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Abstract

A recentlydiscoveredpopulationof the North Americangrey squirrel (Sciuruscarolinen-
sis), introducedto Ticino Park, Lombardy(N Italy), is likely to spreadinto continuousprealpine
broadleafforestsof Lombardyandthesouthof Switzerland.

We usedGRASSGIS andSpatiallyExplicit PopulationDynamicsModelsasa conservation
tool to predict the spreadof grey squirrelsandto testdifferentmanagementoptionsin a 20000
km� areaaroundTicino Park .

GRASSGIShasbeenusedin two phasesof thework: at �rst to build thehabitatandthesquir-
rel distribution mapsto beprocessedby themodeland�nally to mapthemodeloutput.Scripting
in a Linux-shellenvironmentallowedus to integratetheGIS capabilitieswith thepopulationdy-
namicsprogram,written in 'C' programminglanguage,andassuredthedatastreamfrom GRASS
to themodelandback.

Theintegratedapproachof SEPMandGISallowedusto predictgrey squirrelexpansionin the
Ticino RegionalPark andsurroundingareas,includingtheItalian boundarieswith Switzerlandin
a 40 yearstime frame. We werealsoableto evaluatethecontemporarypersistenceof native red
squirrelsasthepopulationof greys increasefor thesametime span.Resultsshowedusthatgrey
squirrelshave thepotentialto reachSwitzerlandin thenext two decades.Competitionsimulation
showedalsothatgreys spreadwill have a deepimpactover thenative redsquirrels.We wereable
to producepredicteddensitymapfor both species.We thenusedthe modelto test the effect of
differentcontrolstrategiesin orderto suggestpublic administrationa costeffective actionplanto
stoptheinvasionprocess.

1 Intr oduction

In many ecosystems,theintroductionof invasive,alienspeciesis claimedto bethesec-
ondmostimportantreasonfor lossof biodiversity, after thedestructionandfragmenta-
tion of naturalhabitats,causingtheextinction or declineof nativespeciesin theregions
wherethey have beenintroduced[38] [46], [24, 19]. Alien speciesinterferewith the
native faunaby differentecologicalprocesses:predation,interspeci�c competitionor
acting as vectoror reservoir of (new) diseases[16], [30], [4], [35], [17]. Introduced
speciesnot only presenta seriousecologicalproblem,but alsoa socio-economical,and
political one [11], [31]. Many alien speciescausedirect economicdamageto human
activities (farming,forestry, zoo-technology, diseaserisk), but neverthelesstheir control
oftenbecomesanemotionalissue,in particularwith mammalpestspecieswhich often
havea“charismatic”appeal[22], [45], [1], [2].

A well documentedcaseof competitionby aninvasivealienspeciesis thewide-scale
replacementof thenativeEurasianredsquirrel(Sciurusvulgaris) by theintroducedeast-
erngrey squirrel(Sciuruscarolinensis) in theBritish 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, and in the
fragmentedlandscapesit currentlyoccupiesin Piedmont,northernItaly [16],[39], [34],
[23],[2]. An essentialparameterto assessthe risk of extinction of red squirrelpopula-
tions, andplan effective managementstrategiesfor controlling the invasive species,is
therateatwhich replacementwill occur, whichmainlydependson factorsthatfacilitate
thespreadof thealienspecies.For grey squirrelsmajor factorsarelandscapestructure
(connectivity betweengoodhabitats)andabundantfoodsupplies[6] [41], [27].

Spatiallyexplicit populationdynamicsmodels(SEPM)havebeendevelopedto com-
bine spatialvariablesandspecies'life-history traits. The drawbackof thesemodelsis
thattheir performanceis sensitive to theaccuracy of theestimatesof thelife-historypa-
rametersinput, and, thus, the modelscanonly be usedfor speciesfor which detailed
dataof populationparameters(fecundity, mortality, dispersaldistance,density)in differ-
enthabitattypesareavailable([28], [29]).

Fortunately, many studieson thepopulationdynamicsof redandgrey squirrelshave
producedreliableestimatesof theselife-historytraitsundervariableenvironmental(habi-
tat) conditions(seeTable1 for references).Thus,accurateSEPMmodelscanbeapplied
to predictcurrentandfuturedistribution andpopulationsize,theeffectsof redandgrey
squirrelinterspeci�ccompetitionandof diseasespreadwithin andbetweengrey andred
squirrelpopulations([28]; [29]; [23]).

The replacementof red by grey squirrelsthat is takingplacein Piedmont,northern
Italy, doesnot only have seriousimplicationsfor red squirrelconservationin Italy, but
alsofor the whole of Europe([8]; [10]; [9]; [23]). Political concernaboutthe lack of
actionin many countrieshasbeenexpressedby thePermanentCommissionof theBern
Convention,which hasproducedseveral recommendations(n. 57, 77 and78 of 1997)
urgingcountriesto eradicatealieninvasivespecieswherepossible.

Until now, no control hastaken place,andrecentlygrey squirrelpopulationshave
beendiscoveredin mixeddeciduouswoodlandbeltsalongthe Ticino river, thenatural
borderbetweenLombardy(east)andPiedmont(Figure1) [7], [2]. Sincethesewood-
landsconnectwith contiguoushardwoodalongthe easternsideof Lake Maggioreand
into Switzerland,immediatemonitoringandcontrol of this populationis a priority for
thelocalauthoritiesresponsiblefor wildlife managementandconservation.

Herewe usea spatiallyexplicit populationdynamicsmodel(SEPM)linkedto a Ge-
ographicInformationSystem(GIS) which hasbeentestedon grey squirrelsin Britain
andPiedmont,Italy [28], [23] to: (i) illustratethepotentialexpansionof this introduced
speciesin andbeyond the Ticino Regional Park, Lombardy, and(ii) test the effectsof
differentcontrolscenarioson theexpansionrate,futuredistribution andpopulationsize
of thegrey squirrels.Weproposeeffectivecontrolmeasuresfor thealienspeciesanddis-
cusstheimplicationsof our �ndings in relationto thesurvival of thenative redsquirrel
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 thePoriverat Pavia (Figure1). Ourstudyareaextendedfor 40km in all directions
from theparkboundaries.

Thecurrentdistributionof grey (andred)squirrelsin theparkwasinvestigatedusing
hair-tubesurveys[15]. Twenty-onetransectsof 15hair-tubeseachwereplacedin various
partsof theparkandfollowedfor a threeyearcampaign(1999- 2001)[7]. Hairswere
identi�ed aspertainingto redor grey squirrelsusingareferencecollectionandfollowing
methodsin [15].

Sincegrey squirreldensity(populationsize)in 2001wasnotknown,weassumedthat
in thisearlycolonisationphase,noneof thehabitatblockshadreachedcarryingcapacity,
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Figure1: Studyarealocation: ParcoLombardodella Valle del Ticino (boundariesin red),northen
Italy, Europe.

andthat squirreloccurredat thesame(low) densityof 0.33/hain all colonisedblocks.
Thisextrapolatedto aninitial populationsizeof 150grey squirrelsin ninehabitatblocks
(sub-populations,seeFigure2) andusedasthestartingpoint for theSEPMmodel.

2.2 Squirrel habitat suitability

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

In orderto predictgrey squirrelrangeexpansion,weobtainedlandcoverdatafor the
regionsof PiedmontandLombardyin digitisedformat at 250 m resolution(CORINE
Land Cover, [26]). Habitat typeswere classi�ed using CORINE-biotopes,and were
derivedfrom differentsources:theTicino RegionalPark forestrymap(10m resolution)
for areasinsidetheparkthatarenot in theVareseprovince(Lombardy),thevegetation
mapof the Vareseprovince (10 m resolution,[36]), andCORINE Land Cover for the
otherareasof Lombardy. TheVareseprovincecoversthenorthernpartof theparkand
surroundingareas,reachingtheSwissborder. Landcoverandvegetationtypedatawere
editedandasinglehabitatmap,see�gure 3, with a250m resolutionwasproducedwith
theaidof thegrassmoduler.mapcalc[33]. Each250m by 250m cell wascharacterised
by a singlehabitattype. As a resultof theresolutionscaleof the landcover data,some
smallwoodlands( � 3.2ha)suitablefor grey squirrelsmaynot havebeenrecognisedas
squirrelhabitat,makingmodelpredictionsof grey squirrelspreadmoreconservativeby
reducingthetotal availablehabitat.
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Figure2: Grey squirrel initial distribution: the speciesis presentin red blocks insideTicino Park
boundaries.

Figure3: Habitatmapusedasinput for themodel.Typesmarkedwith thesuf�x CORINEapplyonly
outsideParkandVareseprovinceboundaries.
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Figure4: Habitatblocks(in red)wherethemanagementof grey squirreltake placein eachof three
simulatedscenarios.a)`Besthabitat'scenario;b)`Extendedcontrol' scenario;c)`Target-areacontrol'
scenario.

2.3 Control maps

We assumedthat thegrey squirrelpopulationwould bebemanagedusingthesocalled
`dispersalcontrol', i.e. a �x edrateof individualswould beremovedeachyearwhile the
populationwasstill smallandspreading.We testeddifferentschemesin theattemptto
makeacompromisebetweentheeffectivenessandthe(logistic) feasibilityof control. In
all the runssquirrelswereremovedinsidetheparkareaandonly in blockscoveredby
woodland,sincetheseweremorelikely to hosta squirrelpopulation.Moreover, with a
totalparkwoodlandcoverof about2000haandwoodlotsizerangingfrom 0.098to 865
ha,we judgedit impossibleto trapsquirrelsin all woodlots.Therefore,we createdthree
differentcontrol scenariosselectingdifferentnumbersof woodlandblocksin which to
trapgrey squirrelsaccordingto differentcombinationsof blocksizeandwoodlandtype.

	 `Besthabitat' scenario:grey squirrelswereremovedonly in goodhabitatblocks
having a carryingcapacitygreaterthan1/haandlargerthan60ha,with 18 blocks,
covering2800ha,occurringacrossthewholepark's territory (Figure4a).

	 `Extendedcontrol' scenario:we extendedthecontrol to habitatblockswith a car-
rying capacitygreateror equalto 1 grey squirrel/ha(for habitattypesseeTable1).
Controlwasappliedin 17 patches,eachonelargerthan60 ha,for a total trapping
areaof 4600ha,with largercontrolblocksin thenorthernpartof theparkcompared
to thepreviouscontrolscheme(Figure4b).

	 `Target-areacontrol' scenario:thesamewoodlandhabitatcategoriesasin thepre-
viousscenariotheblocksselectedfor controlcoveredasmallertotalarea(2600ha)
andhadanasymmetricdistributionwithin thePark (Figure4c).

2.4 Model outlines

Themodelusedfor simulatingthedistributionof grey squirrelsin thelandscapehastwo
main components.The �rst is a geographicalinformationsystemwhich storeshabitat
andanimalpopulationinformation. GRASS4.2 [37] andGRASS5 [33] weretheGIS
usedto storeandretrievehabitatinformationandthemodeloutputs.TheGISundertakes
datamanipulationandabstractionandprovidesinput for thesecondcomponent,which
consistsof a programsimulatingthe populationdynamicsof grey squirrelsand their
interactionsanddispersalwithin theGIS-heldlandscape.

The populationdynamicsmodelis individual-basedandpredictsthedistribution of
squirrelsby simulatingthelife historyprocessesof births,deaths,homerangeformation
anddispersalin yearly time steps. The modelsimulatealsoa randompatternof seed
productionamong2 poor, 2 goodandonemastyear. As squirrellife historyparameters
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Table1: Habitatdescriptionandsquirreldensities(squirrels/ha)basedon�eld work andobservations
for thedigitisedlandcovertypes(at250m resolution).Unsuitablehabitatsindicatedby `-' hadavalue
of zeroin themodel.

Landcover type Grey
squirrel
D 
���


References Red
squirrel
D 
���


References

Riparianforests 1.0 [3] 0.3 [3]
Oak and oak-
hornbeam

5.0 [13]; [20] 0.8 [20]; [42]

Hornbeamwood-
land

2.5 Authors' estimates 0.4 Authors' estimates

Black locust-oak
woodland

1.0 Authors' estimates 0.2 [42]

Black locust or
otherexotics

0.1 Authors' estimates 0.1 Authors' estimates

Mixed broadleaf
dominated by
chestnut

5.0 [12]; [21]; [40] 1.1 [43]; [42]

Mixed decidu-
ous(CORINE)

2.0 [21]; [18] 0.4 [42]; Authors' esti-
mates

Beech 2.0 [12] 0.4 [5]; [43]
Maple-ash-lime 5.0 Authors' estimates 1.1 Authors' estimates
Conifers and
mixedbroadleaf

1.5 [12]; [13]; [18] 1.3 [43]

Scotspine 0.3 [32]; Authors' esti-
mates

0.5 Authors' estimates

Norwayspruce 0.2 [32]; Authors' esti-
mates

0.35 [44]; Authors' esti-
mates

Poplar planta-
tions

0.3 [3] 0.1 [39]; [41]; Au-
thors' estimates

Pastures
(CORINE)

0.2 Authors' estimates 0.1 Authors' estimates

Alder 0.1 Authors' estimates 0.1 Authors' estimates
Cliffs, rock
slides,riverbeds

- -

Scrub - -
Herbaceousvege-
tation

- -

Mixed agricul-
ture

0.013 [3]; [23] 0.005 [3]

Maize,wheat 0.013 [3]; [23] 0.005 [3]
Rice - -
Permanentgrass-
land

0.013 Authors' estimates 0.005 Authors' estimates

Vineyards, or-
chards and
hazelnutwoods

1.0 Authors' estimates 0.2 Authors' estimates

Urbanareas 0.013 Authors' esti-
mates;[21]

0.013 [40]

Urbanparks 1.0 Authors' estimates 0.02 Authors' estimates
Waterbodies - -
Sterileland - -
Scrub, newly
planted areas
and uncultivated
grassland

- -

Infrastructure - -
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like mortality and fecundityvary with annualtreeseedabundance,we varied the life
history parametersaccordingly. A detaileddescriptionof the original model,usedfor
investigatingthespreadof thegrey squirrelanddeclineof theredsquirrelin EastAnglia,
England,is given by Rushton(1997)[28]. The modelwasappliedandfully testedin
Piedmont,detailsaredescribedin Lurz 2001[23]. The populationdynamicsprogram
waswritten in theprogramminglanguage'C' andintegratedwith theGIScomponentin
a UNIX-shell environment.

GIS capabilitieshave beenusedto build thehabitatmapfrom differentsources,the
landscapein whichsquirrelscanmove�gure 3, theinitial distributionof thespeciesand
differentpatternof control.

Suitablehabitatswerede�ned accordingto typeandsize,compositionanddistribu-
tion of habitatblockswasusedto identify blocksin whichthetwo squirrelspeciescould
befound.Thecarryingcapacity, i.e. thenumberof individualswhocanbesupportedby
agivenarea[25], of eachtypeof habitatfor redandgrey squirrelswereliedonpublished
estimatesasshown in Table1. Whenliteraturedatawerelacking,carryingcapacitywas
estimatedfrom valuesfor similar habitats.

SomeLandCover andvegetationtypesarenot suitablehabitatsfor squirrelsbut an-
imalscanmove throughthemwhendispersing.Individualswereallowedto disperseto
blocksof habitatthatwerebelow thecarryingcapacityfor eachspecies.In additionif
therewereno suitablehabitatblocksavailablefor occupationwithin themaximumdis-
persaldistanceof 10km, disperserswereassumedto die. As someindividualsarelikely
to movebeyondthe10 km dispersaldistanceparameterused[21], modelpredictionsof
grey squirrelexpansionwereintentionallyconservative.

Fromthehabitatmapwe createda clumpmapof 18463habitatblocks,andfor each
block areaandcentroidshave beencalculated.Speciesdistribution andcontrol raster
mapswereprocessedby r.volumeusingthehabitatclumpmapin orderto have all data
referredto thesameblock frame.

Clumpsarethekey to passdatafrom GRASSto themodelandback: a shell script
hasbeenusedto rearrangethe outputof GRASSmodulesr.clumpandr.volumein an
ASCII �le suitablefor beingprocessedby thepopulationdynamicmodel. Eachrecord
in this �le containsclump number, habitat type, numberof squirrels,coordinatesof
clump centroids,clump size (i.e. numberof cells) anda binary value for the control
mechanism.

The spatialinformationand the biological parametershave beenprocessedby the
SEPMprogramwho thenoutputs�les that canbe usedfor statisticalanalysisandfor
creatingmapssincethey containtheclumpnumberandthenumberof squirrelspredicted
for eachreplicateof thesimulations.By theaid of anothershellscriptrun directly into
GRASSwe wereableto displaydensitymapsfor eachyearof thesimulation.

3 Results

We run the the model throughdifferentscenarios,in order to: (i) predict grey squir-
rel expansionin the Ticino Regional Park andsurroundingareas,including the Italian
boundarieswith Switzerland;(ii) predictcontemporarypersistenceof native red squir-
rels;and(iii) testtheeffectsof differentcontrolstrategies.

All the runsstartedfrom the situationknown in year2001andforecastedsquirrel
populationdynamicsfor the following 40 years. As the modelis a stochasticone,we
ranit 10 timesover for eachsetof inputsfor 40yeartimespan.Sofor eachscenariowe
thenranthemodels400times.Resultspresentedareall averagesof thosemultiple runs.

3.1 Greysquirr el spread

The landscapein andaroundTicino RegionalPark is very suitablefor squirrels. If the
startingpopulationis not managed,our resultsindicatethatgrey squirrelsarelikely to
spreadoverawideareaoverthenext 40years.Themodelpredicts4103sub-populations
totallingapproximately370000individuals(seealsoTable2).Thespatialspreadof grey
squirrelpopulationover thesimulationperiodat tenyearintervalsis shown in Figure5.
The expandingpopulation�rst occupiesthe northernpart of the Park andduring the



8 ClaraTattoni,DamianoG.Preatoni,PeterW.W.Lurz,StevenP.Rushton,GuidoTosi,SandroBertolino,LucasA.Wauters

Table2: Averagepredictedgrey squirrelpopulationsizein the `no control' andin the `targetarea
control' scenarios.Resultsarepresentedat � veyearsintervals.SD:standarddeviation.

Year No control 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 themixedbroad-leafwoodlandsdominatedby chestnut.
During the next ten yearsit also spreadsinto the black locust woods(Figure 5a, b).
Ourpredictionssuggestthatit will takemorethantwentyyearsfor grey squirrelsto start
invadingthesouthernpartof theParkandto spreadoutsidetheParkboundariesreaching
Switzerland(Figure5c, d). Squirrelsarepredictedto show differentpatternsof spread:
insidethe Park dispersiontendsto occuralongthe woodedriverbankof Ticino, while
outsidethespreadhasno preferentialdirection. The modelsimulationsindicatethat it
will take up to 15yearsto reachcarryingcapacitywithin Ticino Park. Dispersalbeyond
parkboundariesmaythereforebeslow andtherapidimplementationof controlmeasures
is likely to besuccessfulin slowing or evenpreventingfurtherspread.

3.2 Greysquirr el control scenarios

Thesamemodelhasbeenusedto predictgrey squirreldynamicsaccordingto different
controlschemes.A �x edlevel of controlhasbeenintroducedasa furtherdemographic
factor inside the model (the othersarebirth rate,naturalmortality, immigration,emi-
gration)affectingthepopulationin singlehabitatblocks. Thenumberof replicatesand
thetime frameusedin thecontrolsimulationsarethesameusedin thepreviousrun,10
replicatesfor 40yearsandall theothersparametersareleft unchanged.

For eachcontrol scenario,thecontrolmapspreviously de�ned, we testedtheeffect
of a removal rateof 50%and80%individuals.Squirrelremoval startsin 2005for each
scenario,so for the �rst threeyearsof the simulationno squirrelsareremoved. Com-
paring the surfaceto be managedin the differentcontrol scenariosshown in Figure4
andthesimulationoutputswe wereableto �nd thebestcompromisebetweeneffective
managementandnumberof patchesto control.Thescenariocalled"targetcontrol"best
�tted thoserequests,resultsandcomparisonwith theuncontrolledspreadarepresented
in Table2 while the"besthabitat"schemewasprovedto beineffective.

3.3 Redand greysquirr el competition

To evaluatetheeffectsof grey squirrelexpansionon thenative red squirrelpopulation
we also ran the competitionmodel. This simulationruns in two steps: it calculates
thenumberof squirrelsfor eachspeciesin eachblock accordingto theappropriatelife
history parametersandthenappliescompetitioneffectsof grey on red squirrelsin the
blockswherebothspeciesco-occur.

The numberof red squirrelsfor the next run is the resultsof the competitionin-
teraction. We assumedred squirrelwerepresentin the landscapeat a densityof 0.16
ind/hectarefor eachwoodlandblock. As therewasnoinformationabouttherealdensity
in thestudywe usedanaveragedensityasa startingcondition.Redsquirrelsstartto go
extinct in theparkwoodlandsfrom 2020asgreyscontinueto expandandtheir numbers
increase(seeFigure6). During the�rst 10-15yearsredsquirrelpopulationis increasing
from theanaveragedensityto carryingcapacity. This is amodelartefactrelatedto input
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Figure5: Simulationresultsfor thespreadscenario.Habitatblocksoccupiedby grey squirrelsare
evidencedin colour. Differentcoloursrepresentthedifferentdensities(individualsperhectare)ac-
cordingto thelegendbelow. a)year2011;b) year2021;c) year2031;d) year2041.
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Figure6: Contractionof redsquirrelhabitatin thecompetitionscenario.Differentcoloursrepresent
the differentpredicteddensities(individualsper hectare)accordingto the legendbelow. Pictures
show theoutputat 10yearintervals.a) year2011;b) year2021;c) year2031;d) year2041.
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Table3: Averagepredictedpopulationsizeof grey andredsquirrelsfor thecompetitionmodelruns.
Resultsarepresentedat � veyearsintervals.SD:standarddeviation.

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.Redsquirrelsreachequilib-
rium (basedon carryingcapacitiesfor thedifferenthabitattypes)in thelandscapefrom
the10thto 20thyearof simulation.Thepopulationis �uctuating around280,000indi-
vidualsandthespeciesis spreadin all woodlandblocks(Table3). After the20thyearof
simulationgreysbegin to beanimpactingfactorandthepredicted21,000grey squirrels
arelikely to drive theredsquirrelto extinction within thePark boundaries.Populations
of redsquirrelsseemsto persistlongerin thenorthernpartof thestudyareawherethe
prealpinemountainsarecoveredwith coniferforests(Fig. 6), andthehabitatis slightly
moresuitablefor redsthanfor greys. However, redsgoextinct in thecentralandmostof
thesouthernpartof thestudyareawithin the40yr-runsimulations.

4 Discussion

Withoutcontrol,grey squirrelswill invadeSwitzerlandwithin thenext two decades,and,
concomitantly, thesizeanddistribution of local populationsof native redsquirrelswill
be reduced. Simulatingdifferent grey squirrel control or removal scenariossuggests
that: (i) ef�cient control is possibleandmainly determinedby the spatialdistribution
andwoodlandsizeof the`target' controlareas;and(ii) immediateactionsmustbetaken,
sincedelayin grey squirrelcontrolwill resultin thepopulationincreasingandspreading,
whichmakestheproblemsof successfulcontainmentmoredif�cult.

The coupleduseof SEPMandGIS proved to be a usefultool in conservationasit
allowed us to test the effectivenessof differentstrategies, including the no actionop-
tion, providing wildlife managerswith mapsshowing theconsequencesof eachstrategy.
Controlmapsanalysisalloweduseto identify thebestcost/effectiveactioncontrolplan
to prevent the spreadof the invasive grey squirrels. Thosemaps,theoretically, could
alreadybe usedon the �eld to placetraps. However cautionmustbe used,asmodel
scenarioswerebasedon surveys thatmayunderestimatetherealdistribution rangeand
currentpopulationsizeof grey squirrels.In additionno informationwasavailableabout
thepresenceof thespeciesoutsidetheparkboundaries,andsoweassumedit wasabsent.
For all thesereasonsour predictionscanbeconservative andwe suggesta combination
of grey squirrelmonitoringandpublicparticipationsurvey to mapgrey squirrelpresence,
whichmayalsohelpincreasepublic awareness.Moreover futuresurveyscanbeusedto
improvemodelperformanceandto testthereliability of ourpredictions.Successfulcon-
tainmentof furthergrey squirrelspreadwill requirelocal co-operationbetweenItalian
andSwissauthoritiesinvolvedin wildlife management.
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