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“Our collective effort to try to understand the immense diversity of interactions in living nature
amounts to an attempt to navigate through a narrow passage between the Scylla of dogmatism
and the Charybdis of resignation. We must be critical, see nature as it is, and pursue the
limitations of our favorite hypotheses. However, we also need general ideas, showing that

everything is not a hopeless maze of special cases.”

Oksanen and Oksanen (2000)
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Abstract

The importance of top predators in maintaining ecosystem structure, function and
resilience is increasingly apparent as predators decline worldwide. Habitat loss and
fragmentation are leading causes of these declines. Therefore, knowledge of habitat preferences
is needed for conservation of predators, but is often lacking.

Mainland Australia’s marsupial carnivore guild is severely depleted. In south-eastern
Australia, only the endangered spotted-tailed quoll (Dasyurus maculatus) remains, and is
sympatric with the introduced red fox (Vulpes vulpes), feral cat (Felis catus), wild dog (Canis
familiaris) and dingo (Canis dingo). In contrast, Tasmania retains a relatively intact guild: the
spotted-tailed quoll, Tasmanian devil (Sarcophilus harrisii), and eastern quoll (Dasyurus
viverrinus), as well as the feral cat. The red fox is historically and probably functionally absent.
The spotted-tailed quoll is not well studied in Tasmania. Extrapolation of habitat preferences
from mainland populations may be inappropriate as the predator and prey assemblages and
environments differ in the two regions. This study aimed to determine the biotic and abiotic
correlates of Tasmanian spotted-tailed quoll distribution, abundance, space use, and movement,
at individual-, population-, and distribution-scales.

| used live-trapping and camera survey data to investigate the distribution and
abundance of the spotted-tailed quoll in relation to environmental factors and competitors
across Tasmania (i.e. first-order habitat selection). Abundance was best explained by climatic
correlates of productivity and by mean annual net primary production. The most suitable

habitat for Tasmanian quolls occurs off-reserve, highlighting the role of private landholders in
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quoll conservation. Optimal habitat of quolls and foxes overlaps extensively. Spotted-tailed
quoll abundance was independent of the Tasmanian devil, feral cat, or prey.

| used GPS and VHF telemetry tracking of adult females in a fragmented agricultural
landscape to investigate the influence of vegetation composition on home range size, habitat
selection, activity, movement and den use (i.e. second-, third- and fourth-order scales). Quolls
preferred forest and avoided pasture for home range placement (second-order selection scale),
within-home range movement (third-order) and non-maternal den site selection (fourth-order).
Home range size increased with habitat loss and fragmentation, suggesting quolls in fragmented
landscapes needed larger areas to meet their resource requirements. Activity times were
unrelated to vegetation composition. Quolls moved more quickly across pasture than through
forest, indicating higher risk and/or low resources in open areas, but showed similar selection
of interior versus edge of vegetation cover. High use of foliage/grass dens (57.5%), suggests
that either secure den resources are limited in the study area or that risk of predation is low.

This study provides new insights for management of spotted-tailed quolls. Habitat
management in Tasmania should focus on retaining remnant forest in productive landscapes
with high predicted habitat suitability, restoring forest in heavily cleared landscapes, and
increasing engagement with private landholders. Habitat requirements of the Tasmanian
spotted-tailed quoll are more flexible than for the south-eastern mainland populations. The
differences may be attributed to competition with the red fox on the mainland. Habitat
requirements of the Tasmanian spotted-tailed quoll could therefore indicate potential habitat on
the south-eastern mainland under fox-control programs.

This study highlights that observed patterns of wildlife habitat associations are
influenced by both bottom-up environmental factors and top-down constraints on habitat

availability. Extrapolating across spatial scales or geographic regions may underestimate the

Xi
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area of potential habitat and lead to ineffective conservation actions. Effective conservation of

predators requires knowledge of habitat preferences across their distribution at multiple scales.

xii



Preface Table of Contents

Table of Contents

Declaration of OFgINAIITY........ccoiiiiiiiiie e a e e sne e i
AUTNOTITY OF ACCESS ...veivieitieie sttt sttt b e st bt e st e s bt e st e st e e seenbeenbenbeenbenreebennes i
Statement of Ethical CONAUCT...........coooiiiiiii e ii
ACKNOWIEAGEMENTS ...ttt b e besre e b e esbeeneesreeneenreas ii
Statement on Contributions Of ONErS ..o viii
AADSTTACT ... bbb bbb X
TabIE OF CONTENTS ...ttt Xiii
LISE OF FIQUIES .ttt sttt e et e st e et eaneebenreenneaneenne e XXI
LISE OF TADIES ...t XXVi
LISt OF APPENUICES. ...veetiiiieiie ettt sb et e s be e st e s aeeneesbeeneesreeneenrean XXXi
Chapter 1 : General INtrOQUCTION ........coiiiiiiiieieeie e sre s 1
1.1 HADITAL ..ottt 1
1.1.1 Habitat 10ss and fragmentation .............cceevveeeeiieeiesieeiesieeeeee ettt 1
1.1.2 Definition of NADITAL..........ccoeiriieiriceecee e 1
1.1.3 Spatial scales of habitat SEleCtiON...........ccoeevveveeeeieeee e 2

1.2 CarniVore CONSEIVALION .......oiiiiieiiiiesiieiesteesie sttt sttt sb e bt b sb e e s see e 4
1.3 Australian mammal deCliNe ..........coooiiiiiiii s 5

Xiii



Preface Table of Contents

1.4 The spotted-tailed qUOIL..........ccooiriiii s 7
1.5 TIESIS ODJECLIVES. ... .eviieiitiitiiie ittt bbb bbb bbb b bbb saenne 13
1.6 TRESIS SEIUCTUIE .....c.vieiiteite ittt bbb bbb bbb bbb b b bbb nnenne 13

Chapter 2 : Explaining and Predicting the Distribution and Habitat Associations of the

Tasmanian Spotted-Tailed QUOIL...........cccooiiiiiii e 17
2.1 ADSEIACT. ...ttt ettt ettt e b et et e e e e e ne e 18
2.2 INEFOTUCTION ...ttt ettt ettt e et et e et e e e e ne e 19
2.3 IMBLNOUS ...ttt et et n e n s 22

2.3. 1 SEUAY TOCALION ...ttt 22
2.3.2 Field data COIECLION........c.coeiieieieeeeeee e 23
2.3.3 Spotted-tailed qUOIT data...........cceevierieiieieieeieseee st 25
2.3.4 Predictor variable data.............cccooeeieieiiieieeeee 25
2.3.5 DAtA ANAIYSIS ..ottt ettt e e e e e e anaas 31
2.3.6 MOEI SEIECTION ...ttt 33
2.3.7 MOdel eVAIUALION ...t 34
2.3.8 Spatial PrediCliON........ccveieeiieieeiieieeeee ettt sttt testeessesseeseas 35
2.3.9 FOX-QUOIT OVEITAP ...ttt e e enea 36
2.4 RESUILS ..ttt bttt bt e e bbb e n e 36
2. 4.1 TrapPINg FESUILS......eeeeeeeeieeie ettt ettt ettt e et et e e e et a e taessaeeseesseeaanas 36

Xiv



Preface Table of Contents

2.4.2 MOEI SEIECLION.......eeiiieeeee ettt 37
2.4.3 MOdel VAIUALION ......c.eeiiieieeee et 40
2.4.4 Spatial PrediCtioN..........cocoieieieieeeee e 40
2.4.5 FOX-QUOI OVEITAP ... 43
2.5 DISCUSSION.....veueetieieesie e ettt ettt e e e et e e et e e et e e e e et et e e e e e b e s et e e e nne e e b eneennas 43
2.5.1 Bottom-up environmental correlates of Tasmanian spotted-quoll abundance.......... 43
2.5.2 Top-down correlates of Tasmanian spotted-tailed quoll abundance......................... 46
2.5.3 Spatial distribution of potential threatS..........ccceevevvevveviinieieieeeeseee e 47
2.5.4 Recovery and reStOration...........coceeeeieieieieieieeee ettt 48
2.5.5 Limitations and future improvements ...........ccccecveeeieieieieieeeieeeeeceee e 49
2.5.6 Conservation management impliCatioNS............ccecveveieeririeininieeececeee e 51

Chapter 3 : The influence of environmental factors and co-occurring predators and prey on the

abundance of Tasmania’s mammalian Predators ..........cocveiiiiiiinieiienne e 56
BLL ADSEIACT. ...ttt n bbbt e n e 57
3.2 INEFOUUCTION ...ttt ettt et e bt n e e 58
BLB IMIBLNOMAS ...ttt b e e e n s 62

TR B (10 VAN =To o] 62
3.3.2 St SEIBCHION ...ttt 63
3.3.3 Predictor VariabIes ...........cov e 63

XV



Preface Table of Contents

3.3.4 Camera SUIVEY PrOtOCOIS.......ccueruieieriieieeiieste ettt ettt sae s 66
3.3.5 Species data handling .........cccocveieieieieeee e 67
3.3.6 Data analysis - modelling Strategy .........cccueeeeeieerieieieieee e 67
3.3.7 ENVIronment MOUEIS ........oeeuieieieeeee e 69
3.3.8 Co-0CCUITENCE MOUEIS ... 70
B RESUILS .ttt ettt bt ee s 71
3.4.1 Detections and trap NIGNLS........ccvevvveierieriesiieieseeeseee sttt e sie e 71
3.4.2 Environmental MOGEIS ..........coveuiiiiieieeeee e 72
3.4.3 Co-0CCUITENCE MOUEIS ... 77
3.5 DHSCUSSION. ...ttt et e e e et et et et et e b e e e b e e e e e e e n s 82
3.5.1 Environmental faCtOrS.........cveieieieieieeeee e 83
3.5.2 Co-occurrence — behavioural SUPPreSSION........cceevveeveerieereesieeiesieeieeeesiesreesseeseeneas 85
3.5.3 Co-occurrence —abundance relationships among predators...........ccoccvevvevvevienreenens 86
3.5.4 Co-occurrence — abundance relationships between predators and prey.................. 86
355 LIMITALIONS ...ttt ettt 88
3.5.6 CONCIUSIONS. ..ottt sttt 89

Chapter 4 : Area Requirements and Habitat Selection by the Tasmanian Spotted-Tailed Quoll in

a Fragmented Agricultural LandSCaPE........cc.viveiiiiieriieieieeieseesie e see e ee e eesneas 96

N 03 (- (o SRR 97

XVi



Preface Table of Contents

4.2 INEFOUUCTION ...ttt et e e et et et e b et e e e e e e nes 98
4.3 IMBENOAS ...ttt ettt ettt n et e e e e 102
O B (010 V= (T WSS 102
4.3.2 Vegetation COMMUNITIES . .....cc.erieriereieieeiesieeiesieeiestee e stte e saee e see e ste e sasesseearees 107
4.3.3 Trapping and radio-traCking ..........ccceceeereririrenieeeeeeeeee e 107
4.3.4 GPS data preparation...........cceeeeeeeererieieieieieeeieeeeee ettt 108
4.3.5 HOome range StIMatiON........c.eeverirrierieriesieeiesieeie sttt ste ettt 110
4.3.6 HOME range OVEIIAD .......ccveiieeieiecieeeee ettt 111
4.3.7 Home range size and habitat loss and fragmentation .............ccccecvevvevenvrcrenivennne. 111
4.3.8 Second-order selection of home range habitat within the landscape...................... 112
4.3.9 Third-order selection of habitat within home ranges...........ccccevvevveveinincnceenen. 112
4.3.10 Fourth-order selection of den habitat within home ranges............ccccevvevevveennne. 113
B4 RESUILS ...ttt et et e et e et e e r et e e n e e ae e e e nae et e ra et e nreenennen 114
4.4.1 Trapping and GPS data.........cccceveeierieriesiieiesiieieeieie ettt sie et 114
4.4.2 HOme range StIMAtION.......cc.eeeerieeieieeiesie ettt ie ettt ste s e et sta e e sae e 114
4.4.3 HOME range OVEIIAD .......ocvveieeeieieeeieeeest ettt sttt 118
4.4.4 Home range size and habitat loss and fragmentation .............ccceccvvevvevivevveeieenen, 118
4.4.5 Second-order selection of home range habitat within the landscape...................... 119
4.4.6 Third-order selection of habitat within home ranges..........ccccoccvevevvevevvecieceene, 120

XVii



Preface Table of Contents

4.4.7 Fourth-order selection of den habitat within home ranges..........cccceevvevvrveriennnen. 120
4.5 DISCUSSTON ...ttt ettt et e e e s e b et e s e s et e s e b e s e n e s e n e s e s e s e e 128
4.5.1 Home range size and spatial organisation ............ccececeeverereriereninencncncececeen 128
4.5.2 Second-, third- and fourth-order habitat selection............ccececeevveirininincnineen. 132
4.5.3 FOUN-0FAEr TN USE....cvieieeeeeieiieiceiceiee ettt 134
4.5.4 Implications for spotted-tailed quoll conservation.............ccecevveeevvrcvenivecreseeenn, 137

Chapter 5 : Movement Ecology of the Tasmanian Spotted-Tailed Quoll in a Fragmented

AGrICUITUIAl LANUSCAPE .....ovveieieieiie ettt nne e 142
5.1 ADSEIACT. ...ttt ettt et et et et et et et et et et 143
5.2 INEFOTUCTION ...ttt e e ettt b et et n e 144
5.3 MELNOUS ...ttt ettt n e 148

TR N (00 VAT =T S 148
5.3.2 Vegetation predictor variables ...........cocevvevevieiesieeseeeseee e 148
5.3.3 Trapping and radio-traCking ..........cccceeeverveiesieiienieiesiesieeee et sie et sie e 149
5.3.4 GPS data Preparation..........cccceceeiesieeieseeiesiiesiesiesieseesiesseesseseessesssessesssesssssenses 152
5.3.5 Influence of diel period, vegetation cover and landscape context on activity......... 153
5.3.6 Influence of vegetation cover and landscape context on step selection................... 154
5.3.7 Influence of vegetation cover and landscape context on movement behaviour....... 156
B RESUILS ...ttt ettt e b et e b e e e e e e b e e e e e b e e raeanreeree e 159

Xviii



Preface Table of Contents

5.4.1 Trapping and GPS data..........cceccvrveirrieriieiesieeieseeie ettt 159
5.4.2 Influence of diel period, vegetation cover and landscape context on activity......... 159
5.4.3 Influence of vegetation cover and landscape context on step selection................... 161
5.4.4 Influence of vegetation cover and landscape context on movement behaviour ....... 162
5.5 DIHSCUSSION.....tititeetee ettt ettt et e st e st et e s e e se et e b e e e e e b e e e e e s et e e e e e te e eneeneas 168
5.5.1 ACHIVITY TIMES....eveeeieeeieieeiesie ettt ettt s e te st e ste st estesseestesseessenasenses 168
5.5.2 Step selection and movement behaviour...........cccevveieveeierieeeeeeeee e 172
5.5.3 CONSEIVING CONNEBCLIVITY.....ccveeeieireeieiieiesieeiesieete sttt ste st stesaae e saeens 176
5.5.4 CONCIUSIONS......oouieiieiieiieieieie ettt enes 178
Chapter 6 : General DISCUSSION ........ueiiiieiieie it se et see st ee e sae e sreenee e e nnesreeseanes 181
6.1 Biotic and abiotic correlations of Tasmanian spotted-tailed quoll occurrence............... 182
6.1.1 First-0rder SEIECTION ........coveuerieieiiricerieeee et 182
6.1.2 SeCONd-0rder SEIECLION ........c.evueiriiiciirieeeeete et 183
6.1.3 Third-order SEIECHION .........coeeeeeeeeeee s 183
6.1.4 FOUrth-order SEIECTION........cccoue e 184
8.2 SYNENESIS ...ttt bt ettt bt e et e e e 184
6.2.1 Habitat preferences and predator interactions.............ccceceeeevieeveseeeesirsiesieeeene 184
6.2.2 The nature of Tasmanian spotted-tailed quoll forest dependence........................... 191
6.3 Conserving the spotted-tailed QUOIL............ccooiiiie i 195

Xix



Preface Table of Contents

6.3.1 CONSEIVALION SLALUS.......cueiueeiieiieiieiieiceieeieee ettt 195
6.3.2 Systematic surveys and MONITOFING........ccecveeeeriririeieeiee s 197
6.3.3 Fox eradication iN TaSMANIA........ccecveeeieirieieieieieie ettt 198
6.3.4 COMMUNILY ENGAGJEMENT. .....cueeuieiieeieiieieeeeee ettt 198
6.3.5Habitat retention and restoration............cccceveeeerereeeeeeieeeeeeeeeee e 199
6.3.6 Reintroductions and reStoration.............ccceecveeeerereeeeeeieeeeeeeee e 201
B. 4 FULUIE TESEAICI ...t sb bbb b nne 202
6.4.1 Effects of forest management...........ccvvvevveiesieiesieieseee e 202
6.4.2 Interspecific INtEraCtioNS ..........ccvevveieieieieiee e 203
6.4.3 Population and 1andscape genetiCs ..........cecveveieiririeieieieceee et 203
6.4.4 CoONCIUAING FEMATKS. .....c.eeeieeieiieieeee ettt 204
RETEIBNCES ... bbbt b bbbt b et e bt e b e e n bt e e nre s 208

XX



