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Abstract
Formulating effective management plans for addressing the impacts of invasive non-native species (INNS) requires the
deﬁnition of clear priorities and tangible targets, and the recognition of the plurality of societal values assigned to these
species. These tasks require a multi-disciplinary approach and the involvement of stakeholders. Here, we describe
procedures to integrate multiple sources of information to formulate management priorities, targets, and high-level actions
for the management of INNS. We follow ﬁve good-practice criteria: justiﬁed, evidence-informed, actionable, quantiﬁable,
and ﬂexible. We used expert knowledge methods to compile 17 lists of ecological, social, and economic impacts of
lodgepole pines (Pinus contorta) and American mink (Neovison vison) in Chile and Argentina, the privet (Ligustrum
lucidum) in Argentina, the yellow-jacket wasp (Vespula germanica) in Chile, and grasses (Urochloa brizantha and Urochloa
decumbens) in Brazil. INNS plants caused a greater number of impacts than INNS animals, although more socio-economic
impacts were listed for INNS animals than for plants. These impacts were ranked according to their magnitude and level of
conﬁdence on the information used for the ranking to prioritise impacts and assign them one of four high-level actions—do
nothing, monitor, research, and immediate active management. We showed that it is possible to formulate management
priorities, targets, and high-level actions for a variety of INNS and with variable levels of available information. This is vital
in a world where the problems caused by INNS continue to increase, and there is a parallel growth in the implementation of
management plans to deal with them.
Keywords Alien species Collaborative process Expert knowledge Latin America Natural resource management
planning Uncertainty
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Introduction
Invasive non-native species (INNS, hereafter; also referenced as invasive alien species) are those non-native species
that have established and spread outside their native ranges
(Blackburn et al. 2011). Some of them cause severe social,
economic, cultural, and environmental impacts, affecting
human livelihoods, biodiversity, and ecosystem services
(Blackburn et al. 2019; Linders et al. 2020; Pyšek et al.
2020). The impacts and costs arising from these harmful
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INNS are predicted to rise over the next decades worldwide
(Essl et al. 2020b; Seebens et al. 2021; Diagne et al. 2021).
Therefore, it is not a surprise that managing INNS ranks
high among the priorities of a broad array of governmental,
non-governmental and private institutions, organisations,
and agencies worldwide (Turbelin et al. 2016; Convention
on Biological Diversity 2020; Essl et al. 2020a; Hulme
2021). The eradication of many of these INNS is currently
unfeasible, and instead, long-term plans are needed for
sustained management to address their impacts (Bomford
and O’Brien 1995; Green and Grosholz 2021; Robertson
et al. 2020; García-Díaz et al. 2021). The nature and
development of these management plans are highly contextdependent (Fig. 1), but there is a shared need for formulating clear priorities and measurable targets to evaluate
whether they are effective.
The identiﬁcation of priorities and speciﬁcation of targets
for the management of INNS requires collaboration among
disciplines and the explicit incorporation of diverse societal
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Fig. 1 Decision-making rules in four broad types of the governance
system to formulate INNS management plans (modiﬁed from the
categories in Conroy and Peterson 2013). The level of participation
and agreement between actors increases from left to right. Increased
participation levels are generally more suited for formulating management plans in situations with numerous and varied impacts and

actors involved. However, this comes at the expense of promptness
(swiftness with which a plan can be formulated) and with an associated
increased need for resources and effort. Our methods and individual
tools can be adapted to any of these four systems, although they tend
to be more appropriate for collaborative approaches

perspectives to ensure that management plans meet the
varied expectations and values of society and stakeholders
(Crowley et al. 2017a; Vaz et al. 2017; Kapitza et al. 2019).
This approach is essential when the goal is to generate and
sustain a commitment to management in perpetuity (Bridger
et al. 2019). The need for transdisciplinary approaches to
tackle complex socio-ecological issues has long been
recognised by ﬁelds such as sustainability science (Lang
et al. 2012; Mattor et al. 2014), and our work aligns well
with this literature and principles in terms of collaborative
research and team-building actions for gaining a common
understanding of our research problem.
The degree to which this collaboration and integration of
perspectives are achieved is variable and depends on a wide
array of factors (Fig. 1). A key reason to include multiple
views is that different sectors of society commonly place
different values on the same INNS, including contrasting
values (Estévez et al. 2015; Beever et al. 2019; Kapitza
et al. 2019; Oﬁcialdegui et al. 2020). This divergence of
values may arise, in some instances, because an INNS may
have negative environmental impacts, but positive social or
economic beneﬁts (Andriantsoa et al. 2020; Vimercati et al.
2020). Spatial and temporal spillover effects are particularly
relevant. For instance, a private company may reap beneﬁts
from planting and harvesting non-native pines (Pinus spp.),
but this can be to the detriment of society if the trees spread
beyond the plantations and invade natural protected areas
with high cultural and ecological signiﬁcance or productive

pastures (Nuñez et al. 2017, 2021; Bravo-Vargas et al.
2019). Failing to recognise the multiplicity of values that
emerge from the variety of positive and negative in situ and
spillover INNS impacts is bound to create controversies and
conﬂicts that yield subpar management plans (Estévez et al.
2015; Crowley et al. 2017a, 2017b; Beever et al. 2019).
There is a need for approaches that facilitate collaboration among a variety of actors to identify management
priorities and uncertainties in an inclusive and structured
way. These approaches explicitly permit and encourage
disagreement, providing means to resolve these disagreements and translate them into concrete and feasible actions
(Novoa et al. 2018; Van Woensel 2019; Clement 2020;
Evans 2021). We deﬁne participants as actors interested in,
affected by, or with a stake in the management of the focal
INNS, including but not limited to decision-makers, managers, experts, and representatives of the affected communities and companies. The extent and level of engagement
of participants will depend on the governance arrangements
(Fig. 1), where agreeing on a common language and
decision-making procedures from the outset are fundamental to the success of the more collaborative and inclusive approaches (Craig 2018; Van Woensel 2019).
In 2019, we commenced a multinational programme
aimed at advancing the management of harmful INNS in
Latin America (Fig. 2). Our group includes ecologists,
economists, social scientists, and practitioners from
Argentina, Brazil, Chile, and the United Kingdom (Lambin
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Fig. 2 Geographical location of
the seven case studies in Latin
America. Note that the sections
coloured correspond to the areas
where the plan will be
applicable, which are casespeciﬁc and can range from
biomes to administrative
jurisdictions

et al. 2020). At the start of our programme, we encountered
difﬁculties in deﬁning management priorities and targets,
and linking and integrating the different backgrounds and
disciplines of the participants. There was confusion about
the goals of managing our target INNS and instances of
conﬂation of management goals and means to achieve those
goals (e.g. mitigation of impacts versus population control).
In addition, there was a greater emphasis on ecological than
social and economic impacts, which led to underestimating
the impacts of INNS and hindered the valuation of the costs
caused by INNS. Also, there was an overt focus on negative
INNS impacts with a poor consideration of positive
impacts, even though understanding both types is vital.
Furthermore, there was a general sense that the scarcity of
information was a severe barrier to formulating objectives
and actions.
Here, we showcase a collaborative approach to formulating priorities, targets, and high-level actions that is
based on the experiences and lessons we gained to overcome the obstacles in our programme (Online Resource 2).
We focus exclusively on formulating priorities, targets, and
high-level actions; the design and implementation of

speciﬁc activities to meet those priorities and targets are
beyond the scope of this work (see further guidance in the
“Discussion”). Our experience illustrates the difﬁculties that
INNS management programmes face across the world,
particularly in areas where INNS only recently have been
considered a signiﬁcant problem. Therefore, we expect that
our procedures will be especially useful for actors involved
in the management of INNS who are beginning to craft their
plans and are facing difﬁculties similar to ours.
In the following sections, we describe and detail the
rationale and procedures for each of the three stages of our
prioritisation and target-setting exercise (Online Resource
2). We illustrate our procedures with seven case studies of
invasive plants (four examples) and animals (three examples) in Latin America. These were (Fig. 2) lodggepole pine
(Pinus contorta) in the Araucanía and Aysén Regions
(Chile) and in the Northwestern Patagonia Region (Argentina), privet (Ligustrum lucidum) in the South Yungas
Forest (Argentina), invasive grasses (Urochloa brizantha
and Urochloa decumbens) in the Cerrado (Brazil), American mink (Neovison vison) in Austral Patagonia (Argentina) and the Los Ríos Region (Chile), and yellow-jacket
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wasps (Vespula germanica) in the Los Ríos Region (Chile).
The size of the areas covered by each case study differed
(4,877 to 2,000,000 km2), reﬂecting the region over which
their respective management plans could be envisaged or
implemented. They ranged from entire biomes (e.g. temperate rainforests and wetlands in Los Ríos, Chile) to welldelimited administrative jurisdictions, reﬂecting the multiscale nature of INNS issues. The simultaneous application
of our process to a variety of case studies; geographic and
political scales (three countries); social, economic, and
human density scenarios; and taxonomic scope is an attempt
to demonstrate the applicability of our approach across a
wide array of potential circumstances. We conclude by
discussing potential extensions, future directions, and limitations of our process.

Deﬁning the Scope and Aims of Long-term Inns
Management Plans
We started by recognising that, when the target INNS
cannot be eradicated, management plans should focus on
addressing their negative and positive impacts (Lodge et al.
2016; Dunham et al. 2020; García-Díaz et al. 2021).
Unfortunately, the complexity and ambiguity often associated with impact assessments and management can limit
the deﬁnition of priorities and targets to manage INNS
impacts effectively. First, there are multiple ways of
investigating and measuring impacts, compounded by the
fact that social and economic impacts often depend on the
values and perceptions of the stakeholders (Ricciardi et al.
2013; Beever et al. 2019; Kapitza et al. 2019). This produces ambiguity because the management of INNS impacts
can be approached from alternate perspectives. In addition,
there is scant information on the impacts of many INNS,
even when they are intensely managed (Simberloff 2003;
Latombe et al. 2019; Crystal-Ornelas and Lockwood
2020a, 2020b). This adds uncertainty that can become a
major barrier to the ideal notion of implementing management plans to mitigate INNS impacts.
Our procedures were intended to aid actors involved in
INNS management activities in navigating these challenges
and arriving at impact outcomes and assets that should be a
strategic priority, and high-level actions to deal with them.
We incorporated the different dimensions of impact deﬁned
by the International Union for the Conservation of Nature
(IUCN) Invasive Species Specialist Group and used them in
standardised assessments of INNS impact magnitude
(see https://www.iucn.org/theme/species/our-work/invasiv
e-species/eicat and http://www.iucngisd.org/gisd/howto.
php). These are the impact outcomes (the consequences of
the impact), their magnitude and direction (positive or
negative), and the mechanisms underpinning those outcomes. We added another dimension that was relevant to
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our case, the species, or assets impacted (assets hereafter for
simplicity; an asset is any type of resource).
Five key tenets of well-designed public policy and natural resource management planning should underpin longterm INNS management plans (Groves and Game 2016;
Dunn 2017; Evans 2021). First, a management plan should
be justiﬁable. This criterion addresses the demand and
motivation for designing a plan and springing into action.
Second, the plans should be evidence-informed, which is
fulﬁlled by making use of the best available evidence that is
relevant to the purported methods and goals (Russell-Smith
et al. 2015; Rose et al. 2018; Van Woensel 2019). Third, the
plan should be made actionable by deﬁning, at least in
broad terms, the actions to be undertaken. It should also be
possible to measure the targets of the plan to shape actions
and monitor progress, leading to the fourth criterion—the
presence of quantiﬁable targets. Fifth, there should be
ﬂexibility so the management plan can be revised to account
for new information and deal with novel and unforeseen
situations (adaptive management).
Adhering to these ﬁve criteria will also improve
accountability and transparency in the production and
implementation of a management plan. We acknowledge
that the management of INNS is complex and multifaceted,
and it is likely that there will be instances in which tradeoffs among criteria will be unavoidable. For example,
achieving an appropriate level of ﬂexibility may come at the
cost of a detailed quantiﬁcation of progress towards the
targets. Resolving these trade-offs will require further analyses to evaluate which solutions achieve the most effective
management outcomes. Guidance and criteria for assessing
and ranking more detailed activities than those deﬁned by
the third criterion can be found elsewhere (Groves and
Game 2016; Green and Grosholz 2021; Mill et al. 2020;
Dunham et al. 2020; García-Díaz et al. 2021).

Methods
From Impact Outcomes and Assets to High-level
Plans: A Systematic Sequential Approach
Our procedures integrate the ﬁve criteria via three sequential
stages that help formulate priorities, targets, and high-level
actions for management plans while allowing for the consideration of varied perspectives (Online Resource 2). The
focus on impact outcomes by design means that the rationale for the management plan is explicit (justiﬁable). In our
ﬁrst stage, participants draw on existing information (evidence-informed) to inventory and assess INNS impacts
semi-quantitatively and qualitatively. The information collated ideally will include the magnitude and direction (either
positive or negative) of all possible outcomes of the impacts
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of INNS on all possible assets, and mechanisms will be
attributed to each of those impact outcomes. This stage
results in a catalogue of combinations of impact outcomes
by assets by impact mechanism. Our second stage assists
the participants in prioritising those impact outcomes on the
basis of their magnitude and uncertainty (Game et al. 2013),
and serves to classify each impact outcome in one of four
high-level action categories (actionable): do nothing,
monitor, research, and immediate active management. Once
high-level actions have been identiﬁed for each impact
outcome and asset, the participants deﬁne quantitative
indicators to measure those impact outcomes in real life
(third stage). These indicators can be used both to improve
the understanding of the magnitude of the impacts (reducing
uncertainties; ﬂexible) and to track the progress of the
management plan (quantiﬁable).
First stage: inventory and evaluating impacts
Our ﬁrst stage builds on the standardised lists and
methods used by the IUCN to inventory and assesses the
impacts of INNS. We relied on the standardised lists of
impact outcomes, impact mechanisms, and the methods
to quantify the magnitude and uncertainty of impacts
underpinning the Environmental Impact Classiﬁcation of
Alien Taxa (EICAT; Blackburn et al. 2014; Hawkins
et al. 2015). Although we drew on these pre-existing
tools, we did not use the same protocols, nor was it our
objective to do so (Kumschick et al. 2020). Indeed,
EICAT is centred on environmental impacts and it is
commonly applied to estimate a single magnitude of the
effects of each INNS, which corresponds to the highest
possible impact magnitude supported by the evidence
(Blackburn et al. 2014; Hawkins et al. 2015; Kumschick
et al. 2020).
Our protocol casts a broader net and includes not only
realised but also potential impacts on the basis of a review
of information and experiences obtained outside our case
study areas. In addition, we emphasised individual impact
outcomes and assets impacted rather than coming up with a
single category for each INNS. The standardised lists of
impact outcomes and mechanisms include environmental
(biotic and abiotic) and social and economic impacts, which
allows for a collective assessment across these categories.
The EICAT categories and criteria (data deﬁcient, minimal
concern, minor, moderate, major, and massive) were
applied to each combination of impact outcome by asset by
impact mechanism. This allowed us to gather information
on the magnitude and uncertainty of the impact outcomes
by asset and by mechanism level rather than at the species
level. Adapting tested standardised methods means that the
methods are sound and comparable with other work that
applied these methods and that our approach could be
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transferable beyond our case examples (Kumschick et al.
2017, 2020).
For each of our seven case examples, we contacted two
to four experts by email and requested that they complete a
comprehensive impact score spreadsheet (see Online
Resource 1 and data availability statement for further
details). Expert knowledge has proven useful in informing
INNS management, particularly when drawn from interdisciplinary teams that have the capacity to integrate disparate evidence sources and weight uncertainties (Roy et al.
2020). All the experts (n = 16) were part of our research
programme and are co-authors of this paper. Our protocols
readily can be extended to include other participants,
including other experts and stakeholders. The experts’
afﬁliations included universities, non-governmental organisations, and government agencies. The impact score
spreadsheet included eight columns (impact outcome,
impact mechanism, maximum impact [EICAT classiﬁcation
level], level of conﬁdence, species or asset impacted,
direction of the impact [positive or negative], comments and
other details, and references and supporting information)
plus additional personal and context-speciﬁc details (see
Online Resource 1 and Data availability statement for further details). The last column supported meeting the
evidence-informed criterion.
At this stage, the experts were asked to ﬁll in the impact
score spreadsheet with as much detail as possible, including
both realised and potential impact outcomes. Potential
impacts were automatically classiﬁed as data deﬁcient and
low level of conﬁdence. Potential impacts are usually
excluded from EICAT evaluations (Kumschick et al. 2020),
but we included them because they are fundamental for
monitoring and awareness of plausible and likely current or
future impacts (actionable). Consistent with existing protocols for using expert knowledge (Hemming et al. 2018),
each expert was contacted individually and independently
and provided with an individual impact score spreadsheet.
Experts were instructed to complete the task within 2 weeks
and to try to take no more than 2 h to fulﬁl the task. Upon
returning their impact score spreadsheets, experts were
instructed to share and discuss their spreadsheets with other
experts within the same case study. After this exercise,
individual experts had the opportunity to revise their
spreadsheets and return their updated versions.
The last step was another round of revisions in which
external experts not involved in the previous steps joined in
a facilitated discussion (Online Resource 2). This activity
was intended to encourage the experts to think outside their
own systems and provide a potentially challenging outsider
view. In our case, this last step took place during a facilitated workshop held in San Carlos de Bariloche (Argentina;
3–4 December 2019), where all the participant experts and
three researchers from the University of Aberdeen and
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Universidade Estadual Paulista who were not involved in
the previous steps worked in three groups covering pines in
Chile and Argentina, American mink in Chile and Argentina and yellow-jacket wasps in Chile, and privet in
Argentina and invasive grasses in Brazil. The impact score
spreadsheets were openly shared and discussed, and the
experts revised them as necessary. The spreadsheets for
each of the seven case examples were merged for subsequent analysis.
Second stage: prioritising impacts and deﬁning high-level
actions
The wealth of information generated in the ﬁrst stage
established a solid evidence basis for formulating management plans (evidence-informed). However, the information
needed to be translated in a way that could lead to meaningful actions (actionable). Tackling all of the impact outcomes simultaneously is not feasible. Therefore, in the
second stage, we used the information on impact outcomes,
assets impacted, and magnitudes and associated levels of
conﬁdence to narrow down the list and select the most
pressing impact outcomes that needed to be addressed
immediately. In other words, we deﬁned the impact outcomes that will be prioritised for management.
Once a priority list is ready, it is possible to decide on an
appropriate course of action for each selected impact outcome and asset. Here, the magnitude (EICAT category) and
the level of conﬁdence (uncertainty) play a key role. The
impact outcomes are aligned along two axes on the basis of
the approach described by Game et al. (2013). The x-axis
indicates the magnitude of the impact outcome and the yaxis represents the level of conﬁdence. The plot is then
divided into four domains identifying the high-level actions
to undertake for each priority impact outcome (actionable):
do nothing, monitor, immediate active management, and
research. This is a pragmatic way of summarising the
importance of each impact outcome and guiding the formulation of high-level strategic responses while accounting
for the uncertainties in the information available (level of
conﬁdence) (also see Milner-Gulland and Shea 2017;
Rowland et al. 2014).
During the workshop, the experts discussed and identiﬁed in conversation with peers and external experts the
impact outcomes that should be taken into account in a
management plan for their case studies given the information in their spreadsheets. We highlight the impact outcomes assigned to immediate active management, but
provide two representative examples of the full classiﬁcation (Fig. 3). The impact outcomes that require monitoring
or additional research should still be included because the
new information obtained on those impact outcomes should
be used to update the spreadsheets and, in time, revise the

Fig. 3 Two examples of prioritising and assigning high-level actions to
impact outcomes based on their Environmental Impact Classiﬁcation
of Alien Taxa magnitude and level of conﬁdence

management priorities and targets (ﬂexible). These impacts
can be assigned to either research or monitoring on the basis
of the magnitude and level of conﬁdence (Fig. 3). This is
aligned with the well-known principles of adaptive management of natural resources and INNS (Foxcroft and
McGeoch 2011; Westgate et al. 2013; Lambin et al. 2020).
Third stage: quantitative measures of impact outcomes and
assets impacted
Prescribing quantitative indicators is essential to diagnosing the extent and degree of the impact outcomes and
to monitoring the progress and success of the management
plan (quantiﬁable). No single quantitative indicator ﬁts all
cases, and therefore we did not use a standardised list or
approach to guide the process. In addition, the number of
quantitative indicators does not need to match the number
of priority impact outcomes. Multiple indicators can be
used to quantify one impact outcome, and in some
instances, a single indicator might measure several impact
outcomes.
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Preliminary Assessment of the Potential Usefulness
of the Procedures and their Likelihood of Adoption
We conducted a preliminary assessment of the potential
usefulness, caveats, and avenues for improvement of our
procedures through an informal, six-question survey of our
network of colleagues in Latin America. Our network of
informal contacts included 55 experts afﬁliated with government agencies (60.5%), scientiﬁc organisations (30.9%),
and environmental non-governmental organisations (3.6%)
from Argentina (72.7%), Chile (23.6%), and Uruguay
(3.6%). The experts had experience in INNS, conservation,
and natural resource management. The informal survey in
English and Spanish is available from Online Resource 1.

Results
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18 minor (8.7%), and 10 minimal concern impact outcomes
(4.9%). A further 47 impact outcomes were considered to
be data deﬁcient (22.8%). The impacts of plant INNS tended to be more severe (major and massive) than those of
animal INNS (Online Resource 4). See Online Resource 1
and Data availability statement for summaries and the
aggregated Impact score spreadsheet.

Second Stage: Prioritising Impacts and Deﬁning
High-level Actions
Across our seven case examples, only 18 of the 206 impact
outcomes (8.7%) were selected for immediate active management (Table 1) (percentage by case example, mean ±
standard deviation: 12.2 ± 10.2%; range: 2.2–31.3%). All of
the impact outcomes selected for immediate active management were negative; 10 were environmental (55.6%),
and eight were social and economic (44.4%).

First Stage: Inventory and Evaluating Impacts
We obtained 17 impact score spreadsheets (one of the
experts evaluated two species), which in the aggregate listed
206 unique impact outcomes by impact mechanisms by
assets across the seven case examples (mean and standard
deviation by case example 29.7 ± 12.2, range: 17–46). The
number of impact outcomes per spreadsheet was higher for
invasive plants than animals (Online Resource 3), and there
was no apparent relationship between the spatial extent of
each case study or the time experts took to complete their
spreadsheets and the number of impact outcomes they listed
(Online Resource 3).
A total of 172 assets were listed as impacted by our case
study INNS. Across the seven case studies, the ﬁve most
prevalent impact outcomes included three environmental
and two social and economic types (Figs. 4 and 5): reduction in native biodiversity (environmental; 47 cases;
22.8%), alteration of recreational use and tourism (social
and economic; 14 cases; 6.8%), decline in native population
size (environmental; 13 cases; 6.3%), damage to agriculture
(social and economic; 10 cases; 4.9%), and modiﬁcation of
food webs (environmental; 10 cases; 4.9%). The ﬁve most
prevalent impact mechanisms corresponded to chemical,
physical, or structural impacts on ecosystems (66 cases;
32.0%), predation (62 cases; 30.0%), competition (42 cases;
20.4%), interaction with other invasive species (11 cases;
5.3%), and grazing, herbivory, or browsing (9 cases; 4.4%).
The majority of impact outcomes were assessed as negative
(187; 90.8%). The magnitude of the impact outcomes
(EICAT categories) varied widely across the seven case
studies, even when assessing the same INNS in different
locations (Online Resource 4). Ranked by magnitude, there
were 12 cases of massive impact outcomes (5.8%), 49 of
major impact outcomes (23.8%), 70 moderate (34.0%),

Third Stage: Quantitative Measures of Impact
Outcomes and Assets Impacted
The experts identiﬁed two to ﬁve quantitative indicators to
measure impact outcomes and assets impacted for their
respective case studies (see examples in Table 1). The
indicators were speciﬁc to each case study and experts
recorded as many indicators as necessary. If management
actions include population control, the number of individuals removed and the resulting reduction in abundance
should always be quantiﬁed and recorded, along with estimates of uncertainty around these measures.

Preliminary Assessment of the Potential Usefulness
of the Procedures and their Likelihood of Adoption
Of the 55 colleagues we contacted, 33 responded to our
informal survey. These 33 respondents were afﬁliated
with government agencies (57.6%), scientiﬁc organisations (33.3%), and environmental non-governmental
organisations (9.1%) from Argentina (57.0%), Chile
(39.4%), and Uruguay (6.1%). Of those 33, 91% considered our process interesting and 66.7% as a novel or
partially novel (question 1); 84.8% understood and could
follow the three stages easily (question 2). To improve our
approach (question 3), the participants suggested including information about current and potential invasion risk
(area occupied by the target INNS), social perceptions,
economic impacts and how to quantify them, and
assessments of the costs, beneﬁts, and feasibility of different actions. Despite these recommendations for
improving our approach, 60% indicated that the collaborative workﬂow and methods could be useful for them.
The classiﬁcation of each impact outcome into four high-
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Fig. 4 Summary of the impacts
of plant INNS in four case
studies in Latin America.
Impacts are organised by their
Environmental Impact
Classiﬁcation of Alien Taxa
impact category (x-axis) and
impact outcome (y-axis)

Fig. 5 Summary of the impacts
of animal INNS in three case
studies in Latin America.
Impacts are organised by their
Environmental Impact
Classiﬁcation of Alien Taxa
impact category (x-axis) and
impact outcome (y-axis)

level action categories was mentioned as particularly
useful for selecting and applying actions by some
respondents (question 4). Seventy per cent of respondents
agreed that the management of INNS should focus on
impacts rather than on the species itself (question 5). Only
three (9.1%) respondents considered our proposal to focus
on impacts as inadequate or not useful, and the remaining
21.2% did not provide an opinion.
When asked about what would be needed for the adoption of our procedures (question 6), the respondents mentioned training on how to use the procedures and the need
for better capacity of interdisciplinary work to incorporate
varied views into INNS management plans. In addition,
there was general agreement that this type of process and
the long-term INNS management can fail without sufﬁcient
economic resources to support their implementation (e.g.
salaries). The latter concern is common among environmental management programmes rather than speciﬁc to our
procedures.
Our non-systematic approach to gathering informed
opinions about our procedures served as a ﬁrst evaluation
and a source of criticism designed to help clarify the purpose and methods of our approach as presented here. We
recognise that it might be biased towards positive responses,
although the feedback highlighted above contains both

positive and critical feedback. As examples of changes
induced by these responses, we have emphasised that it is
essential to consider positive INNS impacts when crafting
management plans. Likewise, the recommendations to
include invasion risk and cost–beneﬁt analyses prompted us
to explain that, although vital, those belong to the design
and implementation of activities phase instead of the formulation of priorities and targets for management plans.

Discussion
A complex network of actors, values, priorities, and vested
interests characterises the context in which long-term
management plans for INNS need to operate, yet we
believe that these challenging circumstances should not
preclude or preempt the development of effective plans to
address the pressing issue of INNS impacts (Woodford et al.
2016; Latombe et al. 2019; Probert et al. 2020). We have
presented and illustrated an approach and workﬂow that
builds on pre-existing and accepted tools for formulating
priorities, targets, and high-level actions for the long-term
management of INNS in a systematic, transparent, inclusive, and standardised way. Our approach meets ﬁve central
criteria for good public policy and natural resource

1.
2.
3.
4.
5.
1. Fuel load [impact outcome: 1]
2. Biomass/primary productivity of grass [impact outcome: 2]
3. Hydrological (ﬂow) model [impact outcome: 3]

1. Modiﬁcation of ﬁre regime
2. Damage to agriculture
3. Modiﬁcation of hydrology/water regulation, puriﬁcation and quality/soil
moisture
4. Reduction in native biodiversity
5. Alteration of recreational use and tourism

1. Modiﬁcation of ﬁre regime
2. Damage to agriculture
3. Modiﬁcation of hydrology/water regulation, puriﬁcation and quality/soil
moisture

1. Reduction in native biodiversity

1. Reduction in biodiversity
2. Modiﬁcation of ﬁre regimes

Pines in Chile

Pines in Argentina

Privet in Argentina

Grasses in Brazil

a

Text in square brackets link the quantitative measures to speciﬁc impact outcomes listed in the adjacent box to the left

The lists of priority impact outcomes were based on the magnitude (IUCN’s Environmental Impact Classiﬁcation of Alien Taxa—EICAT category) and the uncertainty about those impacts. See
Fig. 2 for details on the geographical location and scope of each case study

Yellow-jacket wasps in Chile 1. Damage to agriculture
2. Alteration of recreational use and tourism

1. Proportion of beehives lost to yellow jackets [impact outcome: 1]
2. Decline in the number of tourists visiting the area [impact outcome: 2]

1. Proportion of households that change their production due to attacks [impact
outcomes: 2; 3]
2. Production losses due to attacks [impact outcomes: 2; 3]
3. Breeding success of affected native birds [impact outcomes: 1; 3]
4. Population trends of affected native birds [impact outcomes: 1; 3]

American mink in Chile

1. Population size decline
2. Damage to agriculture
3. Modiﬁcation of cultural, educational, aesthetic, religious and
ornamental values

1. Breeding success of affected native birds [impact outcomes: 1; 2]
2. Population trends of affected native birds [impact outcomes: 1; 2]

American mink in Argentina 1. Population size decline
2. Modiﬁcation of cultural, educational, aesthetic, religious and
ornamental values

1. Plant richness and abundance [impact outcomes: 1]
2. Biomass of invasive grasses [impact outcomes: 2]

1. Woody plant richness and abundance [impact outcome: 1]

Fuel load [impact outcome: 1]
Biomass/primary productivity of grass [impact outcomes: 2; 4]
Hydrological (ﬂow) model [impact outcome: 3]
Species richness and presence of INNS [impact outcomes: 2; 4; 5]
Human preferences for different landscapes [impact outcomes: 4; 5]

Quantitative measures of impact outcomesa

Impact outcomes chosen for immediate active management

Case study

Table 1 Impact outcomes prioritised for immediate active management and quantitative measures chosen for seven case examples in Latin America
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management (to ensure they are justiﬁable, evidenceinformed, actionable, quantiﬁable, and ﬂexible), indicating
that it is possible to contend with the problem of INNS
while following good practice and responding in a timely
fashion. The fact that only 8.7% of the impact outcomes
initially identiﬁed were chosen for immediate active management illustrates that it is possible to reduce the number
of target impact outcomes to a practical number. This
swiftness is an advantage given that the management plans
usually are formulated over a restricted time frame such as
those arising from windows of opportunity.
The logical next step once priorities and targets are ready
will be to deﬁne instruments, policies, and activities to
implement the high-level actions contained in the management plan (Braysher 2017; Green and Grosholz 2021;
García-Díaz et al. 2021). That is beyond the remit of our
manuscript, and we refer readers to Conroy and Peterson
(2013), Groves and Game (2016), Braysher (2017), and
García-Díaz et al. (2021) for further guidance. Nevertheless,
multi-criteria decision analysis (Liu et al. 2011; Davies et al.
2013; Adem Esmail and Geneletti 2018) is a potentially
suitable option given that it is likely that more than one
impact outcome would be the target of the plans—this was
the case in six out of our seven examples (Table 1). Value
of information analysis and simulation modelling can be
useful for designing activities for tackling impact outcomes
within the research and monitoring categories (Bennett et al.
2018; Cullinane Thomas et al. 2019; Bertolino et al. 2020).
Regardless of the tools employed, it is fundamental that the
lessons learned and information obtained during implementation are used to revise the priorities, targets, and
actions, starting with the impact score spreadsheets, to
verify that they remain current and ﬁt-for-purpose (criterion
5: ﬂexible).
There are limitations and caveats to our procedures and
case studies. For instance, a broader range of actors, stakeholders, and perspectives should be incorporated in all the
stages (Crowley et al. 2017a; Samson et al. 2017; Novoa
et al. 2018; Kapitza et al. 2019; Shackleton et al. 2019).
This will ensure that a management plan is representative of
the perspectives, impact outcomes, impact directions, and
assets impacted by the INNS. Our seven case examples
were intended as demonstrative, and therefore we did not
emphasise the inclusion of a broader set of stakeholders.
Ideally, INNS management plans will be co-developed with
stakeholders and managers (e.g. Novoa et al. 2018; Clement
2020; Evans 2021; O’Connor et al. 2021). Stakeholder
analyses, focus groups, consultation, and even community
assemblies can play a role in incorporating diverse perspectives (Novoa et al. 2018; Nyumba et al. 2018; Sutherland et al. 2018). Furthermore, drawing on research from
the ﬁeld of sustainability can be a productive venue to ﬁnd
transdisciplinary frameworks that can be adapted to the
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participatory management of INNS, as real-world problems
require the engagement of a multitude of stakeholders and
scientists from various disciplines (Lang et al. 2012; Mattor
et al. 2014). The suitability of these approaches will depend
on the purpose and scope of the plan, and time, resource,
and policy constraints (Fig. 1).
The involvement of a plurality of actors is not always
possible and depends on the existing governance and
relevant decision-making arrangements (Fig. 1). In addition, resource limitations could severely hinder the ability
to consult and cooperate with stakeholders and other
relevant groups (Fig. 1), as highlighted by the respondents
to our informal survey. Managing expectations and power
differentials and ensuring the inclusion of relevant actors
is crucial to participatory processes (Frumento et al.
2019). Facilitators can manage the procedures described
here to address potential issues of representation and
power relations. For example, anonymising the responses
before sharing with other actors and experts, facilitating
discussions, and the use of formal techniques such as
“serious games” in which some actors take on the role of
other actors to understand their perspectives can help deal
with these issues (Madani et al. 2017; Frumento et al.
2019). Although our procedures are more suited for collaborative processes, it is possible to adapt them for many
governance arrangements (Fig. 1). For example, a selected
group of autocratic decision-makers in an agency can still
use our procedures for eliciting priorities and targets.
Likewise, a consultative or advisory process can be guided through our procedures.
Our procedures, and particularly our use of EICAT
procedures for assessing the magnitude of impacts, might
not cover all social and economic impacts. Our procedures
can be extended to include the recently developed social
and economic impacts of alien taxa (SEICAT) methods
(Bacher et al. 2018), or other existing social and economic
assessment techniques to complement the use of EICAT
(Martinez-Cillero et al. 2019; Linders et al. 2020; Milanović
et al. 2020). The inclusion of a wide range of stakeholders,
as mentioned before, will also help guarantee the adequate
representation of social and economic impacts. However,
although EICAT has been endorsed by the IUCN
(https://www.iucn.org/theme/species/our-work/invasivespecies/eicat), SEICAT has not, and alternative classiﬁcation methods exist (Kumschick et al. 2012; Nentwig et al.
2016; Martinez-Cillero et al. 2019). In addition, the impact
outcomes prioritised for immediate active management
across our seven case studies were evenly distributed
between environmental and social and economic categories,
suggesting that our procedures were not necessarily biased
against or toward either of those two types. The inclusion of
qualitative indicators, such as changes in reported attitudes
and well-being of stakeholders, would be a welcome
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addition to the measurement of impacts outcomes and
impacted assets (Kapitza et al. 2019).
We applied our methods to formulate priorities, targets,
and high-level actions for addressing the impacts of individual INNS. It also is possible to use our procedures to
develop plans for managing impacts across multiple INNS
given that a particular set of impact outcomes and assets
affected can be common among species (e.g. alteration of
ﬁre regimes; see Table 1). Nevertheless, in many circumstances, individual INNS have already been singled out, for
example through priority lists, and there is a need for
management plans tailored to those INNS (Roy et al. 2014;
McGeoch et al. 2015; Carboneras et al. 2017). Selecting
priority INNS is beyond the remit of our approach. There
are many approaches for prioritising individual INNS on the
basis of risk or strategic foresight (Roy et al. 2014; Lodge
et al. 2016; Probert et al. 2020).
We have presented and demonstrated our procedures as
a stand-alone method. This is not a prerequisite, and
instead, it can be conceptualised as a toolbox for formulating priorities, deﬁning targets, and scoping highlevel actions for the long-term management of INNS.
Elements of our techniques can be used to inform and
complement plans developed with other approaches. For
example, our methods can be embedded within the theory
of change models, which depict how to progress from the
current situation to the desired objective of the management plan (Allen et al. 2017; Robertson et al. 2020). We
are conﬁdent that the use of our methods and techniques
will prove useful in untangling the complex task of
managing INNS over long time horizons, and can support
organisations that seek to promote the development of
INNS management plans.
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