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ABSTRACT

Throughout the world, the continued clearing and subsequent fragmentation of

native vegetation has resulted in an unprecedented loss of biodiversity. While

some species adapt to such habitat change, many others respond unfavorably;

declining in distribution and abundance. To understand reasons for this

response in such species requires an understanding of the processes governing

habitat selection, which operate at multiple spatial and temporal scales. In birds,

habitat selection is generally assumed to be hierarchical in nature. An inevitable

consequence of such a hierarchical structure is that habitat selection at a given

spatial scale is constrained by habitat selection at other spatial scales.

Unfortunately, habitat selection studies are often limited in spatial scope,

focusing on management units operating at the landscape scale. The problem

with this approach is that it assumes a 'top-down' model of habitat selection,

and focuses on species responses at the coarsest spatial scales (e.g.,

landscape and remnant scale), while underestimating the importance of

responses at fine spatial scales (e.g., foraging microhabitat). Furthermore, it

also underestimates the potential for fine scale selection to constrain selection

at coarser spatial scales, represented by a 'bottom-up' model of habitat

selection.

In the present study, I examined habitat selection at four spatial scales in two

species of sedentary, ground-foraging birds in northern New South Wales; the

Eastern Yellow Robin (Eopsaltria australis) and the Scarlet Robin (Petroica

multicolor). I assessed habitat selection in the two species at the foraging

microplot scale (pounce site, 0.3 m x 0.3 m), foraging mesoplot scale (foraging
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area surrounding pounce site, 5 m x 5 m), territory scale (represented by 100 m

x 5 m transects), and landscape scale (10 km x 10 km). In addition, in an

attempt to provide information that might explain why particular foraging

microhabitat was selected by the two species, I also investigated the

association of microhabitat structure with the abundance of the invertebrate

orders that constitute the majority of the robins' diet.

Both species selected their foraging microplot and mesoplot on the basis of

habitat attributes that probably maximise the detectability of invertebrates at the

microplot scale, rather than selecting foraging microhabitat with specific

invertebrate prey. They selected areas with a greater cover of leaf litter, logs

and canopy and a reduced cover of plant material which probably allowed

greater detectability and chance of capture of epigeic prey. Eastern Yellow

Robins selected sites at the mesoplot and territory scales with a greater density

of sapling trees, subcanopy trees and a greater density of shrubs at the territory

scale. This reflects the important roles that these habitat structural attributes

also potentially play in maximising detectability and capture of epigeic

invertebrate prey, by providing perches from which robins can search and

pounce onto prey. Landscape scale occupancy by Eastern Yellow Robins was

governed by selection of remnants with lower perimeter to area ratios, and thus

a reduced amount of edge habitat. Edge habitat is typically characterised by

reduced tree and shrub recruitment, a reduced cover of leaf litter and logs, and

an elevated cover of ground plants and weeds; habitat attributes that are in

direct contrast to those selected for by Eastern Yellow Robins at the scale of

foraging sites. Selection at the landscape scale is thus potentially constrained
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by habitat attributes selected for at the foraging microhabitat and territory

scales, suggesting a potential 'bottom-up' model of habitat selection.

While Scarlet Robins are also predominantly ground-foraging, they occupy

different habitat from Eastern Yellow Robins and also forage in other habitat

strata, so they selected the same microplot habitat characteristics as Eastern

Yellow Robins but preferred different habitat attributes at the mesoplot scale. At

both mesoplot and territory scales, Scarlet Robins selected sites with a greater

cover of leaf litter, and at the mesoplot scale they selected sites with a reduced

density of shrubs. These choices allow a greater chance of detection and

capture of epigeic invertebrate prey by the Scarlet Robin. At the landscape

scale, Scarlet Robins tended to occupy larger remnants. Given that small

remnants are usually characterised by degraded habitat (especially the ground

substrate), selection for leaf litter at the foraging microplot, foraging mesoplot

and territory scale may effectively constrain occupation of remnants at the

landscape scale, also suggesting a potential 'bottom-up' model of habitat

selection.

I suggest hierarchical habitat selection in the Eastern Yellow Robin and Scarlet

Robin potentially operates in a 'bottom-up' manner. Both species select their

foraging microhabitat first, in order to maximise detectability of epigeic

invertebrates at the microplot scale. This then constrains their habitat selection

at coarser spatial scales (e.g., territory and landscape). There are very few

examples of ecologists suggesting a 'bottom-up' model of hierarchical habitat

selection in the published literature, and species and landscape management

plans (e.g., regional plans, catchment management plans etc) are usually

ix



based on 'manageable scales' such as the regional or landscape scale. If

hierarchical habitat selection in resident woodland birds is governed by 'bottom­

up' processes, management at coarser spatial scales needs to consider the role

of finer spatial scale information in constraining such coarse spatial scale

selection. Even when coarse spatial scale data is not obviously associated with

finer spatial scale attributes (e.g., area-sensitivity of Scarlet Robins), ignoring

finer spatial scale information could lead to misinterpretation of the factors

governing such coarse spatial scale habitat selection, and less than optimal

management of the species.

x



TABLE OF CONTENTS

Title page

Declaration ii

Acknowledgements iii

Abstract vii

Table of Contents xi

List of Figures xvi

List of Tables xix

List of Plates xxii

List of Appendices xxiii

Chapter 1: GENERAL INTRODUCTION

1.1 Scales of habitat selection

1.2 History of habitat loss 4

1.3 A cautionary note regarding landscape patterns 8

1.4 Avifaunal decline 12

1.5 Study species 13

1.6 Study area 17

1.7 Scope of the thesis 18

1.8 Structure of the thesis 19

1.9 References 21

Chapter 2: SEASONAL CHANGES IN INVERTEBRATE HABITAT
ASSOCIATION: AN ESSENTIAL LINK TO UNDERSTANDING 28
AVIAN FORAGING AND HABITAT SELECTION.

2.1 Abstract 28

2.2 Introduction 29

2.3 Methods 30

2.3.1 Study area 30

2.3.2 Invertebrate sampling 32

xi



2.3.3 Habitat structure 34

2.3.4 Variable reduction 35

2.3.5 Analysis 37

2.4 Results 41

2.4.1 Invertebrates 41

2.4.2 Relationships with habitat structure 42

2.5 Discussion 51

2.5.1 Association of mesohabitat structure with invertebrate 51abundance.

2.5.2 Seasonal effect on invertebrate activity 53

2.5.3 Invertebrate community conservation implications 54

2.6 References 57

Chapter 3: 'BOTTOM-UP' INFLUENCES ON THE FORAGING MICROHABITAT
SELECTION OF THE EASTERN YELLOW ROBIN (Eopsaltria 62
australis).

3.1 Abstract 62

3.2 Introduction 63

3.3 Methods 65

3.3.1 Study area 65

3.3.2 Study species 67

3.3.3 Seasonal sampling 68

3.3.4 Foraging site sampling 69

3.3.5 Invertebrate sampling 72

3.3.6 Variable reduction 73

3.3.7 Analysis 75

3.4 Results 78

3.4.1 Microplot selection 78

3.4.2 Mesoplot selection 82

3.4.3 Invertebrate association 86

3.5 Discussion 90

xii



3.5.1

3.5.2

3.5.3

Foraging microhabitat selection

Importance of recognising multiple spatial and temporal
scales

'Bottom-up' decisions influence habitat selection

90

92

93

3.6 References 95

Chapter 4: FORAGING MICROHABITAT SELECTION CONSTRAINS HABITAT
SELECTION AT COARSER SPATIAL SCALES IN THE SCARLET 102
ROBIN (Petroica multicolot).

4.1 Abstract 102

4.2 Introduction 103

4.3 Methods 105

4.3.1 Study area 105

4.3.2 Study species 107

4.3.3 Seasonal sampling 107

4.3.4 Foraging site sampling 109

4.3.5 Invertebrate sampling 112

4.3.6 Variable reduction 113

4.3.7 Analysis 114

4.4 Results 118

4.4.1 Microplot selection 118

4.4.2 Mesoplot selection 121

4.4.3 Invertebrate association 125

4.5 Discussion 129

4.5.1 Spatiotemporal shift in foraging microhabitat selection 129

4.5.2
Foraging microhabitat selection governing coarser scale 132
selection

4.6 References 134

Chapter 5: LANDSCAPE AND TERRITORY SCALE SELECTION OF THE
EASTERN YELLOW ROBIN (Eopsaltria australis) CONSTRAINED 139
BY FINER-SCALE ATTRIBUTES.

5.1 Abstract 139

xiii



5.2 Introduction 140

5.3 Methods 143

5.3.1 Study area 143

5.3.2 Study species 146

5.3.3 Landscape scale sampling 147

5.3.4 Territory scale variables 151

5.3.5 Variable reduction 153

5.3.6 Analysis 154

5.4 Results 157

5.4.1 Landscape scale selection 157

5.4.2 Territory scale selection 162

5.5 Discussion 166

5.5.1 Influence of remnant architecture on Eastern Yellow Robins 166

5.5.2 Territory habitat selection 168

5.5.3 Influence on foraging microhabitat selection 169

5.5.4 Importance of recognising multiple spatial scales 170

5.5.5 Management and implications 171

5.6 References 173

Appendix 5.1 181

Chapter 6: FINE-SCALE HABITAT ATTRIBUTES CONSTRAIN HABITAT
SELECTION OF THE SCARLET ROBIN (Petroica multicolor) AT
COARSER SPATIAL SCALES: IMPORTANCE OF RECOGNISING
'BOTTOM-UP' HABITAT SELECTION.

6.1 Abstract

6.2 Introduction

6.3 Methods

6.3.1 Study area

6.3.2 Study species

6.3.3 Landscape scale sampling

6.3.4 Territory scale variables

182

182

183

185

185

187

188

191

xiv



6.3.5 Variable reduction 193

6.3.6 Analysis 194

6.4 Results 198

6.4.1 Landscape scale selection 198

6.4.2 Territory scale selection 203

6.5 Discussion 207

6.5.1 Importance of remnant specific landscape attributes 207

6.5.2 The role of ground substrate in territory selection 210

6.5.3 A case exemplifying 'bottom-up' habitat selection 211

6.6 References 214

Appendix 6.1 222

Chapter 7: GENERAL DISCUSSION 223

7.1 Overview of results 223

7.1.1 Invertebrate habitat association 223

7.1.2 Eastern Yellow Robin selection 224

7.1.3 Scarlet Robin selection 229

7.1.4 Comparison of the two species 232

7.2 Hierarchical habitat selection 234

7.2.1 'Top-down' and 'bottom-up' selection 234

7.2.2 Evidence of 'bottom-up' habitat selection in the present 236study

7.2.3 Scale of investigation influenced by 'appeal' and 'feasibility' 239

7.3 Specific recommendations for management 242

7.4 References 244

xv



LIST OF FIGURES

Chapter 1

Figure 1.1
Corresponding relationship between spatial and temporal

scales of habitat selection.
2

Approximate boundaries of agricultural wheatbelt regions of

Figure 1.2 southwest and eastern Australia as defined by areas of 5

intensive sheep and cereal grain crops.

Aerial photo (a) and raster map showing vegetation (b) in

Figure 1.3 representative variegated landscape south-east of Armidale, 10

NSW.
----------------------------------4------------------------------------------------------------------.

Aerial photo (a) and raster map showing vegetation (b) in

Figure 1.4 representative fragmented landscape north of Badgingarra, 11

WA.

Figure 1.5 Distribution of the Eastern Yellow Robin.

Figure 1.6 Distribution of the Scarlet Robin in Australia.

14

15

The location of the New England Tableland IBRA region in

Figure 1.7 NSW, showing the location of Armidale and the extent of the 18

85 km x 55 km surrounding thesis study area.

Chapter 2

Location of the study area and the organisational

Figure 2.1 (hierarchical) structure of the 'study sites' within 'study

landscapes' and the 'pitfalls' within 'study sites'.

Chapter 3

33

Location of the study area and the organisational

Figure 3.1 (hierarchical) structure of the 'territories' within 'study sites' 67

and the 'pounce/random' sites within 'territories'.
----------------------------------------------------------------------------------------------------_.

a) the average litter substrate composition and b) the average

Figure 3.2 percentage composition of logs in pounce and random 79

microplots in winter and spring.
----------------------------------------------------------------------------------------------------_.

a) the average degree of woodiness, b) the number of sapling

Figure 3.3 and subcanopy trees and c) the percentage cover of shrubs in 83

pounce and random mesoplots in winter and spring.

xvi



The average abundance of a) Formicidae, b) Araneae c)

Figure 3.4 Hemiptera and d) Coleoptera at pounce sites and random 87

sites in winter and spring.

Chapter 4

Location of the study area and the organisational

Figure 4.1 (hierarchical) structure of the 'territories' within 'study sites' 106

and the 'pounce/random' sites within 'territories'.
----------------------------------------------------------------------------------------------------_.

a) the average litter substrate composition and b) the average

Figure 4.2 percentage composition of logs in pounce and random 118

microplots in winter and spring.
----------------------------------------------------------------------------------------------------_.

a) the average degree of woodiness, b) the number of sapling

Figure 4.3 and subcanopy trees and c) the percentage cover of shrubs in 122

pounce and random mesoplots in winter and spring.
----------------------------------------------------------------------------------------------------_.

The average abundance of a) Formicidae, b) Araneae c)

Figure 4.4 Hemiptera and d) Coleoptera at pounce sites and random 126

sites in winter and spring.

Chapter 5

Figure 5.1
Map of the study area showing the location of the 81 sampled

remnants.
145

Pictorial representation of the 10 km x 10 km landscape used
Figure 5.2 150

to calculate the average inter-remnant distance.
----------------------------------------------------------------------------------------------------_.

a) the average size of remnants occupied by Eastern Yellow

Robins (EYR: n = 29) and unoccupied by Eastern Yellow

Robins (No EYR: n =52), b) the remnant perimeter to area

ratio of occupied and unoccupied remnants, c) the average

Figure 5.3 inter-remnant distance in 10 km x 10 km area surrounding 158

occupied and unoccupied remnants, d) the % area of 10 km x

10 km area wooded surrounding occupied and unoccupied

remnants and e) the distance to nearest remnant larger than

2000 ha from occupied and unoccupied remnants.

xvii



a) the number of canopy trees in 100m x 5m transects in robin

territories (Terr: n = 20) and non-territories (Non-terr: n = 20),

b) the number of saplings and subcanopy trees in territory and

Figure 5.4 non-territory transects, c) the number of shrubs in territory and 163

non-territory transects, d) the volume of logs in territory and

non-territory transects and d) the index of ground substrate

cover in territory and non-territory transects.

Chapter 6

Figure 6.1
Map of the study area showing the location of the 59 sampled

remnants.
187

a) the average size of remnants occupied by Scarlet Robins

(SR: n = 32) and unoccupied by Scarlet Robins (No SR: n =

27), b) the remnant perimeter to area ratio of occupied and

unoccupied remnants, c) the average inter-remnant distance

Figure 6.2 in 10 km x 10 km area surrounding occupied and unoccupied 199

remnants, d) the % area of 10 km x 10 km area wooded

surrounding occupied and unoccupied remnants and e) the

distance to nearest remnant larger than 2000 ha from

occupied and unoccupied remnants.
------------------------------------------------------------------------------------------------------

a) the number of canopy trees in 100 m x 5 m transects in

Scarlet Robin territories (Terr: n =20) and non-territories

(Non-terr: n =20), b) the number of saplings and subcanopy

Figure 6.3 trees in territory and non-territory transects, c) the number of 204

shrubs in territory and non-territory transects, d) the volume of

logs in territory and non-territory transects and d) the index of

ground substrate cover in territory and non-territory transects.

Chapter 7

Figure 7.1

Figure 7.2

Schematic representation of the 'bottom-up' nature of

hierarchical habitat selection in the Eastern Yellow Robin.

Schematic representation of the 'bottom-up' nature of

hierarchical habitat selection in the Scarlet Robin.

237

239

xviii



LIST OF TABLES

Chapter 2

Table 2.1

Table 2.2

Table 2.3

Principal component analysis of the eight mesohabitat

variables.

Abundance and percentage contribution of the six orders (and

Formicidae family of the Hymenoptera order) used in further

analysis, and tests for seasonal differences in abundance for

each order.

Results of HLM for mesohabitat variables influencing dry

weight and abundance of six invertebrate orders (and

Formicidae family of the Hymenoptera order) during winter

2004.

36

42

45

Multi-model inference weight of evidence for predictor

Table 2.4 variables contributing to all winter 2004 response variable 46

models.

Table 2.5

Results of HLM for mesohabitat variables influencing dry

weight and abundance of six invertebrate orders (and

Formicidae family of the Hymenoptera order) during spring

2004.

49

Multi-model inference weight of evidence for predictor

Table 2.6 variables contributing to all spring 2004 response variable 50

models.

Chapter 3

Results of logistic regression analysis for variables influencing

Table 3.1 microplot selection surrounding Eastern Yellow Robin pounce 81

sites in winter and spring of 2004.
----------------------------------------------------------------------------------------------------_.

Multi-model inference weight of evidence for predictor

Table 3.2 variables contributing to microplot response variable models 82

for winter and spring.
----------------------------------------------------------------------------------------------------_.

Results of logistic regression analysis for variables influencing

Table 3.3 mesoplot selection surrounding Eastern Yellow Robin pounce 85

sites in winter and spring of 2004.
----------------------------------------------------------------------------------------------------_.

Multi-model inference weight of evidence for predictor

Table 3.4 variables contributing to mesoplot response variable models 86

for winter and spring.

xix



Results of logistic regression analysis for invertebrate orders

Table 3.5 associated with Eastern Yellow Robin pounce sites in winter 89

and spring of 2004.

Table 3.6

Chapter 4

Multi-model inference weight of evidence for predictor

variables contributing to invertebrate order (and Formicidae

family of the Hymenoptera abundance differences between

pounce and random sites for winter and spring.

90

Results of logistic regression analysis for variables influencing

Table 4.1 microplot selection surrounding Scarlet Robin pounce sites in 120

winter and spring of 2004.
. ----------------------------------------------------.----------------------------------------------_.

Multi-model inference weight of evidence for predictor

Table 4.2 variables contributing to microplot response variable models 121

for winter and spring.
-----------------------------------------------------.----------------------------------------- .. _---_.

Results of logistic regression analysis for variables influencing

Table 4.3 mesoplot selection surrounding Scarlet Robin pounce sites in 124

winter and spring of 2004.
----------------------------------------------------------------------------------------------------_.

Multi-model inference weight of evidence for predictor

Table 4.4 variables contributing to mesoplot response variable models 125

for winter and spring.
----------------------------------------------------------------------------------------------------_.

Results of logistic regression analysis for invertebrate orders

Table 4.5 (and Formicidae family of the Hymenoptera order) associated 128

with Scarlet Robin pounce sites in winter and spring of 2004.
----------------------------------------------------------------------------------------------------_.

Multi-model inference weight of evidence for predictor

variables contributing to invertebrate order (and Formicidae
Table 4.6 129

family of the Hymenoptera order) abundance differences

between pounce and random sites for winter and spring.

Chapter 5

Table 5.1

Results of logistic regression modelling for landscape

attributes associated with remnant occupancy by Eastern

Yellow Robins.

161

Multi-model inference weight of evidence (WoE) for predictor

Table 5.2 variables contributing to landscape scale selection response 162

variable models.

Table 5.3
Results of logistic regression modelling for habitat attributes

associated with territories of Eastern Yellow Robins.
165

xx



Multi-model inference weight of evidence (WoE) for predictor

Table 5.4 variables contributing to territory scale selection response 166

variable models.

Chapter 6

Results of logistic regression modelling for landscape

Table 6.1 attributes associated with remnant occupancy by Scarlet 202

Robins.

Multi-model inference weight of evidence (WoE) for predictor

Table 6.2 variables contributing to landscape scale selection response 203

variable models.

Table 6.3
Results of logistic regression modelling for habitat attributes

associated with territories of Scarlet Robins.
206

Multi-model inference weight of evidence (WoE) for predictor

Table 6.4 variables contributing to territory scale selection response 207

variable models.

Chapter 7

Summary of attributes governing habitat selection of the
Table 7.1 225

Eastern Yellow Robin at each spatial scale.
----------------------------------------------------------------------------------------------------_.

Summary of attributes governing habitat selection of the
Table 7.2 229

Scarlet Robin at each spatial scale.

xxi



LIST OF PLA TES

Chapter 7

Representative habitat of the Eastern Yellow Robin showing

Plate 7.1 relatively dense midstorey and understorey vegetation and a 228

predominant ground cover of leaf litter and logs.
---------------------Repres-enta-tlve habitat-of-fhe- Scarlet-Robin show-in-g -a- ---------------------
Plate 7.2 relatively open understorey structure and a high cover of leaf 231

litter and a low cover of ground plant material.

xxii



Chapter 5

Appendix 5.1

Chapter 6

Appendix 6.1

LIST OF APPENDICES

Location and status of Eastern Yellow Robin occupancy in all

81 surveyed remnants.

Location and status of Scarlet Robin occupancy in all 59

surveyed remnants.

181

222

xxiii




