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Abstract

A recently discovered populationof the North Americangrey squirrel (Sciuruscarolinen-
sig), introducedto Ticino Park, Lombardy(N Italy), is likely to spreadnto continuousprealpine
broadleafforestsof Lombardyandthe southof Switzerland.

We usedGRASSGIS and Spatially Explicit PopulationDynamicsModelsasa conseration
tool to predictthe spreadof grey squirrelsandto testdifferentmanagemenoptionsin a 20000
km areaaroundTicino Park.

GRASSGIS hasbeenusedin two phase®f thework: at rst to build the habitatandthesquir
rel distribution mapsto be processedby the modeland nally to mapthe modeloutput. Scripting
in a Linux-shellenvironmentallowed usto integratethe GIS capabilitieswith the populationdy-
namicsprogramwrittenin 'C' programminganguageandassuredhe datastreamfrom GRASS
to themodelandback.

Theintegratedapproactof SEPMandGIS allowedusto predictgrey squirrelexpansionin the
Ticino Regional Park andsurroundingareasjncludingthe Italian boundariesvith Switzerlandn
a 40 yearstime frame. We were alsoableto evaluatethe contemporanpersistencef natve red
squirrelsasthe populationof greys increaseor the sametime span.Resultsshaved usthatgrey
squirrelshave the potentialto reachSwitzerlandin the next two decadesCompetitionsimulation
shaved alsothatgreys spreadwill have a deepimpactover the native redsquirrels.We wereable
to producepredicteddensitymapfor both species.We thenusedthe modelto testthe effect of
differentcontrol stratgiesin orderto suggespublic administratiora costeffective actionplanto
stoptheinvasionprocess.

1 Intr oduction

In mary ecosystemshe introductionof invasie, alienspeciess claimedto bethesec-
ond mostimportantreasorfor lossof biodiversity, afterthe destructiorandfragmenta-
tion of naturalhabitats causingthe extinction or declineof native speciesn theregions
wherethey have beenintroduced[38] [46], [24, 19]. Alien speciesnterferewith the
native faunaby differentecologicalprocessespredation,interspeci c competitionor
acting as vector or resenoir of (new) disease$16], [30], [4], [35], [17]. Introduced
specieqot only presenta seriousecologicalproblem,but alsoa socio-economicaknd
political one[11], [31]. Many alien speciescausedirect economicdamageto human
actiities (farming,forestry zoo-technologydiseaseisk), but neverthelessgheir control
oftenbecomesan emotionalissue,in particularwith mammalpestspeciesvhich often
have a“charismatic’appeal22], [45], [1], [2].

A well documentedaseof competitionby aninvasive alienspeciess thewide-scale
replacementf thenative Eurasiarred squirrel(Sciurusvulgaris) by theintroducedeast-
erngrey squirrel(Sciuruscarolinensig in the British Islesandin partsof northernitaly.
The rapid increaseof the grey squirrel's distribution range,coincidedwith a dramatic
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declineof the rangeof the native red squirrel[16, 39], andthe grey squirrelhasnow

replacedthe red squirrel over much of its rangein GreatBritain, Ireland, andin the
fragmentedandscape#t currentlyoccupiesn Piedmontnorthernitaly [16],[39], [34],

[23],[2]. An essentiaparameteto assesshe risk of extinction of red squirrel popula-
tions, and plan effective managemenstratgiesfor controlling the invasive speciesjs
therateatwhich replacemenwill occur, which mainly depend®n factorsthatfacilitate
the spreadof the alien species.For grey squirrelsmajorfactorsarelandscapestructure
(connectvity betweergoodhabitatsyandabundantfood supplieq6] [41], [27].

Spatiallyexplicit populationdynamicamodels(SEPM)have beendevelopedto com-
bine spatialvariablesand species'life-history traits. The dravbackof thesemodelsis
thattheir performances sensitve to theaccurag of the estimateof the life-history pa-
rametersnput, and, thus, the modelscanonly be usedfor speciesdfor which detailed
dataof populationparametergfecundity mortality, dispersatistancedensity)in differ-
enthabitattypesareavailable([28], [29]).

Fortunately mary studieson the populationdynamicsof redandgrey squirrelshave
producedeliableestimate®f thesdife-historytraitsundevariableervironmentalhabi-
tat) conditions(seeTable1 for references)Thus,accurateSEPMmodelscanbeapplied
to predictcurrentandfuture distribution andpopulationsize, the effectsof redandgrey
squirrelinterspeci ccompetitionandof diseasespreadvithin andbetweergrey andred
squirrelpopulationg[28]; [29]; [23]).

Thereplacemenbf red by grey squirrelsthatis taking placein Piedmontnorthern
Italy, doesnot only have seriousimplicationsfor red squirrelconserationin Italy, but
alsofor the whole of Europe([8]; [10]; [9]; [23]). Political concernaboutthe lack of
actionin mary countrieshasbeenexpressedy the Permanen€Commissiorof theBern
Corvention,which hasproducedsereral recommendationé. 57,77 and 78 of 1997)
urging countriesto eradicatealieninvasive speciesvherepossible.

Until now, no control hastaken place,and recentlygrey squirrel populationshave
beendiscoveredin mixed deciduousvoodlandbeltsalongthe Ticino river, the natural
borderbetweenLombardy(east)and Piedmont(Figure 1) [7], [2]. Sincethesewood-
landsconnectwith contiguoushardwood alongthe easterrside of Lake Maggioreand
into Switzerland,jmmediatemonitoringand control of this populationis a priority for
thelocal authoritiesresponsibldor wildlife managemerandconseration.

Herewe usea spatiallyexplicit populationdynamicsmodel(SEPM)linkedto a Ge-
ographiclnformation System(GIS) which hasbeentestedon grey squirrelsin Britain
andPiedmont]taly [28], [23] to: (i) illustratethe potentialexpansionof thisintroduced
speciesn andbeyondthe Ticino Regional Park, Lombardy and (ii) testthe effectsof
differentcontrol scenario®n the expansionrate,future distribution and populationsize
of thegrey squirrels.We proposeeffective controlmeasurefor thealienspecieanddis-
cusstheimplicationsof our ndings in relationto the survival of the native red squirrel
in Europe.

2 Material and Methods

2.1 Study areaand data collection

The Ticino Regional Park in Lombardy North-Italy, extendsfor about908 km along
the east-sideof the Ticino river from whereit leavesLake Maggioreto its con uence
with the Poriverat Pavia (Figurel). Our studyareaextendedor 40 km in all directions
from the parkboundaries.

Thecurrentdistribution of grey (andred)squirrelsin the parkwasinvestigatedising
hairtubesuneys[15]. Twenty-ondransect®f 15 hairtubeseachwereplacedn various
partsof the parkandfollowedfor athreeyearcampaign(1999- 2001)[7]. Hairswere
identi ed aspertainingto redor grey squirrelsusingareferenceollectionandfollowing
methodsn [15].

Sincegrey squirreldensity(populationsize)in 2001wasnotknown, we assumedhat
in this earlycolonisatiorphasenoneof thehhabitatblockshadreachedtarryingcapacity
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Figurel: Studyarealocation: ParcoLombardodella Valle del Ticino (boundariesn red), northen
Italy, Europe.

andthat squirreloccurredat the same(low) densityof 0.33/hain all colonisedblocks.
This extrapolatedo aninitial populationsizeof 150grey squirrelsin ninehabitatblocks
(sub-populationsseeFigure2) andusedasthe startingpoint for the SEPMmodel.

2.2 Squirrel habitat suitability

The major areasutilised by grey squirrelsare broadleaf and to someextend conifer
woodlandsandparks,althoughthey will feedon maizein elds andonfruit in orchards
([13]; [14]; [39]; [41]).

In orderto predictgrey squirrelrangeexpansionwe obtainedandcover datafor the
regions of Piedmontand Lombardyin digitisedformatat 250 m resolution(CORINE
Land Cover, [26]). Habitattypeswere classi ed using CORINE-biotopesand were
derivedfrom differentsourcesthe Ticino Regional Park forestrymap (10 m resolution)
for areasnsidethe parkthatarenotin the Vareseprovince (Lombardy),the vegetation
map of the Vareseprovince (10 m resolution,[36]), and CORINE Land Cover for the
otherareasof Lombardy The Vareseprovince coversthe northernpartof the parkand
surroundingareasreachingthe Swissborder Land cover andvegetationtype datawere
editedandasinglehabitatmap,see gure 3, with a250m resolutionwasproducedvith
theaid of thegrassmoduler.mapcald33]. Each250m by 250m cell wascharacterised
by a singlehabitattype. As aresultof the resolutionscaleof theland cover data,some
smallwoodlandg 3.2 ha)suitablefor grey squirrelsmay not have beenrecognisedis
squirrelhabitat,makingmodelpredictionsof grey squirrelspreadmoreconserative by
reducingthetotal availablehabitat.
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Figure2: Grey squirrelinitial distribution: the speciess presentin red blocksinside Ticino Park
boundaries.

Figure3: Habitatmapusedasinputfor themodel. Typesmarkedwith thesufx CORINEapplyonly
outsidePark andVareseprovinceboundaries.
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Figure4: Habitatblocks(in red) wherethe managemendf grey squirreltake placein eachof three
simulatedscenariosa) Besthabitat' scenariop) Extendedtontrol' scenarior) Target-areaontrol’
scenario.

2.3 Control maps

We assumedhatthe grey squirrelpopulationwould be be managedisingthe socalled
“dispersaktontrol', i.e. a x edrateof individualswould beremovedeachyearwhile the
populationwasstill smallandspreading We testeddifferentschemesn the attemptto

make acompromiséetweerthe effectivenesandthe (logistic) feasibility of control. In

all the runssquirrelswereremovedinsidethe park areaandonly in blockscoveredby
woodland,sincetheseweremorelikely to hosta squirrelpopulation.Moreover, with a
total parkwoodlandcover of about2000haandwoodlotsizerangingfrom 0.098to 865
ha,we judgedit impossibleto trapsquirrelsin all woodlots. Thereforewe createdhree
differentcontrol scenariosselectingdifferentnumbersof woodlandblocksin which to
trapgrey squirrelsaccordingto differentcombination®f block sizeandwoodlandtype.

"Besthabitat' scenario:grey squirrelswereremovedonly in good habitatblocks
having a carryingcapacitygreaterthan1/haandlargerthan60 ha, with 18 blocks,
covering2800ha, occurringacrosgshewhole park'sterritory (Figure4a).

"Extendedcontrol' scenario:we extendedthe controlto habitatblockswith a car
rying capacitygreateror equalto 1 grey squirrel/ha(for habitattypesseeTablel).
Controlwasappliedin 17 patchesgachonelargerthan60 ha, for a total trapping
areaof 4600ha,with largercontrolblocksin thenorthernpartof theparkcompared
to thepreviouscontrolschemdFigure4b).

“Target-areacontrol' scenariothe samewoodlandhabitatcateyoriesasin thepre-
viousscenaridheblocksselectedor controlcoveredasmallertotal area(2600ha)
andhadanasymmetridistribution within the Park (Figure4c).

2.4 Model outlines

Themodelusedfor simulatingthedistribution of grey squirrelsin thelandscapéastwo
main components.The rst is a geographicalnformationsystemwhich storeshabitat
andanimalpopulationinformation. GRASS4.2 [37] and GRASSS5 [33] werethe GIS
usedto storeandretrieve habitatinformationandthemodeloutputs.The GIS undertales
datamanipulationandabstractiorand providesinput for the secondcomponentwhich
consistsof a programsimulatingthe populationdynamicsof grey squirrelsand their
interactionsanddispersalvithin the GIS-heldlandscape.

The populationdynamicsmodelis individual-basedand predictsthe distribution of
squirrelsby simulatingthelife historyprocessesf births,deathshomerangeformation
anddispersaliin yearly time steps. The model simulatealso a randompatternof seed
productionamong?2 poor, 2 goodandonemastyear As squirrellife historyparameters
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Tablel: Habitatdescriptiorandsquirreldensitiegsquirrels/hajpasedn eld work andobsenations
for thedigitisedlandcorertypes(at250m resolution).Unsuitablehabitatindicatedby -' hadavalue
of zeroin themodel.

Landcovertype  Grey References Red References
squirrel squirrel
D D
Riparianforests 1.0 [3] 0.3 [3]
Oak and oak- 5.0 [13]; [20] 0.8 [20]; [42]
hornbeam
Hornbeamwood- 2.5 Authors'estimates 0.4 Authors' estimates
land
Black locust-oak 1.0 Authors'estimates 0.2 [42]
woodland
Black locust or 0.1 Authors'estimates 0.1 Authors' estimates
otherexotics
Mixed broadleaf 5.0 [12]; [21]; [40] 11 [43]; [42]
dominated by
chestnut
Mixed decidu- 2.0 [21]; [18] 0.4 [42]; Authors'esti-
ous(CORINE) mates
Beech 2.0 [12] 0.4 [5]; [43]
Maple-ash-lime 5.0 Authors'estimates 1.1 Authors' estimates
Conifers and 1.5 [12]; [13]; [18] 1.3 [43]
mixedbroadleaf
Scotspine 0.3 [32]; Authors'esti- 0.5 Authors' estimates
mates
Norway spruce 0.2 [32]; Authors'esti- 0.35 [44]; Authors'esti-
mates mates
Poplar planta- 0.3 [3] 0.1 [39]; [41]; Au-
tions thors' estimates
Pastures 0.2 Authors'estimates 0.1 Authors' estimates
(CORINE)
Alder 0.1 Authors'estimates 0.1 Authors' estimates
Cliffs, rock - -
slides,riverbeds
Scrub - -
Herbaceousege- - -
tation
Mixed agricul- 0.013 [3]; [23] 0.005 [3]
ture
Maize,wheat 0.013 [3]; [23] 0.005 [3]
Rice - -
Permanengrass- 0.013 Authors' estimates 0.005 Authors' estimates
land
Vineyards, or- 1.0 Authors'estimates 0.2 Authors' estimates
chards and
hazelnutwoods
Urbanareas 0.013 Authors' esti- 0.013 [40]
matesj21]
Urbanparks 1.0 Authors'estimates 0.02 Authors' estimates
Waterbodies - -
Sterileland - -
Scrub, newvly - -
planted areas
and uncultivated
grassland

Infrastructure
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like mortality and fecundity vary with annualtree seedatundancewe variedthe life

history parametersiccordingly A detaileddescriptionof the original model, usedfor
investigatinghespreadf thegrey squirrelanddeclineof theredsquirrelin EastAnglia,
England,is given by Rushton(1997)[28]. The modelwasappliedandfully testedin

Piedmont,detailsare describedn Lurz 2001[23]. The populationdynamicsprogram
waswrittenin the programmindanguagéeC' andintegratedwith the GIS componenin

aUNIX-shell ervironment.

GIS capabilitieshave beenusedto build the habitatmapfrom differentsourcesthe
landscapén which squirrelscanmove gure 3, theinitial distribution of the speciesand
differentpatternof control.

Suitablehabitatswerede ned accordingto type andsize,compositionanddistribu-
tion of habitatblockswasusedto identify blocksin whichthetwo squirrelspeciesould
befound. Thecarryingcapacityi.e. the numberof individualswho canbe supportey
agivenared25], of eachtypeof habitatfor redandgrey squirrelswereliedon published
estimatesasshovn in Tablel. Whenliteraturedatawerelacking, carryingcapacitywas
estimatedrom valuesfor similar habitats.

SomelLand Cover andvegetationtypesarenot suitablehabitatsfor squirrelsbut an-
imals canmove throughthemwhendispersing.Individualswereallowedto disperseo
blocksof habitatthatwerebelow the carryingcapacityfor eachspecies.In additionif
therewereno suitablehabitatblocksavailablefor occupatiorwithin the maximumdis-
persaldistanceof 10 km, dispersersvereassumedo die. As someindividualsarelik ely
to move beyondthe 10 km dispersabistanceparameteused[21], modelpredictionsof
grey squirrelexpansionwereintentionallyconserative.

Fromthe habitatmapwe createda clumpmapof 18463habitatblocks,andfor each
block areaand centroidshave beencalculated. Speciedistribution and control raster
mapswereprocessedby r.volumeusingthe habitatclump mapin orderto have all data
referredto the sameblock frame.

Clumpsarethe key to passdatafrom GRASSto the modelandback: a shell script
hasbeenusedto rearrangehe outputof GRASSmodulesr.clump andr.volumein an
ASCII le suitablefor beingprocessedby the populationdynamicmodel. Eachrecord
in this le containsclump number habitattype, numberof squirrels, coordinatesof
clump centroids,clump size (i.e. numberof cells) and a binary value for the control
mechanism.

The spatialinformation and the biological parameterdave beenprocessedy the
SEPM programwho thenoutputs les that canbe usedfor statisticalanalysisand for
creatingmapssincethey containtheclumpnumberandthe numberof squirrelspredicted
for eachreplicateof the simulations.By the aid of anothershell scriptrun directly into
GRASSwe wereableto displaydensitymapsfor eachyearof the simulation.

3 Results

We run the the modelthroughdifferentscenariosjn orderto: (i) predictgrey squir
rel expansionin the Ticino Regional Park and surroundingareas,including the Italian
boundariesvith Switzerland;(ii) predictcontemporanpersistencef native red squir
rels;and(iii) testtheeffectsof differentcontrolstratgies.

All the runs startedfrom the situationknown in year 2001 and forecastedsquirrel
populationdynamicsfor the following 40 years. As the modelis a stochasticone,we
ranit 10timesoverfor eachsetof inputsfor 40 yeartime span.Sofor eachscenariove
thenranthe models400times. Resultspresentedreall averageof thosemultiple runs.

3.1 Greysquirrel spread

Thelandscapén andaroundTicino Regional Park is very suitablefor squirrels. If the
startingpopulationis not managedpur resultsindicatethatgrey squirrelsarelikely to
spreadbverawide areaoverthenext 40years.Themodelpredicts4103sub-populations
totalling approximately370000individuals(seealsoTable?2).The spatialspreadof grey
squirrelpopulationover the simulationperiodattenyearintenvalsis shavn in Figure5.
The expandingpopulation rst occupiesthe northernpart of the Park and during the
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Table2: Averagepredictedgrey squirrel populationsizein the "no control' andin the “‘targetarea
control' scenariosResultsarepresentedt veyearsintervals. SD: standardieviation.

Year | Nocontrol 50% SD 80% SD|50% SD 80% SD
2001 150 150 - 150 - - - - -
2006 115 60 14 46 6 34 7 36 6
2011 247 73 16 41 11 31 8 26 5
2016 1639 58 9 14 9 33 7 20 9
2021 19311 125 38 10 13 48 10 9 10
2026 58485 200 72 8 12| 107 37 7 10
2031 109720 145 52 2 5| 102 47 2 4
2036 201521 200 114 0 0 91 61 0 0
2041 370237 205 171 0 0 64 37 0 0

rst tenyearsit occursonly in the mixedbroad-leafwoodlandsdominatecby chestnut.
During the next ten yearsit also spreadsnto the black locust woods (Figure 5a, b).
Our predictionssuggesthatit will take morethantwentyyearsfor grey squirrelsto start
invadingthesoutherrpartof the Park andto spreadutsidethe Park boundarieseaching
Switzerland(Figure5c, d). Squirrelsarepredictedto shov differentpatternsof spread:
inside the Park dispersiontendsto occuralongthe woodedriverbankof Ticino, while
outsidethe spreachasno preferentialdirection. The modelsimulationsindicatethat it
will take upto 15yearsto reachcarryingcapacitywithin Ticino Park. Dispersabeyond
parkboundariesnaythereforebeslow andtherapidimplementatiorof controlmeasures
is likely to be successfuin slowing or evenpreventingfurtherspread.

3.2 Greysquirrel control scenarios

The samemodelhasbeenusedto predictgrey squirreldynamicsaccordingto different
controlschemesA x edlevel of controlhasbeenintroducedasa furtherdemographic
factorinside the model (the othersare birth rate, naturalmortality, immigration, emi-
gration)affectingthe populationin single habitatblocks. The numberof replicatesand
thetime frameusedin the control simulationsarethe sameusedin the previousrun, 10
replicatesfor 40 yearsandall the othersparameterareleft unchanged.

For eachcontrol scenario the control mapspreviously de ned, we testedthe effect
of aremoval rate of 50% and80% individuals. Squirrelremoval startsin 2005for each
scenariosofor the rst threeyearsof the simulationno squirrelsareremoved. Com-
paringthe surfaceto be managedn the differentcontrol scenarioshavn in Figure4
andthe simulationoutputswe wereableto nd the bestcompromisebetweenreffective
managemerandnumberof patchedo control. The scenariccalled"targetcontrol” best
tted thoserequestsresultsandcomparisorwith the uncontrolledspreadare presented
in Table2 while the "besthabitat"schemeavasprovedto beineffective.

3.3 Redand grey squirrel competition

To evaluatethe effects of grey squirrelexpansionon the native red squirrelpopulation
we also ran the competitionmodel. This simulationrunsin two steps: it calculates
the numberof squirrelsfor eachspeciesn eachblock accordingto the appropriatdife
history parametersandthen appliescompetitioneffects of grey on red squirrelsin the
blockswherebothspecieso-occur

The numberof red squirrelsfor the next run is the resultsof the competitionin-
teraction. We assumeded squirrelwere presentin the landscapet a densityof 0.16
ind/hectardor eachwoodlandblock. As therewasnoinformationabouttherealdensity
in the studywe usedan averagedensityasa startingcondition. Redsquirrelsstartto go
extinct in the parkwoodlandsrom 2020asgreys continueto expandandtheir numbers
increasgseeFigure6). Duringthe rst 10-15yearsredsquirrelpopulationis increasing
from theanaveragedensityto carryingcapacity Thisis amodelartefactrelatedto input
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Figure5: Simulationresultsfor the spreadscenario.Habitatblocks occupiedby grey squirrelsare
evidencedin colour. Differentcoloursrepresenthe differentdensities(individualsper hectare)ac-
cordingto thelegendbelow. a) year2011;b) year2021;c) year2031;d) year2041.
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Figure6: Contractionof red squirrelhabitatin the competitionscenario Differentcoloursrepresent
the different predicteddensities(individuals per hectare)accordingto the legendbelow. Pictures
shav theoutputat 10 yearintervals. a) year2011;b) year2021;c) year2031;d) year2041.
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Table3: Averagepredictedpopulationsizeof grey andredsquirrelsfor the competitionmodelruns.
Resultsarepresentedt veyearsintervals. SD: standardieviation.

Individuals Populations

Year Grey SD Red SD| Grey SD Red SD
2001 150 - - - -
2006 112 15 206644 7984 6 2 2728 191
2011 274 87 267800 4307 9 5 4073 159
2016 1828 646 298100 512 40 17 4390 22
2021| 21347 6138 284113 1270| 492 116 4403 58
2026 | 61839 11446 274293 2693| 1204 168 4020 98
2031 | 112908 13756 230043 6621 | 2047 182 3189 128
2036 | 208198 24588 221213 6753 | 3004 176 2805 180
2041 | 374636 19302 179204 10200| 4120 131 1959 129

conditionsat an averagedensityfor the whole landscape Red squirrelsreachequilib-
rium (basedon carryingcapacitiedor the differenthabitattypes)in the landscapdrom
the 10thto 20thyearof simulation. The populationis uctuating around280,000indi-
vidualsandthespeciess spreadn all woodlandblocks(Table3). After the 20thyearof
simulationgreys begin to beanimpactingfactorandthe predicted21,000grey squirrels
arelikely to drive thered squirrelto extinction within the Park boundariesPopulations
of red squirrelsseemdo persistlongerin the northernpart of the studyareawherethe
prealpinemountainsarecoveredwith coniferforests(Fig. 6), andthe habitatis slightly
moresuitablefor redsthanfor greys. However, redsgo extinct in the centralandmostof
the southerrpartof the studyareawithin the 40 yr-run simulations.

4 Discussion

Withoutcontrol,grey squirrelswill invadeSwitzerlandwithin the next two decadesand,
concomitantly the sizeanddistribution of local populationsof native red squirrelswill
be reduced. Simulatingdifferentgrey squirrel control or removal scenariossuggests
that: (i) efcient controlis possibleand mainly determinedby the spatialdistribution
andwoodlandsizeof the target' controlareasand(ii) immediateactionsmustbetaken,
sincedelayin grey squirrelcontrolwill resultin the populationincreasingandspreading,
which makesthe problemsof successfutontainmenmoredif cult.

The coupleduseof SEPMandGIS provedto be a usefultool in conseration asit
allowed us to testthe effectivenessof differentstratgies, including the no action op-
tion, providing wildlife managersvith mapsshaving the consequencesf eachstratayy.
Controlmapsanalysisallowed useto identify the bestcost/efective actioncontrol plan
to preventthe spreadof the invasive grey squirrels. Thosemaps,theoretically could
alreadybe usedon the eld to placetraps. However cautionmustbe used,as model
scenariosverebasedon suneys that may underestimatéhe real distribution rangeand
currentpopulationsizeof grey squirrels.In additionno informationwasavailableabout
thepresencef thespecieoutsidetheparkboundariesandsowe assumedt wasabsent.
For all thesereason®ur predictionscanbe conserative andwe suggest combination
of grey squirrelmonitoringandpublic participationsuney to mapgrey squirrelpresence,
which mayalsohelpincreasgublic avarenessMoreover future surweys canbe usedto
improve modelperformanceandto testthereliability of our predictions.Successfuton-
tainmentof furthergrey squirrelspreadwill requirelocal co-operatiorbetweenitalian
andSwissauthoritiesnvolvedin wildlife management.
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