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Abstract

OverabundantleerdegradeCoastaDouglasfir (CDF) ecosystemby alteringplantarchitectureand
removingmostor all palatablevegetatioravailableto themat asite (e.g.,vegetatiorwithin ~2mof the
ground).Deerpopulationdecomeoverabundantvhentheir numbersarelimited only by theamount
of food availableto them,andit occursrapidly in theabsencef largepredatoror human
interventiongsuchashunting) particularlyin generalisfeederssuchasfallow deer(Damadam3. In
suchcasesrapidé t r odpohwincg r ia @bimmog;éntailingthelossof nativeandculturally
significantplantspeciesiueto 6 o vber ro w saindihg sihsequeribssof theinsect,bird, and
mammalspecieghatalsorely onthesesamenativeplantsfor food andshelter BecauseSidneylsland,
BC, representamongthe mostdramaticexamplesf trophicdowngradingegionally,we
hypothesizedhatmorerecenteffortsto reducedeerdensityon theislandhavethe potentialto reverse
the effectsof trophicdowngradindoy initiating anincreasen therichnessdiversity,andcoverof
palatableplantspecie 6 t r up m v ia d Torestthig hypothesisye re-surveyed35 plots
establishednh 2013to assesshangdn plantcommunitiesWe observedhatnativespeciegichness
anddiversitynearlydoubled,andnativeplantcoverincreasedy 30%,from 2013to 2019. Although
there-establishmentf palatablespeciesiot detectedn 2013waslimited, with only six highly
palatablespecieshavingre-colonizedoneor moreplotsby 2019,increasesn the coverof mostnative
speciesappearedo resultmainly via seedlingreciitment.Exotic specieslsoincreased.1-fold, but
still represented1% of total coverin plotson averageThis indicatesthe potentialfor rapidincrease
in exoticspeciesuchasahawthorn butis temperedy thefact thatnativecompetitorsjn theabsence
of overbrowsing,arelikely to excludeshadeintolerantanddisturbancedependeninvadersfrom most
0 n a t habitatd Odrr findingsindicatethata recoveryof woodyplantspeciess underwayon Sidney
Island,but proceedingslowly in comparisorto change®bservednsideexperimentahndadhoc
exclosures.A recowery from trophicdowngradingo there-establishmenof still rarespecieswith
high aestheticculturd, andecosystenservicevaluesmayrequirethere-introductionandassisted
dispersabf somehighly palatablespeciesandit will be hastenedby thefurther removalof exotic
fallow deer,andmaintenancef nativeblacktailed deerat densitiesknownto maximizenativeshrub

andbird speciegichnessaanddiversity.



Introduction

OverabundannativeandexoticdeerdegradeCoastaDouglasfir ecosystemby (1) reducingthe
richnessgdiversity,andcovet of native,woodyplants,(2) reducingplantgrowthandseedling
recruitmentand(3) eliminatinghabitatfor a hostof otherspeciegMcTaggartCowanl1945,Gonzales
andArcese2008,Martin etal. 2010,Arceseetal. 2014,Duwyn etal. 2015,Arceseet al. 2018).
6Tr oldb wa g r aridesasagansequencef theremovalof apexpredator§rom anecosystem
(Estesetal. 2011),leadingto increasesn preydensityandcommensuratdeclinesin the structural
complexityanddiversity of plantandanimalcommunities(Rippleetal. 2016).For example,
reductionsn shrubcover,diversity,andstructuralcomplexitydueto overbrowsingby deerleadto
dramaticreductionan theabundancejchnessanddiversity of songbirdsn the SouthernGulf and
SanJuanislandsof British ColumbiaandWashingtorState(Martin etal. 2010).Over-browsingcan
alsoeliminatemeadowplants,shrubs andtreesfrom islandecosystemg§Gonzales Arcese2008,
Arceseetal. 2014,UBC 2018),a patternextensivelydescribedn HaidaGwaii, wheredeerare
introduced/Allombert etal. 2005).However,althoughtrophicdowngradings widely-describedand
reversiblen sometropicalandtemperatesystemgEstesetal. 2011),little is knownaboutthe
conditionsor tempoof plantspeciesesmpnsedo experimentaleductionsof deerdensity,or the
potentialfor suchreductiongo initiate 6 t r oupphgir cainl driticadlyéthreateneglantandanimal

communitiedn the Pacific Northwestof North America.

Trophicdowngradingn Garryoak, maritime meadowandCoastaDouglasfir ecosystembas
occurredcoincidentwith the cessatiorof indigenousmanagemenpracticege.g.,burning,hunting,
extensivecultivation of food plants), the removalof apexpredatorsrestrictionson humanhunting,

and,on Sidneylsland,theintroductionof fallow deer(Damadamag TurnerandPeacock005,
GonzalesandArcese2008,Arceseetal. 2014).Overabundanceanoftenberecognizechsad b r o ws e
| i maicatingtherelativeabsencef palatableplanttissuebelow~2 m vegetatiorheight.On Sidney
Island,evidentbrowselinesalsoindicatethe absencef recruitmentin desirabldéreessuchasarbutus
(Arbutusmenzies)i, Garryoak (Quercusgarryang, andothershighly palatableo deer(UBC 2018).
Consequentlywe expectedhatdedicatedeffortsto reducedeerdensityon Sidneylslandafter2013

mightreversehe processof trophicdowngradingandadvanceherestoratiorof highly diverseand

Richnesss numberof speciegletectedn anarea.Diversity measuresomplexityin communitiesy
combiningrichnessandabundancei;e.,a Douglasfir forestwith asinglearbutudreehasarichnessof 2, butis
lessdiversethana comparabldorestwith moreevenabundance Coveris theareaof agroundin a sampleplot
overlainby afocal speciesn question asviewedfrom above.



productiveexamplesof critically-endangerearry oak, maritimemeadow and CoastaDouglasfir

ecosystemsll of which arerecognizedascritically-threatenedegionallyandnationally.

We addressedur expectationgiboveby comparingplantspeciesichnessdiversity,andcoverfor 22
nativeand4 exoticwoodyshrubandtreespeciesSpecifically,we revisited35 plots (10mradius;314
m?) establishedystematicallyn Sidneylslandby LorraineCampbellin 2013to obtainbaseline
estimate®f woodyplantspeciexover,richnessanddiversity. By revisitingthoseplotsin 2019, we
wereableto assesshangeagivena continuingeffort to reducedeerdensityon theisland.

Predictions

We hypothesizedhatreducingdeerdensitywould curtail trophicdowngradingandinitiate anincrease
in therichnessgiversity,andcover of palatableplantspecieswithin plots.Givensharpreductionsn
deerdensityafter2013,we expectedo observancreasesn therichnessdiversity,andcoverof plant
speciesn accordancevith theirknownor estimatedalatabilityto deer,regardles of their statusas
nativeor exoticspeciesHowever,we furtherexpectedhatspecief intermediatepalatabilityshould
recoverbeforehighly palatablespeciesbecauseleerarehighly selectiveof the mostpalatableplants
availableto themat a site (Arceseetal. 2014).In addition,becauserior surveysindicatethatover
browsingby deerhadcausedhe extirpationof manypalatableplantspeciesovermostof Sidney
islandby 2011 (Martin etal. 2011, Campbell2013,Arceseetal. 2014),we expectedhata periodof
recolonizatiorby thosespecieswill benecessarpeforerapidincrease coverarepossible

Methods
StudyArea

Sidneylsland(9 km?, BC, Canada)s situatedn the SouthernGulf Islandarchipelagaf British
Columbiaandsupportsoth nativeblacktailed (Odocoileushemionusolumbianuyandnon-native
fallow deer(Damadamg. Our surveywasconductedn the privately-ownedportion (80%) of Sidney
Island,adjacento the Gulf IslandsNationalParkReserveDeerdensitiesarewell-studiedin theregion
andestimatedy variousmethodsthe minimumdensitynecessaryo sustainthe observechumberof
deerremovedrom Sidneylslandannuallyandstandardizegbelletcountssuggesthatdensities
approached50deer/ km? in 201Q but havesincereducedoy 50-70%sincethen(unpublishedesults,
SallasForestPartnersMartin etal. 2011,Arceseetal. 2014) Givenhigherthanaverageleer
densitieon Sidneyisland andthe subsequerdegradatiorof nativeplantcommunitieslandowners
engagedn acull of exoticfallow deerin 2008in anattemptto initiate therecoveryof nativeplant,

bird, andpollinatorcommunitiegypical of relativelyé i n texarmople®f CoastaDouglasfir forests.



Despiteintensiveculling, deerdensites on Sidneylslandin 2014 (62 deerperkm?) remainedaboutsix
timeshigherthandensitieknownto be compatiblewith the persistencef nativeplantcommunities
typical of theregionprior to Europearsettiement{<10 deerperkm?, Allombertetal. 2005,
MacDougall2008,Martin etal. 2011,Arceseet al. 2014).However,asdensitieshavecontinuedo
declinewith increaseduntingandculling effort, residenthaveaskedfor assistanceneasuring
progresontherecoveryof nativevegetationBaselineestimate®f woody plantspeciesover,
richnessanddiversitywerefirst establishedan 2013(Campbell2013)andcomparedo similar surveys
of plantcommunitieson ~40 otherislandswith high, moderatepr low-density,or no deerpopulations
(Martin etal. 2010,Arceseetal. 2014).In this study,we re-surveyedhe plots establishedn 2013to

testwhethemreducingdeerdensityinitiated arecoveryof nativewoodyplants.

Coverof WoodyVegetation

FromMay 8" to 15" of 2019, we re-visited 35 of 38 existing10 m radiusplots surveyedor woody
vegetativecoverin 2013(Campbell2013;Figurel). Plotlocationswereestablishedystematicallyat
about300m intervalsonten paralleltransectsunningeastto west,spacedt00m apart(Figurel). Plot
centerswererelocatedo approximately: 5 m usinga handheld GPS(GarminEtrex20x). Multiple
observersurveyedlotsto estimatethe coverof all woodyvines,shrubsandtreesin eachplot O2 m
abovetheground(i.e., vegetatiorpotentiallyavailableto browsingdeer)to the nearestl percent,
averagingvalueswhenobserverglifferedin individual estimatesThreesiteswerenot re-surveyeddue

to inaccessibility.

StatisticalAnalyses

We comparedspeciegichnessdiversity,andthe percentcoverof woodyspeciesn 2013to 2019
usingonetailed pairedt-tests( B 0.05).Changen speciesichnessvasassessefbr native,exotic
andtotal speciesasthreeseparatgroups.Changen diversitywasonly evaluatedor nativeandtotal
speciedecausehere weretoo few exoticspeciebservedo obtaindiversity estimatesWithin each
plot, thetotal percentcoverof all native,exoticandtotal speciesverepooledseparatelyWe then
assessedhangesn percentcoverfor native,exoticandtotal speciesandfor eachof the 22 nativeand
four exoticspeciebservedBecausdransformationslid notimprovethedistributionsof mostraw
data(e.g.,logi0 andarcsin(squareoot)), we usedthe untransformediatafor mosttests.Exemptions
from this protocolweremadefor analyse®f percenicoverof native,exoticandtotal specieglogio

transformed)We reportsamplemeanswith their standarcerror (SE).
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Figure 1. Sidneylslandshrubsurveylocationsin 2013and2019.



Results

SpecieRichnessandDiversity

Native,exotic,andtotal speciegichnessll increased e
from 2013to 2019(Tablel, Figure2). Notably, H:l E
exoticspeciesichnessncreasedenfold (fromnearly 2
zeroto nearlyoneexoticspecieon averageerplot), > . ﬁ $ ’ $ .

while nativespeciegichnessncreased.8times - Nt ol
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n
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(Tablel). Total speciesichnessdoubledfrom ~3to

~6 speciegerplot betweersurveygTablel).
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(Tablel, Figure2). Overall,total coverincreased..3  (B) andpercentover(C)from 2013(light
timesfrom ~23%in 2013to 30%in 2019(Table1l, grey)to 2019(darkgrey).

Figure?2).



Table 1. Speciesichnessdiversityandpercentcover(%) in 10 mradiusplots(n = 35)from 2019to
2013.All differencedetweeryearsweresignificantin onetailed pairedt-tests.

2013Species 2019Species 2013 2019 2013 2019
Richness Richness Diversity Diversity % Cover % Cover
Native
Species 2.94(0.24) 5.40(0.34) 0.72(0.31) 1.13(0.23) 23.29(5.41) 29.74(4.35)
Exotic
Species 0.06(0.04) 0.57(0.11) 0(0) 0.05(0) 0.06(0.04) 0.66(0.15)

Total  3.00(0.24) 6.10(0.33) 0.74(0.30)  1.24(0.26)  23.34(5.41) 30.40(4.29)

Nearlyall nativespeciebservedn plotsincreasedn coverfrom 2013to 2019.Native specieswvith
largeincreasesncludedwesternredcedal2.2 times),grandfir (3.4times),arbutus(2.1times),ocean
spray(6 times),andGarryoak (5 times; Table2). Othernativespecieshowingincreaseshatwerenot
quite6 st at is$ igin ¢ antldenairy horieysuckldl.75timeshigher),redalder(2.21times),
andbigleafmaple(1.85timeshigher;Table2). Theonly nativespeciesiot showinganincreasing
trendin coverwassalal,a specieghatis only utilized extensivelyby deerasfood at moderateo high
densitieqTable2). We alsodetectedsix nativespeciesn plotsin 2019thatwerenot detectedn 2013,
five of which producefruits (commonsnowberry0.11%;Pacificwillow, 0.06%;trailing blackberry,
0.17%;baldhiprose,0.06%;saskatoonQ.03%;and,flowering currant,0.03%),andthreeareamong

themostwidely-utilized wood plantspeciedy indigenougpeoplehistorically.

Exotic Englishhawthornalsoincreasedrom 0.06%to 0.46%coverfrom 2013to 2019(Table2) and
wastheonly exoticspeciebservedn plotsin 2013(Table2). By 2019,threeotherexoticspecies
weredetected Table2) atverylow coverincluding Englishholly (0.09%),scotchbroom(0.06%),and
Englishivy (0.06%;Table2). Althoughthe presenc®f suchspeciess a concernthecoverlittle area
andareexpectedo declineunderintensecompetitionfrom natives,asobservedn the maritime
meadowexclosuregUBC 2018).



Magnitude

Type SpeciedName % Cover2013 % Cover2019 Change

Native

Trees Arbutus(Arbutusmenzies)i® 0.57(0.23) 1.23(0.32) 2.16
Westernred cedar(Thujaplicata)® 2.40(1.37) 5.34(1.19) 2.23
Bigleaf maple(Acermacrophyllg® 1.11(0.96) 2.06(1.19) 1.86
Redalder(Alnusrubra)® 0.14(0.07) 0.31(0.15) 221
Douglasmaple(Acerglabrum® 0.09(0.05) 0.14(0.06) 1.56
Black cottonwood(Populustrichocarp®  0.03(0.03) 0.06(0.04) 2
PacificcrabapplgMalusfuscg® 0.03(0.03) 0.03(0.03) 1
Pacificwillow (Salixlucida)® 0(0) 0.06(0.04) New
Garryoak(Quercusgarryana)’ 0.09(0.05) 0.43(0.22) 4.78
Grandfir (Abiesgrandi™ 0.37(0.15) 1.26(0.36) 3.41
Douglasfir (Pseudotsugaenzies) 3.51(2.06) 4.0(0.64) 1.14

Native

Shrubs Oceanspray(Holodiscusdiscolon® 0.09(0.05) 0.51(0.07) 5.67
Hairy honeysucklglonicerahispiduld ?  0.11(0.05) 0.20(0.07) 1.82
Orangehoneysucklé€Loniceraciliosa)” 0.03(0.03) 0.06(0.04) 2
Trailing blackberry(Rubusursinug® 0(0) 0.17(0.06) New
SaskatoorfAmelanchielnifolia)® 0(0) 0.03(0.03) New
Baldhiprose(Rosagymnocarpi’ 0(0) 0.06(0.06) New
Snowberry(Symphoricarposilbug P 0(0) 0.11(0.09) New
Floweringcurrant(Ribessanguineun? 0(0) 0.03(0.03) New
Dull Oregongrape(Mahonianervosa" 0.14(0.06) 0.71(0.21) 5.07
Salal(Gaultheriashallon™ 14.54(4.96) 13.0(4.17) 0.89
Tall Oregongrape(Mahoniaaquifolium™  0.03(0.03) 0.17(0.17) 5.67

Exotic

Shrubs Englishhawthorn(Crataegudaevigatg™  0.06(0.04) 0.46(0.12) 7.67
Scotchbroom(Cytisusscopariug™ 0(0) 0.06(0.04) New
Englishholly (llex aquifolium* 0(0) 0.09(0.05) New
Englishivy (Hederahelix)* 0(0) 0.06(0.04) New

Table2. Shrubandtreespeciesn 2013and2019(n=35), expresse@s mean(SE)percentcoverof
plots.Speciesre arrangedin descendingrder from mostto leastpalatable(Arceseetal. 2014and



prior knowledge)P, N, and A indicatespecieghat are browsedPreferentially,Not preferentially(i.e.,
browsedmainlyat high deerdensities)pr Avoidedentirely. Significantdifferenceshighlightedin bold.
Themagnitudeof changes expresseasa ratio of coverin 2019to coverin 2013,with values>1
indicativeof increasedcoverin 2019.

Discussion

Recovenpof WoodyPlants

Thecover,richnessanddiversity of woodyplantson Sidneylslandincreasedsdeerdensitydeclined
from 2013to 2019(e.g.,1.28,1.84and1.85times,respectivelyTablel, Figure2). Thesefindingsare
broadlyconsistentvith earlierobservation®f overbrowsingandrecoveryin maritimemeadowplant
communitieson Sidneylsland (UBC 2018).Thatstudycomparedneadowhabitatin andoutsideof
exclosuregstablishedn 2013to find tha nativeplantcoverroughlydoubledinsideexclosuredy
2018,butincreaseanly ~20%outsidedeerexclosureslespitedecliningdensitiesTogetherthese
resultsindicatethatmeadowandwoody plantcommunitiesareboth showinginitial signsof recovery
from severeover-browsing. However the striking paceof recoveryobservednsideversusoutsideof
exclosuresandcontinuingevidenceof severdimits on manypalatablespecieknownto beabundant
andselfsustaning onislandswith fewerdeer,alsosuggestghatdeerdensitieson Sidneylslandin
201819 werestill capableof preventinghere-establishmenof a productive diverse,andwell-

functioningCoastaDouglasfir ecosystem

Limits onthere-establishmen&nd/orpersistencef palatablemeadw andwoodyplants,particularly
thosecapableof producinglargevolumesof nectar fruit, or foraginghabitat(foliage),alsolimit the
paceof recoveryin nativeinsect,bird, andmammalpopulationgypical of more6 i n tslandt 6
ecosystemsSuchspegeson Sidneylslandincludearbutuswhichis not producingnewrecruitsdueto
overbrowsing(e.g.,arbutus;UBC 2018),andmanyotherwhich remainrareon Sidneylslandbut are
abundantvheredeerarefew or absen{e.g.,dogwood,ndianplum, mockorarge,thimbleberry,
salmonberrycurrants). Usingsuchspeciesasé s e n tta momtorthaperformancef extantand/or
transplante@xampleof suchspecieon Sidneylslandmaythereforerepresena definitive
opportunityto estimatethe deerdensitiesnostlikely to promotetheir growthandspreadn Sidney
Island.Onesuchsentinel,oceanspray,increasedn coverby ~6 timesfrom 2013to 2019,mainly by
producingliving tissuewithin 2m of the ground. Whenoceanspraygrow morerapidly thantheyare
browsedby deer,theybecomdessd u mb +s d la Iparendthatalsoappearedo beunderwayin
2018(UBC 2018).



Palatability, recoveryandexoticcover

Our 2018resultsshowedconclusivelythatinsideexperimentameadowexclosuresvhereall plantsare
protectedrom browsingby deer nativesspeciesilemonstratedompetitivesuperiorityto exotic
speciesandreducedheir coverby half (UBC 2018).In contrastwe foundin 2019thatexoticwoody
specieswererarein all plots (<1% cover) despitebeingdetectednoreoftenin 2019than2013(Table
2). Thisfinding highlightsa potentialworry discussedbelow, butit is alsoconsistentvith our
expectatiorthatincreasesn woodyspeciewill initially reflecttheir palatabilityto deer,their current
abundancandability to produceseedandtheir ability to colonizenewsites.Secondarilycompetition
amongextantindividualsandnew colonistswill influencewinnersandlosersovertime, including

exoticspecies.

Forexample givenfurtherdeclinesn deerdensity,we expectthe coverof lesspalatablevoody
speciesuchassalal,dull Oregongrape andscotchbroomto declineasfastergrowingbut lesswell-
defendedspeciesompeteor light, wate, andnutrients.Suchinteractionsshouldlimit shade
intolerantinvaders suchasEnglishHawthorn,which requiredisturbed edgehabitat,early
successiondlabitatsto persist(e.g.,MacDougall& Turkington2004,Martin etal. 2010,Arceseetal.
2014,UBC 2018). Forexample Waller & Maas(2017)showedexperimentallythatdeercausedhe
spreadandpersistencef invasivegarlic mustard(Alliaria petiolatg in forestedhabitds by browsing
nativeforestplantsthatexcludegarlic mustardoy shadingn theabsencef deer. Thesuperior
competitiveability of nativeascomparedo exotic plantsin maritimemeadowsprotectedrom deer
almostcertainlyexplainsthe patternsof native dominanceandexoticdeclinesreportedn 2018 (UBC
2018).Despitethesegains,howeverwoodyplantspeciesover,richnessanddiversityon Sidney
Islandstill remainsimilarin 2019to valuesrecordedon SanJuanandSouthernGulf islandswith over-
abundantleer( ©0/kn?; Martin etal. 2010,Arceseet al. 2014).This impliesthatre-establishing
diverseandproductiveplantandanimalcommunitieson Sidneylslandis likely to requirelower deer
densitieghatoccurredon Sidneylslandin 2019,andit mayrequirethereintroductionandassisted

dispersabf specieghatarenow rarebut historicallyabundant.

Speciegecruitmentpatterns

Thedetectionof severakpeciesn plotsin 2019thatwerenot detectedn 2013suggestshata period
of natual re-colonizationwill berequiredbeforerapidincreasesn nativespeciesover,richnessand
diversityareobserved.However,it is encouragingndinterestinghatfive highly palatableruiting
speciesverefirst detectedn plotsin 2019(e.g.,snowberry trailing blackberry baldhiprose,
saskatoonandflowering currant;Table2). Thisfinding suggestshatrecoverymayacceleratéf new

colonistssurviveto producefruits. It alsoindicatesthatsomespeciesiow extinctor relativelyrareon



Sidneylsland,suchassalmonberrythimbleberry,dogwood saskatoonindian plum, orange

honeysuckleandothers,mayrequirelongerto becomere-established.

Manyincreasesn woodyplantcoverreportechereappearedo be dueto therecruitmentof seedings
in plots,ratherthantheregrowthof establishegblants.Increaseén the coverof big leaf maple(1.85
times)appearedo be almostentirelydueto seedlingsGiventhatmanyspeciesommonon other
islandsarerareor absenbn Sidneylsland,morerapidrecoveriedy somespeciesnayrequire
managemerdctionsto facilitate re-establishmenby cloningshootsfrom extantindividualsthatcanbe

plantedin areagprioritizedfor restoratior(trails, balds,roadsides).

Thepotentialspreadf exotic speciesalsoremainsa concernputthe slow paceof changgdrom 2013
to 2019suggestshattime existsto identify andaddresgocal specief concernForexample,
althoughexoticspeciesncreasedrom 2013to 2019,theystill representeg1% of total cover (Figure
2). Itis alsoplausiblethat Campbell(2013)detectedewerseedlingsvorking alonethanthe 2-5
observersisedin 2019,potentiallyoverestimatng invasionrisk. Thelargestincreaseamongexotic
speciesvasrecordedn Englishhawthorn,a shadeintolerantspecieghatis palatableio deerand
largelyrestrictedto openareagWilliams andBuxton 1986).Although a high numberof seedlings
indicatesa potentialfor spreadjncreaseadompetitionwith fastgrowingnatives, assumingthatdeer
densitycontinuedo decline,arelikely to limit hawthorndistributionto openareaswith deepeisoils
Actionsto reducespreadf Englishhawthornmightincludethe removal/ringingof maturetreesto
reducecolonization. Alternatively, if anexoticspeciess determinecdhotto beinvasive,to offer
positiveaestheti@and/orecosystenservicege.g.,pollination),or areimpracticalto controlwith
otherwisebenigneffects,theyaresometimesadoptedasexampleof novelecosystemgHobbset al.
2009). Open disturbedsiteswill continueto providesuitablehabitatfor recruitmentoy exoticspecies
suchashawthorn scotchbroomandEnglishivy. Englishivy canalsoinvadeshadehabitatsandclimb
andkill largetrees.However,a moreextensivesurveywould be neededo recommendriority species

for removal.

Implicationsof climatechangefor recovery

Thepotentialinfluenceof climateon nativespeciesecoveryon Sidneylslandis uncertainput some
evidencesuggestsouthwester8 Cslimateis trendingtowardshistoric conditions with potentially
positiveimplicationsfor nativeplantspeciesvell-adaptedo summerdrought(Hebdal995,Hellmann
etal. 2012).If true,droughtadaptedspeciesuchasharvestrodiaeawhichincreased-10timesfrom
2013to 2018insideexclosuresshouldthrive in Garryoakandmaritimemeadowhabitatsgiventhat

deercontinueto decline(UBC 2018). Becausananyiconic specief thesecritically endangered



ecosystemarewell-representedn Sidneylsland,andnow experiencinganinitial recoveryfrom
severeoverbrowsing,theislandcontributesmportantlyto the conservatiorof theseecosystems
globally (PellattandGedaloff2014,Nuszdorferetal. 1991).

In summarywe observedncreases the cover, richnessanddiversityof palatableandculturally
significantwoodyshrubandtreespeciesrom 2013to 2019asfallow deerdensitywasreducedOur
findingsalsosuggesthatdeerpopulationanustdeclinefurtherto facilitate the rapid recoveryof
nativemeadowandwoodyplantspeciesandinsurethere-establishmendf manystill rareor extinct
specieon Sidneylsland,includingmanyspeciewith substantiabestheticfood, cultural,and/or
habitatvalues Actions could alsobetakento facilitate re-establishingpr augmentinga few highly
desirablespeciesasé s e n twhicheduld b&monitoredannuallyby communitymembergo provide
directfeedbackon the deerdensitiescommensuratith desiredstateof forestandmeadowhabitats

on Sidneylsland.
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