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Abstract

In a context othanging carnivore popations worldwide, it is cruciab understand the
consequences of these changes for prey populati@hgerecolonizationby wolves of the French
Vercors mountain range artle longterm monitoring (20012017 of roe deelin this aregprovided
a unique opportunity taassesshe effects d wolveson this prey. Roe deer was the main prey of
wolvesin the west Vercors mountain rangtiring this recolonizatiodWe comparedoe deer
abundanceandfawn body mas# two contrasted areasf a wolf pack territorya central aredcore
of the territory characterized byn intense use by wolviand a peripheral are@used more
occasionally Roe deerpopulation growth rats werelower in the central area between 2001 and
2006, resulting in a decline in roe desdyundance Roe deer abundancbstantiallydroppedin the
two study areasfter an extremely severe winter bthie abundance of roe deer the central area
facing with wolvesvas slower to recovesind remained at lower abundance levels oyears Fawn
body mass wasonsistentiylower in the central areavaried similarly as roe deer abundanead
was not influenced by weather conditionsm@d deerpopulation abundanceAltogether, the effects
of wolves on roe deer in the centrales occurred during &0-year period following the
edablishment ofwolves throughthe interplay between wolf predation(before wolves started
preying on red deerharshwinter conditions andpossiblynaivety of prey to this recolonizing

predator.

Keywords: body massCanis lupusCapreolus capreolupopulation abundancepredation
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Introduction
For large herbivoreshe main drivers of population dynamics have been studiegtéatdetail over
the lastfew decades€.g.Coulson eal. 2001; Gaillard et al. 2013 for case stuflidée
consequences afensity, weatler, habitat quality or huntingn agespedfic survival and
reproductionare well documented in many species, wittisreasingempirical evidencef
interactionsamongthese factors Bonenfant et al. 200%ioneand CluttonBrock 2007. Predatbn is
clearly amajor driver ofevolution and population dynamics pfey Reznick et al. 20Q4/olterra
1931). Understanding and measuring the consequences of predation on the population dynamics of
large herbivores is, however, much more complex thamfost other environmental variables.
Consequently, important ecological questions such as whether large herbivores are undergoing
bottom-up or top-down limitation are stildebated (Hopcraft et al. 201Qaundré et al. 2004

By increasing mortalitygredators are strongly expected to limit the population growth rate
of their prey However there are several arguments suggesting that prey populationsvitastand
strong predation pressurdf predation is compensatory because of densigpendenceprey
population dynamics may remain little affected until attack rates become reallydnidipredation
becomes additive to other sources of mortal{grrington 1946). Similarly, the difference in spatial
scale between the ranging behaviour of large ocasrés and herbivores leads to differences in
densities of several ordeof magnitude between predators and préSkogland 1991 Consequently,
large predators may have limited consequences for population growth rate of pray is
particularlythe caseif predators are generalists and can switch between different prey species
(Murdoch 1969. This is also the cadigpredatorsselect juvenile or senescent individuals because the
population growth rateof large herbivoress mostsensitive to variation ithe survivalof prime-aged
adults (Gaillaraet al. 2000. However, lighly specialized predator species or individuals can clearly
reduce population growth rate and the abundance of large herbiv{Besirbeaulémieux et al.

2011 FestaBianchet et al. 2006 For instance, roe deé&apreolus capreoludynamicsare markedly
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affected by lyn)ynx lynypredation(AndrénandLiberg 2015Heurich et al. 20)2articularly so in
winter when snowdepthis thick which geatly limitsroe deermobility (Heurch et al 2012).

Bvidence haslsoaccumulated in the past decades abdle numerous antpredation
behaviours that prey have evolved such as grouping (Fortin et al. 2009), vigilance (Creel et al. 2014),
habitat shift (Courbin et al. 2016), and temporal nichét (Valeix et al. 2009a) that may affect
foraging behaviour (Barnier et al. 2014). However little is known about the consequences of these
behaviourdn large mammals and ahe overallnon-lethal effects of predators on their prey, that is
the decreasf prey performance generated by the presence of a predator and hence, not involving
killing and prey consumptiofCreel et al. 2007, Middleton et al. 20X8yiew in SayBallaz et al.
2019)By

In a context of rapidly changing abundance and distributiblargecarnivore populations
worldwide (Chapron et aR014; Ripple et al. 20)4it is important to understand the consequences
of these changes for prey populations and ultimately for ecosystem functioning. Even though studies
on these consequences faaccumulated over the padecadesmost of ourcurrentknowledge
comes from studiedr North American National Parkand particularly from the grey wbCanis lupus
and elkCervus canadensid the Greater Yellowstone Ecosystéiuijper et al. 2016SaySallaz et al.
2019. There ighusa need for studies from different contexts, particularly in Europe where large
carnivores live in or are recolonizing anthropogdaitdscapes (Chapron et al. 2Q1Burther,
whether prey have continuously evolved wih their predator or have evolved in a predativee
environment for several generations due to predator extirpation from some ecosystems may
ultimately influence the extent to which prey are vulnerable to predators (Berger et al; By@ts
1997). Indeed haive prey may fail to recognise the cues of a novel predator (but see Chamaillé
Jammes et al. 2014) or may fail to respond appropriately and effectively to the risk of predation by
this predator due to the lack of experience (Baaksl Dickman 2007CarheyandBanks 2014). For
instance, along brown bedirsus arctosecolonization fronts, brown bears killed adult modsees

alcesat disproportionately high ratesompared tosites wherebrown bearshave always been
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present (Berger et al. 2001). Howeveeyy little is known on how niee prey respond to recolonizing
predators and how quickly they become effective at efficiently escaping these predators.

In 1992, wolves crossed the Italian border to recolonize eastern France from wieere th
predator had been missing for ca. 100 years (Valiére et al.;Zf$porting Informatiorl). In this
work, we preliminarily checked that roe deer is an important prey for wolves during this
recolonization We then usedthe longterm monitoring (17 years)f roe deer in the west Vercors
mountain range covering contrasting areas in terms on wotupancyto assess the effects of
wolves on roe deellf predation by wolves and the associated predation risk affect roe deer, we
expect a decrease in the roe dgawpulation abundance and growth ratenda decrease in roe deer

fawn body mass, followintpe return of wolves.

Materials and Methods

Study area

The study was carried obetween2001and 20T over a study area &0 776 ha encompassingix
neighbouring countiegBouvante (831 ha), La Chapeln-Vercors (662 ha), Vassiewan-Vercors
(4798ha), SaintJulienen-Vercors { 867 ha), SairMartin-en-Vercors (Z00ha), SairHAgnanen-
Vercors (8418 hajhn the French department of Drome the westVercorsmountain ranggFig. 1)
ThewestVercorsmountain rangds characterized by an Alpine climate (identical to the Northern
Alps) witha forestdominated bybeechFagus sylvaticandsilverfir Albies aba. Thelarge herbivore
communityis composed broe deer, red deeCervus elaphyshamoisRupicapra rupicapranouflon
Ovisgmelini and wild boaiSus scrofalhe sixcounties are used by people for agriculture, livestock
breeding forestry, hunting, and outdoor recreational activitigsgeSupporting Informatior2(a) for
detail on land use type)The mean altitude is,110m (range: 305n1,729m; seeSupporting

Information2(b) for detail by county).
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115 History of wolf presence in the west Vercors mountain range

116  Wolves were girpated from the Dréme department in 190{Faton andLadreyt 1982 In 1998the
117 first field evidence from prey carcasses, tracks and faeces suggestirgiuie of wolves from the
118 Italian Alpgo the west Vercors mountain rangeere found Yaliére et al. 2008 The ONCF@&-rench
119 National Hunting and Wildlife Agency) SA}E | ~'E v « Wl er cahfintBdthe permanent
120 occupancy3 individuals identifiedbased on DNA analygesnd reproductiorof wolvesin the west
121  Vercors mountaimangein 20032004 (ONCFS 2006At this early stagenf the recolonization only
122 lonewolvesor singlepairs wereobserved. Sinc2007/2008 wolves formpacks of a minimum of five
123 individuals In this studywe contrasted two maimstudyareas based on the intensity of use by
124  wolves. Te cental areais the core of thevest Vercorsolf packterritory (central area hereafter)
125 andencompasssthe counties oBouvante, Vassiewsn-Vercors and the western sector of La
126  Chapelleen-Vercors(Fig. 1) The central area sharacterized by an intengwse of the area by
127  wolveswheresightingsof wolves, wolf tracksandwild prey carcasseare frequently reported. In
128 contrast,the periphegl areais used by wolves more occasionally, amtompassethe eastern
129 sector of La Chapelen-Vercors Saintllien-en-Vercors, SaiaMartin-en-Vercors, and Saimkgnan
130 en-Vercors(Fig. 1)We extracted data on land use type frahe Corine Land Cov&006database
131 (Table 1 for summarized information for the 2 study areagyporting Informatior2(a)for detailed
132 information by county). Theentral and peripherahreasdiffer in terms of land use typeR=4711.1;
133 p = 0.0005put the main change is that the central amstly includes broatkaved forests,

134  whereas the peripheral arda dominated by @niferous forestgTable 1). Agricultural lands

135 represent a low proportion of land use typm both study areas (Table 1).

136

137 Weatherdata

138 We obtainedweatherdata (daily rainfall and mean daily temperature) from Météo France for the

139 weather station La Chafle-en-Vercors It is the only existing weather station in the two study areas



140 as theyare very close geographically (see scale on Fandthe weather is not likely to differ

141  between the two study area3 he weather indices calculated below are therefaverage weather
142 indicesconsidered to be representative of the weather of tvest Vercors mountain range, and
143  hencethey are the same for the two study aredAle calculated th&aussen index.€. theamount
144  of precipitation minus twice the mean tempaure) to measurethe water deficit of plantsn spring
145  (AprikJune) andummer (JulyAugust)(e.g. Gaillareet al. 1997 Garel et al. 20040 which roe deer
146  areparticularly sisceptible(Pettorelli et al. 2005)The Gausselindex isa proxy ofthe balance

147  between rainfall and evaptranspiration of plants (Gaussemd Bagnoul4953). Hghvalues of the
148 Gaussen indemeanpositive water balance, higher plant growth, and hebetter foraging

149 conditions fodargeherbivores and conversel{Toigoet al. 2006)Winter can be very long in the
150 west Vercors mountain rangmo this season was defined fradttoberto March.To characterize
151 winter conditions, ve collected information on snoviall, snow depth and number of days with
152  snow coverfrom the lo@al kiingresortsin BouvanteBecause othe strong correlatiorexisting

153 amongwinter variables, weerformed aPrincipalComponentAnalysigPCApn thesestandardized
154  variables The firstprincipalcomponent(PClaccounted foil62% of theoverallvariance so we used
155 the point projections orPClas awinter harshnessndex.Low values of this indewere associated
156  with severe wintesand hence more difficult conditions for roe dessharsh wintes are generally
157 associated with dower survival ofawns (Gaillard et al. 1993specially at high latitude/elevation,
158 and costly movementfor large herbivoregParker et al. 1984yyhich, in turn,couldincrease

159 predation rates(Mech et al. 2001).

160

161 Predation by wolves

162 Large herbivore carcasses due to predation by wolf were recoiléloe study areabetween 1998,
163  when the first carcass was attributed to wolf predation, and 2010, when predation by wolf was
164 common and not reported any more. Carcass report only took ptatiee winter months (October

165 to March) when snow allowed easier detection of carcasses. Because the return of the wolf was of
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high concern to local people (most of them being hunters), any wildlife carcass found during that
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agency in charge of game management in the study area). Qualified staff then performed autopsy of

the carcassegdentifying species ancbnfirmingwhether they were due tovolf predation.

Roe deemabundance

We monitored the abundance of roe degfter winter, in MarchApril, when vegetation flush has not
started yet, along roads known to be practicable at that time of the y€his monitoring was carried
outin 5 of the 6 study counties becaudeepsnowcovermade mostroads inBouvantecounty
inaccessiblat the time of survegin all yearsWe drovealong 3 transecticaed in the central area

(1 transect in the western sector of La ChapelteVercors and Zransects in Vassieten-Vercors)

and 3 transects in the peripheral aréatransect in Sairgnanen-Vercors, 1 transe@crossSt
Julienen-Vercorsand StMartin-en-Vercors and 1 transect in the eastern sector of La Chapaile
VercorstseeFig. 1)Ninety percent of the total transedengthincludeddepartmental roads, which
were regularlysnowclearedand intensively used by cars. The remaining 1Q%farestroads.
Previousworks suggest that wolves select traiand lowuse roads, buavoid higly used roads

(Fahrig and Rytwinski 2009; Theuerkauf et al. 2003; Whittington et al. 2009). It is thus unlikely that
wolves preferentially usettansectswe sampledor monitoringroe deer abundancélNe carried out
countsat night with apowerfulspotlightr (o $]vP v]u o e[drogetratisectsat low speed
(10-15 km/h)with one driver,two observeswho spotted and identified all animals seeand one
person whorecorded the observation$Spatial information was not available for the observations for
the whole study period so habitat covariates could not be taken into account in theequent
analyses. Howevetransects sampled similar habitats in the two study areas (central area: 80% of
forests, 15% of pastures or agricultural lands, and 5% ofralabpen areas; peripheral area: 84% of
forests, 15% of pastures or agricultural lanaisg 1% of natural open area¥Yyerepeated counts

twice a year between 2001 and 2004, three tinaggearbetween 2005 and 2012, and four timas

~C
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year since 2013or the central and peripheral arease obtained an abundance index of roe deer
population (Al) byalculatngthe mean number ofoe deerseen per kilomet (seePellerin et al.
2017for a similar approach applied to diurnal car cognédthough spotlight conts do not allow
accurate assessment of roe deer population size and are unlikely to detect small changes in
population abundance (Cederlund et al. 1998), this method can still be used to detect marked

changes in population abundance.

Red deer abundance

Roe deer suffer competition from red deer (Richard et al. 2R} deer observations were also
recorded during the roe deapotlight countdescribed aboveHence, ér the central and peripheral
areas wewere able toobtain an abundance index of redker population (Al) by calculating the
mean number ofed deer seen per kilometreContrary to the roe deer case, spotlight counts have

been shown to be a reliable method to monitor population abundance of red demrefet al. 20D).

Roe deerfawn body mass

Twentylocalhunting associations (whidmcompas$00 hunterg contributed to this studyandwere
equipped witha digital scalewith an accuracy of 100 grans weighhuntedroe deer Between 2002
and 2007 hunters measured the full body massharvestedroe deet but have switched to dressed
body massi(e. guts liver,heartand lungs removedjince2007. Between 2007 and 2009, 48call
hunting associations the whole Dréme departmenvere asked taneasure both full and dressed
body massesirom asample ofL70roe deerwith the two measurementsve checledthat a close
relationship existed betweedressedand fullbody mases(dressed body mass (0.837 x fulbody
mas9g - 1.054 R2 = 0.92andused this relationship testimatedressed bodynass of roe deer
harvested during 2002007. Weused dressed body massdli subsequent analyseBecause roe
deerare income breedexwith limited fat reservegAndersen et al. 2000and variation in adult body

massis mainlycausedby early-life condiions(Pettorelli et al. 2002)we analyzed body mas$roe



218 deer fawrs(individuals< 1 yearwhen shoj. We excluded &dy mass data from la Chape#e-

219 Vercorsbecausehe exact locations oivhere animalswere shot were not recorded, which prevented
220 us fromassigning the huntedbe deerof this countyto the centralvs.peripheral area

221

222

223  Analyses

224  Predation by wolves

225 Wecalculated the percentage that roe deer represented in the large herbivore carcassestattribu
226  to predation by wolves. We then compared if the distribution of taecasseslifferedin terms of

227 large herbivore specidsetween theearly stage of the recolonization, when only lone wolves or
228  single paiswere observed, and the later stage of theodonization, whemwolves formed a pack of a
229  minimum of five individuals, using & test with bootstrap pvalue calculation.

230

231 Roe deepopulationabundanceand growth rate

232 Weanalysed variation inoe deer abundancéassessed using th&l)in time with astate-space

233 model to tease apart sampling from process varianaésn(known as Kalman filter; de Valpine and
234  Hastings 200¢n its Bayesian formulatiofKéry and Schauk011). We built &eneralised Linear

235 Models (GLMs) setting a logarithmic link functaomd a negative binomial distribution. We opted for
236  a negative binomial distribution because the model with a Poisson distribution did not fit the data
237 well (goodnes®f-fittest: —g A i 0AIXO6iIU ( A)réstitingNrob avéilispersedcountdata
238 (ver Hoef and Boveng 2007). Even if we did our best not to change the road count protocol, transect
239 length did varyamongyearsandacrosdransects We ncluded an offset variable (lgtransformed

240 number of kilometes)to account for this heterogeneityithe length of the driven transect©ur

241  observation process equation hence was:

HW# +z0L AEHIGI; E$; HU A =B\ HS KHEBN AE$H U A =HNS K HBN A=

10
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where Al ;is the number of observed roe deer in each transect per yesthe intercept,B are the
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our model, the predicted number of roe deer seen per b@r,t@was then linked to the unobserved

variableD,; by the following equation:

HI@&H@O)'/ OkH B#)f@O@aﬁéé@

whereD,;is a normally distributed random variable of mea@rgk@and varianceéf ; 5.&rhis baseline

state-space model hence returry ; the predicted roe deer abundance per km, accounting for the

sampling vaance of the counts.

We firstinvestigated differences roe deer abundancm time andbetween the central and

peripheral areas by modellirg, ; as a function ofgear[ Z A} o ( , &Rdth interactionterm

between the effects of ¥ear[and &olf area] We selected the best model describing the spatio

temporal variation oD, with the Widely Applicablénformation Criterion \WAIC Vehtari et al. 2017;

Watanabe 201 The lower the WIKC is, the better the compromise between the relative fit of the

model and the number of parameters entered to describe the datis.calculated 95% credible

intervals for predicted abundance without any attempt to model spatial autocorrelation of

observations because the exact location of seen roe deer was not recdcotgd) the protocolWe

then assessed whethéhere were contrasted periods in terms of roe deer population abundance by

modelling and,; + (pv §]}v }( ZC E[U ZA}o( &

vV Z% EIAIEZ Z@dh@Edlgvelcategoricavariablewith @eriod 20032005[the beginning of

[U

\Y

§Z

Jvs &

wolf settlement when they wereither alone or in pairs and preyed mainly on roe desag resulty,

Beriod 20062010[the establishment of wolf packs and the increase in red deasumption(see

results) and geriod 20112016][the period withwolf packs of a minimum of 5 individuals clearly

established and preying mainly on red dger
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We derivedthe annualpopulationgrowth ratein each wolf aredr, ) from our baseline state
space model with a simple exponential demographic model linking roe deer abundainaecHt1
(see Knapet al.2011 for a similar approach). This was achieved by adding the following constrains
onD,;

& g>5 L Ng E & za
Ng Vv O:Kgeg;
where the annual growth rate,;is a normally distributed random variable with med#nd variance
&2 Note that we ended up with-1 estimates of annual growth rates in each aréée first tested
whether roe deer population growth rates differed angperiods, once the yearly variation was
accounted for by fitting the following model:
Ng L $c HUA=ENS; HSKHEN AESHSKHENAHLANEK @
whereby B are thecoefficients} ( §Z A Gdar[dJ, th® coefficients of theA E] o ZA}o( &E
and Bthe coefficientsfor the interactionbetween ZA}o( & [ v.WetherEdsted the
association between an ecological variable anavith an additional level of analysis in the state
space model:
NgL G EGH' VPE G4

where Jand U are the intercept and slope of the effect of variaien the annual
population growth rate, respectively. The four different ecological variabies considered were
winter harshness index, spring and summer Gaussdings, and the red deer abundance. We
concluded to the statistical significance of the different ecological variables; drthe 95% credible
interval of the posterior MCMC (Monte Carlo Markov Chains) distribution of the
correspondingexcluded 0. Mdelling the interaction betweengolf areafand the environmental
variable is straightforward and we proceeded the same way to test its statistical significance.

We implemented the Bayesian staspace model on roe deer abundance using JAGS
(Plummer 203). We ran all models with 50 000 iterations, 3 MCMC, and a-loustage of 30 000

iterations. With a thinning factor of 5, we estimated the posterior distributions of model parameters
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from a 5 000 MCMC samples and report the mean and its associated 88#eintervals. We

checked model convergence graphically, looking for a good mixing of MCMC chains, in combination
with the Rhatstatistic Brooks and Gelman 1988vhich should read 1 at convergerioe all

estimated parametersAll distributions for piors were flat and nofinformative. The JAGS code of

our baseline model is provided in Supporting Informai@apporting Informatiors).

Fawn body mass

We analysed fawn body mass of roe dasingGaussian linear model8ll modelsconsistently

included bothsex & 2-levelcategorical variable) and date of harvetstg number of days elapsed

since June*lof the year of birth) as explanatory variables to account &mx differences antawn

body growth over the hunting seasalm. afirst model, we tested fortemporal variation in average

body mass of fawnand whether the temporal dynamics of roe deer fawn body mass differed
between the central and peripheral areag modelling fawn body mass depending &ear|[(a
categorical variale with 16 levels), wolfarea(a® A o 3§ P}E] o A ] eosW ~ VvSE o
"% E]% Z E o hdéhnteractibn termsbetweetthe effects of gear[and &olf area] We then
guantified and tested for the effesif five environmental variablespring Gaussen index at year
summer Gaussen index ytart, winter harshnesmdexfor the winter season covering yearsnd

t+1, roe deer population abundance at yeafto test for densitydependence) and red deer

population at yeat (to test for interspecific competitionpn fawn body maskom the hunting
seasorcovering years andt+1 by replacinggear[in the model described aboweith the
correspadingenvironmental variable one at a timd(i.e. 5 different modelsdr the 5 environmental
covariaes) For example, to test for the effect of the spring Gaussen index, we modelled fawn body
Uusese % Vv JVP }v Z+% E]vVv P @olfiareay ahd thekrteraction term between the effects

}( Z*% E]JVP ' pee v ]v / FonourdvbiieselecEon,[we sequentially removed non

statisticallysignificant variables starting from the most complex model. We tested for the effect of
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334
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sex, date of harvest and yeasingLRT. For the effect of environmial covariateswe teded their
significancausingan analyss of deviance (ANODEBrosbois et al. 200&kalski 1996

We performedthe analyses with the statistical softwaR3.4 (RCore Tean2018) extended with the
MASSackage (Venabte v Z]% 0 C TiiTeX t « § 3Z <]Pv](05andrepoited 3} r A iX

estimates as meati 95% confidence interval unless otherwise stated.

Results

Weather variablesig. winter harshness indespring and summer Gaussen indicdaring thestudy
period are provided ilBupporting Informationupportinginformation4). Winter 2004/2005 was
the harshest of the time series, with a record of sa@lV (otal snowfall = 498 mm, max snow depth

=140 mm and snow durationnumber of days with snow cover = 110

Predation by wolves

Overall, we recorded 178rige herbivore carcasses attributed to predation by woldesng the

period 19982010 in the west Vercors mountain randoe deer representethe main prey of

wolves 87% of theecarcasses together with red deer (36 % of the carcassésiditionally, he
contribution of the different prey species changed between ¢glagly stage of the recolonization
(19982005) when only lone wolves or single mivere observed, and the later stage of the
recolonization(20062010) whenwolves formed a pack of a mmum of five individuals =10.56;

p = 0.019). This change is mainly characterized by a decrease of the contribution of roe deer and an

increase in the contribution of red deer (Fig. 2).

Roe deer population abundance and growth rate
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364

The negative binomial model fitted the data satisfactorily (goodredg test: —g A T80T XAAU
P = 0.49 According WAIChe roe deer populatiombundancevariedbetweenyears with different
patterns between the central and peripheral aredst{e 2 Fig.3A).Roe deer Al decreased
continuously between 2001 and 2006 in the central area (Fig. 3A), and roe deer Al decreased
dramatically in both areais 2005(Fig. 3A), coinciding with the most severe winter of the study
period (20042005).Between2005 and 2010;0e deerAlremained low in the central area while it
increased in the peripheral area (F34\). Since 2011, the annual variatioimroe deerAlwas
synchronousn the two areas (Fig8A).Overall, roe deer Als wegggnificantly lower inthe central
area inthe period 200520100nly (mean differencén Al =- 0.400 [CI: 0.677;-0.119]; see the

horizontalgrey bar in Fig. 3A).

Roe deer population growth ratesere lowerin the central area in the period 20@D050nly (mean
difference ingrowth rates=- 0.124 [CI-0.327 0.070]; see the horizontal grey bar in Fig.. 3Bjs
explains the decline in Als in the central area during that pettddrther shows thathe difference

in roe deerAl between the two areas for the period 20010 did not result from lower growth

rates in the central area these years lasultedfrom the combined lower growth rates in the
central area betwee2001 and 2005After 2006, the annual growth rates were rather similar in the
two study areas (Fi@B). Despite the lowest growttate occuringbetween 2004 and 2005
henceforth including the harshest winter, wigd not detect aneffect ofthe winter harshness index
on roe deer population growth rat@lable 3. Only the Gausn index in spring at yeathad a

significant positive effect on the population growth between yeandt+1 (Table 3)

Roe deer fawn body mass
Overall, we collected dressdmbdy mass measurements for= 42 roe deer fawns in the study area
from 2002 to 2016, both in the centraVdssiewen-Vercors, Bouvanta) = 243 and the peripheral

(SaintJulienren-Vercors, SaiaMartin-en-Vercors, Sairfgnhanren-Vercors,n = 179) areas. The mean
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365 difference in fawn body mass between sex&ss0.30 + 0.24 kg (males heavieras expected,

366 Douhard et al. 2017and fawns gainedn average.29 + 0.09 kg per month over the hunting season
367 from September to the following March. Mean body mass of fawns varied among ¥eals30, df =
368 (14, D4), P=0.03; seeSupporting Informatin 5 for detailed coefficients per yeabut not differently
369 betweenthe centralandperipheral wolf area(interaction term betweenyear[and &olf area[(F=
370 151, df = (4, 390), P = @0)). Fawn body mass was on average lower in the central tharein th
371 peripheral wolf areak=9.19, df = (, 404), P = 02;0.79 £ 0.26 kg, Fig.4). The first years of the

372  study were characterized by a high variability due to lower sample sizes in those years. Between
373 2006 and 2008, roe deer fawn body massmasedn the two areas and has increased since 2008.
374  The differences in mean fawn body mass among years and between areahwsever, rather low
375 (@ kg). Of thdive environmental covariate@.e. the 3 weather indicesthe roe deepopulation

376 abundanceandex, and the red deer population indgxone accounted for annual variation in fawn
377 body massTabled), but the positive relationship between roe deer abundance and roe deer fawn
378 body mass approached significance.

379

380

381 Discussion

382 At the early stagef the recolonization of the west Vercors mountain range by woflefore 2005)
383 roe deer wasne of the main prey killed by wads (with red deer) This resultis in line witha

384  previousanalyss of wolf diet fromd1wolf scats carried out during the s& period in the same area
385 which showed that roe deer represented 43.8% of the scats found and was the main prey of wolves
386 (ONCFS SA}EI ' E v « W @npublispe@data; Fluhr 20110 parallel, roe deer abundance
387 droppedin the central areawhich corresponds to the core of a wolf pack territory and is

388 characterized by an intense use of the area by wolwét, lower population growth rates in the

389 central area than in the peripheral area between 2001 and 2086.abundancef roe deerstrongly

390 dropped between 2004 and 2005 both the @ntraland the peripheral areasost likelybecause of
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the extremeseverity of the winter 2002005, which was the harshest wintédmroughout thel7-year
study period.This is consistent witheveralprevious studis that showed that severe winter
decreasesurvivalof young and old individuals in populations of large herbiv@ess.Gaillard et al.
2000 Saether 1997or reviewg. Wolf predation is expected to increase with snow degdgr
instanceon the IsleRoyale, wolves hunted in larger packs and tripled the number of moose they
killed per day in the snowiest yegiRost et al. 1999) ikewisethe relative importance of wolf
predation on whitetailed deerOdocoileus virginianumortality increased with witer severity in
Minnesota (DelGiudice et al. 2008uch highesusceptibilityof ungulates to wolf predation during
severewintersis associated with costlier anessefficient movementsof ungulates irdeep snow
(Parker et al. 1984Between 2006 and 2, roe deer abundance remained lower in the central
area.This difference in populatioabundance results from the consistent lowgrowth rates

reported in the Al between 200and 20®. Additionally, our findings are in line with previous studies
that showed thatthe presence of established wolves suppress the recovery of prey populations after
a stochastic densitindependentevent, such as severe witer (Hebblewhite et al. 2002).

The decrease of roe deéhlin the central aredetween 2001 and 2005 atbined with the
slower recovey of the roe deer populatiom the central areafter the severe winter reveals that
something different occurredbetweenthe two study areas during the period 202010.When
studying the effect of a carnivore on a preyisiimportant to consider alternative hypotheses that
could unckrline the patterns observed iprey (see fig. 2 in Ford and Goheen 20{%xalternative
predator species(ii) resource limitationand (iii) diseaseRegarding (i), no other large carnivase
present in the study areas. Since roe deer are huntdabth study areas, it is important to note that
the yearly variation in roe deer harvest bags was similar in the two &8gsporting Informatiors).
Regarding (iiifferences in forest speciemmposition obviously affect the resource availability in
the two areas and differences in resource availability between the two areas may exist and affect roe
deer population abundance. Howeveig change in foresnanagemenbccurred,sowe can discard

big changein resource availabilityithin an areao account forthe differenceobserved Likewise,
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possible competition with red deer (Richard et al. @0deemsunlikelybecausewe did not find ag
effect ofred deer population abundana@ roe deer poplation growth rate and fawn body mass
(supportedby the lack of increase of the browsing indeseeSupporting Informatiorr). The two
wolf areasbeingveryclose geographicallglifferences in local weather conditiomsn also be
excluded Regardindiii), no diseaseoutbreakwasreported over the study periad’redation by
wolves is thushe mostlikelyfactorto explain thedifferencewe reportedin population dynamics
between the central and peripheral aredsowever, thechanges irthe roe deerabundance we
detectedbased orspotlight counts correspond tiocal changes in the areas close to the transects
sampledandcanthusarise fromeithertrue changesn $Z <3Sy C ro&deerpopulation
abundance ochangein roe deer space use and habitslectionthat would affect thedetection
probaklity of roedeeron the driven transectsA change in the foragg behaviouof roe deer with
an increased use of suboptimal habitats may have occu@asdhown in other systems, e@reel et
al. 2005; Veeix et al. 2009b). However, future studies involving detailed GPS monitoring of individual
roe deer are neded to investigate whether roe deer alter théiabitat use and selection as a
response to predation risk by wolvadnfortunately our data dishot allow us to disentangle
between the lethal and notethal effects of wolvesNolves clearly killed roe deer but we cannot
assess whethehis mortality was additive or compensatory.

The sample sizes of roe deer fawn body mass were rather lowstitlallowed us to depict
that body mass was lower in the central area than in the peripheral diré&anoteworthy that the
difference in fawn body magsetween the two areawvas low (~1kg) compared to differences
previously reported in roe deer in responsedhanges in density (about 2 kg in response to spatial
variation in resources, Pettorelli et al. 2003; > 3kg in response to population density, Douhard et al.
2013).This difference could arise from ndethal effects of predation risthrough stresamediated
and foodmediated costs, which occur even at a low density of predators (Ramler et al. @4,
2018; MacLeod et al. 201&)ut because the temporal dynamics of changes in roe deer fawn body

mass were similar in the two study areas, it is mordyilleat an unmeasured/unknown variable
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explains this body mass differendehepositive relationshigppetween roe deer fawn body mass and
roe deerAl we reported is opposite to what wagmecedin presence oflensitydependence
(Bonenfant et al2009). Indeed,fawn bodymassesvere lower in 20062010when roe deer Al was
low abundancen the central area. Such positive relationship has already been demonstrated
studywhereby bighorn shee@vis canadenslambs suffered mortality through reduced growth
during years of high predation by coug&ésma concolgrcontributing a third of the total impact of
predation on lamtsurvival BourbeauLémieux et al. 20115 study thaillustrated a case of non
consumptive effects of predation on a prey populatigvhile our results may suggest such a
mechanismthe alternative ofa delayed effecof the extremely rigorous winte2004/2005that led
several consecutive cohorts to be lighhd henceprevented anyrelationship between averagawn
body mass and populatiofdl cannot be discarde®verall, our results do not providgrongsupport
for non-lethal effects of wolves on roe deer fawn body mass. This result aligns with some existing
evidence in the literature about weak to naxistent nonlethal effects of wolpredation on prey
becausebehavioural responses of prey are not strong or frequent enough to lead to major changes
in individual performancéWhite et al. 2011, Middleton et al. 2013jowever, the two study areas
were characterizethy wolf presence with different levels of utilization by wolves. Becausdetbal
effects mayoccur even at a low density of predators, it is also possible that they have occurred in
both study areas and future studies will need to focus on areas Wittilg no wolfbefore firm
conclusions on the existence of ndethal effects can be drawn

Roe deer populationin the central and peripheral aredsdsimilarpatterns of temporal
variation of Alandgrowth ratesafter 2011. This suggests that the etfeof wolves on the roe deer
population in the central area occurred mainly duringQayear period following the establishment
of the pack with effects at the population leveletected during a §ear period only (2002010)
The littledifferencewe reported between the central and pgrheral areas after 2011 may be
explained by(i) a learning process taecognize wolf cueallowing roe deer t@scag fromwolf

predation (end of neve period), and/or (ii)a predation shift byvolves whichtargeted their

19



469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

predation onred deerinstead of roe dee(Fig. 3 with increasing pack siz&his second explanation is
supported by the fact that the attack success of wolves on red deer increases with larger pack size
between 1 and 5 wolve@lacNulty etal. 2012).

Altogether, ourfindings suggest that the settlement of a wolf pack in an drean where the
predatorwasabsent for a very long time leads td.&yearperiod of impacbf the predatoron the
naivepreyliving in this areaOur studyhighlights the importance of longerm studies as different
phases were detected in this work after the arrival of wolVedeed, aftera first period when
differences in roe population growth rates between the two study areas were detected, we detected
a 6-yearperiod whendifferencesin roe deerabundancebetween the two areas were detectednd
after no longlasting detectable effect of wolves on roe deer populations could be dete€ead.
study furthershows the difficulty of disentangling the lethal versusiethal effects of predators on
their prey and encourage future studiesgtudy(i) the spatial distribution of prey before and after
the settlement of the predator, and (ii) the population dynamics of prey using cajptang-
recapture monitoring wheeverpossible. Finally, from a management or conservation perspective,
our resultssuggest that a new equilibrium has been reachetiveenwolves and theoe deerin the

west Vercors mountain range
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Table 1

Composition of the studgireas in terms of land use type (data frone Corine Land Cov@&006

databas@. Numbers in brackets show the proportion each land use type represent.

31

732
Code from Corine | Land use type Central area| Peripheral area
Land Cover 733
(ha) (ha)
112 + 142 Discontinuous urban fabric +| 114 [0.01] 0[0.00] 734
Sport and leisure facilities
211 + 242 + 243 | Land principally occupied by | 822 [0.05] 249 [0.02] 735
agriculture
231 Pastures 2,238 [0.14] | 1,955 [0.14}36
311 Broadleaved forest 5,295[0.32] | 2,380 [0.17]
312 Coniferous forest 323[0.02] 3471 [0.24)737
313 Mixed forest 5,300 [0.32] | 4,983 [0.35]
321 Natural grasslands 2012 [0.12] | 709 [0.05] 738
322 + 324 Moors and heathland + 236 [0.01] 371 [0.02]
Transitional woodlanehrub 739
332 + 333 Bare rocks + Sparsely 117 [0.01] 201 [0.01]
vegetated areas 740
TOTAL 16,457 14,319
741
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748

749

750

Table2

Model selection with Widely Application Information Criterion (WAIC) for the stptee Bayesian

models used to describe the spatiemporal variation in roe deer abundance in the west Vercors

mountain range, France, between 2001 and 2017. We compareglthertemporal variation in roe

deer abundance between the central and peripheral wolf areas.

Model description WAIC 4t /

Different temporal variation in roe deer abundance -27.79 0.00

between wolf areas

Same temporal variation in roe deer abundaicehe -26.18 1.61

wolf areas

No temporal variation in roe deer abundance 2.32 30.11
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751 Table 3

752  Effects of ecological variables on taenual population growth rate of roe deer the west Vercors

753  mountain range between 2001 and 2017, France. We computed annual population growth rates

754  from roe deer abundance accounting for sampling variance with a Bayesiarsptate model. We

755 consideredhe additive and interactive effects of 4 ecological variables on annual population growth
756 rates and present the estimated slope (estimates) along with its 95% credible intervals (95 Cl_low; 95

757 Cl_up). We standardized all ecological variables to ease aasop of relative effects.

758
Tested ecological variable Estimate 95 Cl_low 95 Cl_up

wolf area -0.001 -0.141 0.141
spring Gaussen 0.122 0.012 0.242
summer Gaussen 0.066 -0.050 0.178
winter harshness 0.027 -0.081 0.136
red deer abundance 0.000 -0.083 0.075
wolf area x spring Gaussen 0.004 -0.239 0.253
wolf area x summer Gaussen  0.096 -0.155 0.352
wolf area x winter harshness -0.023 -0.262 0.210
wolf area x red deer abundance -0.072 -0.255 0.107

759

760

761

762

763

764
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765 Table 4

766  Effects of thdive ecological variables tested on dressed body mass of roe deer fawn&?)

767  harvested during the autumwinter of years 2002 to 2016 in the west Vercors mountain range (both

768 the central and peripheral areas of the wolf pack territory). We presensthadardized coefficients

769  (and their 95% confidence limits) and the analysis of deviance (ANODEV) of the effect of

770 environmental covariates on roe deer fawn body mass, accounting for the harvest date and the sex.

771 The ANODEYV quantifies the proportion afnjgoral variability in the yearly average body mass of roe

772  deer fawns accounted for by the coheapecific ecological variable. No interaction term between

773 ZA}o( & [ v v }o}P] o A E] o A« (}uv <]PVv](] Vv3 ¢} 3Z % }voC :

774  presnted.

775
Environmental variable Estimate R? ANODEV
Winter harshness inde: 0.210 (0.112 0.08 F=2.09,df=(1,14),P=0.15
Spring Gaussen index -0.093(0.116) 0.02 F=141,df = (1, 3), P = ®2
Summer Gaussen inde 0.052(0.115) 0.00 F =013 df =(1, 15),P =0.72
Roe deer population 0.254 (0.120 0.11 F=3.12,df = (1, 15), P = 0.09
abundance index
Red deer population 0.168 (0.117 0.05 F=1.36,df = (1, 15), P = 0.25
abundance index
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Figure legends

Figure 1:Map of the studyareain the French department of Dromeith the location of the six study
counties (the small map of France shows the location of the Drome department in Fraheejark
grey area represents the central area of the west Vercors wolf pack territory, whifeateegyrey area
represents the peripheral arebinesshowtransectsfor the monitoring of oe deerpopulation

abundance.

Figure 2:Changes in the contribution of large herbivore species to the diet of wolves in the west
Vercors mountain range, based on carcasses retrieved in winter months, bethweearly stage of
the recolonization, when only lone wolves or a single pair were sk and the later stage of the
recolonization, whenvolves formed a pack of a minimum of five individuals. It is worth noting that
8Z Vvpu E }( E se e & 5 & (0 E° 5Z % E C[* % E+% S3]A

§Z % E S} E|[velas ter%sults presented are not controlled for prey biomass.

Figure3: (A) Changes in the roe deer population abundance index (Al; small circles) and in the
predicted roe deer abundance per km, accounting for the sampling variance of the cbuntarge
circles)in the central and peripheral areas of a wolf pack territory in the French west Vercors
mountain range for the period 2002017. The shaded areaspresent the 95%redibleintervak.

The horizontal grey bar represent the years for whioh toe deer abundance differed between the
central and peripheral areas.

(B)Changes in the annual population growth rate of the roe deer population in the central and
peripheral areas of a wolf pack territory in the French west Vercors mountain rangesfperiod

2001-2017. The annual population growth rates represented are calculated from our baseline state

space model (see details in the text). The horizontal grey bar represent the period for which the roe

}( %0 @
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807

808

809

810

811

deer population growth rate differed betweeie central and peripheral areas. The dotted

horizontal line shows a null population growth rate.

Figure4: Changes in the roe deer fawn body mass (small circles: corrected dressed bodyseass
text for details; large circles: predicted values of dressed body mass from the model) in the central
and peripheral areas of a wolf pack territory in the French Westors mountain rang@ars

represent the 95% confidence interval.
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Supporting Information

Supporting Informationl: Picture of awolf in the French Vercors mountain range (picture from a

camera trap).

Supporting Information2: (a) Composition of the study counties in terms of land use type (data

extracted from Corine Land Covdt) Information on the altitude in the study counte

Supporting Information3: JAGS code used for our baseline model for the analysis of roe deer

abundance and population growth rate.

Supporting Information 4Weather conditions in the French wegercors mountaimange between
2001 and 201 7Weatherindices (a) winter harshness indexb) Spring Gaussen index, al
Summer Gaussen index) were calculated from weather data from Météo France for the weather

station La ChapeHlen-Vercors.See text for details.

Supporting Information 5Coefficients dthe effect of the ]vs E 3§]}v WGIf @ _ah'roe

deer fawn body mass in the French w¥®rcors mountaimange between 2002 and 2016.

Supporting Information 6Changes in the number of roe deer quotas anetaikes for the period
2001-2017 in(a) the central area of the west Vercors wolf pack territory, énxthe peripheral area
of the west Vercors wolf pack territory. The county of La Chajeeliéercors was excluded as it

belongs to both the central and peripheral areas.

Supporting Informatia 7: Changes in the browsing index in ttentralareaof a wolf pack territory

in the FrenchwvestVercors mountain range.
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930 Supporting Information2
931 (a)
Central area Peripheral area
Codefrom Corine | Land use type Bouvante | Vassiewen- | La Chapellg La Chapelle | StAghanen- | StJulien StMartin-
Land Cover Vercors en-Vercors| en-Vercors Vercors en-Vercors| en-Vercors
(ha) (ha) (ha) (ha) (ha) (ha) (ha)
112 + 142 Discontinuous urban fabric { 26 27 61 0 0 0 0
Sportand leisure facilities
211 + 242 + 243 | Land principally occupied by 124 408 290 1 105 0 143
agriculture
231 Pastures 557 897 784 97 861 405 592
311 Broadleaved forest 2,520 1,116 1,659 198 961 660 561
312 Coniferous forest 165 95 63 289 2,792 10 380
313 Mixed forest 3,706 1,357 237 623 2,738 677 945
321 Natural grasslands 1,177 782 53 63 621 0 25
322 + 324 Moors and heathland + 82 107 47 63 275 14 19
Transitional woodlanehrub
332 + 333 Bare rocks + Sparsely 74 9 34 0 65 101 35
vegetated areas
TOTAL 8,431 4,798 3,228 1,334 8,418 1,867 2,700
932
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935

936

937

(b)

County Mean altitude | SD altitude | Minimal dtitude | Maximal altitude
(m) (m) (m) (m)
Bouvante 1,120 305 305 1,690
Vassiewen-Vercors 1,204 141 1,036 1,647
LaChapelleen-Vercors | 1,026 192 598 1,508
StAgnanen-Vercors 1,275 238 728 1,729
StJulienen-Vercors 992 162 413 1,591
StMartin-en-Vercors 1,044 228 565 1,559
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Supporting Information3

sink(file = "pois.bug")
cat("
model{
it Hit
#it #it
## Definition of priors##
it Hit
#it #it

theta ~ dunif(0, 50)

beta ~ dmnorm(mu.beta, tau.beta)

for(i in 1:2){
sigma.rfi] ~ dunif(0, 100)  # Prior for sd of observation process
sigmaz2.r[i] <pow(sigma.r[i], 2)
tau.ri] < pow(sigma.r[i];-2)
mean.r[i] ~ dnorm(0, 0.001)

}

sigma.proc ~ dunif(0, 100)

sigma2.proc <pow(sigma.proc, 2)

tau.proc < pow(sigma.proc;2)

H#t Hit

#H# #i#

## Likelihood for the negative binomial regression mod#l
Ht H#it

## i

for(i in 1:n){

yl[i] ~ dnegbin(p][i], theta)

p[i] < theta/(theta + lambdali])

log(lambdali]) <ffi]

fli] <-inprod(betal], Xi, ]) + offset[i]
}

- mm e H#

#it #it

## Likelihood for the statespace model#
#i it

HH - mmm Hit

C <10000
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981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025

for(i in 1:34){
fit[i] <-inprod(beta][], X.fit[i, ])
zerosJi] ~ dpois(zero.meanli])
zero.mean[i] <-L[i] + C
[1[i] <--0.5 * log(2 * pi} 0.5 * log/sigmaZ2.proc)
12[i] <--0.5 * pow(fit[i] - fit.tild[i], 2) / sigma2.proc
L[] < I1[i] + 12[i]
Lik[i] < dnorm(fit[i], fit.tild[i], tau.proc)

}

HH Hit

it Hit

## Annual population growth estimatior#
#it #it

e Ht

## ## Recursive equation linking Nt and Nt+1 for central zone
fit.tild[1] ~ dnorm(0,0.001)
for(i in 1:16){
rfi, 1] ~ dnorm(mean.r[1], tau.r[1])
fit.tild[i+1] <-r[i, 1] + fit.tild[i]
}

## Recursive equation linking Nt and Nt+1 for periphery zone
fit.tild[18] ~ dnorm(0, 0.001)
for(iin (1:16 + 17))
rli, 2] ~ dnorm(mean.r[2], tau.r[2])
fit.tild[i+1] <-r[i, 2] + fit.tild[i]
}

1)
sink()

forJdags <list(

X = model.matrix(~ as.factor(yr) * zone, data = ikchev),
X.fit = model.matrix(~ as.factor(yr) * zone, data =uiffp
offset = log(ikchev$km),

y = as.numeric(ikchev$N),

n = dim(ikchev)[1],

mu.beta = rep(0, 34),

tau.beta = diag(.0001, 34),

zeros = rep(0, 34),

pi = pi
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1026 # Initial values

1027 inits < function(){list(

1028 sigma.r = ruii(2, 0, 2),

1029 fit.tild = (0.5, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA,
1030 NA, NA, NA, NA, 0.5, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA,
1031 NA, NA, NA, NA, NA)

1032 )}

1033

1034 # Parameters monitored

1035 parameters <c("fit", "fit.tild", "r", "mean.r", "
1036

1037 # MCMC settings

1038 ni < 20000

sigma.r", "sigma.proc")#, "Lik")

1039 nt<5
1040 nb < 15000
1041 nc<3
1042

1043 # Call JAGS
1044 jagsmodel <jags(forJags,

1045 inits,

1046 parameters,
1047 "pois.bug",
1048 n.chains = nc,

1049 n.thin = nt,

1050 n.iter = ni,

1051 n.burnin= nb,

1052 working.directory = getwd()

1053 )

1054 jagsmodel

1055 #save(jagsmodel, file = "jagsmodel.RData")
1056 #load("jagsmodel.RData")
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Supporting Information5

Term Estimate Standard error
(Intercept) 11.75 1.35
Sex_Male 0.34 0.24
Julian_date 0.01 0
as.factor(year)2002 -4.58 2.61
as.factor(year)2003 -34 1.48
as.factor(year)2004 -1.81 1.41
as.factor(year)2005 -4.69 2.6
as.factor(year)2006 -2.62 1.65
as.factor(year)2007 -2.61 1.38
as.factor(year)2008 -3.16 1.32
as.factor(year)2009 -3.45 1.33
as.factor(year)2010 -3.18 1.3
as.factor(year)2011 -2.03 1.27
as.factor(year)2012 -2 1.31
as.factor(year)2013 -2.18 1.28
as.factor(year)2014 -231 1.29
as.factor(year)2015 -1.22 1.3
as.factor(year)2016 -1.2 1.12
area_periphery -0.44 0.68
as.factor(year)2002:area_periphery 473 2.57
as.factor(year)2003:area_periphery 2.75 1.99
as.factor(year)2004:area_periphery 1.69 2.54
as.factor(year)2005:area_periphery 3.38 2.94
as.factor(year)2006:area_periphery 2.66 1.62
as.factor(year)2007:area_periphery 0.71 1.25
as.factor(year)2008:area_periphery 0.73 1.03
as.factor(year)2009:area_periphery 2.65 1.07
as.factor(year)2010:area_periphery 2.92 1.24
as.factor(year)2011:area_periphery 0.97 1
as.factor(year)2012:area_periphery 0.17 1.03
as.factor(year)2013:area_periphery 1.65 1.05
as.factor(year)2014:area_periphery 2.25 0.96
as.factor(year)2015:area_periphery 0.05 1
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Herbivore pressuren thewoody vegetation

Because ltanges irbrowsingpressure correlate with chang@s the abundance of populations of
large herbivores@heuvrier et al. 203,2Morellet et al. 200}, we monitored the browsing pressure in
the forest habitats of the central area of the wolf pack territory (Bouvante, Vassislercors, and
the western sector of La Chapeba-Vercors) from 2001 to 2014. Unfortunately, such monitoring did
not take plae in the peripheral area. One limit of such index is that it encompasses the browsing
pressure from all herbivore species. In the study system, this index encompasses the browsing
pressure from both roe deer and red deer. For this monitoring, we focuseldeofour main woody
plant species of the weatercors mountain range (beecsilverfir, Norway sprucd’icea abiesand
sycamoreAcer pseudoplatangsEvery year in Apiay, between snow melt and spring vegetation
flush, we monitored86 quadrats (1 m2jistributed in the central aredn each quadrat, we recorded
whether one of these four species was present and whether these ptartbeen browsed in the
past growing seasofrollowing Morellet et al. (2001)hé browsing index was definex
B=(n.+1)/(n,+2) where n is the numbeiof plots where at least one of the monitored species was

present, andh.is the number of plots withtdeast one species consumed
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