted. However, these reviews document how costs change in relation
to area, and recording the area over which management, either for eradication or
long-term management, is undertaken should be a key consideration.
Different literature search strategies exist to find relevant published articles, chapters
and reports, e.g. through internet-based searches (including online platforms such as
Google Scholar, Web of Science, etc.) or other novel tools. The results usually depend
on the underlying search effort, and on the use of appropriate (more or less specific)
search terms. The preliminary results of any search need to be filtered (manually) for
relevant data on costs for prevention and management, e.g. by selecting publications
according to the information provided in titles and abstracts, and by scanning the
selection in more detail. References cited within the selected publications, particularly
in review papers, as well as in technical reports and grey literature, should be also
screened and included as appropriate. In principle, only the primary source of
information or study should be used. Extensive, standardized literature search should
ideally aim at a systematic review. However, as this could be extremely time
consuming, the search may be limited to a reasonable number of working days,
depending on the time and resources available.
2.b) Project/species databases: data search on public databases available online,
which could have a focus on either projects or species, could be used as a basis for
effective data retrieval.
Within the EU, some funding programmes (e.g. LIFE, Horizon 2020) have supported
projects related to IAS management and research and as such may represent a source
from which to extract data on costs of management and prevention measures (Silva et
al. 2014, Scalera 2010, Scalera et al. 2017, Scalera and Zaghi 2004, Tucker et al. 2013).
However, it may be difficult to separate costs attributed to different activities, only
some of which will be directly applicable to management. Nevertheless, the use of
online tools such as the LIFE database (and CORDIS3 at least in part) is considered
useful to fill in any information gaps because some information may be unpublished,
but still possible to retrieve with some effort.

3

https://cordis.europa.eu/projects/home_en.html
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The search of data may follow the same approach as the literature search outlined in
point 2.a), e.g. through targeted searches, using more or less specific keywords. If the
search should be limited to specific countries or years, this can be done through the
available filters in the database. Also, in this case, the search may be limited to a
reasonable number of projects, depending on the time and resources available.
Normally, the information collected in this way will serve as a basis for gathering
additional details (specific project outputs, including papers and technical/financial
reports published in local languages, undergraduate theses, survey and monitoring
reports, etc.).
At the global level, information on island eradications is compiled by DIISE (Keitt et al.
2011), which is available on-line and currently describes 1,858 bird and mammal island
eradication attempts, of which 1,420 are described as successful. These document the
areas over which different measures have been successfully applied, but do not
include information on the costs or effort involved.
The use of the online databases should be used in association with step 2.c) because
relevant data may not be readily available and may need correspondence with the
data holders, e.g. the project managers, the funding agencies and administrations, etc.
2.c) Questionnaires and interviews: a key constraint highlighted in many papers and
reports on IAS management costs is the generalised lack of published information on
the issue, despite the many management interventions undertaken in different
countries. A way to access such information is through direct contact with the key
actors, i.e. by means of dedicated questionnaires and interviews, especially by email
(in a limited number of cases dedicated skype and telephone calls may be required).
For example, in relation to the use of the database of LIFE projects, questionnaires and
interviews have been used for the collection of data from authors of papers, project
beneficiaries, European Commission services and relevant agencies (including the LIFE
units), or external monitoring teams. This approach also helps to overcome problems
where the information is normally available in a multitude of languages, which the
researchers are not familiar with. The questionnaires may be shared through a word
template, an excel spreadsheet or an online survey platform.
In the case of LIFE projects, in order to use the database most efficiently and to access
unpublished information, contacts may be established with the LIFE Unit(s) at EC DG
ENV or EASME. For this purpose, a shortlist of pre-selected projects (together with the
questionnaire to indicate the type of information needed) may be circulated to such
institutional actors, as well as the external monitoring team experts, who have
detailed knowledge on a large number of projects. This may help to further refine the
list of projects, by identifying those that are actually relevant or those that should be
dropped from further analysis (e.g. on the basis of a lack of quantitative data). Also,
this may give the opportunity to be informed by the existence of particularly relevant
projects that have been accidentally disregarded (e.g. in case of lack of
correspondence with the key words used in the database).
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Contacts can be found through dedicated social networks and fora (e.g. a major
example which proved to be very effective for this purpose is the Aliens-L4), a list
server managed by the IUCN/SSC Invasive Species Specialist Group (ISSG), dedicated
to IAS that threaten biodiversity. It allows users to freely seek and share information
on invasive species and related issues, by facilitating the linkages between global
experts and practitioners.
Step 3) Data collection: the data collected through step 2) need to be entered into a
dedicated database. For example, ideally a relational database (with different tables for
different aspects – taxonomy / locations / habitats / management measures / impacts)
would allow to prepopulate data and classifications schemes (speeding up data entry –
using check boxes etc. and minimizing human error) and link multiple records (species) to
individual management measures, or vice versa etc. It may be developed in Access or online
(e.g. by using open source database such as PostgreSQL). In this way it is possible to fill it in
without having to do data merges, avoiding errors and potential duplication.

Database hosting the relevant quantitative and qualitative information
An outline of the database structure designed to record information on the costs and
effectiveness of IAS management and prevention was developed. The objective was to
provide a protocol that is suitable to accommodate data from the different sources
described in the previous chapter. In particular, it is meant to facilitate data entry from any
type of publication, as well as from interviews (hence it can be used as a basis for a
questionnaire to be circulated to people directly involved in relevant projects).
Field

Format of Data

Explanation

Drop down
menu

Species

free text

Synonyms

free text

Provides a unique ID number, starting with P for
preventative measures, E for eradication measures, C for
control measures - followed by 3 numbers starting at
001. Therefore, the 1st control measures will be coded
C001, the third eradication measure E003, etc.
Choose from Prevention, Eradication or Control (If the
objectives of a programme change, for example, if
eradication fails and it moves to control, then these
should be described separately as different entries)
Indicate the best available information, ideally Latin
name (e.g. either genus, species or subspecies). If no
precise Latin name is available, add common name or
whatever available in the data source
Taxonomic synonyms

Genus

free text

The genus that the species belongs to

No

Family

free text

The family that the species belongs to

No

Class

free text

The class that the species belongs to

No

Phylum

free text

The phylum that the species belongs to

Yes

Record ID

Measure (Overall
Management Objective)

4

Numeric

Categorical

No

Yes

No
No

http://www.issg.org/about.htm#networking
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Field

Format of Data

EU concern

Categorical

Goal (Specific Management
Objectives)

free text

Action (Type of Method
Applied)

Categorical

Activity (Description of
Method Applied)
Location
Country

free text
free text
free text

Habitat

Categorical

Project status

Categorical

Effort

free text

Units of effort

free text

Duration of effort

free text

Effect

free text

Effectiveness

Categorical

Social acceptability

Categorical

Practicality

Categorical

Wider environmental
impact of management
Wider socio-economic
impact of management
Describe wider impacts of
management
Reasons for not meeting
management goal

Categorical
Categorical
free text

Explanation
Two categories: Yes (Y) or No (N). IAS known to be going
through the RA process should be indicated with a "?"
Describes the specific goal, for example, remove all
populations from a defined area, reduce the spread of
the species, or keep impacts at an acceptable level.
Categories are:
Prevention - legal status; Prevention - best practice;
Prevention - cultural methods; Eradication - shooting;
Eradication - trapping; Eradication - hand removal;
Eradication - pesticides or herbicides; Eradication poisoning or toxicants; Eradication - other (disease,
fumigants, draining); Eradication - Integrated methods;
Control - shooting; Control - trapping; Control - hand
removal; Control - pesticides or herbicides; Control poisoning or toxicants; Control - biological; Control Integrated methods; Control - other
Describes the methods applied in detail - not costs;
results etc.
Where the study was performed
The country where the data come from
Categories are: freshwater, terrestrial, marine, not
reported
Categories are: Planned, Ongoing; Completed,
Hypothetical, not reported
This describes the unit of effort indicated below.
The units of effort, e.g. traps in operation per km2,
number of trappers employed per year, man days, man
months, costs per individual removed etc.
A quantitative description; for example, five days
trapping per month, continuous trapping for 10 years
Quantitative description of management outcome - for
example, successful eradication, reduction in population
density from 20 to 10 per km2, 10% reduction in
reported damage
Categories are: very effective, effective, moderate,
ineffective, very ineffective, not reported
Categories are: very acceptable, acceptable, moderate,
unacceptable, very unacceptable, not reported
Categories are: very practical, practical, moderate,
impractical, very impractical, not reported
Categories are: Minimal, moderate, massive, not
reported
Categories are: Minimal, moderate, massive, not
reported
Describe the wider impacts of management (accidental
trapping of non-target species?)

Drop down
menu
Yes

No

Yes
No
No
No
Yes
Yes
No
No
No

No

Yes
Yes
Yes
Yes
Yes
No

free text

If applicable, what/why didn't work about the activity

Original Currency

free text

Monetary currency

Yes

Project name

free text

No

Funding instrument

free text

Indicate full project name (and code, if appropriate)
Indicate funding instrument (as appropriate) and source
(Government funded-national level, European funds,
private funds, NGO/env donors, etc)
Start date of the project; Indicate preferably
dd/mm/yyyy, at least year
End date of the project; Indicate preferably

Start date

Date

End date

Date

No

No
No
No
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Field

Format of Data

Explanation

Drop down
menu

dd/mm/yyyy, at least year
Months

Total cost

Year of Cost Estimate

Numeric

Numeric

Numeric

Total area (ha)

Numeric

Unit

free text

Average cost per unit area

Numeric

Breakdown

Categorical

Personnel costs

Numeric

Equipment/infrastructure
costs

Numeric

Duration of the project (indicate in the notes whether
there was an extension to the end date to meet
management objectives)
Only for measures addressing IAS directly (hence no
restoration or other side measures) otherwise add
explanatory note in comments
If the year of the cost estimate does not coincide with
the end year of the project, give the year to which the
currency estimate relates, so that inflation can be
accounted for in future
Only for measures addressing IAS directly (hence no
restoration or other side measures) otherwise add
explanatory note in comments
Choose between costs/ha/y or costs/ha as appropriate
The average cost of the management/prevention
measure per unit area; Use explanatory note in
comments
Categories: Published, unpublished Indicate whether a
breakdown is available from published or unpublished
work (insert N/A if not available)
Include information on costs for personnel, including
permanent or temporary staff, consultants, etc.
Include costs for durable goods

Other costs/overheads

Numeric

Source

free text

Include any costs that do not fall under personnel or
durable goods
Bibliographic reference

Cost estimate
reproducibility

Categorical

Categories are: Reproducible, irreproducible

Webpage

free text

Contact

free text

Comment

free text

Impact on biodiversity

free text

Provide link to webpage from which data were retrieved;
Mandatory if relative to data excerpted from online
database
Website and email of project manager if
necessary/appropriate
Add any additional comments, provide additional
clarifications
Positive side-effect of the measure on the overall
biodiversity

No

No

No

No
No

No

Yes
No
No
No
No
Yes

No
No
No
No

3. A method of multi-criteria analysis applicable to generic
species/habitats.
The assessment of different IAS management alternatives faces a number of challenges. It
needs to consider the economic elements of management, along with other currencies
which are less readily presented in simple economic terms. Methods are also needed which
can be used where there is little or no published information on costs or method
effectiveness. A method should also be able to compare between different alternatives,
prioritising the different choices faced by a manager (for example, which method to choose,
which species to deal with first, or when to choose eradication or long-term management as
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the goal?). It also needs to be able to include the effects of scale on these choices, what
works well at a small scale may be very different from what is effective over large areas.
This chapter describes a multi-criteria method based on expert elicitation that can be
applied in a variety of different ways to deal with these problems. It builds on the method
developed for use in the prioritisation of IAS eradications in Great Britain (GB; Booy et al
2017). This approach can be used to compare between different management alternatives
in a structured way and we describe how the method can be applied to answer a range of
management questions such as the prioritisation of species for eradication, the selection of
management methods and how to consider the effects of scale when choosing between
eradication and long-term control. This last question is examined in detail.

Background
Triantaphyllou (2000) describes multi-criteria decision-making techniques involving the
numerical analysis of alternatives. These modelling and methodological tools are designed
to find optimal solutions to complex problems where assessment criteria or data are
measured in different or conflicting currencies, including when only incomplete or imprecise
information is available, or where human evaluation is needed (Kahraman 2008). For
example, when choosing to buy a second-hand car, the criteria used in decision making
might include cost, comfort, safety, attractiveness, previous mileage, damage, reputation of
the seller and fuel economy; criteria which are measured in a range of currencies, cannot be
practically combined into simple economic terms and include one sole element of
judgement. Clearly structuring complex problems and explicitly evaluating multiple criteria
allows the comparison of alternate options and leads to more informed and better
decisions. These methods can also provide outputs directly tailored to support decision
making, for example Liu and Wang (2007) describe approaches to assess alternative
methods based on their policy utility. These are all distinct advantages compared to the use
of cost-benefit approaches to prioritisation (Carrasco et al. 2010, Courtois et al. 2018).
Decision making in relation to IAS prevention and management is subject to similar
challenges as these complex problems. As discussed previously, the assessment of relevant
costs and benefits needs to encompass a range of different currencies. In addition, the
available information is often incomplete, hence expert opinion may be needed to provide
assessments. Expert opinion is already widely used to support decision making in IAS policy,
and provides the basis of risk assessment and horizon scanning undertaken at EU level (Roy
et al. 2014a, Roy et al. 2015). Given the range of alien species that become invasive, any
method should be broadly applicable to any taxa (Nentwig et al. 2010) and, given the large
numbers of species involved, it should be efficient to apply (Andersen et al. 2004; Hulme et
al. 2009). It should be possible to apply the method even where data are lacking, taking into
account uncertainty, that needs to be well documented and justified (Vanderhoeven et al.
2017).
A key policy requirement is to prioritise IAS for prevention and management action and to
identify the most appropriate objectives of the relevant measures envisaged. In the related
fields of human, animal and plant health, risk assessment is used alongside risk
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management as part of a wider risk analysis framework to guide the prioritisation of action.
These methods use a combination of quantitative and qualitative data and expert opinion
covering a range of different currencies, including economic cost, to assess the risks,
impacts or feasibility of management. Multi-criteria methods allow these diverse criteria to
be used to support decision making.
An example is the method recently developed by Booy et al (2017) which was used to assess
the feasibility of eradicating different IAS from Great Britain. This method involves four
stages to compare between different cases, setting the scenario, setting the management
method and objective, undertaking the assessment, and interpreting the results.
In Booy et al (2017), for each species, a scenario was produced which described the species’
range within GB, United Kingdom (UK), together with a description of the management
method to be applied and its objective of eradication. It then used semi-quantitative
response and confidence scores to assess five key criteria:
1. Effectiveness
2. Practicality
3. Cost
4. Impact (of management)
5. Acceptability
Two supplementary criteria were also considered:
6. Window of opportunity
7. Likelihood of re-invasion
Each of these cases was then assessed based on these criteria to produce an overall
assessment of feasibility for each species. These species assessments were then compared
to produce an overall ranking of eradication feasibility for the different species (Fig 1).
These different species feasibility of management assessments were then combined with
existing risk assessments for the same species to prioritise species for eradication.
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Figure 1 - Schematic description of the risk management method of Booy et al. (2017) to assess the overall
feasibility of eradication of different invasive alien species.

By altering the selection of the species, control measures, management objective and scale,
the multi-criteria approach of Booy et al. (2007) can be applied to generic species/habitats
to assist in the prioritisation of the most cost-effective prevention and management
measures.
For example, a common management decision is to decide “at what point the eradication of
a species from an area is no longer feasible?”. Figure 2 illustrates how this approach might
be applied to assess the changing feasibility of eradicating a species in relation to the size of
the area over which it has spread. In this example, a range of scenarios are produced
describing areas of different size, while other variables - i.e. the species, the management
options and the objectives - remain constant. While the scenario may change, the same
assessment criteria can be applied, as in Booy et al. (2017).
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Figure 2 - A schematic description of how the multi-criteria risk management method might be applied to
assess the feasibility of eradicating an invasive alien species at different scales.

In addition to the compilation of information from the literature and completed projects
(e.g. collected as described in section 2), assessments using the method developed by Booy
et al. (2017) require experts to estimate the likely cost of the case under consideration.
Given the paucity of information and experience of managing many IAS, including many
already included in the List of Union Concern, this approach - based on expert elicitation may also provide a method to obtain cost estimates in a structured form to guide decision
making.
There are other available methods for multi-criteria analysis, such as the method developed
by Schmiedel et al. (2016), who describe a process to help select management methods that
may be appropriate to use for the prevention, eradication or long-term management of
different species. This publication collates the methods used to manage defined target
species from the available literature and assesses each method on three criteria:
effectiveness, ecological impact, and impact on human health, to produce a list of those
considered appropriate for use. This method has the advantage that it is evidence-based
and links the available choices to the published evidence, if available. However, it does not
help prioritise amongst those measures considered appropriate, nor consider wider criteria
such as cost, practicality or acceptability which are included in the method of Booy et al.
(2017). It also does not consider the effects of scale which is a key element when comparing
management options. The Schmiedel et al. (2016) approach is also restricted to measures
described in the literature or used by practitioners, limiting its use for species where there is
little available information or experience.
Although there was some potential in the adoption of the method proposed by Schmiedel
et al. (2016), the approach based on Booy et al. (2017) was considered more ambitious and
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promising in terms of overall potential to assess the feasibility of management measures,
and as such was adopted for this report.
In particular, this latter approach was considered suitable to answer the following key
questions, in line with the approach outlined in Figure 2:
•
How to assess the effects of scale on the feasibility and cost of management
(eradication)?
•
When to choose between eradication or long-term management as the
management objective for a species?

Guidance document and template for the multi-criteria analysis
In this section, we provide the multi-criteria analysis guidance and template (as developed
by Booy et al. 2017, for approach detailed in Figure 1) that was used to help inform the
selection of the most cost-effective management option to answer the two questions stated
above (as per Figure 2). These are the guidelines that describe the criteria produced and
used by Booy et al (2017) and that are further developed to explore the effects of scale
described in this report.
This method is based on the following key criteria, which are described in detail below:
1. Effectiveness
2. Practicality
3. Cost
4. Impact (of management)
5. Acceptability
6. Window of opportunity
7. Likelihood of re-invasion
Setting the criteria for assessment
To apply the multi-criteria analysis framework, it is first necessary to define the key terms to
be used to create the different cases for comparison. This should specify the species, define
the objectives of management, describe the size of the area over which management will be
conducted, and select the management measures to be applied.
Define the objectives of management
Once the species has been specified, the first priority should be to select the objectives of
management. The objectives will fall into three main categories – prevention, eradication
and control (long-term management). They should also be defined in terms that allow the
possible success or otherwise of management to be assessed, so typical objectives might
include:
• To prevent the species entering and establishing a defined area.
• To eradicate the species by removing all individuals from a defined area.
• To stop the spread of the species beyond the limits of its current distribution.
• To reduce the local abundance of the species to a level where the level of damage
caused to a resource is considered acceptable.
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These are only examples of possible management objectives, but the greater the degree of
quantification that can be achieved, the more effective will be the assessment of overall
management feasibility and cost-effectiveness.
Describe the area over which management will be conducted
In defining the scenario, one should consider (but only include if relevant):
• How widespread the species is (or will be at the point of detection) in the
management area;
• The types of habitats / environments in which the species is (or will be) present;
• How many spatially distinct populations there are (or will be);
• What the size of the total population is (or will be).
As the current or potential extent of IAS populations is often only known in general terms, a
series of categories are provided at the end of this guidance which may be useful to
describe the likely areas involved where there is some uncertainty.
Select the measures to be applied
A variety of approaches are available from which to select the appropriate measure for
management. These may be drawn from current practice elsewhere or based on screening a
variety of possible measures. In many cases, management may involve the use of multiple
measures and these can be assessed along with the use of individual measures.
For each permutation of species, management objective, area and measures, produce a
separate case which can then be assessed.
Assessing the individual case
Each case should be assessed using the criteria defined under the headings in Table 1 below
to complete the template.
The response score is a 5-point scale from 1-5 (Table 1). In all cases 1 is the least favourable
and 5 the most. For example, a very effective approach scores 5, a very ineffective approach
scores 1; whereas a very inexpensive case (i.e. the cost favours taking action) scores 5, a
very expensive one scores 1.
Table 1 - Assessment criteria for response scores.
Criteria
Effectiveness

1
Very ineffective

2
Ineffective

Practicality

Very impractical

Impractical

>€10M

€1-10M

Massive
Very
unacceptable
Very short
< 2 months
Very likely

Major
Unacceptable

Cost
Negative impact
Acceptability
Window of
opportunity
Likelihood of

Short
2 – 12 months
Likely

Response Score
3
Moderate
effectiveness
Moderate
practicality
€200k-1M
Moderate
Moderate
acceptability
Moderate
1 – 3 years
Moderate

4
Effective

5
Very effective

Practical

Very practical

€50-200k

<€50k

Minor
Acceptable

Minimal
Very acceptable

Long
4-10 years
Unlikely

Very long
>10 years
Very unlikely
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reinvasion
Conclusion
(overall feasibility
of eradication)

Very low

Low

likelihood
Medium

High

Very high

A confidence rating should be provided for every response score. Confidence is recorded on
a 3-point scale: 1 (low), 2 (medium), 3 (high). Even where evidence is lacking, assessors
should make best judgements and use the confidence rating score to reflect uncertainty. As
this approach is more widely applied, there may be scope to improve on the definition of
these terms, for example providing more detailed descriptions of the difference between
‘high’ and ‘very high’. However, this is not a simple matter and would require testing and
review before clear definitions could be used to avoid any linguistic ambiguities and that
any definitions were appropriate across environments and taxa.
Effectiveness
This part of the assessment scores how effective the defined case would be regardless of
other issues, such as the practicality of deploying methods, costs, acceptability of methods,
etc. which are taken into account elsewhere. For example, the eradication strategy for an
invasive alien fish in a river could be to flood it with the piscicide rotenone – this would
likely score ‘very effective’ despite low scores associated with practicality, impact and
acceptability.
Points to consider:
• How effective has this approach proven to be in the past or in an analogous
situation?
• How effective is the approach despite the biology / behaviour of the target
organism?
For clarity, the term “effectiveness” refers to the stated objective of the measure, for
example, for eradication “can the measure remove all individuals from the area defined?”.
Management may also have less specific longer-term objectives, such as producing a
positive impact on biodiversity, although this may not always be immediately evident and
may require time/resources to be monitored/evaluated in the long-term. Care is needed to
separate the short and long-term objectives of management when defining the questions to
be answered.
Practicality
How practical is it to deploy the described case? In particular, consider barriers that might
prevent the use of the measure(s) such as issues gaining access to relevant areas, obtaining
appropriate equipment, skilled staff, chemicals, etc. should be considered. If there are any
legal barriers to undertaking the work these should be assessed here.
Points to consider:
• How available are the methods in the risk management area?
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• How accessible are the areas required to deploy the measure(s)?
• How easy would it be to obtain relevant licences or other approvals / permissions
(e.g. access permission) to undertake the measure(s)?
• How easy would it be to overcome legal barriers?
• How safe are the measure(s) used in this approach (are there health and safety
barriers)?
Cost
Cost relates to the total direct cost of undertaking the management measure(s) within the
defined area. Total cost includes the cost of staff, resources, materials, etc. over the entire
time period involved in the application of the management measure(s), and any required
post surveillance and follow-up. Note indirect costs (e.g. loss of business) are considered an
impact and should not be recorded here.
The period over which costs would be incurred (i.e. number of years that costs might need
to be incurred for an eradication, or the recurrent costs per year for long-term control)
should be indicated in the comments, as well as, if possible, whether the cost would be
evenly spread, frontloaded or back loaded. The range of costs in the different categories are
based on Booy et al. (2017) for GB. It may be necessary to scale these if this method is
applied at smaller or larger scales.
Note: In this section, costs refer only to the costs of implementing the management
measure, and not to the costs associated with the impact of the species.
Impact
Impact relates to the impact of the management measure(s) itself. It is important to note
that any indirect economic impacts (i.e. economic consequences of the management
measure(s) rather than the cost of the strategy itself) are recorded here and not under
‘cost’.
Points to consider within this criterion:
• How significant is the environmental harm caused by this measure(s)?
• How significant is the economic harm caused by this measure(s)?
Examples of economic harm might include: reduction in the ability to trade or do
business as a result of the management method; loss of earnings; reduction in
tourism; reduction in house prices; etc.
• How significant is the social harm, including to human health, caused by this
measure(s)?
Examples of social harm might be a reduction in a person’s use or enjoyment (e.g.
preventing them walking in a woodland or fishing in a river), disruptions of
communities, etc.

24

Given the range of economic, environmental and social impacts (and welfare impacts when
managing vertebrates), it may be worthwhile to score each of these components separately
and then provide a single overall assessment of impact (or, if appropriate, any benefit)
based on these individual terms. This approach would need to be trialled, in particular to
determine the most representative way of combining sub-scores in to an overall
assessment. There may also be situations where it might be necessary to consider the
potential positive side effects of management, and development would be needed to
incorporate this.
As a remark, here the term “impact” refers only to “negative side-effects” of the assessed
measure (positive effects may also exist, but they are not considered or discussed here).

Acceptability
Acceptability relates to significant issues that could arise as a result of disapproval or
resistance from the general public and stakeholders (e.g. individuals, groups or sectors). This
does not include regulatory or legislative barriers which are considered under practicality.
Points to consider within this criterion:
• How acceptable is the measure(s) likely to be to environmental / animal welfare
groups?
Note this question relates to potential criticism / resistance that the approach would
meet from environmental / animal welfare groups.
• How acceptable is the measure(s) likely to be to the general public?
• How acceptable is the measure(s) likely to be to other stakeholders?
Assessing the window of opportunity
The window of opportunity relates to how quickly the species will spread to the point that
the assessed case is no longer relevant. It is linked to the mechanism and rate of spread,
which is considered during the risk assessment.
This criterion is highly relevant when considering eradication as a management objective,
but there may be cases, for example long-term management, where this is of limited
relevance and could be marked as not applicable.

Assessing the likelihood of re-invasion
If the management aims to remove all individuals of the target species from an area how
likely is it that re-invasion will occur?
This criterion is highly relevant when considering eradication as a management objective,
but there may be cases, for example long-term management, where this is of limited
relevance and could be marked as not applicable.
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Determine the overall feasibility
This is the conclusion of the assessment. A score should be provided for the overall
feasibility of the methods used to successfully achieve the stated objective taking into
account each of the different criteria. Assessors should provide a score they judge to be
appropriate, taking other scores into account (but note that the overall score is not
necessarily the mean of other scores).
The assessment of the overall feasibility of the eradication as described above can help
decide when eradication may no longer be a viable objective, and, when either long-term
management then needs to be considered (default option), or if inaction (to do nothing) is
the only possible alternative.
Template for IAS multi-criteria risk analysis
Risk management area:
Management Objective:
Organism/Species name:
Assessor name(s):
Date / version:
Step
Define the scenario
Define the management
measure(s)
How effective is the
measure(s)?

How practical is the
measure(s)?

How expensive is the
measure(s)?

How much negative impact
would the measure(s) have?

How acceptable is the
measure(s)?

What is the window of
opportunity for
implementing the
measure(s)?

Response

Confidence

5 - V EFFECTIVE
4 – EFFECTIVE
3 – MODERATE
2 – INEFFECTIVE
1 - V INEFFECTIVE
5 - V PRACTICAL
4 – PRACTICAL
3 – MODERATE
2 – IMPRACTICAL
1 – V IMPRACTICAL
5 (<€50K)
4 (€50-200K)
3 (€200K-1M)
2 (€1-10M)
1 (>€10M)
5 – MINIMAL
4 – MINOR
3 – MODERATE
2 – MAJOR
1 – MASSIVE
5 - V ACCEPTABLE
4 – ACCEPTABLE
3 – MODERATE
2 – UNACCEPTABLE
1 - V UNACCEPTABLE
5 (10+ YRS)
4 (4-10 YRS)
3 (1 – 3 YRS)
2 (2 MTHS - 1 YR)

3 – HIGH
2 – MED
1 – LOW

Justification

3 – HIGH
2 – MED
1 – LOW

3 – HIGH
2 – MED
1 – LOW

3 – HIGH
2 – MED
1 – LOW

3 – HIGH
2 – MED
1 – LOW

3 – HIGH
2 – MED
1 – LOW

Add N/A if not relevant to the scenario
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What is the likelihood of
reinvasion?

Conclusion (overall feasibility
of management)

1 (< 2 MTHS)
5 – V UNLIKELY
4 – UNLIKELY
3 – MODERATE
2 – LIKELY
1 – V LIKELY
5 – V HIGH
4 – HIGH
3 – MEDIUM
2 – LOW
1 – V LOW

3 – HIGH
2 – MED
1 – LOW

Add N/A if not relevant to the scenario

3 – HIGH
2 – MED
1 – LOW

When defining the area over which a species has spread it is often difficult to define the
total area or how to present a population when its range is fragmented. The following table
(Table 2) provides a useful classification of species distributions to help guide this
description when setting the scenario of consideration. It can be used to indicate the likely
number of sites containing the species and the combined area of these populations.
Populations are considered discrete if they would be unlikely to recolonise from other areas
after removal. The total area is that from which the species would need to be removed, i.e.
for three populations of a species each covering 10 ha and each 100 km apart, the total area
is 30 ha.
Table 2 - Table for coding the scenario based on a number of discrete populations and total area.
Total combined area of populations
<1ha
1-10ha
10ha1-10km2
10-100km2
1km2
A1
A2
A3
A4
A5
Number of
1-3
1-3 discrete 1-3 discrete 1-3 discrete
1-3 discrete
1-3 discrete
discrete
populations
populations
populations
populations
populations
populations

4-10

10-50

+50

estimated
covering a
total area
of <1ha
B1
4-10
discrete
populations
estimated
covering a
total area
of <1ha
C1
10-50
discrete
populations
estimated
covering a
total area
of <1ha
D1
50+
discrete
populations
estimated
covering a
total area
of <1ha

estimated
covering a
total area
of 1-10ha
B2
4-10
discrete
populations
estimated
covering a
total area
of 1-10ha
C2
10-50
discrete
populations
estimated
covering a
total area
of 1-10ha
D2
50+
discrete
populations
estimated
covering a
total area
of 1-10ha

estimated
covering a
total area of
10ha-1km2
B3
4-10
discrete
populations
estimated
covering a
total area of
10ha-1km2
C3
10-50
discrete
populations
estimated
covering a
total area of
10ha-1km2
D3
50+ discrete
populations
estimated
covering a
total area of
10ha-1km2

estimated
covering a
total area of
1-10km2
B4
4-10 discrete
populations
estimated
covering a
total area of
1-10km2

estimated
covering an
area of 10100km2
B5
4-10 discrete
populations
estimated
covering a
total area of
10-100km2

C4
10-50
discrete
populations
estimated
covering a
total area of
1-10km2
D4
50+ discrete
populations
estimated
covering a
total area of
1-10km2

C5
10-50
discrete
populations
estimated
covering a
total area of
10-100km2
D5
50+ discrete
populations
estimated
covering a
total area of
10-100km2

>100km2
A6
1-3 discrete
populations
estimated
covering an
area of
>100km2
B6
4-10
discrete
populations
estimated
covering a
total area of
>100km2
C6
10-50
discrete
populations
estimated
covering a
total area of
>100km2
D6
50+ discrete
populations
estimated
covering a
total area of
>100km2
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4. Results and discussion
In this chapter, the results of the implementation of the research carried out to collect
information on costs of managing invasive alien terrestrial vertebrates are reported and
discussed. In particular, such results refer to data collected through dedicated searches and
analysis of: a) the relevant scientific literature, and b) the database of LIFE projects (with the
support of direct interviews). The search protocol to identify relevant papers and projects
dealing with prevention and management measures is described, along with the process for
the extraction of data to enter into the database. Comments on the process and the
availability of data are also provided here.
The results and application of the multi-criteria analysis and other sources of evidence, to
inform key management decisions at different stages of the invasion process, are also
described. An element of validation of the overall approach is also provided, e.g. by the
comparison of the assessment of different eradications through an expert elicitation
exercise with the observed results from a sample of documented eradications extracted
from the scientific literature.

Evidence of costs and effectiveness of prevention and management of terrestrial
vertebrates
To collect information on costs and effectiveness of prevention and management of
terrestrial vertebrates, with a focus on those in the current list of Species of Union Concern,
data were accessed from the following sources:
• Scientific literature
• LIFE database and direct interviews
All data were stored into the database called “IAS management costs database”.
The IAS management costs database
The “IAS management costs database” was built as explained in Chapter 2 as an excel
spreadsheet (provided as annex to this report). Drop down menus were added for the
classification schemes suggested (in grey cells) to make data recording consistent - they are
listed (linked to) the 'Drop Lists' tab, to allow any necessary rewording. Conditional
formatting was also added in, so any duplicate Record ID number would be highlighted
automatically. Cells were formatted accordingly down to row 501 - so drop-down menus
will work to here. To avoid confusion, compilers were instructed not to leave blank cells
(hence to indicate N/A if data were not available or the field was considered not relevant).
Scientific literature
As a first step, a database on eradications compiled by Newcastle University was used,
describing the reported costs of successful IAS eradications worldwide and the areas over
which they were untaken. Analyses of the information on mammals has already been
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published (Robertson et al. 2017, in press) and further information continues to be added.
Studies describing the eradication of species frequently provide detailed information on the
objectives, scale and success of the programme. They also regularly provide information on
the costs or effort required for success. Key information was collected from published
reviews of the methods and costs of different eradications related to mammals (Martins et
al. 2006, Howald et al. 2007, Holmes et al. 2015, 2016, Robertson et al. 2017, in press).
Based on these sources, the database contains records of 71 successful mammal
eradications that specify both the area from which the species was removed and the
associated cost. This includes information on eradications over significant areas, including
the two phases of the Hebridean mink programme (3,411 km2) (Roy et al. 2015), the five
separate muskrat eradications in the UK (totalling 5,219 km2) and the UK eradication of the
coypu (19,210 km2) (details and full references given in Robertson et al. (2017)). Recent
years have also seen a number of large island eradications worldwide. Cruz et al. (2009)
describe the eradication of goats from the 584 km2 Santiago Island in Galapagos; Parkes et
al. (2014) predicted the effort required to remove cats from the 1,680 km2 Stewart Island
off New Zealand, while the current rat removal on South Georgia will cover 3,538 km2
(Piertney et al. 2016). As a consequence, the reported studies are spread over eight orders
of magnitude in area and six orders of magnitude in cost.
To integrate the information with additional literature, we used Web of Science to identify
papers published since 1970 which included the scientific names of the 16 terrestrial
vertebrate species currently listed as Species of Union Concern, together with 'Prevention
OR Containment OR Eradication OR Management OR Control'. This was intended to provide
a representative sample of the scientific literature related to these species and these
activities, and it was not intended to be a definitive, comprehensive search. In total, this
search produced 1,287 scientific publications related to the terrestrial vertebrate Species of
Union Concern and linked to the key search terms. These papers were sifted for relevance,
as follows: 1) first by reading their titles, then if relevant, 2) by reading their abstracts, and if
relevant, 3) by reading the papers’ full content. On inspection, only 29 papers contained
useful information, with one related to prevention, eight to eradication and 20 to some
form of control (long-term management). The number of papers containing relevant
information varied by species. For five (31%) of the 16 species, we found no relevant
information; for a further eight (50%) we found only one or two papers; the remaining four
species had between three and six relevant papers. The results of the literature search are
presented in Table 3. This describes the number of management-related papers found per
species, broken down into those related to prevention, eradication or control.
Table 3 - Total number of publications since 1970 and their relevance found in a literature search in Web of
Science using the species name and the search terms 'Prevention OR Containment OR Eradication OR
Management OR Control'.
Species of Union Concern

No. papers
inspected

No. relevant
to prevention

Alopochen aegyptiacus
Callosciurus erythraeus
Herpestes javanicus
Lithobates catesbeianus
Muntiacus reevesi

3
16
33
126
35

0
0
0
0
0

No. relevant
for
eradication
0
1
2
0
0

No. relevant for
control
0
1
1
2
2

Total
Relevant
papers
0
2
3
2
2

29

Myocastor coypus
Nasua nasua
Nyctereutes procyonoides
Ondatra zibethicus
Oxyura jamaicensis
Procyon lotor
Sciurus carolinensis
Sciurus niger
Tamias sibiricus
Threskiornis aethiopicus
Trachemys scripta
TOTAL

77
36
78
53
18
355
144
36
21
9
247
1287

0
0
0
0
0
0
0
0
0
0
1
1

1
0
0
1
1
0
2
0
0
0
0
8

4
0
0
2
0
2
4
1
0
0
1
20

5
0
0
3
1
2
6
1
0
0
2
29

Successively, the full dataset (including the two batches described above, for a total of 71 +
29 records) was reviewed, and the original literature sources (particularly in such cases
where the information was extracted from review papers) were analysed in detail. The
objective was to double check that the information included in the database was correct,
hence to prevent any mistake and inconsistencies (including on names of target species i.e.
in the case of Rattus sp.) and add details if available. In fact, most info on eradication
campaigns came from reviews, which in a few cases reported incorrect details or were
subsequently misinterpreted (e.g. reporting as successful a campaign which was actually
interrupted due to impacts on endangered non-target taxa, i.e. a failed campaign).
Furthermore, 15 new entries previously not included in the database were added, totalling
113 records; in a few cases, entries for which only human effort was reported were also
added (i.e. allowing for monetary quantification of personnel costs only).
Overall, the literature searches and the Newcastle database provided information on
management activities targeting 26 species (21 mammals, 3 birds, 1 amphibian and 1
reptile). As a remark, 37 records are relative to 11 species of Union Concern. In total 113
records were included in the database, of which 83% relative to eradication measures and
16% to long-term management. Only one record was relative to prevention. As a side note,
48% of the records were extracted from three main review papers (Martins et al. 2006,
Holmes et al. 2016, Robertson et al. 2017), an amount that rises to over 57% if we consider
the records for eradication only.
Most of the records included some information on effectiveness of the implemented
measures (around 92%, but this reflects the fact that the eradications were by definition
effective) and for nearly 50% of the records it was possible to retrieve some kind of
information on effort required to implement the management activities. Additionally, for 9
records it was possible to retrieve some information on benefits for biodiversity derived
from the implementation of the management toward IAS.
Apart from the information on successful eradications, very few papers and reports could be
used to retrieve information on costs of managing vertebrate IAS. In fact, information on
costs was available in slightly more than 57% of records, which in most cases allowed to
calculate the cost per unit area (almost 50% of records). In some case, additional
information on costs is available for specific budget categories (e.g. personnel, equipment
or other costs, although figures on total costs are not always available Apart from the
information on successful eradications, the majority of papers focused on methods and
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results and did not report any information on costs, although more reported some measure
of effort. Thus, in most cases, papers do not report costs, and when they do, details on
specific budget categories (e.g. personnel, equipment etc.) are not explicitly reported. While
a number of costs may be obtained (or estimated) by means of a more targeted research
(e.g. most equipment prices can be retrieved from manufacturers) - thereby decreasing the
margins of uncertainty on project costs - expenses associated with project management,
consumables, and personnel are far more difficult to retrieve or estimate. In a very limited
number of cases, for example when effort is reported in terms of total man years or total
man hours, it may be possible to estimate personnel costs, as units of efforts can be used as
proxies for monetary quantification of human costs. For example, Personnel costs could be
estimated assuming a defined cost per man year of effort (e.g. figures in the range $50,000
to $200,000 US$ as suggested by Robertson et al. 2017). However, in some cases, effort is
only reported in a way that does not allow for quantification of costs (e.g. trap-nights).
While there was a useful set of data on the areas and costs of successful eradication, the
remaining literature provided little and scattered information, particularly in relation to the
Species of Union Concern. Moreover, it provided little information on overall feasibility or
the wider considerations of acceptability (found in 4 records only), practicality (4 records),
wider environmental impact (4 records) and socio-economic impact (3 records).
Information on benefits to biodiversity due to eradication of vertebrate IAS was also
systematically checked in all publications but appeared very rarely reported (only 8 records).
This was probably due to two main reasons:
a) most studies and reports only stick to the eradication per se, and even posteradication campaigns only aim at assessing the actual success of the eradication
process;
b) when post-eradication monitoring of biodiversity is reported, costs/expenses/total
efforts are not; thus, such two aspects rarely occur within the same
project/report/paper.
LIFE database and direct interviews
The “IAS management costs database” was designed to include both data from scientific
literature and data from unpublished sources, including project databases and interviews to
project managers and beneficiaries. For this reason, a number of LIFE Nature projects
dealing at least in part with the IAS have been selected and analysed in detail to further
populate the database. As a preliminary step, a list of 63 LIFE projects (potentially useful to
fill in the required fields of the proposed database) was produced through a search on the
LIFE database5. This preliminary search was made by consulting the dedicated section
regarding IAS, as well as searching for keywords (among which the name of the target IAS or
the protected species threatened by IAS, e.g. sea-birds threatened by rats). After a first
analysis the list was further extended taking into due consideration the key thematic reports
on IAS published within the LIFE programme (Scalera and Zaghi 2004, Silva et al. 2014). The
use of such reports along with the web-summaries of each project, available in the LIFE
database, allowed to identify a few additional projects particularly relevant for our study

5

http://ec.europa.eu/environment/life/project/Projects/index.cfm
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that had been accidentally disregarded, or to drop such projects whose activities on IAS
were too marginal or not relevant. An important contribution was also provided by a recent
publication (Scalera et al. 2017) produced in occasion of the LIFE Platform meeting on IAS,
held in Milan on 29-30 November 2017, which focused on the LIFE projects dealing with the
management of IAS (and which in some cases included also details on relevant costs).
In total, 30 LIFE projects were selected for further analysis, targeting the following species:
Neovison vison, Sciurus carolinensis, Nyctereutes procyonoides, Rattus rattus, Rattus
norvegicus, Oxyura jamaicensis, Trachemys scripta and Lampropeltis getula
californiae. These 30 projects were chosen on the basis of their potential to contribute with
data useful to fill in the database (hence projects still in progress or closed too many years
ago were usually not considered). Additionally, a special attention was paid to ensure
representativeness of species and countries. Once the selected projects were identified, the
database was pre-populated with the information extracted from technical reports and
other information available online from the websites of the relevant projects. Since detailed
information on costs and relevant units was rarely available in these reports, direct contacts
with the contact persons of these projects were also undertaken by email (contact details of
the project beneficiaries are available in the web-summaries of the projects in the LIFE
database).
All project beneficiaries were provided with a questionnaire (represented by the specific
record of the database relative to their own project) and were requested to verify and
integrate the information pre-filled on the basis of the material found online. Overall,
project beneficiaries were given about 4 weeks to finalise this check. In total, replies were
received from 12 projects only. Six more projects could be added in the database as the
information available in the material found online was deemed sufficient for our purpose.
Therefore, the final dataset includes information from a total of 18 LIFE projects. The source
of information was generically indicated by quoting the code of the project. The following
table summarises the projects for which detailed information was included in the database.
Project
American mink – Neovison vison
1
LIFE00 NAT/UK/007073 - Mink control - Mink control to protect important birds in SPAs in the
Western Isles
Grey squirrel - Sciurus carolinensis
2
LIFE09 NAT/IT/000095 - EC-SQUARE - Eradication and control of grey squirrel: actions for
preservation of biodiversity in forest ecosystems
3
LIFE13 BIO/IT/000204 - LIFE U-SAVEREDS - Management of grey squirrel in Umbria:
conservation of red
4
LIFE14 NAT/UK/000467 - SciurusLife – Sciurosity – Evolving IAS Grey Squirrel Management
Techniques in the UK
Raccoon dog - Nyctereutes procyonoides
5
LIFE09 NAT/SE/000344 - MIRDINEC - Management of the invasive Raccoon Dog (Nyctereutes
procyonoides) in the north-European countries
Rats – Rattus sp.
6
LIFE05 NAT/UK/000141 - Canna Seabirds - Canna seabird recovery project
7
8

LIFE08 NAT/IT/000353 - Montecristo 2010 - Montecristo 2010: eradication of invasive plant
and animal aliens and conservation of species/habitats in the Tuscan Archipelago, Italy
LIFE11 NAT/IT/000093 - Pelagic Birds - Conservation of the main European population of
Calonectris d. diomedea and other pelagic birds on Pelagic Islands

Source
Online material

Feedback from
beneficiaries
Feedback from
beneficiaries
Feedback from
beneficiaries
Online material

Feedback from
beneficiaries
Online material
Feedback from
beneficiaries
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9
10

11

Project
LIFE11 NAT/UK/000387 - Seabird Recovery LIFE Project: Scilly Isles - Maintaining and
enhancing the Isles of Scilly SPA through the removal of rats from two key islands
LIFE12 NAT/IT/000416 - LIFE Puffinus Tavolara - Protection of the largest population of
Puffinus yelkouan on Earth and containment and eradication of invasive alien species

LIFE13 NAT/UK/000209 - LIFE Shiants - Protecting and restoring the Shiant Isles SPA through
rat removal, and safeguarding other seabird island SPAs in the UK
12 LIFE13 NAT/FR/000075 - LIFE PETRELS - Halting the decline of endemic Petrels from Reunion
Island: demonstration of large-scale innovative conservation actions
13 LIFE13 NAT/GR/000909 LIFE ELClimA - Conservation measures to assist the adaptation of
Falco eleonorae* to climate change
14 LIFE14 NAT/IT/000544 - Life PonDerat - Restoring the Pontine Archipelago ecosystem through
management of rats and other invasive alien species
Ruddy duck - Oxyura jamaicensis
15 LIFE05 NAT/UK/000142 - ERDUK - Eradication of Ruddy ducks in the UK to protect the whiteheaded duck
Red-eared slider - Trachemys scripta
16 LIFE09 NAT/ES/000529 - LIFE TRACHEMYS - Demonstration strategy and techniques for the
eradication of invasive freshwater turtles
17 LIFE12 NAT/IT/000395 LIFE EMYS - Ligurian Invasive Fauna Eradication pro indigenous Emys
orbicularis restocking
California kingsnake - Lampropeltis getula californiae
18 LIFE10 NAT/ES/000565 - LAMPROPELTIS - Control of the invasive species Lampropeltis getula
californiae on the island of Gran Canaria

Source
Feedback from
beneficiaries
Feedback from
beneficiaries
Online material
Feedback from
beneficiaries
Feedback from
beneficiaries
Online material

Feedback from
beneficiaries
Online material
Feedback from
beneficiaries
Feedback from
beneficiaries

The projects analysed in this study span a period of 14 years, from 2000 to 2014 (some of
the 2014 projects are not finished yet). Some of these projects provided replies on more
than one method, so the total number of records collected in the database is 28. Overall, 16
projects regard Eradication, 11 Control and one Prevention. Interestingly, 2 additional
projects started with a focus on Eradication which during the implementation turned into
Control as the initial objective revealed to be too ambitious (this concerns in both cases a
project on Trachemys scripta).
The feedback provided by the project beneficiaries was heterogeneous. In total, 6 out of 12
projects filled in all the fields properly directly in the database. In a couple of other cases the
beneficiaries sent an e-mail with (some of) the data requested by the questionnaire
(focussing mainly on costs) directly in the body of the message, and attached some
publications to support further analyses, but did not fill in the database themselves.
Overall, thanks to both the data extracted from the on-line material and the help from the
project beneficiaries, the fields regarding the Goal of the project, the Action, the Activities in
details, the Effect of the project could be all filled in for all the 18 projects. In 8 cases out of
18, it was also possible to provide an assessment of the positive impacts on biodiversity
and/or the local economy of these projects, as this information was easily accessible from
the Layman’s reports and from their web-sites. This is particularly true for the projects
regarding the control/eradication of rats, in most cases as the main aim of the relevant
projects was the conservation of some specific protected native species/habitats.
Concerning costs, in all cases it was possible to retrieve the information on the total budget
related to the eradication/control/prevention activity or the cost per unit area. The
breakdown was provided for 8 cases only (all unpublished information, hence derived from
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the data provided directly by the project beneficiaries). The data on the effort and/or unit of
effort could be extrapolated from 12 out of 18 projects.
One of the most critical information to retrieve was the data regarding Social Acceptability,
Practicality and Wider impacts, which was rarely available. However, the information from
the LIFE project - as opposed to most data from the scientific literature - allowed also to
retrieve some useful information on benefits for biodiversity derived from the
implementation of the management toward IAS, as in most cases the main aim of such
projects was the conservation of some specific protected native species/habitats.
We show the project account below (relative to the project LIFE05 NAT/UK/000142 - ERDUK
Eradication of Ruddy ducks in the UK to protect the white-headed duck) as an example of
best practice in relation to the full and detailed compilation of the questionnaire/database.
Record ID
Measure (Overall
Management Objective)
Species
Synonyms
Genus
Family
Class
Phylum
EU concern
Goal (Specific Management
Objectives)
Action (Type of Method
Applied)
Activity (Description of
Method Applied)
Location
Country
Habitat
Project status
Effort
Units of effort
Duration of effort
Effect
Effectiveness
Social acceptability
Practicality
Wider environmental
impact of management
Wider socio-economic
impact of management

Describe Impact

Reasons for not meeting
management goal

Xx
Eradication
Oxyura jamaicensis
Oxyura
Duck
Bird
Vertebrate
Yes
Remove the European population of the species (the 95% resident in the UK)
Eradication – shooting
Shooting
128 sites across England, Scotland and Wales
UK
Freshwater
Completed
Costs per individual removed
€ 526 per bird removed
Five years and seven months (September 2005 to March 2011)
Over 7,170 Ruddy Ducks were culled during the eradication programme, most of them
during the winter months. As a result, numbers in the UK fell from around 4,400 in 2005
to probably fewer than 100 birds in March 2011.
Very effective
Moderate/neutral
Practical
Minimal
Minimal
Environmental impact limited - short-term disturbance caused by shooting on sensitive
sites was offset by agreed limits on frequency and duration of shooting, plus agreement
on refuge areas for native species in many cases. Non-target species accounted for less
than 0.5% of birds shot. Socio-economic impact also minimal - opposition was limited to a
small number of animal rights activists and birdwatchers who were unable to cause any
significant disruption to the programme which was, on the other hand, supported by all
the major conservation NGOs in the UK including RSPB, WWT and county Wildlife Trusts.
The original estimation of the population size in the UK was probably too low,
highlighting the difficulties of conducting a population census of this kind. However, the
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Currency
Project name
Funding tool
Start date
End date
Months
Total cost
Year of Cost Estimate
Total area
Unit
Average cost per unit area
Breakdown
Personnel costs
Equipment/infrastructure
costs
Other costs/overheads

Source

Cost estimate
reproducibility
Webpage
Contact
Comment
Impact on biodiversity
Socio-economic impact

project attained very good information on how the population behaved as its numbers
decreased, and what methods of control were the most effective.
Euro
LIFE05 NAT/UK/000142 - ERDUK - Eradication of Ruddy ducks in the UK to protect the
white-headed duck
LIFE
set-05
mar-11
67
€ 3,770,771
2018
242,495 km²
€15.55 per km²
Unpublished
52.6% Eight control staff employed full-time
4.30%
Other costs 36.5% (mainly travel and subsistence costs, consumables e.g. running costs
for vehicles, and bonus payments for staff).
- Iain Henderson pers. comm. 2018
- Henderson, 2009. The progress of the UK Ruddy Duck eradication programme. British
Birds 102: 680-690.
- Robertson P. A. et al, 2014. Towards the European eradication of the North American
Ruddy Duck. Biological Invasion 17.1: 9-12. DOI: 10.1007/s10530-014-0704-3.
Reproducible
http://www.nonnativespecies.org//index.cfm?pageid=244
See LIFE database
The UK Government committed to funding the additional work required to achieve full
eradication. Since 2011, the UK has invested € 814,000. This led to a reduction in the UK
population from around 100 birds in 2011 to around 20 individuals in 2017.
Not available
Not available

Application of multi-criteria method
The application of multi-criteria methods and other sources of evidence can help to inform
key management decisions at different stages of the invasion process. These include the
hierarchy of priorities to firstly prevent, if that is not appropriate to then eradicate, and if
that is not appropriate to then consider control (long-term management) including both
reducing impact and limiting spread. At each of these three stages there are a series of
questions which will inform the decision to manage, or to devolve to the next stage in the
hierarchy.
• What is the management objective?
• What method will be applied?
• Is management feasible?
• Will management be cost-effective?
Together, evidence from the published literature, online databases of projects, and expert
elicitation based on the multi-criteria method of Booy et al (2017) can help inform the
decision on whether to proceed with management to achieve a specific objective, or to
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devolve to the next stage in the hierarchy. Different considerations will apply when
considering prevention, eradication and control. Not all questions will need to be answered
in each case; if no methods exist, as can apply to some marine species, then there is no
need to consider feasibility or cost. Similarly, if management is not considered feasible, for
example through legal constraints, wider environmental impacts or concerns regarding
humaneness or public acceptability, then cost is not relevant. If methods are available and
feasible, they may still not be considered cost-effective.
In this section the results of the application of the multi-criteria analysis undertaken to
assist in the prioritisation of management measures in the field are presented. This
approach is currently being applied by Newcastle University and is based on terrestrial
vertebrates (including some mammalian species listed as Species of Union Concern) a group
for which data already exist, based on the available published literature and an expert
elicitation work is already underway6.

Expert elicitation
et al. This exercise was based on the assessment of a range of simulated cases, each of
which described a species, the methods used for their control and the area over which the
species had spread. A team of fifteen experts contributed as volunteers to this study. They
were selected on the basis of their experience on the assessment or management of IAS in
Europe. Fifteen mammal species were identified for inclusion in this study Siberian
chipmunk Eutamias sibiricus, Grey squirrel Sciurus carolinensis Pallas's squirrel, Callosciurus
erythraeus Small Asian mongoose, Herpestes javanicus Coypu, Myocastor coypus, Reeves's
muntjac Muntiacus reevesi, Coati Nasua nasua, Raccoon Procyon lotor, Raccoon dog
Nyctereutes procyonoides, Muskrat. Ondatra zibethicus Brush tailed possum, Trichosurus
vulpecula Axis deer, Axis axis American bison Bison bison, Sika deer Cervus nippon and
Finlayson’s squirrel Callosciurus finlaysonii. These were all species either listed or considered
for listing as Species of Union Concern. They included species not yet present in Europe,
others that were already present, some of which were widespread, and included a number
where successful eradications had already taken place in some member states. The species
were selected to represent a wide range of body sizes. For each species, a combination of
control methods, primarily based on trapping and shooting, were described as considered
to be the most effective and acceptable to be used in continental Europe. Hypothetical
cases were generated which described the area over which the species had spread, these
covered five different scales (1km2, 10km2, 100km2, 1,000km2 and 10,000km2). Cases did
not take into account the current actual distribution of the species, they were entirely
hypothetical. Similarly, the cases were not geographically specific, assessors were instructed

6

Disclaimer. Newcastle University has led on an expert elicitation exercise to assess how scale affects the
costs and feasibility of eradication. This work was supported by Newcastle University and a number of
volunteers and was not undertaken as part of this report although the relevant (preliminary) results are
reported and discussed here. However, since the overall work is still in preparation, this report only includes
summary details of the main findings. A detailed presentation of the results, analysis and discussion will be
included in the relevant scientific paper which has yet to be published (Robertson et al, in prep).
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to consider the species as occurring in suitable habitat in continental Europe, without
reference to specific member states or regions. Thus, an individual case would describe a
species (15 options), the methods available for its eradication (only the most effective and
acceptable option considered), the area over which the species had established (5 options)
giving a total of 75 possible permutations. Each expert was asked to assess 45 different
cases structured in such a way that each assessed three different cases for each species.
Together the experts undertook 675 assessments. The assessment of each case followed
the risk management method of Booy et al. (2017). Each assessor provided response and
confidence scores for each of the seven risk management components (i.e. Effectiveness,
Practicality, Cost, Impact, Acceptability, Window of Opportunity and Likelihood of
Reintroduction), as well as an Overall Score (i.e. overall feasibility of eradication). Since the
information from this study is based on expert opinion and has yet to be published, it was
not added to the database (see Disclaimer in footnote 6).

In the following paragraphs, a reply to the four questions formulated above is provided.
Setting management objectives
The first question on management objectives is key as without this the other questions
cannot be adequately assessed even if data is available. Ideally these objectives should be
SMART – Specific, Measurable, Assignable, Realistic and Time-limited. Framing objectives in
this way is relatively straightforward for prevention and eradication: for example, species x
will be completely removed from area y over the next z years, and this makes the
assessment of the success or otherwise of a study simple. However, particular care is
needed when identifying the objectives for control (long-term management) which can
include varied outcomes such as limiting spread, reducing abundance or levels of damage.
Each of these needs to be defined in a measurable way if feasibility, cost-effectiveness and
success are to be determined– for example if the objective is to reduce damage, then by
how much, over what period of time to be considered successful? The information collected
from the literature related to control highlights the problems associated with the definition
of objectives. While some studies present their objectives with sufficient detail to allow
their success and cost-effectiveness to be assessed (e.g., Panzacchi et al. 2007, Bertolino
and Viterbi 2010), in the majority of cases, the objectives are described in only general
terms (catch animals, reduce damage) without the detail necessary to support similar
assessments.
Of the 20 studies dealing with control, nine dealt with the reduction of levels of damage,
including damage to agriculture (Bertolino and Viterbi 2010, Bos and Ydenberg 2011, Cocchi
and Riga 2008, Panzacchi et al. 2007, van Loon et al. 2017), forestry (Lawton and Rochford
2007, Waeber et al. 2013) or biodiversity (Ratnaswamy et al. 1997). In two of these cases
the findings were linked to specific objectives that allowed the success or otherwise of
control to be quantitatively assessed (Panzacchi et al. 2007, Bertolino and Viterbi 2010). In
three additional cases, review or modelling papers made recommendations on the target
level of population density or effort required to reduce damage (Mayle and Broom 2013,
Putman et al. 2011, Rushton et al. 2006) but these did not assess actual control
programmes. Other studies focused on levels of population reduction (García-Díaz 2017,
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Krause et al. 2014, Louette 2012, Louette, Devisscher and Adriaens 2013, Waeber et al.
2013) without linking these to particular outcomes of spread or damage reduction. Johnson
et al. (2016) related their reduction study to the design of consequent rabies disease control
objectives.
Studies of control may also have multiple objectives. For example, Bos and Ydenberg (2011)
and van Loon et al. (2017) considered damage to both agriculture and flood defences.
Bertolino, Perrone and Gola (2005), Panzacchi et al. (2007) and Waeber et al. (2013)
considered multiple objectives of damage and spread reduction. It is not uncommon for
studies to succeed in one objective but fail in another. For example, Panzacchi et al. (2007)
and Bertolino and Viterbi (2010) discuss coypu control in northern Italy, where the methods
successfully reduced damage to a level which was considered cost-effective but were
unsuccessful when considering eradication or limiting spread as objectives. Studies may also
redefine their objectives to fit their results, for example while eradication may have been
the preferred outcome, the approach was not effective enough to achieve this, so the study
objective was downgraded to become reducing abundance. All of these issues make it
difficult to assess the success and cost-effectiveness of control against specific objectives for
many of the control studies identified from the scientific literature.
Selecting appropriate methods
A variety of different approaches are available to select appropriate methods. The published
literature can be reviewed to determine the methods used to manage the Species of Union
Concern, or similar species. Many methods are already widely used for other wildlife species
with a corresponding literature.
When considering the available methods to support prevention activities for mammals, the
review of the published literature on the management of terrestrial vertebrates of Union
Concern only identified a single publication of relevance to prevention – a modelling study
of social considerations in education strategies to reduce the risk of the public releasing
unwanted pet Trachemys scripta into ponds and lakes (Teillac-Deschamps et al. 2009). The
most widely used methods to support prevention are often not species specific and may be
based on pathway management, including approaches such as border inspection, restricting
trade and raising awareness. The identification of appropriate methods to support
prevention needs to be based on a wider source of evidence than the published literature
on particular species. Assessing the available methods for prevention may be better
undertaken by assessing pathways and more generic species groupings.
For the eradication of mammals, data are available that describe the most frequently used
approaches for different groups (Keitt et al. 2011). These document 1,859 attempted and
successful eradications and provide a useful resource to examine the most commonly used
methods for the eradication of different groups (Figure 2). Trapping was the most
commonly used method for felids, canids and mustelids; toxicants were most frequent for
rodents and lagomorphs, while hunting/shooting was most common for ungulates. This
source includes data from across the world, hence it is possible that the specific methods
listed in this database may not always be appropriate for use in the EU. This database is also
specific to island eradications, which may introduce a variety of biases. It also only contains
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comprehensive data on mammals, hence similar data would be needed to guide work on
other taxa.

Methods used for successful eradications
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Figure 2 - The primary methods used to successfully eradicate mammal species from different taxonomic
groups, based on information contained within the island eradication database described by Keitt et al. (2011).
Information downloaded from http://diise.islandconservation.org/ on 28/11/2017.

In many cases the methods considered for eradication are also likely to be those considered
for control (long-term management). However, control may also use methods to manage
the movement or activity of animals, which are unlikely to form a key part of any
eradication programme.
Is management feasible?
The feasibility of management includes the consideration of a range of different criteria that
may influence whether a method is appropriate to use to meet a specific objective. Booy et
al. (2017) present a multi-criteria approach to this issue which breaks feasibility into a series
of sub-components including Practicality, Effectiveness, Wider Impact (which can include
social, environmental, economic and welfare impacts) and Acceptability. Booy et al. (2017)
also includes Cost as a sub-component which will be discussed in the next section. These
criteria are measured in a variety of different currencies as described in chapter 1.
The available literature on the feasibility of different methods of prevention for mammals is
limited. As described above, the review of published studies on Species of Union Concern
found only a single study of relevance to the prevention of establishment (TeillacDeschamps et al. 2009). No other evidence of relevance to the assessment of practicality,
wider impacts, effectiveness or resource requirements of different prevention measures for
terrestrial vertebrates was found. Methods of expert elicitation could be used to assess the
feasibility of different approaches to prevention, although no studies or sources of evidence
using expert elicitation for this purpose were found. It may be possible to design studies to
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approach this issue along the lines of those applied by Booy et al. (2017), but currently it
seems that no published methodology exists for such work.
More evidence is available from which to assess the likely feasibility of eradication. The area
over which a species has spread is likely to be a key determinant of the feasibility of
eradication. The database on island mammal eradications (Keitt et al. 2011) provides a
resource to examine the areas over which successful eradications have been undertaken
using different methods. In particular, it can be used to assess the scale at which particular
methods cease to be used.
For example, Figure 3 compares how frequently trapping and hunting have been used to
successfully eradicate different groups of mammals at different scales. This shows how
different methods used on different taxa decline in use as scale increases. Just because a
method might have been used at a small scale does not mean it can be recommended for
use at larger scales. For example, for rats and mice, there are no documented successful
eradications based on trapping for areas greater than a few km2. By contrast, over 20% of
successful ungulate eradications worldwide have been from areas of greater than 100km2.
This provides useful information from which to judge whether some combination of species,
area and method has been the basis of a successful eradication elsewhere in the world. This
approach can also be used to compare the use of methods. Figure 4 compares the
successful rat and mouse eradications worldwide based on trapping or the use of toxins.
Although both approaches have been used successfully at small scales, for larger areas the
only documented successful eradications have been based on toxins, which have been used
successfully on areas of up to 1,000km2.
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Figure 3 - The areas over which successful eradications have taken place, using either trapping of rodents (rats
and mice) or ungulate hunting (deer and goats). This is based on records from the database described by Keitt
et al. (2011) (http://diise.islandconservation.org/). The vertical axis is the proportion of studies that took place
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on areas larger than the corresponding figure on the horizontal axis, illustrating how the number of
documented eradications decreases with area. For example, less than half of all the described studies on the
use of rodent trapping took place over areas greater than 0.1 km2, while no studies using this method were
reported for areas greater than a few km2.
1
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Figure 4 - The areas over which successful eradications of rats and mice have taken place, using either trapping
or the use of toxicants. This is based on records from the database described by Keitt et al. (2011)
(http://diise.islandconservation.org/). The vertical axis is the proportion of studies that took place on areas
larger than the corresponding figure on the horizontal axis, illustrating how the number of documented
eradications decreases with area. For example, while no studies using trapping were reported for areas
greater than a few km2, while the use of toxins had been applied over areas up to 1,000 km2.

Reviewing the available data in this way can help document the choices and experience of
other programmes but this approach needs to be treated with caution. These data do not
include any assessment of practicality, social acceptability, wider humaneness,
environmental and biodiversity impacts, effectiveness or resources. Just because a species
was eradicated in one location using a particular method, does not mean that this would be
acceptable or practical in another. The current limits to the scale at which different methods
have been successfully applied also do not reflect what may be possible, it just may not
have been attempted yet. While the published data records both successful and failed
eradications, it is recognised that the published literature preferentially records success
(Dwan et al. 2008) and may under-report failures. For example, the successful coypu
eradication in the UK is well documented (Gosling and Baker 1987, Gosling and Baker 1989,
Baker and Clarke, 1988, Gosling, et al. 1988, Baker 2006), but the failed attempt in the
1960s to eradicate the American mink from the UK mainland is barely recorded (Sheail
2004) although it took place on a similar scale. The degree of under-reporting of failure is
impossible to quantify, but it limits the confidence with which we can rely on the published
literature to assess the success rate of attempted eradications. More significantly, the most
common response to a new species entering an area is to do nothing, which means that the
number of attempted eradications is small in comparison. Very few studies (Gardener et al.
2010 is an exception) systematically document the cases where eradication could have been
applied but was not attempted. The published literature on eradications is also focused on a
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relatively small number of species. For example, the majority of published mammal
eradications relate to the removal of rats, goats and small carnivores from islands (Nogales
et al. 2004, Howald et al. 2007, Keitt et al. 2011). For many species there is little or no
published information on eradications (or long-term management) and this applies to many
of the listed Species of Union Concern.
The available literature and databases on eradications are useful to help assess feasibility
but fall short as described above. In other areas of invasion biology, expert opinion is used
to inform management where the published information may be limited, for example in the
risk assessment process (McGeoch et al. 2016, Roy et al. 2014b, Roy et al. 2017). Booy et al.
(2017) have used expert elicitation to compare the feasibility of eradicating different species
to aid their prioritisation for management in the GB. Using the same approach, the
unpublished Newcastle University expert elicitation study examined how the perceived
feasibility of eradication was influenced by the area over which a species had spread. Taking
all of the mammal species into account, the percentage of cases where eradication was
assessed as either ‘feasible’ or ‘very feasible’ declined with area. When the species was
present over an area of only 1km2, eradication was assessed as feasible in 84% of cases. By
contrast, at 10,000 km2, this percentage fell to 11%. The subsidiary criteria were all also
strongly effected by area, with this being particularly pronounced for practicality and the
negative impacts associated with management (Figure 5).
The decline in feasibility with area closely reflects the published information on the number
of successful eradications in relation to area (Figure 3) suggesting that the assessors were
reflecting current practice and the perceived difficulties of achieving eradication at larger
scales. As the analysis of this data proceeds, it will be possible to break these results down
by species, in particular to examine the effects of body size on the feasibility of eradication
at different scales and examine in more detail how the criteria of effectiveness, practicality,
negative impact and acceptability interact.
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Figure 5 - The results of an expert elicitation exercise to examine how the overall feasibility of eradication and
the subsidiary criteria of acceptability, effectiveness, practicality and negative impacts, varied with the size of
the area over which the eradication would be conducted. Data from Robertson et al. (in prep).

Together, these data sources provide relevant information to base a decision on whether
eradication is a feasible objective for the management of a particular species. The area over
which the species has spread appears to be the major determinant of the feasibility of
eradication, and strongly influences all of the other criteria such as practicality,
effectiveness, negative impact and acceptability.
The literature searches identified twenty papers which presented information relevant to
control (long-term management). While this exercise was not intended to create a
comprehensive account of all relevant studies, the small numbers found for many Species of
Union Concern is problematic and it is unlikely that there is a large existing literature on the
control of many of these species, the exceptions being coypu, muskrat and the grey squirrel.
Studies dealing with on-going management actions often failed to provide specific
objectives, or these objectives were poorly defined and only presented in very general
terms, making it difficult to assess their effectiveness or wider feasibility.
Very few of the identified studies provided direct comments on the Social Acceptability,
Practicality, Wider Social or Environmental Impacts of management. In only five of the 29
cases (17%) was information given, two comments related to social acceptability (Bertolino
and Genovesi 2003, Tellac-Deschamps et al. 2009), two provided information on non-target
captures in traps (Bertolino, Perrone and Gola 2005, Baker 2010) and one on the potential
wider environmental consequences of introducing predatory fish as a control agent (Louette
2012). The published studies were also limited to cases where a decision had already been
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made that they were acceptable, while what might be considered acceptable in one region
may not apply to others. The published scientific literature on individual management cases
seems unlikely to provide a source for the detailed assessment of these issues.
As a remark, the proposed method for multi-criteria analysis, includes criteria on the 'risk of
reinvasion' and 'window of opportunity' and the assessors were asked to include these in
their assessments for completeness. However, as they were assessing hypothetical
scenarios without information on the potential risk of reinvasion or details of the actual
geographic regions concerned, it was not considered appropriate to include these criteria in
any further analysis. These criteria may be considered 'optional' and only of value in
particular circumstances. For example, while relevant to the assessment of specific
eradications, they are of less value when considering hypothetical scenarios where key
information may not be available, or in relation to control (long-term management).
Will management be cost-effective?
At present there appears to be little published information on the costs or effectiveness of
prevention in relation to terrestrial vertebrates. The single publication of relevance to
prevention (Teillac-Deschamps et al. 2009) did not include any information on potential
costs. The most widely used methods to support prevention (e.g. border inspection,
restricting trade and raising awareness) are often also not species specific. Attributing the
costs of these approaches to individual species is problematic.
The review of the published literature on the management of Species of Union Concern
identified eight studies containing relevant information related to eradication. These
included two studies documenting the removal of mongoose from a Japanese island (Konine
et al. 2016) and predictions of the costs of future eradication (Fukasawa et al. 2013). The
review also identified studies of relevance to the costs of the eradication of muskrats and
coypu (Baker 2010, Robertson et al. 2017), Pallas’ squirrel (Adriaens et al. 2015, Mazzamuto
et al. 2016), ruddy duck (Robertson et al. 2015) and grey squirrels (Bertolino and Genovesi
2003, Schuchert et al. 2014, Robertson et al. 2017).
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Figure 6 - The relationship between the area of successful mammalian eradications and the cost, standardised
to US$ at 2018 values. Both axes on logarithmic scales. Adapted from Robertson et al. (2017, in press).

Robertson et al. (2017, in press) have used this information to examine how the costs of
successful eradications change with area, extending the result of similar analysis made by
Martins et al. (2006) for islands, and finding that the total costs increase in a predictable
manner as the area of each eradication increases (Figure 6). For a given area, the costs of
eradication vary by approximately an order of magnitude (x10). As area increases, the costs
per unit area also decrease. As a generalisation, the costs per unit area reduce by 10% each
time the area of the eradication doubles. These data are largely derived from island
eradications and deal with a limited number of species. Other approaches are needed to
complement this one and to consider the costs of eradicating species such as those of Union
Concern where there is currently no published information.
In fact, there is evidence that mammal removals show economies of scale, with the cost per
unit area reduced as the total area of removal increases (Armsworth et al. 2011, Shwiff et al.
2012). Many examples from the scientific literature suggest that site area has implications
for all types of costs and can be a significant driver in damage and opportunity costs (Naidoo
and Ricketts 2006; Rondinini et al. 2006; Mackenzie 2012). The scale at which different
methods have been successfully applied is also limited, with this restricting the scope for
effective removal for some methods/taxa. However, experience and new methodological
developments are leading to their use on increasing scales (Eiswerth and Johnson 2002, ElSayed et al. 2009, Jones et al. 2015, Webber et al. 2015). It is possible to monetise these
costs in some cases, although the available information on cost or effort has not been
standardised or collated.
Together with assessing the feasibility of management, expert elicitation can be used to
estimate the costs of specific scenarios. The expert elicitation exercise described above
asked for details of the predicted cost required for eradication for each of the scenarios in a
series of five categories (<€50k, €50-200K, €200K-1M, €1-10M, > €10M). Considering only
those cases where the assessors considered eradication to be either ‘feasible’ or ‘very
feasible’ provided the range of costs associated with each scale (Figure 7).
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Figure 7 - The distribution of costs for those cases considered feasible or highly feasible (scores of 4 or 5) from
the expert assessments. No cases were considered feasible where the costs were predicted to be over €10m.

Testing the application of the multi-criteria method to inform management decisions
As described in the previous sections, limitations in the availability of data can restrict our
ability to make informed management decisions. We highlight four specific areas where this
limitation is particularly apparent – assessing the costs and feasibility of prevention,
assessing the feasibility of eradication, determining the objectives of long-term
management, and assessing the costs and feasibility of long-term management (Table 3).
This is not to say that no evidence exists on these topics, rather that the current evidence
base is small and is increasing slowly.
We also showed that in the absence of published evidence on these issues, an alternative
approach to inform decision making is the use of expert elicitation. This is particularly
relevant in these cases, as experts and practitioners are routinely making decisions based on
their understanding of these processes, but their evidence is often not included in their
publications, or not provided in a comparable format. Expert elicitation provides a route to
access this existing but unpublished knowledge in a structured way.
The multi-criteria method designed to assess the management of IAS helped to provide an
answer to the following two questions:
• How to assess the effects of scale on the feasibility and cost of eradication?
• When to choose between eradication or long-term management as the
management objective for a species?
In the next sections, as well as providing an answer to these two questions, we also
compare the estimated costs from the expert elicitation exercise with what has been
reported in practice.
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How to assess the effects of scale on the feasibility and cost of eradication?
We asked 15 experts to assess the costs and overall feasibility of eradicating a range of
different IAS mammal species at a range of different scales (1 km2, 10 km2, 100 km2, 1,000
km2 and 10,000 km2) using the most appropriate available methods for use in a European
context. In each case, the experts applied the multi-criteria approach of Booy et al. (2017) to
assess Cost, Acceptability, Effectiveness, Practicality and Negative impacts as well as
providing an assessment of overall Feasibility. We found that all of these measures were
strongly affected by scale. When a species was spread over only a small area, costs were
low, practicality, effectiveness and acceptability were typically high, negative impacts were
low, while overall feasibility was typically high. As the area over which the species was
established increased, cost and negative impacts increased, while practicality, effectiveness,
acceptability and overall feasibility declined (Figure 5).
In themselves these results are not surprising, it is widely acknowledged that eradication is
most feasible during the early stages of an invasion and before a species has become widely
spread. What this method provides is an assessment of how these measures change with
scale, and the point at which eradication may no longer be a realistic management
objective. Rejmánek and Pitcairn (2002) discuss this same issue for the eradication of
invasive plant species, suggesting that eradication with currently available methods is rarely
feasible once a plant species has established over an area in excess of 10 km2. From the data
based on mammals, when the species was present over an area of only 1 km2, eradication
was assessed as feasible by the experts in 84% of cases. By contrast, at 10,000 km2, this
percentage fell to 11% (Figure 5). It is clear that the eradication of mammals is considered
feasible at significantly larger scales than is the case with plants.
These data are presented for all 15 mammal species combined, and this exercise included a
wide range of species of different body sizes. This report illustrates how this multi-criteria
method can be used to provide information to guide management in the absence of
published literature on a topic. For example, it is likely that the feasibility of eradication for
small bodied species, which tend to have a relatively fast rate of reproduction and to be
difficult to survey, will decline rapidly with area, while for larger bodied species eradication
may still be feasible at large scales. This is already implied from the data presented on the
scale at which successful eradications have been described in the scientific literature. From
the published literature, for rats and mice, there are no documented successful eradications
based on trapping for areas greater than a few km2. By contrast, over 20% of successful
ungulate eradications worldwide have been from areas of greater than 100km2 (Figure 3).
When to choose between eradication or long-term management as the management
objective for a species?
In Table 2 we describe how a key management decision is whether to proceed with the
eradication of a species, or if this is not feasible, to consider the options for long-term
management. This is a critical decision in IAS management, if eradication is feasible it could
completely remove the species from an area, prevent its spread into new areas, and remove
the current and potential future costs and impacts. Eradication is recognised as the
preferable outcome once an IAS has established in an area. However, the number of
attempted and successful eradications remains small, and effective eradication often
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requires a rapid process of decision making and the allocation of resources. In many cases,
eradication is seen as ‘too difficult’, or management is only considered once a species has
already become so widespread that eradication may no longer be feasible. A better
understanding of the threshold, in particular the area over which the species has spread, at
which the eradication of a species moves from feasible to non-feasible, would help inform
this critical decision. While there are a small number of species and methods for which
sufficient information is available in the published literature, such as the management of
rodents on islands (Figure 4), for most of the species of Union Concern there is relatively
little published information on which to base decisions (Table 1). The data presented in
Figure 5 demonstrate how expert elicitation can be used to inform management decisions in
areas where the published literature is scarce.
For example, for a mammal species spread over an area of 1 km2 the expert elicitation
results suggest eradication would be feasible in the majority of cases (84%) and the most
commonly estimated costs would be less than €50,000. At a scale of 10 km2, feasibility falls
to 70% and costs are typically in the range €50,000-€100,000. At 1,000 km2, feasibility has
fallen further to 30% while costs rise to typically fall between €1,000,000-€10,000,000. At
the largest scale considered, 10,000 km2, in only 11% of cases was eradication considered
feasible, primarily of only the largest bodied species, and there were no examples of an
eradication costing more than €10,000,000 being considered feasible.

Comparing the results of expert elicitation with the costs reported in practice.
The use of the expert elicitation exercise to produce quantifiable estimates, for example of
cost or the feasibility of management at different scales, was chosen because there is
sufficient evidence on costs published in the literature to allow comparisons with real data
from current management activities and provide a form of validation.
Both the data from successful eradications published in the literature and expert elicitation
suggest similar cost ranges with increasing area. For an area of 10 km2, the published data
on successful eradications (Figure 6) suggests costs fall most frequently in the range of
€10,000 – €100,000 while the most common cost estimates from expert elicitation fall in
the range €50,000-€100,000 (Figure 7). For an area of 1,000 km2 the equivalent ranges are
€1,000,000-€10,000,000 from both data sources. From a preliminary comparison, it would
appear that the estimated costs of successful eradication based on expert elicitation fall
within comparable ranges of costs to those derived from the published literature. Further
analysis at the species level is still required. As more data are obtained and analysis
proceeds, it should be possible to more fully explore the effects of taxa, body size,
environment and different methods on these relationships.
Given the shortage of published information on many of the Species of Union Concern,
expert elicitation may offer a route to help inform decision making. Given the accepted
hierarchy of management priorities from prevention, then eradication through to long-term
management, it is important for managers to decide when to shift their management
objectives. The information described above could support this, in particular to decide when
eradication may no longer be a viable objective and, when either long-term management
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then needs to be considered (default option), or if inaction is the only possible alternative.
The information described is not predictive, it does not make the decision for the manager,
rather it may help inform an evidence-based assessment and allow the comparison and
prioritisation of different cases. Before proceeding with an eradication, a more detailed
case-specific assessment would clearly be required.

5. Conclusions and recommendations
Aichi Target 9 from the Convention for Biological Diversity (CBD) commits signatories to
identify and prioritise IAS, their pathways, and to then control or eradicate priority species,
a commitment that carries significant economic and social costs. The prioritisation of action
is key to the effective use of limited resources. This is embedded in the CBD’s guiding
principles for IAS management which recommend a hierarchy of prevention, then rapid
eradication and lastly ongoing management.
This choice is reflected in EU legislation. Under Regulation (EU) 1143/2014, priority species
are identified by risk assessment (McGeoch et al. 2016, Roy et al. 2014a, Roy et al. 2017)
and then listed as Invasive Alien Species (IAS) of Union Concern. Member States are
required to take appropriate action to prevent the introduction and spread of IAS of Union
concern (article 7 and article 13). For early detections of the introduction or presence of IAS
of Union concern (article 16), eradication is the required outcome (article 17), but
derogations are possible based on either the unavailability of methods (i.e. if the eradication
is demonstrated to be technically unfeasible because the eradication methods available
cannot be applied in the environment where the invasive alien species is established), or
non-target effects of the management measures taken (on human health, the environment
or other species), or that the costs will be exceptionally high and disproportionate to the
benefits of eradication (article 18). If eradication is not considered feasible or appropriate,
or if the species is already widely spread in their territory, Member States are required to
put in place effective long-term management measures, so that their impact on biodiversity,
the related ecosystem services, and, where applicable, on human health or the economy are
minimised (article 19). According to the regulation, such management measures shall be: 1)
proportionate to the impact on the environment and appropriate to the specific
circumstances of the Member States, 2) be based on an analysis of costs and benefits (and
also include, as far as is feasible, the restoration measures referred to in Article 20), 3) be
prioritised based on the risk evaluation and their cost effectiveness. The management
measures shall consist of lethal or non-lethal physical, chemical or biological actions aimed
at the eradication, population control or containment of a population of an invasive alien
species.
The methodologies proposed in this report for the collection of information on costs of
prevention and management of IAS, along with the information collected and analysed
through the testing of such methodologies, may help implement the policy and legislation
above and achieve the relevant objectives.
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Considerations to improve knowledge on costs of prevention and management of IAS
Although the full range of costs associated with IAS and their management are difficult to
measure simply in economic terms, the documentation and analysis of their economic costs
underpin major elements of policy. The investment in prevention and management of IAS is
large and increasing (Scalera 2010). However, resources are also limited and must be used
efficiently and effectively. Policy makers and managers need to compare which prevention
and management options are likely to be most cost-effective, so to prioritise which
pathways or species should be managed and how.
Studies to document the economic costs of IAS impacts have raised their profile and the
political support needed to take action. Comparisons of the cost-effectiveness of prevention
and management measures at different stages in the invasion process are reflected in the
priorities of the CBD guiding principles7. Economic analysis is the main method used to
assess whether an investment or decision is sound, and optimisation methods guide the
cost-effective planning of many surveillance and inspection regimes.
As a key finding, we realised that relatively little information appeared available in the
literature, despite the great number of activities and measures undertaken toward the IAS
challenge. This is particularly true for information on costs, but also on any general
consideration about practicality, social acceptability, wider environmental and biodiversity
impact and effectiveness of measures.
Potentially, LIFE projects could be a key source of specific and reliable data and information
on IAS prevention and management, yet – despite the detailed technical and financial
reporting which characterise the programme - there is no structured or mandatory
requirement to ensure that such data are systematically retrieved from projects. We
propose a method to ensure that any relevant information useful to inform decision makers
and project managers is duly stored and shared.
Summary of the available evidence
Any programme needs to be based on a clear description of the management objectives.
These are relatively straightforward for prevention and eradication and can be described in
simple terms. However, for control (long-term management) the objectives are often more
difficult to define and are rarely reported in a useful format in the published literature. It
was also not uncommon for studies to present more than one objective (e.g. reduce local
damage and limit spread) although they may be achieved to different levels. In the absence
of clear objectives and published data it is difficult to assess the feasibility or costeffectiveness of an approach.
Prevention should have a clear and simple objective, to prevent the species establishing in a
defined area. However, when assessing information on the methods, feasibility or costs of
prevention, there was little relevant information on a species basis in the available
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Convention on Biological Diversity, COP 6, Decision VI/23 on Alien Species that threaten ecosystems, habitats
and species. Available at https://www.cbd.int/decision/cop/default.shtml?id=7197
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literature. Expert elicitation provides an alternative approach to assess these issues in the
absence of published materials, and this could be a productive approach for the future. In
many cases the key management approaches to support prevention relate to pathway
management rather than being specific to an individual species. Deciding to implement
prevention management based on border inspections, trade restrictions or raising public
awareness would be best applied to a range of species and pathways.
When considering eradication, this had the advantage of both a clearly defined objective
together with relatively consistent and sufficient data from the literature to support
assessment. However, the appropriate methods, feasibility and costs of eradication are
likely to be heavily influenced by scale, the area over which a species has spread, which
needs to be considered in any assessment. For mammals, there are published databases on
the methods used to successfully eradicate species at different scales which, combined with
reviews of the scientific literature, provide a useful basis on which to select methods.
Mammals are thought to be particularly well provided with information on successful
eradications, this would be less certain for other taxa. The published literature and
information from LIFE projects on eradications provides relatively little information on
which to assess the broader issues of feasibility, acceptability, practicality, effectiveness,
and wider impact of different management approaches. However, expert elicitation
methods have been published and applied to assess eradications and these provide useful
insights into these issues and a route to directly compare different management
alternatives. The published literature also provides many cases where mammal eradications
have been costed, allowing comparisons and broad predictions of likely cost at different
scales. However, these data mainly come from a small number of species on islands rather
than the particular Species of Union Concern. Further analysis and the use of expert
elicitation is needed to assess the effects of species characteristics such as body size, and
the choice of methods, on the costs of successful eradications.
In this regard, the data coming from the LIFE projects could be very useful to fill in the
knowledge gaps and integrate the information available from the published literature.
However, such data may be not easy to retrieve, hence a clear and effective strategy, aimed
at ensuring the circulation of the relevant data and capitalise on the achievements of the
LIFE programme, need to be considered for implementation.
Control (long-term management) suffers from the poor definition of the relevant objectives
in many cases, making it difficult to assess the feasibility or cost-effectiveness of different
approaches. This is reflected in the literature on this topic, which although it contains
numerous studies describing different forms of control, provides a much less consistent or
comparable set of information than is available on eradication. Similar considerations apply
to the information on control measures implemented through the LIFE projects.
A summary of the assessment of the available evidence relevant to management in the
different stages of the invasion process, as found in the literature (but which may apply to
the information from LIFE projects as well), is provided in Table 3.
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Table 3 – Summary of the available evidence in relation to management in different stages in the invasion
process. The colours reflect the quality of available information, with green for those areas where useful
supporting information is already available, and red for those where there is a particular need for better
information.

The information on effort and cost extracted from the literature was presented in a wide
variety of ways. Cost was variously reported as the total cost of the project, or as the cost
per animal removed. Effort was reported as the numbers of animals removed, the effort
applied (some measure of the number of traps deployed) or an estimate of man-power. In
only two cases (10%) did the study provide evidence on the actual costs in a standardised
manner (Panzacchi et al. 2007, Bertolino and Viterbi 2010). Similarly, in the LIFE projects the
unit of effort used by beneficiaries was very variable too: “cost/individual removed” (9
records), followed by “man days” (4 records) and “full time trappers per year” (2 records),
“baits/ha or km2” (2 records), “number of traps” (2 records), “kg/ha of treatment” (1
record), “days of baiting” (1 record).
For the 20 studies on control measures collected during the literature search, information
on effort for control was standardised whenever possible to measures per unit area (but
care is needed when interpreting these, because a number of studies were based on very
small areas where density estimates are unreliable). Costs per unit area are known to be
scale dependent and scale needs to be included in any assessment. In some cases it may be
possible to use the data on effort to estimate the overall cost of control. This is relatively
straightforward for measures describing the manpower employed and may also be possible
where effort is described as number of traps deployed per unit time, which can also be
converted to man-power with some assumptions. However, costs per animal removed are
unlikely to be as useful as these will be expected to vary in relation to the density of animals
in the population.
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The economic costs of IAS management include man-power together with the equipment
and resources needed to undertake control. Such information on costs, and in some cases
on unit area or on specific cost categories (personnel, equipment, other costs), was
available from a number of sources from the literature. Similarly, for all LIFE projects it was
possible to retrieve data on the total costs related to the management and prevention
activities or the cost per unit area. However, both sources seemed to provide little
opportunity to compare the detailed information on the breakdown of costs in a
standardised manner.
In the case of the literature sources, the relevant data are usually reported in a way that
makes comparisons problematic, as they can include costs over different time periods, in
different countries, based on different assumptions of what to include, and involving
dedicated staff costs or the use of volunteers. These issues are usually reduced where
studies have been based on similar taxa, environments or methods of control, or where the
cost is recorded as effort rather than in financial terms. Similarly, in relation to the LIFE
projects, the comparison between the costs on measures for IAS is affected by the high
number and variability of inputs received. For example, Holmes et al. (2015, 2016) reported
useful information on costs for quite a few measures and species, but the budget categories
used in this study (Planning, Implementation, Isolation, Non-target, Human population) are
different from those suggested in the database (Personnel, Equipment, Other costs) and
given their horizontal nature, are not comparable with those available from other
publications and/or LIFE projects.
We also realised that data could not always fit into the proposed database structure, as in
many case the compilers, in order to prevent the loss of information considered useful, felt
the need to add extensive free text into the various fields and the comments, which of
course does not allow for an easy and practical analysis and comparison of data. On the
other hand, the risk of collecting biased or erroneous information is documented (see
Holmes 2015, 2016).
Nevertheless, the necessity and the importance of ensuring the maintenance of a database
focusing on the costs of IAS prevention and management remains fully justified. As a
resource tool it will become increasingly useful as information accumulates. It should also
guide the setting of minimum reporting standards for studies to ensure they provide more
useful information in future. For example, a set of standardised reporting criteria for the
objectives and costs of management interventions for biodiversity conservation was
proposed by Iacona et al. (2018). The database structure proposed in the present work is in
line with the main standards suggested by Iacona et al. (2018), hence we think that a similar
approach for IAS management reporting would be particularly useful going forward.
Collation of the costs of management will also provide a useful resource against which to
inform and validate the results of other studies and researches, such as risk assessment, risk
management and multi-criteria analysis.
The data presented here is only a sample of what could be retrieved from the LIFE
programme which represents a large source of information and data in relation to costs for
53

prevention and management of IAS in the EU, even though its potential has not been yet
fully explored and exploited in this context (but see Tucker et al. 2013). However, a very big
effort is required to retrieve the type of data and information required (e.g. following the
proposed database structure), because the EU managed LIFE database – despite being a key
information tool on this regard - was not intended to allow the extrapolation of IAS data for
such purpose. In general, a large effort is required to achieve the level of detail useful for
this type of study (e.g. following the proposed database structure), because the information
is not stored in a way to allow for a detailed consultation from the public. In fact, most of
the data on costs are likely to be unpublished and owned by the relevant beneficiaries, or
otherwise stored in the files regarding the project, which may be not available to third
parties (e.g. Final Report, Interim reports, Financial spreadsheets). In most cases, to compile
the proposed questionnaire, the data may be not readily available not even to the project
beneficiaries, hence it may require time and resources to present the data in a way that is
compatible to the proposed database structure, and this may be not possible for all relevant
beneficiaries (particularly in such cases when a project ended many years ago, as the
contact persons, like the project manager, may have changed positions/work in the
meantime). The information that can be found on public sources in several cases does not
include information on costs and budget breakdown, as these data are considered sensitive.
The same could apply to information such as the social acceptability of the interventions
carried out. Therefore, while the collection of data from LIFE project is feasible and
necessary, a new strategy is required to ensure that such data are systematically circulated
to all interested actors, and this should probably be decided and implemented by the EC
services (for example, the relevant DG ENV policy Unit and EASME).
The cost-effectiveness of multi-species programmes
In terms of eradication or long-term management, little information was available from the
literature on which to assess the possibility of reducing the risks posed by multiple species
and increase cost-efficiency of measures. In fact, in at least one case a paper (Mazzamuto et
al. 2015) focusing on the management of Callosciurus erythraeus carried out within the
project LIFE09 NAT/IT/000095 EC-SQUARE (see also below) did not explicitly consider the
multi-species approach of the project.
In fact, some more precise information was available from the LIFE projects. For example,
the aforementioned project EC-SQUARE, which focussed on the eradication of Sciurus
carolinensis involved in some project areas also the species Callosciurus erythraeus (same
methods applied). The same applied to the projects focusing on Trachemys scripta (LIFE12
NAT/IT/000395 LIFEEMYS and LIFE09 NAT/ES/000529 LIFE TRACHEMYS) that included the
trapping of 8 to 10 additional species/subspecies of alien turtles (e.g. Graptemys khoni,
Graptemys preudographica, Mauremys leprosa, Mauremys sinensis, Pseudemys concinna,
Trachemys scripta elegans, Trachemys scripta scripta, Trachemys scripta troostii). In all cases
mentioned above the information on costs and the methodologies did not change
depending on the species, also because the extra targets were not initially included in the
project. This is the case also for the project LIFE13 BIO/FR/000075 LIFE PETRELS which
included measures for rats eradication, targeting both Rattus rattus and Rattus norvegicus.
Feral cats were trapped too, and a separate breakdown of costs was provided for this
species. Also, in the case of project LIFE12 NAT/IT/000416 LIFE Puffinus Tavolara, which
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included measures for the eradication of Rattus rattus, a separate line with information and
related costs for the control of Capra hircus was provided too. Overall, from the data
retrieved through the LIFE projects, it seems that this multi-species approach gave the
projects the possibility to optimize costs and time.
Both the data from literature and from LIFE projects show that in any case, it is worth
considering that in terms of methods. While similar methods may be appropriate for the
control of different species, for example the use of live-capture traps, the details of setting
and baiting these will be species specific, what works best for one species is unlikely to
optimal for another. The main costs of management are typically manpower, and there may
be scope for operators to undertake the control of more than one species as part of their
job definition. This is often the case in other areas of wildlife management, with forest
rangers or gamekeepers being responsible for the management of a range of species within
a defined area rather than focused on a single species. There may be scope to employ ‘IAS
managers’ with similar responsibilities, and their costs would be determined by the area
over which they could effectively operate, which would depend on the nature and
abundance of the species present and the specific management objectives for each. Lastly,
legislative changes, for example adding species to the list of those that may be hunted in an
area, may be applied to multiple species if appropriate, but again this would require case
specific consideration.
As a closing remark, in relation to IAS costs for management and prevention, some EU
financial instruments other than LIFE may provide useful information. An example are the
rural development measures foreseen within the agri-environmental schemes, that most
often have significant impacts on biodiversity. However, since no public database is
available, it is not possible to obtain comprehensive and reliable information on projects
funded through such financial tools. This clearly affected the possibility of extending the
analysis beyond that relative to the resources allocated by LIFE. The situation is slightly
different in the case of the funding mobilised through the H2020, which can be explored
through the CORDIS8 database, however since the main focus of this scheme is on research,
it was not considered in this study (in any case contacts with the beneficiaries would be
required to access any relevant information from single projects).

Multi-criteria analysis as a way of producing policy-relevant information
Born et al. (2005) recommended multi-criteria decision making as a way of including aspects
of uncertainty and using qualitative as well as quantitative evaluation to support IAS policy,
prevention and management. By combining ecological knowledge and economic evaluation,
multi-criteria evaluation opens up new ways of producing policy-relevant results rather than
intensifying what Born et al. (2005) describe as the mono-dimensional approach of purely
monetary evaluation.

8
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To date the only published use of the multi-criteria approach of Booy et al (2017) has been
to prioritise eradication as a management objective. In this report we also demonstrate its
use to assess the effects of scale on the decision to eradicate a species from an area or
consider long-term management and a more detailed analysis of this data will feature in a
future publication. We also outline how the method might be applied to the selection of
appropriate management methods although demonstrating this application was beyond the
scope of this report. We also highlight that this method produces expert-based estimates of
the costs of management in a structured way and that these costs are broadly in line with
those observed from real mammal eradications. This is a particularly useful aspect of this
approach given the shortcomings of extracting useful cost information from the literature or
project databases.
For this method to be consistently applied, it is important that the criteria are defined in a
way that avoids linguistic ambiguity, is readily understandable by different assessors and
which minimises between-assessor variability. While there is scope to increase the detail
provided in the guidance, any such changes would need development and testing before
being adopted. It is also worth remarking that there are a number of areas where the
guidance provided for the implementation of this protocol could be enhanced. These
include providing more detailed descriptions of terms such as ‘high’ or ‘very high’ in the
assessment criteria; creating sub-categories of impact to better separate environmental,
economic, social and welfare impacts; and in which circumstances the criteria of ‘window of
opportunity’ or ‘risk of reintroduction’ need to be completed. In any case, it will be
important to test any new descriptions or terms on a group of experts before adopting
them, so to reduce the chances of introducing discrepancies or ambiguous terminology, and
to reduce between-assessor variability. This would need to be undertaken before the
guidance provided could be considered definitive.
The application of this approach to other taxa and suggestion for future improvements
In this report we focused on terrestrial vertebrates, and mammals in particular, where data
is likely to be more abundant than for other taxa. For example, the compiled information on
the methods used for successful eradications worldwide and their areas (Keitt et al. 2012)
does not, to our knowledge, have an equivalent for other taxa. Considerable work would be
required to compile such a resource and this could be added to the IAS management costs
database. In many cases, management decisions need to be made in the absence of
published information. For example, the literature related to the management of vertebrate
of Union Concern was limited in scope and this is likely to apply also to other taxa. However,
the methods applied to manage these species are also widely used in other circumstances
and more method-based reviews may provide more useful information than selecting
studies based on particular species.
Information on the costs of eradications for other taxa exists in a number of reviews (e.g.
plants - Rejmanek and Pitcairn 2002, forest insects - Brockerhoff et al. 2010), and work at
Newcastle University continues to collate new studies relevant to these wider taxa. A wider
multi-taxa analysis of cost-area relationships would be a useful resource for the future.
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Expert elicitation to assess the selection of suitable methods, costs and feasibility in relation
to scale and different management objectives can be applied to wider taxa and offers a
possible route to assessment. The original work by Booy et al. (2017) was based on a wide
variety of taxa and the approach was specifically designed to support this. If this
methodology is more widely applied, a dedicated database of expert-based results will
develop over time, this is of a different form to that supported by the IAS management
costs database described in this report. Consideration is needed on how information of this
sort should be collated for the future.
Application of expert elicitation to inform other management decisions
The method developed here, based on Booy et al. (2017) could be further developed to be
used to compare the cost-effectiveness of different control methods to achieve different
management objectives.
The example of expert elicitation given in this report relates to the costs and feasibility of
eradication in relation to geographic scale. However, there are ways in which the same
approach could be applied to other management questions. A particular issue with IAS
management relates to the effective choice of objectives and methods for long-term
management. The literature to support decision making in this area is not as rich as for
eradications and interpretation could be affected by the lack of reporting of clear
management objectives. This would seem a particularly useful area in which to apply expert
elicitation in future, and would have the distinct advantage that the objectives of
management could be clearly set at the onset, supporting assessments that are difficult if
based solely on the published materials. Not only could this help inform decisions regarding
costs or the selection of methods, it would also allow comparisons of the costs and
feasibility of the wide range of different long-term management objectives available, such
as containment, reducing damage or limiting abundance, to help guide the formulation of
feasible and effective long-term management plans.
A further application of the method developed by Booy et al. (2017) would be to assess the
feasibility of applying different control measures (for example, trapping or shooting) to a
species to achieve the same management objectives. Figure 5 illustrates how this might be
undertaken, comparing cases where the scenario and management objective remains
constant, but the chosen control method changes. In this case, the basic assessment criteria
used by Booy et al. (2017) remain unchanged. Should the method be used to examine other
questions (such as those outlined in Fig. 5), then some additional guidance would need to
be developed to reflect the different requirements. There would be also scope to increase
the detail provided with the assessment criteria, for example by separating ‘Management
Impact’ into sub-categories of impact on different issues such as impacts on animal welfare,
society, biodiversity or the environment. However, it is important that any such changes
should be trialled and tested for clarity of meaning before being adopted.
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Figure 5 - A schematic description of how the multi-criteria risk management method might be applied to
compare the cost-effectiveness of applying different measure to achieve the same management objective.

While this report has focused on the method of Booy et al. (2017), other methods have also
been published for use in specific circumstances, such as the selection of appropriate
methods (Schmiedel et al. 2016). There is scope to further develop both of these methods
to improve the ease of use, breadth of application and to examine how they may
complement each other in specific circumstances. However, these developments need
careful consideration and testing before they can be recommended here.

Recommendations
1. A strategy with measures to keep the database on the costs of IAS prevention and
management regularly updated and freely accessible as new information emerges is
required.
2. At present, among all financial tools available at the EU level, actual and
comprehensive data regarding IAS management are obtainable only through the LIFE
database. In any case, the accessibility of the information on costs for IAS
management and prevention is currently limited by the availability of the project
beneficiaries to provide the required details. In this sense, a greater coordination
effort between the involved Units of DG ENV and EASME would be crucial. For
example, an agreement to ensure that, for all IAS related LIFE projects, the proposed
database on management costs is filled in as a compulsory deliverable, would be a
crucial step.
3. Greater synergies between different EU policy units would be required to ensure or
facilitate the accessibility of information regarding measures on IAS funded through
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funding schemes other than LIFE, such as the rural development measures foreseen
within the agri-environmental schemes. Also in this case, in the light of the
requirements of the EU Regulation on IAS, the use of the database on management
costs should be extended to all IAS related projects.
4. An useful initiative to ensure appropriate circulation of information about results
and experiences from project dealing on IAS management and prevention could be
the promotion of a dedicated EU network of authorities, scientists, researchers,
stakeholders, wildlife manager and practitioners, etc. This was already
recommended at the LIFE Platform meeting on IAS held in Milan (Italy on 29-30
November 2017, which gathered together over 120 participants from a number of
EU countries (see “Participants’ conclusions and recommendations to the European
Commission and EU Member States”9).
5. Multi-criteria analysis can represent a useful tool to support IAS policy, prevention
and management. The application and testing of the multi-criteria analysis with the
method developed on the basis of Booy et al. (2017) did not provide a definite area
threshold of when to move from eradication to control for terrestrial vertebrates, or
for any individual species. It is therefore currently not possible to assess and discuss
the full range of strengths and weaknesses of this approach. In any case, additional
work is required to further develop and test the available methodologies if they are
to be applied to answer wider management questions.

9

http://www.naturachevale.it/wp-content/uploads/2017/06/IAS-platform-meeting-outcome.pdf
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