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ABSTRACT

Apex predators are importantpnotecting biodiversity through top-down influence on food
webs. Theirloss is linked wittompetitive release of invasinmeesopredators argpecies
extinctionsTheTasmanian devil§arcophilus harrisi has experienced severe declines over a
15 year period as a noveansmissible cancer has spread across its current geographidia@nge
surveyed the mammalian community, using hair trapyss the spatial extent of the devil’s
progressive population decline. We found increased activity of alien ievsgecies (feral cats,
black rats), and reduced small and medaired native prey species in response to the timing of
the decline. In areas of long-term devil decline invasive species comprisediaaiggilarger
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proportion of the communityTheresults provide evidence that the devil plays a keystone role
in Tasmania’s ecosystewith their decline linked ta shift towards an invasive state and

biodiversity lossn one ofAustralia’s most intact fauhaommunites

KEYWORDS:"Tasmanian devjltrophic cascades; mesopredator rele&$€fD; apex predator;

mammalsjnvasive species; hair traps; feral cat; community composition

INTRODUCTION

Severe declines of apex predators are occurring in ecosystems wor{Bvpdie et al. 2014),
leading to/moare'homogenised (Estes et al. 2011) and invaded (Wallach et ale@@dyBtem
statesLarger-predators amspeciallyulneralte to environmental and anthropogenic stressors,
such asabitatfragmentation, emergidgsease and persecutiofiPurvis et al. 200IRedersen et
al. 2007)./Large carnivorgsovide abuffer to biodiversity loss (Letnic et al. 201 #)eirdecline
is associated witbhanges in community composition (Terborgh et al. 20&dhpetitive release
of mesopredatarg.g. Prugh et al. 2009) and concomit@xtinction of specieat lower trophic
levels(Creokss:and Soulé 1999, Johnson et al. 2008xrM50% of all mammal extinctions
worldwide overithe past two centuriegve occurreth Australia(Short and Smith 1994yvhere
widespreadnammal declines continue (Ceballos and Ehrlich 2002) nfdjerity of these
extinctionsarein the preysizerange of commonalienmesopredatorghe red fox Yulpes

vulpeg and the feral cafelis catu$ (Johnson et al. 2007and where arapexpredator, the
dingo(Canis lupus dingpis present, declines are lessvergLetnic et al. 2012).

Environmental perturbatioregeoftenassociated witkecosystem statghifts andchanges in

species dominand&cheffer et al. 20Q1and provide opportunés for invasive &en species

while non{nvasive native speciasight be constrained by the same procefgesDougall and
Turkington.200%. Invasive species are listed as causal factors in extinctions for more than half
of species.on‘the IUCN ligClavero and GarciBerthou 2005). Aen predators may have more
severe effeeten native prey species than native predators beazysey naivetéand lackof
specificavoidance behaviours (Salo et al. 2007).

“Natural experiments” offer opportunities to investigate the influen@pek predators on

ecosystemsManipulative experiments on predatarse logistically and ethically challenging
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(Trewby et al. 2008)Some of the best evidence for trophic cascades comes from research on the

ecosystem effects following the extirpati@g. Crooks and Soulé 199®)reintrodiction (e.g.
Ripple and Beschta 2007) of apex predators. A natural experiment on the trophic influence of
apex predator loss @mn intactmammal communytis unfoldingin the island state of Tasmania,
Australia.An.apex predator, the Tasmanian deSi&cophilus harrisi, is in severe decline with
the emergence'in the mik®90s of a consistently fatal transmissible cancer, devil facial tumour
disease(DFTDJMcCallum et al. 2009). Population decline of devils is rapid and severe
following DFTDoutbreak KcCallum et al. 200,/McCallum et al. 200P Localiseddeclines in
early-diseased areas exce#@Poandthedisease haspread to more thad% of the devik

range STTDP-2012, with noindicationof population recovery, although dewsll persist in

diseased regions at low densit{emllings et al. 2014).

In contrast.te.the mainland of Australiegsmania retains aimostintactcommunity of native
marsupial@ndaviancarnivores (less thed" century extinction of thehylacineThylacinus
cynocephalus andall nativemammaliarmprey specieare extantThesize structured native
carnivore jguild comprises tHieasmanian devijweight males=~12kg, females =~7kghe

effective apexnammaliarpredator following extinction of the thylacine (25-35kg), the spotted-
tailed quoll Dasyurusmaculatus males=~4kg, females=~2kgnd eastern quolD(. viverrinus
males~1.5kg;females=%.0kg).Alien mammalspecies include two predatdferal cat,~3-5kg;

red fox ~3-10kg) andhree rodents (black raRattus rattusbrown ratR. norvegicushouse
mouseMus musculus Feral cathave been in Tasmarsance European settlemgtbbott

2002) butiin contrast to mainland Australiaave not caused amative mammal extinctions
Competition.is. likely between cats and spottaited quollsdue to similaritiesn body size and
prey compesitioncomprisng small and mediunsized animal¢Dickman 1996, Jones and
Barmuta=1998). Since 1998 and until recently there has been evidence of a very lowgropulati
of red foxes $arre et al. 20)2but they have disappeared or remain at densities too low to have

measurable impacts..

We investigatehow mammalcommunity composition and abunazvaries with the time since
disease outbreak amloe correspondingevere and ongoindeclineof theapex predatoMVe ask
1) is abundancer activity of alieninvasivemammal specielsigher ands species diversity
lower withincreasingime since disease outbreaR) doecologically similar native analien
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speciesespond differently to apex predat@atine? 3)isthereevidence for mesopredator
releaseof native or aliermesg@redators in response to devil decline?@gsthe presence of
certain predator species affect gimindancef their prey speci@We address these specific
community and_species responbgsonducting rapid snapshot survegsoss Tasmania a
spacefor-time.framework thaenmmpasses the full raegpf DFTDarrival times, represeng a
proxy for devil population decline over time.

METHODS

Site selection

We partitioned‘thasland of Tasmaniato three regions basuh the timing oDFTD outbreak
(Figure 1).Northreast Tasmaniaas defined ae “early-disease regiontvhereDFTD

outbreak oceurred between 1998d1999, 10-14 years prior to the studpd where devil
population.declinevasmore than 90%. Tharlidtermdisease region” wathe central part of the
island where disease outbreak occuiretiveer2003 and 2007, 3-7 years prior to the study, and
where devil populations declined B@-70% (Lachish et al. 200KicCallum et al. 2000 The
“diseasdree regiofi of northwest Tasmanieaetaired high devil densities at the time of the

study. Weestimate the number of years sites had been diseased by combining extrapolations of
confirmed disease from surrounding regions with expected patterns of diseaskefdpf@allum

et al. 2007STTDP 2012

We selected48field siteswith equal numbers in ea@®FTD outbreakegion using ArcGIS
(Version 9:2)=RPredefinectiteriawere establishetb ensuresites were asnvironmentally
comparable.as’possiblaltitude below 650m, mean annual rainfall between Bh@1600mm
(AustralianBureau of Meteorology data) andhere possibléocated innorthernTasmaniao

limit variation from a nortisouth temperature gradient (Figdne Environmental gradients exist
across the islanavhich affect species distributions; however site selection to match
environmental parameters should prevent any confounding effects. Within each of the three
DFTD-outbreak regionswve selectediour replicate sitefor four vegetation types: mature wet
eucalypt fores{~15% of totaforest area imMasmania)mature dry eucalypt forest (~38% of
total forest area)egenerating wet eucalypt fordstL3% of total forest areajand coastal heath
and scrubby woodlan@6% of total landarea) (TasVeg GIS layer; Forestry Tasméstate of
the Forest 20D Figure 1).Eachsite comprised akm unsealedrack accessible bipur-wheel
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115 drive,whichwas never or infrequently used by the public. All but oteevgaslocated on public
116 land (State Forest or National Park).

117 Datacollection

118 We conducted-rapidite surveys using total of5,760 hair traps to obtaa relativendexof

119 abundancer activity for devils, mesopredators and mesopredator prey speeids sie was

120 surveyed for three consecutive nights during three field seasons: April-Dec2di8e March-
121 June 2010 and September-December 2010. The survey orter4§ sites was randomised

122  within eachrfield season, with eight sites in each region surveyed in a two wekkdlbject to
123 weather andsbushfire conditiort$air trapping has been regularly udedletect forest mammals
124 in Australia(Mills et al. 2002), witheffectiveness ofdifferenttypes known to vary among

125 specieqLindenmayer et al. 1999)ills et al. 2003. Accordingly,at each siteve deployedwo

126 differenthair.traptypes: 20 hair tubes, consisting of a PVC pipe with ~10cm strips of double-
127 sided adhesive tapeithin both ends, and 28bmmercially producetair funnels (Faunatech,
128 Australig. Halfthe traps of each type wdbaitedto attractherbivores (rolled oats, peanut lautt
129 and walnut oil) and half were baited for carnivores (dried liver soaked iomhirtt oil). We

130 secured,at.ground level one herbivore and one carnivoragd@every 100m on alternagedes
131 of the track, atileast 20 from thetrackand a minimum of 10rfrom each other, alternating

132 combinationsrofrap and baitype.Hair sampleswere identified to speciassing colour, and

133 crosssectionakhape and pattern of the cortex and medulla (Triggs et al. 206R)st a quarter
134 of hair samples collected (~600) were sent to an independent experigds) for analysis;

135 these included samples that contained only a few hairs and samples for iariti€atur

136 identifications..Hair samples which could not be identified to species em@/ed from the

137 dataset. To.further verify the accuracy of hair identiftses, species detected in hair traps were
138 compared torthose detected with four baited remote reffanotionactivated cameras (Model:
139 Scoutguard 550), four of which were deployed at 500m intervals at each site during treghair tr
140 surveys. Cameras were set3cm above the ground in vegetation at least 20m from the track
141 and were Set to record 1 minute of video when activated.

142 Datahandling

143 We treated thsite records of species preseateach haitrapasindices ofactivity for

144 medium and large-bodied mammadiecauseheycould visit multiple haitraps spaced 100m

145 apart For small mammalsite recordsepresent an index of relative abundabeeaus®f the
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146  short deployment timand small home range simdative to trap spacin@.g. 45m radius for the
147 swamp ratRattus lutreolus(Taylor and Calaby 1988))ndividuals of speciewere not
148 identified and therefore the maximum numbgdetections foany one speciest a sitevas

149 limited by trap numberamaximum never reached.

150 Weclassedhe hairtrap data fosmall mammal#nto “native” and ‘aliert’. Of five native rodent
151 species and three carnivorous marsupials that occur in Taswamigentified hair from the

152 long+ailedmouse Pseudomys higginsgnd theswamp ratBlack ratswere theonly alien rodent
153 speciesncludedin the analysi$Ve excluded house mice becaukeyunderwent a population
154  irrupton in2010 in theearly andmid-DFTD regionsassociated witenvironmental conditions
155 ideal for breedingFigure 4. Brown ratswere not detected in amamplesWe combined data in
156 a “mediummammal” categoryweight 600-1200ghor three native marsupiale southern

157 brown bandiceotiSoodon obesulusgasterrbarred bandicooiRerameles gunniiland long-

158 nosed potorooHotorous tridactyliy. Tasmanian bettond@géttongia gaimardiand eastern quoll

159 samples were excluded from analyasgheyhave restricted geographic distributi¢gfggure 4.

160 Statistical analysis

161 Communityseomposition

162 To assess Whether species compostimh degree of homogenef mammal communities

163 varied with DFTD regionywe applied nonmetric multidimensional scaling (hnMDS) with the

164 Bray-Curtisidissimilaritymatrix (library ‘vegan’ in R 2.11.0).[f#&cies composition data were

165 derived fram the number of positive haiaps for each speciésr each otthe three replicate

166 surveys fromall field siteatawerestandardised by applying a lag« 1) transformation to

167 reduce the influence of the most abundant sp@tid4o increase emphasis on the rarer species
168 (Legendre and Legendre 1998peciecompositionwas analysedeparately for the four

169 vegetationstypes as habitat valuil vary for eachspecies.

170 We conducted.a permutational multivariate analysis of variance (Anderson 2001) on the
171 compositien data for the four vegetation types with the Brastis dissimilarity matrix as the
172 response variable and the number ofryassite had been diseased as the predictor variafgle.
173 restricted the permutations tatn field seasos to account for the randomization of the

174 repeated measuré®m the three repeat surveys of field site
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Invasive species community composition

We assessed whethalienspecief different trophic levelgcats and black ratsypmprised a
greater proportion of the overall community composition in response to declining apewipredat
populationsHair traps positive for devils were excluded from toenmunity composition data.
First, we plottedthe proportion of hair traps positive falienspecies within each DFTFarrival
region. Seecondye modelledthe proportion opositivehair traprecords for alklien species

with the'number of years a site had been diseased and vegstpéas predictor variabled/e
used generalized linear mixed models (GLMMs) withirsomial error structure and logit link
function (library ‘Ime4’in R version 2.11.0). These models includedican effectof sites and
field seasorosaccount fothe repeated site surveys across three field seasons. To assess the
support forithe‘foualternative mode|sncluding the null, we used the weighig)(derived from

smallsample carrected Akagkinformation Criterion (AlCcfjBurnham and Anderson 2002

Mesopredator activity and relative abundance of prey

We assessed whether there were discernible differencesactility orabundance indexfo
each species in relation 19 length and extent of devil population decline, and 2)
occurrencefabundance admpetitivelydominantspecies, predators prey.For all species
except cats, the responsariabke wasthe proportion of hair traps deploytddht were posive for
the species of interedor each individual survey of a sit€or cats weused presence/absence

data as only two sitdgadmore than one trap positive for cat hair.

For all modelsjthe predictor variables wdrenumber of years since DFTD arrival, vegetation
type, and othespecies which may have a direct effect on the species of interest (depending on
the species this was measured as either occurrence (pragseoee), abundance or activity).
Correlatiors betweerpredictor varial®s were assessed prior to analyses using Spe'armak
correlation.coefficientThe onlypredictor variablethat were strongly correlated (inversely)
weredevil activity measure from hair trajg and years since DFTD arrival (Spearman’s rank
correlationsecodfcient =-0.69). Weused years since DFTD arrival as the predictor variable in all
analyses torepreseévil abundancelhis variables abetterproxy for extent of devil decline

on a regional scaleyvhereaghe activity measurss a more localised argbtentially ‘noisier’

index of devilactivity. To reduce over-fittingwe limitedthe number of species usedpasdictor

variables to two, using thoggedators opreyspecieghe authorgonsideredikely to have the
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most influence on the species being analybaded omelevant literature of mesopredatodiet
(e.g. Dickman 1996, Jones and Barmuta 1998, Glen and Dickman 2@0§)ebies werased
as predictor variablger devils. For mesopredators, ttet andhe spottedailed quoll, weused
native andaliensmall mammalss predictes. These mesapdator species were used as the
predictor variables fathar prey species, the medium mammals and the nahdaliensmall

mammals

We testedfor zero inflation (using ‘gimmADMB’ package in R) for each species by fitting zero
inflated GLMMs withrandom effects to the null models. The fit of the zZeftated binomial

model against‘a binomial GLMM was assessed using AlCc. There was no evidence-for zero
inflation far any species and all species that had many zeros in the data had low mean:variance

ratios.

We used GLMMs with a binomial error distribution and lolgitk function to fit the models with
random effects afite and field season as for previous analyses. A set of altermaideds vas
fitted to species data, with the most parsimoniousehselected on its AICAIl combinations
of models'were tested using the four predictor variables for each sfdwmeslative importance
of each explanatory variable was quantified by summing the weights of all modelsicgntiae
variable(Burnham and Anderson 2002, Rhodes et al. 2006).

RESULTS

Community composition

Non-metric multidimensional scaling indicated that a large proportion of sites within the early
diseased region were closely related and thereforeeobastogether in three of the four
vegetationitypes (Figurg.2ZThe signal was strongest in the dry eucalypt forest sites and coastal
woodland serub but absent in the wet eucalypt regeneration fdogsattern was evident for

either the midterm or the sltasdree sitesPermutational multivariate analysis of variance
corroborated the findings from the nMDS, indicating that community composition was
significantly associated with the number of years the site had been diseased in three vegetation
types with the strongest effects in deyicalyptand coastal vegetation (Figure 2). The tighter
clustering of earhdiseased siteselative todiseasdree sitesmay represent a tendency towards
more homogenised mammal communitiBlsere was no evidence ciustering or association

with the number of years diseased in wet eucalypt regenerdgen s
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| nvasive species community composition

Some of the differences in canunity composition between DFT&vival regions may arise
from anincreasedlominance oélien speciesn the earlydiseased regiqmparticularly in dry
eucalypt forest (Figure 3T he predictors of number gfears since diseaseitbreak and
vegetation _type were important in explainiihg proportion of positive hair trafsr alien
specieswith the best supported model; £66%)containing both variabledable 1).The
seconddestmodel, containing onlyears since diseaseitbreak was not significantly different
from the best'supported modalAICc < two) and accounted for 32% of the weig¥thin the
candidate model setéble 1.

M esopredator activity and relative abundance of prey

The activityef.devils showed clear and significant declines associated with the number of years
since disease.outbre@kigure 4). Only two modelsald substantialy;>1%) weight in the
candidate‘'model set: the model with the years since disatlseakas the single predictor
variable(w; = 62%) and the model wityears since diseaseitbreakand vegetatiotypeas

predictors \{vi = 38%) (Table 2a). Thiresultprovides strong support for the usfeyears since
diseaseutbreakas a predictor variable representhe extent of devil populatiotecling and

the use of hairitrap rates as a proxysjpeciesactivity.

The activity index for ats wasstrongly and positively linked with the time sites had been
diseasedFigure 4. The GLMM model withthe number oyearsdiseased as a single predictor
variablehad-the highest weightv( = 39%) and the relative importance of this varigbie
weight of all.kmodels containing isa predictgrwas 93% (Tabl@a). Gatactivity wasalso
positively @associated with the presence of both nativealedrodent species (models within
AAICc of two), although theelative importance ahesepredictor variables carried lower
weight at 33% and 28%espectivelyTable &).

The native spottethiled quoll was positively associated with populationaligi small
mammals. The model containing this single predictor carried the highest weigi&5%6) and
models containing this variable comprised atretaimportance of 81% (Table Ra/egetation
type also had some importarfoe spottedtailed quollspopulations\{; =19%; relative
importance 41%). The highest detections of spatéde quolls for all vegetation types
occurred in the midterrdiseasedegion (Figure % Lowest recorded activities were in the early
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diseased region for all vegetation types except wet eucalypt regeneration forest. Neigher year
since diseaseutbreak nor the abundance of native rodents had a strong influence on the spotted-
tailed quoll activity index with relative importance in the candidate modelf @5% and 27%,

respectively.

The relative abundance of mesopredator prey species reflected sgadifetds from devil
decline andncreasedat activity, but the nature of the effects varied between natick
introduced species (Tahk). Native mediunmammalsverenegatively associated withe
activity index of the spottethiled quoll (felative mportance 51%), followed by that of tbat
(relative importancd2%) (Table 2. The model with spottethiled quolls as a single predictor
variable had'the highest model weight £ 0.16), however this was nstibstantiallydifferent
from five aethemnodels, including the null model{= 0.15). The lowest recordedumber of
positivehair.trap of native medium mammaisr all vegetation typewasin the mdterm

disease region (Figurg.4

Small natvesmammad were strongly negatively affected by thenner of yearsince disease
outbreak; lhe relative importance of this variable was 9@G%gure 4, Table 2b)egetation type
was alsoimportant for these species with relative importance of B88&model containing both
these predictorgas the only model in the final set and held 52% of the weight in the candidate
model set. The highest hair trap rates were in mature wet eucalypt forest (Figthes 4yas

substantiallyhigher tharwet regeneration forest for all regions.

Theabundane ofblack rats was positively associated with tioenber of yeara site had been
disease@nd. the activity index of cats and spottailed quolls. These three variables were
included.in.the final set of three models that were within arcAifGwo (Table 2h The relative
importance-forthe spottadiled quoll as a predictaf black ratsvas thehighest at 80%,
followed by a less substantial influence of cats at 34%. Vegetation type wagpoataint in

explainingblack ratpopulations.

For all modelsn this study which used species predictor variables, there is a measurement error
which causes a bias towards the null model. Only medium mammals had the nulfatiodel
within the candidate model set (i.e. AAIC < 2). Whilst at some sites and times, cameras detected

species that hair tubes did not, and vice versa, detections by hair tube andic@aehaegion
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were congruent for each species (§able S1 irsupplementary materialsmall mammals
were not identified due to the very large number of vidaod,difficulties in identification of

some species due to image quality and distance from the camera
DI SCUSSION

Tasmania's mammal communityshifting towards dominance lajfienspeciedollowing the
diseasdnduceddecline of the Tasmanian dewlupporting the hypothesis of top-down keystone
function in‘thelargestxtantmammalian predatotn three of the four vegetation communities,
mammailan species compositiochangedvith increasing time sincBFTD arrival and thus with
decline of deyil,populations.hEre was greaterproportionof invasive speciegats andlack
rats)andareduced proportion of all native prey species follondiggasearrival, likely

mediated by thgreater activity otats These patterns were less evident in riggeneration
forest,possibly becaugeositive hair trap$or native species @regenerally lower in wet

regeneration forest relative to wet mature forest.

Our results providstrongsupport for mesopredator release of cats, with increasing activity
correlated. with.increasing number of years since DFTD arriVhls spacefor-time study
corroborates our previous findings from analysis of Iterga spotlightingsurveysof an increase

in cat observations in some ecosystem types following devil dgelmléngs et al. 2014). That

two independent analyses, each with their own advansagkebmitationshave reached the

same conclusion greatly increases confidence that this is a real pheno@enconclusion that
devils have a strong competitive effect on cats is supported by findings of two camera studies
conducted at sites with very low devil densities. Lazenby and Dickman (2013) found that cats
avoided.devils at camera statigrlaced to the sides of unsealed vehicular tracks, as in this study.
This resultis-remarkable becaudfehe low to very low devil densities all threesurveyedsites

due to habitat anbioclimatic unsuitability for devilsor population reductions faiving DFTD
outbreak 5-7 years prior to the study. A second camera study, done in 2012, also shows that at
extremely low devil densitie® - 10years after disease outbrgakidtermdiseasedegion) cats
strongly modified their time of activity to avoid devits pattern thawas less evident 1315
yearsafterdisease outbreak (eaftliseasedegion) (Fancourt et al. 2015). Devil populations
undergo rapid and severe decline following disease outbreak, to 90% decline aftevabout fi

years(Lachish et al. 200 McCallum et al. 200)Z All studies concur thadevils are able to effect
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spatial and temporal avoidance behaviour in ftata decade after disease arrival and severe
population decline, although this effect may diminish after an extended periedyddw
population densities. This prowddstrong support that theiglikely to have been competitive

release otat following catastrophic decline of the devil across its range.

Some of the increased activity recorded by hair traps and spotlighting surveys colddeoketoe
changes ithebehaviour of cats followip devil decline Devils may be differentially attracted to
roads to scavenge for roadkill, and to tracks and ecotones between grassland amdhifongst t
placelatrines disperse and otherwise travbehaviours thatould displace catat highdevil
densities Hairstraps in this study were placedbushawayfrom disused or rarely usedhcks,

with little chance of roadkill and a reduced focus of devil activity and so are more likely to
record a population increase in cats rather than behavioural clumgesults have parallels

with the situation on mainland Australia, where reduction in the population of a difégrex
predator, the dingaan permit feral cats to relax spatial and temporal partitioning behaviours by
which they avoid dingoes and thus take greater advantage of prey avail8odibk et al.

2012). Following apex predator loss, behavioural changes, such as increased aaéaty, alt
activity times,and changes in habitat use may occur rapidly. As these behaviours are linked to
fitness they can translate over time to changes in population vital ratasdkgrowth and

reproduction)-and population siZddrris et al. 200

Evidence for mesopredator release in the spa#tided quoll isless clearCompetitive release
could be expected following devil declina the basis afliet overlap(Jones and Barmuta 1998),
but this may.be countered by competition from an increasing cat population; cats and quolls are
similar in body size, diet and space (®&kman 1996, Glen and Dickman 2008he results
suggest suppression of quoll activity by catstivity indicesof spottedtailed quollswere

lowest in the edy-diseased region where devil populations are lowest aratteity is highest,
and highest in the midterchiseased region where devils declined recently andatiity is

lower than.inithe earidiseased regiomhese cat activity patterns acrdlss DFTD regions in
this studyarefrom sitesmatchel for habitat typgthe patterns irHollings et al(2014), which
showed contrasting top-down and bottom-up influences in forest and farmland habitats,
respectivelyreflectaggregations dditesacrosDFTD regions whichwere notecologically

equivalent. In contrast to the response of cats to devil decline, the activityoiithe spotted-
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354 tailed quoll was closely related with the abundance of prey spéatsnative and alielit is

355 also possible the mammalian resporesesblured by competing aviaspecieshighly mobile

356 raptors and/or corvids may respond to beneficial circumstances more rapidly therateam
357 Increases.in carrion are expected as devils are a major scav&vigarscavengers are known to
358 respond positively to increased carrema result ofhanging predator dynamic#d/{imers et al.
359 2003a) and theimobility andability to communicate about resources alialaem to derive a

360 greater‘advantage from carrion in some circumstaf\émerset al. 2003bp.

361 Increasingsmesopredator populat@vill increase predation pressure their prey, potentially

362 causing population declines and extinctions in native species (Crooks and Soulé 1999, Johnson et
363 al. 2007).n thisistudy, the relativabundance of all mesopredatoeyspeciestudiedcorrelates
364 with either.theime since commencemeoitdevil decline or mesopedator activity, in particular
365 of the feral.catyalthough the direction of the respdoseative andalienspeciewvaries Small

366 native mammals in particulappear to be facing substantial population declines, with the
367 greatest magnitude of response of all prey spealf®ughcauses and correlates of decline
368 cannot balisentangledvith this datasefTheabundance of black matin contrasthas increased
369 with the,occurrence afatsand years since DFTD arrival. Tieeare two plausible explanations
370 for thedifference inthe response of native aatienprey species. First, native species are often
371 naive toalienpredators, making them considerably more vulnerable to predatiaiebyhan by
372 native predator§Salo et al. 2007). Ais naiveté has been demonstrated in two native Tasmanian
373 ~mammals:eastern quolls and swamp (&dses et al. 2004, McEvoy et al. 2008). Second,

374 “invasional meltdowhmay occur (Simberloff and Von Holle 1999), whereby high numbers of
375 cats facilitate.the establishmearid high abundance of alien invasive prey (rabbits and tg)den
376 which in.turn_support highat densities. In the Tasmanian context, the mecharosid be that
377 increased predation on both natsreall mammals and alien rodemayfavour residency of

378 black rats, which have a higher intrinsic reproductive réten: Tov 1985). They may then gain
379 a priority effect over the restablishment of native small mammadsich have previously been
380 able to resist invasiofStokes et al. 2009ither way the variedesponses of prey species are
381 suggestive oélieninvasive species driving community structure in areas of teng-devil

382 decline.Increased predation and competition by introduced cats and radeidsplace all small

383 nativemammal specieis Tasmania at risk of localeclines or extinction.
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384 Environmental variables can influence the magnitude of responses to apex posgator |

385 (Elmhagen and Rushton 2007, Hollings et al. 2014). Vegetgfoendifferentially affectd the

386 response of nativepeciego devil declingwith the strongest effectis native small mammajs

387 followed hy the spottethiled quoll.In contrast, there was almost no vegetation effectlien

388 species, either rats or cat§hese results support theoretical predictions that successful invasive
389 species ar&equently habitat generalis@nattribute that contributes to their invasiortsess

390 (Marvier etali200y Native rodentsre more sensitive to vegetation type aray be more

391 vulnerablethan'introduced species to ecosystem disruption, including habitat loss and

392 degradation.

393 Wallach et al. (2010ndicatedthatmainland Australian ecosystems, now dominated by alien
394 placental carnivores, the red fox and the cat, have undergone shsfiafiedm which ecosystem
395 recovery is difficult We believe that we are the first to document a mammal community in
396 transiton to an invasivetate. Ktinctionis obviously irreversible, but brosstale predater

397 induced declines of species adremely difficult to rectify because of the difficulty of

398 controlling foxes and cat®Ve have already seen the dramaticl sustainedecline in eastern
399 quolls, which,iscorrelatedwith devil decline (Hollings et al. 20149nd possibly the extinction
400 of the Tasmanian subspecies of the New Holland mdtssulomys novaeholland)aghich
401 has not'been'detected in the wild for 10 years (Billie Lazgpdxg. comn). To different

402 degrees, tith are vulnerable to predation by cats.

403 Invasive aliensspecies have successfully colonised and now dominate landscapes in most parts of
404 the world, resulting from both the intentional and accidental release of sfi€giasand Lodge
405 2001, Didham et al. 2005). As devils continue to decline and competitive and predatory
406 suppression is further lifted, invasive sgs;iwhich often have greater adaptability to changing
407 anthropogenic.influences (Didham et al. 2005), may extend their ecological dominance,
408 potentially becaming the dominant force in driving community struct@esll(et al. 2005. The
409 loss of an eeologically functional apex predator leading to a more invasive statemas be

410 demastrated previously (Wallach et al. 20 Hd)d may be a common consequence of apex
411 predator losg¢Estes et al. 2011 ommongeneralistsuch athe indigenous forest raven

412 (Corvustasmanicajndalienrodentsmay also be optimally placed to take advantage of new
413 resources freed by diminished competition (Marvier et al. 2004).
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This studyis adramatic example ain emergingnfectious disease causingt onlylarge-scale
population decline in an apex predator but far-reacamgpossibly irreversibleffects on
ecological communitieg hisresearch hekpprovide answers on the role of rising invasive
mesopredator populations on the resilience and persistence of nativelfaeinak that disease
induced decline of an apex predator may haestantial, detrimental effects on ecological
communities is‘uiiely to be restricted to Tasmania. Carnivores are on@@®fmammalian
orders(the"other artiodactylshost commonly reported in the Red List as being threatened by
parasiteand‘pathogens (26% of canids and 8.3% of felids) (Pedersen et al. 2007). Apex
predatorgylobally have been lost from large tracts of their historical ranges. Their preservation
and restoratiom,as keystone species may be critical for protecting biodiversitparudipg

ecosystemeresilience.
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TABLES

TABLE 1. GLMM model outputs testing the assertion that alien species comprise a greater
proportion ofithe community with increasing time since DFTD arrival WHIWCc, k = number

of parameters, model weight;)xand model coefficient estimates with £1 SE. Dashed lines
highlight the most heavily weighted models from the candidate model setAMiliia of two.

Relative importance of variables represents the weight of all models which contain that variable.
Vege typeg@rameters are against coastal scrub, W = Wet mature eucalypt forest, D = Dry

eucalypt forest, WR = Wet eucalypt regeneration forest.

Parameter im
Model arameter estimates

k AAICc  w;
rank Intercept Years diseased Vegetation
D:1.00+0.53
1 4 0.00 0.66 -2.19+0.47 0.14+0.04 W:-0.62+0.52
WR:-0.07£0.53
2 7 1.48 0.32 -2.14£0.39 0.12+0.04

3(Nul) 8767 001  -1.45:0.31

D:0.87+0.58
4 6 8.88 0.01 -1.55+0.45 W:-0.47+0.56
WR:0.26+0.56
Relative importance of variable (%) 98 33

TABLE 2: Most parsimonious GLMM models and parameter estimates for a) top order
carnivoresand, b) mesopredator prey species for hair trap data analysis. k = parameters, model
weight (w) and model coefficient estimates with £1 SE. Models from the candidate sebdel

within A4ICc of two of best model are shown, together with the null méthative importance
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582

of variablessumsthe weight of all models in the candidate set which contain that variable. Vege
type parameters are against coastal scrub, W = Wet matucalypt forest, D = Dry eucalypt

forest, WR = Wet eucalypt regeneration forest. NA = Not assessed for that species.

a) Top_order carnivores

Parameter estimates

Model K™ AAICC  w; Small Small
rank Years
Intercept _ Vege Type mammal mammal
diseased . _
introduced native
Tasmanian devil
1 4 0.00 0.62 -1.69+0.21 -0.23+0.03
i |
| D:-0.50+0.37
| NA NA
2 57:%1.24 038 -1.22+0.29 -0.22+0.08 W:-0.75+0.37
‘ WR:-0.76+0.38 |
3 (Null) 3 43.11 0.00 -3.09+0.22
4 4 4457 0.00 X X
Relative'weight of variable (%) 100 38
Feral cat
1 4 0.00 0.39 -2.64+0.46 0.13+0.05
2 5141 019 -2.8840.56 0.14+0.05 0.11+0.13 |
3 5 .41.93 015 -270+0.49 0.130.05 0.10+0.21
4 6 3.32 0.07 X X X X
5 5 3.87 0.06 X X X
6 6 479 0.04 X X X X
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7(Nul) 3 497 003 X

Relative weight of variable (%) 93 14 28 33

Spotted-tail quoll

1 4 | )0.00 025 -4.54+0.27 0.17+0.08

‘ D:-1.24+0.55
2 5 0.56 0.19 -3.96+0.41 W:-0.32+0.53 0.18+0.08
WR:-0.73+0.53
3 5 1.91 0.10 -4.5910.28 0.03+0.07  0.17%0.08
4 5 2.04 0.09 X X X
5 6 2.72 0.06 X X X X
6 (Null) 3 2.81 0.06 X
7 6 3.14  0.05 X X X X
8 4 359 0.04 X X
Relative weight of variable (%) 25 41 81 27

b) Mesopredator prey species

Parameter estimates

Model J—
rank c Wi Years Spotted
Intercept ) Vege Type Feral cat
diseased quoll
Medium mammals
1 4 | 000 016 -5.11£0.30 -0.1840.14 |

2(Null) 3 | 0.04 015 -5.23%0.26
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3 5 0 049 012 -5.02+0.30 -0.74+0.65 -0.18+0.14

4 4 056 0.12 -5.13%0.26 -0.73065

5 4 | 142  0.08 -4.92+0.35 -0.03+0.04 -0.18+0.14 |

6 6 163 0.07 -5.05%+0.33 -0.03+0.04

7 5 230 0.05 X X X X

8 6 2141 0.05 X X X

9 5 2,74 0.04 X X X
Relative,weight of variable (%) 31 20 42 51

Native small mammals

D:-0.98+0.51
1 5':70.00 052 -3.44%0.37 -0.10£0.03 0872044
WR:
0.04+0.46
2 6 2.07 0.19 X X X -0.09+0.26
3 6 216  0.18 X X X 0.01+0.05
4 7 426 0.06 X X X X X
Null 1218.85 0.00 X
Relativesweight of variable (%) 96 98 26 25
Introduced small.mammals

1 4 0.00 0.35 -5.08+0.23 0.13+0.06
2 5 1.09 0.20 -5.16%0.25 0.39+0.38 0.14+0.06
3 5 2.00 0.13 0.02+0.04 0.14+0.06
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4(Null) 3 243 0.0 X

5 6 3.22 0.07 X X X X
6 4 414 0.04 X X
7 4 449 0.04 X X

Relative weight of variable (%) 25 7 34 80

FIGURE LEGENDS

FIGURE L=Field sitesin Tasmania, categorised into vegetation type and arranged into three
disease arrival regions: early DFTD presend®96-1999) midterm DFTD presencg003-
2007); and DFTD absent (diseafee).

FIGURE 2:"Noern-metric multidimensional plot for species composs across the three DFTD
regions of-earlydisease, midterrdisease and regions which are currently disefase. Plots
display all'repeat surveys from each field site. Grey lines are “spider plots” connecting each
point to the centroid of its group. Rdts for the permutational multi variate analysis are shown

inside the plot for each vegetation type.

FIGURE 3: Theproportion of positive hair traps which were identified asafian species,
based on mesepredataxad their prey specida regions that vary in the time since DFTD
outbreak;.representing a proxy for the extent of devil population deElir@. bars represent

the 95% hinemial confidence intervals.

FIGURE 4..Number of positive hair traps as a measuradifvity index or relative abundance
of speciesn«different habitat typescrossthe range of DFTD arrival timedledium mammals
= southernbrewn bandicoot, eastern barred bandicoot and loosged potoroo; Native

mammals =swamp rat and longgil mouse.
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