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Eradicating the grey squirrel Sciurus
carolinensis from urban areas: an innovative
decision-making approach based on lessons
learnt in Italy

Valentina La Morgia,®” Daniele Paoloni® and Piero Genovesi*©

Abstract

BACKGROUND: Eradication of invasive alien species supports the recovery of native biodiversity. A new European Union
Regulation introduces obligations to eradicate the most harmful invasive species. However, eradications of charismatic
mammals may encounter strong opposition. Considering the case study of the eastern grey squirrel (Sciurus carolinensis Gmelin,
1788) in central Italy, we developed a structured decision-making technique based on a Bayesian decision network model and
explicitly considering the plurality of environmental values of invasive species management to reduce potential social conflicts.

RESULTS: The model identified priority areas for management activities. These areas corresponded to the core of the grey
squirrel range, but they also included peripheral zones, where rapid eradication is fundamental to prevent the spread of
squirrels. However, when the model was expanded to integrate the attitude of citizens towards the project, the intervention
strategy slightly changed. In some areas, the citizens’ support was limited, and this resulted in a reduced overall utility of
intervention.

CONCLUSION: The suggested approach extends the scientific basis for management decisions, evaluated in terms of technical
efficiency, feasibility and social impact. Here, the Bayesian decision network model analysed the potential technical and social
consequences of management actions, and it responded to the need for transparency in the decision-making process, but it can
easily be extended to consider further issues that are common in many mammal eradication programmes. Owing to its flexibility
and comprehensiveness, it provides an innovative example of how to plan rapid eradication or control activities, as required by
the new EU Regulation.

© 2016 Society of Chemical Industry
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1 INTRODUCTION Castor canadensis Kuhl, 1820; Myocastor coypus Molina, 1782; Neo-

To respond to the threats posed by invasive alien species (IAS), vison vison Schreber, 1777; Rattus norvegicus Berkenhout, 1769;
the Convention on Biological Diversity (CBD, guiding principles Rattus rattus L., 1758; Global Invasive Species Database, http://
adopted in 2002 with Decision VI/23) and the new European www.iucngisdi.org). In this respect, the eastern grey squirrel (Sci-
Union Regulation on the prevention and management of the intro- ~ Urus carolinensis Gmelin, 1788) provides an emblematic example.
duction and spread of invasive alien species (EU Regulation No.  Although the grey squirrel has been included in the list of 100
1143/2014) call for a hierarchical approach, giving priority to the of the world’s worst IAS (IUCN Invasive Species Specialist Group,
prevention of unwanted introductions, and carrying on eradica- ~ 155G) because of its severe impact on the conservation of the
tions (or permanent control when eradication is not feasible) when European red squirrel (Sciurus vulgaris L., 1758)° and on forests in
prevention fails.! Several studies have shown that successful erad- ~ 9eneral’~'* attempts to eradicate it locally failed."* 1

ications can produce significant effects in terms of recovery of In the United Kingdom, control projects aimed at the conserva-
native biological diversity.2~* tion of the native red squirrel typically faced resource challenges,"”

In Europe, most intentional eradications of animals have tar-
i i |
geted invasive vertebrates? Among them, mammals seem to
represent particularly successful invaders compared with other * Correspondence to: V La Morgia, Institute for Environmental Protection and
5 . . . Research - ISPRA, Via Ca’ Fornacetta 9, 40064 Ozzano Emilia, Bologna, Italy.
vertebrates® because they are relatively likely to establish. The 0 . o T
T ) A . . E-mail: valentina.lamorgia@isprambiente.it
eradication of invasive mammals has progressed substantially in
recent years, and a range of techniques has been developed for a Institute for Environmental Protection and Research — ISPRA, Rome, Italy
their removal from increasingly large areas.5”
In spite of these advances, several mammal species still repre-
sent a threat to the conservation of biodiversity in Europe (e.g. ¢ IUCN S5C Invasive Species Specialist Group

b Istituto Oikos s.r.l, Milan, Italy
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and their effectiveness was reduced because of the high grey
squirrel dispersal abilities, which made recolonisation likely.'® As
a consequence, the UK experience highlighted the need for wider
geographical and coordinated systematic removal programmes
for effective management of grey squirrel populations.’” But in
this context, public support for red squirrel conservation remained
high,'® and a careful, retrospective analysis of technical, geograph-
ical and political challenges in red squirrel conservation initiatives
also provided a foundation for successful intervention in part of
the UK grey squirrel range.?°

On the other hand, grey squirrel eradication attempts in Italy
failed because of the strong opposition of some sectors of soci-
ety, including radical animal right groups.'® Here, the grey squir-
rel is mainly perceived by the general public as an aesthetically
appealing mammal, and social conflicts arose in conservation
programmes aimed at its eradication or control'® because of diver-
gences of views on the need to euthanise animals.?' Ethical con-
flicts are also likely to be exacerbated because the species was
introduced through pet trade and was then released in urban
parks,2272* where it became the most visible, non-domesticated
mammal, characterised by a high level of confidence and ulti-
mately perceived as a member of the urban community.?

Social conflicts have been described with respect to the manage-
ment of several other taxa,?® ranging from small invertebrates such
as the zebra mussel (Dreissena polymorpha Pallas, 1771) to preda-
tors in general,?” and to large ungulates such as red deer (Cervus
elaphus L., 1758).28 In general, the conflicts are related to the lethal
control. Alongside funding and planning issues, social acceptance
is thus an additional key challenge in the eradication of invasive
species,”?° and the human dimension issues are generally deemed
to be relevant for IAS management.?®

Although the grey literature on this phenomenon is not scarce,
a small number of peer-reviewed papers on biological invasions
explicitly include the analysis of social dimensions. Structured
decision-making techniques should be developed to take into
account the plurality of environmental values.?® The need for a
comprehensive approach to tackle the social issues raised by the
introduction of the grey squirrel in particular has already been
highlighted, and such an approach should include the develop-
ment of specific tools aimed at involving the general public and
clarifying roles and management responsibilities.?’

A first decision support system (DSS) for the management of
grey squirrel populations in Italy was thus developed within the
framework of the LIFE EC-SQUARE Project (LIFEO9 NAT/IT/000085,
Eradication and control of the grey squirrel: actions for preser-
vation of forest ecosystems). This DSS was based on a decision
tree approach that considered the approximate size of red and
grey squirrel populations and the spatial distribution of animals,
the extent of the areas, their location in relation to ecologically
sensitive areas (e.g. Natura 2000 sites) and the general atti-
tude of the public towards the eradication of animals as the
main factors in identifying intervention priorities (http://www.
rossoscoiattolo.eu/en/life-ec-square-final-project-results). Here,
we propose an extension of this approach, based on the devel-
opment of an influence diagram (ID), a graphical model that
describes the relationships between the variables of a system, and
on the corresponding Bayesian belief network (BBN), a probabilis-
tic model that represents random variables and their conditional
dependencies. The new approach still allows the identification of
intervention priorities, but it explicitly considers the uncertainty
in the evaluation process. Moreover, the DSS is extended to the
scientific basis of management decisions, which are evaluated

in terms of technical efficiency, feasibility and social impact. We
applied such an approach to guide the management decision pro-
cess within the framework of a LIFE+ Project, U-SAVEREDS (LIFE13
BIO/IT/000204, Management of the grey squirrel in Umbria: con-
servation of the red squirrel and preventing loss of biodiversity
in the Apennines), aimed at eradicating the grey squirrel from an
area of about 50 km? in Umbria, Central Italy.

2 CASESTUDY

The main goal of the U-SAVEREDS Project is the conservation of the
European red squirrel in the Umbria region. Here, the red squirrel is
locally at risk because of the presence of the eastern grey squirrel,
which was accidentally introduced in the city of Perugia in the early
2000s.3° Since then, the alien species has spread to a range of at
least 50 km? (Fig. 1). It occupies natural areas neighbouring Perugia
and connected to other Apennines forested areas, but it also
remains linked to several types of human settlement, including the
Perugia city centre and several suburban areas with a high human
population density.

Conservation actions have been planned to remove grey squir-
rels and to preserve or restore populations of the native red squirrel
in the Perugia area. The removal of grey squirrels will be carried
out with live-trapping and euthanasia, according to the current
regulations and guidelines;®' captures followed by surgical ster-
ilisation and release of the animals could also be implemented
for a limited number of animals, determined on the basis of the
availability of suitable sites for release within the project area. Man-
agement actions will be implemented within predefined manage-
ment units (MUs) (Fig. 1), identified in the very early stages of
the LIFE U-SAVEREDS Project by taking into account both anthro-
pogenic and natural features of the project area, and consider-
ing the knowledge about grey squirrel local distribution. Informa-
tion about forest types and management and geobotanic features,
types of urban settlement (with high/low population densities)
and the presence of urban parks has also been considered to iden-
tify MUs, the boundaries of which are often identified along roads
or forest paths.

3 METHODS

3.1 Model structure

The DSS is the last step of an overall risk analysis for the grey
squirrel in Umbria. It consists of a model that can be used to inform
managers about the implications of actions. As such, a DSS is
typically a model where a set of management guidelines and their
effects (including costs and benefits, i.e. ‘utilities’) are explicitly
represented as probabilities.3? In our specific case study, the DSS
aimed to identify the optimal strategy to maximise the utility of
intervention for each MU, with the final goal of eradicating the grey
squirrel population.

As the identification of the optimal strategy requires the evalua-
tion of a complex socioecological context, we adopted a modelling
approach that allowed a clear conceptual understanding of the
studied system. The modelling procedure can be divided into
three main steps: (i) characterisation of the studied system and
identification of the main challenges for project implementation
and of the social and environmental ‘critical elements’ to consider;
(i) identification of attributes to characterise each critical element;
(iii) adoption of a specific but easy-to-understand language to
express the system relations.?3
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Figure 1. Borders of the squirrel management units and the distribution
of both red and grey squirrels (according to data collected during the LIFE
U-SAVEREDS Project).

To characterise the system, we revised the previous experi-
ences of grey squirrel eradication,®'*34736 with particular refer-
ence to those conducted in Italy,'®2" but also taking into account
programmes carried out elsewhere.'”2%37 We identified difficul-
ties, considering grey squirrel presence and distribution and the
ecological and human-related features of the project area, as
described in Section 2. We analysed this information in the light
of the previous experience of the LIFE EC-SQUARE Project, which
recently tackled the issues to protect the red squirrel in the
north-west of Italy and to limit the spread of the grey squirrel
in the rest of the country and in continental Europe. Taking into
account the difficulties encountered in this and other grey squir-
rel removal programmes, 238 we noted the critical elements of
each case study, finally identifying those applicable to our specific
system.

We also identified specific attributes for each element (Table 1).
While critical elements correspond to the main themes generally
considered in removal programmes, the specific attributes corre-
spond to concrete variables related to those themes (e.g. squir-
rel density and distribution are commonly identified as specific
attributes for the critical element ‘status of squirrel populations’).
Specific attributes were chosen with a preference for quantitative
features. When possible and appropriate, the values of the specific
variables were measured in a GIS environment (e.g. percentage
of urban areas) or obtained via ad hoc data collections. This was
the case for data on the status of squirrel populations, because in
the early stages of the LIFE U-SAVEREDS Project we implemented
specific surveys to assess the population size and distribution of
both red and grey squirrels in the Perugia area (see Section 3.2 on
parameterisation for details).

To illustrate the overall conceptual understanding of the system,
we adopted a graphical language to describe the most direct
and relevant relationships among the model elements and their
attributes. Both model elements and attributes are referred to
as ‘variables’. Specifically, we defined a directed acyclic graph
(DAG) representing an ID (Fig. 2). The ID illustrates the causal
web of the model variables, and it was elicited from the experts
of the technical task force of the LIFE U-SAVEREDS Project, a
working group of seven people who discussed the structure of
the ID during regular project meetings. Within the ID, each node
represents a random variable, while arrows connecting nodes

(edges) represent potential correlations or causal relationships
among variables.®

We then converted the ID into a Bayesian belief network (BBN).*°
We expressed each variable as a set of discrete, independent,
mutually exclusive and exhaustive states, or classes.>® According
to their position within the network, nodes can be distinguished
in exogenous/endogenous and parent/child nodes. Exogenous
nodes (also called parentless nodes or input parent nodes) are
simply nodes with no incoming arrows, and they should represent
variables for which data or any other kind of information are
available to express the probability (belief) of each variable state.
Nodes with both incoming and outgoing arrows are endogenous,
summary child nodes; they are affected by other variables in
the model and they may represent general topics, or themes,
within the model framework, so that they can sometimes be
referred to as ‘latent variables’.** Nodes with no outgoing arrows
are endogenous, outcome child nodes.*' As we designed the ID
and the corresponding BBN for reasoning about decision-making,
we also included a decision node that identifies the decision
alternatives under consideration (the ‘control strategy’ node) and
a ‘utility’ or value node that describes the outcomes, which are
expressed as a function of the values of the parent nodes (Fig. 2).
For this reason, the model can also be defined as a Bayesian
decision network (BDN).

3.2 Parameterisation

Once the graphical network of nodes was built, we characterised
each node and relationship by a probability. For input nodes,
we explicated the frequencies of the states, i.e. we specified the
unconditional (prior) probability of each state. These nodes were
mostly evaluated from existing data, using GIS databases when
possible (see also Table 1). For strictly quantitative variables (e.g.
the extent of MUs, the percentage of urban areas), data were
extracted using a GIS, and classes were chosen according to the
first and third quartile of the distribution of attribute values. For
other variables (e.g. attendance level), the only way to elicit state
probabilities was to rely on expert opinion. For the status of squir-
rel populations, previous data on the grey squirrel presence were
used to assess, through a kernel estimator, the core area of the pop-
ulation range. Point transect surveys (263 points) were conducted
within the core area and in neighbouring MUs, adopting a distance
sampling methodology.*>** The minimum number of individuals
presentin the surveyed region was obtained, correcting the counts
by animal detectability. Secondly, a monitoring protocol based on
an adaptive, iterative sampling strategy was established to verify
the presence of the alien grey squirrel in new areas. A random
sample of MUs neighbouring the actual grey squirrel range (pri-
mary MUs) was surveyed via direct observation of the animals (col-
lected at 281 observation points and along 47 transects) and by
camera-trapping (348 trap-days), and then secondary MUs were
surveyed only if adjacent to primary MUs in which the species was
actually detected. Data collection was performed from March to
December 2015.

We then specified the probabilities for the states of the endoge-
nous, child nodes via conditional probability tables (CPTs) (i.e.
tables reporting the marginal probability of a variable with respect
to others), taking into account all combinations of states of their
parent nodes. As for the model structure, the parameters were
elicited by the staff of the LIFE U-SAVEREDS Project. The probabil-
ity elicitation was carried out by asking the staff experts questions
regarding the priority and utility of intervention for different sce-
narios, that is, for the different cells of CPTs.** All assessments were
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Figure 2. Influence diagram showing key factors (critical elements and attributes) affecting the intervention priority and then the utility of intervention
in each management unit for grey squirrel management in Umbria. The utility is dependent on success probability and working environment, which in
turn depend on other parent (both endogenous and exogenous) nodes of the directed acyclic graph, as described in Table 1. Note that the graph label

‘Squirrel presence’ refers to the presence of red and/or grey squirrels.

grouped by linear opinion pool.*> We adopted this expert-based
approach for all endogenous variables, because at the begin-
ning of the project no data were available for measurable child
nodes (e.g. ‘citizens’ support’) (Table 1). Communication activities
to involve citizens were planned for all MUs where grey squirrels
were detected. Firstly, a letter was sent to citizens to inform them
about the project activities, and then the staff of the project started
a‘door-to-door’ campaign, recording data on citizens who granted
permission to enter their private properties to control squirrels.
From February 2016, data were collected in four MUs.

We defined three states (e.g. small, intermediate, large) for most
nodes, with a few exceptions (Table 1). The number of parental
nodes and states was chosen according to the guidelines provided
by Marcot et al*® These authors suggest that a limited number
of parent nodes and the fewest discrete states necessary within
any given node should be used to represent influences. Enough
states should be used to ensure the precision of the model, which
is also determined by the overall size of the CPTs. The choice of the
number of nodes and states thus took into account the need to
provide a balance between parsimony and precision and to keep
the CPT tractable and understandable.*® The analyses were carried
out in R environment,*® using the gRain package to convert the ID
to the final BBN model.#’

4 RESULTS

4.1 Model structure

The two main challenges that emerged from the analysis of pre-
vious grey squirrel eradication projects were the difficulty (1) in
identifying intervention priorities and (2) in identifying the most
effective and socially acceptable management strategy essential
for maximising the cost-benefit ratio (overall utility) of interven-
tion in each MU. For the identification of intervention priorities, we

recognised the following critical elements (or latent variables): sta-
tus of squirrel populations, ecological background, spatial issues,
social background and sanitary risks (Table 1 and Fig. 2).

The critical element ‘status of squirrel populations’ was charac-
terised by three specific attributes (squirrel presence, grey squirrel
density and grey squirrel distribution) (Table 1). The squirrel pres-
ence variable enabled MUs with both red and grey squirrels to be
distinguished from MUs where only one squirrel species occurred.
The approximate density (low, medium, high) and spatial distri-
bution (scattered, clustered, homogeneous) of grey squirrels were
also deemed to be relevant in deciding where to act first.

The critical element ‘spatial issues’ took into account several spa-
tial features of each MU. With the subzone attribute, we classified
the MUs into five groups (Table 1). The subzones were identified as
homogeneous areas, sharing important features such as the over-
all level of urbanisation or the peripheral or central position in the
project area. Some subzones (e.g. Northern Perugia) can repre-
sent ecological corridors towards the Apennines or other natural
areas; this role could be reinforced in the case of high ecological
connectivity. Others were differentiated because they were clearly
disconnected from other subzones. This was the case for South-
ern Perugia, which includes all the MUs located south-east of the
Perugia city centre (Fig. 1).

The variables valuing the level of natural protection (measured
as percentage of area included at Natura 2000 sites), the percent-
age of urban areas, the type of woodland (scattered trees, frag-
mented or continuous forests) and the distance of each MU from
red squirrel areas were included in the ID in order to characterise
the MUs' ‘ecological background’ (Table 1).

The ‘sanitary risks’ critical element took into account the risks of
zoonoses and other disease spreading among squirrels, as detailed
in Table 1. It was included in the model because data on the
sanitary status of grey squirrels will be collected alongside control
activities, and the reporting of legally notifiable diseases and/or
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Figure 3. Map of the priority (a) and utility (b) of intervention in the grey squirrel management units in Umbria.

poxvirus should obviously be considered to set the intervention
priorities.*®

The ‘social environment’ of each MU was described by four spe-
cific attributes, including the presence of parks, the attendance of
public green areas and information about whether or not citizens
fed grey squirrels. We also decided to consider the reporting of
agricultural damage caused by grey squirrels, as this factor could
in turn affect the citizens’ attitude towards the squirrel presence
and the project activities.

For the identification of management strategies and utility
maximisation, additional critical elements were identified: citi-
zens' support, communication profile, probability of success of
the control strategies and working environment (Table 1). As
shown in Fig. 2, the ‘citizens’ support’ and ‘communication profile’
(low/intermediate/high, depending on the implemented commu-
nication activities) were conditioned by the choice of the control
strategy (euthanasia/surgical sterilisation), and both elements in
turn affected the ‘success probability’ and the ‘working environ-
ment’, a latent variable describing the overall attitude towards the
project. The ‘success probability’ was indeed related to both social
and technical factors. In addition to the variable ‘control strategy’,
it was related to the extent and the ecological connectivity of each
MU, and to the status of squirrel populations (Table 1). As social
issues were also considered potentially to affect the probability of
success of the management activities, the ‘citizens’ support’ vari-
able was included in the ID as a parental node for both the ‘success
probability’ and the ‘working environment'.

4.2 Priority and utility of intervention in MUs

Taking into account the model structure and the CPTs and finally
entering the data (i.e. setting the evidence) for input nodes for
each MU, we queried the network to obtain the conditional dis-
tribution of the priority.

For this step, the input data were represented by a table that
synthesised the features of MUs with respect to the attributes of
the latent variables ‘spatial issues’, ‘ecological background’, ‘social
environment’, ‘sanitary risks’ and ‘status of squirrel populations’.
For the latter, we used data on squirrel populations collected in
2015 (Fig. 1). A total of 209 squirrel sightings were recorded, of
which 25 only referred to red squirrels. The latter were detected
in six MUs, and most sightings were recorded in an MU at the

margins of the grey squirrel range. Owing to the few sightings
of this species, we could only obtain an overall estimate of 112
red squirrels. On the other hand, grey squirrel presence was
detected in most MUs, and the minimum number of individuals
estimated for the core area of the grey squirrel distribution and for
the neighbouring MUs was 1510. More than 40% (627) of these
animals were located in four central MUs (2.8 km?). The adaptive
sampling protocol made it possible to verify the presence of the
species in new, peripheral MUs located north-east of Perugia city
(Fig. 1).

On the basis of these data, several MUs located in the centre
of the project area were classified as ‘high-priority’ units (Fig. 3a).
On the other hand, the priority of intervention was low or null
for most peripheral MUs, but the model also identified some
high/intermediate-priority MUs located north- and south-east of
the Perugia city centre.

For high-priority MUs, the chosen control strategy was the
capture and subsequent euthanasia of the animals, while capture
followed by surgical sterilisation and release was foreseen only for
intermediate/low-priority MUs. Taking into account the chosen
‘control strategy’, we computed the expected utility of the man-
agement activities in each MU, defined on the basis of its parental
nodes (Fig. 3b). Most of the high-priority MUs were characterised
by a high utility, but Fig. 3b also shows that some changes occurred
in the classification of MUs when we took into account variables
related to the ‘working environment’ and to the ‘success probabil-
ity’ of management activities. The latter success probability largely
depended on the ‘citizens’ support’ for control strategies, a model
variable whose values can be dynamic, as they can be affected by
project communication activities (Fig. 4). For a central MU, mostly
coincident with the core area of the grey squirrel distribution, the
results of the communication activities were encouraging, as we
obtained permission to enter private properties for grey squirrel
control. This MU was small (about 40 ha), but grey squirrel density
was high (more than 4 animals ha='), animals were almost homo-
geneously distributed and the level of attendance by citizens was
high. Here, because of the change in the citizens’ attitude towards
the project following the communication activities, the probabil-
ity of high utility increased from 0.33 to 0.78 (Fig. 4a). On the other
hand, in another high-priority unit where access was granted to
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Figure 4. Change in probability of low, intermediate and high utility for two (a and b) management units. The white bars indicate the probability (belief) in
each utility class, as obtained with the base model, while the black bars report the final outcome when the model was updated with information gathered

through the communication campaign.

<75% of the private areas, the confidence in an intermediate util-
ity increased, while the probability of a high/low utility decreased
(Fig. 4b). In the remaining MUs concerned by communication
activities, the support of citizens stayed at an intermediate level
(i.e. similar to that expected a priori), and relevant changes in the
probabilities of low, intermediate and high utility did not occur.

5 DISCUSSION AND CONCLUSIONS

Eradication of alien species supports the recovery of biolog-
ical diversity and should be attempted® when prevention of
invasion fails according to the new European Regulation No.
1143/2014. To put the recommendations into practice, chal-
lenges may differ among species and contexts. For grey squirrel
programmes, issues include planning problems, often related
to the identification of spatial intervention priorities and to
the optimisation of available financial resources. Together
with the accessibility of woodlands inhabited by the invasive
species, planning and funding intermittency were identified as
key factors in European projects aimed at grey squirrel local
eradication.'”-?

In Italy, the LIFE EC-SQUARE Project recently tackled issues
related to the presence of administrative subdivisions in the
project area, a factor that could affect the coordination of manage-
ment actions, and to citizen opposition towards the project.

Learning from this experience, in the framework of another
LIFE+ Project (LIFE U-SAVEREDS) we implemented a DSS aimed
at identifying intervention priorities while also focusing on the
human dimension of grey squirrel removal. In Italy, grey squir-
rel eradication programmes have often caused severe social
conflicts'® generally related to the divergence in ethical values
regarding lethal control.**>° To reduce conflicts in invasive species
management or, more generally, in adaptive management, sev-
eral authors have advocated the definition and adoption of
structured decision-making techniques for explicit consideration
of divergent values.?'-2851

A DSS could tackle this issue, as DSSs generally include vari-
ous sorts of model that can be used to inform managers about
the implications of alternative actions.3? Indeed, DSSs have been
especially helpful in difficult management contexts characterised
by multiple issues, assessment criteria, stakeholders and values.

They can be based on different methodologies, including simula-
tions, decision trees, expert systems and fuzzy logic.”?~>” Here, we
chose an approach based on a BDN. Some example contexts where
DSSs based on BBNs have proved to be useful include regional and
long-term natural resource planning,3®°2°8 the adaptive manage-
ment of forests®' and the determination of appropriate conserva-
tion strategies for rare species.>?

A DSS based on a BBN model has several desirable features.*'
Firstly, it promotes a shared conceptual understanding of the
system being managed,”' facilitating the analysis of the studied
system by experts. BBNs also facilitate stakeholder participation
in the decision-making process.>® They are useful tools to com-
municate with non-experts about management decisions. In
spite of their mathematical complexity, BBNs can be expressed
in familiar terms, and through their graphical construction they
provide an intuitive representation of complex relationships.3%4!
Secondly, a BBN approach is flexible as it has the ability to
incorporate different types of data (e.g. qualitative and quan-
titative data) and to deal with uncertainty.>>®® Uncertainty is
effectively represented by a BBN, so that it propagates throughout
the network, finally affecting the utility outcome in DSSs. This is
of major importance because, under uncertainty, the true levels
of risks/utilities associated with a decision remain unknown,*
and thus uncertainty needs to be communicated and dealt with,
rather than obscured.>*6162

The BBN-based DSS (or BDN) was indeed useful for the staff
of the U-SAVEREDS Project. In this case, available knowledge of
the studied system derived from very different sources and sev-
eral interrelated issues (e.g. spatial, ecological and social issues)
should be tackled at the same time. Because the whole system
involved a relatively large number of variables and relation-
ships potentially affecting the utility of intervention, the initial
framework was rather confusing. The staff thus took advantage
of the conceptual effort required to identify and elicit the BBN
model structure. The BBN allowed a direct integration of vari-
ables of different nature (Bayesian random variables), resulting
from an analysis of the system from different points of view and
based on different system values. Last but not least, the possi-
bility of using latent variables to represent the main debated
themes allowed a final straightforward simplification of the whole
network, making it presentable to a non-expert audience. A
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simplified version of the LIFE U-SAVEREDS ID was indeed used
to communicate with non-experts about the decision-making
process, and it turned out that the reasoning behind the identi-
fication of intervention priorities was understood by experts of
other fields and by the general public. The BBN thus responded
to the need for transparency in the management decision pro-
cess, promoting trust and confidence between stakeholders and
decision-makers.2®

From a practical perspective, we particularly appreciated the fact
that complete and exhaustive knowledge of the values of initial
parameters was not strictly necessary to run a BBN model. Prelimi-
nary analysis can be carried out, and then the outcome of interest
can be easily recalculated as the knowledge of the initial variable
increases. Although explicitly including feedbacks in BBNs is not an
easy task, in the specific case study new data gathered on squir-
rel populations or a detected change in the attitude of citizens
towards the project were easily incorporated in the model, and
the evaluation of the priority and utility of intervention for each
MU was updated quickly (Fig. 4). Within this framework, the cho-
sen control strategy, the communication activities and the result-
ing citizens’ support of project activities were strictly related, and
we observed that the communication profile specifically imple-
mented for a central MU produced a positive change in the citi-
zens' attitude. This resulted in high utility of intervention for the
MU. In other cases, the communication campaign made it possi-
ble to verify an inadequate support for project activities, leading
to a reduction in the utility of intervention. As carrying out control
activities is not optional to reach the eradication goal, this result
must be interpreted as a recommendation to revise and adapt
the adopted communication profile, identifying appropriate com-
munication tools and messages. This should be done on an MU
basis, taking into account the presence of particular stakeholder
groups.

Also, new variables could be added to the model. Although we
considered the most critical elements for our case study, Table 1
does not include all possible factors that could affect a grey squir-
rel eradication project. For example, we did not consider insuf-
ficient funding and problems related to grant schemes because
we took advantage of LIFE funding, which greatly reduced the
relevance of these issues. Anyway, they could be easily included
in a future version of the model, e.g. by adding an additional
latent variable affecting the probability of success of manage-
ment activities. Thus, the BBN approach adopted to develop our
DSS can be extended to address further issues, and it can be
applied to other contexts or regions where grey squirrels have
invaded.

Working with BBNs also has some drawbacks.®® The main diffi-
culty we encountered concerned the elicitation of expert knowl-
edge to parameterise the model. In this case, we adopted a rather
simplified procedure by asking experts questions corresponding
to different scenarios reflected by the cells of conditional proba-
bility tables.®* Further effort will be devoted to the improvement
of this parameterisation step, as we are aware that robust results
can be attained only via accurate elicitation. The elicitation of the
model parameters (i.e. conditional probabilities) is indeed recog-
nised as one of the most difficult steps in BBN development. Best
practice to tackle this issue is based on face-to-face interviews of
the experts, but such an approach may not be feasible mostly
because of time and budget constraints. An alternative option is
to set up an elicitation survey, which could be administered via
web-based tools.* This will also allow an increase in the number
of experts involved in the elicitation process.

In our experience, the balance between the difficulties of BBN
development and its practical and conceptual advantages was
clearly shifted towards the latter. The adopted methodology
allowed us to reorganise available information, to evaluate the
main management issues and finally to identify key areas for con-
trol activities aimed at eradicating the eastern grey squirrel in
Umbria. Via the BDN, we were able to reason about management
decisions and their consequences from both technical and social
perspectives so that we could finally classify the grey squirrel MUs
in terms of intervention priority and utility. The final model was
multidisciplinary; it explicitly considered spatial, ecological, bio-
logical and social issues. We hope that it can guide us to reach the
goal of grey squirrel eradication in urban areas, and that it can pro-
vide an innovative example of how to face the challenges of IAS
management now posed by the EU Regulation, especially for the
eradication of charismatic or financially important species, which
could otherwise encounter the opposition of some stakeholders.
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